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IMPORTANT NOTICE REGARDING THE CONTENTS 

OF TillS REPORT 

Please Read Carefully 

The only undertakings of the General Electric Company (GE) respecting 

information in this document are contained in the contract between the Boiling Water 
Reactor Owners' Group (BWROG) and GE, as identified in the respective utilities' 

BWROG Standing Purchase Order for the performance of the work described herein, and 

nothing in this document shall be construed as changing those individual contracts. The 

use of this information, except as defined by said contracts, or for any purpose other than 

that for which it is intended, is not authorized; and with respect to any unauthorized use, 

GE, nor any of the contributors to this document, makes any representation or warranty, 

express or implied, and assumes no liability as to the completeness, accuracy, or usefulness 

of the information contained in this document.
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FOREWORD 

To effectively utilize utility resources, the BWR Owners' Group (BWROG) 
sponsored the development of generic methodology to better predict the performance of 
MOVs with DC motors under design basis conditions 

The BWROG-Valve Technical Resolution Group (VTRG) Committee selected 
MPR Associates, Inc. as the contractor as they have demonstrated over 30 years of 
extensive industry experience in the area of motor-operated valves (MOV). This BWROG 
report is based on the MPR report (MPR-2093, Revision 0) contained herein.
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The utilities listed below contributed to the development of this report. However, 
while this report has been endorsed by a substantial number of the members of the BWR 
Owners' Group, it should not be interpreted as a commitment of any individual member to 
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order for that position to become the member's position.  
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DOCUMENT DISTRIBUTION 

This BWROG report, and associated products, are proprietary to the BWROG and 
the utilities who financially participated in its development. Recipients of this document 
have no authority or rights to release these products to anyone or organization outside 
their utility. These products can, however, be shared with contractors performing related 
work directly for a utility, conditional upon appropriate proprietary agreements being in 
place with the contractor protecting these BWROG products.  

QUALITY ASSURANCE 

Report MPR-2093, Revision 0, was prepared by MPR Associates under their 
Quality Assurance (QA) program, which meets the requirements of 10 CFR 50, Appendix 
B. Section 2 of this report discusses the applicability of the DC motor performance 
method and lists the limitations on its use.  

The "spreadsheet" was not developed or validated to the requirements of 10 CFR 
50, Appendix B, at the request of the participating utilities. Accordingly, if the 
spreadsheet is used to perform safety-related calculations, the results need to be verified 
independently (e.g., by hand calculations or independent software program).  
Alternatively, users may qualify the spreadsheet under their own QA program for use in 
performing safety-related calculations.
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Executive Summary 

This report develops, justifies and validates a method for predicting the performance of MOVs 
with DC motors. The method calculates valve stroke time and actuator capability under design 
basis conditions. This analytical method is needed because the speed and capability of DC 
motors are affected by the loads on the valve stem, the voltage supplied to the motor and the 
temperature of the motor windings. As a result, performance under design basis conditions will 
not be the same as in a test at nominal conditions (static test with full voltage at ambient 
temperature).  

The method uses an incremental approach to evaluate a valve stroke. At each increment of the 
stroke, the thrust in the valve stem is calculated from user inputs using a "load profile method." 
Actuator and motor performance are evaluated based on the stem thrust. Actuator efficiency is 
determined as a function of torque and speed using an empirically developed correlation. The 
motor speed is predicted using a first-principles DC motor model, which is documented in the 
report. In this model, motor performance at nominal conditions (ambient temperature and full 
voltage) is adjusted for the effects of reduced motor voltage and elevated motor temperature (due 
to both motor heatup and elevated ambient temperature). The stroke time is determined by 
cumulatively adding the times for all of the stroke increments. Actuator capability is calculated 
by using the method in conjunction with a nominal motor torque, which is based on a motor 
speed of 200 rpm.  

The method is justified using motor test data from testing by NRC/INEEL, Crane-MOVATS and 
a nuclear utility. As part of this justification, the accuracy of the vendor performance curves for 
motors typically installed on MOVs in nuclear power plants is addressed. In general, the vendor 
curves are shown to be bounding and are recommended for use in the method. In some cases, 
where the vendor curves are inadequate, alternate motor performance curves based on test data 
are recommended.  

The method for predicting stroke time is validated using data from in-plant valve tests, covering 
22 valve strokes (eleven static and eleven dynamic) of seven valves at four different plants. For 
20 of the 22 valve strokes, the stroke time predicted by the method bounds (i.e., is at least as high 
as) the measured stroke time. For the two strokes for which the predicted stroke time is not 
bounding, the predictions are within about 2% of the measured values.  

The DC motor performance method described in this report is applicable to most MOVs in 
nuclear power plants with Limitorque DC motor actuators. Specific applicability requirements 
are listed in the report. The method can be used for other actuators and motor types; however, 
the user will need to obtain motor performance information (e.g., the vendor curve) and justify 
the data for input into the model.  
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1 
Introduction 

Background 

The actuator performance and stroke time for valves powered by DC motor actuators are 

strongly affected by the load profile (which is affected by the fluid system conditions and the 

packing load), motor voltage and motor temperature. The actuator performance and stroke time 

measured during a test at nominal voltage and ambient temperature and with no flow or 

differential pressure in the pipe is not indicative of the valve's performance under design basis 

conditions. Limitorque, who supplies most of the motor actuators installed on valves in nuclear 

plants, does not provide sufficient guidance for determining stroke time under design basis 

conditions and for evaluating the impact of motor heatup on actuator capability. Accordingly, a 

justified and validated method for calculating actuator thrust capability and stroke time of DC 

motor operated valves (MOVs) is needed.  

Purpose 

This report develops, justifies and validates a method for calculating the performance of MOVs 

with DC motors. The method calculates valve stroke time and actuator thrust capability under 

design basis conditions. The method is developed based on first principles equations for DC 

motor performance and uses the motor performance curves provided by the motor or actuator 

vendor. The method is justified using motor test data from the following: 

" Testing of actuators with DC motors by the Idaho National Engineering and 

Environmental Laboratories (INEEL), sponsored by the Nuclear Regulatory Commission 
(NRC), 

" Dynamometer testing of DC motors and testing of actuators with DC motors by Crane

MOVATS and Vermont Yankee (VY), and 

"* Dynamometer testing by a nuclear utility.  

As part of this justification, the accuracy of the vendor performance curves for motors typically 

installed on MOVs in nuclear power plants is addressed, and recommendations are made for 

either using the vendor curves or alternate curves in the method for predicting motor 
performance.  

The method is validated using data from in-plant dynamic valve tests performed by various 
nuclear utilities.  

MPR-2093 1-1 
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DC Motors Used in Safety-Related MOVs

The majority of motor actuators installed on valves in nuclear power plants are supplied by 
Limitorque Corporation. Based on discussions with Limitorque personnel, DC motors supplied 
by Limitorque to the nuclear industry have the following characteristics.  

"* All DC motors are compound-wound motors manufactured by Peerless.* 

" The standard DC motors supplied by Limitorque include 13 different nominal starting 
torques -- 2, 5, 7.5, 10, 15, 25, 40, 60, 80, 100, 150, 200, 250 -- and two different voltage 
ratings -- 125 and 250 VDC.  

"* All DC motors with a given nominal start torque and voltage are nominally identical and 
have the same design motor performance curve. To verify that a specific motor 
performance curve is applicable to a specific motor, the nominal start torque, voltage and 
current (full load amperage) on the motor nameplate should be compared to the torque, 
voltage and current (at 20% torque) on the motor performance curve.  

"* All DC motors have a nominal speed of 1900 rpm.  

Scope 

The DC motor performance method described in this report is applicable to most MOVs in 
nuclear power plants with Limitorque DC motor actuators. Specific applicability requirements 
are listed in Section 2. The method can be used for other actuators and motor types; however, 
the user will need to obtain motor performance information (e.g., the vendor curve) and justify 
the data for input into the model. For example, users may perform motor dynamometer or 
actuator testing to justify motor performance data for use in the method.  

Report Organization 

Section 2 describes how to implement the DC motor performance method. Section 3 discusses 
and justifies the key elements of the method. Section 4 describes validation of the method 
against valve test data. Section 5 lists the references.  

"Power plant personnel indicate that there are some Limitorque actuators with DC motors not manufactured by 
Peerless. However, Limitorque's input to this work indicated that only Peerless motors are used and their 
information covered only Peerless motors. See "Scope" for a discussion of applying this method to other motor 
types.

MPR-2093 
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2 
Method Description 

Overview 

Stroke Time 

Stroke time is calculated by considering the valve stroke in discrete increments. For each 
increment, the following steps are performed.  

"* The valve stem thrust at the beginning and end of each increment is determined based on 
the design basis conditions using the load profile method (alternatively, the user may 
specify the valve stem thrust as a function of position throughout the stroke).  

"* The average stem thrust is calculated by averaging the stem thrusts at the beginning and 
end of the increment.  

"* The average motor torque is calculated from the average stem thrust using the stem factor 
under design basis conditions, the actuator overall gear ratio and gearbox efficiency. The 
gearbox efficiency from the previous stroke position (calculated based on the stem torque 
and motor speed) is used, and pullout efficiency is used for the first stroke position.  

"* The motor current is determined from the torque using the motor performance curve.  
Motor terminal voltage is calculated using the Motor Control Center (MCC) voltage, 
current and resistance from the MCC to the MOV.  

"* The motor speed is determined as follows.  

- Adjusted motor torque is determined from the average motor torque by accounting for 
degraded voltage and motor temperature (the motor temperature at the end of the 
previous increment is used).  

- Adjusted motor speed is determined from the motor performance curve, using the 
adjusted motor torque.  

- Motor speed is determined from the adjusted motor speed by accounting for degraded 
voltage.  

"• The time for the stroke increment is calculated based on the increment length, motor 
speed, stem lead and OAR.  

" The motor heatup is calculated using heatup rates provided by the motor manufacturer 
and added to the motor temperature at the beginning of the increment to determine motor 
temperature at the end of the increment.

MPR-2093 
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These steps are performed for the full stroke of the valve. The predicted stroke time of the valve 
is the sum of the times calculated for each stroke increment.  

Actuator Capability and Margin 

Two actuator capabilities and margins are evaluated -- "instantaneous" actuator capability and 
margin, and "functional" actuator capability and margin. Maximum allowable thrust at torque 
switch trip (closing strokes) and at unwedging (opening strokes) are also evaluated.  

The instantaneous actuator capability (thrust) is calculated at each stroke position by using the 
nominal motor torque (see Definitions section), adjusted for degraded voltage, elevated motor 
temperature, and actuator gearbox efficiency (at that stroke position), along with the overall gear 
ratio and stem factor. The instantaneous margin is calculated at each stroke position by 
subtracting the required stem thrust from the instantaneous actuator capability. The minimum 
instantaneous margin for a given valve stroke is an indication of the degree to which the actuator 
is challenged during the stroke.  

The functional actuator capability is determined by iteratively increasing the required stem thrust 
for the stroke (FR) until the maximum value of adjusted motor torque at any point during the 
stroke equals the nominal motor torque. At this point, the instantaneous margin is zero. The 
functional actuator capability is an indication of the thrust capability of the actuator for that 
particular application, considering the effects of degraded voltage, elevated motor temperature 
and decreased efficiency as the motor slows down. The functional margin is calculated by 
subtracting the original required stem thrust from the functional actuator capability.  

The minimum instantaneous margin will typically be higher than the functional margin; 
however, a valve with zero instantaneous margin will also have zero functional margin.  
Therefore, an MOV can perform its design basis function if the instantaneous capability exceeds 
the required thrust at all stroke positions or if the functional capability exceeds the maximum 
required thrust for the stroke. Therefore, either capability can be used to verify proper MOV 
design.  

The maximum allowable thrust at torque switch trip is calculated for closing strokes by using the 
nominal motor torque, adjusted for degraded voltage (based on the current at nominal motor 
torque) and for motor temperature at the last stroke position. The maximum allowable thrust at 
unwedging is calculated for opening strokes by using the nominal motor torque, adjusted for 
degraded voltage (based on the current at nominal motor torque) and for motor temperature at 
the first stroke position. Unlike the calculation of instantaneous actuator capability, efficiencies 
based on the calculated motor speed and stem load are used. As a result, these calculations are 
iterative. The maximum allowable thrust at torque switch trip is the upper limit for the torque 
switch based on the nominal motor torque. The maximum allowable thrust at unwedging is the 
maximum value based on the nominal motor torque.  

The maximum allowable thrusts at torque switch trip and unwedging differ from the 
instantaneous actuator capability at the last and first stroke positions, respectively, as follows.  
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" In the calculation of maximum allowable thrusts at torque switch trip and unwedging, 
motor voltage is calculated based on the motor current corresponding to the nominal 
motor torque, whereas in the calculation of instantaneous actuator capability, the motor 
voltages at the last stroke position (for torque switch trip) and first stroke position (for 
unwedging) are used.  

" In the calculation of maximum allowable thrusts at torque switch trip and unwedging, 
gearbox efficiency is determined from Table 2-2, using the stem load and worm speed 
corresponding to nominal motor torque, whereas in the calculation of instantaneous 
actuator capability, the gearbox efficiencies at the last stroke position (for torque switch 
trip) and first stroke position (for unwedging) are used.  

Options 

The BWROG DC motor performance method also includes the following optional techniques, 
which are described at the end of Section 2.  

" Using static test data to determine stroke time "adders" associated with items not 
explicitly covered by the model: disk unwedging, actuator lost motion region, stem thread 
clearance, T-head clearance, or closing motion from an initial point more than 100% 
open.  

"* Evaluating valves with stroke lengths other than the nominal full stroke, including valves 
with short strokes and valves for which the disk travels beyond the nominal 100% open 
position, 

"* Estimating the flow rate through the valve at a specific disk position, 

"* Using a conservative screening method that is simpler to implement and may be adequate 
for MOVs with significant margin, and 

"* Decreasing conservatism in the model (seven suggestions are provided).  

Applicability 

The sections below summarize the applicability of the BWROG DC motor performance method.  

Valve Type and Flow Type 

The method is applicable to solid wedge, flexible wedge, double disk and parallel disk gate 
valves with pumped or blowdown flow, and unbalanced disk globe valves with pumped flow, 
based on the applicability of the valve stem load profile method. If the user specifies the stem 
thrust versus stroke position, there is no restriction related to valve type or flow type for use of 
the method. In this case, the user is responsible for justifying the accuracy of these inputs.  

MPR-2093 2-3 
Revision 0



Actuator Type

The equations in the method are applicable to any rising stem actuator; however, the actuator 
efficiencies used in the method have been justified for Limitorque SMB-O and SMB- 1 actuators 
only. Therefore, the applicability of the method is limited to Limitorque actuators. For 
Limitorque actuators other than SMB-O and SMB-1, the efficiencies used in the method are 
considered "best available information." 

Motor Type 

The method can be used for any compound wound DC motor for which motor performance data 
are known and justified. As part of development of the DC motor performance method, vendor 
motor performance curves were obtained for the Peerless (a division of H. K. Porter) motors 
listed in the table below. These curves are included in Appendix C of this report. As part of 
justification and validation of the method, the accuracy of these motor curves was evaluated for 
many of the motors. For some of the motors, the vendor motor performance curves were 
determined to be bounding and are recommended for use in the method. For other motors, the 
vendor motor performance curves were inadequate, and alternate motor performance curves, 
based on the vendor curves and test data, are recommended for use in the method. For motors 
that were not covered in justification and validation of the method, it is recommended that the 
vendor motor performance curves be used as "best available information." Table 2-3 lists the 
motor performance data that is recommended for use in the method.  

Torque, ft-lbs Voltage, VDC Full Load Amps(5 ) Vendor Curve Notes 

2 125 2.0 K-4557 (3) 
250 0.8 K-1 1297 (3) 

5 125 4.0 illegible (1) 
250 2.0 illegible (3) 

7.5 125 5.2 K-4972 (3) 
250 2.6 K-4972 (3) 

10 125 6.4 K-4973 (1) 
250 3.2 K-4973 (3) 

15 125 8.9 K-5010 (1) 
250 4.5 K-5010 (3) 

25 125 13.9 K-5561 (1) 
250 7.9 K-5499 (3) 

40 125 24.2 K-5087 (2) 
250 11.0 K-5050 (3) 

60 125 32.6 K-5013 (1) 
250 17.4 illegible (3) 

80 125 43.8 K-4980 (2) 
250 21.2 K-4053 (3) 

100 125 62.0 illegible (2) 
250 31.0 K-4054 (3)
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Torque, ft-lbs Voltage, VDC Full Load Amps(s) Vendor Curve Notes 

150 125 --- (4) 
250 43.8 illegible (3) 

200 125 104.0 K-5014 (1) 
250 52.5 K-5049 (3) 

Notes 

(1) These vendor motor curves were shown to be bounding and are recommended for use 
in the method (see Table 2-3).  

(2) These vendor motor performance curves were shown to be non-bounding for some 
motor tests at some motor speeds. The motor performance data in Table 2-3, which is 
based on the vendor curves and test data, is recommended for use in the method.  

(3) The accuracy of these motor curves was not addressed in justification and validation of 
the method. These curves are recommended for use in the method as "best available 
information" (see Table 2-3).  

(4) A vendor motor performance curve was not obtained for this motor. The motor 
performance data in Table 2-3 is based on test data for the 150 ft-lb, 125 VDC motor.  

(5) Current corresponding to 20% torque on motor performance curve. These values are 
estimates of the Full Load Amps and may not be identical to values listed on the motor 
nameplates.  

If the user provides the motor speed and current versus torque and the motor winding heatup 
rate, the method can be used for other compound wound DC motors. In this case, the user is 
responsible for justifying the accuracy of these inputs.  

User Inputs 

The following inputs are needed to implement the BWROG DC motor performance method.  

P: Fluid density (lbm/ft3). Required for gate valves with pumped flow and globe valves to 
determine load profile.  

Trad: Actuator rated torque (ft-lbs). Required for all valves to determine stroke time and motor 
performance.  

rip: Pullout efficiency of actuator. Required for all valves to determine stroke time and motor 
performance.  

11R: Run efficiency of actuator. Required for all valves to determine stroke time and motor 
performance.  

Ambient The initial motor temperature under design basis conditions (°C). Required for all valves to 
temperature: determine stroke time and motor performance.  

Cv: Flow coefficient (gpm/psil/2) with valve fully open. Required for globe valves to determine load 
profile.  

D: Globe valve stroke length (inches). Required for globe valves to determine stroke time and 
motor performance.  
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Dbody-ID: Inside diameter of the body seat ring seating surface (inches). If this dimension is not known, the 
valve port or inlet diameter can be used. The hydraulic stroke of gate valves (e.g., from fully 
open to flow isolation for a closing stroke) is set equal to this dimension. Required for gate 
valves to determine stroke time and motor performance.  

Ddisk-OD: Outside diameter of the disk seating surface (inches). Required for gate valves to determine 
stroke time and motor performance, unless X is input by the user (see Step 1.1 below).  

DP: Design basis differential pressure (psi). Required for gate valves with pumped flow and globe 
valves to determine load profile.  

D,,: Seat ring inner diameter (inches). If this dimension is not known, the valve port or inlet diameter 
can be used. Required for gate valves with pumped flow and globe valves to determine load 
profile.  

D,,,.: Stem diameter (inches) at packing. Required for all valves to determine load profile.  

Flow type: Pumped flow or blowdown. Required for wedge gate and double disk valves to determine load 
profile.  

Fluid: Flashing water or steam. Required for gate valves with blowdown flow to determine load profile.  

Fpk: Packing load (lbs). Required for all valves to determine load profile.  

FR: Maximum required thrust for the stroke, including the effect of water inertia (lbs). For self
actuating globe valve strokes, this parameter should be the load on the valve stem at the fully 
closed position (expressed as a negative number). Required for all valves to determine load 
profile.  

Fw1: Required thrust due to water inertia (lbs), calculated as the difference between the required thrust 
with water inertia (FR) and the required thrust without water inertia. If the EPRI PPM is used to 
determine required stem thrust, Fw1 can be calculated by subtracting the predicted thrust at initial 
wedging (last stroke position evaluated) from the maximum predicted thrust for the stroke. If the 
"valve factor" equation is used to determine required thrust, Fw1 can be calculated by subtracting 
the required thrust calculated using the design basis DP without the DP due to water inertia from 
the required thrust calculated using the design basis DP including the DP due to water inertia. If 
there is no contribution of water inertia for a closing stroke, then Fw1 is equal to zero. Required 
for all valves to determine load profile. For opening strokes, Fwj should be set equal to zero.  

lead: Valve stem lead (inches). Required for all valves to determine stroke time and motor 
performance.  

L•p: Equivalent length of upstream piping (ft). Required for gate valves with blowdown flow to 
determine load profile.  

MGSR: Motor gear set ratio -- the ratio of the number of motor pinion teeth to the number of worm shaft 
gear teeth. Note that this parameter is the inverse of the "Motor Set Ratio" defined by Limitorque 
in their Engineering Standard for gearing selection. Required for all valves to determine stroke 
time and motor performance.  

Motor type: Motor type is defined as a given motor rated starting torque and nominal motor voltage (Vr,,), 
e.g., 10 ft-lbs and 250 volts. Required for all valves to determine stroke time and motor 
performance.  

OAR: Actuator overall ratio. Required for all valves to determine stroke time and motor performance.  

PB: Pressure at valve with valve fully open (psig). If PB is not known, the following values can be 
used for conservatism - design basis upstream pressure for closing strokes, and 0 for opening 
strokes. Required for all valves to determine load profile.  

Q.: Flow rate (gpm) under design basis conditions with valve fully open. Required for gate valves 
with pumped flow and globe valves to determine load profile.
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R.cable:

V,,.: Nominal motor voltage (volts). Required for all valves to determine stroke time and motor 
performance.  

X: The distance, in %, a gate valve disk travels from flow isolation (defined as 0% open) to initial 
wedging (defined as -X% open) during a closing stroke. X can be calculated from Ddi~k-oD and 
Dbod-.,, determined from test data., or determined from the valve size based on default values 
provided in the method. Required for gate valves to determine load profile.  

Definitions

Functional actuator 
capability, 
ACfunc (lbs): 

Instantaneous 
actuator capability, 
ACinst (lbs):

The highest value of maximum required stem thrust that the actuator 
can overcome (based on the nominal motor torque), determined by 
iteratively increasing the maximum required thrust (FR) until the 
maximum adjusted motor torque equals the nominal motor torque 
(Tnom). A value of functional actuator capability is specific to a given 
valve stroke (of a given valve design with a given set of design basis 
conditions).  

The capability of the actuator, at any given stroke position, based on 
the nominal motor torque, adjusted for degraded voltage and for 
elevated temperature at that stroke position.

MPR-2093 
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Resistance (ohms) of motor cables from motor control center (MCC) to valve motor. This 
parameter is the total circuit resistance at the design basis temperature for the cable. For some 
MOV configurations, the actual cable length from the MCC to the motor should be multiplied by 
four in calculating this cable resistance. Required for all valves to determine stroke time and 
motor performance.  

Thermal overload resistance (ohms) under design basis conditions, which may include elevated 
ambient temperature. Required for all valves to determine stroke time and motor performance.  

Stem factor (ft-lb/lb) applicable under design basis conditions for the case where thrust is 
required from the actuator to move the valve stem and disk. The stem factor should be calculated 
using a stem-to-stem nut coefficient of friction that is applicable under the valve's design basis 
condition, i.e., the stem-to-stem nut coefficient of friction should include any effects due to rate
of-loading. Required for all valves to determine stroke time and motor performance.  

Overhauling stem factor (ft-lb/lb). SFo is the absolute value of the stem factor applicable under 
design basis conditions for the case where the stroke is self-actuating (i.e., the stem is driven 
against the stem nut rather than the stem nut driving the stem). The stem factor should be 
calculated using a stem-to-stem nut coefficient of friction that is applicable under the valve's 
design basis condition, i.e., the stem-to-stem nut coefficient of friction should include any effects 
due to rate-of-loading. Required for self-actuating globe valve strokes to determine stroke time 
and motor performance.  

Open or close. Required for all valves to determine load profile.  

Wedge gate, double disk or globe. Required for all valves to determine load profile.  

Voltage at MCC (volts) under design basis conditions. Required for all valves to determine 
stroke time and motor performance.

SF:

SFo:

Stroke 
direction: 

Valve type: 

Vmcc:
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Maximum allowable 
thrust at torque 
switch trip, TTST.
(Ibs): 

Maximum allowable 
thrust at unwedging, 
TuNw-n. (lbs): 

Nominal motor 
torque, Tnom (ft-lbs):

The highest value of thrust at torque switch trip that should be allowed 
during static setup testing based on the nominal motor torque. This 
value does not include uncertainties related to measured thrust, for 

example, torque switch repeatability and thrust measurement 
uncertainty.  

The highest value of thrust at unwedging based on the nominal motor 
torque.  

The motor torque corresponding to a motor speed of 200 rpm, at full 
voltage and ambient temperature, as determined from the motor 
performance data (e.g., the vendor motor performance curve). Values 
for various motor types are listed in Table 2-5.

Implementation 

The BWROG DC motor performance method is implemented as follows. (Note that "gate 
valves" refers to wedge gate valves and double/parallel disk gate valves.) 

Step 1 - Determine Stroke Range and Increments 

1.1. For gate valves, calculate the distance (% of valve stroke length) the disk travels from flow 
isolation (0% stroke) to initial wedging, X, using the following equation.

Equation 2-1: ="Ddisk-OD-Dbody-ID *100 
2* Dbody_iD

If Ddisk-OD and D6,O.dy-ID are not known, obtain X from the following table.

Valve Size X 

3 inches or less 16% 

4 - 10 inches 10% 

12 inches and above 8%

X may also be determined from test data by subtracting dimension Dbowy-I) from the 
measured stroke length, in inches, dividing by Dbwy-ID and multiplying by 100 (i.e., the 
measured stroke length minus Dbody-D should be substituted in Equation 2-1 for (Ddisk.OD 

Dbody-ID)/2). In addition, if the valve's design basis requirement for closing is to isolate flow 
only, rather than to achieve full disk wedging, X can be set to 0.  

1.2. Determine the stroke range from the table below.
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Valve Type Opening Stroke Closing Stroke 

Gate Valves -X to 100% 100 to -X% 

Globe Valves 0 to 100% 100 to 0%

100% open for gate valves is defined as the disk position at which the outside diameter of 
the disk seat crosses the inside diameter of the body seat, near the beginning of a closing 
stroke or the end of an opening stroke. Page 2-17 provides guidance for evaluating valve 
closing strokes in which disk motion starts from a position greater than 100% open.  

1.3. Determine the stroke increments from the table below.

Stroke Range Number of 
Increment Increments Open Close 

-X to 0o 1 ) 0 to -X% 1 ) 1%(2) up to 10(2) 

Oto 10% lOto 0% 1% 10 

10 to 30% 30 to 10% 2% 10 

30 to 60% 60 to 30% 5% 6 

60 to 100% 100 to 60% 10% 4

(1) This stroke range is applicable for gate valves only 
(2) If X is greater than 10, this stroke range should be divided 

into ten equal increments.  

Step 2- Determine Valve Load and Torque Profile 

2.1. For gate valves with pumped flow and globe valves, calculate the equivalent system 
resistance, Ksys (dimensionless), using the following equation.

Equation 2-2:
K -=894.0l(D4' )(DP) '62.4-2

2.2. Next, calculate the load profile coefficient, C (dimensionless), at each value of stroke 
position from 0 to 100% defined by the increments determined in Step 1.  

For gate valves, locate the appropriate C values in Table 2-1 for the valve type, flow type, 
fluid and stroke direction. Use linear interpolation between columns and rows to find the 
values appropriate for the specific stroke positions and Ksy, (for pumped flow) or -,p (for 

blowdown flow). If K,,y is greater than 5000, set Ksy equal to 5000. If 4_1p is greater than 
10,000, then set Lp equal to 10,000.  

For globe valves, calculate the resistance of the valve, Kvaive (dimensionless), and C values 
at each value of stroke position (% stroke) defined by the increments determined in Step 1 
using the following equations.
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Equation 2-3: 

Equation 2-4:

( 29.9D'r K vaive 1 ~ L sr 

K(%stroke)(C,)) 

C K valve C = K Y, K •,• +K~y

Note that at 0% stroke, Kvaive is infinite and C is one. This approach assumes that the Cv 
for the valve is linear with stroke position.  

2.3. Calculate the required thrust at fully open, Fo (Ibs), using one of the equations below. Note 
that for some opening strokes, Fo may be negative (i.e., self-actuating).. Note that for 
globe valves, Fo is the fully open stem thrust not including DP load, which is added in 
Equation 2-7.

Equation 2-5: 

Equation 2-6:

-F -D StPe for opening strokes 

Fo = FPS& + Z- D sem PB for closing strokes 
4ak se

2.4. At each value of stroke position from 0 to 100%, calculate the stem thrust, F (Ibs), using the 
equation below. Note that F may be negative (i.e., self-actuating) at some or all stroke 
positions.

Equation 2-7: F=Fo +C(FR -Fo)

2.5. For gate valves, set the stem thrust, F, for all increments from 0 to -X% equal to (FR -Fw1).  

Step 3 - Calculate Time Associated With Each Stroke Increment 

Perform the following steps at each stroke increment.  

3.1. Calculate the average stem thrust, Fave (lbs), by averaging the thrust at the beginning and the 
end of the increment.  

3.2. Convert each average stem thrust to an average stem torque, VS-ave (ft-lbs), using one of the 
following equations.

Equation 2-8: 

Equation 2-9:
TS=ave =IFae *SFo (forFa.,<O)
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3.3. For the first increment, set the gearbox efficiency, TI (dimensionless), to the pullout 
efficiency, rip. For other stroke positions, determine the gearbox efficiency as follows.  

3.3.1. Calculate the worm speed, 6)w (rpm), for the previous increment (which is applied for 
the current increment) using the equation below. Note that (tomotor-previous (rpm) is the 
true motor speed at the previous increment.  

Equation 2-10: ow = Onwtor-priou * MGSR 

3.3.2. Determine the efficiency factor, f (dimensionless), from Table 2-2 using the average 
stem torque calculated in step 3.2, the actuator rated torque, atmd, and Gow. Values of 
f should be interpolated for ww and TS-avd/Wrated values not shown in Table 2-2.  

3.3.3. Calculate the gearbox efficiency, ri, using the following equation.  

Equation 2-11: 1 = T1p +f(11R -- riP) 

3.4. Convert each average stem torque to an average motor, -tM-ave (ft-lbs), torque using the 
following equation.  

Equation 2-12: TM-ave =. (AR ) 

3.5. Using the motor performance data in Table 2-3 for the appropriate motor (i.e., nominal 
torque and voltage), determine the motor current, I (amps), corresponding to the average 
motor torque, TM-ave. Use interpolation in Table 2-3, as needed. Calculate the motor 
terminal voltage, VT (volts), using the following equation.  

Equation 2-13: VT = Vm. - (I)(R bl. + R ol ) 

3.6. Calculate the adjusted motor torque, t' (ft-lbs), using the equation below. The temperature 
at the end of the previous increment should be used as the motor temperature, Tmotor ('C).  
For the first stroke increment, use the ambient temperature. Use 25°C for Tref. Note that if 
VT is greater than Vnom, VT should be set equal to Vnom.  

Equation 2-14: '= TMave (V.O T.,. + 234.4 

VT Tf + +234.4) 

3.7. Using the motor performance data in Table 2-3, determine the adjusted motor speed, w' 
(rpm), corresponding to the adjusted motor torque. Use interpolation in Table 2-3, as 
needed. Calculate the true motor speed, (a (rpm), using the equation below. Note that if VT 
is greater than Vnom, VT should be set equal to Vnom.  
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Equation 2-15:

3.8. Calculate the stroke time increment, At (sec), using one of the following equations, based 
on the stroke increment, 6 (expressed as a decimal number, i.e., 1%--0.0 1).

Equation 2-16: 

Equation 2-17:

At = 60(5)(D"y-ID)(OAR) for gate valves ((o))(lead) 

At = 60(5)(D)(OAR) for globe valves 
(co)(lead)

3.9. Identify the reference torque, tref (ft-lbs) (typically 20% of rated torque), in Table 2-4 for 
the applicable motor type. If more than one reference torque is listed for a motor type, 
choose the value closest to the average motor torque, tM-ave. Identify the reference motor 
heatup rate, hef (C0/sec), from Table 2-4 corresponding to the reference torque. Calculate 
the motor temperature at the end of the increment, Tnoto,, using the following equation, 
based on the motor temperature at the end of the previous stroke increment, Tprevious.

Equation 2-18: T o or = T p rvi o + (A t)(h f )(_M -ve )2

Step 4 - Calculate Valve Stroke Time 

The motor stroke time is the sum of the stroke time increments, EAt.  

Step 5- Calculate Instantaneous Actuator Capability and Margin 

Perform the following steps at each stroke increment to calculate the instantaneous actuator 
capability, ACins,, and margin, Minst.  

5.1. Calculate the instantaneous actuator capability, ACinst, using the equation below. Use the 
same values of VT, Tmotor and ri used in Step 3 for each stroke increment (i.e., use the 
temperature at the end of the previous increment for Tmotor and use the motor speed at the 
end of the previous increment to determine TI). Use 25°C for Tref. If the stroke is self
actuating, use SFo rather than SF.

Equation 2-19:
",(OAR*rl ( VTr YT,, +234.4A 

A C jn. =' n r S F tV . ) fT-- ,-<,+ 234.4 j

5.2. Calculate the instantaneous margin, Mint (lbs), using the stem thrust (F) determined in Step 
2 for each increment and the equation below.
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Mint =ACin -I I

Step 6 - Calculate Functional Actuator Capability and Margin 

Calculate the functional actuator capability, ACfunc, and margin, Mfunc, as follows.  

6.1. Set the required thrust, FR, equal to 90% of the minimum instantaneous actuator capability 
for the stroke.  

6.2. Repeat Steps 2.4, 2.5 and 3 to implement the DC motor performance method for this 
required thrust. Determine the maximum adjusted motor torque, 1u', for the stroke.  

6.3. If c' is less than tnm, then increase FR and repeat step 6.2. If 'C' is more than 1rnom, then 
decrease FR and repeat step 6.2.  

6.4. Repeat step 6.3 until u' equals Tnor. The functional actuator capability (ACfuc) is the value 
of FR for which :' equals -rnom.  

6.5. Calculate the functional margin, Mfuc, using the equation below. Note that FR in this 
equation is the originally specified maximum required thrust for the stroke, rather than the 
value that- is iteratively increased in steps 6.1, 6.3 and 6.4.  

Equation 2-21: MX = ACf - IFRI 

Step 7- Calculate Maximum Allowable Thrust at Torque Switch Trip (Closing 
Strokes Only) 

For closing strokes, calculate the maximum allowable thrust at torque switch trip, TTST-a, as 
follows.  

7.1. Determine the terminal voltage (VT) and the available motor torque using the following 
iterative approach.  

7.1.1. Using the motor performance data in Table 2-3 for the appropriate motor, determine 
the motor current corresponding to the nominal motor torque, trnora. Use interpolation 
in Table 2-3, as needed. Initially set the motor current, I (amps), to this value.  

7.1.2. Calculate the motor voltage, VT (volts), using the following equation.  

Equation 2-22: VT = Vmn - (I)(Rcabe + Rmot) 

7.1.3. Calculate the available motor torque, -M (ft-lbs), using the equation below. Use the 
value of Tmotor from the last stroke increment evaluated (i.e., at -X%). Use 250C for 
Trf. Note that if VT is greater than Vnom, VT should be set equal to Vnom-
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Equation 2-23:

7.1.4. Using the motor performance data in Table 2-3 for the appropriate motor, determine 
the motor current corresponding to -uM.  

7.1.5. Repeat Steps 7.1.2 through 7.1.4 until the motor current change from one iteration to 
the next is less than 1% of the motor current determined in Step 7.1.1. Use the TrM 

and VT values calculated for the last iteration in the calculations below.  

7.2. Determine the motor speed, tonr (rpm), at tnom from the motor performance data in Table 
2-3, and calculate the worm speed, caw, using the equation below. Note that if VT is greater 
than VWom, VT should be set equal to Vnom.

Equation 2-24: cow= (.o (--V * MGSR

7.3. Determine the gearbox efficiency, ri, using the following iterative approach.  

7.3.1. Initially set the gearbox efficiency to the pullout efficiency (1ip).  

7.3.2. Calculate the stem torque, -cs (ft-lbs), using the following equation.

Equation 2-25: Ts = M * OAR*rq

7.3.3. Determine an efficiency factor, f, from Table 2-2 using 'ts, the actuator rated torque, 
"tmd, and w,. Values of f should be interpolated for cow and s-avle/traed values not 
shown in Table 2-2.  

7.3.4. Calculate the gearbox efficiency, rT, using the following equation.

Equation 2-26:

7.3.5. Re-calculate the stem torque using Equation 2-25.  

7.3.6. Repeat steps 7.3.3, 7.3.4 and 7.3.5 until the stem torque change from one iteration to 
the next is less than 1% of Trt. The gearbox efficiency is the value of ri for the final 
iteration.  

7.4. Calculate the maximum allowable thrust at torque switch trip, TTST-x, using the equation 
below. Use the value of Tmotor from the last stroke increment evaluated (i.e., at -X%). Use 
25°C for Tref.
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Equation 2-27: T = °m ,OAR * VT I T•- T• +234.41 
'.SF Vn= Tmt + 234.4) 

Step 8 - Calculate Maximum Allowable Thrust at Unwedging (Gate Valve Opening 
Strokes Only) 

For opening strokes, calculate the maximum allowable thrust at unwedging, TUNW-ma, as 
follows.  

8.1. Determine the terminal voltage (VT) and the available motor torque using the following 
iterative approach.  

8.1.1. Using the motor performance data in Table 2-3 for the appropriate motor, determine 
the motor current corresponding to the nominal motor torque, tnorm. Use interpolation 
in Table 2-3, as needed. Initially set the motor current, I (amps), to this value.  

8.1.2. Calculate the motor voltage, VT (volts), using the following equation.  

Equation 2-28: VT = Vn - (I)(R cble + R ol ) 

8.1.3. Calculate the available motor torque, rM (ft-lbs), using the equation below. Set Tmotor 
equal to the ambient temperature. Use 25°C for Tf. Note that if VT is greater than 
Vnom, VT should be set equal to Vnom.  

Equation 2-29: TM = TV T + 234.4 
IVnomI )T,,.., + 234.4) 

8.1.4. Using the motor performance data in Table 2-3 for the appropriate motor, determine 
the motor current corresponding to TuM.  

8.1.5. Repeat Steps 8.1.2 through 8.1.4 until the motor current change from one iteration to 
the next is less than I % of the motor current determined in Step 8.1.1. Use the -um 
and VT values calculated for the last iteration in the calculations below.  

8.2. Determine the motor speed, wnom (rpm), at rnom from the motor performance curve, and 
calculate the worm speed, ww, using the equation below. Note that if VT is greater than 
Vnom, VT should be set equal to Vnom.  

Equation 2-30: ow = (o. (V---) * MGSR 

8.3. Determine the gearbox efficiency, r1, using the following iterative approach.
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8.3.1. Initially set the gearbox efficiency to the pullout efficiency (r7p).

8.3.2. Calculate the stem torque, Ts (ft-lbs), using the following equation.  

Equation 2-31: ts = TM * OAR * 71 

8.3.3. Determine an efficiency factor, f, from Table 2-2 using 'us, the actuator rated torque, 
1;rated, and Ow. Values of f should be interpolated for ww and Ts-averrated values not 
shown in Table 2-2.  

8.3.4. Calculate the gearbox efficiency, rl, using the following equation.  

Equation 2-32: 1 = Tip + f(TIR - TIP) 

8.3.5. Re-calculate the stem torque using Equation 2-31.  

8.3.6. Repeat steps 8.3.3, 8.3.4 and 8.3.5 until the stem torque change from one iteration to 
the next is less than 1% of rted. The gearbox efficiency is the value of ri for the final 
iteration.  

8.4. Calculate the maximum allowable thrust at unwedging, TUNW-., using the equation below.  
Set Tmotor equal to the ambient temperature. Use 25'C for Tef.  

E quation 2-33: T UNW _mx = * ornA R -• + 234 .4T- - _ _

8.5. Calculate the margin for unwedging by subtracting the required thrust at unwedging 
(determined by the user) from the maximum allowable thrust at unwedging.  

Other Considerations in Determining Stroke Time 

The stroke time predicted using the method above covers closing strokes from 100% open 
(beginning with initial disk motion) to initial wedging/seating and opening strokes from just after 
unwedging to 100% open. The predicted stroke time does not include the time required for the 
actuator to move through the actuator lost motion region, the stem to move through the thread 
and T-head clearances or for disk unwedging (opening strokes only). If desired by the user, 
static test data can be used to estimate the additional stroke time due to these effects, as follows.  

"* For a closing stroke, the time between motor start and initial disk motion can be 
determined from static test data and added to the stroke time predicted using the DC 
motor method.  

"* For an opening stroke, the time between motor start and the point just after unwedging 
can be determine from static test data and added to the stroke time predicted using the DC 
motor method.
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These methods are approximate; see Section 3 for a discussion of the assumptions and their 
justification.  

Evaluating Stroke Lengths Other Than the Valve Full Stroke 

For gate valves, the DC motor performance method defines fully open (100% stroke) as the point 

in the stroke where the outside diameter of the disk seat is in line with the inside diameter of the 

body seat ring, at the top of the seat ring. Theoretical flow isolation is defined as the point in the 

stroke where the outside diameter of the disk seat is in line with the inside diameter of the body 

seat ring, at the bottom of the seat ring. Fully closed (-X%) is defined by the user or based on 

default values in the method. Therefore, full stroke is the inside diameter of the body seat ring 

seating surface (Dbdy-jD) plus X% times Dbody-ID. Step 1.1 provides guidance for using a 

measured valve stroke length in the DC motor performance method. The approach given 
assumes that hydraulic stroke length is Dbwdy-tD, and assumes the difference between the 

measured valve stroke length and Dbody-ID is the travel from theoretical flow isolation to wedging.  

This approach is conservative for valves that start a closing stroke from above the assumed fully 

open position. As mentioned in Step 1.1, if a gate valve is required to achieve theoretical flow 
isolation only (as opposed to achieving full disk wedging), X can be set to zero. For globe 
valves, the valve full stroke is input by the user and assumed to cover disk travel from fully open 
to fully closed (disk seating).  

For some gate valves, the disk may travel beyond the 100% stroke position. During an opening 
stroke, the motion beyond 100% open is of no consequence since the valve is already fully open; 

therefore, no stroke time adjustment is needed. For a closing stroke, the user may adjust the 

calculated stroke time to account for the additional disk movement required at the beginning of 
the stroke (i.e., to reach the 100% stroke position). If the user is able to determine (e.g., from test 
data) the distance the disk travels before reaching the 100% stroke position, d (inches), the stroke 
time increment associated with this disk travel can be estimated using the equation below, which 

is based on Equation 2-17. Note that o10o• (rpm) is the true motor speed at 100% open, 
calculated using Equation 2-15.  

Equation 2-34: At = 60(d)(OAR) 
(o•0o•0,,)(lead) 

Specific valve applications for which the disk is not required to travel the full stroke can be 
evaluated using the DC motor performance method. The following partial stroke scenarios can 
be evaluated.  

" Closing strokes for which the disk starts from a position other than fully open and/or for 
which the disk is not required to reach flow isolation, and 

" Opening strokes for which the disk starts from a position other than fully closed and/or 
for which the disk is not required to reach fully open. (Note that gate valve strokes for 
which the disk starts at flow initiation can be evaluated by setting X equal to 0.) 
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To evaluate a gate or globe valve stroke for a partial stroke, the DC motor performance method 
should be implemented as described above except that the calculations described in Step 3, 
which are performed at each stroke increment, should only be performed for the stroke 
increments that cover the partial stroke of the valve under design basis conditions. The first 
stroke increment should be the increment determined in Step 1 that includes the initial position 
of the disk, and the last stroke increment should be the increment determined in Step 1 that 
contains the final disk position. The beginning stroke position of the first increment and the final 
stroke position of the final increment can be adjusted, if desired, to more accurately cover the 
partial stroke of the valve.  

Note that the load profile should be determined in Step 2 using the full valve stroke length, not 
the partial stroke under design basis conditions. For gate valves, the default stroke length should 
be used (or X can be determined from test data, as described in Step 1.1), and for globe valves, 
the full stroke of the valve, not the partial stroke required under design basis conditions, should 
be used.  

Note that the prediction of maximum allowable thrust at torque switch trip is not applicable for 
gate valve closing strokes for which the disk does not wedge, and the prediction of maximum 
allowable unwedging thrust is not applicable for gate valve strokes for which the disk is not 
required to unwedge under design basis conditions.  

Estimating Valve Flow Rate 

The approach described below can be used to estimate the flow rate through the valve at a given 
stroke position, e.g., to justify that a valve can achieve a certain flow rate at a certain point in an 
opening stroke. This approach is only applicable for applications with incompressible, non
choked flow.  

1. For gate valves, determine the valve loss coefficient, Kvaive, from Table 2-6 (from Reference 
2), based on the stroke position (interpolation should be used, as required). For globe 
valves, calculate Kvaive using the equation below.  

=( 29.92 )2 

Equation 2-35: Kvalve"[ •( 
(% stroke)(CV)) 

2. Calculate the estimated flow through the valve, Q (gpm), using the equation below.  

Equation 2-36: = , - K----s DP 6 
K . + Ksy) ~P 

Note that the calculation of Ksys (Equation 2-2) neglects the resistance of the valve at the fully 
open position. Therefore, the maximum flow rate predicted above may be less than the design 
basis flow rate, particularly for globe valves, for which the fully open resistance may not be 
negligible.

MPR-2093 
Revision 0

2-18



Methods to Decrease Conservatism in Method Predictions

Stroke times and capabilities predicted by the DC motor performance method may be 
conservative for several reasons, some of which are listed below.  

" The load profile method may overpredict the required stem thrust as a function of stroke 
position due to assumptions in the method related to whether the disk is sliding on the 
guides or on the seat.  

"* The default X values may overpredict the distance from flow isolation to wedging for 
some valves.  

"* The gearbox efficiencies for some actuators may be greater than the values used in the 
method.  

"* The speed for a given motor may be higher, as a function of motor torque, than the values 
used in the method (which are generally based on the vendor motor performance curves).  

In addition, conservatism in user inputs (for example, stem factor and voltage at the motor 
control center) can result in conservatism in the method stroke time predictions.  

Since the DC motor performance method provides bounding predictions, users should consider 
the approaches listed below to decrease conservatism in the predictions before valve or actuator 
modifications are implemented. These approaches are listed in the order in which they should be 
considered, i.e., the first approaches listed are expected to have the greatest effect on predicted 
stroke time, considering the effort required.  

" Review the basis for the voltage at the motor control center, VMcc, which is a user input.  
Since degraded voltage affects both the torque and speed of the motor, conservative 
values of VMcc can significantly affect the predicted stroke time and actuator capability.  
Remove any conservatism in VMcc, and implement the method for the new conditions.  

" Review the design basis conditions for the valve, including the maximum required thrust, 
FR, the ambient temperature and the design basis flow rate (for gate valves with pumped 
flow). Remove any conservatism in the design basis conditions and implement the 
method for the new conditions. Justifying a lower value of maximum required thrust can 
decrease the predicted stroke time and increase the instantaneous actuator capability but 
will not affect the functional actuator capability. Justifying a lower ambient temperature 
or design basis flow rate (gate valves with pumped flow only) can decrease the predicted 
stroke time and increase both the instantaneous and functional actuator capabilities.  

"* For gate valves, if the method default X value is used, obtain dimensions Ddisk-OD and 
Dbody-ID (e.g., from the vendor), and calculate an X value using Equation 2-1. Implement 
the method using this value of X. This approach can decrease the predicted stoke time 
and increase both the instantaneous and functional actuator capabilities.
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" Remove the motor and perform a dynamometer test to determine the speed and current 
versus torque characteristic of the motor under nominal conditions. Implement the 
method using these measured values (adjusted for measurement uncertainty). This data 
can decrease the predicted stoke time and increase both the instantaneous and functional 
actuator capabilities.  

" Remove the motor actuator from the valve and perform an actuator test to determine the 
speed versus torque characteristic of the motor under nominal conditions and the gearbox 
efficiency versus stem load and worm speed. Implement the method using these 
measured values (adjusted for measurement uncertainty). This data can decrease the 
predicted stoke time and increase both the instantaneous and functional actuator 
capabilities.  

" For gate valves, perform a static valve test and measure the static stroke length of the 
valve. Adjust the value of X in the method based on the measured static stroke length, as 
discussed in Step 1.1 of the method, and implement the method using this value of X.  
This approach can decrease the predicted stoke time and increase both the instantaneous 
and functional actuator capabilities.  

"* Perform a dynamic valve test at the valve's design basis conditions (Vmcc, ambient 
temperature, DP and Q.) and measure the valve stroke time.  

Screening Method 

Some valve applications with stroke time requirements may have significant margin such that a 
detailed calculation as described above is not required. The following procedure can be used to 
conservatively screen these valve applications and assure that they can meet their stroke time 
requirements.  

I1. Calculate the motor torque corresponding to the maximum required thrust, FR, using the 
equation below. If the stroke is self-actuating, use SFo rather than SF.  

Equation 2-37: "r = IFR I * _OASF _ 1 

2. Calculate the motor voltage, VT (volts), using the following equation. The locked rotor 
current, ILR (amps), is the current at zero speed in Table 2-3 for the applicable motor type.  

Equation 2-38: VT = V~c - (IuR)(Rcbk + R,1) 

3. Calculate the adjusted motor torque, -c' (ft-lbs), using the following equation. Use 250 C for 
Tref. Use the ambient temperature plus 10°C as Tmotor. Note that if VT is greater than Vnom, 

VT should be set equal to Vnom.
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Equation 2-39: T, = T;( XDm)(T.or + 234.
4. Using the motor performance data in Table 2-3 for the appropriate motor, determine the 

adjusted motor speed, w' (rpm), corresponding to the adjusted motor torque. Use 
interpolation in Table 2-3, as needed. If w' is less than 1000 rpm, then this screening 
method cannot be used; a detailed stroke time calculation is required.  

5. Calculate the motor speed, (a (rpm), using the following equation. Note that if VT is 
greater than Vnom, VT should be set equal to Vnom.

Equation 2-40:

6. Calculate the threshold stroke time, tT (seconds), using the appropriate equation below.

Equation 2-4 1:
_ 60(1 + X)(DbdY-)(OAR) 

(o)(lead) for gate valves

Equation 2-42:
_60(D)(OAR) 

tT = for globe valves 
(co)(lead)

7. Identify the reference torque, -ref (ft-lbs) (typically 20% of rated torque), in Table 2-4 for 
the applicable motor type. If more than one reference torque is listed for a motor type, 
choose the value closest to the motor torque, tr. Identify the reference motor heatup rate, 
href (C0/sec), from Table 2-4 corresponding to the reference torque. Calculate the motor 
temperature at the end of the stroke, Tf, using the equation below. Use the ambient 
temperature as Ti.

Equation 2-43: Tf =Tf

8. If Tf is greater than the ambient temperature plus 100C, restart this procedure from step 3 
using Tf + 50 C as Tmotor. Otherwise, continue with step 9.  

9. If the threshold stroke time is less than allowable stroke time, the valve is verified to be able 
to meet its stroke time requirement, and a detailed calculation of stoke time is not required.  

10. Use the equation below to calculate the minimum actuator capability, ACM (pounds), for 
the stroke. Use 25°C for Tef. Note that if VT is greater than Vnom, VT should be set equal to 
Vnom. If the stroke is self-actuating, use SFo rather than SF.  
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Equation 2-44: ACM *(AR*I1P XT V f:(T:+ 234.4) ACM~ S V..o T. SF 234.4~t--

11. Use the equation below to calculate the minimum margin, M (pounds), for the stroke.

Equation 2-45: M =ACM - FR I

In the calculation above, the motor current is assumed to be equal to the motor locked rotor 
current, the gearbox efficiency is assumed to be equal to the pullout efficiency and the motor 
heatup is estimated. If desired, the calculation approach can be modified to iterate on torque and 
speed to more accurately calculate the actual motor current and heatup and the gearbox 
efficiency.
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Table 2-1. Load Profile Coefficients (4 pages)

Wedge Gate Valves - Closing Strokes - Pumped Flow

System Resistance, Ks,, Stroke 
0 10 20 50 100 200 500 1000 2000 Ž5000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

86.96% 0.007 0.007 0.004 0.002 0.001 0.000 0.000 0.000 0.000 0.000 

65.22% 0.050 0.050 0.027 0.011 0.006 0.003 0.001 0.001 0.000 0.000 

54.35% 0.102 0.102 0.056 0.024 0.012 0.006 0.002 0.001 0.001 0.000 

38.04% 0.219 0.219 0.131 0.060 0.031 0.016 0.007 0.003 0.002 0.001 

27.17% 0.352 0.352 0.240 0.123 0.068 0.036 0.015 0.007 0.004 0.002 

16.30% 0.582 0.582 0.483 0.320 0.204 0.119 0.053 0.027 0.014 0.006 

10.87% 0.799 0.799 0.732 0.585 0.438 0.292 0.146 0.079 0.042 0.017 

8.70% 0.863 0.863 0.818 0.707 0.577 0.422 0.233 0.134 0.072 0.030 

6.52% 0.873 0.873 0.851 0.790 0.706 0.582 0.381 0.242 0.140 0.062 

4.35% 0.932 0.932 0.925 0.903 0.869 0.808 0.667 0.517 0.357 0.185 

0.00% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Wedge Gate Valves - Opening Strokes - Pumped Flow 

Stroke System Resistance, K1.,, 

0 10 20 50 100 200 500 1000 2000 Ž5000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

86.96% 0.004 0.004 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 

65.22% 0.069 0.069 0.036 0.015 0.008 0.004 0.002 0.001 0.000 0.000 

54.35% 0.137 0.137 0.075 0.032 0.016 0.008 0.003 0.002 0.001 0.000 

38.04% 0.260 0.260 0.156 0.071 0.037 0.019 0.008 0.004 0.002 0.001 

27.17% 0.503 0.503 0.343 0.175 0.097 0.051 0.021 0.011 0.005 0.002 

16.30% 0.838 0.838 0.695 0.460 0.294 0.171 0.076 0.039 0.020 0.008 

10.87% 0.942 0.942 0.864 0.690 0.517 0.344 0.172 0.094 0.049 0.020 

8.70% 1.104 1.104 1.047 0.905 0.739 0.540 0.299 0.171 0.092 0.039 

6.52% 1.180 1.180 1.150 1.068 0.954 0.786 0.515 0.327 0.189 0.083 

4.35% 1.158 1.158 1.148 1.121 1.079 1.003 0.828 0.642 0.443 0.229 

0.00% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Table 2-1. Load Profile Coefficients (4 pages)

Double Disk Valves - Closing Strokes - Pumped Flow

System Resistance, K, __ 

Stroke 
0 10 20 50 100 200 500 1000 2000 5000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

86.96% 0.007 0.007 0.004 0.002 0.001 0.000 0.000 0.000 0.000 0.000 

65.22% 0.050 0.050 0.026 0.011 0.006 0.003 0.001 0.001 0.000 0.000 

54.35% 0.101 0.101 0.055 0.023 0.012 0.006 0.002 0.001 0.001 0.000 

38.04% 0.218 0.218 0.131 0.059 0.031 0.016 0.006 0.003 0.002 0.001 

27.17% 0.348 0.348 0.237 0.121 0.067 0.035 0.015 0.007 0.004 0.001 

16.30% 0.575 0.575 0.477 0.315 0.202 0.117 0.052 0.027 0.014 0.006 

10.87% 0.794 0.794 0.728 0.581 0.436 0.290 0.145 0.079 0.041 0.017 

8.70% 0.855 0.855 0.811 0.701 0.572 0.418 0.231 0.133 0.072 0.030 

6.52% 0.864 0.864 0.842 0.781 0.698 0.575 0.377 0.239 0.138 0.061 

4.35% 0.926 0.926 0.918 0.896 0.863 0.802 0.662 0.513 0.354 0.183 

0.00% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Double Disk Valves - Opening Strokes - Pumped Flow 

System Resistance, K,, 
Stroke 

0 10 20 50 100 200 500 1000 2000 Ž 5000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

86.96% 0.004 0.004 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 

65.22% 0.068 0.068 0.036 0.015 0.008 0.004 0.002 0.001 0.000 0.000 

54.35% 0.136 0.136 0.075 0.032 0.016 0.008 0.003 0.002 0.001 0.000 

38.04% 0.259 0.259 0.155 0.071 0.037 0.019 0.008 0.004 0.002 0.001 

27.17% 0.500 0.500 0.340 0.174 0.096 0.051 0.021 0.011 0.005 0.002 

16.30% 0.832 0.832 0.690 0.457 0.292 0.170 0.075 0.039 0.020 0.008 

10.87% 0.939 0.939 0.861 0.688 0.515 0.343 0.171 0.093 0.049 0.020 

8.70% 1.099 1.099 1.041 0.901 0.735 0.537 0.297 0.170 0.092 0.039 

6.52% 1.173 1.173 1.143 1.061 0.948 0.782 0.512 0.325 0.188 0.083 

4.35% 1.153 1.153 1.143 1.116 1.074 0.999 0.825 0.639 0.441 0.228 

0.00% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Table 2-1. Load Profile Coefficients (4 pages)

Wedge Gate Valves - Blowdown Flow -- Steam

100.00% 0.000 0.000 0.000 0.000 0.000 0.0000 0.00u0 U.uuou u.uuuu u.uuuu 

86.96% 0.040 0.040 0.031 0.015 0.006 0.0180 0.0180 0.0138 0.0067 0.0028 

65.22% 0.220 0.220 0.185 0.099 0.036 0.2853 0.2853 0.2402 0.1290 0.0473 

54.35% 0.339 0.339 0.302 0.179 0.069 0.4300 0.4300 0.3829 0.2277 0.0875 

38.04% 0.433 0.433 0.407 0.283 0.119 0.4829 0.4829 0.4541 0.3156 0.1326 

27.17% 0.485 0.485 0.470 0.372 0.176 0.6566 0.6566 0.6365 0.5039 0.2387 

16.30% 0.749 0.749 0.740 0.673 0.414 0.7650 0.7650 0.7565 0.6877 0.4228 

10.87% 0.877 0.877 0.873 0.840 0.642 0.7940 0.7940 0.7907 0.7605 0.5808 

8.70% 0.939 0.939 0.937 0.915 0.762 0.8922 0.8922 0.8904 0.8700 0.7243 

6.52% 0.944 0.944 0.943 0.933 0.844 0.9267 0.9267 0.9258 0.9154 0.8282 

4.35% 0.958 0.958 0.958 0.955 0.924 1.0123 1.0123 1.0123 1.0082 0.9757 

0.00% 1.000 1.000 1.000 1.000 1.000 1.0000 1.0000 1.0000 1.0000 1.0000 

Wedge Gate Valves - Blowdown Flow - Flashing Water 

Equivalent Length of Upstream Piping, Lup (feet) 

Stroke Closing Stroke Opening Stroke 

0 10 100 1000 2:10000 0 10 100 1000 2 10000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 

86.96% 0.099 0.099 0.083 0.055 0.027 0.0442 0.0442 0.0368 0.0244 0.0122 

65.22% 0.405 0.405 0.361 0.247 0.131 0.5250 0.5250 0.4680 0.3197 0.1703 

54.35% 0.531 0.531 0.488 0.351 0.198 0.6734 0.6734 0.6194 0.4451 0.2516 

38.04% 0.581 0.581 0.555 0.429 0.262 0.6482 0.6482 0.6188 0.4789 0.2921 

27.17% 0.591 0.591 0.577 0.486 0.315 0.7997 0.7997 0.7812 0.6574 0.4268 

16.30% 0.828 0.828 0.823 0.773 0.557 0.8465 0.8465 0.8405 0.7896 0.5689 

10.87% 0.925 0.925 0.923 0.899 0.735 0.8377 0.8377 0.8352 0.8142 0.6656 

8.70% 0.974 0.974 0.972 0.957 0.864 0.9256 0.9256 0.9237 0.9098 0.8217 

6.52% 0.963 0.963 0.962 0.956 0.899 0.9457 0.9457 0.9447 0.9381 0.8822 

4.35% 0.961 0.961 0.961 0.959 0.938 1.0154 1.0154 1.0154 1.0133 0.9909 

0.00% 1.000 1.000 1.000 1.000 1.000 1.0000 1.0000 1.0000 1.0000 1.0000
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Table 2-1. Load Profile Coefficients (4 pages)

Double Disk Gate Valves - Blowdown Flow -- Steam

Equivalent Length of Upstream Piping, Lup (feet) 

Stroke Closing Stroke Opening Stroke 

0 10 100 1000 Ž10000 0 10 100 1000 Ž10000 
100.00% 0.000 0.000 0.000 0.000 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 

86.96% 0.041 0.041 0.031 0.015 0.006 0.0195 0.0195 0.0150 0.0072 0.0030 
65.22% 0.207 0.207 0.174 0.093 0.034 0.2936 0.2936 0.2471 0.1327 0.0487 
54.35% 0.319 0.319 0.284 0.169 0.065 0.4427 0.4427 0.3941 0.2344 0.0901 
38.04% 0.413 0.413 0.388 0.270 0.113 0.4990 0.4990 0.4693 0.3261 0.1371 
27.17% 0.453 0.453 0.439 0.348 0.165 0.6748 0.6748 0.6541 0.5178 0.2453 
16.30% 0.669 0.669 0.662 0.601 0.370 0.8433 0.8433 0.8340 0.7852 0.4661 
10.87% 0.795 0.795 0.791 0.761 0.581 0.8830 0.8830 0.8792 0.8456 0.6459 
8.70% 0.846 0.846 0.844 0.825 0.687 0.9889 0.9889 0.9868 0.9642 0.8028 
6.52% 0.847 0.847 0.846 0.837 0.757 1.0251 1.0251 1.0240 1.0125 0.9161 
4.35% 0.888 0.888 0.888 0.885 0.856 1.0781 1.0781 1.0781 1.0737 1.0391 
0.00% 1.000 1.000 1.000 1.000 1.000 1.0000 1.0000 1.0000 1.0000 1.0000 

Double Disk Valves - Blowdown Flow - Flashing Water 

Equivalent Length of Upstream Piping, Lup (feet) 

Stroke Closing Stroke Opening Stroke 

0 10 100 1000 Ž10000 0 10 100 1000 Ž10000 

100.00% 0.000 0.000 0.000 0.000 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 
86.96% 0.100 0.100 0.083 0.055 0.028 0.0479 0.0479 0.0398 0.0264 0.0132 

65.22% 0.380 0.380 0.339 0.232 0.123 0.5402 0.5402 0.4816 0.3290 0.1753 
54.35% 0.499 0.499 0.459 0.330 0.187 0.6933 0.6933 0.6377 0.4582 0.2590 

38.04% 0.554 0.554 0.529 0.409 0.250 0.6698 0.6698 0.6395 0.4950 0.3018 
27.17% 0.552 0.552 0.539 0.454 0.294 0.8218 0.8218 0.8028 0.6756 0.4386 
16.30% 0.740 0.740 0.735 0.690 0.497 0.9332 0.9332 0.9266 0.8705 0.6271 
10.87% 0.839 0.839 0.836 0.815 0.666 0.9315 0.9315 0.9287 0.9054 0.7402 
8.70% 0.877 0.877 0.876 0.862 0.779 1.0259 1.0259 1.0239 1.0084 0.9108 
6.52% 0.865 0.865 0.864 0.858 0.806 1.0460 1.0460 1.0450 1.0376 0.9758 
4.35% 0.891 0.891 0.891 0.889 0.870 1.0813 1.0813 1.0813 1.0791 1.0553 
0.00% 1.000 1.000 1.000 1.000 1.000 1.0000 1.0000 1.0000 1.0000 1.0000
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Table 2-2. Gearbox Efficiency Factors

Efficiency Factor "f' for a ('rs-avkrute) of: Sw(rpm) 
0.00 A0.30 

0 -0.6 -0.6 

100 -0.2 -0.2 

450 -0.2 0.4 

>2000 -0.2 0.7
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Table 2-3. Motor Performance Data (7 pages) 

2 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0.0 2300 1.00 

0.5 2050 2.25 

1.0 1810 3.50 

1.5 1570 4.90 

2.0 1330 6.10 

2.5 1100 7.70 

3.0 860 9.25 

3.5 620 11.00 

4.0 380 12.70 

4.5 150 14.25 

4.8 0 15.50 

5 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2550 1.4 

1 1970 4.0 

2 1570 6.4 

3 1310 8.4 

4 1090 10.4 

5 900 12.4 

6 725 14.2 

7 565 15.9 

8 400 17.6 

9 260 19.3 

10 110 21.0 

10.8 0 22.6

Torque, ft-lbs Speed, rpm Current, amps 

0.0 2200 0.30 

0.5 1940 0.90 

1.0 1680 1.50 

1.5 1440 2.03 

2.0 1180 2.58 

2.5 920 3.20 

3.0 660 3.75 

3.5 420 4.35 

4.0 160 4.95 

4.3 0 5.35 

5 ft-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2550 0.7 

1 1970 2.0 

2 1570 3.2 

3 1310 4.2 

4 1090 5.2 

5 900 6.2 

6 725 7.1 

7 565 8.0 

8 400 8.8 

9 260 9.7 

10 110 10.5 

10.8 0 11.3
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Table 2-3. Motor Performance Data (7 pages) 

7.5 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2600 2.0 

1 2240 4.0 

2 1925 6.3 

3 1650 9.0 

4 1445 11.0 

5 1265 13.4 

6 1110 15.5 

7 955 17.4 

8 820 19.2 

9 690 21.2 

10 555 22.8 

11 440 24.8 

12 330 26.4 

13 215 28.4 

14 115 30.0 

15 0 31.4 

10 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2310 2.0 

2 1850 6.4 

4 1530 11.0 

6 1240 15.6 

8 980 20.4 

10 720 24.8 

12 480 29.8 

14 240 34.4 

16 0 39.2

Torque, ft-lbs Speed, rpm Current, amps 

0 2600 1.0 

1 2240 2.0 

2 1925 3.2 

3 1650 4.5 

4 1445 5.5 

5 1265 6.7 

6 1110 7.8 

7 955 8.7 

8 820 9.6 

9 690 10.6 

10 555 11.4 

11 440 12.4 

12 330 13.2 

13 215 14.2 

14 115 15.0 

15 0 15.7 

10 ft-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2310 1.0 

2 1850 3.2 

4 1530 5.5 

6 1240 7.8 

8 980 10.2 

10 720 12.4 

12 480 14.9 

14 240 17.2 

16 0 19.6
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Table 2-3. Motor Performance Data (7 pages) 

15 ft-lb, 125 VDC
Torque, ft-lbs Speed, rpm Current, amps 

0 2700 1.5 
1 2250 3.8 

2 2000 6.5 
4 1700 11.3 

6 1490 16.3 

8 1330 20.6 
10 1170 25.0 
12 1020 30.0 
14 850 34.4 
16 700 39.0 
18 550 44.0 

20 400 48.1 

22 240 52.5 

24 80 56.9 

25 0 59.2 

25 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 
0.000 3000 1.5 
3.125 2150 10.0 

6.250 1710 16.5 

9.375 1445 23.5 

12.500 1240 30.0 

15.625 1070 36.0 

18.750 915 42.5 

21.875 760 48.0 

25.000 625 53.5 

28.125 480 60.0 

31.250 360 65.5 

34.375 225 71.5 

37.500 100 76.0 

40.000 0 82.0

Torque, ft-lbs Speed, rpm Current, amps 
0 2700 0.8 

1 2250 1.9 

2 2000 3.3 
4 1700 5.7 

6 1490 8.2 

8 1330 10.3 

10 1170 12.5 

12 1020 15.0 

14 850 17.2 

16 700 19.5 

18 550 22.0 

20 400 24.1 

22 240 26.3 

24 80 28.5 

25 0 29.6 

25 ft-lb, 250 VDC 
Torque, ft-lbs Speed, rpm Current, amps 

0.0 2765 1.2 

2.5 2180 4.5 

5.0 1850 7.8 

7.5 1620 10.5 

10.0 1450 13.3 

12.5 1300 15.6 

15.0 1150 18.3 

17.5 1020 20.8 

20.0 900 23.0 

22.5 780 25.4 

25.0 670 27.8 

27.5 560 30.0 

30.0 440 32.3 

32.5 340 34.8 

35.0 220 37.5 

37.5 120 38.6 

40.0 0 41.0
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Table 2-3. Motor Performance Data (7 pages) 

40 ft-lb, 125 VDC

Torque, ft-lbs Speed, rpm Current, amps 

0 2695 2.0 

5 1920 17.0 

10 1575 29.0 

15 1385 40.0 

20 1200 50.0 

25 1030 58.0 

30 870 66.5 

35 700 75.0 

40 540 82.0 

45 380 90.0 

50 220 97.5 

55 60 105.0 

57 0 111.0 

60 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2600 3 

10 1910 28 

20 1480 51 

30 1180 73 

40 930 92 

50 700 110 

60 485 128 

70 290 146 

80 100 164 

85 0 172

40 ft-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2870 0.0 

4 2115 6.0 

8 1725 11.0 

12 1450 15.0 

16 1230 18.5 

20 1070 22.5 

24 920 26.0 

28 790 30.0 

32 660 33.0 

36 550 36.0 

40 440 39.0 

44 330 42.0 

48 220 45.0 

52 125 47.5 

56 30 51.0 

57 0 52.0 

60 ft-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 2600 2 

10 2000 15 

20 1550 27 

30 1125 40 

40 750 52 

50 470 65 

60 300 77 

70 140 90 

80 25 103 

82 0 104
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Table 2-3. Motor Performance Data (7 pages) 

80 ft-lb, 125 VDC

Torque, ft-lbs Speed, rpm Current, amps 

0 2470 3 

10 1995 30 

20 1655 53 

30 1385 76 

40 1140 97 

50 920 119 

60 735 140 

70 580 160 

80 455 179 

90 350 197 

100 240 216 

110 140 235 

120 50 254 

125 0 265 

100 ff-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Cufrent, amps 

0 2400 4 

20 1950 62 

40 1544 110 

60 1207 154 

80 950 194 

100 733 234 

120 532 274 

140 388 314 

160 280 354 

180 200 394 

200 120 434 

220 40 474 

230 0 494

Torque, ft-lbs Speed, rpm Current, amps 

0 2600 2 

10 2060 14 

20 1775 26 

30 1500 38 

40 1250 50 

50 1025 62 

60 825 74 

70 625 86 

80 440 98 

90 275 110 

100 125 122 

107 0 130 

100 ft-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 3000 2 

10 2400 18 

20 1950 31 

30 1575 43 

40 1250 55 

50 1000 65 

60 800 77 

70 625 88 

80 475 100 

90 325 112 

100 225 124 

110 100 135 

120 0 146
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Table 2-3. Motor Performance Data (7 pages)

150 ft-lb, 125 VDC 

Torque, if-lbs Speed, rpm Current, amps 

0 2325 5 

20 2005 60 

40 1785 115 

60 1575 170 

80 1430 225 

100 1260 275 

120 1160 335 

140 1070 384 

160 990 440 

180 930 500 

200 880 550 

220 800 605 

240 700 665 

260 600 720 

300 400 830 

340 200 940 

380 0 1050

150 ff-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 3000 2.5 

20 2360 30.0 

40 2040 57.5 

60 1800 85.0 

80 1590 112.5 

100 1400 137.5 

120 1240 167.5 

140 1080 192.0 

160 940 220.0 

180 800 250.0 

200 670 275.0 

220 550 302.5 

240 430 332.5 

260 300 360.0 

280 180 387.5 

300 60 415.0 

310 0 425.0
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Table 2-3. Motor Performance Data (7 pages) 

200 ft-lb, 125 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 3300 10 

25 2250 65 

50 1905 130 

100 1500 240 

150 1245 345 

200 1020 450 

250 840 550 

300 655 640 

350 495 740 

400 330 840 

450 180 935 

500 45 1030 

510 0 1050

200 ff-lb, 250 VDC 

Torque, ft-lbs Speed, rpm Current, amps 

0 3000 5.0 

25 2235 37.5 

50 1935 62.5 

100 1620 112.5 

150 1380 162.5 

200 1180 207.5 

250 975 255.0 

300 810 305.0 

350 630 350.0 

400 450 397.5 

450 285 442.5 

500 135 490.0 

540 0 530.0

Note: Values is italics are based on test data rather than vendor motor performance curves.
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Table 2-4. Motor Heatup Rates

Motor Type -re (ft-lbs) hr, (C*lsec) 

2 ft-lbs, 125V 0.4 0.13 

0.4 0.04 
2 ft-lbs, 250V 0.8 0.11 

4.3 2.67 

5 ft-lbs, 125V 1 0.10 

5 ft-lbs, 250V 1 0.10 

7.5 ft-lbs, 125V 1.5 0.06 

7.5 ft-lbs. 250V 1.5 0.06 

10 ft-lbs, 125V 2 0.08 

10 ft-lbs, 250V 2 0.08 

15 ft-lbs, 125V 3 0.15 

15 ft-lbs, 250V 3 0.15 

25 ft-lbs, 125V 5 0.22 

25 ft-lbs, 250V 5 0.20 

40 ft-lbs, 125V 8 0.17 

40 ft-lbs, 250V 8 0.19 

60 ft-lbs, 125V 12 0.15 

60 ft-lbs, 250V 12 0.19 

80 ft-lbs, 125V 16 0.14 

80 ft-lbs, 250V 16 0.20 

100 ft-lbs, 125V 20 0.29 

100 ft-lbs, 250V 20 0.20 
30 0.40 

150 ft-lbs, 125V 60 0.4 
60 0.74 

30 0.40 
150 ft-lbs, 250V 60 0.4 

60 0.74 

200 ft-lbs, 125V 40 0.09 
200 ft-lbs, 250V 40 0.11
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Table 2-5. Nominal Motor Torques

Motor Type Uonom (ft-lbs) 

2 ft-lbs, 125V 4.39 

2 ft-lbs, 250V 3.92 

5 ft-lbs, 125V 9.40 

5 ft-lbs, 250V 9.40 

7.5 ft-lbs, 125V 13.15 

7.5 ft-lbs. 250V 13.15 

10 ft-lbs, 125V 14.33 

10 ft-lbs, 250V 14.33 

15 ft-lbs, 125V 22.50 

15 ft-lbs, 250V 22.50 

25 ft-lbs, 125V 35.00 

25 ft-lbs, 250V 35.50 

40 ft-lbs, 125V 50.63 

40 ft-lbs, 250V 48.84 

60 ft-lbs, 125V 74.74 

60 ft-lbs, 250V 66.25 

80 ft-lbs, 125V 104.00 

80 ft-lbs, 250V 95.00 

100 ft-lbs, 125V 180.00 

100 ft-lbs, 250V 102.00 

150 ft-lbs, 125V 340.00 

150 ft-lbs, 250V 276.67 

200 ft-lbs, 125V 443.33 

200 ft-lbs, 250V 478.33
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Table 2-6. Gate Valve Loss Coefficients 

Stroke Position Kvalve 

100% 0.56 

90% 0.62 

80% 0.75 

70% 0.99 

60% 1.55 

50% 2.61 

45% 3.28 

40% 4.43 

35% 6.21 

30% 8.94 

25% 13.97 

20% 23.64 

18% 30.32 

16% 40.47 

14% 55.88 

12% 79.66 

10% 119.95 

9% 157.83 

8% 212.73 

7% 309.35 

6% 456.13 

5% 810.89 

4% 1589.35 

3% 3576.04 

2% 9933.44 

1% 52900.00 

0% 1.00xl 0I°
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3 
Justification of Method 

This section discusses and justifies the key elements of the DC motor performance method.  

Stroke Range and Increments 

Valve stroke is defined in terms of percent open. Fully open is defined as 100% stroke position, 
and the theoretical flow isolation point (for closing) or flow initiation point (for opening) is 
defined as 0% stroke. For a globe valve, theoretical flow isolation/initiation occurs at disk 
seating/unseating. Accordingly, globe valves are evaluated from 100% to 0% stroke for closing 
strokes and 0% to 100% stroke for opening strokes. The stroke length for globe valves is input 
by the user.  

For a gate valve, theoretical flow isolation/initiation occurs when the outside diameter of the disk 
seat face passes the inside diameter of the seat ring face, toward the end of a closing stroke and 
the beginning of a opening stroke. The nominal stroke length for gate valves (corresponding to 
100% stroke) is set to the inside diameter of the seat ring seating surface. Disk 
wedging/unwedging occurs at a negative stroke position (defined as -X%) that depends on the 
detailed disk and seat dimensions. Accordingly, gate valves are evaluated from 100% stroke to 
X% stroke. Equation 2-1, which is taken from Reference (2), calculates X, assuming that the 
centerline of the disk seat face is concentric with the centerline of the seat ring seat face at disk 
wedging. A table of X values is provided if the disk and seat ring diameters are not available.  
These values are based on review of typical X values for various gate valves (see Reference 2).  

Stroke increments are defined to emphasize portions of the valve stroke where the DP, and 
therefore the valve stem thrust and motor torque, are changing most rapidly. Increments of I % 
stroke are used for stroke positions of 10% and less, where the most rapid DP changes may occur 
(e.g., for pumped flow strokes). For stroke positions between 10% and 30%, stroke increments 
of 2% are used. For stroke positions greater than 30%, stroke increments of 5% or 10% are used.  
Although the valve DP may begin to build up prior to 10% stroke for a closing stroke (e.g., for 
blowdown strokes), the DP build-up in these cases is gradual and more increments are judged to 
not be needed. Using these increments, the stem load is expected to be approximately linear over 
each increment.  

Valve Load Profile Method 

The valve load profile method is used in the DC motor performance method to determine the 
required valve stem thrust at the beginning and end of each increment. Reference (2), which is 
included in Appendix A, develops and justifies the load profile method. The discussion below is 
a summary.
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The maximum required thrust is input by the user. If water inertia was considered in calculating 
the required thrust, the required thrust attributable to water inertia effects is also input. The 
required thrust at 0% open is set to the maximum required thrust (including the required thrust 
due to water inertia, for closing strokes only). For gate valves, the required thrust at negative 
stroke positions (after flow isolation for closing strokes and before flow initiation for opening 
strokes) is set to the maximum required thrust, not including the required thrust due to water 
inertia.  

The required thrust at fully open is calculated as the sum of the packing and stem rejection loads.  
The variation of required thrust from the value at fully open to 0% open is determined from the 
"load profile coefficients," which are based on the design basis conditions for the valve.  

For gate valves with pumped flow, the load profile coefficients are determined by calculating an 
overall resistance for the system in which the valve is installed and selecting the appropriate load 
profile curve. These curves were determined based on first principles modeling (freebody 
diagrams to determine the forces on the valve disk), computational fluid dynamics work from the 
EPRI MOV Performance Prediction Methodology (PPM) (to determine the horizontal and 
vertical loads on the valve disk as a function of DP) and the default PPM flow coefficients for 
gate valves (to determine the DP across the valve as a function of stroke position). Since the 
method does not predict when the disk transitions between the guides and the downstream seat, 
the load profile coefficients conservatively assume the worst case at each stroke position. For 
gate valves with blowdown flow, the load profile coefficients are determined by evaluating the 
length of piping upstream of the valve (expressed as an equivalent length) and selecting the 
appropriate load profile curve. These curves are based on predictions from the PPM. The load 
profiles predicted by this method for gate valves are expected to bound the load profiles 
predicted by the PPM.  

Note that the load profile method does not include the thrust required to unwedge the disk. The 
time associated with unwedging can be determined from static testing and added to the predicted 
stroke time, as discussed later in Section 3. In addition, the effect of the unwedging load on 
motor heatup is judged to be negligible since the time associated with unwedging is relatively 
small.  

Flow coefficients for globe valves can vary significantly, depending on design. The load profile 
method for globe valves assumes that the flow coefficient varies linearly with disk position, from 
0 at fully closed to the maximum value at fully open. The valve flow coefficient at fully open is 
input by the user.  

Calculating Stroke Time 

An incremental approach is used to determine stroke time. For each increment, the average stem 
thrust for the increment is calculated by averaging the stem thrusts at the beginning and end of 
the increment. As discussed above, the increments are selected such that the stem thrust is 
approximately linear over each increment. The average stem torque is calculated using the 
average stem thrust and the stem factor input by the user (Equation 2-8 if the required thrust is 
greater than or equal to 0, or Equation 2-9 if the required thrust is less than 0). Equation 2-8 uses 
a stem factor applicable for the case where thrust is required from the actuator to move the valve
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stem. Equation 2-9 uses a stem factor ("overhauling" stem factor) applicable for the case where 
the stem thrust is self-actuating. This approach conservatively assumes that the stem/stem nut 
interface is self-locking. The motor torque is then calculated using the overall ratio input by the 
user and the gearbox efficiency (Equation 2-12). The gearbox efficiency is determined using 
Equation 2-10, Equation 2-11 and Table 2-2, along with the motor gear set ratio, actuator rated 
torque, pullout efficiency and run efficiency, all of which are input by the user. This method for 
determining gearbox efficiency is justified later in Section 3. Since the gearbox efficiency 
depends on the motor speed, which is determined in a later step, the motor speed at the end of the 
previous increment is used in Equation 2-10. For the first increment, the pullout efficiency is 
used as the gearbox efficiency.  

The motor current is determined from the motor performance curve and used along with the 
user-input values of cable resistance, thermal overload resistance and motor control center 
voltage, to calculate the motor terminal voltage (Equation 2-13). Use of the vendor performance 
curves to determine motor current is justified later in Section 3.  

The first principles DC motor model documented in Reference (1) indicates that the rotational 
speed of a DC motor at different voltages and winding temperatures can be related to the output 
torque using motor performance curves (i.e., torque versus speed) applicable under nominal 
voltage, ambient temperature conditions. DC motor or DC motor actuator vendors typically 
provide a motor performance curve that is applicable for nominal voltage and a reference 
temperature (typically 25°C). The DC motor performance method uses these vendor-supplied 
motor performance curves (or alternate curves, where appropriate) to determine the motor speed 
from the motor torque. The first step is to adjust the motor torque using Equation 2-14. Since 
the adjusted motor torque depends on the motor temperature, which is determined in a later step, 
the motor temperature at the end of the previous increment is used. For the first increment, the 
ambient temperature, which is input by the user, is used. The motor performance curve is then 
used to determine the motor speed corresponding to this adjusted torque. The true motor speed 
is then calculated using Equation 2-15. The approaches for adjusting the motor torque and speed 
for degraded voltage and elevated temperature are justified later in Section 3.  

Equation 2-16 or Equation 2-17, which can be derived from first principles, are used to calculate 
the time associated with the increment. The temperature at the end of the increment is then 
calculated using Equation 2-18. Equation 2-18 uses the vendor reference heatup rates (at 
specific reference torques) to calculate the motor heatup for the increment. Per Reference (1), 
the reference heatup rate is multiplied by the square of the ratio of the motor torque to the 
reference torque. This approach is justified later in Section 3.  

The stroke time predicted using the method covers closing strokes from 100% open (beginning 
with initial disk motion) to initial wedging/seating and opening strokes from just after 
unwedging to 100% open. Guidance is provided for determining the time required for the 
actuator to move through the actuator lost motion region, the stem to move through the thread 
and T-head clearances or for disk unwedging (opening strokes only) using static test data.  
Although the recommended approach does not adjust this time for degraded voltage and elevated 
temperature effects, the difference is judged to be negligible.
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Calculating Actuator Capability

The instantaneous actuator capability at each stroke position is calculated in Step 5. Equation 
2-19, which combines Equation 2-12 and Equation 2-14, adjusts the nominal motor torque (see 
next subsection on use of nominal motor torque) for degraded voltage and elevated temperature, 
and applies the actuator gearbox efficiency, overall gear ratio and stem factor. The instantaneous 
margin is calculated at each stroke position using Equation 2-20, which subtracts the required 
stem thrust from the instantaneous actuator capability. The minimum instantaneous margin for a 
given valve stroke is an indication of the degree to which the actuator is challenged during the 
stroke.  

The functional actuator capability is calculated in Step 6 by iteratively increasing the required 
stem thrust for the stroke (FR) until the maximum value of adjusted motor torque at any point 
during the stroke equals the nominal motor torque (see next subsection on use of nominal motor 
torque). In Step 6.1, FR is initially estimated to be 90% of the instantaneous actuator capability 
calculated in Step 5. In Step 6.2, the DC motor performance method is implemented using this 
required thrust to determine the maximum adjusted motor torque over the stroke, which is 
compared to the nominal motor torque. In Step 6.3, FR is then adjusted, either up or down, 
depending on whether the maximum adjusted motor is less than or greater than the nominal 
motor torque. This procedure is repeated, in Step 6.4, until the maximum adjusted motor torque 
equals the nominal motor torque. The functional actuator capability is the value of FR for which 
the maximum adjusted motor torque (predicted) equals the nominal motor torque. At this point, 
the instantaneous margin is zero. The functional actuator capability is an indication of the thrust 
capability of the actuator for that particular application, considering the effects of degraded 
voltage, elevated temperature and decreased efficiency as the motor slows down.  

The maximum allowable thrust at torque switch trip is calculated in Step 7, for closing strokes 
only. For this calculation, the required thrust is assumed to increase, and the speed to decrease, 
from their values at the last stroke position to the values corresponding to the nominal torque and 
speed. To determine the actual motor torque at this point, the nominal motor torque is adjusted 
for degraded voltage and temperature at the last stroke position, using Equation 2-23, which is 
adapted from Equation 2-14. In Step 7.3.1, the gearbox efficiency is determined, using an 
iterative procedure, based on the motor speed at nominal motor torque (200 rpm), adjusted for 
degraded voltage (Equation 2-24). In Step 7.3, the efficiency is initially set to pullout efficiency 
(as a guess). In Step 7.3.2, the stem torque based on the available motor torque (from Equation 
2-23), the overall ratio and assumed efficiency is calculated. A new efficiency, based on this 
calculated stem torque and the motor speed calculated in Equation 2-24, is then determined in 
Steps 7.3.3 and 7.3.4, and a new stem torque is calculated. This procedure is repeated until the 
calculated stem torque from one iteration to the next is less than 1% of the actuator rated torque.  
The final efficiency is then used in Equation 2-27 (which combines Equation 2-12 and Equation 
2-14) along with the nominal motor torque, to calculate the maximum allowable thrust at torque 
switch trip.  

The maximum allowable thrust at unwedging is calculated in Step 8, for opening strokes only.  
This calculation is analogous to the calculation described above for determining maximum 
allowable thrust at torque switch trip for closing strokes, except that the required thrust is
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assumed to increase, and the speed to decrease, from their values at the first stroke position to the 
values corresponding to the nominal torque and speed.  

Note that there is no "Application Factor" included in this method for calculating actuator 
capability. Limitorque recommends that the nominal actuator starting torque be multiplied by an 
Application Factor, typically 0.9, when calculating actuator capability under design basis 
conditions. The Application factor is an empirical factor intended to cover uncertainties in the 
Limitorque method, for example, uncertainties in the adjustments for degraded voltage and 
temperature. In the DC motor performance method, approaches for adjusting nominal actuator 
capability for degraded voltage and temperature effects are developed based on first principles 
and justified using test data. Accordingly, the Application Factor is not needed in the method.  

Use of Nominal Motor Torque 

The nominal motor torque, TNOM, is defined as the motor torque corresponding to a motor speed 
of 200 rpm on the motor performance curve. In the DC motor performance method, the 
capability of the motor is limited to the nominal motor torque, adjusted for degraded voltage and 
elevated temperature. Defining motor capability in terms of a minimum motor speed provides a 
uniform method of establishing actuator capability for all motors. The value of 200 rpm as the 
minimum motor speed is based on judgement and typically provides a margin of 9% to 22% 
from the stall torque.  

This approach is used to provide conservatism in the method, even though the method can 
predict actuator output at low motor speeds, as discussed later in this section. There is additional 
conservatism in the maximum allowable thrusts at torque switch trip and unwedging since the 
effects of motor inertia are neglected. Accordingly, users may choose to justify other, less 
conservative approaches for determining motor capability, e.g., for operability evaluations.  

Motor performance data in the DC motor method is discussed later in this section. In general, 
the vendor motor performance curves are found to be bounding and are recommended for use in 
the method. In a few cases, the vendor curves are not adequate, and alternate motor performance 
curves are recommended. Although the vendor curves are generally found to be bounding, there 
is little motor data at very low speeds (approaching motor stall). The table below lists the motors 
for which there is test data at or near stall. The table also lists the nominal motor torque, TNOM, 
used in the method and the maximum torque measured in the motor test, at the lowest measured 
motor speed.
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Nominal Motor Maximum Measured Motor Type Torque (ft-lbs) Torque (ft-lbs) 

5 ft-lbs, 125V 9.40 8 @ 500 rpm 

13 @ 400 rpm 
10 ft-lbs, 125V 14.33 17.8 @ 0 rpm(1 ) 

15 ft-lbs, 125V 22.50 25 @ 200 rpm 
36 @ 350 rpm 

25 ft-lbs, 125V 35.00 

40 @ 0 rpm(1 )



Nominal Motor Maximum Measured 
Motor Type Torque (ft-lbs) Torque (ft-lbs) 

55 @ 100 rpm(1 ) 

40 ft-lbs, 125V 50.63 

57 @ 0 rpm(1 ) 

80 ft-lbs, 125V 104.00 105 @ 300 rpm 

100 ft-lbs, 125V 180.00 160 @ 350 rpm

Note (1): These results are from the NRC/INEEL testing in Reference (5).  
For the 40 ft-lb motor, the two results are for the newer motor and older 
motor, respectively.  

As shown, for all motors tested to a motor speed of 200 rpm or less, the maximum measured 
motor torque is greater than the nominal motor torque used in the method. For the other motors, 
the maximum measured motor torques bound the nominal motor torque, if the data is 
extrapolated to a motor speed of 200 rpm.  

As discussed later in this report, one of the conclusions from the NRC/INEEL DC motor test 
program was that there is a "minimum motor speed threshold below which additional motor 
torque produced little or no additional actuator torque." The motor speed threshold for the four 
motors tested was up to about 300 rpm, corresponding to a worm shaft speed up to about 370 
rpm. The 200 rpm threshold used to determine nominal motor torque in the DC motor model is 
not intended to address this observed behavior, which is attributable to a combination of effects, 
including: 

"* The gearbox efficiency decreases significantly as the motor slows down, and 

"* The motor heats up as the motor slows down, affecting both the motor torque output and 
speed.  

As discussed in the Justification of Specific Model Features below, the gearbox efficiency values 
used in the DC motor performance model compare favorably against the values measured in the 
NRC/INEEL testing, and the method for predicting motor heatup and its effect on motor 
performance compares favorably against the NRC/INEEL data. Accordingly, it is concluded that 
the DC motor performance model would predict the behavior observed in the NRC/INEEL 
testing, and there is therefore no need to limit the motor torque based on the INEEL conlcusion.  

Justification of Specific Model Features 

First Principles DC Motor Model 

Reference (1) documents the first principles equations related to the performance of a DC motor.  
Implementation of these equations for a specific motor requires detailed information about the 
motor, for example, the number and size of the wires in the armature and field windings. This 
information is not typically available for DC motors used on valve actuators. Therefore, 
Reference (1) develops an approach for establishing the performance of a DC motor that uses 
information typically provided by the motor or actuator manufacturer, i.e., a plot of motor speed
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and current versus motor torque under nominal conditions (ambient temperature and full 
voltage). Reference (1) then develops the method for adjusting this information for temperatures 
above ambient and voltages other than the full voltage. See the subsections below related to the 
effect of temperature and voltage on motor performance and use of vendor motor performance 
curves for details.  

In developing this approach, some assumptions that are difficult to justify individually must be 
made. For example, Reference (1) assumes that the motors' magnetic fields are saturated.  
Although these assumptions are not specifically justified in this report, justification of the effect 
of temperature and voltage on motor performance and justification of use of the vendor motor 
performance curves, which are described in the subsections below, provide overall justification 
of the motor performance method developed in Reference (1). In other words, by verifying that 
the vendor motor performance curves bound measured motor data, adjusted for temperature and 
voltage using the motor model, the motor model and its assumptions are verified. Accordingly, 
although the method used to adjust the motor performance curves for degraded voltage and 
elevated temperature is based on first principles, the method is somewhat empirical, that is, 
assumptions in the model are justified by favorable comparisons to test data.  

Actuator Gearbox Efficiency 

In the DC motor performance method, actuator gearbox efficiency is a function of the rotational 
speed of the worm shaft and the output torque of the actuator (stem torque as a percentage of 
actuator rated torque). Table 2-2 provides f-factors that are used in the method to determine 
gearbox efficiency. These f-factors are based on a review of data from DC motor actuator 
testing performed by Idaho National Engineering and Environmental Labs (INEEL) and 
sponsored by the Nuclear Regulatory Commission (NRC) (Reference 5). Based on this data, the 
gearbox efficiency is low (close to or less than pullout efficiency) for low stem torques (less than 
about 30% of the rated actuator torque) and low worm speeds (less than about 200 rpm). As 
long as the stem torque is greater than about 30% of the actuator rated torque, the gearbox 
efficiency appears to be relatively insensitive to the stem torque, as reflected by the values in 
Table 2-2. An upper bound gearbox efficiency f-factor of 0.7 at 2000 rpm is conservatively 
selected based on results for the 25 ft-lb INEEL motor. For the other two motors, the efficiency 
reached run efficiency (f=1.0) for a portion of the stroke.  

To justify these f-factors, comparisons are made to measured f-factors from the NRC/INEEL 
data. Data from testing of the 10 ft-lb, 25 ft-lb and newer 40 ft-lb motors at 60% and 100% 
voltage are included. This data covers Limitorque SMB-0 and SMB-1 actuators. The following 
approach is used for each data set.  

For each test, measured f-factors are determined at each stroke position from the 
measured stem torque, measured motor torque, actuator overall ratio, pullout efficiency 
and run efficiency, using Equation 2-11.  

* Predicted f-factors are determined at each stroke position from the measured motor 
speed, motor gearset ratio, measured stem torque and actuator rated torque.
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* Plots are made of measured f-factor versus predicted f-factor. On each plot a diagonal 
line is drawn, representing the case where the measured f-factor is equal to the predicted 
f-factor. Data points above this line indicate that the predicted f-factor is conservative, 
i.e., the predicted f-factor is less than the measured f-factor, and the efficiency used in the 
method is lower than the measured efficiency. Data points below the line indicate that 
the predicted f-factor is non-conservative.  

Figures 3-1 through 3-3 show the results of this comparison. As shown, the predicted f-factors 
are generally conservative. Note that this data only covers SMB-0 and SMB-1 actuators; 
additional data is needed to justify the f-factors in the method for other actuators. Until such data 
is available, it is recommended that the f-factors in the method be used as "best available 
information" for other actuators.  

Effect of Voltage and Temperature on Motor Performance 

Reference (1) concludes that applying a voltage less than the nominal voltage to a DC motor has 
a linear effect on both the torque and speed of the motor, as shown by the following equations.  

Equation 3-1: Torque at voltage = Torque at nominal voltgage- voltage 

(nominal voltage) 

( voltage1 
Equation 3-2: Speed at voltage = Speed at nominal voltgage vnominal voltage) 

Reference (1) also concludes that elevated motor winding temperature decreases the motor 
output torque according to the following equation, which is based on the increased resistance of 
copper wire at elevated temperature.  

Equation 3-3: Torque at temp = Torque at reference temrn eference temp + 234.4') 

In the DC motor performance method, the motor terminal voltage is determined using Equation 
2-13, which applies Ohm's law, using the voltage at the motor control center, the resistance of 
the motor cabling and thermal overloads input by the user, and the motor current, which is 
determined from the motor performance curve. The motor temperature is determined as 
discussed later in this section. The true motor torque is calculated based on the load on the valve 
stem, the actuator overall ratio and the gearbox efficiency. Given the true motor torque, the 
motor voltage and the motor temperature, Equation 2-14 (which is developed from Equation 3-1 
and Equation 3-3) is used to calculate the adjusted motor torque, to normalize to conditions on 
which the motor performance curves are based. The adjusted speed (i.e., at nominal voltage) is 
then determined from the motor performance curve, and the true speed is calculated using 
Equation 2-15 (which is derived from Equation 3-2).
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Use of Vendor Motor Performance Curves

The DC motor performance method requires as input the motor speed and motor current as a 
function of motor torque. The motor or actuator manufacturer typically provides motor 
performance curves with this information. These vendor curves were obtained for typical motors 
used on Limitorque DC motor actuators -- 2 through 200 ft-lb motors at 125 and 250 VDC.* 
Dynamometer and actuator test data obtained from Crane-MOVATS and dynamometer testing 
by one nuclear utility are used to verify the accuracy of these curves. Table 3-1 summarizes the 
test data used for this justification.  

The following approach is used for each motor test.  

" Since time-history temperature was not measured during these tests, a prediction of motor 
heatup is made using Equation 2-18, along with the measured time and measured motor 
torque and the vendor motor heatup rates.  

" The measured time-history motor torque is adjusted to account for elevated temperature 
and degraded voltage using Equation 2-14. In this equation, TM-ave is set to the measured 
motor torque, VT is set to the measured motor voltage and Tmotor is set to the predicted 
motor temperature.  

" The measured time-history motor speed is adjusted to nominal voltage conditions using 
the following equation, which is based on Equation 2-15, where Wo is the measured motor 
speed.  

Equation 3-4: o= •{V•V - a 

For each motor type (with a given starting torque and nominal voltage), plots are made 
comparing the vendor motor performance curves with the measured motor performance data.  
Specifically, the adjusted motor speed is plotted against the adjusted motor torque, and the 
measured motor current is plotted against the measured motor torque.  

Figures 3-4 through 3-23 show the results of this work. For the speed versus torque plots, the 
vendor curves are bounding if the test data lies above the vendor curve, indicating that the 
vendor curve underpredicts the motor speed for a given motor torque. For the current versus 
torque plots, the vendor data is conservative if the test data lies below the vendor curve, 
indicating that the vendor curve overpredicts the motor current. Motor current is only used in the 
method to determine the voltage drop from the motor control center to the motor terminals. An 
overprediction of the current would result in an overprediction of the voltage drop and therefore 
an underprediction of the motor torque.  

The following conclusions and recommendations are based on Figures 3-4 through 3-23.  

"A survey of BWR plants indicated that 250 ft-lb motors are rarely used, and the motor performance curves for 
these motors were not obtained or evaluated.
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" For the following motors, the vendor speed versus torque curves bound the test data, and 
there is sufficient test data to justify use of the vendor curves in the DC motor 
performance method: 5 ft-lb/125 VDC, 10 ft-lb/125 VDC, 15 ft-lb/125 VDC, 25 ft-lb/125 
VDC and 200 ft-lb/125 VDC. These vendor speed versus torque curves are 
recommended for use in the method and will result in conservative predictions.  

" For the 60 ft-lb/125 VDC motor, the vendor speed versus torque curve bounds the 
available test data, but the data for justification is limited. This vendor curve is 
recommended for use in the method.  

" For the following motors, the vendor speed versus torque curves do not adequately model 
the measured data: 40 ft-lb/125 VDC, 80 ft-lb/125 VDC and 100 ft-lb/125 VDC. For 
these motors, new curves based on the test data are recommended for use in the method, 
as shown by dashed lines in the figures and in Table 2-3.  

" For the following motors, no data is available to justify use of the vendor speed versus 
torque curves: 

- 2 ft-lb/125 VDC 
- 2 ft-lb/250 VDC 
- 5 ft-lb/250 VDC 
- 7.5 ft-lb/125 VDC 
- 7.5 ft-lb/250 VDC 
- 10 ft-lb/250 VDC 
- 15 ft-lb/250 VDC 
- 25 ft-lb/250 VDC 
- 40 ft-lb/250 VDC 
- 60 ft-lb/250 VDC 
- 80 ft-lb/250 VDC 
- 100 ft-lb/250 VDC 
- 150 ft-lb/250 VDC 
- 200 ft-lb/250 VDC 

It is recommended that the vendor curves be used for these motors as "best available 
information." 

* Figures 3-4 through 3-23 show that the vendor current versus torque curves generally 
underpredict the measured motor current. This result is consistent with the fact that the 
vendor speed versus torque curves generally underpredict the motor speed, i.e., for a 
given torque, an underprediction in speed is consistent with an underprediction in current.  
For the stroke time prediction in the DC motor performance method, the underprediction 
of motor current (which results in an overprediction of motor voltage) is offset by the 
underprediction in motor speed. For the actuator capability evaluations in the method, 
the underprediction of current is offset by conservatism in the actuator efficiency and 
conservatism in the limitation of motor output torque to the nominal motor torque (rather

MPR-2093 
Revision 0 3-10



than the stall torque). Accordingly, it is recommended that the vendor current versus 
speed curves be used in the method.  

* For the 150 ft-lb, 125 VDC motor, a vendor motor performance curve was not obtained.  
An estimated vendor curve was determined using the vendor curve for the 150 ft-lb, 250 
VDC motor, i.e., the speed versus torque curves were assumed to be the same for the two 
motors, and the current for the 125 VDC motor was assumed to be twice the current for 
the 250 VDC motor at each value of torque. The vendor curves shown in Figures 3-20 
and 3-21 are based on these assumptions. However, the speed versus torque curve using 
this approach does not adequately model the measured data. For the 150 ft-lb, 125 VDC 
motor, a new speed versus torque curve determined from the test data is recommended 
for use in the method, as shown by a dashed line in the Figure 3-20 and Table 2-3. It is 
recommended that the estimated vendor current versus speed curve be used in the 
method.  

Prediction of Motor Heatup and Use of Vendor Heatup Rates 

The DC motor performance method requires as input reference heatup rates at one or more 
values of reference torque, for a given motor type. Per Reference (1), these reference heatup 
rates are adjusted for use at other motor torques by multiplying them by the square of the ratio of 
the motor torque to reference motor torque, as shown in Equation 2-18. It is recommended that 
the motor heatup rates provided by the motor manufacturer be used in the DC motor 
performance method to predict motor heatup. The vendor typically provides one or more curves 
of motor temperature rise versus time for specific values of motor torque. For some motors, 
separate curves are provided for the temperature rise of the series field windings, the shunt field 
windings and the armature windings. The slope of these curves indicates the motor heatup rate 
at that torque and time. To determine heatup rate for input into the method, the following 
procedure is used.  

"* Using the temperature rise versus time curve provided by the vendor, draw a line from 
the origin (zero temperature rise at zero time) to the temperature rise at one minute. Data 
up to one minute is used since MOV stroke times are typically less than one minute. The 
temperature rise of the armature windings is used when more than one curve is provided, 
since the armature is the dominant current path influencing motor output.  

"* Determine the slope of the line (heatup rate), in units of 'C per second.  

"* Use this heatup rate as the reference heatup rate for the applicable motor torque 
(reference torque).  

Example. The vendor provides a curve of armature winding temperature rise versus time at 
20% running load for a 5 ft-lb, 125 VDC motor. The curve shows a temperature rise of 6'C over 
the first minute. Therefore, the reference motor heatup rate at 1 ft-lb (20% of 5 ft-lbs) is 
0.1 °C/second (i.e., 6/60).  

The motor heatup rates in Table 2-4, which are recommended for use in the method, were 
determined from the vendor-provided motor performance data as described above.
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There is limited data to justify the vendor motor heatup rates. The NRC/INEEL testing 
(Reference 5) provides data to justify the heatup rates for 10, 25 and 40 ft-lb motors. To perform 
this justification, the following approach is used.  

" Reference (5) is reviewed to determine the maximum motor torque achieved during the 
60% and 100% voltage tests of the 10, 25 and 40 ft-lbs motors tested by INEEL. For the 
10 ft-lb and 25 ft-lb motor tests, the motors were tested to stall for both the 60% and 
100% voltage tests. In addition, the motors stalled before the loading piston (which 
provided resistance to the valve stem) bottomed out. For these tests, the maximum 
measured motor torque is the maximum value achieved during the test. For the 60% 
voltage test of the 40 ft-lb motor, the motor was not tested to stall. For this test, the 
maximum measured thrust is the maximum value achieved during the test. For the 100% 
voltage test of the 40 ft-lb motor, the motor was tested to stall; however, the piston 
bottomed out before the motor stalled. The maximum measured thrust for this test is the 
value achieved when the piston bottomed out.  

"* The DC motor performance method is implemented for these six tests. Measured stem 
torque values are used as input, i.e., the load profile method is not used.  

" For the 10 ft-lb and 25 ft-lb motor tests, the method predicts that the motor stalls prior to 
the erid of the test, indicating that the method predicts an actuator output capability less 
than that achieved during the test. The predicted temperature rise for these tests is the 
predicted temperature at the last stroke position before predicted motor stall minus the 
initial temperature.  

" For the 60% voltage test of the 40 ft-lb motor, the INEEL test did not achieve motor stall, 
and the method does not predict motor stall. For this test, the predicted temperature rise 
is the predicted temperature at the end of the stroke minus the initial temperature.  

" For the 100% voltage test of the 40 ft-lb motor, the predictions cover the portion of the 
stroke up to the point that the piston bottoms out. The method predicts that the motor 
stalls just as the piston bottoms out. As with the 10 and 25 ft-lb motors, the predicted 
temperature rise is the predicted temperature at the final stroke position minus the initial 
temperature.  

"* The predicted temperature rise is compared to the maximum measured temperature rise 
during testing for each test.  

The table below summarizes the measured and predicted temperature rises. The motor speeds 
corresponding to the predicted temperatures rises are also listed.
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Motorirest Maximum Measured Measured Predicted 

Motor Torque, ft-lbs Temperature Rise, OF Temperature Rise, OF 

10 ft-lbs, 60% voltage 8.5 23 30 @ 74 rpm 

10 ft-lbs, 100% voltage 15 40 44 @ 75 rpm 

25 ft-lbs, 60% voltage 17 45 68 @ 103 rpm(') 

25 ft-lbs, 100% voltage 30 80 97 @ 161 rpm(1 ) 

40 ft-lbs, 60% voltage 21 negligible 24 @ 236 rpm 

40 ft-lbs, 100% voltage 40 40 55 @ 120 rpm(1 ) 

Note (1): For these tests, the motor speed at the last stroke position before predicted motor stall is much less 
than 100 rpm. To obtain a more reasonable heatup prediction, the temperature rise at the second-to
last stroke position is used.  

As shown above, the predicted temperature rises compare favorably to the measured temperature 
rises.  

Note that as method predictions approach motor stall, the motor speed changes rapidly, and the 
stroke increments used in the method do not effectively model the behavior (i.e., the assumption 
that the motor torque and speed are linear over the stroke increment is not true as the motor 
approaches stall). The motor speed at the end of an increment is much less than the average 
motor speed for the increment, resulting in high predicted stroke times and motor temperatures.  
Therefore, if the DC motor method is used for a valve stroke for which the motor approaches 
stall, small increments should be used at the end of the valve stroke to avoid grossly conservative 
predictions.  

Screening Method 

The screening method is provided to allow users to justify that certain valve applications (e.g., 
those with very high stroke time margin) can meet their stroke time requirements without 
implementing the full DC motor performance method. The approach is to conservatively assume 
that the maximum required thrust, FR, is the required thrust for the entire stroke. In Equation 
2-37, FR is converted to a motor torque, assuming pullout efficiency as the gearbox efficiency.  
In Equation 2-38, the voltage at the motor terminals is calculated, conservatively assuming the 
motor current is equal to the locked rotor current, which is obtained from Table 2-3. If desired, 
the user may iterate to determine the actual motor current. The adjusted motor torque is then 
calculated using Equation 2-39, assuming that the motor temperature is equal to the ambient 
temperature plus 10'C. At the end of the calculation, a conservative estimate of the final motor 
temperature is made (Equation 2-43), and the calculation is repeated using a higher temperature 
if the motor heatup exceeds 100C. If desired, the user may iterate to determine the actual motor 
heatup. The adjusted motor speed is then determined from the motor performance data in Table 
2-3 for the appropriate motor type and corrected for degraded voltage to determine the true 
motor speed (Equation 2-40). The threshold stroke time is calculated using Equation 2-41 for 
gate valves or Equation 2-42 for globe valves. The application is considered to be capable of 
meeting its stroke time requirement if the threshold stroke time is less than the allowable stroke 
time.
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The minimum actuator capability is calculated using Equation 2-44. This equation provides a 
conservative estimate of the actuator capability since conservative values of gearbox efficiency 
(pullout), motor current (locked rotor) and final motor temperature (which is based on the 
assumption that the thrust is equal to FR for the entire stroke) are used. Note that if the user 
implements an iterative approach, accurate values of gearbox efficiency and motor current are 
used. In this case, the only difference between this minimum actuator capability and the 
minimum instantaneous actuator capability calculated using the full motor performance method 
is that the motor heatup is conservative (since the stem thrust is set to FR for the entire stroke).  
The margin is calculated as the difference between the minimum actuator capability and the 
maximum required thrust (Equation 2-45).  

Estimating Valve Flow Rate 

For some valves, the design basis requirement may be to open sufficiently to allow a certain 
amount of flow through the valve. The method provided for estimating the valve flow rate at a 
specific stroke position is based on first principles flow equations. For gate valves, valve flow 
coefficients (Cvs) are taken from Reference (2). These Cv values were developed in the EPRI 
MOV Program based on evaluation of test data for several gate valves. For globe valves, the Cv 
is assumed to vary linearly from the 0 at fully closed to the fully open Cv, which is input by the 
user.  

NRC/INEEL DC Motor Actuator Test Program 

Reference (5) summarizes the results of DC motor actuator testing by INEEL, sponsored by the 
NRC. Four DC motor actuators were tested at various voltage and temperature conditions. The 
sections below discuss the key results and conclusions of the NRC/INEEL testing and describe 
how the BWROG DC motor performance method addresses these results and conclusions.  

Gearbox Efficiency and Motor Speed Threshold 

Reference (5) concludes that "the published running efficiency was generally not adequate for 
predicting actuator performance of the gearboxes, especially at high loads. The published 
pullout efficiency was adequate for predicting gearbox performance for some gearboxes and at 
some conditions (moderate loads), but a very low speeds, some of the actual efficiency data fell 
below the published pullout efficiency." Reference (5) also concludes that "gearbox efficiency is 
affected by motor speed as well as by the torque load imposed on the actuator" and that there is a 
"minimum motor speed threshold below which additional motor torque produced little or no 
additional actuator torque." The motor speed threshold for the four motors tested was up to 
about 300 rpm, corresponding to a worm shaft speed up to about 370 rpm.  

As discussed previously in this report, the gearbox efficiency in the DC motor performance 
method depends on the worm shaft speed and the actuator output (i.e., stem) torque (as a 
percentage of the actuator torque rating), consistent with INEEL's conclusions. Table 2-2 shows 
the gearbox efficiency factors (f) used in the method. An f-factor of 0 indicates an efficiency 
equal to pullout efficiency, and an f-factor of 1 indicates an efficiency equal to run efficiency.  
These f-factors are based on evaluation of the NRC/INEEL test data, and a previous section of
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this report compares the f-factors in Table 2-2 with f-factors calculated from the NRC/INEEL 
data. The results, which are shown in Figures 3-1, 3-2 and 3-3, indicate that the f-factors used in 
the method are generally conservative, relative to the NRC/INEEL data.  

As shown in Table 2-2, the highest f-factor used in the method is 0.7; therefore, the highest 
efficiency used in the method is the pullout efficiency plus 70% of the difference between the 
run and pullout efficiencies, consistent with INEEL's conclusion that the run efficiency was 
generally not adequate to predict motor performance. In addition, the f-factors are always less 
than 0 for worm shaft speeds less than 200 rpm; therefore, the gearbox efficiency used in the 
method at these speeds will be less than pullout efficiency, also consistent with INEEL's 
conclusion that some of the data fell below the published pullout efficiency.  

Degraded Voltage 

Reference (5) concludes that "estimates that anticipated linear reductions in both motor torque 
and motor speed fell very close to actual DC motor performance at reduced voltage." As 
discussed previously in this report, the DC motor performance method linearly adjusts both the 
motor torque and the motor speed based on the ratio of motor terminal voltage to nominal motor 
voltage, consistent with INEEL's conclusion.  

Elevated Temperature 

Reference (5) concludes that "elevated temperature had an immediate effect on DC motor output 
torque" and that "temperature has a linear effect on output torque, similar to the temperature 
effect on the resistance of copper wire." Reference (5) also indicates that temperature appeared 
to affect the motor torque but not the motor speed. Temperature increases of 30 to 50'F were 
typically observed during high-load stall tests. Reference (5) suggests the following equation for 
adjusting motor torque with elevated temperature, T, in 'F, where -z is the motor torque at 
ambient temperature (ft-lbs)and -" is the motor torque at the elevated temperature (ft-lbs).  

T-70 
Equation 3-5: - = 1 

70+459.67 

As discussed previously in this report, the DC motor performance method adjusts the motor 
torque for elevated temperature, T, in degrees C, using the equation below. This equation is 
based on the change in the resistance of copper wire at elevated temperatures, consistent with 
INEEL's conclusions.  

t" 25+ 234.4 
Equation 3-6: = 

"t T+ 234.4 

The table below compares the elevated temperature corrections that would be calculated using 
the INEEL method and the DC motor performance method ("Method").
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Temperature Temperature Corrections 

OF Cc Method INEEL 

75 23.9 1.00 0.99 

80 26.7 0.99 0.98 

90 32.2 0.97 0.96 

100 37.8 0.95 0.94 

120 48.9 0.92 0.91 

140 60.0 0.88 0.87 

160 71.1 0.85 0.83 

180 82.2 0.82 0.79 

200 93.3 0.79 0.75 

250 121.1 0.73 0.66 

300 148.9 0.68 0.57

As shown, the correction factor for the DC motor performance method is greater (less correction) 
than the value calculated from the INEEL equation. The difference between the values increases 
for increasing temperature. This result is consistent with Figures 30 through 35 of Reference (5), 
which show that the INEEL equation gets more conservative for increasing temperature, for 
testing at temperatures up to 300°F.  

Stroke Times 

Reference (5) concludes that "changes in running load can have significant effects on valve 
stroke time." INEEL ran several tests to demonstrate this effect. For these tests, the stem load 
was maintained at a relatively constant value throughout the test. For example, for the 10 ft-lb, 
125 VDC motor (SMB-0 actuator), INEEL ran the following tests.  

* 100% voltage, 3000 pound running load, 8 second measured stroke time 

* 100% voltage, 7000 pound running load, 9 second measured stroke time 

The DC motor performance method predicts increased stroke times for higher running loads. To 
illustrate, the DC motor performance method was implemented for the two tests described above.  
Since the stroke length for these tests is not given in Reference (5), a stroke length was 
determined by trial and error until the predicted stroke time for the first test above was 8 seconds.  
The stroke time prediction for the other test was then performed using this stroke length. The 
results are summarized in the table below.
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Measured Stroke Predicted Stroke 
Time, seconds Time, seconds 

100% voltage, 3000 pound running load 8 8 

100% voltage, 7000 pound running load 9 9.7 

As shown, the DC motor performance method predicts that the stroke time increases with 
increased running load and provides a conservative stroke time prediction for the 7000 pounds 
running load test. The overprediction is attributable to conservatism in the vendor motor 
performance curve (which underpredicts the motor speed by about 6%).  

Performance Curves 

Reference (5) concludes that the performance of the 10 ft-lb, 125 VDC motor and the 25 ft-lb, 
125 VDC motor matched or exceeded the vendor motor performance curves (speed versus 
torque), and that the performance of the 40 ft-lb, 125VDC motors was less than the vendor motor 
performance curve. These conclusions are consistent with the results described in Section 3 of 
this report, which indicate that the vendor motor performance curves for the 10 ft-lb, 125 VDC 
motor and the 25 ft-lb, 125 VDC motor can be used in the DC motor performance method, but 
that an adjusted motor performance curve must be used for 40 ft-lb, 125 VDC motors.  

Stem Nut Friction 

Reference (5) concludes that "the high loads and slower speeds had little effect on the stem nut 
coefficient of friction in the actuators " tested. Stem factor is not predicted by the motor 
performance method but is input by the user.
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Table 3-1. Matrix of Motor Test Data Used to Justify Vendor Motor Curves (2 pages) 

Motor Type Data Source Motor Test Test Type 

a 80% voltage 1 
b 100% voltage 

5 ft-lb, 125 VDC Crane-MOVATS 
a 85% voltage 2 
b 100% voltage 

a 75% voltage 1 
b 100% voltage 

10 ft-lb, 125 VDC Crane-MOVATS 2 a 100% voltage 

a 80% voltage 
3 

b 100% voltage 

a 70% voltage 1 
b 100% voltage 

a 85% voltage 2 
b 100% voltage 

a 85% voltage 3 
b 100% voltage 

a 75% voltage 4 
b 100% voltage 
a 75% voltage 

15 ft-lb, 125 VDC Crane-MOVATS 5 

b 100% voltage 

a 80% voltage 6 
b 100% voltage 

a 80% voltage 7 
b 100% voltage 

a 80% voltage 8 
b 100% voltage 

a 80% voltage 
9 b 100% voltage
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Table 3-1. Matrix of Motor Test Data Used to Justify Vendor Motor Curves (2 pages) 

Motor Type Data Source Motor Test Test Type 

a 75% voltage 1 
b 100% voltage 
a 75% voltage 

Crane-MOVATS 
2 

b 100% voltage 
25 ft-lb, 125 VDC 3 b 10% voltage 

a 80% voltage 
3 

b 100% voltage 

4 a 100% voltage 
BWR Plant A 

5 a 100% voltage 

a 75% voltage 
1 

b 100% voltage 
40 ft-lb, 125 VDC Crane-MOVATS 

a 75% voltage 
2 

b 100% voltage 
a 75% voltage 

60 ft-lb, 125 VDC Crane-MOVATS 1 
b 100% voltage 
a 75% voltage 

1 
80 ft-lb, 125 VDC Crane-MOVATS b 100% voltage 

2 a 75% voltage 

a 80% voltage 
100 ft-lb, 125 VDC Crane-MOVATS 1 

b 100% voltage 
a 80% voltage 

150 ft-lb, 125 VDC Crane-MO VATS1 
b 100% voltage 

a 80% voltage 
200 ft-lb, 125 VOC Crane-MOVATS1 

b 100% voltage 

NOTES 
1. All tests were performed at ambient temperature with Peerless compound-wound DC motors.  
2. Tests in bold italics are actuator tests; all other tests are dynamometer tests.
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Figure 3-1. Predicted versus Measured Gearbox Efficiency f-Factors for NRC/INEEL 10 ft-lb Motor (SMB-0 Limitorque Actuator)
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Figure 3-4. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 5 ft-lb, 125 VDC Motor 

MPR-2093 3-23 
Revision 0



25

20 

la and lb 

"-_ 15 
(0 C- 2a and 2b 

4

0 10 

5 

0O 

0 2 4 6 8 10 12 

Torque (ft-lbs) 

Figure 3-5. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 5 ft-lb, 125 VDC Motor 
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Figure 3-6. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 10 ft-lb, 125 VDC Motor 
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Figure 3-7. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 10 ft-lb, 125 VDC Motor
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Figure 3-8a. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor 
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Figure 3-8b. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor
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Figure 3-8c. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor 
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Figure 3-9a. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor
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Figure 3-9b. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor 

MPR-2093 3-3 
Revision 0 I



60

50 

40 

D.  

E 
- 30 

,.- 9b 

20 

9a 

10
S~8b 

0 5 10 15 20 25 30 

Torque (ft-lbs) 

Figure 3-9c. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 15 ft-lb, 125 VDC Motor 
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Figure 3-10. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 25 ft-lb, 125 VDC Motor
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Figure 3-11. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 25 ft-lb, 125 VDC Motor 
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Figure 3-12. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 40 ft-lb, 125 VDC Motor 
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Figure 3-13. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 40 ft-lb, 125 VDC Motor
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Figure 3-14. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 60 ft-lb, 125 VDC Motor 
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Figure 3-15. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 60 ft-lb, 125 VDC Motor
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Figure 3-16. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 80 ft-lb, 125 VDC Motor 
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Figure 3-17. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 80 ft-lb, 125 VDC Motor 
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Figure 3-18. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 100 ft-lb, 125 VDC Motor
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Figure 3-19. Comparison of Adjusted Current versus Torque Curve to Vendor Motor Performance Curve for 100 ft-lb, 125 VDC 
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Figure 3-20. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 150 ft-lb, 125 VDC Motor
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Figure 3-22. Comparison of Adjusted Speed versus Torque Curve to Vendor Motor Performance Curve for 200 ft-lb, 125 VDC Motor 

MPR-2093 3-45
Revision 0



1200

1000 v u gurve 

800 

E 
CO 

600 
C -.

400 

la and lb .  

200 

0 100 200 300 400 500 600 

Torque (ft-lbs) 
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4 
Method Validation 

Approach 

To validate the DC motor performance method, test data from in-plant valve flow tests were 
obtained for seven MOVs from four utilities. The seven MOVs included wedge gate, double 
disk gate and globe valves, driven by six different actuator types and four different motor types 
(all Peerless). The test data cover 22 valve strokes (11 static strokes and 11 DP strokes). The 
DP strokes include pumped flow opening and closing strokes, steam flow opening and closing 
strokes and a hydrostatic opening stroke. All tests were performed at ambient temperature.  

Table 4-1 lists the 22 strokes and the corresponding valve type, actuator and motor type, voltage 
at the motor control center (MCC) and general test conditions (e.g., static, pumped flow, 
hydrostatic or steam flow) for each stroke. For each of these strokes, the DC motor performance 
method is implemented to calculate a predicted stroke time. Inputs to implement the method 
were obtained from the plants. The following approaches are used in implementation of the 
method.  

" For static strokes, the stem thrust profile is input into the method, rather than using the 
load profile method. In general, the average of the measured running load and the 
measured load at wedging/unwedging is input as the required thrust for the entire stroke.  

" For DP strokes, the load profile method is used to predict the stem thrust profile. Packing 
loads (Fpack) and maximum required thrusts (FR) are determined from the data. However, 
for the steam flow strokes, the flow is specified as blowdown, and a value of 10,000 feet 
(maximum value) is input for Lup (equivalent length of upstream piping). This approach 
is used because these valves are turbine steam admission valves. The load profile method 
assumes that, for blowdown strokes, there is a line break downstream of the valves and 
that any pressure losses in the system occur upstream of the valve. For a turbine steam 
admission valve, a significant portion of the system DP is taken across the turbine when 
the valve is partially open, and the DP across the valve is much less than for a true 
blowdown application. The "equivalent length" of a turbine is likely more than 10,000 
feet; however, 10,000 feet is the highest value allowed in the method. As a result, the 
predicted load profile will be higher than the actual load profile, resulting in higher 
predicted stroke times.  

"* For the BWR Plant D globe valve with a 2 ft-lb, 125 VDC motor, the valve stroke length 
is determined by trial and error to predict the measured static stroke time.  

"* Stem factors are determined from information provided by the plants. Dynamic stem 
factors are used because they are judged to be representative of the friction conditions at
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the stem-to-stem nut interface for the majority of both a static and a dynamic valve 
stroke.  

* For all gate valve tests, default "X" values are used (see Step 1.1 of the method).  

Results 

Table 4-1 lists the measured and predicted stroke times for each stroke evaluated. As shown, the 
predicted stroke times bound the measured stroke times for all strokes except two, a static 
closing stroke (40 ft-lb, 250 VDC motor) and a hydrostatic opening stroke (15 ft-lb, 125 VDC 
motor). In both cases, the predicted stroke times are within 2% of the measured stroke times.  
For both strokes, the loads on the valve stem are small for the majority of the stroke. Therefore, 
these non-conservative results indicate that the motor speed may be slightly overpredicted at 
very low stem loads (at or near running load). The stroke time predictions for the other strokes 
of these valves match or bound the measured stroke times. In addition, one of the BWR Plant D 
valves has a 40 ft-lb/250 VDC motor, and the predictions for that valve are bounding. As 
discussed in Section 3, there is ample data for 15 ft-lb, 125 VDC motors to justify the vendor 
motor performance curve for these motors. Therefore, these slight stroke time underpredictions 
are considered acceptable, and no changes to the DC motor performance method are 
recommended.  

Figures 4-1 through 4-4 show measured versus predicted stem thrust for the dynamic strokes of 
the BWR Plant B and E valves. These are the only validation test valves for which digital test 
data was obtained from the plants. As shown in these figures, the predicted load profiles bound 
the measured thrusts with margin. These bounding predictions are a result of the approach used 
to model these turbine admission valves, which is described above.  
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Table 4-1. Summary of Results of Validation of DC Motor Performance Method 

Plant Valve Type Actuator and General Test Conditions Voltage at Stroke Time (sec) 

Motor Type MCC (volts) Measured Predicted 

static closure 265 16.8 17.9 

Double disk SMB-2, static opening 265 16.1 17.8 
gate 60 ft-lb, 250 VDC steam flow closure 265 18.2 20.0 

steam flow opening 265 16.3 20.0 

static closure 268 28.1 33.5 

BWR Plant C Flex wedge SMB-1, static opening 268 27.2 33.6 

gate 60 ft-lb, 250 VDC steam flow closure 268 31.5 38.3 

steam flow opening 268 28.2 35.3 

static closure 261 10.5 10.3 

BWR Plant 0 Flex wedge SMB-0, static opening 261 9.7 11.1 

gate 40 ft-lb, 250 VDC pumped flow closure 210 13.4 14.5 

pumped flow opening 210 12.9 16.2 

SMB-2, static closure 262 11.3 11.6 
BWR Plant 0 Globe 

60 ft-lb, 250 VDC pumped flow closure 210 14.3 14.6 

BWR Plant D Flex wedge SMB-00, static opening 130 12.0 12.0 

gate 15 ft-lb, 125 VDC hydrostatic opening 106 15.6 15.5 

SMB-000, static closure 130 24.2 24.2 
BWR Plant D Globe 

2 ft-lb, 125 VDC pumped flow closure 106 31.0 31.6 

static closure 250 12.4 15.0 

BWR Plant E Double disk SMB-1, static opening 250 12.3 15.5 

gate 40 ft-lb, 250 VDC steam flow closure 250 14.9 22.3 

steam flow opening 250 10.4 17.6
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Figure 4-1. Comparison of Measured and Predicted Stem Thrust for BWR Plant B Dynamic Closing Stroke (Steam Flow) 
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1.0 PURPOSE 

The purpose of this calculation is to develop an approach to predict the steady state speed 

of DC motors used on MOVs. The speed obtained by this calculation will be based on the 

torque required from the motor to position the valve. The approach will include the effects 

of degraded voltage and increased motor temperature for both elevated ambient 

temperatures (external temperature effects), and motor heating due to operation (internal 

temperature effects). Knowing the speed of the motor under various operating conditions 

will help determine the total stroke time for the MOV.  

2.0 SUMMARY OF RESULTS 

The following two steps are performed to calculate motor steady state speed for DC MOVs 

under all operating conditions: 

* Step 1: Starting with the required motor torque, use the motor voltage and motor 

temperature to determine adjusted torque. Look up the speed for the adjusted 

torque from the manufacturer's motor output torque versus steady state speed 

curve. Determine the actual speed from the speed obtained from the curve.  

* Step 2: Calculate the motor winding temperature increase due to operating torque 

over the time increment being analyzed. Add this temperature increase to the 

motor temperature used during the current time increment, to obtain the motor 

temperature for use in the next time increment.

Steps 1 and 2 are repeated as necessary to cover the entire stroke of the DC MOV.
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3.0 ASSUMPTIONS 

Several assumptions were made to develop this calculation. A summary of the assumptions is 

provided below. For specific technical justification for each of the assumptions, refer to 

Section 4.0, Discussion.  

• All motors used on DC MOVs are cumulatively compounded.  

* The voltage drop associated with the series field is negligible.  

* The motor flux 4) is constant at motor loads greater than 20% of nameplate and for a 

degraded voltage no lower than 60% of rated voltage. This assumption was 

confirmed with the vendor. However, further validation of this assumption is 

required to ensure its accuracy.  

* Motor winding temperature does not appreciably affect the motor flux.  

• To determine the effect temperature has on motor steady state speed, it is assumed 

that: 

- The motor output torque versus steady state speed curves are applicable for a 

constant temperature specified by the manufacturer (i.e., they do not include 

the effects of increased temperature).  

- The motor windings are constructed of copper with a conductivity of 100% of the 

International Annealed Copper Standard.  

- The temperature effects on the shunt field resistance will have a negligible impact 

on the motor equivalent resistance.  

- At a given motor torque, motor winding temperature increases linearly with time.  

The change in winding resistance from the beginning of an increment to the end of an 

increment can be neglected for the purpose of estimating the change in motor 

temperature (Equation 18b). This assumption is considered reasonable as long as the 

time increments are selected such that the change in winding temperature is small 

(i.e., less than a few degrees C).
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4.0 DISCUSSION 

A compound DC motor is a motor with both a shunt and series field. A compound DC 

motor can be configured to be cumulative or differential. That is, the strength of the 

magnetic field generated from the series winding can either aid or oppose the field 

generated from the shunt winding. In almost all applications, a cumulatively compounded 

configuration is used. It is assumed that all DC MOVs to be analyzed using this calculation 

are cumulatively compounded.  

DC motor theory has been investigated extensively. The analysis usually begins with the 

development of an equivalent circuit of a DC motor. For a compound DC motor, the 

equivalent circuit is provided in Figure 1. Note that this figure represents a long shunt 

compound motor (the shunt field is connected between the motor terminals and the series 

field). Not all of the motors used on DC MOVs are configured as long shunt. A short 

shunt configuration (the shunt field is connected between the armature and the series field) 

may also be used. However, the equations describing the operation of the motors will be 

the same, since the voltage drop associated with the series field will be neglected. This is a 

reasonable assumption as the series field typically consists of only a few turns of a relatively 

large copper conductor, and therefore, its resistance (and correspondingly its voltage drop) 

is very small.
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Figure 1

Where,

EA- Armature Voltage 

Rs - Series Winding Resistance 

IL - Total Motor Current 

IF - Field Winding Current 

LF - Field Winding Inductance

RA - Armature Winding Resistance 

Ls - Series Winding Inductance 

,A - Armature Winding Current 

RF - Field Winding Resistance 

VT - Terminal Voltage at Motor

The armature voltage is an induced voltage that depends on several parameters. The 

equation for this voltage is developed in Reference 1 (pages 250 through 251) and is as 

follows: 

EA=KvCpo Equation 1 

Where,

Kv - A constant depending on the construction of the machine 

S- Pole flux 

w - Motor rotational speed (in RPM)

.1

k
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It is also necessary to obfain an equation for the torque that the DC rfiotor can produce.  

The equation for the torque, t, of a DC motor is developed in Reference 1 (pages 251 

through 252) and is as follows: 

T=KgA IA Equation 2 

Where, 

KT - A constant depending on the construction of the machine 

4) - Pole flux 

IA - Armature current 

Note that the K terms used in Equations 1 and 2 are related as follows: 

Kv= ( 2 -radians ) KT Equation 3 
60Sec 

Min 

If the unit for the speed term in Equation 1 is in radians per second, the K terms would be 

the same.  

With Equations 1 and 2 and Figure 1, the equivalent circuit model of a DC motor, we can 

predict motor performance using the parameters specified in the equations. However, 

typical manufacturer's data supplied with the motor does not provide most of these 

parameters. As a result, an alternative method to determining motor speed based on 

torque is required.
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Testing on motors is completed at the factory to determine motor performance. The test 

data that is usually supplied to motor purchasers are nameplate data and characteristic 

curves identifying the following: 

* motor output torque versus motor speed, 

0 motor output torque versus motor input current, 

* motor output torque versus motor efficiency, and 

* motor running time versus winding temperature rise for a given torque.  

The motor output torque versus motor speed curves can accurately indicate motor speed 

based on required torque only when the motor is operated under conditions which match 

those during the motor testing.  

To determine the conditions which have the largest impact on motor speed we develop an 

equation to calculate motor speed under steady state conditions. From Figure 1, if we 

ignore the series field voltage drop we have: 

EA=VT-I ARA Equation 4 

Substituting Equation 1 into Equation 4 and solving for o yields: 

VT- IARA Equation 5 03)
KvA 

From Equation 5, we can determine the parameters which affect speed. Note that Kv is a 

constant and will not change. The motor flux 4 is assumed to be constant for motor loads 

greater than 20% of nameplate and for degraded voltage no lower than 60% of rated 

terminal voltage. This is a result of operating the motor in its saturation region. It follows 

from Equation 2 that the armature current 'A is also constant for a given torque since all 

the other parameters in the equation are constant.
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The remaining parameters identified in Equation 5 impact the speed determined from the 

motor characteristic curves. As a result, a terminal voltage that is not similar to the voltage 

applied during the factory testing can result in measured speeds that are significantly 

different than the calculated speed. Also, changes in the armature resistance, due to 

ambient temperature changes and/or internal motor heatup, can affect the speed. The 

impact each of these items has on motor speed is described below.  

We start off by re-writing Equation 4 as follows: 

VT=EA+ IARA Equation 6 

Substituting Equations 1 and 2 into Equation 6 and rearranging yields: 

VT=KvcPVi+ 'r.RA Equation 7 
K4A 

We normalize Equation 7 by dividing through by VT. Equation 7 becomes: 

1= + RA Equation 8 
VT KTVT 

As stated earlier, a characteristic curve depicting motor output torque (independent 

variable) versus motor speed (dependent variable) is available. We rearrange Equation 8 to 

isolate the normalized dependent and independent variables of the characteristic curve as 

follows: 

1 ~ + RA I 
1 =Kv ( -) + (--T) Equation 9 

VT KTP VT
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We can further rearrange the equation to account for the degraded voltage effects as 

follows: 

1= _ () KR ( R) Equation 10 

VNOM VT KT'P VNO VT.  

MNOM VNO 

This equation results in a curve of normalized output torque versus normalized motor speed.  

As can be seen in Equation 10, we determine the steady state speed of the DC motor under 

degraded voltage conditions by dividing the torque by the voltage ratio to obtain an 
"adjusted" torque. If we wish to obtain actual motor speed, we then multiply the speed 

corresponding to the adjusted torque on the characteristic curve by the voltage ratio.  

We also see in Equation 10 that the armature resistance is another parameter that affects 

the torque. We assume that the motor nameplate data was obtained under an ambient 

temperature of T1°C (usually 25°C) which resulted in a corresponding resistance value 

RATn. To correct the armature resistance for a temperature of T2
0 C (RA12), we rewrite 

Equation 10 as follows: 

vA (A) R A1 R RAT2 
1- ( +( ) Equation 11 

NMOM VT KAtPVNOM V RATi 

MNOM MNOM 

Equation 11 reveals that the effect of temperature on armature resistance can be accounted 

for by multiplying the required torque by the ratio of the elevated temperature resistance to 

the nominal resistance and finding the corresponding speed on the motor output torque 

versus motor speed characteristic curve. The parameters which are not inside the 

parenthesis are constant and therefore do not need to be included when determining speed.  

This procedure works since we utilize the characteristic curves to obtain the speed for a 

given torque and we do not need to know the values for the constants-
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The parameters provided by manufacturers do not include armature resistance. As a result, 

the resistance ratio identified in Equation 11 must be modified to include only parameters 

based on vendor data. Manufacturers typically provide locked rotor current which is the 

current measured when the armature of the motor is stationary. If we divide the nominal 

terminal voltage by the locked rotor current, we obtain an equivalent motor resistance (RM) 

at a nominal temperature (usually 25°C). This resistance can be substituted for armature 

resistance and will vary depending on motor winding temperature. This is a reasonable 

approximation as the temperature effects on the shunt field resistance will have a small 

impact on the motor equivalent resistance.  

We can rewrite Equation 11 as follows: 

1 v VT +_ RT__ ____ I ___ Equation 12 

VNON T KT4VNON VT RMTl 

VNOM VNOM 

We now define the parameters adjusted speed, w', and adjusted torque, 'U', as follows: 

CO= G) Equation 13 
V T Vr 

VNOM 

RmT2 

" =I' RMTl 

vT Equation 14 
VNON
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The motor output torque versus steady state speed curve provided by the manufacturer has 

the ratios VT/VNoM = 1 and R In/Rým- = 1 and therefore may also be used as a 

performance curve for w' and -'. As a result, the motor output torque versus steady state 

speed relationship for other voltages and temperatures can be determined by using the 

manufacturer's curve and the adjusted parameters shown above.  

The ratio to determine the effects that elevated temperature has on copper windings can be 

calculated by a simple equation. If we assume the windings are constructed of copper with a 

conductivity of 100% of the International Annealed Copper Standard, from Reference 2 

(page 2-9), we derive the equation to correct resistances for various temperatures as follows: 

RMT2  T2 +234 .4 Equation 15 

RMTI T1+234 .4 

Note that the values for temperature (T2 and T,) must be in 'C.  

We are now able to correct the resistance of the motor due to external heating effects, but 

we have not developed an approach to determine the temperature rise as a result of the 12R 

losses in the windings.  

We refer to the manufacturer's characteristic curve(s) of motor operating time versus 

temperature rise. For those values of required torque for which a characteristic curve 

exists, we may obtain the temperature rise of the winding from the curve by considering the 

time increment in the calculation at that value of torque.
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For torque values other than the values given in the manufacturer's curves, the rate at which 

winding temperature rises is governed by the following equation: 

IAT=k ( 1 2 R) At Equation 16 

Where, 

k - Constant which characterizes the transfer of internally generated heat 

absorbed by the motor 

I2R - Internally generated heat from the motor current 

At - time increment in the calculation at that value of torque 

For a given time increment, we determine a ratio of motor winding heatup as follows: 

AT 2  k( (1 2 R2 )2At 

AT 1  k( (1)2 RI)At Equation 17 

Rearranging and dividing out the constants we have: 

AT2 =A T1 ( 2 ) 2 ( R) Equation 18a 
11 R 

For small time increments, the change in the resistance of the windings will be small.  

Therefore: 

AT=A 12 

T2 =A T1( ) 2 Equation 18b 

We can use Equation 2 to substitute torque for current in Equation 18b and obtain: 

LT 2=A ( K T 2 Equation 19 
T''11
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As stated previously, KT is constant and 4) is constant for m6tor loads greater than 20% of 

nameplate and for degraded voltage no lower than 60% of rated voltage. Dividing out the 

constants in Equation 19 yields: 

T2 2 

AT 2 =AT 1 (-) Equation 20 
T1 

As we can see from Equation 20, the corrected winding temperature rise is determined by: 

1) taking the square of the ratio of the required torque value to the nearest torque 

value with a characteristic curve, then 

2) multiplying that ratio times the motor temperature increase for the 

characteristic curve (nearest torque value) using the time increment of the 

calculation.  

The winding temperature for calculations in the next time increment is determined by 

adding the temperature rise (calculated above) to the current motor temperature.  

Conclusion 

Given the preceding discussion, we are able to determine steady state speed of the motor 

for required torques greater than 20% of rated load and for terminal voltages greater than 

60% of rated under various steady state operating conditions. Including the approach to 

calculate speed during motor starting is not within the scope of this calculation. However, 

the motors used on DC MOVs have no starting resistors to limit the inrush current. This 

allows the motor to develop a large torque when starting. As a result, it is expected that the 

motor starting time will be a small percentage of the total MOV stroke times.
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5.0 SUMMARY OF METHOD 

To determine motor steady state speed for DC MOVs, we must first obtain the necessary 

data. As described in Section 4.0, Discussion, the following manufacturer supplied 

information is required: 

* Characteristic curves containing the following: 

- Motor output torque versus motor speed, 

- Motor operating time versus winding temperature rise for various torque values 

* Motor rated voltage and nominal temperature for which the characteristic curves 

apply 

With this information, we may now calculate the motor steady state speed for DC MOVs.  

Step 1, Determine Actual Speed from Speed Obtained from Curve 

a) Starting with the required motor torque, the motor voltage, and the motor 

temperature, calculate an adjusted motor torque, T' using the following equation: 

TMOTOR +234.4 

i !=-[ TNO'- NAL +234.4 Equation 21 
VT 

VNOM 

Note: For the initial time increment, TMOTOR equals TNOMINAL" 

b) From the manufacturer's characteristic curve, obtain the value of speed (W') 

corresponding to the value of adjusted torque ('r').
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c) Determine the actual motor speed (w) from the speed (w') using the following 

equation: 

V=LIT Equation 22 
VNOM 

Step 2, Determine Motor Temperature for Next Time Increment 

a) Calculate a motor temperature rise using the following equation: 

T 2 

AT=ATREF( - ) At Equation 23 
"REF 

Where, 

S- current torque value 

TREF - nearest torque value (to -) for which a curve exists 

ATREF - heating rate of that curve 

At - length of time increment 

b) Calculate a motor temperature for the next time increment using the following 

equation: 

TNEXT= TCURRENr*A T Equation 24

Steps 1 and 2 are repeated for each increment of DC MOV stroke time.
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Motor Steady State Speed for DC MOVs Under All Operating Conditions 

The speed obtained in Step 1 is the steady state motor speed incorporating all steady state 

operating conditions. It is only necessary to perform those steps for which operation 

outside nominal operating conditions is expected.  
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1.0 PURPOSE 

The purpose of this calculation is to define and justify a method to determine the valve stem thrust 
versus stroke position profile for use in analyses of motor operated valves (MOVs) with DC motors.  

2.0 RESULTS 

If a gate valve has been analyzed using the EPRI MOV Performance Prediction Methodology (PPM), 
the PPM results contain the stem thrust vs. stroke position information. Otherwise, use the method as 
described below.  

The method to determine stem thrust vs. stroke position is as follows, see Figure 1 for details.  

Determine a "full open" thrust (Fo), which includes the effects of stem rejection load, 
packing load, weight, torque reaction, etc., but does not include any contribution of 
differential pressure (DP). Separate values of F. need to be determined for closing and 
opening strokes, if both stroke directions are to be analyzed.  

Determine a required thrust (FR), which is the maximum thrust to actuate the valve while it is 
at or near the fully closed position. Separate values of FR need to be determined for closing 
and opening strokes, if both stroke directions are to be analyzed. The effect of DP is 
included in this required thrust. If there is a water inertia contribution to the maximum DP, 
use the DP with the water inertia contribution in this calculation.  

Using the appropriate normalized profile as described in this calculation, determine stem 
thrust vs. stroke position for the range of travel between fully open (100% open stroke 
position) and closed flow isolation (0% open stroke position). The normalized profile 
applies to the range of thrust between F0 and FR. Graphs of normalized load profiles are 
included as Figures 2 - 10, as follows.  

* Figure 2 - Gate Valve, Wedge, Pumped Flow Closing (High and Low Flow) 
• Figure 3 - Gate Valve, Wedge, Pumped Flow Opening (High and Low Flow) 
* Figure 4 - Gate Valve, Wedge, Blowdown Flow Closing 
• Figure 5 - Gate Valve, Wedge, Blowdown Flow Opening 
• Figure 6 - Gate Valve, Double Disk, Pumped Flow Closing (High and Low Flow) 
• Figure 7 - Gate Valve, Double Disk, Pumped Flow Opening (High and Low Flow) 
• Figure 8 - Gate Valve, Double Disk, Blowdown Flow Closing 
• Figure 9 - Gate Valve, Double Disk, Blowdown Flow Opening 
* Figure 10 - Globe Valve Pumped Flow Opening and Closing
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Note that the system resistance needs to be calculated to use Figures 2,3,6,7 or 10. The 
equation for system resistance is given below, taken from Reference (5).  

= (894.01)(Dsr)4(APmax) ] 62.41 (Q (max)2 Pf , 

Where: 

K, = system resistance 
Dsr = seat ring inner diameter (inches) 
Pf = density of water in pipe (lb/ft) 
APm. = maximum differential pressure across the valve (psi) 
Q..j = flow when valve is fully open (gpm)
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For Figures 4,5,8 and 9, the piping upstream of the valve needs to be analyzed to determine 
its resistance (expressed as an equivalent length).  

This step gives the final result to use for globe valves; for gate valves see the additional steps 
below.  

For gate valve closing strokes, there is an additional part to the profile at the end of the 
stroke which covers travel from 0% (flow isolation) to -X% (disk hard-seated). The stem 

thrust for this range of travel is the required closing thrust as described above, except that the 
DP contribution of water inertia (if there is one) can be removed from the calculation. The 
value of X is determined by the following equation.  

1(ODdisk - IDMs) 

X 2 x 100 
ID sr 

Where: ODdik = disk sealing face OD 
IDa, = seat ring sealing face ID 

If values of dimensions needed to calculate X are not known, select the valve from the table 
below that best represents the subject valve. Information in the following table is 
summarized from Appendix B.

Valve Size X 

3 inches and less 16% 

4 inches through 10 inches 10% 

12 inches and greater 8%

For gate valve opening strokes, there is an additional part to the profile at the beginning of 

the stroke, which covers travel from -X% (unwedging) to -0% (flow initiation). The stem 
thrust for this range of travel is the required opening thrust as described above.
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SCOPE

Load versus stroke position profiles are determined for the following scenarios: 

* Gate Valve, Wedge, Pumped Flow Closing (High and Low Flow) 
• Gate Valve, Wedge, Pumped Flow Opening (High and Low Flow) 
* Gate Valve, Wedge, Blowdown Flow Closing 
* Gate Valve, Wedge, Blowdown Flow Opening 
* Gate Valve, Double Disk, Pumped Flow Closing (High and Low Flow) 
* Gate Valve, Double Disk, Pumped Flow Opening (High and Low Flow) 
• Gate Valve, Double Disk, Blowdown Flow Closing 
* Gate Valve, Double Disk, Blowdown Flow Opening 
* Globe Valve Pumped Flow Opening and Closing



Normalized DP Thrust vs. Stroke Position - Wedge, Pumped Flow Closing
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Figure 3. Gate Valve, Wedge, Pumped Flow Opening (High and Low Flow)
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Normalized DP Thrust vs. Stroke Position - Wedge, Blowdown Flow Closing
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Normalized DP Thrust vs. Stroke Position - Wedge, Blowdown Flow Opening
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Normalized DP Thrust vs. Stroke Position - Double Disk, Pumped Flow Closing III 
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Figure 7. Gate Valve, Double Disk, Pumped Flow Opening (High and Low Flow)
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Normalized DP Thrust vs. Stroke Position - Double Disk, Blowdown Flow Closing
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Normalized DP Thrust vs. Stroke Position - Double Disk, Blowdown Flow Opening
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Figure 10. Globe Valve, Pumped Flow Opening/Closing 
Special Case for C, of 16 and Valve Inlet Diameter of 4" (See pages 28-29 for other globe valves) 
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4.0 METHODOLOGY 

4.1 Gate Valves 

To move a gate valve disk when there is DP across the valve, stem thrust is needed to overcome 
frictional forces between the disk and the body surface supporting the disk (either guide rails or seat 
ring). Using results from the EPRI gate valve method, the loads on the disk per unit DP can be 
determined as a function of stroke position. Using a free body model of the disk, the required stem 
thrust per unit DP can be determined from the applied loads, the disk configuration (e.g., wedge angle) 
and the appropriate friction coefficient.  

For incompressible flow systems (i.e., pumped flow systems), the normalized DP variation can be 
determined by considering the resistance of the gate valve in different stroke positions (using 
information from the EPRI gate valve method) in conjunction with the resistance of the system in which 
the valve is located. For blowdown applications, the PPM system model is used to determine the 
normalized DP variation.  

Using the results from the approaches above, the thrust per unit DP is multiplied by the normalized DP 
through out the stroke, to obtain a normalized stem thrust for the stroke. A range of system resistances 
is considered to provide a range of possible results.  

4.1.1 Thrust Per Unit DP 

Free body diagrams of the forces acting on the disk of a gate valve are shown separately below for the 
opening stroke and closing stroke when the disk is in contact with the seat ring and when the disk is in 
contact with the guides.  

FD is equal to the thrust per unit DP.  

50 is an assumed value for 0 (one-half wedge angle) based on typical wedge valve configurations.  
The value of 0 for double disk gate valves is equal to zero.
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Opening - Contact with Seat

-NI

Fx - NcosO - gNsinO = 0 

FD + Fy + Nsin0 - /NcosO = 0

From (1) above,

F 
N =x 

cos0 + .Asin0 

Substitute into (2) above,

FD =-Fy+
Fx(pcos0 - sine) 

cos( + ,sin0

EF = 0 

u•y = 0

(1) 

(2)

(3)

(4)

i
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Closing - Contact with Seat

4O

ZF =0 
x 

y

DF

Fx - NcosO + ANsin0 - 0 

Fy + Nsin0 +/zNcos0 -FD = 0

(5) 

(6)

From (5) above,

F 
N =x 

cosO - AsinO 

Substitute into (6) above, 

FD= F + Fx(sinO + /cosO) 

cosO - /sinO

(7)

(8)

-i
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Opening - Contact with Guides

y 

,i .: , i .--_.. .. .... .  
.l_• ,,'A If

F... N.=O

F -N =0 

F D + Fy -AN = 0

From (9) above, 

N=Ft 

Substitute into (10) above,

(9) 

(10)

(11)

FD = -Fy + AFX

ZF = 0 

ZFy = 0 
Y2=

(12)

I
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Closing - Contact with Guides

1 .... : _

EF = 0 x 

yF = 0

F -N=0 x 

FD - Fy-•N=O0

(13) 

(14)

From (13) above,

N=F (15)

Substitute into (14) above,

FD = Fy +/AFx (16)
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The values for A shown in Table 1 below are taken from Table 2-3 of Reference (1) for wedge gate 

valves and Tables 3-1 and 3-2 from Reference (5) for double disk gate valves.  

Table 1. Friction Coefficients 

Fluid Valve Type Surface Contact Materials Maximum 
Medium Friction 

Coefficient, I 

Water Wedge Disk to Seat Ring Stellite 6 - Stellite 6 0.61 

Guide Slot to Rail Carbon Steel - Carbon Steel 0.60 

Double Disk Disk to Seat Stellite 6 - Stellite 6 0.61 

Steam Wedge Disk to Seat Ring Stellite 6 - Stellite 6 0.45* 

Guide Slot to Rail Carbon Steel - Carbon Steel 0.60 

Double Disk Disk to Seat Stellite 6 - Stellite 6 0.45 

*This value was interpolated from Reference (1) at 500OF.  

Values of normalized forces (F, and FY) at various stroke positions for gate valves are provided in 

Appendix B of Reference (1). Two separate tables are shown in Reference (1), one corresponding to 

forces when the disk is in contact with the seat (stellite-stellite) and one corresponding to forces when 

the disk is in contact with the guides (carbon steel-carbon steel). When the data in the two tables are 

plotted, it can be seen that at a stroke position of 0.77, the curves closely overlap. Accordingly, these 

tables are combined using seat contact results when the valve is more closed than position 0.77 and 
guide contact results when the valve is more open than 0.77.  

For wedge gate valves, DP thrust per unit DP (FD) was analyzed to determine whether disk to seat ring 

contact or guide slot to rail contact would yield more limiting values. As shown in Appendix D, using 

the friction coefficients given in Table 1, for pumped flow, the limiting case is disk to seat ring contact 

for both the opening and closing stroke. For blowdown flow, guide slot to rail contact is limiting for the 

closing stroke and disk to seat ring contact is limiting for the opening stroke.  

For the opening stroke of wedge gate valves the 0.45 friction coefficient only applies to steam/flashing 
water temperatures greater than 500°F. For the closing stroke of wedge gate valves, there is no 

constraint on temperature because 0.60 is the applicable value of guide .t for a wide range of 
temperatures. For double disk valves, the 0.45 friction coefficient only applies to steam/flashing water 
temperatures greater than 500*F.
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Table 2. DP Thrust Per Unit DP

* According to Reference (1), a 0.00 stroke position in the table above corresponds to the valve being 
fully open. A 0.92 stroke position corresponds to flow isolation. For the purposes of this calculation, a 
valve in the fully open position corresponds to a 1.00 stroke position and flow isolation corresponds to a 
0.00 stroke position. Consequently, the stroke position (1?t) column in the table above is adjusted using 
the following formula: 

Equivalent Stroke Position = 1 - Stroke Position 
0.92 

The values of F, and FY in Table 2 above are calculated in Reference (1) for a 50 half wedge angle. Any 
valve with a half wedge angle other than 50 will require an adjustment in the FY term. This adjustment is 
performed for a zero degree half wedge angle for double disk valves but can be applied to any half 
wedge angle.

Stroke Position Equivalent Fx Fy 

(from Reference (1)) Stroke Position* 

0.00 1.00 0.0 0.0 

0.12 0.8696 0.0865 0.0094 

0.32 0.6522 0.5302 -0.0977 

0.42 0.5435 0.6815 -0.1213 

0.57 0.3804 0.6945 -0.0973 

0.67 0.2717 0.777 -0.153 

0.77 0.1630 0.864 -0.172 

0.82 0.1087 0.931 -0.129 

0.84 0.0870 1.009 -0.165 

0.86 0.0652 1.021 -0.184 

0.88 0.0435 1.0224 -0.1576 

0.92 0.00 0.976 -0.0854 

1.00 -0.0870 1.001 -0.0876
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Pumped Flow - Wedge 

DP thrust per unit DP for wedge valves in pumped flow is obtained by plugging in the F. and FY values 
from Table 2, above, into equations (4) and (8), with 0 equal to 50 and g equal to 0.61. These values are 
then normalized against the fully closed position (0.00 equivalent stroke position) to obtain normalized 
DP thrust per unit DP values at each equivalent stroke position. The results are shown in Appendix A.  

Blowdown Flow - Wedge 

DP thrust per unit DP for wedge valves in blowdown flow is obtained by first adjusting the F1 and FY 
values from Table 2, above, and then plugging them into equations (4) and (16), with 0 equal to 5' and A 
equal to 0.6 for closing stokes and 0.45 for opening strokes. The adjustments made to F, and FY are 
based on Tables 6-5 and 6-6 from Reference (1) which list reduction factors that account for the 
difference between incompressible and compressible fluids. By determining the pressure ratio across 
the valve, the reduction factors can be calculated. Pressure ratio is equal to the ratio of downstream 
pressure to upstream pressure. This process is shown in Appendix A.  

FD values are normalized against the fully closed position (0.00 equivalent stroke position) to obtain 
normalized DP thrust per unit DP values at each equivalent stroke position. The results are shown in 
Appendix A.  

Pumped Flow - Double Disk 

DP thrust per unit DP for double disk valves in pumped flow is obtained by plugging F. from Table 2 
and an adjusted FY into equations (4) and (8), with 0 equal to 0* and ix equal to 0.61. FY is adjusted to 
account for a half wedge angle other than 5°. This adjustment is made by scaling the FY values according 
to Section 5.7 of Reference (1). Note that Reference (1) indicates that the "value" (i.e., magnitude) of 
the vertical force is reduced by subtracting the F1 term below from the Fy term. Because the F, values in 
Table 2 are negative, reducing the magnitude of the vertical force requires adding the F1 term instead of 
subtracting.  

F F +F Sin (5') - Sin (0) 
Cos (5Y) 

FD values are normalized against the fully closed position (0.00 equivalent stroke position) to obtain 
normalized DP thrust per unit DP values at each equivalent stroke position. The results are shown in 
Appendix A.  

Blowdown Flow - Double Disk 

DP thrust per unit DP for double disk valves in blowdown flow is obtained by a three step process.  
First, the Fy values from Table 2 are adjusted to account for a half wedge angle other than 5*. This 
adjustment is made by scaling the FY values according to Section 5.7 of Reference (1). Note that
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Reference (1) indicates that the "value" (i.e., magnitude) of the vertical force is reduced by subtracting 
the F. term below from the FY term. Because the FY values in Table 2 are negative, reducing the 
magnitude of the vertical force requires adding the F, term instead of subtracting.  

F-FSin (5) - Sin (0) F y = F y + F x - o ( * Cos (50) 

Secondly, adjustments are made to F, and FY based on Tables 6-5 and 6-6 from Reference (1) which list 
reduction factors that account for the difference between incompressible and compressible fluids. By 
determining the pressure ratio across the valve, the reduction factors can be calculated. Pressure ratio 
is equal to the ratio of downstream pressure to upstream pressure. This process is shown in 
Appendix A.  

Thirdly, the adjusted F, and Fy' values are plugged into equations (4) and (8), with 0 equal to 00 and g 
equal to 0.45.  

Finally, FD values are normalized against the fully closed position (0.00 equivalent stroke position) to 
obtain normalized DP thrust per unit DP values at each equivalent stroke position. The results are 
shown in Appendix A.  

4.1.2 Normalized DP 

The next step is to determine the normalized DP across the valve. There are two methods for doing 
this, one for pumped flow and one for blowdown flow.  

Pumped Flow 

Reference (1), Table 2-1 contains data regarding flow coefficients at various stroke positions of typical 
gate valves. Flow coefficient is related to equivalent resistance by the following formula, Reference (2): 

= 29.9d 2 

Where, C, = flow coefficient (gpm/%rpsi) 
KI = equivalent resistance 
d = seat ring inside diameter (in)
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The values in Reference (1) are Cjd2 . Therefore, the equation for K, becomes: 

v = C 2/d 2 

Using the equivalent stoke positions calculated in section 4.1.1 and performing linear interpolation 

where necessary, the following values for K• are calculated: 

Equivalent Stroke C,/d K/d 

Position (gpm/i"psi-in2) 

1.00 40.00 0.56 

0.8696 36.94 0.66 

0.6522 27.13 1.22 

0.5435 20.89 2.05 

0.3804 13.34 5.03 

0.2717 8.868 11.37 

0.1630 4.810 38.65 

0.1087 3.000 99.35 

0.0870 2.281 171.83 

0.0652 1.556 369.25 

0.0435 0.855 1222.95 

0.00 0.00 1elO 

To obtain normalized DP across the valve, the K, values in the table above are divided by the total 

system resistance. Total system resistance is equal to the sum of Kv and the resistance due to the rest of 

the system. System resistances (not including K, of the valve) of 10, 20, 50, 100, 200, 500, 1000, 2000 and 

5000 are used to illustrate how DP across the valve changes depending on the system resistance. The 

normalized DP across the valve is tabulated in Appendix A.

I I
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Blowdown Flow 

For blowdown flow it is more appropriate based on experience, to obtain normalized DP values from 
the MOV Performance Prediction Methodology (PPM). The system model of the PPM uses upstream 
pipe distances, system pressure and other parameters specified below to calculate DP values for 
blowdown flow. Both steam and flashing water are modeled. The PPM system model generates the 
same results for opening and closing strokes for blowdown flow. Therefore, only the closing stroke 
PPM runs are provided in Appendix C. Upstream pipe distances of 10, 100, 1000 and 10000 pipe 
diameters are modeled to illustrate how DP varies for blowdown flow. Equivalent stroke position is 
rounded down to the next whole number to correspond with PPM output. The DP output from the 
PPM at the rounded equivalent stroke position is divided by the maximum DP (1000 psi) to obtain 
normalized values. The normalized DP values are tabulated in Appendix A.  

Specific PPM parameters are listed below: 

Supply Tank Temperature: 575°F (steam), 530*F (flashing water) 
Initial Supply Tank Pressure: 1015 psia 
Main Valve's Initial Discharge Tank Pressure: 15 psia 
Pipe ID: 6 inches 
Roughness: 0.00015 (Reference (2) for commercial steel) 
Full Stroke: 6 inches 
Valve Inlet Diameter: 6 inches 
Stroke Time: 30 seconds (input does not affect DP results) 
Seat Ring Inside Diameter: 6 inches 

4.1.3 Normalized DP Thrust 

Sections 4.1.1 and 4.1.2 document how to calculate normalized DP thrust per unit DP and normalized 
DP respectively. By multiplying these two quantities together, the desired value of normalized DP 
thrust is calculated. This calculation is the basis for the curves in Figures 2 through 9. Appendix A 
provides the data used to generate these curves.
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4.2 Globe Valves 

For a globe valve, the disk is directly loaded by the DP across the valve, regardless of stroke position.  

Accordingly, the DP thrust variation is the same as the DP variation as the valve is stroked. For 

incompressible flow, the DP variation depends only on the system resistance and the resistance of the 

valve at each stroke position. A flow coefficient (Cv) curve plotted against stroke position is required to 

obtain values of K,. A hypothetical globe valve is used that has a C, of 16 at the fully open position.  

Knowing that CQ is equal to 0 at the fully closed position, a linear graph can be created for CQ versus 

stroke position. Based on experience, this linear assumption is conservative. When available, CQ curves 

for valves should be obtained from the vendor.  

Based on the linear equation CQ = (16)(stroke position), a hypothetical inner diameter of 4 inches and 

the equation below from Reference (2), K, versus stroke position is calculated.  

= 29.9d 
2 2 

CV
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Equivalent Stroke C' K, 

Position (gpm/fpsi) 

0.00 0.00 le1O 

0.05 0.8 357604 

0.10 1.6 89401 

0.15 2.4 39733.78 

0.20 3.2 22350.25 

0.25 4.0 14304.16 

0.30 4.8 9933.44 

0.35 5.6 7298.04 

0.40 6.4 5587.56 

0.45 7.2 4414.86 

0.50 8.0 3576.04 

0.55 8.8 2955.40 

0.60 9.6 2483.36 

0.65 10.4 2116 

0.70 11.2 1824.51 

0.75 12.0 1589.35 

0.80 12.8 1396.89 

0.85 13.6 1237.38 

0.90 14.4 1103.72 

0.95 15.2 990.59 

1.00 16.0 894.01

K, is normalized and plotted in Figure 10 to illustrate DP thrust versus stroke position for system 
resistances (not including K, of the valve) of 100, 1000, 5000, 10000, 50000, 100000, 500000 and 
1000000.

I
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APPENDIX A 

Spreadsheet Data
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0.507 0.105 I U.utMJ

0.867 
0.807 

0.187 
0.867 

0.948

FD
-FyvAos*F)

0.701 i

).422 1 0.4035 1

Normalized 
Guides 
0.0000 

0.0460 
0.5374 
066837 
0.6534

Open-seal
St$eams L-110000

Fx Factor Iy Factor

0.867
0.867

0.9275 I 0.922

Normalized 
Guides Pg Factor

FD
-Fy+Aos'Fx 

0.0000 

0.0190 
0.2266

0.701 1 0.2911

0.430 1 0.3574

Normalized 
Guides 
0.0000

0.0460
0.5374 
0.0837 

060-3? 

11.0174 
1.0000

FD- Normalized

0.5374 ]0.867 0,701 0.2288 0.5374 
-0.6037 0.887 0.701 0.2911 0.6037 

0.0534 0 .067 0.701 0.262 o.0s34 
0.8037 0.O, 7 0.701 0.3422 0.8037 
0.B490 |0.948 0.441 0,3615 0.8490 
0.8394 |0.930 0.430 0.3574 0.5394 
0.9275 1 0.922 0.428 0.3949 0.9275I

1.000 0.4258

Page 3

S Factor F 0 Facto 
086?7 0.701 
0.867 0701 

09467 04401 

0.930 0.430
0.922 0.426

0S!614 _

0.701 
0.701 
0.701 
0.441 
0.430 
0.426 
0.422 
0.614 
1.000 Li

I Slesm, L

S... .

UMUVU

C

0.607 I
d

(

0.067 0.701 0 .0000J

Fy Fator

0.701 1O.OO
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Onte Valvoes Double Disk

DOUBLE 

PumpedFlow Close-seat Open-seat

Fm Fv
PD- Normalized 

P *AceF. I_ Seat_

0.864 -0.172 -0.0094 1 0.4306 1

0.4571

FD- Normalied 
-Fy+Aos*Fs I Sent

0.3747
74

-- 0.0294-
0.8018

0.8740 1 0.6155 1 1.0337

0.5555 1 0.9331
1.0000 1 0.5954 1.0000

Water mu A A Steam I mu A 
CS I 0.61 0.61 CS 0.45 0.45 OI o I 0,1 0.I o 1o 0 os 0.45 l 0.45 

ýdo. r o I I dos I o Is

0 0 06L

Blowdown Flow

Fx I Fy
1 u_

Fv I Fx Factor
0 I 0.867 1

0.694S I -0.0973 1 .0.0365 I 0.867 I

0.1
1.009 I -0.15 • -4

0.915 1

Fy' Factor 
0.701 
0.701 
0.701 
0.701 
0.701 
0-701 

0.441 
0.430 
0.426 

0.422 
0,614

FPD 
Fv*AceFx

Normaiazed 
Seat

�- * -
O 5.W"
0.0456

0.1
0.1

Close-seat
Steam L=100

FP Faeto

0.3891 1 0.867

0.2435d 0.5724 
0 .867 

0.261 0.7424 0.4

I(
0.3921 0.8928

1.000

Fy Factor 
0.701 
0.701 
0.701 
0.701 
0.701 
0.701 
0.441 
0.430

FDO Normatized 
Fy+AcS'Fx Seat

3 1 0.556M

0.3881 1 0.8791
0.4
0.614 I

1.0000

Close-sent

Fx Factor I Fv Factor
f .- .= -It. .... .

0.701

FD- Normatizec 
Fv+Acas' P-1

0.1709 1

L-1SteerrL-I0000

Fx Factor I F,/ Pacloi

0.867 1
57 0.701 
7 0.701 
a 0.441 
)0 0.430 
2ý 0. 42*6

FD.  
Fy*Acs'Fx

0.0000

.. 10
FDF 

Fv' Factor Fv+Acs*FxFx Factor

0.701 .000

0.701 
0.441

MY051 
0.867 
0.867 
0.887 
0.867 
0.867 
0.948 
0.930 
0.922 
0.915 
0.943

0.701 00456 
0.701 01-709 

_0.7011 0.2227 
0.701 10.2453

0.2435 
0.3261

0.4 I2 
0. 14 1

Normatized 
seat

00000
0.1039 
0.3891 

0.5070 
0.5580 

0.5545 
0.7424

F. Factor Fo' F--Ito

0.867 
0.867 
0.867 
0.867 
0.948 
0.030 
S4127

FDE 
Fy#AcssFx

wonmatszed 
Seat

0.0000

070. 0.12 .5070 
0.701 0.2453 0.5586

0.426 0.3861 
0.3804

5-.

Fx Factor
0.867
0.867 
0.867 
0.867 
0.867 
0.867

1.000

FD,. Nomakzedl 
FPe Factor FP Aca*F Seat Fx Factor

0.1709

0 0.441 P

0.5070 1

O0

IFD Normalize( IF' Faorl FyAclsFx Seat
-* I •-• 1

I 0.01t

0 .807 0.70 H 11867 0.70,1 it

0.915 
0.943 
1IO000

0.614 I 
1oon I

0.3261 
0.3690 
0.38061 
0.3804 
0.3921 
0.4392

0.005O 0I1039 0.0458 0.1039

0.3891 
0.5070 
0.5586 

0.5545 
0.7424 
0.8402

Page a

Poskton

0.12 
0.32 
0.42 
0.57

OATMequLv 
Stroke 

Position

0.8696

0.27170.07

0.86 I 0.0652

PoStroke 
Position

GATM equ
Stroke 

Position

0.42 1 0.5435

0.02 0.1087
0.0870

0.867 
0.867 
0.867 
0.867 

0.887 

0.948 
0.930 
0.922 
0.915

0-701 0. 2463S P 0.44 10.326111

Normalized 
Seat

0.0060
0.1039 
0.3891 
0.5070 
0.5586 
0.5545

0.3804 0.8662

1.000 1.0001

0 1

A I

-

f 4 . .. ....

1. .000

0.701 t
(

1

t

0

( f

f

3

(



Gate Valves • Double Disk

Open-seat Open-seat 
Steam, L-10 Steam, L-100

Fx Fator Fy Factor
FD- Normalized 

-Fy+Aos*Fx Seat Fx Factor Ft' Factor
0.887 0.701 0.0000 0.0000 0.867 0.701

0.887 0.701 0.2960 Few6 0.701 0.3627 
0.948 0.441 0.4111 
0.930 0.430 0.4100 
0.922 0.420 0.4515 
0.9154 0.422 0.4503

Oveln-seat

0.8752
0.6259 
0.9350 
0.9334 
1.0280 
1.0481

0.1
0.887 0.701

0.441

FDa 
-Fv+Aos'Fx

0.0000
0.0219

8

0.4111

1.0835 0.943 0.614 0.4

- , ~FW 1*10 * 4
FD

*Fy+Aos*Fx

0.3091
0.296M

Normalized 
Seat

0.4392 

-seat 
.-100 

FP
-Fv+Aos*Fx

S0.0000
0.701 1 0.0219

Fx Factor IF Factor
0.0000 0.887 0.701

0.6752 0.887
0.867

5 1.0280 0.922

0.701

5 0.422 0.4803

Normalized 
Seat

0.0000

0.0498
0.5529

FO,, 
F. Factor A?' Factor I.F.4A.,F

0.857
0.887
0.867 0.701 1

0.9360 0.948
0.9334 0.930

1.0000 

Nonmalized 
Seat F. Factr

0.430

0.3091

-4

Normalizec 
Seat

0.428 1 0.4515 1.(

Open-seat
FW. L1.0M0

F Factor

0.887 0.701 C

0.948 0.44

1.0835 0.943
1.0000 I 1000 1000•1. . .

Fx Factor

1.0481 0.915 0.4

FD- Normatez 
*Fy+Aos*Fx Seat

0.3091 0.7030 1

0.4100 I

Fx Factor

0.915 g.426 01".41 015 0.422 10.4 IWO

Page 7

0.1

F?/ Factor
7 0.764

FD.  
-FY#Aos'Fx

0.0000 I
0.02t9 
0.2420 
0130911 
0.2988 
0.3627

0.867 1 C
0.701

Normalized 
Seat 

0.0000 
0.0498 
0.5529 
0.7038 
0.8752 
0.8259 
0.9360 
0.9334 
1.0280 
1.0481 
1.0835

0.4111 1

Fx Factor FY Factor 
0.887 0.701 
0.867 0.701 
0.867 0.701 
0.887 0.701 
0.867 0.701 
0.867 0.701 
0.948 0.441 
0.930 0.430 
0.922 0.420 
0.918 0.422 
0.43 0.614 
1.000 1.000

0.614 0.4759

" -- j. ~.... - 4.
SWN

0.867 0.701

FD
,Fv4AoeFx

- F

0.867 I

1.0000 

Normalized 
Seat
.00000

0.0498

0.9380 
0.9334 
1.0280 
1.0481

0.3627

1.0835
1.0000

m i f I . . ........

1

13
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Globe Velves

GLOBE
S'•lnrvvv

diameter On) 4 100 1000 5Normalzed 5000 INrm;lzed 10000 Normalized i Normalized ----- - NormalizedP IN----

DpT.tINormSUIled Norolie NmOP~ O ThrustZ~ DP~iz Thrustedi~i 

Globe OPO osj P twst DP Thus IOPTrut D ft IVPS Thrus!~S fSt LI SI D~ 1P Thrs D hrus D jP Thrust DI TrstOP Thrust DI OPThr st 

PosKton Cv Kv K ISS100 Ksys=1000 K 5000 Ksys-10000 .ss50000 Ksys=100000 KSYS-600000 Ksys-1000000 

-1 894.01 0.994 0.994 .472 0.0821 0.0176 0.0178 0.009 0.0089 0.001 0.0018 0.0009 0.0009 I -- 9o. 0.72 0.72 0.5 1....70.2 

0.95 115.2 99.9198 0.90813 0.4978 0.4978 0.1854 10.1554 0.0901 0.0901 0.0194 -0.0194 0.0098 0.0098 0.0020 0.0020 0.00,10 0.0010 

0.9 14.4 110IO3.72 0.9189 0.9189 0.5247 0.5247 -0.1808l 0.18308 0.0994 0. 099 002 16 0. 02 16 -0.0109 0.0109 0.0-022 0.0-022 0.0011 001 

0 1 1237.38 -09252 0.5530 0.5530 0.1984 0..19F84 0101 .10 6 .0 00242.02 0.0025 0.0025 0.0012 001 

012 -- 6-07 -007 I"""•6-.''. 0.13 
0-09 ....

0.01 

0-8 12- 8 1396.9 0.9332 0.5828 0.5828 02184 0.2184 -0.1228 . .0028 0 28 0.0014 

-0-75 12 159.35 0.9408 0.9408 06138 06138 02412 0.2412 0.1371 0.1371 0.0308 0.0308 0.0156 0.158 0.0-032 0.0032 0.0016 0.0016 

0.7 11.2 1824.51 '-40 0 0 203 0.67 0.1543 054 0.35 0 2 7-01- 7 0.0179 0-.036 0.0038 0.0018 0.0018 

0.d6-5 10.4 211M6.00 00.9549 959 089 0671 0.974 0.2974 0.1748 0.1746 0.0406 0.0408 0.0207 0.0207 0.0042 0.0042 0.021 0.0021 

0.6 89.6 24-83.386 ~ T 091 0.7129 0.7129 0.331- .319 0.1989 0.1989 047 0.473 0.0242 0.0242 -0.0049 0.0049 0.0025 0.0025 

0 i 0.-1 _7-61 0-31 -TO- 0" .- 7" 

0.5 8.8 - 955.40 0.7 0.9573 0.7472 -07472 0.3715 10.715 0,2281 0.228f 0.055-8 005 8 028 0.287 0.0059 0.5 0.0029 0.0029 

0.5 -8 3576.04 0.9728 0.9728 0.7815- 0.7815 0.4170 0.-4170 0.23 0.2834 0.0887 0.0887 0.34 003-45 0.100711 0,0071 0.0038 0.0038 

0.45 T2 -44114.8 0.9779 0.9779 0.8153 0813 0.4889 P0.48819 0.3083 0.30863 0.0811 T0.0811 0.0423 -0.0423 0.08 0.0088- 0.0044 0.0044 

0.4 6.4 65171 0.982-4 0.9824 0.8482 0.8482 0.5277 0.5277 0.55 0.3585 0.11005 0.1005 0.0529 0.-0529 0.0111 0.0111 0.0058 0.0058 

0.35 5.6 729e.04 0.9885 0.988115 0.8795 0.8795 0.5934 0.5934 0.4219 0.4219 0.1274 0.11274 0.0880 0.0880 0.0144 0.14 0.0072 0.0072 

0.3 4.8 9933.4-4 -0.9900 0109 0.90815 0.9085 0.6652 0.8652 0.4983 0.4983 0.18-57 -0.1657 0.0904 0.0904 0.01195 0.01195 0.0098 0.0098 

0.2-5 -4 1-4304.1-8 0.M931 0.993 0.9347 0.9347 -0.74110 0.7410 -0.5885 0.5M8 0.2224 0.2-224 0.-1251 -0.1251 0.02781 0.0278 0.0141 0.0141 

0.2 3.2 22n360.256 TI- r W.-9955 0.9572 0.9572 0.d81-72 0.8172 0.8909 0.76909 0.30859 0W.3089 0.1827 -. 1112 0.0428 0.0428 0.02119 0.0219 

0. 15- 2. 373.8 097 0.76 095 0.55 088 0.82 079 0.7989 0.4428 0.4428 0.2844 0.2844 '0.0736 0.0738 70.0382 0.0382 

0.1 1.6 8--9401.0-0 0.996-9 0.99819 0.89 098 .40 09470 0.99 089 0.13 .43 04720 --0.4720 0.1517 0.1517 0821 082 

0.-05 0-8s 539l -F799- -W T -09972 0r9-972 0.82 0.9M6 0.9728 - 0.9728 1 0.730 8773 0.7815 0.7819 0.r41-70 0.4170 0.63 I.23 

tý01 0 1_____ TOWDOOO0 -100 -1.00-00 1.0000 1.M0 1.0000 1.00 1.4 0 1.000 1.0000 1.00M0 1.0000 17.00555 1.000 0.999 I 1.0000
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Factors to Convert Incomoressible to Compressible

Fx 
Gatm Rp Rp Rp Rp Rp 

Stroke Stroke 0 0.266 0.666 0.866 1 
0 1 0.867 0.867 0.949 0.947 1.000 

0.12 0.8696 0.867 0.867 0.949 0.947 1.000 
0.32 0.6522 0.887 0.867 0.949 0.947 1.000 
0.42 0.5435 0.867 0.867 0.949 0.947 1.000 
0.57 0.3804 0.867 0.867 0.949 0.947 1.000 
0.67 0.2717 0.867 0.867 0.949 0.947 1.000 
0.77 0.1630 0.948 0.948 0.978 0.992 1.000 
0.82 0.1087 0.930 0.930 0.949 0.969 1.000 
0.84 0.0870 0.922 0.922 0.937 0.960 1.000 
0.86 0.0652 0.915 0.915 0.925 0.951 1.000 
0.88 0.0435 0.943 0.943 0.950 0.967 1.000 
0.92 0 1.000 1.000 1.000 1.000 1.000 

Fy 
Gatm Rp Rp Rp Rp Rp 

Stroke Stroke 0 0.266 0.666 0.866 1 
0 1 0.701 0.701 0.954 0.914 1.000 

0.12 0.8696 0.701 0.701 0.954 0.914 1.000 
0.32 0.6522 0.701 0.701 0.954 0.914 1.000 
0.42 0.5435 0.701 0.701 0.954 0.914 1.000 
0.57 0.3804 0.701 0.701 0.954 0.914 1.000 
0.67 0.2717 0.701 0.701 0.954 0.914 1.000 
0.77 0.1630 0.441 0.441 0.532 0.578 1.000 
0.82 0.1087 0.430 0.430 0.570 0.814 1.000 
0.84 0.0870 0.426 0.426 0.586 0.908 1.000 
0.86 0.0652 0.422 0.422 0.601 1.003 1.000 
0.88 0.0435 0.614 0.614 0.734 1.002 1.000 
0.92 0 1.000 1.000 1.000 1.000 1.000

Page 11



*MPR
MPR Associates, Inc.  
320 King Street 
Alexandria, VA 22314

Calculation No.  

197-003-PCC-01

APPENDIX B

Valve Data Table Compiled from Reference (6) 

Valve % Past Flow Isolation Valve Size 

01 12% 3" 

02 8% 6" 

03 9% 6" 

04 7% 10" 

05 10% 10" 

06 4% 18" 

07 12% 3" 

08 7% 6" 

09 7% 6" 

10 4% 12" 

13 14% 2.5" 

14 9% 6" 

16 16% 3" 

17 5% 10" 

18 2% 4" 

23 8% 6" 

24 8% 6" 

25 6% 10" 

29 6% 6" 

30 7% 6" 

31 5% 12" 

61 8% 14"

I



MOMPR
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Calculation No.  

197-003-PCC-01
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APPENDIX C 

PPM Runs (8)



INSTALLATION VERIFICATION 

Installation of the EPRI MOV Performance Prediction Methodology computer program (PPM), 
Version 1.0, was verified in MPR Calculation No. 002-0170-TW2, Revision 0.  

The PPM was executed for this task on a Dell Dimension P75 computer, Serial No. 4YPCC, 
using the MS-DOS operating system, Version 6.22.



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 13:27:07 

Files Used: 

c:\ppmtasks\cpl\10stcl.mov 
C:\ppmtasks\cpl\10stcl.sys 

File Descriptions: 

SYS: 10-Closing-Steam 

Calculation Options: 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 10 Pipe Diameters Upstream - Steam 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 
(2) MULTIPLE CHOKING OCCURED

FILE: c:\ppmtasks\cpl\lostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 10-Closing-Steam 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = steam 

FLUID CONDITIONS 
Supply Tank Temperature = 575.0 degrees F 

Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation =

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds)

0.0 
30.0

Supply Tank Pressure 
(psia) 

--- -
1015 
1015

SYSTEM PIPING DATA

Pipe Type ()

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
5 
0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\lostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0

Page 2

Number 
() 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 3

RESTRICTOR DATA

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\10stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.0 
71.0

Valve Flow 
(lb/hr)

1525219 
1524873 
1523301 
1520503 
1517011 

1512207 
1506407 
1499926 
1492272 
1484146 

1474850 
1465038 
1454709 
1443635 
1432508 

1420644 
1408650 
1396943 
1384759 
1372854

1360941 
1349021 
1337547 
1325774 
1314162 

1301954 
1289616 
1276403 
1262316 
1247981

Valve DP 
(psid) 

344 
344 
345 
346 
348

351 354 
357 
361 
365 

370 
375 
381 
386 
392

398 404 
410 
416 
422 

427 
433 
439 
444 
450

456 462 
468 
475 
482

FILE: c:\ppmtasks\cpl\10stcl.mov
STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

70.0 
69.0 
68.0 
67.0 
66.0

65.0 
64.0 
63.0 
62.0 
61.0

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0

50.0 
49.0 
48.0 
47.0 
46.0

(lb/hr)

1232348 
1215698 
1198031 
1179717 
1160477

1140745 
1120521 
1100323 
1079890 
1059526

1039231 
1019468 

999555 
980074 
961025

942408 
924012 
906233 
889072 
872343

856723 
841965 
827722 
813791 
799875
-------- I---------- -- -- ----

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

785673 
770462 
754852 
738164 
721379

703870 
686616 
668942

Valve DP 
(psid) 

489 
497 
505 
514 
522

531 
541 
550 
559 
568

577 
586 
595 
604 
612 

620 
629 
636 
644 
651

658 
664 
670 
677 
682 

689 
695 
702 
709 
716 

724 
731 
739

FILE: c:\ppmtasks\cpl\10stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

Stroke Position 
(percent open) 

37.0 
36.0

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr)

651482 
633690

616012 
598449 
581001 
563666 
546947 

530842 
515017 
499118 
482817 
465920

448426 
430005 
411080 
392182 
373311 

355097 
337257 
318943 
299886 
280489

261343 
242448 
224447 
206752 
189762 

171371 
150668 
130823 
109521 
90902

Valve DP 
(psid) 

746 
754

761 
769 
776 
783 
790 

797 
804 
810 
817 
824 

832 
839 
847 
855 
863

870 878 
885 
893 
901 

909 
917 
924 
931 
938

946 954 
962 
971 
978

FILE: c:\ppmtasks\cpl\lostcl.mov
STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0

Page 6
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow 
(lb/hr) 

68726 
49550 
33372 
20193 

9056

0 
0

Valve DP 
(psid) 

987 
995 
998 
998 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\1ostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:27:07 PPM VERSION: 1.0
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 13:27:07
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 13:39:33 

Files Used: 

C:\ppmtasks\cpl\loostcl.mov 
c:\ppmtasks\cpl\loostcl.sys 

File Descriptions: 

SYS: 100-Closing-Steam 

Calculation Options: (/// 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 100 Pipe Diameters Upstream - Steam 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 
(2) MULTIPLE CHOKING OCCURED

FILE: c:\ppmtasks\cpl\0oostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 100-Closing-Steam 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = steam 

FLUID CONDITIONS 
Supply Tank Temperature = 575.0 degrees F 

Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation =

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds) 

0.0 
30.0

Supply Tank Pressure 
(psia) 

--- -

1015 
1015

SYSTEM PIPING DATA

Pipe Type () 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
50 

0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

FILE: c:\ppmtasks\cpl\100stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0

Page 2

Number () 

1 
2 
3 
4

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 3

RESTRICTOR DATA 

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\100stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.0 
71.0

Valve Flow 
(lb/hr) 

1131431 
1131179 
1130820 
1129602 
1128104 

1126651 
1124615 
1122234 
1119507 
1116523

1113082 
1109721 
1105660 
1101376 
1096867 

1092136 
1087612 
1082603 
1077502 
1072510

1067380 
1062349 
1057145 
1052006 
1046651 

1041080 
1035295 
1028868 
1022191 
1015005

Valve DP 
(psid)

255 
256 
256 
258 
260

262 
264 
268 
271 
275 

280 
284 
290 
295 
301

307 
312 
318 
324 
330 

336 
342 
347 
353 
359

365 
371 
378 
385 
392

FILE: c:\ppmtasks\cpl\100stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0

40.0 
39.0 
38.0

Valve Flow Valve DP 
(lb/hr) I (psid)

1007310 
998777 
989465 
979761 
969429 

958579 
947212 
935380 
923322 
911036 

898524 
886184 
873543 
860878 
848188 

835472 
823031 
810615 
798585 
786750 

775465 
764513 
754080 
743537 
733072

722332 
710650 
698430 
685359 
671794 

658032 
643782 
629287

400 
408 
418 
427 
437 

447 
457 
468 
478 
489 

500 
510 
520 
531 
541 

550 
560 
570 
579 
587 

596 
604 
611 
619 
626

633 
641 
650 
658 
668 

677 
686 
695

FILE: c:\ppmtasks\cpl\loostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

37.0 
36.0 

35.0 
34.0 
33.0 
32.0 
31.0

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow Valve DP 
(lb/hr) I (psid)

614548 
599807

584869 
569735 
554653 
539623 
525016 

510832 
496495 
482241 
467705 
452234

436217 
419048 
401782 
384120 
366495 

348904 
332007 
314429 
296168 
277451 

258848 
240728 
222838 
205581 
188957 

170688 
150123 
130511 
109380 
90807

704 
713

723 
732 
741 
750 
759 

767 
775 
783 
792 
800

809 
818 
828 
837 
846 

855 
864 
873 
882 
891

901 
909 
918 
926 
933

942 
951 
960 
969 
977

FILE: c:\ppmtasks\cpl\100stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0

Page 6



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position Valve Flow 
(percent open) (lb/hr)

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

68681 
49535 
33370 
20185 

9048

0 
0

Valve DP 
(psid) 

987 
995 
998 
998 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\loostcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 13:39:33 PPM VERSION: 1.0
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 13:39:33

I I 1 I
I I I I I I I I I

0.00 25.00 50.00 75.00

Stroke Position percent open

c:\ppmtasks\cpl\lOOstcl.mov: Closing Stroke - 100 Pipe Diameters
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1

SUM4MARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:12:59 

Files Used: 

c:\ppmtasks\cpl\1000stcl.mov 
c:\ppmtasks\cpl\1000stcl.sys 

File Descriptions: 

SYS: 1000-Closing-Steam 

Calculation Options: 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 
(2) MULTIPLE CHOKING OCCURED

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 1000-Closing-Steam 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = steam

FLUID CONDITIONS 
Supply Tank Temperature = 575.0 degrees F 
Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation = 

SUPPLY TANK PRESSURE DATA

15 psia 

0 feet

Time 
(seconds)

0.0 
30.0

Supply Tank Pressure 
(psia)

1015 
1015

SYSTEM PIPING DATA

Pipe Type 
() 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
500 

0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0

Page 2

Number () 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

RESTRICTOR DATA 

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0

Page 3



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.0 
71.0

Valve Flow 
(lb/hr)

535957 
535769 
535769 
535750 
535427 

535465 
535024 
535016 
534628 
534102 

533694 
533125 
533033 
532564 
532075 

531282 
530882 
530135 
529529 
528716

528557 
527646 
526995 
526337 
525464 

524777 
524014 
523138 
522258 
521258

Valve DP 
(psid) 

121 
122 
122 
122 
124

124 
127 
127 
129 
133 

135 
139 
139 
142 
145

150 
152 
156 
160 
164 

165 
170 
174 
177 
182

185 
189
194 
198 
203

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open)

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0 

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

Valve Flow 
(lb/hr)

520335 
519154 
517825 
516348 
514655

513169 
511209 
509281 
507387 
505254 

503346 
500993 
498706 
496102 
493629

491059 
488498 
485685 
483239 
480560 

477894 
475144 
472578 
469991 
467384

464563 
461237 
457773 
454172 
450203 

445866 
441477 
436740

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0

Page 5

(psid) 

207 
213 
219 
226 
233

240 
248 
256 
264 
272

280 
289 
297 
307 
315

325 
333 
343 
351 
360

368 
377 
384 
392 
400

408 
418 
427 
437 
448

459 
471 
483



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 
----

37.0 
36.0

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr)

431654 
426433

420753 
415267 
409045 
402970 
396670

390429 
383903 
377333 
370044 
362257 

353767 
344576 
334682 
324087 
313392 

302311 
290844 
278991 
265836 
252183 

238034 
223388 
209125 
194534 
180263

164182 
145621 
127657 
107603 
89765

Valve DP 
(psid) 

495 
508

521 
534 
548 
561 
574 

587 
600 
613 
627 
642

657 
673 
690 
707 
724 

741 
758 
775 
793 
810

828 
845 
861 
876 
891 

906 
923 
938 
953 
966

FILE: c:\ppmtasks\cpl\1000stcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow 
(lb/hr) 

68218 
49369 
33217 
20283 

8964 
0 
0

Valve DP 
(psid) 

980 
991 
996 
997 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\looostcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:12:59 PPM VERSION: 1.0
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:12:59
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:30:52 

Files Used: 

c:\ppmtasks\cpl\10000scl.mov 
c:\ppmtasks\cpl\10000scl.sys 

File Descriptions: 

SYS: 10000-Closing-Steam 

Calculation Options: C/f/7 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 
(2) MULTIPLE CHOKING OCCURED

FILE: c:\ppmtasks\cpl\looooscl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 10000-Closing-Steam 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = steam 

FLUID CONDITIONS 
Supply Tank Temperature = 575.0 degrees F 

Initial Supply Tank Pressure = 1015 psia 

Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation =

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds)

0.0 
30.0

Supply Tank Pressure 
(psia) 

--- -
1015 
1015

SYSTEM PIPING DATA

Pipe Type 
() 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
5000 

0 
0

ID (inches) 

6.000 
6.000 
6.000 
6.000

Roughness (feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\10000scl.mov
STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0

Page 2

Number 
() 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

RESTRICTOR DATA

Upstream Restrictor: 
Type = none

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\10000scl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0

Page 3



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.-0

Valve Flow 
(lb/hr) 

188045 
188031 
188178 
188192 
188039

188149 
187999 
188170 
188108 
188130

187990 
188310 
188068 
188291 
187766 

187746 
187968 
187641 
187598 
187567

187618 
187752 
187776 
187361 
187568

187526 
187472 
187373 
187369

71.0 187274 

- - - - -- - - -- -

Valve DP (psid) 

26 
26 
32 
44 
27 

33 
27 
41 
34 
40

52 39 
49 
40 
60

61 53 
65 
66 
67 

65 
61 
60 
74 
67

68 
70 
7373 

76

FILE: c:\ppmtasks\cpl\looo1scl.mov
STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

70.0 
69.0 
68.0 
67.0 
66.0

65.0 
64.0 
63.0 
62.0 
61.0

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

Valve Flow 
(lb/hr) 

187269 
187099 
187306 
187216 
187149

186880 
187033 
186668 
186301 
186160 

186082 
186052 
185806 
185705 
185495 

185421 
185273 
185087 
184901 
184728 

184744 
184645 
184223 
184305 
184090

183962 
183423 
182924 
182782 
182382 

182262 
181609 
181383

Valve DP 
(psid) 

77 
82 
75 
78 
80

88 
84 
94 
103 
107 

109 
110 
116 
118 
123 

125 
128 
132 
136 
140 

140 
142 
150 
149 
153

156 
166 
176 
178 
185 

188 
199 
203

FILE: c:\ppmtasks\cpl\looooscl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

Stroke Position 
(percent open) 

37.0

36.0 

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0

180965 
180658 

180215 
179392 
179230 
178641 
177920 

177292 
176408 
175548 
174851 
173958

172634 171653 
170260 
168806 
167055

--- - - - - - - I -

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0
8.0 
7.0 
6.0 

--- - - - - -

165007 
162930 
160593 
157816 
154599

151032 
146814 
142322 
137363 
131936

125093 
116212 
106345 
93766 
81202

Valve DP (psid) 

209 
214

221 234 
237 
245 
256 

264 
276 
288 
297 
308

324 335 
351 
367 
385 

406 
426 
447 
471 
498

526 557 
588 
620 
653 

692 
737 
781 
831 
874

FILE: c:\ppmtasks\cpl\10000scl.mov
STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0

0.0 
-1.0

Valve Flow 
(lb/hr)

64194 
47773 
32799 
20180 

9023

0 
0

Valve DP 
(psid) 

923 
959 
980 
991 
997 

1000 
1000

FILE: c:\ppmtasks\cpl\10000scl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Steam 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:30:52 PPM VERSION: 1.0
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:30:52

I I I I I I I I I I I I I i I I I
25.00 50.00

Stroke Position percent open
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c:\ppmtasks\cpl\l0000sclmov: Closing Stroke - 10000 Pipe Diamet
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:52:07 

Files Used: 

c : \ppmtasks\cpl\lOflcl. mov 
0:\ppmtasks\cpl\Ieflcl.sys 

File Descriptions: 

SYS: 10-Closing-Flashing Water 

Calculation Options: 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 10 Pipe Diameters Upstream - Flashing Water 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY

FILE: c:\ppmtasks\cpl\10flcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 10-Closing-Flashing Water 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = water/steam mixture 

FLUID CONDITIONS 
Supply Tank Temperature = 530.0 degrees F 
Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation = 

Steam/Mixture Mass Ratio = 0.00

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds) 

0.0 
30.0

Supply Tank Pressure 
(psia) 

1015 
1015

SYSTEM PIPING DATA

Pipe Type 
() 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
5 
0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\loflcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0

Page 2

Number () 

1 

2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

RESTRICTOR DATA 

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet
Inlet Fitting Loss Coefficient = 0 
Discharge Fitting Loss Coefficient = 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

.00 
0.00

FILE: c:\ppmtasks\cpl\loflcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.0 
71.0

Valve Flow 
(lb/hr) 

8005173 
7985542 
7959387 
7927428 
7889663

7846662 
7798427 
7745787 
7688523 
7627366 

7562316 
7493985 
7422679 
7348974 
7273375 

7196203 
7118314 
7040018 
6961796 
6884118 

6807445 
6732061 
6657655 
6583460 
6509178

6434032 
6357689 
6279320 
6198608 
6114763

Valve DP 
(psid) 

954 
955 
955 
955 
956

956 
957 
957 
958 
958

959 960 
960 
961 
962

963 
963 
964 
965 
966

966 
967 
968 
968 
969

970 
970 
971 
972 
973

FILE: c:\ppmtasks\cpl\10flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0

Page 4
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open)

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

(lb/hr)

6027450 
5935950 
5840745 
5741834 
5640167

5535517 
5428627 
5319494 
5209362 
5097922

4985891 
4873782 
4762219 
4651856 
4543356

4437389 
4334632 
4235766 
4141479 
4052467

3969428 
3892363 
3819677 
3748634 
3676209

3600316 
3518618 
3431967 
3342009 
3250351

3158654 
3068285 
2979244

FILE: c:\ppmtasks\cpl\loflcl.mov

Valve DP 
(psid) 

973 
974 
975 
976 
976

977 
978 
979 
980 
980 

981 
982 
983 
983 
984 

985 
985 
986 
986 
987

987 
988 
988 
988 
989 

989 
990 
990 
990 
991

991 
992 
992

STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0

Page 5
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

-- -- - - - -

37.0 
36.0

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr)

2891531 
2804895

2719094 
2634129 
2549328 
2464693 
2379387 

2293117 
2205556 
2117218 
2029269 
1942466

1857640 
1775514 
1695212 
1616390 
1538174 

1460012 
1381571 
1301442 
1219625 
1137145 

1055797 
975581 
897147 
821160 
748158 

672235 
590619 
512836 
428553 
355542

Valve DP 
(psid) 

992 
993

993 
993 
994 
994 
994 

995 
995 
995 
995 
996 

996 
996 
996 
996 
997

997 
997 
997 
997 
997 

997 
998 
998 
998 
998

998 
998 
998 
998 
998

FILE: c:\ppmtasks\cpl\loflcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow 
(lb/hr) 

268396 
193813 
130757 
79229 
34897 

0 
0

Valve DP 
(psid) 

998 
998 
998 
998 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\loflcl.mov STROKE DIRECTION: close 
MOV COMMENTS: Closing Stroke - 10 Pipe Diameters Upstream - Flashing Wat 
VALVE TYPE: gate DATE: 07/23/98 TIME: 14:52:07 PPM VERSION: 1.0

Page 7
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:52:07
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1 

SUNMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:54:08 

Files Used: 

c:\ppmtasks\cpl\lo1flcl.mov 
c:\ppmtasks\cpl\100flcl.sys 

File Descriptions: 

SYS: 100-Closing-Flashing Water / 

Calculation Options: 

Run System Model /,/'/ 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 100 Pipe Diameters Upstream - Flashing Water 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 

FILE: c:\ppmtasks\cpl\looflcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 100-Closing-Flashing Water 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = water/steam mixture 

FLUID CONDITIONS 
Supply Tank Temperature = 530.0 degrees F 
Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation = 

Steam/Mixture Mass Ratio = 0.00

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds)

0.0 
30.0

Supply Tank Pressure 
(psia)

1015 
1015

SYSTEM PIPING DATA

Pipe Type () 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
50 

0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0

Page 2

Number () 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

RESTRICTOR DATA 

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0

Page 3



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 
98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
"7,-• ,%

71.0

Valve Flow 
(lb/hr)

5646074 
5642302 
5635915 
5626911 
5615395 

5601553 
5585385 
5567021 
5546572 
5524104 

5499617 
5473447 
5445249 
5415669 
5384705 

5352597 
5319344 
5285261 
5250559 
5215378

5179924 
5144197 
5107990 
5071026 
5032842 

4992885 
4950616 
4905291 
4856572 
4803247

Valve DP 
(psid) 

780 
781 
781 
782 
783

784 
785 
787 
788 
790 

792 
794 
796 
798 
800

803 
805 
808 
810 
813 

815 
818 
820 
823 
825

828 
831 
834 
837 
841

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

70.0 
69.0 
68.0 
67.0 
66.0

65.0 
64.0 
63.0 
62.0 
61.0 

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

Valve Flow 
(lb/hr)

4744236 
4678005 
4603112 
4516657 
4412339 

4319375 
4267847 
4214311 
4158769 
4101219 

4042168 
3981699 
3920139 
3857857 
3795264

3732818 
3671027 
3610219 
3551286 
3494668

3440986 
3390526 
3342071 
3294095 
3244767

3192165 
3134726 
3072871 
3007783 
2940442 

2872035 
2803606 
2735156

Valve DP 
(psid)

845 
849 
854 
859 
865 

871 
874 
877 
880 
883 

887 
890 
893 
896 
900 

903 
906 
909 
912 
915 

917 
920 
922 
924 
926

929 
931 
934 
936 
939 

942 
944 
947

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open)

37.0 
36.0 

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr) 

2666685 
2598193 

2529680 
2460810 
2391295 
2320898 
2249319

2175915 
2100685 
2024072 
1946840 
1869826 

1793830 
1719418 
1646229 
1573583 
1501218

1428369 
1354473 
1278849 
1200870 
1122070 

1043719 
966155 
889377 
815338 
743766

669208 
588475 
511396 
427713 
355060

Valve DP 
(psid) 

950 
952

954 
957 
959 
961 
964 

966 
968 
970 
972 
974

976 
978 
980 
981 
983 

984 
986 
987 
988 
990

991 
992 
993 
994 
994

995 
996 
996 
997 
997

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow 
(lb/hr) 

268186 
193733 
130716 
79131 
34881 

0 
0

Valve DP 
(psid) 

998 
998 
998 
998 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\100flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 100 Pipe Diameters Upstream - Flashing Wa 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:54:08 PPM VERSION: 1.0

Page 7



Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:54:08

11

I I I I I I I I I I I I I I I I I
0.00 25.00

I . . . I

50.00 75.00 100.00

Stroke Position percent open

c:\ppmtasks\cpl\lOOflcl.mov: Closing Stroke - 100 Pipe Diametert

0 
0 
0 

0 

CO 

0%

0.

0 

CD 

0 

0 

0 

-25.00
I



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output Page 1 

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:56:14 

Files Used: 

c:\ppmtasks\cpl\1000flcl.mov 
c:\ppmtasks\cpl\1000flcl.sys 

File Descriptions: 

SYS: 1000-Closing-Flashing Water 

Calculation Options: W/e'/'' 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke-- 1000 Pipe Diameters Upstream - Flashing Water 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 

FILE: c:\ppmtasks\cpl\loooflcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 1000-Closing-Flashing Water 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = water/steam mixture 

FLUID CONDITIONS 
Supply Tank Temperature = 530.0 degrees F 
Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation = 

Steam/Mixture Mass Ratio = 0.00

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds)

0.0 
30.0

Supply Tank Pressure 
(psia)

1015 
1015

SYSTEM PIPING DATA

Pipe Type ()

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

FILE: c:\ppmtasks\cpl\1000flcl.mov

(feet)

0 
500 

0 
0

ID (inches) 

6.000 
6.000 
6.000 
6.000

Roughness (feet) 

0.00000 
0.00015 
0.00000 
0.00000

STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0

Page 2

Number () 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output

RESTRICTOR DATA 

Jpstream Restrictor: 
Type = none 

)ownstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 

Valve Inlet Diameter = 6.00 inches 

Stroke Time = 30.0 seconds 

Elevation of Valve = 0 feet 

Inlet Fitting Loss Coefficient = 0.00 

Discharge Fitting Loss Coefficient = 0.00 

Use Default Flow Coefficient Data? = yes 

Seat Ring Inside Diameter = 6.0 inches

WTT.P c:\Domtasks\cpl\1000flcl.mov

MOV COMMENTS: Closing Stroke - i000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0

Page 3

STROKE DIRECTION: CIOS,_



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 
(percent open) 

100.0 
99.0 

98.0 
97.0 
96.0

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0] 
78.0 
77.0 
76.0 

75.0 
74

73.0 
72.0 
71.0

Valve Flow 
(lb/hr)

2672359 
2671999 
2671023 
2669247 
2667132

2664294 
2660960 
2656929 
2652711 
2647824 

2642585 
2636792 
2630581 
2624147 
2617438 

2610497 
2603584 
2596377 
2589079 
2581769

2574491 
2567246 
2560034 
2552622 
2545351

2537668 
2529575 
2521015 
2512024 
2502601

Valve DP 
(psid) 

510 
511 
511 
512 
512 

513 
515 
516 
518 
519

521 
523 
525 
528 
530 

533 
535 
538 
540 
543 

545 
548 
550 
553 
556 

558 
561 
564 
567 
570

FILE: c:\ppmtasks\cpl\loooflcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open)

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0 

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

Valve Flow 
(lb/hr)

2492255 
2480851 
2469068 
2456434 
2443020 

2429050 
2414526 
2399446 
2383938 
2368174

2352159 
2335962 
2319811 
2303382 
2286790 

2270177 
2253543 
2236845 
2220526 
2204537 

2189214 
2174309 
2159550 
2145229 
2130338

2114611 
2097369 
2078955 
2059369 
2038321 

2016604 
1993862 
1970096

Valve DP 
(psid)

574 
578 
582 
586 
590 

595 
600 
605 
610 
615 

620 
625 
630 
635 
641

646 
651 
656 
661 
666 

670 
675 
679 
683 
688

692 
697 
702 
708 
714 

720 
727 
733

FILE: c:\ppmtasks\cpl\1000flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0

Page 5



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

37.0 
36.0

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0 
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr)

1945546 
1919994 

1893165 
1865621 
1836567 
1806615 
1775316

1742398 
1707267 
1668392 
1624150 
1570824 

1498747 
1350173 
1313913 
1275989 
1236400 

1194769 
1150569 
1102950 
1051716 

997529 

941138 
883082 
823363 
763581 
703735 

639498 
568141 
497672 
419558 
350349

Valve DP 
(psid) 

740 
746

753 
760 
768 
775 
783 

791 
799 
808 
818 
829 

845 
873 
880 
887 
894

900 
908 
915 
922 
930 

937 
945 
952 
958 
964

970 
976 
981 
986 
990

FILE: c:\ppmtasks\cpl\1000flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow 
(lb/hr) 

266297 
192945 
130292 
79187 
34917 

0 
0

Valve DP 
(psid) 

993 
996 
997 
998 
998 

1000 
1000

FILE: c:\ppmtasks\cpl\1000flcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 1000 Pipe Diameters Upstream - Flashing W 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:56:14 PPM VERSION: 1.0
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Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:56:14
0R

0 

0.  
0

0 

0.  
0

q
T25.oo 0.00 25.00 50.00 

Stroke Position percent open 

c:\ppmtasks\cpl\1000flclmov: Closing Stroke - 1000 Pipe Diamete

Am 
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75.00



EPRI MOV Motor-Operated Valve Performance Prediction Methodology Program 
Program Output Page 1 

SUMMARY INFORMATION 

Date Prediction Performed: 07/23/98 Time: 14:58:03 

Files Used: 

c:\ppmtasks\cpl\l1o0ofcl.mov 
c:\ppmtasks\cpl\10000fcl.sys 

File Descriptions: 3A 

SYS: 10000-Closing-Flashing Water 

Calculation Options: 

Run System Model 

Report Options: 

Report includes DP/Flow versus Stroke Position Data 

User Comments: 

Closing Stroke - 10000 Pipe Diameters Upstream - Flashing Water 

System Flow Module Warnings: 
(1) CALCULATIONS COMPLETED SUCCESSFULLY 

FILE: c:\ppmtasks\cpl\looofcl.mov STROKE DIRECTION: close 
MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 
VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

INPUT PARAMETERS 

SYSTEM INPUT PARAMETERS 

File Description = 10000-Closing-Flashing Water 

CONFIGURATION 
Flow Configuration = blowdown 
Fluid Type = water/steam mixture

FLUID CONDITIONS 
Supply Tank Temperature = 530.0 degrees F 
Initial Supply Tank Pressure = 1015 psia 
Main Valve's Initial Discharge Tank Pressure = 

Supply Tank Elevation = 0 feet 
Main Valve's Discharge Tank Elevation = 

Steam/Mixture Mass Ratio = 0.00

15 psia 

0 feet

SUPPLY TANK PRESSURE DATA

Time 
(seconds) 

0.0 
30.0

Supply Tank Pressure 
(psia)

1015 
1015

SYSTEM PIPING DATA

Pipe Type () 

Supply Tank Outlet 
Valve Inlet 

Valve Outlet 
Discharge Tank Inlet

Equiv. Length 
(feet) 

0 
5000 

0 
0

ID 
(inches) 

6.000 
6.000 
6.000 
6.000

Roughness 
(feet) 

0.00000 
0.00015 
0.00000 
0.00000

FILE: c:\ppmtasks\cpl\10000fcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0

Page 2

Number () 

1 
2 
3 
4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

RESTRICTOR DATA 

Upstream Restrictor: 
Type = none 

Downstream Restrictor: 
Type = none 

VALVE INPUT PARAMETERS 

GENERAL VALVE INFORMATION 
Full Stroke = 6.00 inches 

VALVE INFORMATION REQUIRED BY SYSTEM FLOW MODULE 
Valve Inlet Diameter = 6.00 inches 
Stroke Time = 30.0 seconds 
Elevation of Valve = 0 feet 
Inlet Fitting Loss Coefficient = 0.00 
Discharge Fitting Loss Coefficient = 0.00 
Use Default Flow Coefficient Data? = yes 
Seat Ring Inside Diameter = 6.0 inches

FILE: c:\ppmtasks\cpl\10000fcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0

Page 3



Yerrormance Prealcrion mernoao±ogy krogram 
Program Output

OUTPUT DATA 
DP/FLOW versus STROKE POSITION DATA

Stroke Position 

(percent open) 

100.0
99.0 
98.0 
97.0 
96.0 

95.0 
94.0 
93.0 
92.0 
91.0 

90.0 
89.0 
88.0 
87.0 
86.0 

85.0 
84.0 
83.0 
82.0 
81.0 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0
72.0 
71.0

Valve Flow 
(lb/hr)

1044604 
1044377 
1044377 
1044096 
1043531 

1042990 
1042345 
1041588 
1040731 
1039962

1039059 
1037783 
1036656 
1035467 
1034295

1032783 
1031598 
1030030 
1028792 
1027175

1025777 
1024413 
1023085 
1021528 
1019955 

1018405 
1016967 
1015400 
1013449 
1011502

Valve DP 
(psid) 

250 
251 
251 
251 
252

253 
254 
255 
256 
257 

258 
260 
262 
263 
265

267 
269 
271 
273 
275 

277 
279 
281 
283 
285

287 
289 
291 
294 
297

FILE: c:\ppmtasks\cpl\loooofcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0

Page 4



EPRI MOV Motor-Operated Valve 
Performance Prediction Methodology Program 

Program Output

Stroke PositionlValve Flow 
(percent open) (lb/hr)

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0

60.0 
59.0 
58.0 
57.0 
56.0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 
49.0 
48.0 
47.0 
46.0 

45.0 
44.0 
43.0 
42.0 
41.0 

40.0 
39.0 
38.0

1009559 
1007305 
1004827 
1002220 

999208 

996570 
993346 
990068 
986987 
983820 

980214 
976789 
973330 
969943 
966399

962813 
958961 
955648 
952043 
948601 

945109 
941613 
938360 
935132 
931719 

928454 
924660 
920588 
916002 
911560 

906598 
901578 
896232

FILE: c:\ppmtasks\cpl\loooofcl.mov

Valve DP 
(psid) 

299 
302 
306 
309 
314

317 
322 
326 
331 
335 

340 
344 
349 
353 
358

363 
368 
372 
377 
381 

386 
390 
394 
399 
403

407 
412 
417 
423 
428 

435 
441 
447

STROKE DIRECTION: close

MOV COMMEN T S: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0

Page 5



Program Output

Stroke Position 
(percent open)

37.0 
36.0 

35.0 
34.0 
33.0 
32.0 
31.0 

30.0 
29.0 
28.0 
27.0 
26.0 

25.0 
24.0 
23.0 
22.0 
21.0 

20.0 
19.0 
18.0 
17.0 
16.0 

15.0 
14.0
13.0 
12.0 
11.0 

10.0 
9.0 
8.0 
7.0 
6.0

Valve Flow 
(lb/hr) 

890559 
884912

879022 
872583 
866474 
859966 
853133

846469 
839600 
832527 
824889 
816686 

807687 
797892 
787302 
776081 
764229

751979 
739008 
724721 
709120 
691529 

672898 
652429 
630603 
606765 
580086 

545782 
491851 
402983 
357906 
312061

Valve DP 
(psid) 

454 
461

468 
476 
483 
491 
499

506 
514 
523 
531 
540 

550 
561 
573 
585 
597 

610 
623 
638 
653 
670 

687 
705 
725 
745 
767

793 
831 
886 
910 
931

FILE: c:\ppmtasks\cpl\10000fcl.mov STROKE DIRECTION: close

MOV COMMENTS: Closing Stroke - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0
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EPRI MOV Motor-Operated Valve 

Performance Prediction Methodology Program 
Program Output Page 7

Stroke Position 
(percent open) 

5.0 
4.0 
3.0 
2.0 
1.0 

0.0 
-1.0

Valve Flow Valve DP 
(lb/hr) (psid) 

248092 955 
185691 974 
128049 987 
78789 994 
34762 997 

---- 

0 1000 
0 1000

FILE: c:\ppmtasks\cpl\loooofcl.mov STROKE DIRECTION: close 

MOV COMMENTS: Closing Strok[e - 10000 Pipe Diameters Upstream - Flashing 

VALVE TYPE: gate DATE: 07/23/98 TIME: 14:58:03 PPM VERSION: 1.0



Valve DP vs Stroke Position 

Predicted on: 07/23/98 14:58:03

'5.oo 0.00 25.00 50.00 

Stroke Position percent open 

c:\ppmtasks\cpl\lOOOOfcl~mov: Closing Stroke - 10000 Pipe Diamet

75.00

q 
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Calculation No.  
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Checked By

APPENDIX D 

Wedge Gate Valves, Disk to Seat Ring Contact vs. Guide Slot to Rail Contact

I



Wedge Gate Valves, Seat vs. Guides

Pumped Flow Close-seat Close-guides Open-seat Open-guides 

GATM equlv 
Stroke Stroke FD= Normalized FD= Normalized FD= Normalized FD- Normalized 

Position Position Fx Fy Fy+Acs°Fx Seat Fy+AcgFx Guides -Fy+Aos*Fx Seat -Fy+Aog*Fx Guides 
0 1 0 0 0.0000 0.0000 0 0.0000 0.0000 0.0000 0 0.0000 

0.12 0.8696 0.0865 0.0094 0.0731 0.1154 0.0613 0.1226 0.0335 0.0588 0.0425 0.0633 
0.32 0.6522 0.5302 -0.0977 0.2930 0.4623 0.22042 0.4407 0.3607 0.6333 0.41582 0.6197 
0.42 0.5435 0.6815 -0.1213 0.3808 0.6009 0.2876 0.5750 0.4594 0.8065 0.5302 0.7902 
0.57 0.3804 0.6945 -0.0973 0.4144 0.6539 0.3194 0.6385 0.4418 0.7757 0.514 0.7660 
0.67 0.2717 0.777 -0.153 0.4195 0.6620 0.3132 0.6261 0.5384 0.9454 0.6192 0.9228 
0.77 0.1630 0.864 -0.172 0.4646 0.7331 0.3464 0.6925 0.6006 1.0545 0.6904 1.0289 
0.82 0.1087 0.931 -0.129 0.5570 0.8789 0.4296 0.8589 0.5908 1.0374 0.6876 1.0247 
0.84 0.0870 1.009 -0.165 0.5784 0.9128 0.4404 0.8804 0.6655 1.1685 0.7704 1.1481 
0.86 0.0652 1.021 -0.184 0.5683 0.8967 0,4286 0.8569 0.6905 1.2123 0.7966 1.1872 
0.88 0.0435 1.0224 -0.1578 0.5957 0.9400 0.45564 0.9113 0.6647 1.1672 0.77104 1.1491 
0.92 0 0.976 -0.0854 0.6337 1.0000 0.5002 1.0000 0.5695 1.0000 0.671 1.0000 

1 -0.0870 1.001 -0.0876 0.6499 1.0256 0.513 1.0256 0.5841 1.0256 0.6882 1.0256 

Blowdown Flow Close-seat Close guides Open-seat Open- guides 

GATM equlv 
Stroke Stroke FD= Normalized FD= Normalized FD= Normalized FD= Normalized 

Position Position Fx Fy Fy+Acs*Fx Seat Fy+Acg*Fx Guides -Fy+Aos*Fx Seat -Fy+Aog*Fx Guides 
0 1 0 0 0.0000 0.0000 0 0.0000 0.0000 0.0000 0 0.0000 

0.12 0.8696 0.0865 0.0094 0.0578 0.1255 0.0613 0.1226 0.0208 0.0488 0.0425 0.0633 
0.32 0.6522 0.5302 -0.0977 0.1990 0.4319 0.22042 0.4407 0.2826 0.6637 0.41582 0.6197 
0.42 0.5435 0.6815 -0.1213 0.2600 0.5644 0.2876 0.5750 0.3590 0.8431 0.5302 0.7902 
0.57 0.3804 0.6945 -0.0973 0.2913 0.6323 0.3194 0.6385 0.3395 0.7974 0.514 0.7660 
0.67 0.2717 0.777 -0.153 0.2817 0.6116 0.3132 0.6261 0.4240 0.9958 0.6192 0.9228 
0.77 0.1630 0.864 -0.172 0.3114 0.6760 0.3464 0.6925 0.4733 1.1116 0.6904 1.0289 
0.82 0.1087 0.931 -0.129 0.3919 0.8507 0.4296 0.8589 0.4537 1.0655 0.6876 1.0247 
0.84 0.0870 1.009 -0.165 0.3996 0.8673 0.4404 0.8804 0.5169 1.2140 0.7704 1.1481 
0.86 0.0652 1.021 -0.184 0.3873 0.8406 0.4286 0.8569 0.5401 1.2684 0.7966 1.1872 
0.88 0.0435 1.0224 -0.1576 0.4144 0.8996 0.45584 0.9113 0.5142 1.2076 0.77104 1.1491 
0.92 0 0.978 -0.0854 0.4607 1.0000 0.5002 1.0000 0.4258 1.0000 0.671 1.0000 

1 -0.0870 1.001 -0.0876 0.4725 1.0256 0.513 1.0256 0.4367 1.0256 0.6882 1.0258

Water mu A 
CS 0.61 0.736811 
CG 0.6 0.6 
OS 0.61 0.496039 
OG 0.6 0.6 

theta degs rads 
I 5 10.0872661 

Steam mu A 
CS 0.45 0.559517 
CG 0.6 0.6 
OS 0.45 0.34878 
OG 0.6 0.6

Page 2
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1.0 PURPOSE 

The purpose of this calculation is to justify key elements of the methodology for predicting 

the performance of DC motor-operated valves as presented in MPR-2093 [Reference 1].  

Specifically, this calculation justifies the following elements of the method: 

* use of vendor motor performance curves for establishing nominal motor 

performance (motor torque, speed, and current) 

"* actuator gearbox efficiencies 

"* use of the vendor motor heatup rates to predict motor temperature 

2.0 INPUTS 

Several sources of DC motor and actuator test data are used in the justification of the DC 

Motor Performance Method. Specifically, dynamometer and actuator test data obtained 

from Crane-MOVATS and dynamometer test data obtained from one nuclear utility are 

used to justify use of the vendor motor performance curves. Table 2-1 provides a matrix of 

the test data used for this justification, including the file names of the source data files 

[References 3-6].  

Testing performed by INEEL and sponsored by the NRC as published in 

NUREG/CR-6620 [Reference 2] is used to justify the actuator gearbox efficiencies in the 

method. This data is also used to justify use of the vendor motor heatup rates. Table 2-2 

provides a matrix of the test data used for this justification, including the directory names 

containing the source data files [Reference 7].
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TABLE 2-1 
Matrix of DC Motor Test Data Used to Justify Vendor Motor Performance Curves 
[References 3-6] 

Motor Type Data Source Motor Test Test Type Source Filename 

a 80% voltage V13-181.txt 1 
b 100% voltage V13-18.txt 

5 ft-lb/125 VDC Crane-MOVATS 
a 85% voltage V13-391.txt 2 
b 100% voltage V13-39.txt 

a 75% voltage V13-201.txt 1 
b 100% voltage V13-20.txt 

10 ft-lb/125 VDC Crane-MOVATS 2 a 100% voltage V13-131.txt 

a 80% voltage Jhld.txt 3 
b 100% voltage Jhnd.txt 

a 70% voltage V12-181.txt 1 
b 100% voltage V12-18n.txt 

a 85% voltage V13-16nl.txt 2 
b 100% voltage V13-16n.txt 

a 85% voltage V13-271.txt 
3 

b 100% voltage V13-27.txt 

a 75% voltage V13-301.txt 4 
b 100% voltage V13-30.txt 
a 75% voltage V23-17nl.txt 

15 ft-lb/125 VDC Crane-MOVATS 5 

b 100% voltage V23-17n.txt 

a 80% voltage Ehld.xt 6 
b 100% voltage Ehnd.txt 

a 80% voltage Fhld.txt 7 
b 100% voltage Fhnd.txt 

a 80% voltage Ghld.txt 8 
b 100% voltage Ghnd.txt 

a 80% voltage Hhld.txt 
9 

__________ _________ ____ b 100% voltage Hhnd.txt
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Motor Type Data Source Motor Test Test Type Source Filename 

a 75% voltage V23-571.txt 
1 - votaeV _____ 

b 100% voltage V23-57.txt 

a 75% voltage V23-581.txt 

Crane-MOVATS 2 
b 100% voltage V23-58.txt 

25 ft-lb/125 VDC 
a 80% voltage Dhld.txt 

3 

b 100% voltage Dhnd.txt 

BWR Plant A 4 a 100% voltage ** 

BWR Plant A 5 a 100% voltage ** 

a 75% voltage Bhld.txt 
1 

b 100% voltage Bhnd.txt 
40 ft-lb/125 VDC Crane-MOVATS 

a 75% voltage Chld.txt 
2 

b 100% voltage Chnd.txt 

a 75% voltage Ahld.txt 
60 ft-lb/125 VDC Crane-MOVATS 1 

b 100% voltage Ahnd.txt 

a 75% voltage V23-141.txt 

80 ft-lb/125 VDC Crane-MOVATS b 100% voltage V23-14.txt 

2 a 75% voltage V23-16nl.txt 

a 80% voltage V23-211.txt 

100 ft-lb/125 VDC Crane-MOVATS 1 

b 100% voltage V23-21.txt 

a 80% voltage V10-171.txt 

150 ft-lb/125 VDC Crane-MOVATS 1 

b 100% voltage V10-17n.txt 

a 80% voltage V23-191.txt 

200 ft-lb/125 VDC Crane-MOVATS 1 

b 100% voltage V23-19.txt

** Test data provided in References 5 and 6
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TABLE 2-2 
Matrix of DC Motor and Actuator Test Data Used to Justify Vendor Motor Heatup Rates 
and Actuator Gearbox Efficiencies [Reference 2 and 7] 

Actuator Run/Pullout Source File 
Motor Type Data Source Test Test Type Type Efficiencies Directory 

0.50/0.40 a 60% voltage DclOdl 
10 ft-lb/125 VDC SMB-0 INEEIJNRC 

0.50/0.40 b 100% voltage Dcl0d5 

0.55/0.40 a 60% voltage Dc25dl 
25 ft-lb/125 VDC SMB-0 INEEL/NRC 

0.55/0.40 b 100% voltage Dc25d5 

0.50/0.40 a 60% voltage Dc40dl 
40 ft-lb/125 VDC SMB-1 INEELINRC 

0.50/0.40 b 100% voltage Dc4Od5

3.0 APPROACH 

3.1 Justification of Vendor Motor Performance Curves 

The DC motor performance method requires as input the motor speed and motor current 

as a function of motor torque under nominal conditions (ambient temperature and full 

voltage). The motor or actuator manufacturer typically provides motor performance curves 

that contain this information. These vendor motor performance curves were obtained for 

typical motors used on Limitorque DC motor actuators -- 2 ft-lb through 200 ft-lb motors at 

125 and 250 VDC (a survey of BWR plants indicated that 250 ft-lb motors are rarely used, 

and the motor performance curves for these motors were not obtained or evaluated).  

Dynamometer and actuator test data obtained from Crane-MOVATS and dynamometer 

testing by one nuclear utility are used to justify the accuracy of these curves.
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For each test, several time-history parameters were measured and recorded, including but 

not limited to the following : motor current, motor terminal voltage, motor shaft speed, and 

motor torque. In the case of the data obtained from Crane-MOVATS, it was not always 

clear by examining the source data files which data represented which measured parameter.  

Crane-MOVATS provided a general key [Reference 10] to interpret the various signals.  

Reference (9) describes the process that was used to select the signals for motor current, 

motor voltage, motor speed and motor torque. In some instances, it was also necessary to 

manipulate the source test data to make the data meaningful. Specifically, the time-history 

motor torque data, as provided, was zeroed improperly. Therefore, an offset had to be 

applied to this data to properly zero it. This process, and the specific offsets applied to 

each test, are documented in Reference (9).  

The temperature of the armature windings was not measured during these tests, therefore, 

a prediction of the motor winding temperature (per MPR-2093) is made at each point in 

time where data was recorded. The predicted temperature is a function of the average 

motor torque over each time increment.  

The following approach is used to predict motor heatup for each motor test: 

(a) For each time increment, Table 2-4 of MPR-2093 [Reference 1] is used to 

determine the reference motor torque, -cet-, and reference motor heatup rate, 

href. If more than one reference torque is listed for a motor type, the value 

closest to the average motor torque, tM-ave is used. The average measured 

motor torque, UM-ave, is calculated at each time increment by averaging the 

torque at the beginning and end of the increment.
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(b) The motor temperature at the end of each time increment, Tmotor, is 

calculated using the following equation, based on the motor temperature at 

the end of the previous time increment, Tpreviou,, and the time increment, At.  

For the first stroke increment, the motor temperature was made equal to 

ambient conditions. The ambient temperature was assumed for all tests to be 

250C.  

2 

T + 'M-ave motor p revious + ( t h ref) 

Once the motor temperature is predicted for each point in time, the following approach is 

used to evaluate the vendor motor performance curves. The approach used in this 

justification to compare measured motor torque and speed to nominal conditions (full 

voltage and ambient temperature) is consistent with the approaches in MPR Calculation 

197-003/PLV-01 and MPR-2093 [Reference 1] 

(a) The measured time-history motor torque is adjusted to ambient temperature 

and nominal voltage, Vnom, conditions at each point in time using the 

equation below. In this equation, Vmea.,sed is the measured motor terminal 

voltage and Tmotor is set to the predicted motor temperature for that time. Tref 

is set to 25'C 

P V T otor + 234.4• 
T I=TM-ave nr V Tf + 234.4 

measured I 

Note that there is no limitation that the voltage ratio be less than or equal to 

one, therefore Vmea.ured may be greater than Vo. In cases where the
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measured motor torque signal is noisy, the test data is smoothed using a 10

point running average. For these situations, the smoothed motor torque 

data, tsmooth, is used in place of rM-ave in the equation above.  

(b) The measured time-history motor speed, w, is adjusted to nominal voltage 

conditions, Vnom .using the following equation.  

=) Ino 
Vmeasutred 

(c) For each motor type (with a given nominal starting torque and nominal 

voltage), plots are made comparing the vendor motor performance curves 

with the measured motor performance data. Specifically, the adjusted motor 

speed is plotted against the adjusted motor torque, and the measured motor 

current is plotted against the measured motor torque.  

3.2 Justification of Actuator Gearbox Efficiencies 

In the DC motor performance method, actuator gearbox efficiency is a function of the 

rotational speed of the worm shaft and the output torque of the actuator (the stem torque 

as a percentage of the rated output torque of the actuator). Table 2-2 of MPR-2093 

provides gearbox efficiency factors, or f-factors, that are used in the method to determine 

gearbox efficiency. These f-factors are based on a review of data from DC motor actuator 

testing performed by INEEL and sponsored by the NRC [Reference 2]. To justify these 

f-factors, comparisons are made of the predicted f-factors using the method to the 

measured f-factors from the NRC/INEEL data. Data from testing of a 10 ft-lb, 25 ft-lb and
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(the newer) 40 ft-lb motors at 60% and 100% rated voltage are used. This data covers 

Limitorque SMB-0 and SMB-1 actuators, each with a single worm-to-worm-gear ratio.  

For each INEEL test, several time-history parameters were measured and recorded, 

including but not limited to the following: stem torque, motor speed and motor torque. It 

was not always clear by examining the source data files which data represented which 

measured parameter. INEEL provided a general key [Reference 7] to interpret the various 

signals. Reference (9) describes the process that was used to select the signals for stem 

torque, motor speed and motor torque.  

The following approach is used for each test data set: 

(a) For each test, the measured gearbox efficiency is determined at each stroke 

position from the measured stem torque, measured motor torque and the 

actuator overall ratio using the following relationship.  

Gearbox Efficiency = Stem Torque 
Motor Torque *OAR 

(b) For each gearbox efficiency, the measured f-factor is then determined using 

the actuator pullout efficiency and run efficiency.  

f-Factor = Gearbox Efficiency - pullout eff 

run eff - pullout eff 

(c) The predicted f-factor is determined at each stroke position using Table 2-2 

of MPR-2093 [Reference 1]. First, the worm speed is determined from the 

measured motor speed and the motor gearset ratio (MGSR) as follows.
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worm speed = Motor speed *MGSR 

Next, the output torque percentage is determined from the measured stem 

torque and the rated output torque of the actuator 

stem torque 
output torque % = 

actuator rated torque 

From these two values, a predicted f-factor is determined from Table 2-2 

[Reference 1] at each stroke position. To determine the predicted f-factor at 

- a worm speed and/or output torque in between the values of the table, 

standard linear interpolation is used.  

(d) Once measured and predicted f-factors are determined for each stroke 

position, a plot is made of measured f-factor versus predicted f-factor for the 

entire stroke. On each plot a diagonal line is drawn, representing the case 

where the measured f-factor is equal to the predicted f-factor.  

3.3 Justification of Vendor Motor Heatup Rates 

The DC motor performance method requires a reference heatup rate at one or more values 

of reference torque, for a given motor type. The motor heatup rates provided by the motor 

manufacturer are used in the DC motor performance method to predict motor heatup.  

The vendor typically provides one or more curves of motor temperature rise versus time for 

specific values of motor torque. For some motors, separate curves are provided for the 

temperature rise of the series field windings, the shunt field windings and the armature
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windings. The curves for the armature windings are used in the DC motor performance 

method. The slope of these curves indicates the motor heatup rate at that torque and time.  

There is limited data to justify the vendor motor heatup rates. The NRC/INEEL testing 

[Reference 2] provides data to justify the heatup rates for 10, 25 and 40 ft-lb motors. To 

perform this justification, the following approach is used: 

(a) Reference 2 is reviewed to determine the maximum motor torque achieved 

during the 60% and 100% voltage tests of the 10, 25 and 40 ft-lbs motors 

tested by INEEL. For the 10 ft-lb and 25 ft-lb motor tests, the motors were 

tested to stall for both the 60% and 100% voltage tests. In addition, the 

motors stalled before the loading piston (which provided resistance to the 

valve stem) bottomed out. For these tests, the maximum measured motor 

torque is the maximum value achieved during the test. For the 60% voltage 

test of the 40 ft-lb motor, the motor was not tested to stall. For this test, the 

maximum measured thrust is the maximum value achieved during the test.  

For the 100% voltage test of the 40 ft-lb motor, the motor was tested to stall; 

however, the piston bottomed out before the motor stalled. The maximum 

measured thrust for this test is the value achieved when the piston bottomed 

out.  

(b) The DC motor performance method was implemented for these six tests.  

Measured stem torque values were used as inputs (i.e., the load profile 

method was not used to predict stem load). Appendix A provides a table of 

the method inputs for this justification along with the reference source.
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(c) The predicted temperature rise was compared to the measured temperature 

rise during testing for each test.  

(d) For the 10 ft-lb and 25 ft-lb motor tests, the motors were tested to stall for 

both the 60% and 100% voltage tests. The method predicts that the motor 

stalls prior to the end of the test, indicating that the method predicts an 

actuator output capability less than that achieved during the test. The 

predicted temperature rise for these tests is the predicted temperature at the 

last stroke position before predicted motor stall minus the initial 

temperature.  

(e) For the 60% voltage test of the 40 ft-lb motor, the INEEL test did not 

achieve motor stall, and the method does not predict motor stall. For this 

test, the predicted temperature rise is the predicted temperature at the end 

of the stroke minus the initial temperature.  

(f) For the 100% voltage test of the 40 ft-lb motor, the predictions cover the 

portion of the stroke up to the point that the piston bottoms out. The 

method predicts that the motor stalls just as the piston bottoms out. As with 

the 10 and 25 ft-lb motors, the predicted temperature rise is the predicted 

temperature at the final stroke position minus the initial temperature.
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4.0 RESULTS 

4.1 Use of Vendor Motor Performance Curves 

Figures 3-4 through 3-23 of MPR-2093 [Reference 1] show the comparison of the vendor 

motor performance curves with the measured motor performance data, adjusted for 

degraded voltage and motor heatup. For the speed versus torque plots, the vendor curves 

are bounding if the test data lies above the vendor curve, indicating that the vendor curve 

under-predicts the motor speed for a given motor torque. For the current versus torque 

plots, the vendor data is conservative if the test data lies below the vendor curve, indicating 

that the vendor curve over-predicts the motor current. Motor current is only used by the 

method to determine the voltage drop from the source (e.g., the motor control center) to 

the motor terminals, and an under-prediction of the current would result in an 

under-prediction of the voltage drop, which is conservative for predicting the motor torque.  

For the following motors, the vendor speed versus torque curves are conservative (i.e., 

bounding) as compared to the measured motor performance data, adjusted for degraded 

voltage and motor heatup: 5 ft-lb/125 VDC, 10 ft-lb/125 VDC, 15 ft-lb/125 VDC, 

25 ft-lb/125 VDC, 60 ft-lb/125 VDC and 200 ft-lb/125 VDC.  

For the following motors, the vendor speed versus torque curves are non-conservative (i.e., 

not bounding) over the entire range of torques as compared to the measured motor 

performance data, adjusted for degraded voltage and motor heatup: 40 ft-lb/125 VDC, 

80 ft-lb/125 VDC, 100 ft-lb/125 VDC, and 150 ft-lb/125 VDC. Note that for the 150 ft-lb, 

125 VDC motor, a vendor motor performance curve was not obtained. An estimated curve 

was determined using the curves for the 150 ft-lb, 250 VDC motor (see Section 3 of MPR

2093 for discussion).
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For the following motors, no test data was available to justify use of the vendor motor 

performance curves: 2 ft-lb/125 VDC, 2 ft-lb/250 VDC, 5 ft-lb/250 VDC, 7.5 ft-lb/125 

VDC, 7.5 ft-lb/250 VDC, 10 ft-lb/250 VDC, 15 ft-lb/250 VDC, 25 ft-lb/250 VDC, 40 

ft-lb/250 VDC, 60 ft-lb/250 VDC, 80 ft-lb/250 VDC, 100 ft-lb/250 VDC, 150 ft-lb/250 VDC, 

and 200 ft-lb/250 VDC.  

Figures 3-4 through 3-23 show that the vendor current versus torque curves generally 

under-predict the measured motor current. This result is consistent with the fact that the 

vendor speed versus torque curves generally under-predict the motor speed ( i.e., for a 

given torque, an under-prediction in speed is consistent with an under-prediction in 

current).  

The complete results of this justification are documented in Reference (9). For each test, a 

spreadsheet table contains the full time-history measured motor test data (motor current, 

motor terminal voltage, motor shaft speed and motor torque), the complete adjusted test 

data, and the predicted motor temperature 

4.2 Actuator Gearbox Efficiency 

Figures 3-1 through 3-3 of MPR-2093 [Reference 1] show the comparison of the measured 

gearbox efficiency f-factors versus the predicted f-factors using the method. Data points 

above the 450 line indicate that the predicted f-factor is conservative ( i.e., the predicted 

f-factor is less than the measured f-factor), and the efficiency used in the method is lower 

than the measured efficiency. Data points below the line indicate that the predicted 

f-factor is non-conservative.

As shown, the predicted f-factors are generally conservative. Note that this data only
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covers SMB-0 and SMB-l actuators. The complete results of this justification are 

documented in Reference (9). For each test, a spreadsheet table contains the full time

history measured motor and actuator test data (stem torque, motor shaft speed and motor 

torque) and the complete calculated and predicted data.  

4.3 Use of Vendor Motor Heatup Rates 

The table below compares the measured temperature rise to the predicted temperature 

rise at the maximum measured motor torque for each of the six tests. Data for the 

measured temperature rise is from Reference (2).  

Maximum Measured Predicted 

Motor Type Test Measured Torque Temperature Rise Temperature Rise 

(ft-lbs) (OF) (OF) 

60% voltage 8.5 23 30 @ 74 rpm 10 ft-lb/125 VDC 
100% voltage 15 40 44 @ 75 rpm 

25 ft-lb/125 VDC 60% voltage 17 45 67 @ 103 rpm 

100% voltage 30 80 97 @ 161 rpm (1) 

60% voltage 21 negligible 24 @ 236 rpm 
40 ft-lb/125 VDC 

100% voltage 40 40 55 @ 120 rpm 0) 

Note (1): For these tests, the motor speed at the last stroke position before predicted motor stall is much 

less than 100 rpm. To obtain a more reasonable heatup prediction, the temperature rise at the 

second-to-last stroke position is used.  

The complete results of this justification are documented in Appendix B. The stroke time 

method is implemented using an automated spreadsheet tool. For each of the six INEEL 

tests for which the DC motor performance method was implemented, Appendix B contains 

the spreadsheet input form which shows all the inputs used and summarizes the key results 

of the method. Following each form is the results sheet which provides the full results of 

the method using the spreadsheet tool.
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DC MOTOR PERFORMANCE MODEL INPUTS FOR JUSTIFICATION OF THE USE 

OF VENDOR MOTOR HEATUP RATES

(6 pages)



Table A-1 
Method Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC Motor Testing

MPR Calculation 197-003-TS-1 
Appendix A

Stem Seat ring Seat ring Globe Isolation- Packing Required Required 

Valve Flow Flow diameter seating inner valve to- load thrust thrust due to Valve Description Type type direction Fluid Dster surface ID, diameter stroke wedging (including water inertia, 
Dbody.ID Dsr length, D travel, X Fpack water inertia), wa ibri 

(inches) (inches) (Inches) (inches) (percent) (Ibs) FR (Ibs) Fwj (Ibs) 

wedge 

INEEL 10 ft-lb motor, SMB-0, 60% voltage gate c1 close (1) 1.2 (2) 

wedge 

INEEL 10 ft-lb motor, SMB-0, 100% voltage gate 1) close 1.6 (2) 

wedge 

INEEL 25 ft-lb motor, SMB-0, 60% voltage gate close (1) 2.2 (2) 

wedge 

INEEL 25 ft-lb motor, SMB-0, 100% voltage gate close (1) 2.7 (2) 

wedge 

INEEL 40 ft-lb motor, SMB-1, 60% voltage gate (I) close (1) 2.1 (2) 

wedge 

INEEL 40 ft-lb motor, SMB-1, 100% voltage gate 1 close (1) 2.6 (2) 

-at - c -os-e

Page 1 of 6



Table A-1 
Method Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC Motor Testing

MPR Calculation 197-003-TS-1 
A --- ,.div APae2o6

Flow Actuator Actuator Overhauling Cable Thermal Nominal MotorgearStemVoltage at 

coefficient overato tto, rated factor Stem factor resistance overload voltage Motor type 
Valve Description Co ratio, MGSR torque, (ft-lbslb)f SF° MCC Rcable resistance, Vnom 

(gpmlpsil) OAR trated (ft-lbslb) mc (volt (ohms) Rto, (ohms) (volts) 
10 ft-lb. 125 

INEEL 10 ft-lb motor, SMB-0, 60% voltage 69.56 (I) 0.532 (1) 500 ( 78 (4) 0.22 ( 0 (6) 125 VDC (1) 

INEEL 10 ft-lb motor, SMB-0, 100% voltage 69.56 (1) 0.532 (1) 500 (3) 126 (4) 0.21 1') 0 (6) 125 1 Cft-lb. 125 

VDC (1) 

25 ft-lb, 125 

INEEL 25 ft-lb motor, SMB-0, 60% voltage 34.96 (I) 1.057 (1) 500 (3) 76 (4) 0.24 (5) 0(6) 125 25 (12 

VDC 
25 ft-lb. 125 

INEEL 25 ft-lb motor, SMB-0, 100% voltage 34.96 1.057(1) 500(3) 126 (4) 0.2 (5) 0(6) 125 25 (12 

VDC (1) 

40 ft-lb, 125 

INEEL 40 ft-lb motor, SMB-1,60% voltage 42.5(1) 0.8(l) 850(3) 78 (4) 0.23 0(6) 125 VDC0 12 

40 ft-lb. 125 

INEEL 40 ft-lb motor, SMB-1,100% voltage 42.5 (1) 0.8 (1) 850 (3) 125 (4) 0.18 (5) 0 (6) 125 VDC (1)

Page 2 of 6



Table A-1 
Method Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC Motor Testing

Valve Description

Nominal 
motor 

torque, 
-rnom (ft-lbs)

Valve 
stem 
lead 

(inches)

Pullout 
efficiency 

71p

Run 
efficiency 

77r

Nominal 
motor 
speed 
(rpm)

Differential 
pressure, 
DP (psi)

Bonnet 
pressure at 
full open, 
Pa (psig)

Flow 
rate 
Qmax 

(gpm)

Fluid 
density 

y (Ibs/ft3)

Ambient 
temperature 

(c)

Equivalent 
length of 
upstream 
piping, Lup 

(ft)

INEEL 10 ft-lb motor, SMB-0, 60% voltage

INEEL 10 ft-lb motor, SMB-0, 100% voltage

INEEL 25 ft-lb motor, SMB-0, 60% voltage

INEEL 25 ft-lb motor, SMB-0, 100% voltal

INEEL 40 ft-lb motor, SMB-1, 60% volta

INEEL 40 ft-lb motor, SMB-1, 100% voltage

MPR Calculation 197-003-TS-1 
Appendix A Page 3 of 6



Table A-1 
Method Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC Motor Testing

MPR Calculation 197-003-TS-1
Panp. 4 of 6

Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load 
Valve Description Load profile @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ 

100% 90% 80% 70% 60% 55% 50% 45% 40% 35% 30% 28% 26% 24% 22% 20% 18% 

INEEL 10 ft-lb motor, SMB-0, 60% voltage Input stem torque 89 93 104 123 128 141 147 156 157 165 174 177 185 187 187 192 197 

INEEL 10 ft-lb motor, SMB-0, 100% voltage Input stem torque 87 100 114 141 160 174 182 195 214 233 253 255 266 273 283 293 301 

INEEL 25 ft-lb motor, SMB-0, 60% voltage Input stem torque 83 89 102 112 120 125 138 139 143 154 166 167 176 172 184 181 186 

INEEL 25 ft-lb motor, SMB-0, 100% voltage Input stem torque 84 95 108 121 141 159 165 182 199 212 230 243 244 258 269 275 288 

INEEL 40 ft-lb motor, SMB-1, 60% voltage Input stem torque 140 159 170 182 203 213 223 236 251 262 272 278 285 290 298 303 310 

INEEL 40 ft-lb motor, SMB-1, 100% voltage Input stem torque 175 196 216 255 281 307 326 352 375 405 439 455 466 483 500 517 535



Table A-1 
Method Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC Motor Testing

MPR Calculation 197-003-TS-1 
Appendix A

Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load 
Valve Description @ @ @ @ @9% @8% @7% @6% @5% @4% @3% @2% @1% @0% @<0% 

16% 14% 12% 10% 

INEEL 10 ft-lb motor, SMB-0, 60% voltage 207 204 210 217 215 220 220 221 227 227 227 230 232 222 222 

INEEL 10 ft-lb motor, SMB-0, 100% voltage 318 328 333 350 359 360 369 368 381 389 393 397 398 361 361 

INEEL 25 ft-lb motor, SMB-0, 60% voltage 192 203 206 210 208 215 215 212 217 222 223 221 222 210 210 

INEEL 25 ft-lb motor, SMB-0, 100% voltage 301 317 335 346 354 358 363 373 375 384 393 394 402 385 385 

INEEL 40 ft-lb motor, SMB-1, 60% voltage 318 325 332 341 343 349 353 357 362 364 368 372 375 356 356 

INEEL 40 ft-lb motor, SMB-1, 100% voltage 550 570 589 612 622 629 640 650 658 667 673 680 678 673 673

Page 5 of 6



Notes to Inputs for Justification of Vendor Motor Heatup Rates Using NRC/INEEL DC 
Motor Testing 

(1) Determined from Reference (2) 

(2) Determined from stem position data 

(3) Determined from Reference (8) 

(4) Calculated by adjusting the measured motor voltage at the beginning of each test stroke 
for losses from the MCC to the motor.  

(5) This value represents the total resistance upstream of the motor. This value is calculated 
from Reference (2) by dividing the motor voltage increase for the test (from beginning to 
end) by the motor current.  

(6) This value was set as zero. The input for cable resistance represents the total resistance 
upstream of the motor.

MPR Calculation 197-003-TS-2 Page 6 of 6
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Calculation No.  

197-003-TS-1

Prepared By Checked By 
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APPENDIX B 

INPUT FORMS AND RESULTS FOR JUSTIFICATION OF THE 

USE OF VENDOR MOTOR HEATUP RATES 

(12 pages) 

NOTE: "#REF!" cells in the attached spreadsheets indicate the motors are 

predicted to stall.



bwrog dc motor method, version 1 xIs. Inputs, 02/28'2000, 5:40 PM

Select Valve-> FINEL 10 ft lb 'otor, 60% voltage

Genera! Informatig -.- !.n-.  

Valve Type 

Flow type 
Stroke direction 
Fluid (blowdown only) 

Load profile method 

Valve and Actuator Informai~n •:.  

Stern diameter, D- Onches) 

Seat ring fae ID, (inches) 

Seat ring inner diameter, D. (inches) 

Globe valve stroke length, D (inches) 

ISoltinto-wedging travel X (percent) 

Packing toad. Fa (Ibai 
Required twust (including water inetia), Fz Otbs) 

fRequired thrust due to water inertia, F,, (Ibs) 

Flow coetficieM, nCv (gpnpsi"
2

) 

Actuator overall ratio. OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, "_ 

Stern factor. SF (ft-tbsflb) 

Overhauling stem factor. SFo (ft4bsWlb) 

Voltage at MCC. V- (volts) 

Cable resistance. R-w. (ohms) 

Thermal overload resistance. R. (ohms) 

Nominal voltage, V- (volts) 

Motor type 

Valve stern lead, lead (inches) 

Pullout efficiency.in, 

Run efficiency, q, 

Nominal motor speed (rpm). .r.  

Design Basis Conditions 

Differential pressure, bP (psi) 

Valve pressure atfull open, Pe (psig) 

Flow rate, O, (gpm) 

Fluid density, p (lbstfi•) 

Ambient temperature (C) 

Length of upstream piping, L_. (pipe dameters)

Rmufred? 
yes 

no 
yes 
no 

yes 

no 

yes 
no 

no 

yes 

no 

no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 

no 

yes 

no

Calculate Values 

System resistance, , . no 

Fully open stem thrust, Fo (Ibs) . no 

Norninal motor torque, sn- (It-libs) yes 

Maximum motor torque (t4--bs) y Yes 

Maximum adjusted motortorque (ft-lbs) yes 

Minimum motor speed (rpm) - yes 

Minimum Instantaneous actuator capabilty (ths) yes 

Minimumn Instantaneous margin Msh) ye* 

Maximum torque switch setting yes 

Efficiency at minimum nstantaneous capability yes

Predicted Stroke Time (Seconds): #REFI

wedge gate 

close 

0 

Input stem torque 

0.000 

1.200 
0.000 

0.000 
0% 

0 

0 

0 

69.56 

0.53 

500 

0.0000 

0.0000 

78-0 
0.220 

I 0.000 

125 

10 ift-lb. 125 VOC 
0.500 

1 0.40 

0.50 

0 

10, 

0.000 
32 
0

100%. 89 

901A 923 

80% 104 

70% 1~23 .  

60% AZ 

655% '141_, 

45% A% 

40%- 157 11 

30% -174 

28%~ 177~ 

26% 185 
24% 187 
22% 187 
20% 192 
18% 191 
16% 207 

14% 204 

12% 210 

10% 217 

9% 215 
8% 220~ 

7% 220 
6% 221 

5% 2.27~ 

4% 227z 
3% 227 
2%/ 230 
1%O 232.  
0% 222 

-0.0010% 222 
-100% 222

0 

14.3 

#REF! 

#REFl 

#REF! 

#D/V101 

0 

#REFI 

#01V/0!



bwrog dc motor method, version 1.xIs, Results, 02/28/2000, 5:40 PM

Stroke I

100% 

80% 

60% 

50% 

45% 
240% 
35% 
30% 
28.  
26% 

14% 
16 

;S/- --g 

2-% 
04% 

3% 

8% 

6% 

5%-' +4% 

00/0-o 

3% 
2% 

0% 

-0b.1%/ 
0%

--do/;.  
0% 
0% 

0% 

TST 
Screen

wfiter 

Valve:

Stem Average Average Worm 

Position st Stem Stem Sp .  
Thrust Thrust Torque Speed 

1.20 
1.08 -- --- 90.75...  
"0.96 --- 98.21 _424 

"0.84 --- -- 113.47 i1-2 

0.72 - --- 125.42 374 

0.66 -- --- 134.42 342 
0.60 -, - 143.80 316 
0.54 i ... 151.35 290 
06.48 1- M- 5.78 26 
0.42 1-- 61.20 2-47 

0.36 -. . 169.31 231 
0.34 --- -7- 175.40 206 
0.31 - -- 181.20 184 
0.29 -" ' -" 186.29 164 

0.26 -186.95 146 
0.24 ...-- 189.07 139 
0.22•- + --- ... --- --1-94.29 131 

0.19 ' -- 201.95 113 
0.17 -- - 205.60 87 

0.1 -- - 07.1 63 
0.12 -- 213.63 _39 

0.11 - . . 216.05 #REFI 

0.10 --- 217.56 #REFI 

0.08 -- 2-. 220.31 #REFI 

0.07 -- -.- 220.86 #REFI 

0.06 --- . 224.30 #REFi: 
0.05 ... -- 226.95 #REFi 
6.04 --- --- 226.80 #REFI 

0.02 ... ... 228.37 #REFI 

0...01 ,--- -- 230.85 #REiE 
0.00 - - -- 226.68 #REFI 
0.6 ...- --- 221.76 -#REFI 

0.00 --- --- 221.57 #REFI 
0.00 - -- 221.52 #REFI 

0.00 -- -- 221.52 #REFI 

--. 00 -- 221i.52 / #REFI 
0.00 - - 221.52 #REFI 

0.00 - -2 21.52 #REFI 

.00- - -- - -221.52 #REFI 
0.00 - -1 221.52 #REFI 

0.00-- - - -2251.52 #_R6EFI 

- * - 25.48 66 
- . 0 0.00 -

-- . 0 06.00 -72 

INEEL 10 ft-lb motor 60% voltaoe

TT I
Motor

Gearbox 
Efficiency 

--0..400 
0.416 

0 .4215| 0.419 
0.4 17 
0.415 
0.412 
0.408 

0o.3-98 / 

0.394 
0.391 
0.388 
0.387.
0.385 

0.375 
0.305 
0.356 

#REFI 
#REFI1 
#REFI 

S#REFI 
#REFI 
#REFW 
#REFI 
#REF! 

S#R EF l 
--#REF! 

#REFI 

|_ #REFIl 
#REFI-l 
#REFI 

#REFI 
#REFI 
#REFI 
#REFI 

#REFI 

0.366 
0.400 

I 60.380

Average Motor Motor Adjusted Motor Stroke 
MtrVmcc . Motor . Time 

Motor Current Voltage Speed 
Torque Torque peed increment 

3.26 9.30 78.00 76 5.51 796 _1.26 

3.39 9.60 78.00 76 5.74 775 1.29 
3.88 10.72 78.00 76 6.-6-60 703 1.42 

4.30 11.69 78.00 75 7.35 643 1.56 
4. C3 -1-2.45 78.00 i7 -7.9I5 594 0.84 

4.98 13.24 _78.00 75 8.57 544 0-.9,2-
5.27 13.93 78.00 75 --- 9.112 500 11.00 
5.52 14.49 78.00 75 9.57 464 1.08 

5.72 14.95 -78.00 75 9.96 433 1.16 
6.05 _15.72 78.00 75 10.59 387 1.29 

6.33 16.40 78.00 74 11.15 347 0.58 

6.60 17.05 78.00 74 11.66 309 0.65.
6.85 -17.64 78.00 74 12.14 274 0.73 

6.93 17.83 78.00 7 12.32 261 0.77 
7.03 18.07 78.00 74 12.54 246 0.82 

7.25 18.60 78.00 74 13.00 213 0.94 

7.59 19.43 78.-00 74 '13.70 163 1.23 
7.89 201.3 78.00 74 14.33 118 1.70 
8.16- 20.7-4 78.00 73 14.96 74 2.72 
8.64 21.80 78.00 _73 16.09 #REFI #RBEFi 

#REFI #REFI 78.00 #REFI #REF!i #REFI #REFI 
#REFI #REFI 78.00 #REFi #REFI #REFI #REFi 

#REFI #REFI 78.00 iFR[Fi #REFI #RERi #REFI 

#REF8 #REFI 7.60 0 &1 #REFI #REFi #REF' 

#REFI #REFI 78.00 #REFI #RFIi #RFI- #REFI 

#REFI #REFI 78.00 #REF! #REFI #REFI #REF! 

#REFI #REF! 78.00 #REF! #REFf #REF! #REFI 

#REFI #REFi 78.00 #REFi #REFI _#REF! #REFI 
#REFI #REFI 78.00 #REFi #REFI #REFI #REFI 

#REFI #REFI 78.00 #REFI #REFI #REFi #REFI 

#REFI #REFI 78.00 #REFi #REFI #REFI #REFI 
#REFI #REFI 78.00 #REFI #REFi #REFi #REFI 
#REFi -#REFI 78.00 R--R--EF-- #MRFi •ET REFi
#REFI #REFI 78.00 #REFI #REFI #REFi #REFI 
#REFI #REFI 78.00 #REFI #REFI #REFI #REFI 

#REFI- -#REFIi 78.00 #REFI- #REFI #REFI #REFI 
#REFI #REFi 78.00 #REFI #REFI #REFI #REF
#REFI #REFi 78.00 #REFI #REFI #REFI #REE 

#REFI #REFI 78-.0 #REFI #REFI REF'i #REFI 
#REFI #REFI 78.00 #REFI #REFI #REFI #REFI 
#R-E Fi #REFI 78.00 FIR~ -#REFI #REI #REFI 

1.00 4.20 78.00 77 14.33 123 

0.00 39.20 78.00 69 0.00 1282 

0.00 2•0 7. 78 0.00 1433

#REFI 
#REFI 

7.8 
7.0

#REFI 
#REFI 

32.0 
32.0

#REFI 

#REF! 
216 
229 ..

Time 

0.00 
1.26 
2.55 
3.97 
5.53 -i-3-8 

7.30 
8.30 

9.38 
10.53 
11.82 
12.40 
13.05 
13.78 
14.55 
15.36 
16.30 
17.53 
19.23 
21.96 

#REFI 
#REFI 
#REFI 
#REFI1 
#REFI 
#RBFI 
#REFI 

[#REF-I 
#REFIl 
#REFI 
#REFI 
#REFI 

#REFf 
#ARE~f 
#REFI 
#REFI 
#REFI 
#REFI

Motor 
Temp 

32.0 
32.3 
32.6 
33.0 
33.6 

34.4 
34.9 
35.6 

36.4 
-37.3 

37.8 
-- 38.3 

39.0 
39.8 
40.6 
41.5 

- 43.0__ 

45.1 
48.7 

#REFI
-#REFI 
#REFI 

#REFI 
WIRERi #REFi 

#REF! 
#REF! 
#REFI #REFI 
#REFI 
#REFI 
#iREF-I 
#REFI 
#REFI, 
#REFI.  
#REFI 

#R•

Instant 
Torque Cap 

236-- -
245 

" 247 --.  

245 

241 
238 

-. .. 235-
232 
229 
226 
223 

-. .- -2 2 0 
217 

216--
214 
211 
206 
198 
190--

#REFf 
#REFI 
#REFI 

#REF! #REFt 
#REFl 

#REF! 
" #REF! 

#REF! 
#REF! 
#REfFI 

#REFI
#REFI 
#REFI 

#REFI

Instant Instant 
Act Cap Margin 

#DIV/01 .  
#DIv/0l -- ...  

#DIV/OI -- : i:: 

#DIV/0O -#iv/ .l. --. -" 

-#DIV/0i 

#DIV/0 - " 
-#DI VI0l 
#DIV/0I 

V O-f° --- -

#DIV/01 7 #DIV#0! --- F-#DIVIOl --

-# Iv/0 
#D¥IVO/ --- -

_DIVoI --- 

#DIV/01 --- -

#DIV/0! -" 

#DIV/01 
#REFI --
#REF! --- --
"#REFI --- 
WREFI i. -:-
#REF! 
#REF ' 

#REF I '--- --

#REFI 
#REFI -- -
#REFI --

#REFI - --

#REF! --- --

#REFI 
#REFI 
#REFI -_ -
#REFI 
#REFI 
#REFI 
#REFI 
#REFI -- 

#REFI -- 

#DIV/0' ---

..#_DIV_° -- --

#REFI #REFI L #REFI
#REFI #REFI I #REFI



bwrog dc motor method, version 1 xIs, Inputs, C2128/2000. 540 PM

Select Valve-> iINEEL 10 ft-tb motor, 100% voltage

Gener'at Informalzon 

Valve Type 

Flow type 
Stoke directon 

Fluid (blowdown only) 

Load proti
8
e met"o

Va"vo and Actuator Information 

Stem diameter, D,-. (inches) 

Seat ring face ID. Dbx,,O (inches) 

Seat ring inner diameter, D. (inches) 

Globe valve stroke tength, (inCches)" 

Isobtion-to-wedging travel. X (percent).  

Packing loadF., (I•bs) 

Required thrust (including water inertia), FR (Ibs) 

Required tthrust due to waterinertia. F, (tbs) 

Flow coeffcident. C,, (gprrvpsi V2 

Actuator Overall ratio. OAR 

Motor gear set ratio. MGSR 

Actuator rated torque. .r.  

Stem factor. SF (ft-,f•,lb) 

Overbauliag stem factor, SF. (f-•b) 

"Voltage at MCC. V_ (vots) 

Cable resIstance, R,, (ohms) 

Thermal overload resistance. R. (ohms) 

Nominal voltage, V,., (volts) 

Motor type 

Valve stem lead. lead (inches) 

Pullout efficiency. Ti 

Run efficiency. rq, 

Nominal motor speed (rpm), e•_ 

Desian Basis Conditions 

Differential pressure, DP (psi) 

Valve pressure at full open, Ps (psig) 

Flow rate, 0- (gpm) 

Fluid density, p (lbstft) 

Ambient temperature (C) 

Length of upstream piping. L_ (pipe diameters)

Calculated Vales ., .. ..  
System resistance. K,.  

Fully open stem thrust. F0 (Ibs) 

Nominal motor torque. r_ (f••-bs) 

Maximum motor torue (t)-,bs) 

Maximum adjusted motor torque (ft-les).  

MintrTrunioobr 6peed(rom) 
Minimum instarnrtaneos actuator capability (tls) 

Minimnum instantaneous margin (tis) 
Maximumritorque switch setting 

Effici~ency at minimum 4istantaneours apabitlty

ReguiredZ 
yes 

no 

yes 

no 

yes

no 

yes 
no 

no 

yes 
no 

no 

no 

no 

yes 

yes 

yes 
yes 

no 

yes 
yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 

no 

yes 
no

no 

no 
yes 

yes 

yes 
yes 

yes 
yes 

yes 
yes

walue 
wedge gate 

close 

Input stem torque 

O.O0 

1.600 

0.000 

0,000 

0% 

0 
0 

0 

69.56 

053 
500 

0.0000 

0.0000 

126-0 

0.210 
0.000 

125 

10 ft-4b. 125 VDC 

0.500 
0.40 

0.50 

0 

0 

0 
0 

0.000 
32 

0

0 

14.3 

#REF! 

#REFI 
#REF! 

#DIV/O! 

0 

#REFI 

#DTVI0!1

Predicted Stroke Time (Seconds): VREFI

100%- 87.  
90% 'I00 

80% 114 
70% 141 

0% 160.  
55%ý 174k 

50% -182 

45% *195' 

40% 214t 

315% 233',' 
30 25 
28% 255; 
26% 6 
24% 273 

22% 283.  

20% 293 
18% 301 

16% 318 
14% 328, 
12% 333~ 

0% 350 
% .359 

8% 360 
7%ý 369 
6% 368.  

5% 381 
4% 389 

3% 393.  
2% 397 

1% ?98 
0% 361 

-0.0010% 36 
.0100% 361



bwrog dc motor method, version 1 .xis, Results, 02/28/2000, 5:40 PM

Stroke 

100% 
90% 

80% 

40% 55% 
30% 

25% 

40% 

24% 
22% 

18% 
18% 
14% 

12% 

010% 9% 

8% 
7% 
6% "5% 
4% 
3%'/ 

2% 
1% 
0% 

-0.1% 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
TST 

Screen 
water 

Valve:

Stem Average Average Worm Gearbox Average Motor Motor Position Stem Stem MtrVmcc 
Thrust Thrust Torque .t . Speed Efficiency tor Current . ... Voltage 

Thu Thut Tru Torque 
1.60 
1.44 ... .. 93.68 0.400 3.37 9.54 126.00 124 

1.28 ... ...- 107.21 851 0.428 3.60 10.07 126.00 124 
1.12 - -- 127.44 829 0.437 4.19 1i.44 _126.00 124 
0.96 --- --- 150.39 777 0.446 4.84 12.94 i26.00 123 
0.88 -- 1 166.79 722 0.445 5.38 14.19 26.00 -1,i23 
0.80 1- -- " 177.66 676 0.444 5.75 15.02 I100 123 
0.72 --- --- 188.49 646 0444 6.11 15.85 126.00 123 
0.64 -.. ---- 204.45 618 0.443 6.63 17.11 126.00 122 
0.56 --- --- 223.35 577 0.442 -7.26 18.62 126.00 122 
0.48 ---- 242.86 529 0.442 7.91 20.18 126.00 122 
0.45 .. .--- 253.85 478 0.441 8.28 21.02 1i26.00 122 
"0.42 - -- --. 260.77 447 0.439 -8.53 21.57 126.00 -121 
60.38 --- --- 269.90 427 0.436 8.90 22.37 126.00 121 
0.35 .. ...-. 277.97 398 0.431 9.27 23.19 126.00 121 -- 0.32 ... ... 287.70 368 0.426 9.71 24.16 126.00 121 

0.29 -- . -- _ 296.84 336 0.420 10.15 25.18 126.00 121 
0.26 -. .. 309.60 302 0.415 10.73 26.63 126.00 120 
0.22 M. . 323.18 258 0.407 11.41 28.33 126.00 120 
0.19 -- --- 330.40 206 0.398 11.93 29.63 126.00 120 
0.16 -- _- -_341.19 163 0.391 12.55 31.07 126.00 119 
0.14 .. .. 354.09 110 0.382 13.33 32.87 126.00 119 
0.123 --- --- 359.14 40 0.356 14.50 35.611 126.00 119 
0.11 --- ... 364.10 #REFI #REFI #REFi #REF! 126.00 #REF! 
0.10 --- 368.40 #REFI #REF! #REFI #REF! 126.00 #REFI 
0.08 ... ... 374.58 #REFI #REFI #REFI #REF! 126.00 #REFI 

0.06 --- - 384.99 #R #R #REFI #REF! 126.00 #REFI 
0.05 -... 391.05 #REF! #REFl #REF! #REF! 126.00 #REFI 
0.03 .-. ... 394.94 #REFI #REF! #REFI #REFI 126.00 #REFI 

0.02 --- --- 397.38 0&1 #R #REFI #REFI 126.00 #REFI 
0.00 3. 37-9.40 #REFI #REFI #REF = #REFI 126.0 WREFI 
0.00 .. ... 360.97 #REFI _#REFI #REFI #REFI 126.00 #REFI 
0.00 . . 360.97 #REFI #REFI #REF! #REF! 126.00 #REFI 
0.00 .. .. 360.94 #REFI #REFI #REFI #REFI 126.00 #REFI 
0.00 .. .. 360.94 #REFI #REif #REFl #REFI 126.00 #REFi 
0.00 .. .. 360.94 #REFI #REFI #REF! #REFI 126.00 #REFI 

0.00 .. .. 360.94 #REFI #REF! #REFi #REF! 126.00 #REFI 

0.00 - - 360.94 #REFI #REFI #REFI #REF 126.00 #REF1 
0.00 ... .-. 360.94 #REFI #REF! #REFI #REFi 126.00 #REFI 
0.00 - - 360.94 #REFI #REFI #REF! #REF! 126.00 #REFI 

0.00 .. .. . 360.94 #REFI #REFI #REFi #REFI 126.00 #REFI 
0.00 - -- 360.94 #REFI #REFI #REFI #REF! 126.00 #REFI 

-.. . . 26.45 106 0.380 1.00 4.20 126.00 125 
.. 0 0.00 - 0.400 0.00 39.20 126.00 118 

-- 0 0.00 1229 0.380 0.00 2.00 126.00 126 

iNEEL 10 ft-lb motor 100% voltage

IIn

Instant 
Torque Cap

Adjusted Motor 
Motor 

Torque Speed 

3.49 1599 
3.73 1559 
4.36 1461 

5.06 1358 
5.64 1271 
6Y4 1214 

6.43 1161 
7.01 1085 
"7.71 994 
8.45 898 
8.89 840 

9.18 80-3 
9.61 748

10.04 693 
10.56 631 

11.09 568 
11.80 485 
12.65 387 
13.34 306 
14.19 207 
15.34 75 
17.14 #REFl 
#REFI #REF' 
#REFI #REFR 
#REFI #REFI 
#REFl #REFI 
#REFi #REFI 
#REFI #REFI 
#REF! #REFI 
#REFI #REFM 
#REF. #REF! 
#REFI #REF! 
#REF! #REF! 
#REFI #REFI #REF! #REFI 

#REFI #REFI 
#REFI #REF! 
#REFI #REFI 
#REFI #fREFI 

#REFl #REFf 
#REF! #REFI 
14.33 200 
0.00 2176 
0.00 2310

Stroke Motor 
Time Time Temp 

icrement 
0.00 32.0 

0.84 0.84 32.2 
0.86 1.69 32.4 
0.91 2.61 32.7 
0.986 3.59 33.2 

0.5 4.11 33.5 
0.55 4.66- _ 33.9 

0.57 5.24 34.3 
0.62 5.86 34.8 
0.67 6.53 35.5 
0.74 7.27 36.5 
0.32 7.59 36.9 
6033 7.92 37.4 
0.36 8.28 38.0 
0.39 8.66 38.6 
0.42 9.09 39.4 
0.47 9.56 40.4 
0.55 10.11 41.7 
0.69 10.80 43.5 
0.87 11.67 45.9 
1.29 12.96 50.0 
1.78 14.74 56.3 

#REF #R-EF! #REFI 
#REFI #REFI #REF! 
#REFI #REFI #REF! 
#REFI #REFI #REFi 
#REFI #REFI #REFI 
#REF! #REFI #REFR 
#REFI #REFI #REFI 
#REFI #REl! #R-EFI 
#REFi #REFI #REiF 
#REFI #REFI #REF! 
#REF! #REFI #REFI 
#REFI #REF! #REF! 
#REF! #REFi #REF! 
#REFI #REFI #REFI 
#REF! #REFI #REFI 
#REFI #REFI JREFI 
#REF! #REFI #REFI 
#REF! #REFI #REFl 
#REF! #REFI #REFI 
#REFI #REFI #REFI 

-- 6.1 32.0 
-- 5.8 32.0

385 
412 
419 
426 
424 

420 
418 
4151 
412 
409 

407 
403 
397 
390 
383 
376 
366 
355 
345 

300 
#REF! 
#REFI 
#REFI 
#REFI 
#REF! 

#REF! 
-E-I 

#REF! 
#REFI 
#REF! 
#REF! 
#REFI 
#REFI 
#REFI 

#REFI 

#REF! 
#REF! 
#REF!

366 
369

Instant Instant 
Act Cap Margin 

#DIV/0O - -

#DIV/01 --- 

#DIV/0i 
#Di-v/0I -#CiiDiv/l ": " 

#DIV/0 . ...  

#DIV/0 - ... .  
#DIV/O! ... ...  

#Di VI --- 

#DIV/0! --#biv/o, ... ...  
#DIV/O! 

#DIV/O! 

#DIV/0I 
#DIVIO 

.  
#DIV/01 ... ..  

#Div/0i .. .  #DIvwOi --
#DIVI01 

#DIVI01 ... ...  
#REFI ... ...  
#REFI ... ..  
#REFl .  
#REFI ... ...  
#REF! 
#REF! 
#REFI ---. ...  

#REFI ... ..  

#REFI 
#REFI 
#REF!i - _ 

#REFi 
#REFI 
#REFI .  
#REF! -- -

#REFI -- 

#DIV/0 .. ..  
#DIV/0i - -

I III



bwrog dc motor method, version 1 xis. Inputs. 02/28'2000, 5:40 PM

Select Valve-> ' INEEL 25 f-Itb motor, 60% WU,91 

GeneralII nformation20QiT.l Value 

Valve Type yes wedge gate 

Flow type .no 0

Stroke direction 

Fluid (blowdown only) 

Load profile method

valve and Actuator Information 

Stem diameter, D.i (inches) 

Seat ring face ID. Dd=,o (inches) 

Seat ring Inner diameter, D. (inches) 

Globe valve stroke length, D (incnes) 

lsolation-to-wedging travel. X (percert) 

Packing load. Fmck• ibs) 

Required thrust (including water tnertia). FR (1tbs) 

Required thrust due to water inertia. F" (ibs) 

Flow coefficient, Cv (gpmlpsid
2

) 

Actuator overall ratio, OAR 

Motor gear set ratio, MGSR 

Actuator rated torque. T; 

Stem factor, SF (fi-ibstfb) 

Overhauring stem factor, SFo (ft-4bsAb) 

Volt"ge at MCC. V- (volts) 

Cable resistance, Rý (ohms) 

Thermal overload resistance, R, (ohms) 

Nominal voltage, V-,. (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency. rTi 

Run efficiency. q, 

Nominal motor speed (rpm). w

Desion Basis Conditions 

Differential pressure, DP (psi) 

Valve pressure at full open, Pe (Psig) 

Flow rate, Q (gpm) 

Fluid density, p (IbsIft
3
) 

Ambient temperature (C) 

Length of upstream piping, L_ (pipe diameters)

yes close 
no . 0 

yes Inputt stem torque

no 
yes 

no 

no 

yes 

no 

no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 

no 

yes 

no

0.000 

2.200 

0.000 

1 0.000 

I 0% 

0 
*, 0 

0 

- 0 
34.96 

106 

500 

0.0000 

76.0 

S0 .2 4 0 

i 0.000 

125 

'25 ff4b. 125 VDC 

0.250 

0.40 

0.55 

10 

0 
0 

1 o 

0.000 
31 

i 0 

0 

35.0 

#REF! 

#REF1 

#REF! 

#OlV10 

0 

#REFI 

#aoV,0!

System resistance. K,. - no 

Fully open stem thrust, Fo (Ibs) no 

Nornwnal motor torque. ,_ (ft-tbs)-. -. yes 

Maximum motor torquLie ta, -.... yes 

Maximum adjusted motor toirque (ft-tbS) . - yes 

Minimum motor speed (rpm). ~' ' yes 

'mirnuml nstantaneous actuator capability (,bs) yes 

Minimum insitaaeous margin laby) yes 

Maximumr torque switch setting yes 

Efficiency at minimum instantaneous capability yes

Warnings 

Predicted Stroke rime (Seconds): #REFI

Toraue Profte 

100% 83 
90% 89 

80% 102 
70% F1132 
60% 1 120 

55% 125

50% 138

45% 13ý9 

40% 143 

35%, 154 
30% 168.  

28% 167
26%- 176 

24% 172 

22% 184 
20% 181 

15% 186 
16% 192 

14% 203 

12%A 206 
10% 210 

9% 208 
8% 1 215 

7% 215 
6% | 212 

5% 217 

4% 222 
3% 223 

2% 221 
S% 221 

o0% 210 

-0.0010% 2fO 

-100% 210



bwrog dc motor method, version 1 .xs, Results, 02/28/2000, 5:40 PM

Stem 
Stroke Position Thus 

I IThrust

100% 
90% 
80% 
70% 
60% 
55% 

50% 

45% 
40% 
35% 

30% 
28% 
26% 
24% 
22% 
20% 
18% 
16% 

140/ 
12% 
10% 
9% 
8% 
7% 
8% 

5% 
4% 
3% 
2% 1% 

0% 
-0.1% 

0% 
0%
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

TST 

screen 
water 

Valve:

2.20 
1.98 
"1.76 
1.54 
1.32 
1.21 
1.10 
0.99 
0.88 
0.77 
0.66 
0.62 
0.57 
0.53 
0.48 
0.44 
0.40 

0.31 

0.26 
0.22 

0.201, 
0.18 
0.15 
0.13 
0.11 
0.09 
0.07 
0.04 
0.02 
0.00 
0.00 
0.00 r .-. 00-
0.00 

0.00 
0.00 
0.00

I - I -- I
0.00 
0.00 
0.00 -.

-_- 0 
-�.0 

'NEEL 26 ft-lb moto.60 ote

Average 
Stem 

Thrust 

7..

Stroke 
Time 

Increment

Average Worm Gearbox 
Stem Torque Speed Efficiency 

85.96 0.400 
95.27 820 0.434 

106.88 808 0.442 
116.32 754 0.447 
122.83 717 0.450 
131.73 690 0.455 
138.52 656 0.459 
140.84 631 0.459 
148.32 621 0.464 
160.00 595 0.464 
166.74 547 0.463 
171.43 516 0.462 
173.66 495 0.461 
178.05 483 0.461 
182.52 463 0.460 
183.21 443 0.458 
189.02 436 0.456 
197.75 410 0.450 
204.69 366 0.439 
208.06 316 0.426 
209.24 273 0.415 
"211.57 245 0.407 
214.74 220 0.401 
213.19 190 0.393 
214.39 173 0.389 
219.34 151 0.383 
222.30 109 0.372 
222.10 58 0.345 
221.496 #REFI -#REFI 
215.81 #REFf #REFl 
209.88 #REFI #REFI 
209.88 #REFI #REFi 
209.76 #REFI #REFI 
209.76 #REFI #REFI 
209.76 #REFI #REF! 
209.76 #REFI #REFI 
209.76 #REFI #REFI 
209.76 #REFI #REFI 
209.76 #REFI #REFI 
20976 #REFI #REFI 
209.76 #REFI #REFI 
12.96 127 0.371 
0.00 - 0.400 

0.00 1919 0.370 

e______________

Average Motor Motor 
Motor Vmcc 

Torque Current Voltage 

6.15 16.29 76.00 72 

6.28 16.57 76.00 72 
6.92 18.01 76.00 72 

7.45 19.19 76.00 71 

7.81 19.99 76.00 71 
8.28 21.04 76.00 71 
8.64 21.85 76.00 71 

8.77 2214 76.006 71 
9.15 22.99 76.00 70 
9.86 24.51 76.00 70 

10.31 _25.44 76.00 70 

"10.62 26.08 76.00 70 
10.77 26.40 76.00 70 
11.05 26.98 76.00 70 

11.34 27.59 76.00 69 
11.44 27.79 76.00 69 

1i185 28.64 76.00 69 

12.58 30.15 76.00 69 
13.35 31.64 76.00 68
13.99 32.85 76.00 . 68 

14.44 33.72 76.00 68 
14.86 34.53 76.00 68 

15.33 35.43 76.00 67 
15.51 35.79 76.00 67 

15.77 36.31 76.00 67 

16.37 37.55 76.00 67 
i7.08 39.02 76.00 67 

18.42 41.80 76.00 66 

#REF1 #REFI 76.00 #REF! 
#REFl #REF! 76.00 #REFI 
#REFI #REFI 76.00 #REFI 
#REFi #REFI 76.00 #REFI 
#REFI #REF/ 76.00 #REFI 

#REF1 #REFI 76.00 #REFE 

#REFI #REFI 76.00 #REFI 

#REFl #REFI 76.00 #REFI 
#REFI #REFI 76.00 #REFI 

#REFI #REFI 76.00 #REFI 
#REFI #REFI 76.00 #REFI 

#REFI #REFI 76.00 #REFI 

#REFI #REFI 76.00 #REFI 
1.00 4.22 76.00 75 

0.00 82.00 76.00 56 

0.00 1.50 76.00 76

Adjusted Motor 
Motor 

.-Torque Speed 

10.90 776 
11.18 764 
12.43 714 
13.48 678 

14.24 653 
15.19 621 
15.95 597 
16.27 587 
17.08 563 
18.59 518 
19.60 488 
20.29 468 
20.66 457 

21.31 438 
21.99 419 
22.27 412 
23.22 388 
24.88 347 
26.70 299 
28.27 258 
29.53 231 
30.64 208 
31.89 180 

32.55 164 
33.42 143 
35.18 103 
37.41 55 
41.91 #REF1 
#REF1 #REF! 
#REFI #RERF 
#REFi #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REF1 #REFI 
#REFI #REFI 

#REFI #REFI 

#REFI #REF1 

35.00 120 
0.00 1352 
0.00 1815

i

2.38 
2.42 
2.59 
2.72 
1.41 
1.49 

1.55 
1.57 
1.64 
1.78 
0.76 
0.79 
0.81 
6.84 
0.88 
0.90 
0.95 
1.07 
1.23 
1.43 
0.80 
0.89 
1.03 
1.13 
1.29 
1.79 
3.35 

#REF1 
#REF! 

#REFI 
#RE0f 
I#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REF! 
#REFI 
#REF! 

#REFI

i
Motor Time Tm 
Temp 

0.00 31.0 
2.38 31.8 
4.80 32.6 
7.38 33.7 

10.11 35.1 
11.52 35.8 
13.01 36.7 
14.55 37.7 
16.13 38.8 
17.77 40.0 
"19.55 41.5 
20.31 42.2 
21.10 43.0 
21.90 43.8 
22.75 44.7 
23.63 45.7 
24.52 46.8 
25.47 47.9 
26.54 49.4 
27.77 51.4 
29.20 53.8 
30.00 55.3 
30.89 57.0 
31.91 59.1 
33.04 61.5 
34.33 64.3 
36.12 68.6 
39.47 77.1 
#REFI #REF' 
#REF! #REF! 
#REFR #REF! 
#REF! #REFI 

#REFl #REFI 
#REFI #REF! 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REFI #REFI 
#REF #REFI 
#R EF! #WREF 

13.7 31.0 
10.2 31.0

#REFI 
#REF
#REF! 
216 
268

Instant 
Torque Cap 

276 
298 
301 
302 
302 
303 
304 
303 
304 
301 
298 
296 
294 
292 
291 

285 

278 
288 
258 
248 
242 
236 
229 
224 
218 
208 
185 

#REFI 
#REFI 
#REFI 

#REF1 
#REF1 
#REFI 
#REFI 
#REFI 

#REFI 

#REIl

Instant Instant 
Act Cap Margin 

"#DIVI01 --

#DIV/O[ --
#DIVOI 

#DIV/0l 
#DlVIlO -
UDIVIOI #DiV/01 

#DIV/0! 
#oiv/6 --
#DIV/O 
"#DIV-O! --

#DIV/O! -

#DIV/0 
#DIV/Ol 
#DIV/0 
#Div/01 --
#DIV/ ...  
#DIV/0! 
#DVI0v ..  
#DIV/0 

#DIV/01 --

#DIV/0I --

#DIVIO! --
#Dv/o --
#DIV/0! --

#DIV/0! --

#REF 
#REFI
#REF 
#REFI -
#REFI.  
#REFI 

#REF -
#RE-F1 
#REF! -

#REFI ---

#REFI 
#REFI 
#REF! 

#DIV/01 
VIlV/01

Q

I
I



bwrog dc motor method. version 1 xls. Inputs, 02128/2000, 5:41 PM

Select Valve-> I ]NEEL 25 ft-lb motor, 100% voltage

General inform adtw 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdo"n only) 

Load profile method 

Vahle and Actuator Information 

Stem diameter, D,•, (inches) 

Seat ring face ID. Db, 0 (inches) 

Seatring Inner dsro eter, 0O (inches) 

GlAobe Valve stroke length, 0 (inches)

Isolation-t-wedging travel, X (percenlt) 
Packing load, F.ý (Ibs) 

Required thrust (including water inertia). FR (Ibs) 

Required thrust due to water inertia. F" (ibs) 

Flow coefficient. c, (gpn-psj
t0) 

Actuator overall ratio, OAR 

Motor gear set rato. MGSR

Actuator rated totque. Trod 

Stemn factor.SF (-lbs/tb) 

Overhaulng stem factor, SFo (ft4bs/tb) 

Voltage at MCC, V,=, (volts) 

Cable resistance. R., (ohms) 

Thermal overload resistance, Rý (ohms) 

Nominal voltage, V_, (volts) 

Motor type

Valve stem lead, lead (inches) 
Pullout efficiency, rT, 

Run efficiency. q, 

Norninal motor speed (rpm) e,,

Differential pressure, DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate. 0,.. (gpm) 

Fluid density, p (lbs/It
3) 

Ambient temperature (C) 

Length of upstream piping. L.. (pipe diameters) 

System resistance, K, 

Fully open stem thrust. Fo Cibs) 
Nomrinal motor torque. t,_, (ft-l1s) 

Maximrnu motor torque (ft-lbs) 

Maximum adjusted motor torque (it-lbs) 

minimum motorspeed (rpm).-. 

Minimurm insantaneous actuator capability (rbs) 

Minimum Instantaneous margin (Jbs) 

Maximum torque switch settng 

Efficiency at ninimurn istantaneous capability

Rytruieds 

yes 

no 

yes 
no 

yes

wedge gate 

0 

close 

0 

Input stem torque

no 1 0.000 
yes 2.700 

no 0000 

no 0.000 
yes 1 0% 

no 0 

no 0 

no 0 0 

no 0 

yes 34.96 

yes 1 t.06 

yes 500 

yes 0.0000 

no t 0.0000 

yes 126.0 

yes 0.200 

yes 0.000 

yes 125 
yes -l25ft-b, 125 VDC 

yes 0.250 

yes 1 0.40 

yes 0.55 

optional 0

no 
no 

no 

no 

yes 

no 

no 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes

i 0 

j 0 

0 

0.000 
31 

0

0 

35.0 

#REF' 

#REFI 

#REF! 

#DIV:0! 
0 

#REFl 

#DTV!10!

Wamings

Predicted Stroke Time fSeconds): PREFI

Toraue ProQe 
10% - 84 

90% 95 
80% 108 

70% 121 

60% 141_ 
55% 18 
SO%- '165.5 

45% 182~ 
40% 199 I• 

35%. 212: 

30% 230 
28% 243 
26% 244 

24% 258 
22% 269 
20% 275 
18% 288 
16% 301 
14% 317 

12% 835 

10% 346 
9% 354' 
8% 358 

7% 363 

6% 373 
5% 375

4% 384 

3% 393 

2% 394 
1% 402 

0% 385 
-0.0010% 385 

-100% 385



bwrog dc motor method, version 1.xls, Results, 02128/2000, 5:41 PM

Stroke Position 

100% 2.70 

90% 2.43 
80% 2.16 
70% 1.89 

660%/ 1.62 
55%/ 1.49 
50% 13 
45%o 1.22 
40% 1.08 
35% 0.95 

-30% 0.8 
28% 0.76 
26%1. 0.70 
24% 0.65 
22%9/ 0.59 

-187 0.49 
16% 0.43 
14% 0.38 

10% 0.27 
9% 0.24 
8% 0.22 

7% 0.19 
6% 0.16 
5%o 0.14 

4% 0.11 
3% 0.08 
2% 0.05 
i% 0.03 
0% 0 .00 

-0.1% 0.00 
0% .•060 
0% 0.00 
0% 0.00 
0% 0.00 

0% 0.00 
0% 0.00 

0% 0.00 
0% --- 0 
0% 0.00 

TST --

-Scre-en
w/iter 

Valve: INEEL25f

Average Average
Stm Average 

Stem Stem 
Thrust Thrust

t-lb motor. 100% voltaae

Motor 
Current

0 
0

verage Worm Gearbox verag 
Stem Efficiency Motor 
Torque Torque 

0.400 6.39 
101.49 1737 0.456 6.36 
11465 1739 0.467 7.02 
131.12 1672 0.480 7.82 
14-.99 1590 0.493 8.70 

162.05 1498 0.490 9.45 
173.72 1435 0.489 _10.17 
190.49 1376 0.487 11.19 
205.57 12-93 0.484 12.14 
221.27 1222 0.482 13.12 
236.70 15-3 0.480 14.09 

243.41 1084 0.478 14.55 
250.72 1053 0.477 15.02 
263.26- 10-22 0.477 158 
271.95 970 0.475 16.37 
281.79 931 0.474 17.01 
294.62 887 0.473 17.83 

309.02 831 0.471 18.76 

3-25.94 7-66 0.469 19.87 
340.18 697 0.467 20.83 
349.81 636 0.465 21.50 
356.18 585 0.464 21.96 
360.58 0.463 22.68 
367.89 524 0.462 22.77 
373. -86 0.4-61 23.20 
379.44 453 0.460 23.59 
388.45 424 0453 24.51 
393.24 366 0.438 25.66 
397.80 285 0.418 27.25 

393.44 170 0.388 29.00 
384.93 29 0.328 33.62 

384.93 #REFI #REF -#REFi 

384.85 #REFI #REFI--- #REFI 
384.85 #REF1 #REFI #REFI 

384.85 #REFI #REFI #REFI 

384.85 #REFI #REFt -#EFi 
384.85 #REFI #REFI #REFI 
384.85 #REFI #REFt #REFI 
384.85 #REFt #REFI #REFI 
384.5 #REFt #REFI #REFI 
384.85 #REFI #REFl #REFI 
13.02 211 0.372 1.00 
0.00 - 0.400 0.00 
0.00 3171 0.370 0.00

16.82 
16.76 
18.22 
20.01 
21.99 
23.66 
25.15 
27.28 
29.25 
31.19 
33.06 
33.94 
34.84 
36.36 

37.56 
38.87 

40.58 
42.53 

-44.47 
46.16 
47.34 
48.15 
48.71 
49.58 
50.33 
51.02 
52.64 
54.86 
58.18 
61.54 
70.04 

#REF! 
#REFI 
#REFI 
#REFI 

#REFI 
#REFI.  
#REFI 

#REFI 
#REFI 
4.22 
82.00 
1.-50

c Motor 
Vmcc Voltage 

126.00 123 
126.00 1-23
126.00 122 
126.00 122 

126.00 122 
126.00 12 
126.00 121 126.00 121 
126.00 120 
126.00 120 
126.00 119 

126.00 119 i2mooI 11_o 126.00/ 119 
126.00 119 

126.00 118 
126.00 118 
126.00 118 
126.00 117 
126.00 117 
126.00 117 
126.00 117 
126.00 116 
126.00 116 
126.00 116 
126.00 116 
126.00 116 
126.00 115 
126.00 115 
126.00 114 
126.00 114 
126.00 112 

.126.00 #REFI 
126.00 #REFI 
126.00 #REFI 
126.00 #REFI 

126.00 _#REF 
126.00 #REFI 

126.00 #REFI 

126.00 #REFI 
126.00 #REF1 
126.00 125 
126.00 110 
1-26. 120

Adjusted Motor 
Motor S 

-Torque Speed 

6.67 1643 
6.65 1645 
7.36 1582 
8625 -T1504 

l-9.23 1 1417 

10.08 1357 
10fo.90- 1-i302 
12.07 1223 
13.18 1156 
14.36 1091 
15.57 1025 
16.15 996 
16.74 96 
17.71 918 
1-8.46 881 
19.31 839 

2.0 786 
121.66 724 
23.18 659 
24.57 601 
25.67 554 
26.41 521 
26.99 496 
27.81 459 
28.59 429 
29.35 401 
30.86 346 
32.80 270 
35.60 161 
39.24 28 
54.95 #REFl 
#REFI #REF! 
#REFI_ #REt/ 

--#REFI_ #REFt_ 
#REFI #REFI 

-- R-Ei---REFI 
- i#REFI #REFI 

#REFI #REFI 
#RE-Fi- #REFI 
#REFI #REFl 
#REFI #REFI 

-- E35.00 200 
0.00 2630 
-.0o0 -300 7.6

#REFI 
#REFl 

31.0

31.0

Instant 
Torque Cap

Stroke M o o 
Time Time Motor 

Incrementemp 
0.00 31.0 

1 .38 1.38 31.5 

1.38 2.76 32.0 
1.43 4.19 32.6 
1.51 5.70 33.4 
0.80 6.49 34.0 
0.83 7.33 34.6 

-a0.87 8.20 35.4 
0.93 9.113 36.4 
0.968 10.11 37.7 
1.0_4 1.14 39.3 
0.44 1 -59 40.0 

4o•5 12.04 40.9 
0.47 12.51 41.8 
0.49 13.00 42.9 
0._51 13.52 44.1 
0.54 14.06 45.5 
0.58 14.63 47.1 
0.63 15.26 49.0 
0.69 15.95 51.4 
0.7 16-.70 -54.3 
0.41 17.11 56.0 
0.43 17.54 57.8 
0.46 18.00 59.8 
0.49 18.49 62.1 
0.53 19.02 64.6 
0.56 19.59 67.3 
0.65 1 20.24 70.8 
0.84 21.08 75.7 
1.41 22.49 84.8 
8.20 30.69 145.5 

#REFI #REFt #REFI 
#REFi• EF• iR.EF1 
#REFt #REF1 #REFI 

-. #REFi_ #REF1 #REFI 
#REFi #REFI #REFI 
#REFI #REFI #REF1

-#REF! 

#REF1! 
#REFI 

#REF1 
#REFI 

-#REF! 
#REFI
#REFI 

-REFI 

#REF1 
#REF! 
419
442

469 
534 
545 
557 

563 
55 
552 
546 

...532 

528 
524 
520 

.515 
511 
506 
499_ 

485 
477 
472 
468 
463 
458 
453 
441 
420 
391 
351 
245

Instant Instant 
Act Cap Margin 

#BIV/O! .. .  

#DIV/01 --- -#01 V/Of 

#DIV/ " : 
#otV/oI --

#6oV/o " --- " 
#DIV/O!i -
#DI "'01VOI --.  
#Dt V/Of 

#_Div/oI "" I 
#DV,01 ... --
#DV01 V/O .  

#DIWO01 --- l--

#01 V/Of 

#Div;! '- -#DIv01 V 
#DIVIOI 
#DIV/0 .  
#oIV/o! --

#Dbivi0I --- --

#DIVIO! ---. ...  

#DEF V' :: : 

#Dt V/Of 

#DIV/F _ --- -

#DV01 V/Of-

#DI V/O! -

DiVI10i 

#DIV/0' -- .  

#REFI #REFt 

#REFI ... ..  
#REFI 
#REFI #RE i 

•EF -_ __ 

#REFI 
#REFI -- 
#REFi --- -

#DIVI01 V/ . ..

#REFI #REFI #REFI 
#REFI #REFI #REFI

#REFI I#REFtI #REFI
#REFI 
#REFI

I

#REFI 
#REFI 

8.6
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Select Valve-' INEEL 40 ft-;b mtor. 60% voltage

G•eneral Informaton 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator Information 

Stem diameter, D,. (inches) 

Seat ring face ID,0.,D (inches) 

Seat ring Inner diameter, 0D, (inches) 

Globe valve stroke length, D (inches) 
isolation-to-wedging travel. X (percent) 

Packing load. F,. (Ibs) 

Required thrust (including water inertia), FR (Ibs) 

Required thrust due to Water inertia. F, (Ibs) 

Flow coefficient, C, (gpndpsi"") 
Actuator overall ratio. OAR 

Motor gear set ratio, MGSR 

Actuator rated torque. r..  

Stem factor. SF (ft-lbs/tb) 

Overhauling stem factor. SFo (ft4bstlb) 

Voltage at MCC, V, (volts) 

Cable resistance, Rw (ohms) 

Thermal overload resistance. Rw (ohms) 

-Nominla voltage, V_,, (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency, rl, 

Run efficiency. q, 

Nominal motor speed (rpm). to,_ 

Desibn Basis Conditions 

Differential pressure, DP (psi) 

Valve pressure atfull open. Ps (psig) 

Flow rate, 0_ (gpm) 

Fluid density. p (tbstffm 
Ambient temperature (C) 

Length of upstream piping. L,_ (pipe diameters)

Calculated Values 
System resfstance. K_ 

Fully open stem thrust. Fo (Ibs) 

Nominal motor torque, r,,. (ft-lbs) 

Maximum motor torque (ft-lbs) 

Maximum adjusted motor torque (1f-los) 

Minium mnotor speed (rpm) " 

Minimnum Instantaneous actuator capability (lbs) 

Minimum Instantaneous margi (bs) 

Maximum torque switch setting 

Efficiency at minimum instantaneous capabifity

Warnings

Predicted Stroke Time (Seconds): 20.80

yes 

no 

yes 

no 

yes 

no 

yes 

no 

no 

yes 

no 

no 
no 

no 

yes 

yes 

yes 

yes 
no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 
no 

yes 

no

Yalue 
wedge gate 

0 

close 
0 

input stem torque 

0.000 

2.100 

0.000 

0.000 

0% 
0 

0 

0 

0 

42.50 

0.80 

850 

0 .000 
0.0000 

78.0 
0.230 

o 0oo 

125 

40 ft-lb, 125 VDC 

0.500 

0.40 

0.50 
0 

0 
* 0 

S 0 

S0.000 
30 

0 

1 0 
50.6 

22.5 

457 

18B 

#DIVIOI 
0 S #DrV/o! 

#DIVI0!

no 
no 

yes 

yes 

yes 

yes 
yes 

yes 

yes 
yes

Toraue Profl 

100% 140 

90% 159 
80% 170 

70% 182 
60% 203 

55% 213 

50% 223 
45% 236 
40% 251 

35% 262.  
30% 272' 

28% 278 
26% 285 

24% 290 

22% 298 
20% 3W3 
18% 310 
16% 318 

14% 325 

12% 332 
10% 341 

9% 343 
8% 349 

7% 353 

6% 357 

5% 362 
4% 364 

3% 368 
2% 372 

I% 375 
0% 356 

-0.0010% 356 
-100% 356
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Stroke I

100% 
90% 

.80% 
70% 
60% 
55% 

50% 
45% 
40% 
35% 
30% 
28% 
26% 
24% 
22% 
20% 
18% 
16% 

12% 
1O% 
9% 
8% 
7% 
6%.  
5% 

3% 
2% 
1% 

0% 

0/0% 
0% 

0% 

-6O1o 

0%/ 
0% 
-0% 

TST 

Screen 

Valve:

Avera
Worm Gearbox Moto 

Speed Efficiency Torq
Stem Average A 

Position Stem 
Thrust 

1.89-- 

1.68 
1.47 
1.26 
1.16 1.16 --- - --

1.05 -- -:
1095 

0.84 
0.74 
0,63 
0.59 
0.55 --
0.50 
0.46 .  
0.42 -
0.38 
0.34 
0.29 '

0.25 
0.1921 .  

0.1 --- --

0.15 

0.11 
0.06 8 -

0ý04 
0.02 .. -

0.00 
0.00 
0.00 -

0.00 --0.00 --- 
0...00• *-- .. -
0•.00 ..-- - ---- ....

0-.00• --:-' - ' 

0.00 -

0.00 

000 

0 
0 

INEEL 40 tlbmor60votg

Average 
Stem 

Torque 

149.31 
164.43 
176.34 

192.58 
207.67 
217.96 
229M53 

243.20 
256.53 
267.36_ 
275.00 2 1.3 

287.39 
293.75 
300.11 
306.40 

321.90/ 
328.80 

345.99 
350.79 
354 65 

366.29 
370.41 
373.88 

365.41 
355.97 

355.97 
355.93 
355.93 
355.93 
355.93 
355.93 
355.93 

355.93 
35.5.93 
388.90 

0.00 
0.00

0.395 
0.395 
0.395 
0.395 
0.39-5 
0.395 
0.395 
0.3 73 
0.400 
0.380

629 614 

591 

-561 
534 
516 
497 
474 
452 
432 
415 
400 

387 
372 
356 
340 
321 
301 
283 

263 
246 

234 
221 

/209 

196 

185 
174 
162 
150 
16-1 
180 
186 
1-88

Adjusted

0.400 
0.421 
0.424 
0.427 
0.431 
0.433 
0.435 
0.438 
0.440 
0.440 
0.437 
0.434 
0.432 
0.429 
0.427 

0.424 

0.418_ 
0.414 

0.408 
0.405 
0.403 
0,401 
0.399 
0.397 
0.395 
0.393 
0.391 
0.389 

0.394_ 
0.395 

0.3954

Stroke

8.78 

9.19 
9.79 

10.64 
11-.3

"11 .8 
12.4 
13.0 
13.7' 
14.3 
14.8 

15.2 
15.6 
16.1 

16.5 
17.0 
17.  

18.1 
18.6 
19.2 
19.7 

20.1 
26.4 
20.8 
21.2 
21.5 
21.8 
22.2 
22.5 
22.1 
21.4 
21.2 
21.2 

21.2 
21.1 
21.1 
21.1 

21.  
21.1 
21.1 

124.-' 
0.0' 
0.0

I

188 
188 
188 
188 
188 
188 

188 
83 

1337

go Motor , Motor Mjotor 

r Current vmcc Voltage tor 
ue Torque 

26.08 78.00 72 15.54 
S27.06 78.00 72 16.33 

p 28.50 78.60 71 17.50 

0 30.33 78.00 71 19.09 

5 31.96 78.00 71 20.57 

5 33.08 78.00 70 21.59 

1 34.30 78.00 70 22.72 

8 35.74 78.00 70 24.06 

0 37.15 7800 69 25.40 

0 38.45 78.00 69 26.66 

39.58 78.00 69 27.77 

5 40.50 78.00 69 28.72 

7 41.34 -78.00 68 29.82 
1 42.21 78.00 68 30.57 

5 43.11 78.0-0 68 31.55 

1 44.01 78.00 _68 32.56 

6 45.12 78.00 6 33.79 

3 46.25 78.00 67 35.07 

7 47.34 78.00 67 36.32 

5 48.50 -78.00 67 376 

2 49.44 78.00 67 38.82 
0 50.15 78.00 66 39.71 

9 50.478 78.00 66 40.62 

3 51.32 78.00 66 41.44 
1 51.93 78.00 66 42.36 

5 52.48 7800 66 43.20 

5 52.95 78.00 66 43.97 

0 53.51 78.00 66 44.86 

51 54.02 78.00 66 45.69 

3 53.40 78.00 66 44.94 
-5-- 5-2.33 78.00 66 43.52 

27 52.03 78.00 66_ 43-11 

1 51.94 78.00 66 43.60 

6 51.92 78.0 -66 42.96 
0 511.91 78.00 -- 66 42.95 

9 51.91 78.00 66 42.95 

9 51.91 78.00 66 42.95 

9 51.91 78.00 66- 4-2.95 
9 51.9-1 78ý.-00 -66 42.95 

9 51.91 78.00 66 42.95 

9 51.91 78.00 _66 42.95 

2 57.23 78.00 65 50.63 
0 115.00 78.00 52 0.00 

o 2.00 -7-8.0-0 -78 0.00

Motor 
Speed 

786 

767 

606 

645 
621 

593 

565 
540 

519 
501 

483 

425 
401 

328 

308 

292 
276 
262 
z245 
231 
217 
202 
188 
201 
225 
233 

235 

236 
236 

236 

236 
104 
1111 
1672

Stroke 
Time 

Increment 

1.36 
1.40 
1 .45 

1.53 
0.80 

0.83 
0.86 
0.90 
0.95 
0.99 
0.41 
0.43 
0.44 
0.46 
0.48 
0.50 
0.53 

0.61 

0.35 

0.39 
0.41 
0.44 
0.46 
0.49 
0.53 
0.57 
0.53 
"0.05 
0.05 
0.00 
0.00 
0.00

Motor 
Time Temp 

0.00 30.0 
136 30.3 

2.76 30.6 
4,21 31 .  

5.74 31.4 
6.54 31.7 
7-.37 32.0 
8.23 32.4 

9.13 32.8 
10.08 _33.2
11.07 33.8 
11.49 34.0 
i1.91 34.3 
I2.3 34.6 

1-2.82 34.9 
o13.o 35.2 

13.80- 35.6 
14.34 36.1 
S.9-1 36.6 
15.51 37.1 
16.16 37.8 
16.51 38.1 
16.88 38.5 
17.27 38.9 
17.68 39.4 
18.11 39.9 
18.58 40.5 
19.07 41.1 
19.60 41.8 
20.17 42.6 
20.70 43.3 
20.75 _43.3 
20.80 43.4 
208 -04-3.4 

20.80 43.4 

20.80 43.4 
20.80 43.4 
20.80 43.4 
20.80 43.4 
20.80 43.4 
20.80 43.4 
20.80 43.4 

9.6 30.0 
6.4 30.0

Instant 

Torque Cap 

486 
510 
510 
511 

5`11 
511 

512 
511 
508 

501 
496 
4•91 

482 
470 

471 
465 
458 

446 
441 
437 
433 
429 
425 
422 
418 
414 

412 
414 

418 
- 419 

420 
420 
420 
420 
420 
420 _ 
420 

389 
348 

S 498

0.00 

0.00 
-0.00-

0.00 
-0.00 

0.00

Instant Instant 
Act Cap Margin 

#DIVI0I -

#Dt V/O! - .  

DIV/01 
#D VIOl - - -

#DIV/0I 
#DV01 VI.l 

#DiVIOl 

#DIV/O! ...  

#DIV/O! --KDIV/6, --- 

#DIV/0 -

#DIVwoI 
#DIV/IO 
#DiV/Ol 

#DIv/01 

#DrVioi 
#DIV/Ol 

#DIV/O; 
#DI0 VIl 

#DIV/0l 
#OtIoI0 

#DIV/01 

#0tV/0l -- 

#DIVIOI -

#DIV/0I 

#DIV/01 
#0t-VlOl 

-#01 VI1l 
#DI VI/0 -

#DIVIOI -

I_ _ J Im
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Select V/ale-> INEEL 40 8t-lb rnoot, 1009 volutage

Geaeral IntfoMation 

Valve Type 

Flow type 
Strokre dir ction 
Fluid (blowdown only) 

Load profile method

yes wedge gate 

no 0 

yes close 

no 0 

yes Lnput stem torque

Stem dameter, 0 (incs-) - " no 

seat ring face ID. Di-*o (inchtes) yes 

Seat kriug liediamneter, D., (i rcles). no 

Glob valvestrk length, 0 (niches) - no 

lsolalion-to-we~dging travel. X (percent) yes 

Packing load. Fp. (Ibbs) no 

Required tlrust (including water inedra), F, Pbs) no 

Required thrust due to water inertia, Fm (lbs) no 

Flow coefficient. Cv (gpnvpe"') no 

Actiator overall ratio. OAR .. yes 

Motor gear set ratio, MGSR yes 

Actuator rated torque, ,, -. yes 

Stem factor, SF (ft-lbs/tb) yes 

Overhtauling stem factor, SF0 (ft-ls/b) no 

Voltage at M V (volts) yes 

Cable resistance, R-j. (ohms) yes 

Theimral overload resistance. R. (ohms') yes 

Nominal voltage, V,, (volts) yes 

Motor type yes 

Valve stem lead, lead (inches) yes 

Pullout efficiency, Tip yes 

Run efficiency. q, yes 

Nominal motor speed (rpm). to-,,, optional

Design Basis Conditions 

Differential pressure, OP (psi) 
Valve pressure at full open, Pe (psig) 

Flowrate, Q. •r("pm) 

Fluid densty. p (lbs/fl') 
Amrbient temperature (C) 

Length, of upstream piping, L_ (pipe d~ameters)

no 
no 

no 

no 

yes 

no

System resistance, K,. no 

Fully open stem Mmvst. Fý (Ibs) no 

Nom-inal motor torque. r,- .(ft-lbS) - , yes 

Maximum motor torque (ft-lbs) yes 

Maximum adjusted motor torque (ftIbs) ., , yes 

Minimum motor speed (rpmi) -yes 

Mfninurn intntaneous ciator cpability (ls) yes 

Minitmum ~lanstaneous margin (bse) yes 

Maximum torque swi:: setting yes 

Effipen~yat -dirn nw irstnteneous capabilty yes 

Warnings

0.000 

2.60O 

0.000 

0.000 

0% 

0 

0 

0 

0 

42.50 

0.80 

850 

0.0000 

0.0000 

125.0 

0.180 

0.000 
125 

140 •t~b, 125 VOC 

0.500 

0.40 

0 .50 

0 

50.6 

WREF! 

WREFI

#REF! l 
#DIVI01 

0 

#REFI 

#DIV10t

Predicted Stroke Time (Seconds): #REFI

Torgue Prffl 
100% 175 
90% 196 

80% 216 

70% 255.' 

60% 281 

55% .307 , 

50% 326~ 
4.5% .3522, 
40% 

30% 4 39*ý_ý 

28% 455-

26% 466? 

24% 483 

22% 500 

20% 517 
18% 53S 

16% 550 
14% 570 
12% 569 
10% 612 
9% 622 

8% 629~ 
7% 640 

6% 650 

5%1 658 
4% 667 

3% 673 

2% 680 
1% 678 

0% 673 

-0.0010%1 673 

-100% 1673_
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Stem 
Thrust

Worm Gearbox Average Motor Motor Adjusted Motor Motor Vmcc Motor Speed Efficiency Toqe Current Voitage Toqe Speed
Average 

Stem 
Thrust

Stroke 

100% 
90% go_- o 

70% 
60% 
55% 
5O% 
45% 
40% 
35% 
30% 
28% 
26% 
24% 
22% 

20% 
18% 
16% 
14% 
12% 
10% 
9% 
8% 
70/6 
6%/o 

5% 
4% 
3% 
2% 
1% 
0% 

-0.1% 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

TST 
Screen 
writer

Position 

2.60 
2.34 
2.08 
1.82 
1.56 
1.43 
1.30 
1.17 
1.04 
0.91 
0.78 
0.73 
0.68 
0.62 
0.57 
0.52 
0.47 
6.4-2 
0.36 
0.31 
0.26 
0.23 
0.21 
0.18 
0.16 

0.13 
0.10 
0.08 
0.05 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.00 
0.00 0.00 
0.00 
0.00 
0.00

Average 
Stem 

Torque 

185.42 
_206.12 
235.82 
268.10 
293.88 
316.42 
339.15 
363.72 
390.04 
422.11 
447.29 
460.41 
474.22 
491.27 
508.19 
525.92 
542.76 
560.09 
579.51 
600.76 

617.13 
625.66 
634.79 

645.21 
654.21 
662.47 
669.91 
676.82 
679.39 
675.87 
673.22 
673.22 
673.43 
673.43 
673.43 
673.43 
673.43 
673.43

1156 
1151 
1102 
1046 
997 
954 
910 
866 
819 
763 
719 
696 

672 
643 
612 
578 
546 
512 
476 
436 
398 

365 
332 
297 
260 
222 
183 
139 
96 
53 

#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI

0.400 
0.440 
0.448 
0.453 
0.452 
0.451 
0.450 
0.449 
0.448 
0.447 
0.446 
0.445 
0.445 
0.444 
0.444 
0.443 
0.442 
0.442 
0.441 
0.440 
0.438 
0.431 
0.425 
0.420 
0.414 
0.407 
0.401 
0.394 
0.387 
0.378 
0.361 
#REFI 
#REFI 
#REFI 
#REFI 
#REFt 
#REFI

#REFI I #REFI 1125.00
-± F F .�z+

673.43 #REFI #REFI I #REFI 
673.43 #REFI #REFI [ #REFI

#REFI 
159

#REFI 
0.381 
0.400

0.380

#REFI 
1.00

#REFI 
#REFI 
#REFI 

5.00

125.00 
125.00 
125.00 
125.00

0.00 115.00 1125.00
0.00 2.00 1125.00

10.91 
11.03 
12.38 
13.94 
15.31 
16.52 
17.74 
19.06 
20.48 
22.21 
23.59 
24.33 
25.09 
26.02 
26.95 
27.93 
28.86 
29.83 
30.91 
32.09 
33.19 
34.15 
35.11 
36.16 
37.21 
38.26 
39.31 
40.40 
41 34 
42.03 
43.85 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI

#REFI 
#REFI 
#REFI 
#REFI 

124
104 
125

30.99 
31.27 
34.25 
37.66 
40.63 
43.05 
45.49 
48.13 
50.77 
53.54 
55.75 
56.93 
58.15 
59.73 
61.31 

62.97 
64.57 
66.20 
68.04 
70.05 
71.92 
73.56 
75.15 
76.62 
78.09 
79.56 
81.04 
82.64 
84.14 
85.25 
88.17 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI

125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
12500 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00

119 
119 
119 
118 
118 
117 
117 
116 
116 

115 
115 
115 

114 
114 

114 
113 
113 
113 
112 
112 
112 
111 
111 
111 
111 

110 
110 
110 
110 

109 
#REF! 
#REFI 
#REFI 
#REFI 
#REFI 
#REFf

11.64 
11.79 
13.31 
15.08 
16.67 
18.08 
19.52 
21.09 
22.81 
24.91 
26.64 
27.57 
28.53 
29.72 
30.92 
32.21 
33.47

Time 

0.00 
0.92

Motor 
Temp 

30.0 
30.31445 

1439 
1378 
1307 

1246 
1192 
1138 
1082 
1024 
954 
899 
870 
840 
804 
765 
723 
682 
640 
595 
545 
497 
456 
416 
371 
325 
278 
228 
174 
120 
66 

#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 

199 
2249 
2687

Instant Instant 
Torque Cap Act Cap

807

Stroke 
Time 

Increment 

0.92 
0.92 
0.96 
1.01 
0.53 
0.56 
0.58 
0.61 
0.65 
0.70 
0.29 
0.30 
0.32 
0.33 
0.35 

.. 0.37 
0.39 
0.41 
0.45 
0.49 
0.27 
0.29 
0.32 
0.36 
0.41 

0.48 
0.58 
0.76 
1.11 
2.00 

#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REF! 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI

-4 + I F F-
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1.84 
2.80 
3.82 
4.35 
4.90 
5.49 
6.10 
6.75 
7.44 
7.74 
8.04 
8.36 
8.69 
9.03 
9.40 
9.79 
10.20 
10.65 
11.14 
11.40 
11.69 
12.01 
12.37 
12.78 
13.26 
13.84 
14.60 
15.71 
17.71 

#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 

5.9 
4.9

30.6 
31 0 
31.5 
31.8 
32.2 
32.7 
33.3 
34.0 
34.9 

35.4 
35.9 
36.4 
37.0 
37.7 
38.4 
39.3 
40.3 
41.4 
42.7 
43.5 
44.4 
45.4 
46.7 
48.2 
50.0 
52.4 
55.7 
60.8 

70.1 
#REFI 
#REFI 
#REFI 
#REFI 
#REFM 
#REFI 
#REFI 
#REFF 
#REFI 
fREFI 

_#REFI_ 

30.0 
30.0

#REFI

885 
897 
900 
892 
886 
880 
873 
866 
858 

850 
846 
842 

837 
832 

827 
821 

815 
809 
802 
790 
774 
759 
745 
729 
713 
695 
676 
654 
628 
578 

#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
705 

800

#DIVIO! 
~ibviwo 
#DIV/01 

#DIV/01 
#DIV/0l 
#DIV/0i 
#DIV/01 
#DIV/O! 
#DIV/0! 

#DIV/0I 
#DIV/01 

#DIV/0! 
#DIV/01 
#DIV/0! 
#DIV/O! 

#DIV/0! 
#DIV/01 

#DIV/0! 
# DIV/0! 

#bivaot 

#DIV/0OI #DIVIO/ 

#DIV/0! 
#DIV/01 

#DIV/01 
#DIVIO/ 
#DIV/0! 
#_I/0 

--#REFI! 
#REF!_ 
#REFI 

#REFI 
#REF! 
#REF! 
#REF! 
#REFI 
#REFI 
#REFI 

#DIV/0! 
#DIV/01

34.78 
36.28 
37.94 
39.55 
40.93 
42.31 
43.85 
45.43 
47,07 
48.80 
50.71 
52.61 
54.51 
58.97 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFI 
#REFR 
#REFI 
#REFI 
#REFI 
50.63 
0.00 
0.00

Instant 
Margin

673.43 
16.18 
0.000

0 0.00 2150

Valve: ,INEEL 401f -Ib motor. 100% voltaoe
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1.0 PURPOSE 

The purpose of this calculation is to validate the methodology for predicting the 

performance of DC motor-operated valves (MOVs), as presented in MPR-2093 [Reference 

1]. Specifically, this calculation compares stroke times predicted by the method to 

measured stroke times for DC MOVs tested under static and DP conditions.  

2.0 APPROACH 

To validate the DC motor performance method, test data from in-plant valve flow tests 

were obtained for seven MOVs from four utilities. The seven MOVs include wedge gate, 

double disk gate and globe valves, which are driven by 6 different actuator types and 4 

different motor types (all Peerless). The test data cover 22 valve strokes (11 static strokes 

and 11 DP strokes). The DP strokes include steam flow opening and closing strokes, 

pumped flow opening and closing strokes, and a hydrostatic opening stroke. All tests were 

performed at ambient temperature.  

For each test stroke, the DC motor performance method is implemented to calculate a 

predicted stroke time. The inputs for each test needed to implement the method were 

obtained from the plants, including design information about the valve, motor and actuator, 

and information about the test conditions. Three of the valves were tested as part of the 

Joint Owners' Group (JOG) Periodic Verification (PV) Program; thus, some of the test 

information was previously supplied to MPR in the form of an assembled test package.  

The following approach is used to implement the method for the validation strokes: 

(a) For each stroke, the required inputs are determined. The required inputs 

depend on whether the valve stroke is static or dynamic, whether it is 

onening or closing. whether the conditions are blowdown or numned flow.
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and whether the valve is a flexible wedge, double disk or globe valve.  

(b) For static strokes, the stem thrust profile is input into the method, rather 

than using the load profile prediction method. An average of the measured 

running load and initial wedging load (closing strokes) or unseating load 

(opening strokes) is input as the required thrust for the entire stroke in most 

cases. In some cases, the initial wedging or unseating load was not reported.  

In these cases, the reported running load is input as the required thrust for 

the entire stroke.  

(c) - For dynamic strokes, the load profile prediction method is used to predict 

the DP build-up across the valve and the corresponding build-up of stem 

thrust as the valve is stroked. The packing loads (Fpck) and required thrusts 

(FR) are required inputs for the load profile method and are determined 

from the test data. The packing load is set to the dynamic running load, 

adjusted for stem rejection loads. The required thrust, including the effects 

of water inertia, is set to the maximum measured stem thrust for the stroke, 

excluding wedging and unwedging of the valve.  

(d) Three of the seven valves used in this validation are in steam flow 

applications. For the dynamic strokes of these three valves, the "blowdown" 

flow input is used and a value of 10,000 feet is input as the equivalent length 

of upstream piping, Lup. This approach is used because these valves are 

turbine steam admission valves. The load profile method assumes that, for 

blowdown strokes, there is a line break downstream of the valves and that 

any pressure losses in the system occur upstream of the valve. For a turbine 

steam admission valve, a significant portion of the system DP is taken across 

the turbine when the valve is partially open. and the DP across the valve is
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much less than for a true blowdown application. The "equivalent length" of 

a turbine is likely more than 10,000 feet; however, 10,000 feet is the highest 

value allowed in the method.  

(e) Stem factors are determined from test information provided by the plants.  

Measured values from dynamic testing are used for both static and dynamic 

strokes because they are judged to be the most representative of stem 

friction for the majority of a stroke, static or dynamic. Where the data is 

provided, closing stroke stem factors are used for all closing strokes, and 

opening stroke stem factors for all opening strokes; otherwise, a single value 

is used for both stroke directions.  

(f) For all gate valve strokes, default "X" values (percent of stroke length from 

isolation to wedging) are used (see Step 1.1 of the method -- MPR-2093).  

(g) For the BWR Plant D globe valve with a 2 ft-lb, 125 VDC motor, the stroke 

length reported by the plant resulted in an unrealistically low prediction of 

stroke time. For this valve, the valve stroke length is determined by trial and 

error to predict the measured static stroke time.  

3.0 INPUTS 

Appendix A lists the inputs used for each validation stroke. The table below lists each valve 

type, the motor and actuator type, and a reference to the applicable input source 

documents.
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Valve Type Plant Motor Type/ Input Source Documents 

Actuator Type 

Double Disk BWR Plant B 60 ft-lb/250 VDC 1. JOG PV Program Baseline Test Package 

Gate SMB-2 (G60.04-Baseline) 

2. E-mail and attachment from [Plant B] to T. Spears 

(MPR) on 1/10/00, Subject: FW: JOG valves with 

DC Motors 

Wedge Gate BWR Plant C 60 ft-lb/250 VDC 1. JOG PV Program Baseline Test Package 

SMB-1 (G41.02-Baseline) 

2. Fax from [Plant C] to T. Spears (MPR) on 9/2/99 

Wedge Gate _,BWR Plant D 40 ft-lb/250 VDC 1. Transmittal from [Plant D] to T. Spears (MPR) 

SMB-0 received on 9/10/99, Subject: DC Motor Test Data 

2. E-mail from [Plant D] to T. Spears on 11/2/99, 
Globe BWR Plant D 60 ft-lb/250 VDC 

Subject: DC MOVs Test Data 
SMB-2 

3. E-mail from [Plant D] to T. Spears on 11/10/99, 

Wedge Gate BWR Plant D 15 ft-lb/125 VDC Subject: DC MOV Data/JOG Submittal 

SMB-00 4. E-mail from [Plant D] to T. Spears on 1/13/00, 

Subject: RHR-40 and RCIC-22 Stroke Lengths 
Globe BWIR Plant D 2 ft-lb/125 VDC 5. Telephone conversation between [Plant D] and 

SMB-000 T.Spears on 1/13/00.  

Double Disk BWR Plant E 40 ft-lb/250 VDC 1. JOG PV Program Baseline Test Package 

Gate SB-1 submitted in 9/10/99 transmittal from [Plant E] to 
(ball screw type) P. Damerell (package unapproved at 

I time of issue of Rev. 0 calculation)
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4.0 RESULTS 

The stroke time method is implemented using an automated spreadsheet tool. Appendix B 

contains the spreadsheet input form for each validation stroke which shows all the inputs used 

and summarizes key results of the method, including stroke time. Following each input form is 

the results sheet which provides the full results of the method using the spreadsheet tool.  

The table below summarizes the predicted stroke times for each of the 22 validation strokes.  

These predicted values are compared to the stroke times measured during the in-plant testing.  

For closing strokes, the measured stroke times represent the time from initial disk motion to 

wedging/seating. For opening strokes, the measured stroke times represent the time from peak 

unwedging/unseating to motor stop.
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Valve Type Plant Actuator & Motor General Test Conditions Voltage Stroke Time (sec) 

Type at MCC Measured Predicted 

Double BWR Plant B SMB-2 static- closing 265 16.8 17.9 

Disk Gate 60 ft-lb/250 VDC static- opening 265 16.1 17.8 

steam flow- closing 265 18.2 20.0 
steam flow- opening 265 16.3 20.0 

Wedge BWR Plant C SMB-1 static- closing 268 28.1 33.5 

Gate 60 ft-lb/250 VDC static- opening 268 27.2 33.6 

steam flow- closing 268 31.5 38.3 
steam flow- opening 268 28.2 35.3 

Wedge BWR Plant D SMB-0 static- closing 261 10.5 10.3 

Gate 40 ft-lb/250 VDC static- opening 261 9.7 11.1 

pumped flow- closing 210 13.4 14.5 
pumped flow- opening 210 12.9 16.2 

Globe BWR Plant D SMB-2 static- closing 262 11.3 11.6 

60 ft-lb/250 VDC pumped flow- closing 210 14.3 14.6 

Wedge BWR Plant D SMB-00 static- opening 130 12.0 12.0 

Gate 15 ft-lb/125 VDC hydrostatic- opening 106 15.6 15.5 

Globe BWR Plant D SMB-000 static- closing 130 24.2 24.2 

2 ft-lb/125 VDC pumped flow- closing 106 31.0 31.6 

Double BWR Plant E SB-1 static- closing 250 12.4* 15.0 

Disk Gate 40 ft-lb/250 VDC static- opening 250 12.3* 15.5 

steam flow- closing 250 14.9* 22.3 
steam flow- opening 250 10.4* 17.6 

*Note: valve may not have fully wedged
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APPENDIX A: 

DC MOTOR PERFORMANCE MODEL VALIDATION INPUTS 

(6 pages)



Table A-1 
Method Inputs for Validation Strokes of the DC Motor Performance Method

Stem Seat ring Sarig Globe 
stem Seating Seat ring Isolation-to- Required thrust Required Flow 

Test Stroke diameter Iseace Inner valve wedging Packing (including thrust due to coefficient C 

Valve Type Conditions direction Dstem s diameter, Ds, stroke travel, X load water Inertia), FR water inertia, 

(inches) Dbody.ID, (inches) (percent) Fpack ( Ibs) FN1 (Ibs) (gpm/ps1 2) 
inches (inches) 

BWR Plant B double disk static close 9 10% 

BWR Plant B double disk static open 9 10% 

BWR Plant B double disk blowdown close steam 1.75 9 10% 1540 (I) 25044 0 

BWR Plant B double disk blowdown open steam 1.75 9 10% 3727 (I) 26849 0 

BWR Plant C Wedge Gate static close 8.75 10% 

BWR Plant C Wedge Gate static open 8.75 10% 

BWR Plant C Wedge Gate blowdown close steam 2.125 8.75 10% 2130 1 22794 0 

BWR Plant C Wedge Gate blowdown open steam 2.125 8.75 10% 4434 15916 0 

BWR Plant D Wedge Gate static close 5.24 (8) 10% 

BWR Plant D Wedge Gate static open 5.24 (8) 10% 

BWR Plant D Wedge Gate pumped flow close 1.75 5.24 (8) 5.24 (1o) 10% 1295 (1) 22000 0 

BWR Plant D Wedge Gate pumped flow open 1.75 5.24 (8) 5.24 (10) 10% 1255 (1) 14500 0 

BWR Plant D globe static close 3.187 435 

BWR Plant D globe pumped flow close 2.125 5.734 3.187 1922 37508 0 435 

BWR Plant D Wedge Gate static open 7.72(8) 10% 

BWR Plant D Wedge Gate hydrostatic open 1.625 7.72 (8) 7.72 (10) 10% 645 (') 1096 0 

BWR Plant D globe static close 1.86 (13) 200 

BWR Plant D globe pumped flow close 1.25 3.68 1.86 (13) 268 2751 0 200 

BWR Plant E double disk static close 9.581 (8) 10% 

BWR Plant E double disk static open 9.581 (8) 10% 

BWR Plant E double disk blowdown close steam 2.25 9.581 (8) 10% 1422 (I) 38056 0 

BWR Plant E double disk blowdown open steam 2.25 9.581 (8) 10% 1307 (1) 19874 0

MPR Calculation 197-003-TS-2 
Appendix A Page 1 of 6



Table A-1 
Method Inputs for Validation Strokes of the DC Motor Performance Method

Actuator Overhauling Voltage Cable Thermal Nominal Nominal 

Actuator Motor gear rated tem S tem factor at MCC overload voltaget 

overall set ratio, torque, factor SF at MCC resistance oerload vol Motor type torque, stem lead efficiency, 
ratio, OAR MGSR te, (ft-lbsflb) S SF0  Vmc Rabe resistance, Vnom 

R1b (ohms) 1esistanc TrtdR~
T nom (inches) T/p "Tatd(ft-lbs/Ib) (volts) R (ohms) (volts) (ft-lbs) 

BWR Plant B 72.01 0.46 1800 0.02343 (2) 265 (3) 0 0 250 60 ft-lb. 250 VDC 66.3 1 0.4 

BWR Plant B 72.01 0.46 1800 0.02343 (2) 265 (3) 0 0 250 60 ft-lb. 250 VDC 66.3 1 0.4 

BWR Plant B 72.01 0.46 1800 0.02343 (2) 265 (3) 0 0 250 60 ft-lb, 250 VDC 66.3 1 0.4 

BWR Plant B 72.01 0.46 1800 0.02343 (2) 265 (3) 0 0 250 60 ft-lb, 250 VDC 66.3 1 0.4 

BWR Plant C 72.42 0.47 850 0.02 (2) 268 0.093 0.019 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant C 72.42 0.47 850 0.02 (2) 268 0.093 0.019 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant C 72.42 0.47 850 0.02 (2) 268 0.093 0.019 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant C 72.42 0.47 850 0.02 (2) 268 0.093 0.019 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant D 39.11 0.946 500 0.0127 (4) 261 0.049 0.015 250 40 ft-lb, 250 VDC 48.8 0.5 0.4 

BWR Plant D 39.11 0.946 500 0.0238 (4) 261 0.049 0.015 250 40 ft-lb, 250 VDC 48.8 0.5 0.4 

BWR Plant D 39.11 0.946 500 0.0127 (4) 210 0.049 0.015 250 40 ft-lb. 250 VDC 48.8 0.5 0.4 

BWR Plant D 39.11 0.946 500 0.0238 (4) 210 0.049 0.015 250 40 ft-lb. 250 VDC 48.8 0.5 0.4 

BWR Plant D 76.99 0.429 1800 0.014 (2) 262 0.031 0.139 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant D 76.99 0.429 1800 0.014 (2) 210 0.031 0.139 250 60 ft-lb, 250 VDC 66.3 0.5 0.4 

BWR Plant D 28.2 1.596 250 0.0162 (2) 131 0.24 0.023 125 15 ft-lb. 125 VDC 22.5 0.5 0.4 

BWR Plant D 28.2 1.596 250 0.0162 (2) 106 0.24 0.023 125 15 ft-lb, 125 VDC 22.5 0.5 0.4 

BWR Plant D 123 0.553 90 0.0089 (2) 131 0.326 0.421 125 2 ft-lb, 125 VDC 4.4 0.25 0.35 

BWR Plant D 123 0.553 90 0.0089 (2) 106 0.326 0.421 125 2 ft-lb, 125 VDC 4.4 0.25 0.35 

BWR Plant E 32.13 1.06 850 0.00609 (4) 250 ( 0.465 0.0184 250 40 ft-lb. 250 VDC 48.8 0.5 0.4 
BWR Plant E 32.13 1.06 850 0.00644 (4 250 () 0.465 0.0184 250 40 ft-lb. 250 VDC 48.8 0.5 0.4 
BWR Plant E 32.13 1.06 850 0.00609 (4) 250 (5) 0.465 0.0184 250 40 ft-lb, 250 VDC 48.8 0.5 0.4 

BWR Plant E 32.13 1.06 850 0.00644094 0.00644 44) 250 (5) 0.465 0.0184 250 40 ft-lb. 250 VDC 48.8 0.5 0.4

MPR Calculation 197-003-TS-2 
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Table A-1 
Method Inputs for Validation Strokes of the DC Motor Performance Method

Nominal Bonnet Flow Equivalent 
Run motor Differential Bressureat rate Fluid Ambient length of Load Load Load Load Load Load Load Load efficiency, pressure, DP ue a density y temperature upstream Load profile @ @ @ @ @ @ @ @ 

?7r speed (psi) Plopen, (lbs/ft ) (C) piping, L, 100% 90% 80% 70% 60% 55% 50% 45% 
(rpm) () Pa (psig) (gpm) ((ft) 

BWR Plant B 0.5 1900 29 Input Stem Thrust 11 ) 4129 4129 4129 4129 4129 4129 4129 4129 
BWR Plant B 0.5 1900 29 Input Stem Thrust (11) 3765 3765 3765 3765 3765 3765 3765 3765 
BWR Plant B 0.5 1900 956 29 10000 Use default 
BWR Plant B 0.5 1900 951.7 29 10000 Use default 

BWR Plant C 0.5 1900 32 Input Stem Thrust ("I) 2292 2292 2292 2292 2292 2292 2292 2292 
BWR Plant C 0.5 1900 32 Input Stem Thrust (11) 2547 2547 2547 2547 2547 2547 2547 2547 
BWR Plant C 0.5 1900 979 32 10000 Use default 
BWR Plant C 0.5 1900 927 32 10000 Use default 

BWR Plant D 0.55 1900 62 (6) 21 (7) Input Stem Thrust 1530 1530 1530 1530 1530 1530 1530 1530 
BWR Plant D 0.55 1900 62 (6) 21 (7) Input Stem Thrust 1504 1504 1504 1504 1504 1504 1504 1504 
BWR Plant D 0.55 1900 1074 13 (12) 860 62 (6) 1 21(7) Use default 
BWR Plant D 0.55 1900 1074 13 (12) 860 62 (6) 21 (7) Use default 

BWR Plant D 0.5 1900 62 (6) 21 (7) Input Stem Thrust 1922 1922 1922 1922 1922 1922 1922 1922 
BWR Plant D 0.5 1900 1011 40 860 62(6) 21 (') Use default 

BWR Plant D 0.5 1900 62 (62)() 21 (7) Input Stem Thrust (11) 462 462 462 462 462 462 462 462 
BWR Plant D 0.5 1900 46 18 1 (9) 62 (6) 21 (7) Use default 

BWR Plant D 0.45 1900 62 () 21 (7) Input Stem Thrust 268 268 268 268 268 268 268 268 
BWR Plant D 0.45 1900 244 235 2000 62 (6) 21 (7) Use default 

BWR Plant E 0.5 1900 1 32 Input Stem Thrust 1617 1617 1617 1617 1617 1617 1617 1617 
BWR Plant E 0.5 1900 32 Input Stem Thrust(') 2276 2276 2276 2276 2276 2276 2276 2276 
BWR Plant E 0.5 1900 1025 32 10000 Use default 
BWR Plant E 0.5 1900 1023 32 10000 Use default

MPR Calculation 197-003-TS-2 
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Table A-1 
Method Inputs for Validation Strokes of the DC Motor Performance Method

Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load@ 

@ @ @ @ @ @ @ @ @ @ @ @ @ @9% @8% @7% @6% @5% @4% @3% @2% @1% @0% <0% 
40% 35% 30% 28% 26% 24% 22% 20% 18% 16% 14% 12% 10% 

BWRPlant B 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 4129 

BWR Plant B 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 3765 

BWR Plant B 

BWR Plant B 

BWR Plant C 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 2292 

BWR Plant C 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 2547 

BWR Plant C 

BWR Plant C 

BWR PlantD 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 

BWRPlantD 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 1504 

BWR Plant D 

BWR Plant D 

BWRPlantD 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 

BWR Plant D 

BWR Plant D 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 462 

BWR Plant D 

BWR Plant D 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 268 

BWR Plant D 

BWR Plant E 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 1617 

BWR Plant E 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 2276 

BWR Plant E 

BWR Plant E

MPR Calculation 197-003-TS-2 
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Notes to Inputs for Validation Strokes of the DC Motor Performance Method 

(1) Dynamic test running loads used, adjusted for stem rejection loads.  

(2) Dynamic as-tested values used.  

(3) Voltage at MCC entered as constant value, accounting for constant cable and thermal 
overload losses (provided as voltage drops) during testing. Cable and thermal overload 
resistances entered as 0.  

(4) Dynamic open stroke values used for open strokes. Dynamic closing stroke values used 
for closing strokes.  

(5) Voltage at MCC was not recorded during testing. Nominal motor voltage value assumed.  

(6) Test performed with cold water at a fluid temperature less than 100IF. Density of 
62 lb/ft3 used based on Crane Technical Paper No. 410.  

(7) Ambient temperature assumed.  

(8) This dimension was not provided by the plant and had to be calculated. The mean seat 
diameter was provided by the plant. The seat ring seating surface ID was calculated 
using values for seat width based on experience with the valve manufacturer, considering 
valve type, size, and pressure class. Where exact dimensions were not available, 
assumptions were made based on best available data.  

* 6"-900 lb. Velan, Flex Wedge valve: seat width = 0.35 inches 
0 8"-150 lb. Velan, Flex Wedge valve: seat width = 0.45 inches 
0 10"-600 lb. Anchor Darling, Double Disk valve: seat width = 0.2 inches 

(9) Valve was hydrostatically tested open. No flow was present during test, however method 
requires a non-zero flow rate as an input to model pumped flow conditions. A negligible 
flow rate of I gpm was used.  

(10) This dimension was not provided by the plant. A value equivalent to the seat ring seating 
surface ID was used for purposes of the validation.  

(11) The thrust input for the static load profile is constant for the entire stroke. For closing 
strokes, an average of the static closing running load and initial wedging load is input as 
the constant load. For opening strokes, an average of the static opening running load and 
the after-cracking load is input as the constant load.

MPR Calculation 197-003-TS-2 Page 5 of 6



(12) Downstream pressure used to represent bonnet pressure at fully open position. Upstream 
pressure tap separated from valve by a globe valve and check valve.  

(13) The stroke length reported by the plant results in an unrealistically low prediction of 
stroke time. This value for stroke length was determined by trial and error to match the 
measured stroke static stroke time.  

(14) There was insufficient information to calculate an overhauling stem factor for this flow
assisted opening stroke. Therefore, the regular stem factor was conservatively used as the 
overhauling stem factor value..
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bwrog dc motor method, version I xis. Inputs, 02/28.'20C0, 5:18 PM

Select Vafve- iRW Plant B, sStic closeW

Flow type 
Stroke direction 

Fluid (4owdown only) 
Load profile method

Stern diametar.O, DOchs 
Seat rin g face ID, 080d1 -iD Cinches) 
Seat ring inner diameter. 0D, (inches) -K
Golbe valve Stroke length, 0) (inches),
lsolation-to-wedging travel, X(Percefnt) 
Packig load. F..* (I bs) , -

Required thrust (icluding water inertia), Fý (Zbs) 
Required thrust due to water inertia. Fý (lbs)
Flow coefltcient, Cý; gprnlpsr"2 

Actuator overall ratio, OAR 
motor gear setratio, MGSR 
Actuator rated torque. Tiý 

Stern factor, SF (tbsltb) 
Overhauling stem factor, SF0 (ft-lbsAb) 
Voltage at MCC. V- (volts) 
Cable resistance, R~. (ohmrs) 
Therm-al overload resistance, R. (ohm)51 

Nominal voltage, V-.,, (volts)
Mjotor type 
Valve stem lead. lead (inches) 
Pullout effcecy. rl 
Run efiency, qtl 

Nominal motor speed (rpm).

D~ifferential pressue, OP (psi) 
Valve pressure at full open, Pe (pslg) 

Flow rate, 0Q-(, (gpn) 

Fluid demity, p (lbsif9) 

Ambient temperature (C) 
Length of upstream piping, L. (pipe diameters) 

System resistance, K, 
Fully open stem th-stt F0 (Ibs) 
Nomi~nal motior torque, r,,,.,(ft-bS) : 
Maximumi motor torque , 

MaxnuI mstad usted ftoItor t~rue (mb-s)-. 
Mininxmma~~ow speed (rpm):
Minimum linstantainemms actuaitor capability (Pis) 
Minimutm Instantaneouss margin (fte) 
Maximum torque switch setting' 
Efliciency at minimum instantaneous capability 

Warnings . -

Required? 
yes 

"no 
yes 
no 

yes;

"no 
yes 
no 

Sno 
yes 
no 
no 
no 
no 
yes 

yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

optional

no 
no 
no 

no 

yes 

no 

no 
no 

yes 

"yes 
"yes 
"yes 
yes 
yes 
yes 
yes

Value 
duble disk' 

close 

0 

Input Stem Thrust 

0o000 

9.000 

0.000 

0.000 

10% 

0 

0 

0 

0 

0.46 
1,800 

010234 

265.0 

0.000 

0.000 

250 

60 ft4b. 250 VDC 

1.000 

0-40 

0.50 

1,900 

0 

0.000 

2Q9 

_0 

66.3 
34 

3.5 
2392 

78,724 
74,595 

75,478 

0393

Predicted Stroke Time (Seconds):. 17.88

Thru~st Qffle 
100% 4J129 
90% 4,129 

80% 4,129

70% 4, 1'9ý 

60% 4,129 

55% 4,129

50% .4,11292!~ 

45% 4 9 
40% ~-4,129 
35% 4.129'!' 

30%. ~4,129 
28% 4.129'¾± 

26% 4,129' 

24% 4,129~ 

22% 4,129 

20% 4,129 

18% 4,129 

16% 4,129 

14% '4,129 

12% 4.129 

10% 4,129 

9% 4 1 29 
8% 4,129.  

7% 4,2 
6% 4,129.  

5% 4,129 

4% 4,129 

2% 4,129 

2% 4,129 

1% 4,129 

0% 4.129 

-0.0010%1 4,129 

-100% 4,129



bwrog dc motor method, version 1.xls, Results, 02/28/2000, 5:19 PM

Stroke 

100% 
90% 
80% 
70% 
60% 
55% 
50% 
45% 
40% 
35% 
30% 

28% 
26% 
24% 
22% 
20% 
18% 
16% 
14% 
12% 
19% 

9% 
8% 
7% 
6% 
5% 
4% 
3% 
2% 
1% 
0% 

-0.1% 0O/6 
-- 2%

-3% 
-4% 
.5% 

-6% 
-7% 

-.-8% 

-9% 
.10% 
TST 

Screen 
w/iter

Position 

9.00 
8.10 
7.20 
6.30 
540 
4.95 
4.50 
4.05 
3.60 
3.15 
2.70 
2.52 
2.34 
2.16 
1.98 
1.80 
1.62 
1.44 

1.26 
1.08 
0.90 
0.81 
0.72 
0.63 
0.54 
0.45 
0.36 
0.27 

0.18 
0.09 
0.00 
-0.01 
-0.09 
-0.18 
-0.27 
-0.36 
-0.45 

-0.54 
-0.63 
-0.72 
-0.81 
-0.90

Stem 
Thrust 

4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 

4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 

4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 
4129 

_4129

Average Average Worm Gearbox 
Stem Stem Ste Stoem Speed Efficiency Thrust Torque 

4129 96.74 0.400 

"4129- 96.74 1102 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

"_4-129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

4129 96.74 1100 0.393 
4129 96.74 1100 0.393 

75478 1768.44 92 0.377 
4129 96.74 - 0.400 
4129 96.74 1100 0.393 

lose _ _ _ _

Average 
Motor 

Torque 

3.36 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 3.42 

3.42 
3.42 
3.42 
3.42 
3.42 

65.18 
3.36 
3.42

Motor 
Current 

6.37 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 
6.44 

6.44 

6.44 
6.44 
6.44 
6.44 

6.44 
6.44 
6.44 
6.44 

83.73 
104.00 

6.44

3.47

3.47 
3.47 
3.47 

66.25

265 
265 
265 
265

265.001 265 1 3.54
265.00 265 1 3.47

Vmcc 

265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 

265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00 
265.00

2392 
2392 
2392 
200

2388

Stroke 
Time 

Increment

Motor 
Voltage 

265 
265 
265 
265 
265 

265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 

265 
265 
265 
265 
265 
265 
265 
265 
265 
265 
265 

265 
265 
265 
265 
265

0.16 
0.16 
0.16 
0.16 
0.16 
0.16

2392 1 -

1.-I.-,

17.07 29.3 1 1,845
17.23 1 29.3 1 1,845 1
17.39 1 29.3 1,845 1
17.56 
17.72 
17.88 

17.9

29.3 
29.3 
29.3

1,845 
1,845 
1,845 
1.768

29.3 1 1,877 1
17.9 1 29.3 1,844

Valve: I8WR Plant B static c L ± I. .L 4- .5 h.L..,...........I. L

Adjusted Motor 
Motor 

Torque Speed 

3.41 2395 
3.47 2392 

3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 

3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392 
3.47 2392

1.62 
1.63 
1.63 
1.63 
0.81 
0.81 
0.81 
0.81 
0.81 
0.81 

0.33 
0.33 

0.33 
0.33 0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.16 
0.16 
0.16 

0.16 

0.16 
0.16 
0.16 
0.16 
0.16 
0.02 
0.15 

0.16 

0.1.6

0.16

265.001 265

Val1ve. BWR Plant B. static c

Time 

0.00 
1.62 
3.25 
4.88 
6.50 
7.31 
8.13 
8.94 
9.75 
10.57 
11.38 
11.70 
12.03 
12.35 
12.68 
13.00 
13.33 
13.65 
13.98 

14.31 
14.63 
14.79 
14.96 

15.12 

15.44 
15.61 
15.77 
15.93 
16.09 
16.26 
16.27 
16.42 
16.58 
16.74 
16.91

Motor 
Temp 

29.0 
29.0 
29.0 
29.1 
29.1 
29.1 

29.1 
29.1 
29.1 

29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 
29.2 

29.2 

29.2 
29.2 
29.2 
29.2 

29.2 
29.3 

29.3 
29.3 
29.3 
29.3

Instant 
Torque Cap 

1,879 

- 1.846 
1,846 
1,846 
1,846 
1,846 
1.846 
1,845 
1,845 
1,845 
1,645 
1,845 
1,845 
1,845 
1,845 
1.845 
1,845 

1,845 
1,845 
1,845 
1,845 

1,845 

1,845 
1,845 
1,845 1.8... ,45 ._ 

1,845 

1,845 
1,845 
1,845 
1,845 
1,845

Instant Instant 
Act Cap Margin 

80,209 76,080 
78,800 74.671 
78,791 74.662 
78,783 74,654 

78,776 74,647 -
78,772 74,643 -
78,768 74,639 

78.765 74-,636 
78,761 74,632 
78,757 74,628 
78,753 74,624 
78,752 74,23--
78,6750 .74,621 
78,749 74,620 
78.747 74,618 
78,746 74,617 
78.744 74,615 
_78,743 74,614 
78,741 74,612 
78,740 74,611 -

78,738 74,609 
78,738 74,609 -

78,737 74,608 
78M,736 74,607 
78•.735 74,606 
78,735 74,606 -

78,734 74.605 
78,733 74,604 
78,732 74,603 -

78,732 74,603 
78,731 74,602 
78,731 74,602 
78,730 74,601 
78,729 74,600 -

78,729 74,600 
78,728 74,599 
78,727 74,598 
78,726 74,597 
78,726 74,597 -

78,725 74,596 
78,724 74,595 
75,478 0 
80,127 75,998 
78,723 74,594 -

265 3.47 
265 3.47

265.00 
265.00 
265.00 
265.00

2392 
2392 
2392



bwrog dc motor method, version 1 xIs, Inputs, 0Z'25/2000, 5:19 PM

Select Valve-> BwR Plant 8. Static oen

Valve Type 

Flo-wtype 
Stroke direction 

Fluid (blowdown only).  

Lo• profile rroethod 

Vase and Actuator Intormation 

Stemi diameter, D_., (Inches) 
Seat r•ng face ID. D., (inches) 

Seatring Inner diameter, 0D. (inches) 

Globe valve stroke length, D (inches) 

Isolation-to-wedging travelX (Percerrt) 

Packing load. F.W (tbs) 
RequIred thnist (including water inertia). Fý (lbs) 

Required thrust due to water inertia. F,, (tbs) 

Row coefficient. C, (gpr•npsiV)2 

Actuator overall ratio, OAR 

Motor gear set ratio. MGSR 

Actuator rated torque, z-, 

Stem factor, SF (f-lbs .b) 

ove,••a.,g stem factor. SFo (•t•tbsb) 

Vollage at MCC. V_ (volts) 

Cable resistance. R, (ohms) 

Themal overload resistance, R. (ohms) 

Nominal voltage. V_. (volts) 

motor tp 
Valve stem lead, lead (inches) 

Pullout efficiency. ir1, 

Run efficiency. 9 
Nominal notor speed (rpni),ew_ 

DIfferential pressure. DP (psi) 

Valve pressure at full open. Pe (psig) 

Flow rate. Q, (gpm) 

Fluid density, P (lbsift3) 
Ambient temperature (C) 
Length of upstream piping, L., (pipe diameters)

ReaulredZ 
yes 

no 

yes 

no 

yes 

no 
'yes 

no 

no 
yes 

no 

no 

no 
S no 

yes 

yes 

yes 
yes 
no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 
yes 

optional 

"no 
no 

no 

no 

yes 
no

Calculated Values.  

System resistance, K , no 
Fully open stem thrust.F .Obs) -, ' no 

N"Mnainotortorque. rt. (ft-bs) : .. yes 
Ma~xim~r r iu~i MOW 7>9(t~S yes 
Maximum adjusted motor torque (ft-ibs) .' .> yes 

Min .otors••speed (r-i:,-. - . yes 

mawm mInstantaineous actuator capablilty (tbs), yes 

Minimum Instantaneous margin (.bs). yes 

Maxin-•n allowabte thrust at unwedgbig yes 
Efficiency at minimum instantaneous capability yes

double disk 

open 

0 

Input Stem Thrust 

0.000 

9.000 

0.000 

0.000 

610% 

0 
0 
0 

20 

72.01 

0.46 
S 1,800 

0.0234 

0.0000 

265.0 

0.000 

250 
i60 ft.-Ib, 250 VDC

! 1.0oo 
S 0.40 

S 0.50 

.00 

S 0 

249 

0 

_0 

2409 1• 

78,519 •.  

74.754 

75,556 

0,392

Predic-ted Strke Time fSeconds): ,17.75

Ihintstemfl& 
100%' 3,765' 
9V0% 3,765' 
80% 3,65 

70% 3,765 
60% 3,765 

55%% 3,765 
50% 3,765 
45%' 3,765 

40% 3,765, 

35% 3,765, 
30,% J65lý 

28% 3,765~ 
26% 3,769' 

24% 3,765 

22% 3.765 
20% 3,.765' 
18% 0,765: 

116% 3,766 
14% 3,765 

12% 3,765' 
'10% 3,765 

9% . 3,765 
8% 3,765 
7% 3,765 
6% 3,765 
5% 3,765 
4% 3.765' 

3% 3,765 
2%/ 3,765 

1 % 3,765 
0%k 3,765; 

-.00010% 3,765' 

-100% 3.765~
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Stroke I Position

-10% 

-90% -8% 

-7%
-6% 

---5% 
-4% 

-3% 

-2% 
-1% 

0% 

00% 

2% 

3% 

4% 

5% 
60% 

7% 

80% 

9% 
10% 

14% 

16% 
18% 

209/ 
22% 

24% 

26%/ 

28% 
-30.0%
35% 

40%

50% 

-55%
60% 

7w/4 
80% 

90% 

100% 

UNWN 
Screen 
WIilter 

Valve:

-0.90 
-0.81 
-0.72 
-0.63 
-0.54 
-0.45 
-0.36 
"-0.27 
-0.18 
-0.09 
-6.01 
0.00 
0.09 
6.18 
"0.27 
O.36 
0.45 
0.54 
06.63 0.72 

0.81 
.9§0 

1.08 
1.26 
1.44 
1.62 
1.80 
1.98

Stem 
Thrust 

3765 
3765 
3765 
3765 
3765 
3765 
3765 

3765 
3765 
3765 
3765 
375 

376 

3765 

_3765_ _ 

3765 
3765 

3765 
3765 
37-65 

.3765 
3765 

-3765 
3765 
3765 

3a76-5 

3765

2.16 3765_ 3 
2.34 3765 3 
2.52 _3765 3 
2.70 3765 3 
3.15 3765 3 
3.160 3765 3 

_o4.05 _3765 3 

4.50 3765 3 

-4.95. 3765 3 
5.40 3765. 3 

6.30 ....3765 3 

7.. 20 3765 3 
8.10 3765 3 
9.00 3765 3 

3 
__ 3 

BWR Plant B. static onen

1765 

.765 

765 

765 

,765 

,765 
765 

765 

,765 

765 
765 

765 

5556 

765 

765

Average 
Stem 

Thrust 

3765 
3765 

3765, 
3_765 
3765 

376_5 
376_5 
3765 
3765_ 

3.. _765• 
S3765_ 

3_765 

376_5 

37{65 

376-5 
3765 

3765

Worm Gearbox 
Speed Efficiency

Average 
Stem 

Torque 

88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 
88.21 

88.21.  
88.21 
88.21 

.88.21 

86.21 88.21 

868.2-1 
68.21 
88.21 88.21 
88.21 
88.21

88.21 1108 

88.21 1108 
88.21 1108 
88.21 1108_ 
88.21 1108 
88.21 1108 
88.21 1108 
88.21 1168 
88.21 11_08 
88.2-1 11_8_ 
88.21- _1168 
88.21 1108 
8. .21 1108 

88.21 1108 
1770.27 92 

88.21 
88.21 1108

1110 

1108 
1108 
1108 
1108 
1108 
1108 
1108 
1108 

1108 

1108 
1108 

1108 

i i08 
1108 
1108 

1108 

1108 
1108 

1108 

1108 

1108 

1108 
1108 

1108

0.392 
0.39•2 
0.392 -o 739-2
6.3-92 

- 0.392 
0.392 

0.400 
0.392

0.400 
0.392 
6.392 
0.392 
0.392 
0.392 
0.392 
0.392 
0.392 

0.392 
0.392 
0.392 

0.392 

0.392 
0.392 
0.392 
0.392 
0.392_ 
0.392 
0.392 

-6.392 

0.392 

0.392 
0.392 
0.392 
0.392 

0.392 
0.392 

0.392 
0.392 

0.392 

0.392 

0.392

3.13

Average 
Motor 

-Torque 

3.06 
3.13 

3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 
3.13 

3.13 
3.13 
3.13 
3.13 

3.13 
3.13 
3.13 
3.13 313 
3.13 

3.13 

3.13 
3.13 

--- 3.13-

3.13 

313S 
"3.13 

65.24 
3.06

-6.06 
-6.06_ 

6.06 

6.06 

6.06 

83.82 
104.00

265.00 
265.00 
265.00 
no 00 

265.00 

265.00 

265.00 
2-65.0_0

265 
265 

_-_-i-5-
265 
265 

265 

265

_ 6.06 _ 265.00 1 265

Motor Vmcc Motor 
Current Voltage 

5.98 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
606 265.00 265 
6.06 265.00 265 
6.06 265.-00- 2-6-5 
6.06 265.006 265 
6.06 265.00 265 
6066 2.65.0 265 

6.06 265.00 265 

6.06 265.00 265 
6.66 265.06 265 
6.66 265.o0 -26 
6.06 265.00 265 
6.0• 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
6.66 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
6.06 265.00 265 

6.06 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
6.06 265.001 265 
6.06 265.00 265 
6.06 265.00 265 
6.06 265.00 265 
6.06 265.00 265 

6.06 265.00 265 
6.06 265.00 265 
6.60 265.00 265 
6.06 265.00 265 
6.06 265.00 265

L ___________ I. __________ L

Stroke Motor Tm 

Speed nTime Spe Increment

Adjusted 
Motor 

Torque 

3.11 
3.17 
3.17 
3.17 

3.17 

3.17 

3.17 
-3.17 
3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 
3.17 

3.17 

3.17 

3.17 

3.17 

_3:17 ..  

3.17 
"-3.17 
3.18 
3.18 

3.18_ 

3.18 
3.18 
3.18 

3.18 
3.18 
3.18 

3.18 
3.18 

3.18 

3.18 

66.25 
3.23 
3.18

2413 
2410 

2410 
2410 

2410_ 
2410 

2410 
2410_ 
24_10 

2410 
_2410 

24110 N-10 

2410 
2410 

21-0 

2410 

2410 

2410 
2410 
2410 

2410 
2410 

2410 
2409 
2409 

2409 
2409 

2409 

2409 

2409 
2409 

2409 

2409 
2409 
2409 

200 

-.2406
2409

0.16 
0.16 

0.16 

06.i -- J-6-i ...  0.16 

0.16 

-0.16
0.16 

0.16 ++0.15

0.02 

6.16 

0.16 

0.16 
6.i6 
0.16

0.16 

0.16 

0.16 

0.16 

0.16 
0.32 

0.32 
0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.81 
0.81 

0.81 
0.81 
0.81 

0.81 " 
1 .61 
1-• .61 ..  
1.61 •8 
1.61

Instant Instant 
Torque Cap IAct Cap

Motor Time Tm 
Temp 

0.00 29.0 
0.16 29.0 
0.32 29.0 
0.48 29.0 
0.:-65 29.0 
0.81 29.0 
0.97 29.0 
1.13 29.0 

1.29 29.0 
1.145- 29.00 

1.60 29.0 

1.61 29.0 1.77.. 2_9-.0 

_1.94 29.0 
2.10 .29.0 

_2.26 29.0 

2.42 29.0 
2.58 29.0 
2.74 - 29.0 
2.90_ . __29.0 
3.07 29.0 
3.23 .290 
3.55 29.0 
3.87 29.0 
4.20 29.1 
4.52 29.1 
4.84 29.1 
5.16 29.1 
5.49 29.1 
5.81 _29.-1 
6.3 29.1 
6.46 29.1 
7.26 29.1 
8.07 29.1 

-8.88- 29.1
9.68 29.1 

11.30 29.1 
12.91 29.2 
14.52 29.2 
16.14 29.2 
17.75 29.2 

17.8 29.2 
17.8 29.2

__1,879.  

1,841 

1,841 

1,841 

1,841 

1,8411 

1-,84-1
"1,841 
1.84 1 
1,84 1 

1,841 

1,841 

1,841 

-... a-f6-1 

-- 1,841i

1,841 

1.84 1 
1.84f1 
1,841 

1.84 1 "1,841 
1.84 1 

1,841 
1,841 
1,841 

1,841 
1,841 

1,84i 
1,841 

1,840 
1,840 
1,840 --1.840

1,840 
1--l,840
1,840 
1,840 

1,840 

1,878 
1,840

I1 I___ _ I___

80,209 
78,581 

78,579 

78,578 

78,578 

78,577 
78,577 

78,576 
78,575 
78,575 
78,575 
78,574 
"78,574 
78,573 

78,572 
78.572 

78,571 

78,570 
768,57 
78.56-9 

78.569 

78,567 

78,566 
78,565 

78,564 
78,562 

78,561 

78560 

78.6559 

78.5 .56 

78,553
-78,550
78,547 

-7.54•4• 
78,541 

78.538 

78,531 

78,525 
78.519_ 

75,556 

80.142 
78,513

Instant 
Margin 

-76,444 -

74,816 -

74,815 
.74,14 
74,813 
74,813 

74,812.  
74,812 

74,810 

74,810 74,819 
_7_4_,6-16 --74,810-7 
74,809 
74,809 
74,808 
74,807 

74,806 
74,805 
74,805 
74.804 
74,804 
74,802 
74,801 
74,800 

74.799 
74,797 
74,796 

74,795 
74.794 

74,791 
74,788 

74,785 

74,782 5 

74.779 

74,766 -

74a,760

74,754.  

(0•r

m I



bwrog dc motor meth'od. version 1 .xs, Inputs, 02/2812000, 5:19 PM

Select Valve-> BWR Plant B, dynarmc close

Genera f Information 

Valve Type 

Flow type 
Stroke direcition 

Fluid (blowvdown only) 

Load profile melthod -

Valve a•nd Actua tor Informatdon : " 

Stem diameter. D_ (inches) 

Seat ring face ID, D-aOJD (inches) 

Seat ring Inner diameter, D. (inches) 

Globe valve stroke length, D Cinches) 

Isolation-to-wedging travel. X (percent) 
Packing [oad. F, (Ibs) 

Required thrust (including water inerta), F, (Ibs) 

Required thrust due to water inertia. F, (Ibs) 

Flwoefwent, Cv (gpn-dps' -
2 ) 

Actuator overall ratio. OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, T..  

Stem factor. SF (tt-fbsib) 

Overhaulnig stem factor, SF, (ft4bsilb) 

Voltage at MCC, V- (volts) 

Cable resistance. R." (ohms) 

Thermal overload resistance. R.e (ohms) 

Nominal voltage, Vn_ (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficency, TIP 

Run efficiency, n, 

Nominal motor speed (rpm). +, 

D~estgn Basis CotPmdnU.& M ..  

Differential pressure, DP (psi) 

Valve pressure atfull open, P5 (psig) 

Flow rate, Q0 (gpm) 

Fluid density. p (lbs•.t') 

Ambiert temperature (C) 

Length of upstream piping. L- (pipe diameters) 

CalulatedValue 
System resistance. K, .  
Fully open stem thrust, Fo (Ibs) 

Nominal motor torque. r, (f,-lt s) 

Maximum motor torque (ft-lbs) 
Maximum adjusted motor torque (ft-ibs) 

Mim um motor speed (rpm) : .  

Minimum Instantaneous actuator capability flbs) 

Minimum Instantaneous margin pIbs) 

Maximum torque swftch setting 
Ettloiercy at mninimum inst~antaneous capability

yes 

yes 

yes 

yes 
yes

yes 

yes 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

yes 

no 

no 

yes 
yes

no 

yes 

yes 

yes 
yes 

yes 
yes 

yes 

yes 

yes

Ma/ue 

double disk 

blowdown 

I close 
Ssteam 

i Use default 

1.750 

9.000 

0.000 

1 0.000 

10% 

1,540 

25.044 

0 
I 0 

72.01 

0.46 

1,800 
0.0234 

0.0000 

265.0 

0.000 

1 0.000 

250 
60 ft-lb, 250 VDC 

1.000 

040 

0.50 
++1.900 

0 
955 

I 0 

0.000 

1, 29 

10000

3,839 

66.3 

18.3 

18.7 

1607 

78,752 

63.522 

74.862 

0.393

Predicted Stroke Time (Seconds): 19.96

No t raird 

100% 
90% 

80% ... 5 

70% --~ 
60% , 

65% 

60% 
45% 

40% 
35% -~ 

30% 
28••% 

26% 

24% 
22% 

20% 

18% 

16% 

16%, 

14% 

12% 

10% 

7% 
6% 

5% 
4% 

3% 
2% 

0% 
-0.0010%

-100%-
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Stroke I Position

100% 
90% 
80% 

60% 
559/% 

45% 

-40% 
35% 
30% 

n0o/_ 
28% 

26% 

20% 
18% 

16% 
14% 
12% 

10% 
9% 
8% 
7% 
6% 
56/ 
4% 
3% 
2% 
1% 
-0/% 

-2% 
-31% 
-4% 
-5% 
-6% 

J7% 
-8% 
-9% 

-10% 
TS-T 
Screen 
wter 

valve-

9.00 
8.10 
7.20 
6.30 
5.40 
4.95 
4.50 
4.05 
3.60 
3.15 
2.70 
2.52 

2.34 
2.1 

.698 
1.80 
1.62 
1.44 
1.26 

1.08 
0.90 
0.81 
0.72 
0.63 
0.54 
0.45 
0.36 
0.27 
0.18 
0.09 
0.00 
-0.01 
-0.09 

-0.18 
-0-•.27

-0.36 

-0.45 
-0.54 
-0.63__ 
-0.72 
-0.81 
-0.90

Stem 
Thrust 

3839 
3937 
4157 
4430 
4876 
5178 
5489 
5801 
6113 
6544 
7051 
7254 
7806 
8606 
94_0 

10205_ 
11005 
11932 
13580 
15228 
17060 
18096 
188_84

19564 
_20394 

21362 
22236 
22938 
23640 
24342 
25044 
25044 
25044 
25044 

25044__ 
25044 
25044 
25044
25044 
25044 
25044

Average
Gero Average 

Gearo Motor 
Efficiency Torque

Average Average Wo
Stem Stem Worm 

Thrust Torque Speed 

3888 91.10 
4047 94.82 1107 
4293 100.59 1102 
4653 109.02 1096 
5027 117.79 1088 
5334 124.97 1080 

5645 132.27 1073 
5957 139.58 1066 
6329 148.28 1060 

6798 159.27 1052 
7153 167.58 1041 
7530 176.43 _1034 
8206 192.27 1026 
90•0 6 .. 211.0o _1 
9806 229.75 994 
110605 248__ 97_8 
11469 268.71 961 

"12756 298.88 943 

14404 _337.49 _918 
16144 3_78.26 894 

M1578 411.86 869 
16490 433.22 848 
19224 450.42 835 
19979 468.12 825 
20878 469.17 814 
21799 510.75 802 
22587 529.22 789 

23289 545.66 779 
23991 562.11 769 
2469 578.56 758 
25044 658.78 746 

- 2504-4 586.78 -741 
25044 5806.7 7T416 

25044 586.78 740 
25044 586.78 740 

25044 _586.78 740 
25044 586.78 740 
25044 _ 586.78 740 _ 

25044 586.78 740 
25044 586.78 739 
748•2 1754.01 92 
25044 586.78 
2044 586.78 725

Stroke 
Time 

Increment

6.4600 
0.3-93 

0.364 

0.396 

0.398 
0.399 
0.400 
0.40 1 
0.402 
0.403 
0-0.406 

0.410 
0.4-12 
"0.415 
0.418 

0.423 
0.428 
0.432 
0.434 
0.436 
0.438 
0.441 
0.443 
0,445 
0.446 
0.446 
0.446 
0.46 
0.446 
0A446 
0-.4-46 

--- 0.446 
0.446 
0.446 
0.446 
0.446 

0.446 
0.446 

0.377 
0.400 
0.64-45

3.16 
3.35 

3.55 
3.84 
4.13 
4.37 

4.62 
4.86 

---5.15 
5.51 
5.79 
6.08 , 
6.59 

"7.78 
8.37 
9.00 
9.92 
11.08 
12.27 
13.24 
13.85 
14.34 
14.83 
15.41 
16.00 
16.51 
16.98 

17.50 
18.02 
18.28 
18.29 
18.29 

118.29 
18.29 
18.29 
18.29 
18.29 
18.29 
18.29 

64.64 
20.37 
18.30

Motor Vmcc Motor 

Current Voltage 

6.11 265.00 265 
6.36 265.00 265 
6.61 265.00 265 
6.99 265.00 265 

7.37 265.00 265 
76.69 265.00 265 
8.00 265.00 265 
8.32 265.0 265 
8.70 265.00 265 
9.17 265.00 265 
9.52 265.00 25 
9.90 265.o0 265 

10.56 265.00 265 
11.34 265.00 265 
12.12 265.00 265 
12.88 265.00 265 
13.70 265.00 265 

14.89 265.00 265 
16.29 265.00 265 
17.73 265.00 265 
18.89 265.00 265 
19.62 265.00 265 
20.21 265.00 265 
20.80 265.00 265 
21.50 265.00 265 
22.20 265.00 265 
22.81 265.00 265 
23.37 265.00 265 
23.99 265.00 265 
24.62 265.00 265 
24.94 265.00 265 
24.94 265.00 265 
24.94 265.00 265 
24.94 _265.0 265 
24.94 265.00 265 
24.94 265.00 265 
24.94 265.00 265 
2-494 265.00 - '265 
.24.94 265.00 265 
24.94 265.00 265 

24.94 265.00 265 
83.04 265.00 265 

104.00 265.00 265 
24.96 265o 5

Adjusted Motor 
Motor peed 

Torque 

3.21 2407 
3.40 2396 
3.61 2384 

"3.90 2366 
4.20 2348 
4.44 2333 

4.69 2318 
4.94 2--30-4-
5.23 228 
5.60 2264 
5.88 2247 

6.18 2N29 
6.70 21948 
7.31 2162 

8.51 2089 

9.15 2051 
10.09 1996 

11.27_ 194 
12.49 1888 
13.48 1843 
14.10 1815 
14.60 1793 
1511 1770 
15.70 1743 
16.31 1716 
16.82 1693 
17.31 1671 
17.85 1647 
18.38-d 123 

18.66_ 1610 
18.67 110b 
18.67 1610 

18.68 . 16o_. 

1186.769 1i609 
18.70 1609 _ 

18.7-1 -1608 

18.72 1608 
18.73- -1607 
18.73 _ 1607 
66.25 200~ 
21.47 1487 
19.43 1576

Q

1.62 
1.62 
1.63 
1.64 
0.83 

0.83
0.84 

-6.-85 
0.84 0.85 
0.86 

0.35 

6.35 
0.35

0.36 

0.37 

0.37 
0.38 
0.39 
0.40 
0.41 

0.21 
0.21 
0.22 
0.22 

0.22 
0.23 
0.23 
0.23

_ . . . - 1 --.. .. .I

I
Time 

000 
1.62 

3.24 
4.87 
6.51 
7.34 
8.17 

9.01 
_9.88• 

10.71 
11.57 

1t2.226 
12.62 
12.97 

13.71 
14.09 
14.48 
14.88 
15.29 
15.50 
15.72 
15.94 
16.16 
16.38 
16.61 
16.84 

17.07 
17.30 

17.54 
17.57 

18.0(53 
18.27 

18.51 
18.75 

18.99 
19.24 

19.48 
1F9.72
19.96

0.24 

0.02 _O.oU 
0.22 
0.24 
0 .24 
0.24 

0.24 
0.24 

0.24- _ 
0.24 
0.24 
0.24

Motor Instant 

Temp Torque Cap 

29.0 
29.0 1.879 

29.0 1,845 
29.1 1.84•9 

29.1 -- -1.854 
29_.1 . ,_ 1.859 ... .  
29.1- -- 1,863 
29.2 1,867 
2_9.2- 1,871 
29.2 1,877 
29.3 1.883 
29.3 1,888 

29.3 -___ 1,893 
29.3 1,902 
2 9.3 1,9_13 

g29.4 _ 1,1924 
29.4 1,3 
29.4 1,946 
29.5 1,963 
29.6 1,984 
29.6 2,007 
29.7 2,024 
9.7 2. 035 

29.8 2,044 
29.9 ý,053 
29.9 2,064 
30.0 2:075 
30.1 2,084 
_30.2 2,088 
30.3 2,087 

30.4- 2.08 
30.4 2,083 
305 2,0_83 
30.6 2,082 
30.7 2,081 

30.8 -2.080-
30.9 2,079 
31.0 2.079 
31.1 2,078 
31.2 2,077 

-31.3 2,7 
31.4 2,075 
-- - 1,754 

44.7 -1,13 
41.0 2,001

28.8 
27.1

Instant Instant 
Act Cap Margin 

80,209 76,320 
78,752 74,705 
78,697 74,604 
79,112 74,459 

79,332 74,304 
79,511 74,177 
79,694 74,049 
79,8.5 73,918 

80,092 73,764 
80,367 73.569 
80,565 73,413 
80,785 73,255 
81,188 72,982 
81,654 72,648 
82,111 72,306 

82,562 71,957 
83,046 71,578 

83,777 71,021 
84,696 70,291 
85,652 69,508 
86,404 68,826 
86,863 68,374 

87.235 68,011 
87,623 67,644 
88,089 67,211 
88,556 66,757 
88,940 66,352 

89,136 65.647 
89,067 65,076 
88,99 64,29 
88,915 63,871 
88,889 63,845 
88,857 63,81 
88,820 63,776 
88,784 63,740 
88,748 6,3_3,-704 
88,711 63,667 
88,675 63,631 
88,639 63,595 

88,566 63,522 
74.862 (0) 

7-5.684 50.640 
85,408 60,364

I�

I I II - II



bwrog dc motor method. version 1 xIs, Inputs, 02)28'2000, 5 19 PM

Select Valve-> 1 BWR Plant B, dynarc open

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load profile method

Valve and Actuator Information 

Stem diameter, D, (inches) 

Seat ring face ID. DO*4D (inches) 

Seatring inner diameter, D, (inches) 

Globe valve stroke length, D (inches) 

Isolation-to-wedging travel, X (percent) 

Packing load. F, (Obs) 

Requ•red thrust (including water Inertia), FR (Ibs) 

Required thrust due to water inertia, F,, (Ibs) 

Flow coefticient, Cv (gpm:psir
0

) 

Actuator overall ratio, OAR 

Motor gear set rato. MGSR 

Actuator rated torque, c,_ 
Stem factor. SF (fttlbslIb) 

Overthauling stem factor, SFo (ft-lbsllb) 

Voltage at MCC, V. (volts) 

Cable resistance. RP (ohms) 

Thermal overload resistance. Rt, (ohms) 

Nominal voltage. V,,_ (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency, ri 

Run efficiency, ri, 
Nominal motor speed (rpm)eo.3.  

Destian Basis Conditions 

Differential pressure, OP (psi) 
Valve pressure at full open, P9 (psig) 

Flow rate, Q. (gpm) 

Fluid density, p (bslt) 
Ambient temperature (C) 

Length of upstream piping, L_, (pipe diameters)

System resistance. K, 
Fully open stem thrust. Fo (Ibs) 

Nominal motor torque, t_ (ft-lbs) 

Maximum motor torque (ftoa•) 
Maximumn adjusted motor torque (ft~lbs) 

Mimmn? a~molor sIpeed (p) 

Niitinmum krstantaneous actuato capability (tea) 

Minimcinr Instantaneous margin (tea) 
Maximum allowable thrust at unwedging 

Effidency at minimum Instantaneous capabiity,

Predicted Stroke Time (Seconds):, 19.95

yes 

yes 
yes 

yes 

yes

double disk 
blowdown 

open 
steam 

Use default 

1.750 

9.000 

0.000 

0.000 

10% 

3,727 

26,849 
0 

0 

72,01 

0.46 

1,800 
0.0234 

0.0000 

265.0 

0.000 

0.000 

250 

60 ft-lb, 250 VDC 

1.000 

0.40 

0.50 

1,900 

0 

951.7 

0 

S 0,000 

29 

10000

yes 
yes 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 
yes 

yes 

yes 

yes 

yes 

optional 

no 

yes 

no 

no 

yes 

yes

no 
yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes

Nt Qrwulked 
100% 
90% 
80% 
70% 
60% 

55% 
50% ;s 

45%* 

40% 

35% 
30% 

28% 
26 % 
24% 

22% 
20% 

18% 
16% 
14% 

12% 
10% 

9% 

8% 
7%/.  
6% 
5% 
4%k 

3% 
2% 
1% 
0% 

-0.0010%
-100%

1,438 

66.3 

21.8 

22,2 

1457 

76,260 

53,360 

75,508 

0.385



bwrog dc motor method, version 1.xls, Results, 02/28/2000, 5:19 PM

Stroke

-10% 
-9% 
-8% 
-7% 
-6% 
-5% 
-4% 
-3% 
-2% 
-1% 
0% 

0% 
1% 
2% 
3 .....  

4% 
50% 
66% 

7%-
8%/ 

_ 9%.  

10% 
12% 
14% 
16% 
18% 
20% 
22% 
24% 
26% 
28% 

30.0% -3M/635% 

40% 

456/6 

50% 
55% 
60% 

80% 

-90% 
100% 

UNW 
Screen 
water 

Valve:

Stem Average Average Worm Position st Stem Stem Worm Thrust Thrust Torque Speed 

-0.90 26849 
-0.81 26849 26849 629.07 

-0.72 26849 26849 629.07 670 

-0.63 26849 26849 629.07 713 

-0.54 26849 26849 629.07 714 
-0.45 26849 26849 629.07 714 
-0.36 26849 26849 629.07 714 
-0.27 26849 26849 629.07 713 
-0.18 26849 26849 629.07 713 
-0.09 26849 26849 629.07 713 
-0.01 26849 26849 629.07 713 
0.0_0 26849 26849 629.07 713 
0.09 _27077 26963 631.75 712 
0.18 27306 27192 637.10 711 
60.27 27534 27420 642.45 707 
0.36 27763 27648 647.80 704 
0.45 26908 27334 640.45 700 
0.54 25466 _26186 613.54 704 
0.63 24083 24775 580.47 721 
0.72 22762 23423 548.79 743 
0.81 21287 22025_ 516.04 765 
0.90 19449 20368 477.22 784 
1.08 16900 18175 425.83 807 
1.26 15217 16059 376.26 837 
1.44 _13534 14376 336.83 867 
1.62 12405 12989 303.87 892 
1.80 11372 11888 278.54 913 
1.98 10340 i 085-6 254.36 932 
2.16 9307 9824 230.17 954 
2.34 8275 8791 205.98 975 
2.52 _7461 _7868 184.35 997 
2.70 6955 7208 168.89 1017 
3.115 5691 6323 ---- -148.15 1031 
3.60 4778 _5234 _122.64__ 1050 
4.05 4412 - 4595 107.66 1074 
4.50 4046 _4229__ 99.09 1089 
4.95 3665 3855 90.33 1097 
5.40 3181 3423_ 80.19__ 1105 
6.30 2420 2800 65.61 1115 
7.20 1886 2153 50.44 1130 
.8.10-.. 1496 1691 39.62 1145 
9.00 1438 1467 34.37 _1156 

--- --- 75508 1769.16 92 

26849 629.07 -
-- -- 26849 629.07 693 

BWR Plant B. dynamic open

Gearbox Average 
Gearboxe Motor 

Efficiency Torque 

0.400 21.84 
0.444 19.66 
0.445 19.63 
0.445 19.63 
0.445 19.63 

0.445 19.63 
0.445 19.63 
0.445 19.63 
0.445 19.63 
0.445 19.63 
0.445 19.63 
0.445 19.71 

0.445 19.88 
0.445 20.05 
0.445 20.22 
0.445 19.99 
0.445 19.15 
0.445 18.10 
0.446 17.10
0.443 16.17 

0.439 15.11 
0.433 13.66 
0.427 12.24 
0.422 11.07 
0.419 10.08 
0.416 9.31 
0.413 8.56 
0.410 7.80 
0.407 7.03 
0.404 6.34 
0.402 5.83 
0.400 5.15 

0.396 4.30 
0.394. 3.79 
0.393 3.50 
0.392 3.20 
0.391 2.85 

0.389 2.34 
0.387 1,81 
0.385 1.43 

0.385 1.24 
0.377 65.20 

-.. 0.400 21.84 
0.445 19.64

Motor Motor Adjusted 

Current Voltage Torque 

29.39 265.00 265.. 22.18 
26.60 265.00 265 19.98 
26.55 265.00 265 19.95 
26.55 265.00 265 19.96 

26.55 265.00 265 19.97 

26.55 265.00 265 19.98 

26.55 265.00 265 19.99 

26.55 265.00 265 20.00 

26.55 265.60 265 20.01 
26.55 265.00 265 20.02 

26.65 265.00 265 20.12 
26.86 265.00 265 20.30 
27.06 265.00 265 20.48 
27.29 265.00 265 20.67 
26.99 265.00 265 20.44 
25.98 265.00 265 11959 

24.72 265.00 265 18.53 
23.52 265.00 265 17.51 
22.,40 265.00 265 16.56 
"21.13 265.00 265 _15.48 
19.40 265.00 265 14.00 
17.68 265.00 265 12.54 
16.29 265.00 265 11.35 
15.10 265.00 265 10.34 
14.10 265.00 265 9.55 
13.13 265.00 265 878 
12.14 265.00 265 8.01 
"11.14 265.00 265 7.22 
10.24 265.00 265 6.50 
9.58 265.00 265 5.99 
8.69 265.00 265 5.29 
7.59 265.00 265 4.41 
6.93 265.00 265 3.89 
6.55 265.00 265 3.59 
6.16 265.06 265 3.29 
5.70 265.00 265 2.93 

5.05 265.00 265 2.41 
4.35 265.00 265 .1.86 
3.86 265.00 265 1.47 
3.61 265.00 265 1.27 

83.76 265.00 265 66.25 
104.00 265.00 265 23.02 

26.57 265.00 265 .21.604

Instant 
Torque Cap

Motor 
Speed 

1457 
1551 
1552 
1552 
1551 
1551 

1550 
1M50 

1549 
154-9 
1545 
1537 
153o 
1522 
1531 
1568 

1616 
1662 

1705 
1754 
1820 
1885 
1939 
1985 
2027 
2073 
2120 
2167 
2210 
2241 
2283 
2335 
2366 
2384 

2403 2424 

2456 
2488 
2512 
2524 
200 
1422 
1506

Stroke 
Time 

Increment 

0.27 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

0.6 -5 0.25 
0 23 

-6 .2 -5 0.03 0.25 
0.25 

0.24 
0.23 

0.23 

0.22 
0.43 
0.41 
0.40 
0.39 
0.38 
0.38 
0.37 
0.36 
0.35 
0.35 
0.85 
0.83 

--. 8 
0.82 
0.81 
0.8-0 

1.55 
1.54

31.9 
32.0 

-32.6
32.0 

32.0 

32.0 

32.0 
32.0 
32.0 

47.9 
43.5

Motor 
Time Temp 

0.00 29.0 
0.27 29.2 
0.52 29.3 
0.77 29.4 
1.02 29.6 
1.27 29.7 
1.52 29.8 
1.77 29.9 
2.02 30.1 
2.27 30.2 
2.50 30.3 
2.52 k30.  
2.7-8 -30.4 
3.03 _30.6 
3.28 30.7 
3.54 _ 30.8 
3.79 31.0 

4.28 31.2 
4.51 31.3 
4.74 31.4 
4.96 31.4 
5.39 31.5 
5.80 31.6 
6.21 31.7 
6.60 31.7 
6.9-8 -31.8 

M736 31.8 
7.72 31.9 
8.08 31.9 
8.43 31.9 
8.78 31.9

1,879 
2,086 
2,089 
2,066 
2,087 

2,086 
2,0852 
2,084 

2... ,083 
S2,082 

2,0681 
2,08 
2.078 

---2,077 .  

2,075 
2,075 

2,076 

2,043 
2,015 
1,987 
1,965 
1,947 
1,932 
1,918 
1,905 
1,891 

1,668 

1,869 

1,857 

1.822 
1,8 15 

1,806 

1,797 
1,790 

1,787 
1,769 
"1:758

Instant Instant 
Act Cap Margin 

80,209 53,360 
89,028 62,179 
89,152 62.303 
89,111 62,262 
89,067 62,218 
89,023 62,174 
88,980- 62,131 
88,936 62,087 
688,92 62,043 
88,849 62,000 
88,809 61,960 
88,804 61,8411 
88,755 61,563 
88,697 61,277 
88,638 60,989 
88,578 61,243 
88.550 - 62.364 -

88,576 63,801 
88E,626- - 65,2-03 
88.094 66.069 -

87,190 66,822 
85,980 67,805 
84,808 68.749 
83,876 69.500 
83,084 70,114 
82,471 70,582 
81,880 71,024 
81,287 71,463 
80,690 71,898 
80,154 72,285 
79.771 72,562 
79,241 72,916 
78.581- 3,34•7 7-8,200- -7-3,605 :: 

77,978 73,749 
77,747 73,892 
77,479 74,056 .  
77,092 74,292 
76,688 74,535 
76,400 74,709 -: 

76,260 74,792-2 
75,508 0 
74,829 47,980 
84,529 5-7,680 -

9.63 

10.47 
11.29 

12.10 
12.91 
13.71 

15.30 
16.86 
18.41 

19.95 

28.4

I . - - I -_==I



bwrog dc motor method. version 1 xIs, Inputs. 0212812000, 5:22 PM

Seiect Valve->- BWR Plant C, SMU60dse W1

Recuired? Y~aLue 
yes F wedge gate 

no 0 os 

no 0 

yes Input Stem Thrust

Valve Type 

Ftowtyp 

Strolke direction 

Fluid (blowdown only) 

Load profile method

Valve an~d Actuator Information 

Stem dia meter, D_~ (inches) 

Seat ring face ID. 0o,,c (irvches) 

Seat ring Inner diamete, 0D, (inches) 

Globe valve strokkl'~ength, D (inches) 

Isotation-to-wed Igifg travel, X (percent) 

Paciring load. Fk Psw) 
Required lhrist(including water inertia), Fp OIbs) 

Required Uthrust due to water inertia. Fmr (bs) 

Flow coefficient, Cv (gpmipsi
t0 ) 

Actuator overall ratio, OAR 

Motor gear set ratio, MGSR 

Actuator ratied torqlue, X,ý 

Stem factor. SF (ft-lbsilb) 

Overhaufling stem facto~r. SF. (ft-lbsflb) 

Voltage at MCC. V,, (volts) 

Cable resistanceR.,. (ohms) 

Therm-al oveijoad resistance, R,, (ohms) 

Nominal voltage, V-,,, (volts) 

motor tp 

Valve stem lead, lead (inch-es) 

Pullout efficiency. TI, 

Run efficiency, q, 

Nominal motor speed (rpm). e)

D~estan Basis Condition 

Differential pressure, DP' (Psi) 

Valve pressure at full open, P'e (psig) 

Flow rate,' 0,,..,(gpmn) 

Fluid density. p (lbsfit
3
) 

Ambient temperature (C) 

Length of upstream piping, L_~ (pipe diameters) 

CakuWlatea Uup.  
Systemn resistance, K,.  
Fully open stem thrust. F. (tbs) 

Nominal motor torque. i_~ (fttbs) 

Maximum motortoequLe (ft-lbs) 

Maximum adjusted motor torque (ft-Ibs) 

Mn'"Kmotoeped (rp-) 

Minimum lIntantaneous actuator capability (Ibs) 

Minirnumn Instantaneous margin (lbs) 

Mayimumn torque swrtch setting 

Efficiency at m~irnium instantaneous capabllty'

no 
yes 

no 

no 

yes 

no 

no 

no 

no 

yes 

yes 

Yes 
yes 

no 

yes 

yes 

yes 

yes 

yes 
yes 

yes 

yes 
optional 

no 

no 

no 

no 

yes 
no 

no 

no 

Yes 
yes 

yes 

yes 

yes 
yes 

yes 

yes

0.000 

I 8.750 

1 0.000 

0.000 
10% 

0 0 
10 

1 72.42 
0.47 

850 

0.02000 

268.0 

0.093 

0.019 

1 250 
60 ft-lb. 250 VOC 

0.500 

1 0.40 

0.50 

1.900 

0 

0 

0 

0.000 

32 

0

0 

66.3 

11.6 

1.7 
2501 

91,833 
89.541 

88.165 

0.393

100% 2.292~ 
90 2,;292 

70% 2.2925 
60% 2-292 

S5% 2,292, 

50% .2.292 

45*% 2-292 

40% 2-292 
35%9, 2Z29 

30% 2 2ý92~ 

28% 2.292, 

2c% 2.292,

24% 2-292 

22%. 2Z292 

20% 2.2,92, 
18% 2Z29 

16% 2.292

14% 2.-29 2 

12%/ 2,292' 

10% 2-.292 
S% 2,292 

M % 2-N22 

7% 2,292.  

5%k 2,292 

4% 2,292' 

3% 2,292 

2%- 2,292 

0% 2,292 
-0.0010%k Z 292

-100.% 22

Predicted Stroke Timre (Seconds): 33.45



bwrog dc motor method, version 1.xls, Results, 02/28/2000, 5:22 PM

Stroke 

_100%_ 
90%. .  

80% 
701/ 
60% 
55% 

45% 

40% 
35% 
30% 
28% 
26% 
24% 
22% 
20% 
18% 
16% 
14% 
12% 

10% 
9% 
8% 

7% 
6% 
5% 
4% 
3% 
2% 
1% 
0% 

-0.1% 
-1% 
-2% 
-3% 

-4% 
-5% 

-6% 
-7% 

-8% 
-9% 

-10% 
TST 

Screen 
wI/ter

QMI.,a I pAID .6t ~sinIA I

Gearbox Average Motor
Worm Gearbox Motor 
Speed Efficiency Current

I

Position 

8.75 
7.88 
7.00 

5.25 
4.81 

4.38 
3.94 
3.50 
3.06 
2.63 

2.45 
2.28 
2.10 
1.93 
1.75 
1.58 
1.40 
1.23 
1.05 

0.88 
0.79 
0.70 

0.61 
0.53 
0.44 
0.35 
0.26 
0.18 

0.09 
0.00 
-0.01 
-0.09 
-0.18 
-0.26 
-0.35 
-0.44 
-0.53 
-0.61 
-0.70 
-0.79 
-0.88

Average 
Stem Stem 

Thrust hrust 

2292 
2292 2292 
2292 2292 
2292 22292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 

- 2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 

2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 
2292 2292 

2292 2292 
2292 2292 
2292 2292 
M229 2292 

_2292 2292 

_2292. -- 2292__ 
ý2292 2292 
2292 2292 
229 2292 
2292 2292 

_2292 2292 
2292 2292 
2292 2292 
.2292 2292 
2292 2292 
2292 -:22-92 

88165 
- 2292 
- 2_29_2

Average 
Stem 

Torque 

45.84_ 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84, 

45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 

45.84 
45.84 
45.84 
45.84.. .i 

S- 46Z 

45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84.__ 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 
45.84 

45.84 
45.84

1176 
1175 
1175 
1175 
1175 __'F 

1175 
1175 
1175 

1175 
1175 
1175 
1175 
1175 
1175 
1175 

1175 
1175 
1175 

1175 
1175 
1175 
1175 
1175 
1175 
1175 
1175 

._75 

S1175 
117_5_ 

1175 
1175 

117_5 
1175 

1175 
1175 
1175 

1175 

1175

___________________ ______ _______ .1. J _____ _____ -

I II
I

0.400 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
0.393 
"0.393 
0.393 
0.393 
0.393 
0.393 

-- 0.393 
0.393 

0.393 
0.393 
"0.393 
0.393 

0.393 

0.378 
6.400 
0.393

1.58 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 

1.61 
1.61 
1.61 
1.61 

1.61 
1614 
1.61 
1.'61 

1.61 

1.58 
1.61

4.06 
4.09 

. 4.09_
4.09 
4.09 
4.09 

4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 
4.09 

4.09 
4.09 

4.09 

4:09 

S4.09 
4.09 

4.09 

4.09 
4.09 
4.09 
4.09 4.09 

82.83 
104.00 
4.09

268.00 
268.00 
268.00 
268.00 
288.00 
268.00 
268.00 
268.00 
268.00 
268.00 
268.00 
268.001

-1

I
Motor 

Voltage 

26.00 268 
268.00 268 
268.00 .268 
268.00 268 
268.00I 268 
268.00 _268 
268.00 I268 
268.00 268 
26i.060 266 
268.006i 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 I 268 26.0Io 268 

268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268 
268.00" 268 
268.00 268 
268.00 268 
268.00 268 
268.00 268

Adjusted 
Motor 
Torque 

1.63 
1.65 

1.65 : 
1.65 
1.65 
1.65 
1.65 
1.65 

1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 

1.65 
1.65
1.65 
1.65 

1.65 
1.65 

1.65 
1.65 
1.65 
1.65 

1.65 
1.65 
1.65 
1.65 

66.25 
1.69 
1.65

Motor 
Speed 

2502 
2501 
2501 

2501 

2501 

2501 
2501 
2501 2501 

2501 2501 

_25•1 
2501 
2501 
2501 
2501 
2501 

2501 
S.. 2501 

250l 
2501 
2501 
2501 
2501 
2501 
2501 
2501 

2501 
2501 
2501 
2501 
2501 
2501_ 

2501 

2501 

2501 
2ý00 
2499 
2501

Stroke 
Time 

Increment 

3.04 
3.04 
3.04 
3.04 
1.52 
1.52 
1.52 
1.52 

1.52 1.52 

0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 

0.03 
0.2Z7 
0.30 

-0.30 0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30

Motor Time Tm 
Temp 

0.00 32.0 
3.04 32.0 
6.08 32.0 
9.12 32.0 
12.16 32.0 
13.68 32.0 
15.20 32.1 
_16.72 32.1 
18.24 32.1 
19.76 32.1 
21.28 32.1 
21.89 32.1 
22.50 32.1 
23.11 32.1 
23.72 32.1 
24.32 32.1 
24.93 32.1 
25.54 32.1 
26:.15 _, S32.1 
26.76! 32.1 
27.36 32.1 
27.67 32.1 
27.97 32.1 
28.28 32.1 
28.58 32.1 
28.88 6 3.1 
29.19 32.1 
29.49 i32.1 
29.80 32.1 

30.10 32.1 
30.40 32.1 
30.43 32.1 
30.71 32.1 
31.01 32.1 

31.32 32.1 

31.92 32.1 
32.23 32.1 
32.53 32.1 
32.84 32.1 
33.14 __i32.1 
33.45 32.1 

33.5 32.1 

33.4 32.1

268 
268 

268 

268._ 
268 
268 
268 
268 
259 

256 
268

Instant 
Torque Cap 

1,869 

1.837 
1,837 
1,837 
1,837 
1,837 

1,837 
1,837 
1,837 
1,837 
1,837 
1.837 
1,837 
1,837 
1,837 
1.837 

1,837 
1,837• .  
1,837 
1,837 
1,837 

1,837 

1,837 

1,837 
1,837 
1,837 
1,837 
1,837 
1,837 
1,837 

1,837

Instant Instant 
Act Cap Margin 

93,435 91,143 
91,870 89,578 
91,865 89,573 
91,862 89.570 
91,858 89,566 -

91,856 89,564 
91,855. 89.563 
_91,853 89,561 

91,851 89.559 
91,849 89,557 
91.847 89,555 
91,847 89,555 
91,846 89,554 

91,845 89,553 

91,844_ 89,552.  
91,843 89,551 
91,842 89,550 -, 

91,842 89.550 
91,841 _89,549 
91,840 89,548 
91,840 89,548 
91,840 89,548 
91.839 89,547 
91.839 89,547 
91,838 89,546 
91,838 89,546 
91,838 89,546 
9,1837 89.54_5 
91,837 89,545 
91.837 89,545 
91,837 - 89,545 
91,836. _89,544 
91,836 89,544 
91,838 89,544 -

91,835 89,543 
91,835 89,543 
91,834 89,542_ 
91,834 89,542 
91,834 89.542 
91,833 89.541 
88,165 (0) 
93,396 91,104 
g91,833_ 89,541 -

1.837
1,837
1,837

1,837 
1,837 
1,763 
1,868 
1,837



bwrog dc motor method, version 1 xls. Inputs, 02/26.2000, 5:22 PM

select Valve-> I BWR Ptant C, statc open

General Information 

Valve Type 

Flow type 
Stboke direction 

Fluid (blowdown only) 

Load profile method 

Valve and Actuatorlnformratlon 

Stem diameter. D.,r (inches) 

Seat ring face ID. O (inches) 

Seat ring inner diameter, D, (inches)

Globe valve stroke length. 0 (imches) 

lsolation-to-wedguig travel. X (percent) 

Packinggload. F, bs) 
Required thrust (i•ncluding water inertia), FR (ibs) 

Required thrust due to water inertia. F Obs)(• 

Flow coefficient. Cv (gpVps) ..  

Actuator overall ratio. OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, ..  

Stem factor. SF (ft-lbs/tb) 

OverhauLimg stem factor, SFo (ft-lbs/tb) 

Voltage at MCCV-. (volts) 

Cable resistance. R." (ohms) 

Thermal overload resistance, R. (ohms) 

Nom•nal voltage, V, (volts) 

Motor type 

Valve stem lead. lead (inches) 
Pullout efficiency. -i " 

Run efficiency, Ti, 

Nominal motor speed (rpm). co

Design Basis Conditions 

Differential pressure. DP (psi) 

Valve pressure at full open., Pe (psig) 

Flow rate, (.• (gpm) 

Fluid density, p (Ibsfft) 

Ambient temperature (C) 

Length of upstream piping, L- (pipe diameters)

yes 

no 

yes 

no 

yes 

no 

yes 

no 

no 

yes 

no 

no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 
yes 

"optional 

no 

no 

no 

no 

yes 

no

] 

wedge gate 

0 

open 

0 

Input Stem Thrust 

0,000 
8.750 

0.000 
0.000 

10% 

0 

0 

0 
0 

72.42 

0-47 

850 
0.0200 

0.0000 

268-0 
0.093 

0.019 

250 

G 60ftb, 250 VDC 

0.500 
0.40 
0.50 

S 1,900 

0 
0 

0 

0.000 

32 

0

Cvalculated Values ". "
System resistance, K•" no 

Fully open stem thrust, F0 (Ibs) - no 

Nomnial motor torque, -,._ ft, b) yes 
Maximum motor torque (ftltS) yes 
Maxim= adjusted motor torque (ft-lbs) yes 

Minmu motor ]speed (rpm) - yes 

WMiimumn Instantaneous actuator capability (the) yes 

Minium Instantaneous margin (Ibs) yes 

Maximum allowable thrust at unwedging yes 

Efficiency at minimum instantaneous capability yes

Predicted Stroke Timne (Seconds): 33.59

0 

66.3 

1.8 

1.8 

2490 

92,169 

89.622 

88,202 

0.395

Thruist mfflel 
100% 2,547,

80% 2,547 f 
70% 2.74 

60% 2,547 

55% 2Z547 
50% 2,547 

45% 2-547 

40% 2,547 
35% 2,547' 

30% 2,547 
28% 2r547 

26% 2,547", 

24%i 2-547 
22%. 2,5471 

20% 2,547 
18% 2,547 

16% 2,547 

14% 2.547 

12% 2-547 

10% 2.547 

9% 2,547 

8% 2,547 
7% 2.547 

6%A 2.547 

5% 2.547 

4% 2.547
3% 2,547 

2% 2,547 
1% 2.5-4T 

0% 2,547' 
-0.0010%1 Z547 

-100% 12.547 ~



bwrog dc motor method, version 1.xls, Results, 02/28/2000, 5:22 PM

Average
Worm Gearbox Moo 

Speed Efficiency Torque
Stem Average Average 

Stroke Position Stem Stem Thrust Thrust Torque 

-10% -0.88 2547 
-9% -0.7 9 2547 2547 50.94 

-8% -6.07 2547 2547 50.94 
-7% -0.61 2547 2547 50.94 

-6% -0.53 2547 2547 50.94 
-5% -0.44 2547 2547 _50.94 

-4% -0.35 2547 2547 50.94 
-3%-o --0.26 2547 2547 50.94 

-2% -0.18 2547 2547 50.94 
- 01% 0.09 2547 2547 50.94 
0%•/. --6.001 2547 2547 50.94 
0% 0.00 2547 2547 50.94 
1`/o 0.09 2547 2547 50.94 
29/6 0.18 2547 2547 50.94 
39% O.6 2-54.7 2547 50.94 
4% 0.35 2547 2547 50.94 
4% 0.44 2547 2547 50.94 
6% 0.53 2547 2547 50.94 
7% 0.61 2547 2547 50.94 
8% 0.70 2547 2547 50.94 
9%/ -10.79 2547 2547 50.94 
10% 0.88 2547 2547 50.94 
12% 1.05 2547 2547 50.94 
14% 1.23 2547 2547 50.94 
16% .406 2547 2547 50.94 
18% 1.58 2547 2547 50.94 

-•/ -------4-- ,5-7- 2 7 0_94 

20% 1.75 2547 2547 50.94 

22% 1.93 2547 2547 50.94 

249 2.10 2547 2547 50.94 
2/% 2.2870 2547 2547 50.9
28% 2.8 45 25 27 254------7 4 50.-94 

30.0% _/ 72.6 2547 2547 _50.94 
35X -3-.0-6 25i47- 2ý547 50.94 

40% 3..50 2547 2547 50.94 

45% 3.94 2547 2547 50.94 
50% 4.38 2547 2547 50.94 

55% 4.81 2547 2547 50.94 

60% 5.25- 2547 -25-47 5-0.964-
-70%-, 6.13 2547 2547 50.94 
80% 7.00 2547 2547 50.94 

-90% 7.838 2547 2547 50.94 

1.00% 8.75 2547 2547 50.94 

UNW -- - 88202 1764.05 
Scren -- - 2547 50.94 

witer. -- - 2547 __50.94_ 

-V-alve: J3WR -Plant C.staticG--W oon ____

1171 
1170 
1170 
1170 
1176 
1170 
1170 
1170 
1170 
1170 
1170 1170 
1170 

-1170 

1-170
1170 
1170 
1170 
1170 

1170 
1170 
1170 

1170 
1170 
1170 
1170 
1170 
1170 
1170 
1170 

1170 

1170 

1170 

-- 0

1170 1170 

117-0 

94 

1170

0.400 
0.395 

"0•.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 

a - -9 
0.39,5 0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0.395 
0•395 "0.395 
0.395 0.395 
0.'395 

0 _.395 
0 ._395 

_0_.395 
0.395 
0.395 -0395 _ 

0.395 

0.395 
0.378 

0. 39-5
I

1.78

1.76 
1.78 

-1.78-8 

1.78 
1.78 

1.78 
1.78 

1.78 
1.78 
1. 78 

1.78 

1.78 

1.78 

1.78 

1.78 

1.78 

1.78 
1.78 

1.78 
1.78 
1.78 

1.78 

1.78 

1.78 

1.78 

1.78 

1.78 
1.78 

1.78-

1.78 

1.78

11.78 
1.78 

.1.78__ 
1.78 

1.76

Motor , Motor 
Current Voltage 

4.29 268.00 268 

4.32 _268.00 268 
4.32 268.00 268 

4.32 268.00 268 

"4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 26 

4.32 _268.00 268 

4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 
4.32 268.00 268 

4.32 268.00 268 

4.32 268.00 268 
4.32 268.00 268 
4.32 268.00 268 
4.32 268.00 268 
4.32 268.06 268 

4.32 268.00 268 

4.32 268.00 268 
4.32 268.00 268 
4.32 268.001 268 

4.32 1268.00 268 

4.32 268.00 268 

4.32 268.00 268 
4.32 268.00 268 
4.32 268.00 268 

4.32 268.00 268 
4.32 268.00 268 
4.32 2168.60 68 
4.32 268.00 268 
4.32 268.00 268_ 
4.32 268.00 268 
4.32 -- 268.00 268 [ 
4.32 268.00 268 
4.32 268.00 268 
4.32 268.00 268 

82.86 268.00 259 
104.00 268.00 256 

4.32 268.00 268 

4.32 268100 28

Stroke 
Time 

Increment

Adjusted Motor 
Motor Spe 

Torque Speed 

1.81 2492 
1.83 2490 

1.83 29 
1.83 2490 
1.83 2490 

1.8-3 24900 
1.83 2 -490 
1.83- 2490

1.83 24•90 
1.83 2490 
1.83 2490 
1.83 2490 
1.83 2490 
1.83 2490 

1.83 12490 
1.83 12490 
1.83 2490• 

1.83 2490 

1.83 2490 
1.83 2490 
1.83 2490 
1.863 2_49o0 
1.83 2490 

1.83 2490 
1.83 2490 

1.83 _2490 

1.83 2490 

1.83 24890 

.1.83 2490 
1.83 2490 
1.83 2490 
1.ý83 2490 

1.83 2490 
1.83 2490 
1.83 2490 

1.83 2490 
1.83 2490 
1.83 2490 

1.83 2490 
66.25 2400 
1.87 2488 

1.83 2490

0.31 
0.31 
0.31 
0 31 

-- 60.31 
0.31 
0.31 

0.31 

0.31 
0.03 
0.3i 
6.31 

0.31 
0.31 
0.31 

0.31 
0.31 
0.31 
0.31 
0.31 
0.61 
0.61 
0.61 
01.5 
0.61 
0.61 
0.61 
0.61 
0.61 
0.61 
1.53 
1.53 
1.53 
1.53 

1.53 

3.05 
-- 3.05 -

3.05 
3.05

33.6 1

Motor Instant 
Temp Torque Cap

32.0 
32.0 
32.0 

--32.0 
32.0 
32.0 
32.0 
32.0 
32.0

Time 

0.00 
0.31 
0.61 
0.92 
"1I.2-2" 
1.53 

2.14 

2.75 

3.02 
3.05 

-3.36 
3.66 

3.97 
4.27 
4.58 
4.89 
-5.19 

5.80 
6.11 
6.72 
7.33 
7.94 

8.55 
91i6 
9.77 

10.38 

10.99 
11.60 
12.21 
13.74 
15.27 
16.79 

18.32 
19.85 

21.38 
24.43 
27.48 

30.54 
33.59 

33.6

32.0 1,844 
32.0 1,844 
32.0 1,844 
32.0 - 1,844 
32.0 -1-.844 
32.0 1,844 
32.0 1,844 
32.0 [ 1,844 

32.0 1.844 
32.0 1,844 
32.0 1,84 
32.0 1,844 
32.0 l 1,844 
32.0 1,8'44 

32.0 1 ,844 
32.0 1'84-4 
32.0 1,844 

32.0 1,844 
32.0 1,844 
32.0 1,844 

32.0 1,844 
32.0 1,844 
32.1 1,8W4 

32.1 1,844 
32.1 1,844 
32.1 1,844 
32.1 1,844 

32.1 1,844 
32.1 1,844 
32.1 1,844 

32.1 1,844 
32.1 1,843 

32.1 1,843 

- 1,764 
32.1 1,868 
32.1 1,843

1,869 
1,844 

1,844___ 
1,844 
1.844 
1,844 

1,844

Instant Instant 
Act Cap Margin 

93,435 90,888 
92,214 89,667 
92,213 89,666 
92,212 89,665 
92,212 89.665 
92,212 8,65 
92,211 89,664 
92,211 89,664 
92,210 89.663 
92,210 89,663 
92.209 89662 
962.2-09 -89.662 
92.209 8966 
92,208 89,661 

92,208 89,661 
92,208 89,861 
92.207 89,660 

92,207 89,660 
z2206 89.659 

92,206 89,659 
92-205 89,658 
92,205 89,658 
92,204 89,657 
92,203 89,656 
92,202 89,655 
92,201 89,654 
92,200 89,653 
92,200 89,653 
92,199 89,652 
92,198 89,651 
92,197 .89,650 
92,196 89,649 
92,194 89,647 
92,192 89,645 
92,189 89,642 
92,187 _89,640.
92,185 89,638 
92,183 89,636 
92,178 89,631 
92,174 89,627 
.92,169 _8_9,622 

88,202 __ (0) 
93,387 90,840 
92,165 89,618

7 

I.-

f

I Ii I



bwrog dc motor method. version 1.xIs, Inputs. 02128,2000, 5:22 PM

Select Valve-> 1BWR Pant C, dynansc Cose 3
General Informnation 

Valve Type 

Flow type 

Stroke direction 

Fluid (blawdown only) 

Load profile method 

Valve and Actuator Information 

Stern diameter, D-, (Inches) 

Seat ring face ID. O~.,.o (inches) 
Seat ring Inner diameter, D. (inches) 

Globe valve stroke length, 0 (inches) 

Isolation-to-wedging travel, X (percent) 
Packing load. Fp. (lhe) 

Required thrustm(including water inertia), FR (Ibs) 

Required tnrust due to water inertia Fw,, (lS) 

Flow coefficient, C~v (gprrdpsi"') 
Actuator overall ratio. OAR 

Motorgearset ratio, MGSR 

Actuator rated torque,z, 

Stem factor, SF (ft-lbslIS) 
Overhauling stern factor, SF 0 (-bsfb) 
Voltage at MCC. V,,, (volts) 

Cable resistance, R, (ohms) 

Thermal overload resistance, Rw (ohms) 

Nominal voltage, V_. (volts) 

Motor type 

Valve stem lead, lead (inches) 

Putllourt efficiency. il, 
Run efficiency, rq, 
Nominal motor speeý (rpm). to_ 

Des'anBasis Co'nditdons " 

DifferenWal pressure, DP (psi) 

Valve pressurre at full open. Pe (psig) 

Flow rate, Q- (gpm) 

Fluid density, p (bslWft 
Ambient temperature (C) 

Length of upstream piping, L_ (pipe diameters)

Calcultated Values ,' ' 

System resistan.ce, K..  

Fully open stem-ithrust. F0 (bsa) 

Nominal motor torque. r,_ (ft-,.s.) 

M~aximum motortorque(fl-lbs) 

M~axcimum adjusted notor torque (tt-ibs), 

Min," mrnotor speed (rpm) , 

Minirmum Instantaneous actutor capability (Ibs) 

Miimum Instantaneous margin (Ibs) 

Maximum torque switch setting 

Efficiency at minimumn Instantaneous capabifity

yes 
yes 

yes 

yes 
"yes

Vatu

wedge gate 

blowdown 

close 

steam 

Use default

yes 2.125 

yes 8.750 
no I 0.000 

no 0.000 

yes 10% 

yes 2,130 

"yes t 22,794 

yes 0 

no 0 
yes 72.42 

yes 0.47 

yes * 850 

yes 0.0200 

no 0.0000 

yes 268.0 

yes 0.093 

yes 0.019 

yes 250 

yes 60 It4b, 250 VDC 

yes 0.500 

yes 040 

yes 0.50 

optional * 1.900 

no 

yes 979 
no 0 

no 0.000 

yes 32 

yes 1 10000

no 

yes 

yes 

yes 

yes 

.yes 
yes 

yes 
yes

5,602 

66.3 

14.1 

146 

1793 

93,435 

80.600 

87,188 

0400

Warnings

Predicted Stroke Time (Seconds): 3825

Notreauil 

90% 
80% 
70%, 
60% 
55% 

40% 

35%~ -j 

30% 
28% 
26%' 
24% 
22% 

20% 

16% 

14% 

10% 
9% 
8% 

7% 
6% 
5% 
4% 

3% 

v% 

0% 
-0.0010% 

-100%



bwrog dc motor method, version 1 .xls, Results, 02/28/2000, 5:22 PM

Stroke Position 

100% 8.75 

90%M 788 
80% 7.00 

70% 6.13 

60% 5.25 
55% 4.81 
50% 4.38 
45% 3.94 
40% 3.50 

35% 3.06 

30% 2.63 
28% 2.45 
26% 2.28 
24% 2.10 

22% 1.93 
20% 1.75 
18% 1.58 
16% 1.40 
14% 1.23 

12% 1.05
10% 0.88 
9% -- 0.79-
8%/- 0.70 

7% 0.61 
6% 0.53 
5%/o 0.44 
4% 0.35 
3% 0.26 
2% 0.18 
1% 0.09 
0% 0.00o 

-0.1% -0.01 
-1% -0.09 

-2% -0.18 
-3% -0.26 
-4% -0.35 
-5% -0.44 
-6% -0.53 
-7% -0" .61 

-8% -0.70 
-9% -0.79 

-10% -0.88 
TST --

Screen 

witer 

valve: BWREPlanit

Stem 
Thrust 

5602 
5681 
5870 
6108 
6493 
6754 
7018 
7281 
7545 
7922 
8373 
8553 
9068 
9821 

10574 
11327 
12080 
12936 
14380 

17466 

_18417 

19155 
19802 
20442 

21593 

22193 

22494 
22794 

22794 
22794 

-22794 

22794 
22794 
22794 
22794 
22794 
22794 
22794

r•. d vnnml

Average Average Worm Gearbox 
Stem Stem TSte Stem Speed Efficiency Thrust Torque ..  

5642 112.83 0.400 
5776 115.52 1109 0.413 

5989 119.78 1110 0.414 
S6301 126.01 "1106 0.416 
6624 132.48 1101 0.418 

6886 137.72 1095 0.419 

7149 142.99 1090 0.421 

7413 148.26 1086 0.422 
7733 154.67 1081 0.424 

8147 162.95 1076 0.426 
8463 169.26 1069 0.428 

8811 176.21 1063 0.430 

9445 188.89 1058 0.433 
10198 203.95 1047 0.437 

10950 219.01 1035 0.441 
11703 234.06 1023 0.445 
12508 250.16 1011 0.450 

13658 273.16 999 0.451 

15102 302.03 979 0.450 

16645 332.90 953 0.450 

1794-2 358.4 929 0.449 
18786 375.72"r 911 0.449 

19478 389.57 899 0.449 
20122 402.43 890 0.449 

20759 415M17 881 0.448 

"21334 426.68 872 0.448 

21743 434.85 864 0.448 

22043 440.86 859 . 0.448 

2234 446.87 854 0.448 
22644 452.88 850 0.448 
22794 455.88 846 0.448 
22794 455.88 844 0.448 

22794 455.88 844 0.448 

22794 455.88 844 0.448 
22794 455.88 843 0.448 

22794 455.88 843 0.448 

22794 455.88 843 0.448 
22794 455.88 843 0.448 

22794 455.88 843 0.448 

22794 455.88 843 0.448 
22794 455.88 843 0.448 

87188 1743.76 94 0.378 
22794 455.88 - 0.400 

22794 455.88 832 0.447

Average 
Motor 

Torque 

3.90 
3.86 

3.99 
4.18 
4.38 
4.54 
4.69 
4.85 
5.04 
5.28 
5.46 
5.66 
6.02 
6.44 
6.85 
7.26 
7.68 
8.37 
9.26 

10.22 
11.03 
11.56 
11.99 
12.39 
12.79 
13.15 
13.40 
13.59 
13.78 
13.97 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
14.06 
63.77 
15.74 
14.07

Motor Motor Adjusted 
Vmcc Motor 

Current Voltage Torque 

"7.06 268.00 267 4.00 
7.02 268.00 267 3.97 

7.19 268.00 267 4.10 

7.44 268.00 267 4.30 

7.69 268.00 267 4.50 

7.90 268.00 267 4.66 
8.10 268.00 267 4.83 

8.31 268.00 267 4.99 
8.55 _268.00 267 5.18 
8.86 268.00 267 5.43 

9.10 268.00 267 5.62 
9.36 268.00 267 5.83 
9.83 268.00 267 - .20 
10.37 268.00 267 6.63 
10.91 268.00 267 7.06 

11.44 268.00 267 7.48 

11.99 268.00 267 7.92 

12.88 268.00 267 8.62 
14.04 268.00 266 " 9.5-5 

15.27 268.00 266 10.54 
16.23 268.00 266 11.37 

16.87 M268.00 266 11.92 
17.39 268.00 266 12.37 
17.87 268.00 266 12.79 

18.34 268.00 266 13.20 

18.78 268.00 266 13.58 
19.08 268.00, 266 13.85 

19.31 268.00 266 14.05 
19.53 268.00 266 14.25 

19.76 268.00 266 14.44 
19.87 268.00 266 14.55 
19.88 268.00 266 14.55 

19.88 268.00 266 14.56 

- 19.88 268.00 266 14.56 
19.88 268.00 266 14.57 
19.88 268.00 266 14.57 
19.88 268.00 266 14.58 
19.88 268.00 266 14.59 
19.88 268.00 266 14.59 

1§.i8 268.00 266 14.60 
19.88 268.00 266 14.61 

81.90 268.00 259 66.25 
104.00 268.00 256 16.77 

19.88 268.00 266 15.12

Motor 
Speed 

2360 
2362 
2354 
2342 
2330 
2320 
2310 
2301 

2289 
2274 
2263 
2250 
2228 
2202 
2177 
2151 

2125 
2083 

1976 

1938 
1914 
1893 
1875 
1856 
1839 

1627 
1818 
1809 

1800 
1795 
1795 
1795 
1795 
1794 

1794 

1794 
-1794 

1793 
1793 
11793 
200 
1695 

1770

0.42 
0.42 
0.42 
0.42 
0.42 
0.42

Stroke 
Time Time 

Increment 
0.00 

3.22 3.22 
3.22 6.44 

3.23 9.67 

3.25 12.92 

1.63 14.55 
1.64 16.19 
1.65 17.84 

1.65 19.49 
1.66 21.15 
1.67 22.82 

0.67 23.49 
0.68 24.17 

0.68. 24.85 
0.69 25.54 
0.70 26.24 

0.71 26.95 
0.72 27.66 
0.73 28.39 
"0.75 29.14 
0.77 29.91 

0.39 30.31 
0.40 30.70 
040 31.10 
0.41 31.51 

0.41 31.92 
0.41 32.33 

0.42 32.75 
0.42 33.17 
0.42 33.59 
0.42 34.01 
0.04 34.05 
0.38 34.43 
0.42 34.86 
0.42 35.28 
0.42 35.71

Motor 
Temp 

32.0 
32.1 
32.1 
32.2 

32.3 
32.3 
32.4 
32.4 

32.5 
32.6 
32.6 

32.6 

32.7 
32.7 

32.8 
32.8 
32.9 

- 33.1 
33.2 
33.2 
33.3 
33.4 
33.5 
33.6 
33,7 
33.8 
33.9 
34.0 

"-34.0) 
34.1 
34.2 
34.3 
34.4 
34.5 
34.7 
34.8 
34.9 
35.0 

35.1 

48.1 
44.3

Instant 
Torque Cap 

1,869 

1,929 
1,934 

1,942
1,949 
1,956 
1,962 

1,969 
1,977 
1,987 
1,994 

2,019 
2,038 
2,056 
2,074 
2,094 
2,099 

2,090 
2,088 
2,087 
2,085 
2,084 
2,082 
2,081 
2,079 
2,078 
2.077 

2.076 2.076 

2.075 

2,074 
2,073 
2,072 
2,071 
2,070 
2,070 

2,069 
2,068 
1,744 
1,762 
1,998

Instant 
Act Cap 

93,435 
96,439 
96.702 
97,084 
97,474 
97,793 
98,114 
98.434 

98,826 
99,336 
99,708 
160,140 

100,942 
101,880 

102,802 
103,717 
104,691 
104.926 
104.810 

104,659 
104,509 

104.405 
104,325 
104,253 
104,181 

104,108 
104,035 
103,971 
103,913 

103,853 
103,792 
103,778 
103,739 

103,696 
103,653 
103,610 
103,566 
103,523 
103.480 
103,437 
103,394 
87,188 
88,103 
99.875

36.13 
36.55 

36.98 
37.40 
37.83 
38.25 

49.3 
47.3

Instant 
Margin 

87,793 - •

90,663 -

90,713 -

90,783 -
90,850 --
90,907 
90,965 -

91,021 -

91,093 
91,189 --
91,246 --

91,329 
91,498 
91,682 --
91,852 
92,014
92,183 -
91,268 -

88,014 "
86,567 --
85.619 --
84,847 --
84,131 -

83,423 -

82.774 
82,293 -

81,928 --
81,569 --
81,209 --
' 80 9 -

80,945 -

80,902 -

80,859 -

80,816 -

80,772 
80,729 -

80,686 
80,643 
80,600 

(0) -

65,309 
77.081

. 1E



bwrog dc motor method, version 1 xls, Inputs, 02128'2000. 522 PM

Select Valve-> BWR Plant C, dxam.K open -

General Information 
Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator Information 

Stem diameter, D. (inches) 

Seat ring face ID. Dd,4o (inches) 

Seat ring inner diameter. D., (inches) 
Globe valve stroke length, D (inches) 

Isolation-to-wedging travel. X (percent) 

Packing load. Fp=, (Ibs) 

Required thrust (including water inertia), FR (bs) 

Required thrust due to water inertia. Fw (Ibs) 

Flow coefficient, Cv (gpm/psi2) 

Actuator overall ratio, OAR 

Motor gearset ratio, MGSR 

Actuator rated torque, x,.d 

Stem factor. SF (ft-lbsllb) 

Overhauling stem factor, SFo (ft-lbsftb) 

Voltage at MCC. V_ (volts) 

Cable resistance. R, (ohms) 

Thermal overload resistance, R. (ohms) 

Nominal voltage, V_ (volts) 

Motor type 

Valve stem lead. lead (inches) 

Pullout efficiency, rip 

Run efIciency. nr 

Nominal motor speed (rpm). to_0, 

Desion Beass Conditions 

Differential pressure, DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate. 0. (gpm) 

Fluid density, p (Ibsiff
3) 

Ambient tneperat•re (C) 

Length of upstream piping, L., (pipe diameters)

fakukifrdYAIU8S 
System resistance, K, 

Fully open stem thrust, F, (Ibs) 

Nominal motor torque, -. , (ft-lbs) 

Maximumn motor toirque (ft-lbs) 
Maximum adjusted motor torque (It-ibs) 

Minimum motor speed (rpm) 

"Minimum Instantaneous actuator capability (lhS) 

Minimum Instantaneous margin (Ibs) 

Maximum allowable thrust at unwedging 

Efficiency at minimum instantaneous capability

Predicted Stroke Time (Seconds): 35.27

yegureds 

yes 

yes 

yes 

yes 

yes 

yes 

"yes 
no 

no 
yes 

yes 

yes 
yes 
no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

yes 

no 

no 

yes 

yes

wedge gate 

I blowdown 
open 

steam 

I Use default 

2.125 

8.750 

0.000 
0.000 

10% 

4.434 
15.916 

0 

0 

72.42 

0.47 

850 

0.0200 

0.0000 

268.0 
0.093 

0019 

250 

60 ft-lb, 250 VDC 
0.500 

040 

0.50 

1.900 

0 

927 

0 

32 

10000

no 
yes 
yes 

yes 

yes 
yes 

yes 

yes 

yes 
yes

100% 
90% .  

80% 
700j; 
60% 

50% 
45% 

40% 
35% 
30% 
28% 
26% 
24% A 

22% 

20% 
18% 

12% 
10% 
9% 
8% 
7% 
6% 
5% 
4% 

3% 
2% 
1% 
0% 

-0.0010% 
-100%-

1,146 
66,3 

11.0 

11.3 

1942 

89,970 
77.519 

88.182 

S0.387



bwrog dc motor method, version 1.xis, Results. 02/28/2000, 5:22 PM

Stroke Position Thrus 

-10% -0.88 15916 

-9% -0.79 15916 

-8% -0.70 1596 

-7%/ -0.61 1591 

-6% -0.53 15916_ 
-5% -0.44 15916 
14% -05 15916 

.3% -026 159-16_ 
--2% -0.18- 15916 
-1% -0.09 15916 
0% -0.01 15916 

0%61 0-.00 15916 

1% 0.09 15833 

2% 0.18 15751 

3%/ 0-.26 156686 

4% 0.35 -15586 

5% 0.44 14905 

6%X- 0.53 13 901 

7% 0.61 13041 

8% 0.70 12337 

9% 0.79. 11551 

1 0% 0.88 10574 

12% 1.05 9239 

14% 1.23 8379 

16% 1.40 7520 

18% 1.58I 6966 

20% 1.75 6465 

22% 1.93 5965 

24% 2.10 5465 

A6% 2.28 49-65 

28%) -2.45 4ý552 

30.0% 2.63 4264 

350/ 3.06 354I3 

40% --- 3.50 3025 

45% 3.94 2821 

50/% 4.38 216 
55% 4.81 2403 
60% 5.25 2130 
70% 6.13 1700 
80% 7.00 1398 
90% 7.8 117-8 
100%9/ 8.75 -i114-6 

UNWN --- 

Screen 
Wf-ter --

Average Average Worm Gearbox 
Stem Stem SedEfcec 

Thrust Torque Sed Ecec 

15916 318.32 0.400 
15916 318.32 913 0.449 
15916 318.32 939 0.449 

15916 318.32 939 0.449 
15916 3118.32 - 939 0.449 
159616 318.32 _939 0.449 
15916 318.32_ 939 0.449 

159116 318.32 939 ___0.449 
15916 318.32 939 0.449 
15916 318.32 939 0.449 

1516 318.32 939 0.449 
15875 317.49 939 0.449 
15792 315.84 939 0.449 
15710 3-14.1-9 9 40 0.449 
1-5-627 -312.54 942 0. 45-0 
15245 304.91 943 0.450 

140 M8.05 950 0.4506 
113471 269.41 965 .0.450

-12689 253.77 982 0.450 
11944 238.88 996 0.446 

1 106 3 2-211.25 1007 0.441 
9907 198.13 1021 0.435 

8809 176.18 1039 0.429 

7906 158.99 1057 0.425 

723 i44.86 1072 0.421 

6716 134.31 1084 0.418 

62115 124.31 1093 0.415 

.5715 114.30 1102 0.413 

5215 104.29 1111l 0.410 
4758 95.7- 1120 0.407 

4408 88.16 1128 0.405 

39031 78.7 i135- 0.402 

3284 65.68 __1144 0.399 

2923 58.45 1156 0.397 

278 437 11t6-3 0.396 

2510. 50.20 1167 0.395 

2267 45.33 1171 0.393 

1915 38.30 1176 0.391 

1549 30.99 1183 0.389_ 
1288 25.76 1190 038 
1162 23.24 1195 -- 0.387 

88182 1763.64 94 0.378 
-15916 318.32 - 0.400 

1591-6 318.32 935 0.449

I

Average 
Motor 
Torque 

10.99 

9.79 

9.78 
9.78 

9.78 

9.78 

9.78 

9.78 

9.78 
9.78_ 

9.78 

9.75 

9.70 

9.65 

9.60b 

9.37 

8.85 

8.27 
7.79 
7.39 
6.9 
6.29 
5.67 

5.17 

4.75 
4.44 

4.13 
3.83 

3.51 

3.23 
-3.00
2.68 

-2.27
2.03 

1i.90 
1.76 
1.59 

1.35 
1.10 

0.9 

0.83 
64.49 
10.99 

9.78_

Motor Vmc Motor 
Current Voltage 

16A19 268.00 266 
14.73 268.00 266 
14.71 26800 26 
14.71 _268.00 266 
14.71 28.0 2 66.-0 
14.71 _288.00 266 
14.71 _268.00 268 
14.71 268.00 266 
14.71 268.00 266 
14.71 268.00 266 
14.71 268.00 266 
14.68 268.00 266 
14.61 268.00 266 
14.55 268.00 266 
14.48 268.00 26-6 
14.18 268.00 266 
13.5 268.00 26 
12.75 268.00 267 
I 12.1 26-8.0-0 -26-7 
I11.61 268.00 267 
11.00 2.68.0 267 
10.17 268.00 267 
9.37 268.00 267 
8.72 268.00 267 
8.18 268.00 267 
7.77 268.00 26 
7.37 268.00 267 
6.97 268.00 267 
6.57 268.00 267 
6.19 268.00 267 
5.90 268.00 267 
-5.48 268.00 267 

-4.96 288.00 267 
4.64 268.00 267 
44 7- 268.0 6 267 
4.28 268.00 268 
4.07 268.00 268 
3.76 268.00 268 

--3.43 - 26-8.00 268 
3.19 268.00 268 
3.08 268.00 268 

82.84 268.00 259 
1-04.00 2068.00 2563 

14.72 268.00 266

Adjusted Motor 
Motor Spe 

-Torque Spe 

11.29 19N42 
10.06 19-97
10.05 1998 
10.05 199 
10.05 199 
10.05 1998 
10.05 _19 
10.06 1997 
10.06 _1997 
10.06 1997 
10.06 1997 
10.04 1998 
9.99 _2001 
9-.9-3 2004 

9-.88 207 
9.64 2021 
9.11 2053 
8.51 2089 
8.02 2119 
7.62 214-3 
7.1- 3 2172 
6.48 2211 
5.84 2250 
5.33 2280 
4.90 2306 

4.57 2326 
4.26 I2344 
3.94 2363 
3.62 2383 
3.33 20 

3.10 2414 

-2.76___ _2434__ 
2.34 2459 
2.10 2474 
-1.96 2483 
1.81 249 
1.64 2501 
1.39 2516 

1.3 25ý32 
0.95 2543 

0 .86 2549 -
66.25 200 
11,71 12 
10.25 1989

StrokeMor 
Time Time Tmoto 

Increment Tm 
0.00 32.0 

0.39 0.39 32.1 
0.38 0.77 32.  
0.38 1.15 32. .2 
0.38 1.53 32.2_ 
0.38 1.ý91 32.3 
0.38 2.29 32.3 
0.38 2.68 32.4 
0.38 3.06 32.4 
0.38 3.44 32.4 
0.34 3.78 32.5 
0.04 3.82 -32.5.  
038 4.20 32.5 
0.38 4.58 32.6 
0.38 4.96 32.64 
0.38 -5.34 32.7 
0.38 5.71 32.7 
0.37 6.08 32.8 
0.36 6.45 32.8 
0.36 6.81 32.8 
0.35 7.16 32.9 
0.35 7.51 32.9
0.69 8.20 32.9 
0.68 18.87 32.9 
0.67 9.54 33.0 
0.66 10.20 1 33.0 
0.65 10.85 33.0 
0.65 11.50 33.0 
0.64 12.15 33.0 
0.64 12.79 33.0 
0.63 13.42 33.0 
0.63 14.05 33. 1 
1.56 15.61 33.1 
1.55 17.16 433.1
1.54 18.69 33.1 
1.53 20.2 33.  
1.53 .21.75 33.1 
1.52 23.27 33.1 
3.02 26.29 33.1 

-3.00- 29-.30 -33. 1 

-2.99- 32.29 _33.1 
2.98 35.27 33.1 

43.5- 38-.9
4 ,2. 137-.3

Instant 
Torque Cap 

1,869 

2,0-97 

2,099 
2,099 

2,098 

--2,097 
2,097 
2,097 
2,097 
2,096 

20- 9 6

2,096 

2,096 

2,095 
2,095 
2,0956 

ý2,078.  
2,056 

2,027 
1,999 

1,977 

1,959 

1,946 
1,933 

1,920 

1,907 

1,886 

1,87 3 

1,856 

1,847 
1,841 

1,836 

1,829 
1,.820 

1,803 

1,799 

1,764 
182 1 

.. ,05-8

Instant Instant 
Act Cap Margin 

93,435 77,519 
10N4,8 4-7 88,931 
104.945 89,029 
104,927 89,011 
104,908 88,992 
104.889 88,973 
104,870 88,954 
104,851 88,935 
104.832 88,916 
104,813 88,897 7 
104,795 88.879 
104,793 88,919 
104,777 88,985 -

104,752 89.125 -

104,740 89.495 -

104.754 90.351 
104,807 91,336 -

1064.791i 92.102 -

103,882 91,938 -

102.781 91,718 -

101.326 91,420 -

99,946 91,137 -

98,866 90916 
97,96 90*725 
97,.2968 90:581 
96.650 90,435 
96,001 90,287 -

95.350 90.136 -

94,75 89,997 ..  

94.299 89,891 -

93.632 89,729 -

92,810 89,526 
92.334 89,412 
9-52,084- 89,N34.5 
91,784 89,274 
91.457 89,190 
90,984 89,069 
90,410F 88,942 
90,140 88.852 
89.970. 88.808 -

88.182 () 
91.066 75,150 

102.920 87,004



bwrog dc motor method, version 1 xIs, Inputs, 0228,'2000. 5:23 PM

Select Valve-> LBW Pant 0, stati dose 1

General Information 

Valve Type 

Flow type 

Stroke directIon 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator lnformaf•tnf' 

Stem diameter, D,.- Cinches) 

Seat ring tac ID. [O,,D (inches) 

Seat rilg Ine diameter, D. (inches) 

Globe valve Stroie length, 0 )(eches) 

tsolation4o-wedging travel. X (percent) 

Packing load. Fi,k (Ibs) 

Required thrust (including water Inertia), F, (bs) 

Required thrust due to water inertia, FI (Ibs) 

Flow coefficent, Cv (gplpsi"/) 

Actuator overall ratio, OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, "me, 

Stem factor, SF (fl4bs/tb) 

Overhauling stem factor, SFO (ft-lbsftb) 

Voltage at MCC, V..ý (volts) 

Cable resistance, R (ohms) 

Thermal overload resistance. Ri (ohms) 

Nominal voltage. V-.. (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pultout efficiency. nI, 

Run efficiency, q, 

Nominal motor speed (rpm), e0,. 

Desian Basis Conditions 

Differential pressure; DP (psi) 

Valve pressure at full open. Pe (Psig) 

Flow rate, Q. (gpm) 

Fluid density. p (IbsM) 

Ambient temperature (C) 

Length of upstream piping. L_ (pipe diameters)

Calculated Values 

System resistance, K., 

Fully open stem thrust Fo (lbs) 

Nominal motor torque. r.- (fi.bts) 

Maximum motor torque (ftIbs) 

Maximum adjusted motor torque (ft-.bs) 

Minimum motor speed (rpm) 

Minimum Instantaneous actuator capability (Ibs) 

Minimum Instantaneous margin (:bs) 

Maximum torque switctt setting 

Efficiency at minimum instantaneous capablity

yes 

no 

yes 

no 

yes 

no 

yes 

no 

no 

yes 

no 

no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 
yes 

yes 

optional 

no 

no 

no 

no 

yes 
no

no 
no 

yes 
yes 

yes 

yes 

yes 

yes 

yes 

yes

wedge gate 

0 
close 

0 
Input Stem Thrust 

0.000 

5,240 

0.000 

0.000 

10% 

0 

0 

0 
0 

39.11 

0.95 

500 

0.0127 

0.0000 

261.0 

0.049 

0.015 

250 
40 ft-lb, 250 VOC 7 

0.500 
0.40 

0.55 
1,900 

0 

0 
62.000 

21 
I _ . 0

0 

48.8 

1.3 

1.3 

2632 

59,184 

57.654 

60,016 

0.387

Predicted Stroke Time (Seconds): 10,28

Thrust Pfrftl 
100% '1,530 

90% 1-.530 

80%6 1,530; 

70% 1,530 

60% 1,530 

55% 1.-530 

50% 1,530 

45% 1,530 

40% 1,530 

35% 1-530~ 

30% -1.,6W 

28%/ f-130~ 

2% 1,530 

24%A 1,5130 

22%/ 1,530 

20% 1.530 

18% 1.1530 

16% 1,530 

14% 1,530 

12% 1.530 

110% 1.5 30 
9% 1,530 

8% 1,530 

7% 1,530 

69% 1,530, 

5% 1,530 

4% 1,530 

3%. 1,530 

2% 1.530 

1% 1.5130 

0% 11.530 
-0.0010% I 30 

-100% 1 1.530
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Stroke 

100% 
90% 

80% 
70% 
60% 
55% 
50% 
45% 
40% 

35% 
30% 
28%_ 

26% 
24% 
22% 
20% 
18% 
16% 
14% 
12% 
10% 
9% 

8% 
7% 
6% 
5% 
4% 
3% 

2% 
1% 

-0.10% 
-1% 
-2% 

-3% 

-5% 
-_6% 
-7%

Position 

5.24 
4.72 
4.19 
3.67 
3.14 
2.88 

2.62 
2.36 
2.10 
1.83 

1.57 
1.47 
1.36 
1.26 
1.15 
1.05 
0.94 
0.84 
0.73 
0.63 
0.52 
0.47 
0.42 
0.37 
0.31 
0.26 

0.21 
0.16 

0.10 
0.05 

-0 . 60 

-0.10 
-0.16 

-0.26 
-0.31 
-0.37
-0.42 1530 
-0.47 1530

Stem 
Thrust 

1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 

1530 

1530

i

.. - . I I_______

Stroke 
Time 

ncrement

Average 
Stem 

Thrust 

1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1536 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 
1530 .  
1530 
1530 
1530 

1530 

1530 

1530.
1530 

1530 

1530

Average 
Stem 

Torque 

19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43 
19.43.  
1!9.43 

19.43 
19.43 

•419.43 .  
19.43 
19.43 
19.43__ 

19.43 
19.43 
169.43 

19.43 

19.43 

__19.43 
19.43 

762.20 
19.43 19.43

Worm Gearbox Average Motor Motor Adjusted Motor WomMotor Vmcc Motor 
Speed Efficiency Torque Current Voltage torqSu 

ToqeTorque pe 

0.400 1.24 1.86 261.00 261 1.22 2639 
2497 0.387 1.28 1.92 261.00 261 1.26 262 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0387 1.28 1.92 261.00 261 1.26 263 
2490 0.387 1.28 1.92 261.00 -2-61 1.26 2632 
2490 0.387 f128 1.92 261.00 261 1.26 6-32 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 26 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1 .92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 262 
2490 0.387 1.28 _1.92 261.00 261 1.26 2632 
24-90 I0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1128 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2 
2_4906 06.387 1.28 -1.92 261.00 26 1.26 263 
2490 0.387 1.28 i192 261.00 261 1.26 2632 
2490 O.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.001 261 126 M2 2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 26100 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
249- 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 60387 1.2-8 1--" .92 261.00 261 1.26 + 2632 
"24-90 0387 1..... .2-8 -1.92 261-.00 261 1.26 263"2 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 
2490 0.387 1.28 1.92 261.00 261 1.26 2632 

-2490 0.387 1.28 1.92 261.00 -261 1.26 2632 
_189 0.393 49.60 46.00 261.00 258 48.84 200 

-- 0.400 1.24 52.00 261.00 258 1.2. 2630 
2490 0.387 1.28 1.92 261.00 261 1.26 2632

Instant 
Torque Cap

0.93 
0.93 
0.93 
0.93

-8% 

-9%
-10% 
TST 

screen 
w~lter 

ValveO

Motor Time Tm 
Temp 

0.93 21.0 
1.87 21.0 
2.80 21.0 
3.74 21.0 
,4.20 + 21.0

4.67 21.0 
5.14 21.0 
5.60 21.0 
6.07 21.0 
6.54 21.0 
6.73 21.0 
6.91 21.0 
7.10 21.0 
7.29 _21.0 
7.47 21.0 
7.66 21.0 
7.85 21.0 

8.03 21.0 
822 21.0 
8.41 21.0 
8.50 21.0 
8.59 21.0 
8.69 21.0 
878 21.0 
8.87 21.0 
8.97 21.0 
9.06 21.0 
9.16 21.0 
9.25 21.0 
9.34 21.60 
9.35 21.0 
9.44 21.0 
9.53 21.0 
9.62 21.0 
9.72 21.0 
9.81 21.0

-0.52 1530 1530 
60016 
1530 
1530

nWIp Pl1nf rn fhfiý 1ln- 1

0.47 
0.47 

0.47 
0.47 
0.47 
0647 
0.19 

0.19 
0.9 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
o009 
0.09 
0.09 
0.09 
0.01 0.08 

0.09 

_0.09___ 
0.09 
0.09 

0-.09•...  

0.09 

0.09

776 
752 
752 

752 
752 
752 
752 
752 
752 
752 
752 

752 _.  

752 
752 
752 
752 
752 

752 
752 

752 752 
752 
752 
752 

752 
752 
752 
752 
752 
752 

752_ 752 

752 
752 

752 
752 

762 

752

_21.0 
21.0 

_21.0 
21.0 

_21.0

21.0 
_21.1

Instant Instant 
Act Cap Margin 

61,107 59.577 
59,194 57,664 
596193 57,663 
5_9.19 57.662 
59,191 57,661 --
59.190 57,660 --
59,190 57,660 
59,16 9 - 57,659 

59,188 57,658 --
59.188 57,658 
59.188 57,658 ...  

59,187 57,657 --
59,187 57.657 -
59,187 57,657 --
59,187 57,657 --
59,186 57,656 
59,186 57,656 --
59,186 57,656 --
59,186 57,656 --
59.186 57,656 --
59,186 57,656 --
59,186 57.655 
59,185 57,655 -
59,185 57,655 -
59,1865 57,655 --

S59,185 57,655 --
59,185 57,655 --
59,185 57,655 --
59,185 57,655 --
59,185 57,655 --
59,185- 57,655 -

59,184 57,654 
59,184 57,654 --
59,184 57,654 -7 
59.184 57,654 
59,184 57,654 -

59,184 57,654 
59,184 57,654 --
59,184 57,654 --
59,184 57,654 --

60,016 0 
61.095 59,565 
59,183 57,653 -

9.90 
10.00 
0o.09 

10.18 
10.28 

10.3

I I II
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Seect valve-> I BWR Plant D, smec OpI w I

General lformati~on .. .  

Valve Type 

Flow type 

stol~e direction 
Fluid (blowdown only) 

Load profile method 

Vabye and Actuator nforrnaton . :" 

Stem diameter. D,, (inches) 

seat ring foce ID. D1111 (inches) 
Seat ring inner dameter, D•. (inches) 

Globe valve stroke leng D finches) 

lsolation-to-wedging travel, X (percent) 
Packing load, F-_ (Ibs) 

lReqUlred thrust (incldingff Waler inetLia), FR (lbs) 
Required thrust duetowatr inertia. F. (Ibs) 

Flow coefficient, C, (gpm-dpsi~ 
Actuator overall rato, OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, T., 

Stem factor, SF (ft-Ibs/-b) 

Overhauling stem factor, SF0, (ft-lbsib) 
Voltage at MCC. V, (volts) 

Cable resistance, R, (ohms) 

"Thermal overload resistance, R, (ohms) 

Nominal voltage, V, (volts) 

Motortype 

Valve stem lead, lead (inchies) 
Pullout efficiency. n.  

Run efficiency,,, ..  

Nomr"nal motor speed (rpm), W

Differential pressure, OP (psi) 
Valve pressure at full open, P. (psig) 

Flow rate, Q, (gpm) 

Fluid density,p (lbs/ft•.) 
Ambient teomperature (C) 

Length of upstream piping, 1._ (pipe diameters)

Calculated Values 
System resistance, K,, 
Fully'open stem thrust, F 0 (•s:) 

NoEiinal m intormque, cisn(ft4bs) 

htaxirnanniotorto"~u (ft-lbs) 
Maximum VadJusted motor torque (ft-lbs) .~ 

Minirmum moetor-speed (rpr)
Mlnnvinn lastantanemus actuator capabilty (Is) 

Mineuni Inlatantaneous margin (lbs) 

Maximum allowable thrust aturiwedging 

Efficiency at minimuma instantaneous capability>

Reguired 
yes 

no 

yes 
no 

yes 

no 

yes 

no 

no 
yes 

no 

no 
no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 
yes 

yes 

yes 

o'0onal 

no 

no 
nO 

yes 

no

nto 

no 

yes 

yes 

yes 

yes 

yes 
yes 
yes 

yes

Vatue 

wedge gate 

I open 

0 
Input Stem Thrust' 

0.000 

5.240 

0.0)00 

10% 

0 

0 

O0 0 

39-11 

0.95 

500 
0.0238 

0.0000 

261 +0 
S 0.049 

S 0.015 
) 250 

40 it-lb, 250 VDC 

0.500 
0.40 

0.55 

1,900 

0 

0 

62.000 

21

0 

488 

2.3 

2.3 

2445 

32,607 

31.103 

32,031 

0.400

Predicted Stroke Timte (Seconds): 11.06

Thrust Profile 

100% .504 
90% 1 :504 

80% 1,504 
70% 1,-504 

60% 1,504u 

%• 154 

5D 1,504', 

45 1-%4o'(.  

4% 1,5041' 

35ý% 1-504~ 

30% 1,50 

28%~ 1-504t 

26% 1,504' 

24% 1,0 

22% 1.504o 

20% 1-,,o 
18% 1,504 

16% 1,504 

14% 1,504 

12% 1 -504.  

10% 1,5G4 

8%. 15%4~ 

7% 1,504, 

6% 1,504 
5% 1 -,G4 

4% 1,504,1
3% 1,504 

2% 1,504 

0% 1,504 
-0.0010% 1,504 

-100% 1,504:
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Stem Average 
Stroke Position T Stem 

Thrust 

-10% -0.52 1504 
-9% -0.47 I1504 1504 

-8% -0.42 1504 1504 

-7% -0.37 1504 1504 

-6% -0.31 1504 1504 
-5% -0.26 1504 1504 

-4% -0.21 I1504 1504 

-3% -0.16 1504 1504 

-2% -0.10 1504 1504 

-1% -0.05 1504 1504 

0% -0.01 1504 1504 

0% 0.00 1504 1504 

1% 0.05 1504 1504 

2% 0.10 1504 1504 

3% 0.16 1504 1504 
4% 0.21 1504 1504 

5% 0.26 1504 1504 

6% 0.31 1504 1504 

7% 0.37 1504 1504 

8% 0.42 1504 1504 

9% 0.47 1504 1504 

10% 0.52 1504 1504 

12% 0.63 1504 1504 

14% 0.73 1504 1504 

16% 0.84 1504 1504 

18% 0.94 1504 1504 

20% 1.05 1504 1504 

22% 1.15 1504 1504 

24% 1.26 1504 1504 

26%_ 1.36 154 1504 

28% 1.47 1504 1504 

3 .0% ... 1.57 1504 1504 

35% 1.83 1504 1504 

40%- 2.10 ___104504 1 
45% 2.36 1504 1504 

50% 2.62 1504 1504 

55% 2.88 1504 1504 

60% 3.14 --1504 1504 

70% I3.67 1504 1504 
"80 _4.19- T 1504 1504-

0- 4.7-2 1504 1504-

100% 5_.24 1_504 - 1504 

UNo -- - -32031 
Screen -1504 
wIter - 1504 

_Vaive BWR Plant D. static oen l

Stroke -I
Motor 
Temp I

Intn
Anstant 
Act Cap

Average Worm Gearbox 
Stem 

Torque Speed Efficiency 

35.80 0.400 

35.80 2313 0.402 

35.80 2315 0.402 
35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 
35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

.. 35.80 2315 0.402 
35.80 2315 0.402 

35.80 2315 0.402 

-- N35.80 2315 04-02 

35.80 2315 0.402 
35.80 2315 0.402 

35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

35.80 2315 0.402 

"35.80 2315 0.402 

35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 
35.80 231 0.402 

358-0 2 - 315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 
35.80 2315 0.402 

35.80- _3i_15 0.402 
3 ý5.80_ 2315 -0.402-

__35.80 2315 --- 0.402 
762.35 189 0.393 
35.80 - 0.400 

35.80 2315 0.402

Average Motor Motor 
Motor Vmcc 

Torque Current Voltage 

2.29 343 261.00 261 
2.28 3.41 261.00 261 
2.28 3.41 261.00 261 
2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 
2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 
2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 
2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

228 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3_4i 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 261.00 261 

2.28 3.41 .261.00 246.1 

2.28 3.41 261.00 261 

2.28 3.41 261.00 _261 
2.28 3.41 261.00 261 

2.28 3.41 261.00 261 
2- 328- -J.4-1- 261.00 261 

S2.28 3.41 _261.0_0 261 

2.28 3.41 261.00 261 

49.61 46.00 261.00 258 

2.29 52.00 261.00 258 

2.28 3.41 261.00 261

_r

Adjusted Motor 
Motor 

Torque Speed 

2.25 2445 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 

2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
"2.24 2447 
2.24 2447 
2.24 2447 
2.24 2447 
2.24 j 2447 
2.24 2447 
2.24 2447 
-2-4 2447 

2.24 2447 
2.24 2447 
2.24 2447 

-24:4- 2447 

2.24 2447 2 24N 2447 

2.24 2447 2.24 2447 

2.24 47 

2.24 2447-7 

2.24 2447 
48.4 200 

2.34 242 

2.24 2447

Stroke 
Time Time 

Increment 

0.00 0.10.. 0.10 

0.10 0.20 
0.10 0.30 
0.10 0.40 

0.10 -0.50
0.10 0.60 
0.10 0.70 
0.10 0.80 
0.10 -0.90
0.09 1.00 
0.01 1.01 

0.10 1.11 
0.10 1.21 
0.10 1.31 

0.0 1.41 
0.10 1.51 
0.10 1.61 
0.10 t1.7 
0.10 1.81 

0.10 1.91 
0.10 2.01 
0.20 2.21 
0.20 241 
0.20 2.61 
0.20 2.81 
0.20 3.0i 
0.20 3.22 
0.20 3.42 
0.20 3.62 
0.20 3.82 
0.20 4.02" 
0.50 4.52 
0.50 5.0-2 
0.50 5.53 
0.50 6.03 
0_50o 6.53 
0.50 7.03 
1.01 8.04 

1.01 9.05 
1.01 _10.05 
1.01 11.06 

l • 11o1 

11.1

21.0 
21.0 

21.0 
21.0
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 

21.0 
21.0 
21.0 
21.0 

21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.1 
21.1 

21.1 
21 .1 

21.1 
21.1 
21.1 
21.1 
21.1 

21.1 

21.1

21.2 

21.2 
21.2

Instant 
Torque Cap 

776 
780 
780 
780 

780 
780 

780 
780 
780 

780 

780 

780 
780 

780 

780 

780 
780 

780 

780 
780 

780 

780 

780 

780 
780 
780 
780 
780 
780 

780 

_780 
780 

780 

_780 
780 

762 
776 
780

32,607 32,788 
32,787 
32.787 
32,787 
32,787 
32,787 
_32.786 
32,786 
32,786 
32,786 

32,786 
32,786 
32,785 
32,785 
32,785 
32,785 
32.785 
32,785 
32,784 
32,784 
32,784 
32,784 
32,783 
32,783 
32,782 
32,782 
32,782 
32,781 
3•2.78 1 
32,780 
32,780 
32,779 
32,778 
32,777 
32,776 

32,775 

32,774 
32.772 
32.770 
32,768 
32,031 
32,585 
32,766

Instant 
Margin 

31,103 
31.284 --
31,283 --
31,283 --
31,283 
31,283 

31,283 
31,282 
31,282 
31,282 
31,282 
31,282 --
31,282
31,281 
31,281 -

31,281 -

31,281 -

31,281 -

31,281 
31,280 
31,280 -

31,280 -
31,280 

31,2781 
31,279 31,278 -

31.278 -

31,277 S31,277 --.  

31.276-
3127 -
31,275 
31.274 ,[31,273 _-: 

31.272 
131,271 

31,270 
S31,268 

31_.286 

31,264 
0 

31,081 
S31,22 -

m



bwrog dc motor method, version 1 .xs. Inputs. 02128'2000. 523 PM

Select Valve-> 1BWR Plant D, dynamic close 1

yeauked? 
yes 

yes 

yes 
no 

yes

General Information 

ValveType 

Flow type 
Stroke direction 

Fluid (tiowdown only) 

Load profile method

Vahle and Actuator Information 

Stem diameter, D. (inches) 

Seat ring face ID, Dd, (inches) 

Seat ring innerdiameter, D. (inches) 

Globe valve stroke length- 0 Cincfes) 

Isolation-to-wedging travel. X (percent) 

Packing load. F., (Ibs) 

Required thrust (including water ineflia), FR (lbs) 

Required thrust due to water inertia. F, (tbs) 

Row coefficient. Cv (gpmnlpsi') 

Actuator overall ratio, OAR 

Motor gearset atio, MGSR 

Actuator rated torque, T,

Stem factor. SF (ft-lbslb) 
Overhauling stem factor, SF 0 (ftl4bs/tb) 

Voltage at MCC. V_ (volts) 

Cable resistance. R_ (ohms) 

Thermal ovesload resistance, Rý (ohms) 

Nominal voltage, V_ (volts) 

Motortype 

Valve stem lead, lead (inches) 

Pullout efficiency, .I, 

Run efficiency. n., 

Nomin~al motor speed (rpm). ic_.  

Desion Basis Conditions 

Differential pressure, DP (psi) 

Valve pressure at ful open, Pe (psig) 

Flow rate. Q,0_ (gpm) 

Fluid density, p (lbstit,) 

Ambient temperature (C) 

Length of upstream piping, L_ (pipe diameters)

Calculated Values ...  

System resistance, K, . yes 
Fully open stem hrust. Fo (Ibs) yes 

Nominal motor torque, tý,_ (ft-lbs) ye.s 

Mamum motor torque (ftlbs) y. yes 

Maximum adjusted motor torque (ft-lbs),~. yes 
Minimur • m" ospeed (rpm) ., yes 
Minimfum hlstantanieous actuator capehllity (Ibs) yes 
MeiiTmUM fistaintaneous margin (tbs) yes 
Maximum torque switch setting yes 
Efficiency at minimum instantaneous capability yes

Value 
wedge gate 

pumped flow 

close 

0 
Use default

yes 1.750 

yes 5.240 

yes 1 5.240 

no 0.000 

yes 10% 

yes 1,295 

yes 22,000 

yes 1 0 

no 0 

yes . 39.11 

yes 0.95 

yes 500 

yes 0.0127 

no 0.0000 

yes 210-0 

yes 1 0.049 

yes 0.015 

yes 250 

yes 40 ft-lb. 250 VDC 

yes 0.500 

yes 0.40 

yes 0.55 

optional 1,900 

yes 1 1074 

yes 13 

no i 860 

no 1 62.000 

yes 21 

no 0

985.1 

1.326 

48.8 

15.1 

17.9 

963 

49,404 

37.938 

48,343 

0385

Warnings

Preadcted Stroke Time (Seconds): 14.50

"Wl

100% 
W0% 

70% 
70% 

150%-

40% 

35% 

'30% 
28% -? 

.26%:~ 

-24% A 2 

20%A 

14% 
42% 

10%.  

9%

5%
4% 

3% 

1% 
0%

-0.0010% 
I1DO% -



BWROG DC Motor Method, Version 1.xls, Results, 03/01/2000,1:12 PM

Stem Average Average Worm Gearbox Average Motor Motor Adjusted Motor Stroke Motor Instant Instant Instant Srk PoiinSe StmMotor Vmcc Motor Time Time TepTruQpAtCpMri 
Stroke Position Thrust Stem Stem Speed Efficiency Torque Current Voltage tor Speed increment Temp Torque Cap ActCap Margin 

Thrust Torque Torque Increment 
100% 5.24 1326 0.00 21.0 857 

90% 4.72 1326 1326 16.84 0.400 1.08 1.62 210.00 210 1.26 2210 1.11 1.11 21.0 652 51,304 49,978 857 
80% 4.19 1333 1330 16.89 2090 0.385 1.12 1.68 210.00 210 1.31 2201 1.12 2.23 21,0 627 49,404 48,074 857 

70% 3.67 1342 1338 16.99 2082 0.385 1.13 1.69 210.00 210 1.32 2200 1.12 3.35 21.0 628 49,415 48,077 857 

60% 3.14 1347 1345 17.08 2081 0.385 1.13 1.70 210.00 210 1.33 2199 1.12 4.47 21.0 628 49,424 48,079 857 

55% 2.88 1348 1347 17.11 2080 0.385 1.14 1.70 210.00 210 1.33 2199 0.56 5.03 21.0 628 49,427 48,080 856 

50% 2.62 1359 1353 17.19 2080 0.385 1.14 1.71 210.00 210 1.34 2198 0.56 5.59 21.0 628 49,435 48,082 856 

45% 2.36 1372 1366 17.34 2079 0.386 1.15 1.73 210.00 210 1.35 2196 0.56 6.15 21.0 628 49,453 48,087 856 

40% 2.10 1386 1379 17.51 2077 0.386 1.16 1.74 210.00 210 1.36 2194 0.56 6.71 21.0 628 49,472 48,093 855 

35% 1.83 1415 1400 17.78 2075 0.386 1.18 1.77 210.00 210 1.38 2191 0.56 7.27 21.0 629 49,502 48,102 855 

30% 1.57 1454 1434 18.21 2072 0.386 1.21 1.81 210.00 210 1.41 2185 0.56 7.83 21.0 629 49,551 48,116 853 

28% 1.47 1469 1462 18.56 2067 0.387 1.23 1.84 210.00 210 1.44 2181 0.23 8.06 21.0 630 49,590 48,128 853 

26% 1.36 1522 1496 18.99 2064 0.387 1.25 1.88 210.00, 210 1.47 2176 0.23 8.28 21.0 630 49,639 48,143 852 

24% 1.26 1600 1561 19.82 2059 0.388 1.31 1.96 210.00 210 1.53 2166 0.23 8.51 21,0 632 49,733 48,172 850 

22% 1.15 1678 1639 20.81 2050 0.389 1.37 2.05 210.00 210 1.61 2155 0.23 8.74 21.0 633 49,846 48,207 849 

20% 1.05 1756 1717 21.80 2038 0.390 1.43 2,15 210.00 210 1.68 2143 0.23 8.97 21.0 634 49,959 48,242 847 

18% 0.94 1834 1795 22.80 2028 0.391 1.49 2.24 210.00 210 1.75 2132 0.23 9.20 21.0 636 50,071 48,276 844 

16% 0.84 1961 1898 24.10 2017 0.392 1.57 2.36 210.00 210 1.85 2117 0.23 9.43 21.0 638 50,220 48,322 840 

14% 0.73 2367 2164 27.48 2002 0.395 1.78 2.67 210.00 210 2.09 2078 0.24 9.67 21.0 643 50,605 48.441 834 

12% 0.63 2772 2569 32.63 1966 0.399 2.09 3.14 210.00 210 2.45 2020 0.24 9.91 21.0 650 51,163 48,594 825 

10% 0.52 3465 3118 39.60 1911 0.405 2.50 3.75 210.00 210 2.93 1943 0.25 10.16 21.0 659 51,897 48,779 809 

9% 0.47 3998 3731 47.39 1838 0.411 2.95 4.42 210.00 210 3.46 1860 0.13 10.29 21.1 669 52.681 48,950 796 

8% 0.42 4883 4440 56.39 1759 0.418 3.45 5.17 210.00 210 4.05 1770 0.14 10.43 21.1 680 53,560 49,120 777 

7% 0.37 5918 5400 68.58 1674 0.427 4.10 6.13 210.00 210 4.82 1706 0.14 10.58 21.1 695 54,731 49,331 748 

6% 0.31 7779 6849 86.98 1614 0.442 5.03 7.29 210.00 210 5.91 1616 0.15 10.73 21.1 718 56,551 49,702 709 

5% 0.26 10402 9091 115.45 1529 0.463 6.37 8.96 210.00 209 7.49 1487 0.17 10.90 21.1 753 59,282 50,192 635 
4% 0.21 12903 11653 147.99 1406 0.486 7.78 10.73 210.00 209 9.16 1378 0.18 11.07 21.1 789 62,162 50,509 530 

3% 0.16 15177 14040 178.31 1303 0.485 9.40 12.40 210.00 209 11.07 1267 0.19 11.27 21.2 787 61,942 47,902 398 

2% 0.10 17452 16314 207.19 1198 0.482 11.00 14.00 210.00 209 12.95 1169 0.21 11.48 21.3 781 61,510 45,196 257 

1% 0.05 19726 18589 236.08 1106 0.479 12.60 15.53 210.00 209 14.85 1081 0.23 11.71 21.4 776 61,120 42,532 116 

0% 0.00 22000 20863 264.96 1023 0.477 14.21 16.94 210.00 209 16.77 1002 0.25 11.95 21.5 772 60,760 39,897 0 

-0.1% -0.01 22000 22000 279.40 948 0.474 15.06 17.67 210.00 209 17.78 968 0.03 11.98 21.5 768 60,436 38,436 --

-1% -0.05 22000 22000 279.40 916 0.474 15.09 17.70 210.00 209 17.82 967 0.23 12.21 21.7 766 60,312 38,312 --

-2% -0.10 22000 22000 279.40 915 0.473 15.09 17.70 210.00 209 17.83 967 0.25 12.46 21.9 765 60,272 38,272 ...  

-3% -0.16 22000 22000 279.40 914 0.473 15.09 17.70 210.00 209 17.84 966 0.25 12.71 22.0 765 60,230 38,230 ...  

-4% -0.21 22000 22000 279.40 914 0.473 15.09 17.70 210.00 209 17.85 966 0.25 12.97 22.2 764 60,188 38,188 ...  

-5% -0.26 22000 22000 279.40 914 0.473 15.09 17.70 210.00 209 17.87 965 0.25 13.22 22.4 764 60,146 38,146 ...  

-6% -0.31 22000 22000 279.40 913 0.473 15.09 17.70 210.00 209 17.88 965 0.25 13.48 22.5 763 60,104 38,104 ...  

-7% -0.37 22000 22000 279.40 913 0.473 15.09 17.70 210.00 209 17.89 964 0.25 13.73 22.7 763 60,063 38,063 --

-8% -0.42 22000 22000 279.40 912 0.473 15.09 17.70 210.00 209 17.90 964 0.26 13.99 22.9 762 60,021 38,021 

-9% -0.47 22000 22000 279.40 912 0.473 15.09 17.70 210.00 209 17.91 964 0.26 14.24 23.1 762 59,979 37,979 ...  

-10% -0.52 22000 22000 279.40 912 0.473 15.09 17.70 210.00 209 17.93 963 0.26 14.50 23.2 761 59,938 37,938 ...  

TST ... ... 48343 613.95 157 0.385 40.81 39.61 210.00 207 48.84 166 ... ... ... 614 48,343 0 
Screen ... ... 22000 279.40 --- 0.400 17.86 52.00 210.00 207 22.10 819 .-- 33.0 52.3 572 45,006 23,006 --

w/ter ... --- 22000 279.40 870 0.472 15.13 17.74 210.00 209 19.22 920 --- 29.4 41.0 710 55,893 33,893 

Valve: BWR Plant D. dvnamic close 1 1 1 1



bwrog dc motor method, version 1.xIs, Inputs, 02!28,'2000, 5:23 PM

Select Valve-> 1 BWR Plant D, dynamx OW 1 V

Valve Type

Flow type 
SFuoke direction 

Fluid (blowdown only) 
Load profile method

Vatve and Aatuator Information .  

Stem diameter, D_. (inches) 

Seat ring face ID. DbodyaD (inches) 

Seat ring •nnerdiameter, D. (incies) 

Globe valve stoke length, 0 (nmches) 

Isoolato-towding 4-0ve. X (penet) 
Pacl(mng load. Fa (Ibs) 
Required thrust (including water inertia), Fý (lbs) 

Required thnist due to water inertia. F, (Obs) 

Flow coefficient. C, (gprntpsi
1 ) 

Actuatoroverall ratio, OAR 

Motor gearset ratio. MGSR 

Actuoator rated torque, z, 

Stem factor. SF (lt4bsilb) 

Overtauling stem factor, SFo (ft4bs/lb) 

Voltage at MCC, V= (volts) 

Cable resistance. R# (ohms) 

Thermal overload resistance, Rw (ohms) 

Nominal voltage, V_ (volts) 

Motor typ.e 

Valve stem lead, lead (inches) 
Pullout efficiency. TI 

Run effi-6ecy, ..r 

Nomninal motor speed (rpm), .o-.  

Design Basis Conditions 

Differential pressure, OP (psi) 

Valve pressure at full open. Pe (psig) 

Flow rate, 0,. (gpm) 

Fluid density. p (lbsfl3) 
Ambient temperature (C) 

Length of upstream piping. L_ (pipe diameters)

yes 
yes 

yes 
no 

yes

yes 
yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

"optional 

yes 
yes 

no 

no 

yes 

no

Calculated Values 

System resistance, K,. yes 
Fully open stem thrust, FO (lbs) yes 

Nomninal motor torque. r_~, (ft-Tbs) 1 yes 

Ma motor tque (ft4lbs) yes 
Maxium adjusted motor tonue (ft-.l ::, .. yes 

inumotorspeed (rpm) yes 

Minimum Instananneous actuator capability (.. s) yes 
Minimnum instantaneous mnargin (ths) yes 
Mayimum allowable dtiust at unwedgng _ yes 

Efficiencyat minimum instantaneous capability - yes

wedge gate 
pumped flow 

open 

0 

Use default

1.750 
5.240 

5240 

0.000 

10% 

1.255 

14,500 

0 

0 

39.11 

0.95 

500 
0.0238 

0.0000 

2100 

0.049 

0.015 

250 

40 ftl4b, 250 VDC 

0.500 

0.40 

0.55 

1.900 

1074 

13 

860 

62.000 

21 

0

985.1 

1.224 

48.8 

22.1 

260 

712 

26,614 

12.687 

25,969 

0:395

Predicted Stroke Time (Seconds): 16.17

Nt mg~ka 
100% 

90% 
:80% 

70% 
60%, 
55% 

45% 
40% 
35% 
30% 
28% 

26% 
24% 
22% 
20% 

16% 
14% 
12% 

10% 

8% 
7% 

4-% 
3% 

2% 

-0.001 0%1
-100%



BWROG DC Motor Method, Version 1.xls, Results, 03/01/2000, 1:12 PM

AAverage Average Worm Gearbox verage Motor Motor Adjusted Motor Motor Instant Instant Instant 
Srk Poiin Stem Stem Stem Motor Vmcc Motor Time Time TepT0u~pAtCpMrl 

Stroke Position Thrust Toem peed SpeedimenT Temp Torque Cap Act Cap Margin 
I Thrust Torque Speed Torque Increment 

-10% -0.52 14500 1 0.00 21.0 857 

-9% -0.47 14500 14500 345.10 0.400 22.06 24.30 210.00 208 26.05 712 0.35 0.35 21.5 647 27,187 12,687 857 

-8% -0.42 14500 14500 345.10 673 0.466 18.92 21.42 210.00 209 22.36 819 0.30 0.65 21.8 754 31,672 17,172 857 

-7% -0.37 14500 14500 345.10 775 0.469 18.80 21.30 210.00 209 22.25 823 0.30 0.94 22.1 758 31,834 17,334 857 

-6% -0.31 14500 14500 345.10 778 0.470 18.79 21.29 210.00 209 22.27 822 0.30 1.24 22.4 757 31,802 17,302 857 

-5% -0.26 14500 14500 345.10 778 0.470 18.79 21.29 210.00 209 22.30 821 0.30 1.54 22.8 756 31,761 17,261 856 

-4% -0.21 14500 14500 345.10 777 0.469 18.79 21.29 210.00 209 22.33 820 0.30 1.84 23.1 755 31,721 17,221 856 

-3% -0.16 14500 14500 345.10 776 0.469 18.80 21.30 210.00 209 22.35 819 0.30 2.14 23.4 754 31,681 17,181 856 

-2% -0.10 14500 14500 345.10 775 0.469 18.80 21.30 210.00 209 22.38 818 0.30 2.44 23.7 753 31,640 17,140 855 

-1% -0.05 14500 14500 345.10 774 0.469 18.80 21.30 210.00 209 22.41 817 0.30 2.74 24.0 752 31,600 17,100 855 

0% -0.01 14500 14500 345.10 773 0.469 18.80 21.30 210.00 209 22.44 817 0.27 3.02 24.3 751 31,560 17,060 853 

0% 0.00 14500 14500 345.10 772 0.469 18.80 21.30 210.00 209 22.47 816 0.03 3.05 24.3 750 31,523 17,023 853 

1% 0.05 13424 13962 332.30 772 0.469 18.10 20.60 210.00 209 21.63 842 0.29 3.34 24.6 750 31,525 17,563 852 

2% 0.10 12349 12886 306.70 797 0.470 16.68 19.18 210.00 209 19.95 895 0.27 3.61 24.8 751 31,552 18,666 850 

3% 0.16 11273 11811 281.10 847 0.472 15.24 17.84 210.00 209 18.23 953 0.26 3.87 25.0 753 31,636 19,825 849 

4% 0.21 10197 10735 255.50 901 0.473 13.81 16.58 210.00 209 16.52 1010 0.24 4.11 25.2 755 31,732 20,997 847 

5% 0.26 8568 9383 223.31 956 0.475 12.03 15.03 210.00 209 14.39 1102 0.22 4.34 25.3 758 31,837 22,454 844 

6% 0.31 6642 7605 181.00 1043 0.477 9.70 12.70 210.00 209 11.60 1236 0.20 4.54 25.3 762 32,017 24,412 840 

7% 0.37 5178 5910 140.66 1169 0.474 7.59 10.48 210.00 209 9.07 1383 0.18 4.71 25.3 757 31,815 25,905 834 

8% 0.42 4217 4698 111.81 1308 0.456 6.27 8.84 210.00 209 7.50 1486 0.17 4.88 25.4 728 30,596 25,898 825 

9% 0.47 3401 3809 90.65 1406 0.441 5.25 7.57 210.00 210 6.28 1586 0.16 5.03 25.4 705 29,633 25,824 809 

10% 0.52 2920 3161 75.22 1501 0.430 4.47 6.59 210.00 210 5.34 1664 0.15 5.18 25.4 688 28,919 25,759 796 

12% 0.63 2347 2634 62.69 1574 0.421 3.80 5.71 210.00 210 4.54 1729 0.28 5.47 25.4 674 28,309 25,675 777 

14% 0.73 2072 2210 52.59 1636 0.414 3.25 4.88 210.00 210 3.88 1793 0.27 5.74 25.4 662 27,802 25,593 748 

16% 0.84 1797 1935 46.05 1696 0.409 2,88 4.32 210.00 210 3.44 1863 0.26 6.01 25.4 654 27,477 25,542 709 

18% 0.94 1696 1747 41.58 1762 0.406 2.62 3.93 210.00 210 3.13 1912 0.26 6.26 25.4 649 27,263 25,516 635 

20% 1.05 1626 1661 39.54 1809 0.404 2.50 3.75 210.00 210 2.99 1935 0.25 6.52 25.4 647 27,171 25,510 530 

22% 1.15 1556 1591 37.86 1831 0.403 2.40 3.60 210.00 210 2.87 1954 0.25 6.77 25.4 645 27,085 25,494 398 

24% 1.26 1485 1520 36.19 1848 0.402 2.30 3.46 210.00 210 2.75 1973 0.25 7.02 25.4 643 26,996 25,476 257 

26% 1.36 1415 1450 34.51 1866 0.400 2.21 3.31 210.00 210 2.63 1991 0.25 7.26 25.4 640 26,907 25,457 116 

28% 1.47 1366 1391 33.10 1884 0.399 2.12 3.18 210.00 210 2.53 2007 0.25 7.51 25.4 639 26,832 25,442 0 

30.0% 1.57 1349 1358 32.31 1899 0.398 2.07 3.11 210.00 210 2.48 2016 0.24 7.75 25.4 638 26,793 25,435 --

359/6 1.83 1305 1327 31.58 1908 0.398 2.03 3.04 210.00 210 2.42 2025 0.61 8.36 25.4 637 26,753 25,426 

40% 2.10 1275 1290 30.70 1915 0.397 1.98 2.97 210.00 210 2.36 2035 0.60 8.97 25.5 636 26,704 25,414 ...  

45% 2.36 1267 1271 30.25 1925 0.397 1.95 2.92 210.00 210 2.33 2040 0.60 9.57 25.5 635 26,680 25,409 ...  

50% 2.62 1258 1262 30.04 1930 0.397 1.94 2.91 210.00 210 2.31 2042 0.60 10.17 25.5 635 26,670 25,407 --

55% 2.88 1250 1254 29.84 1932 0.396 1.92 2.89 210.00 210 2.30 2045 0.60 10.77 25.5 634 26,658 25,404 ...  

60% 3.14 1244 1247 29.67 1934 0.396 1.91 2.87 210.00 210 2.29 2047 0.60 11.37 25.5 634 26,648 25,401 --

70% 3.67 1234 1239 29.49 1936 0.396 1.90 2.85 210.00 210 2.27 2049 1.20 12.57 25.5 634 26,637 25,398 ...  

80% 4.19 1228 1231 29.30 1938 0.396 1.89 2.84 210.00 210 2.26 2051 1.20 13.77 25.5 634 26,626 25,394 

90% 4.72 1224 1226 29.18 1940 0.396 1.88 2.83 210.00 210 2.25 2052 1.20 14.97 25.5 634 26,618 25.392 ...  

100% 5.24 1224 1224 29.12 1942 0.396 1.88 2.82 210.00 210 2.25 2053 1.20 16.17 25.5 633 26,614 25,390 --

UNW ... --- 25969 618.07 157 0.385 41.08 39.81 210.00 207 48.84 166 .--- ... 1 618 25,969 0 ...  

Screen ... ... 14500 345.10 .-- 0.400 22.06 52.00 210.00 207 27.30 672 --- 40.3 79.2 523 21,956 7,456 -

wfter --- ... 14500 345.10 680 0.467 18.91 21.41 210.00 209 25.79 719 -.- 37.6 60.9 653 27,456 12,956 ...  

Valve: BWR Plant D, dynamic open 1



bwrog dc motor metiod. version 1 xls. Inputs, 02128,'2000, 5:23 PM

Select Valve-> BWR Plant D, stabc close 2 W

General Infkmation 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load prolide method

Valve and Actuator Information 

Stem diameter, D,=. (mches) 

Seat ring face ID. •,=l (inches) 

Seat ring Inner diameter, 1), (inches) 

Globe valve stroke length, 0 (inchles) 

Isolaion-to-wedging travel. X (percent) 
Packing load. F, (Ibs) 

Required thrust (including water inertia), FR Obs) 

Required thrusl due to water inertia. F(,,b)s) 

Flow coefficiert, Cv (gpm/psi, .  

Actuator overall ratio, OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, t 

Stem factor, SF (ft-bsAb) 

Overllauring stem factor, SFO (ft-lbsflb) 

Voltage at MCC, V- (volts) 
Cable resistanceR,.. (ohms) 

Thermal overload resistance. R. (ohms) 

Norninat voltage, V_ (volts) 

Motor typ 
Valve stem lead, lead (inches) 
Pullout efficiency. ri, 

Run efficency, q, 

Nominal motor speed (rpm), d)_ 

Deshin Basis Conditions 

Differenial pressure, DP (psi) 

Valve pressure at full open, Ps (psig) 

Flow rate, Q_ (gpm) 

Fluid density, p (ibs••) 

Ambient temperature (C) 

Length of upstream piping, L_ (pipe diameters)

yes 
no 

yes 

no 

yes

no 

no 

no 
yes 

no 

no 
no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 
no 
yes 

no

Calculated Values. • - '"

System resistance, K- no 
Fully open stem thrust, F, flbs) no 

Nominal motor torque. r,_ (ft-bs) yes 

Maximum motor torque (ft-tbs) yes 

Maximum adjusted motor torque (ft-lbs) yes 

Minittum motor speed (rpm)' - yes 

Minimum instantaneous actuator capability (lbs) yes 

Minimum Instantaneous margin (Ibs) yes 

Maximum toque switch setting yes 

Efcien at minimum instantaneous capability yes

1 globe 

0 

close 

0 

Input Stem Thrust 

0.000 

0.000 

0.000 

1 3.187 

0 

0 

I 435 
S76.99 

1 0.43 

1,8o0 

0.0140 

0.0000 

262.0 

0.031 

0.139 

250 

160 ftl-b. 250 VDC 

0.500 
S 0.40 

0.50 

j 1.900 

0 
0 

0 

62.000 

21 

0

66.3 

0.9 

0.9 

2546 

141.941 

140,019 

136,964 

0.384

Predicted Stroke Time (Seconds): 11.56

nrttsifPMff 
100% 1.922 

90% 1 1922 
W0% 1,922 

70% 1,922 

60% 11.922 

55% 1,922 

50% 1,922: 
45% 1.922.  
4D% 1'922 

35% 1,922~ 
30% 1,922 

28% 1,922 

261% 1,922' 

24% 1.922: 

22% 1.922 

20% 1 .922 

181%a 1,922 
16% 1,922 

14% 1,922 

12% 1.J922 

10% 1,922 

9% 1,922 

8%/ 1,922 
n. 1,92.2 
6% 192 

5% 1,9 22.  

4% 1,922 

2% 1,922' 

2% 1,92.2 

1% 1 .922 

0%/ 1,922 

-0.0010% 1, 92 2 
-100% 1,922



bwrog dc motor method, version 1 .xis, Results. 02128/2000, 5:24 PM

Stroke Position 

1006/% 3.19 
90% 2.87 
60%/6 2.55 
706%_ 2.23 

60% 1.91 
55% 1.75 

50% 1.59 
45% 1.43 

40% 1.27 
35% 1.12 

360% 0.9• 
28% 0.89-
26% 0.83 
24% 0.76 
22%/ 0.:70 

20% 0.64 
18%o/ 0.57 

16% 0.51 

14% 0.45 
112%- 0.38 
10% 0.32 
9 0.29 
8% 0.25 
7/% 0.22 

6% 0.19 

5% 0.16 
4% 0.13 
3% 0.10 

2% I0.06 

16/ 0.03 
0/6 0.00 
0.0% 0.00 

0% 0.00 

0% 0.00
0% 0.00 

o-w- 0-.00 

0 0%6.006 
S 0.00 

0% 0.00 

0%-- 0.00-

TST -

wliter 

Val -- o-oo

Stem 
Thrust 

1922 

1922 
1922 
1922 
1922 
1922 
1922 

1922 
1922 
1922.  
1922 
192.2.  
1.922! 

19222 

1922 

1922 
1922 

1922 
1922 
1922 
1922 

1922 

1922 
.1.922._ 
1.92-2 

S19o22 

_1922
1922_ 
1922 
1922 1922 
1922 
1922 

1922 

1922

Average 
Stem 

Thrust 

1922 
1922 

_1922 
1922_ 
1922 
1922 

1922 

1922 

1922 

1922 

1922 

19 !_22.  
S1922 

1922
1922 
1922 

1922 

_1922 
__19_22

1922 

1922 
1922 

...1922 

1_92.2 
1!922 
1922 
1922 

-1922 

1i922 

1922 

1922 
1922 
1922 
1922 
1922 I -m9 -
1-22 

136964 
1922 

1922

fl~:t 1 lii n cos 2

Average 
Motor 

Torque

Motor 
Voltage

Average Worm Gearbox 
Stem : 

Torque Speed Efficiency 

26.91 .0.400 
26.91 1093 0.384 
26.91 1092 0. o-384 
26.91 1092 _0.384 
26.91 1092 0.384 

26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 

26.91 1092 0.384 

26.91 1092 0.384 

i 26.91 1092 0.384 

26.91 1092 0.384 

26.91 1092 0.384 
26.9 12 0384 
2691 109-2 60.384 
26.91 1092 0.384 
26.91 10.92 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
26.91 1092 0.384 
"26.91 1092 0.384 

26.91 161092- b0.38,4 
26.91 1092 0.384 
26.91 1092__ 0.384 
26.91 1092 0.384
26.91 1092 0.384 
26.1 1-092 . 0.384
26.91 1092 0.384 
26.91 1092 0.384 
26.91- -109-2 0.384 
26.91 1092 -0.384_ 
26.91 1092 0. 384 
26.91 1092 0.384 

1917.50 85 0.374 
26.91 - 0.400 
"26.91 1092 0.384

Instant 
Torque Cap

0.87 

0.91 
0.91 

0.91 

-0.91
0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 
0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.911 

0.91 

06.91 

0.91 

0.91 

0.87 
0.91

Motor Vmcc 
Current 

3.14 26-26.00 
3.18 262.00 

3.18 262.00 
"3.18 262.00 
3.18 262.00 
3.18 262.00 

3.i8 262.0

3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.i8 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 262.00 
3.18 26.00 
3.18 26200 

3.18 262.00 
3.18 262.00 

3.18 262.00 

3.18 262.00 
3.18 262.00 
3.18 _262.00 

3.18 262.00 

3.18 262.00 

3.18 262.00 

11 io4.o• 

3.18 262.00 3 -.18 -2632.00 

3.18 262.00 

--3.18 - 262.00, 

3.118 262.00 

3.18 262.00 

85.58 262.00 

104.00 262.600 

3.18 262.00

261 

261 
261 

261 

261 

261 

261 

261 

261 

---261 
261 

261 

261 261 

261 

261 

261 

261 
261_ 

261 

261 

261 
261 

261 
261 

261 

261 

261 

261 

261 

261 

26_1 
261 

261 

261 

261 

F261 
261 

2-61 

264 

244 

261 

247 
244 

261

Adjusted Motor 
Motor Speed 

Torque Spe 

0.86 2548 
0.90 2546 
0.90 2546 

0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 

0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 254ý6 
0.90 -2546 

'-0.90 2,5,6 
"0.90o 2546: 
0.9#0 2546 
0.90 2546 
0.90 2 546 
0.90 2546 

0.90 2546 
090 2546 
0.90 2546 
0.90 2546 
090 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 
0.90 2546 0.90 2546 

0.90 2546 

0.90 2546 

0.90 2546 

66.25 198 
0.91 2487 
06.90 -- 25-4-6

Stroke 
Time Time Motor 

Increment Temp 
0.00 21.0 

1.16 1.16 21.0 
1.16 2.31 21.0 

1.16 3.47 21.0 
1.116 4.62 21.0 

0.58 5.20 21.0 
0.58 5.78 21.0 
0.58 6.3 21.0 

0.58 6.94 21.0 
0.58 7.52 .21.0 

0.58 8.09 21.0 
0.23 8.33 21.0 

0.23 8.56 21.0 
0.23 8.79 21.0 

0.23 9.02- 21.0 
0.23 9.25 21.0 

0.23 9.48 21.0 
0.23 9.71 21.0
0-.23 9.94 21.0 

0.23 10.18 21.0 

0.23 10.41 21.0 
0. 112 10.52 _21.0 
0.12 10.64 21.0 
0.12 10.75 21.0 
012- 10.87 21.0 

0.12 10.98 21.0 

0.12 11.10 21.0 
0.12 11.22 21.0 

0.12 11.33 21.0 
0.12 11.45 21.0 
0.12 11.561 21.0 

0.00 11.56 21.0 

0.00 11.56 21.0 
0.00 11.56 21.0 

0.00 11.56 _ 21.0 
0.00 11.56 21.0 

0.00 11.56 21.0 
0.00 11.56 21.0 
0.00 11.56 21.0 
0.00 11.56 _-21.0 
0.00 11.56 21.0 
0.00 11.56 21.0 

- f1. 21.0 
-- 11.6 I21.0

2,072 
1,987 

1,987 
1,987 

-- 1,987 
1,987 

1,987 

1,987 

-1,9.87-
1,987 1,987 
1,987 
1,987 

1,987 

1,987 
1,987 
1,987 
1,987 

1,987 

1,987 
1,987 

1,987 

1,987 
1,987 
1,987 
1,987 
1,987 
1,987 

1,987 

1.987 

1,987 

1,987 
1,987 
1,987 

1,987 

1,918 

2,025 
1,987

I

Instant Instant Q 
Act Cap Margin 

148,013 146,091 

141,948 140,026 
141,947 140,025 --
141,946 140,024 --
141,946, -140,024 -
141,945 140,023 --

41,945 14-0,023 
141,.945 140,023 7 "141,944 140,022 -
141,944 140,022 --
141,943 140,021 
141,943 140,021 
141,943 140,021 
141,9413 140,02i 
141,943 140, 021 
141,943 140,021 7 
141i,9413 140,021 
141,942 140,020 -

141,942 140,020 --
141.942 140,020 --
"141,942 1440,02-0 --
141,942 140,020 --
141,942 140,020 -
i141942 i40,020 --
i141,942 140,020 --
141,942 140,o20 --
"141,942 140,-020 --
141,942 140,020 
141,941 140,019 --
141,941 140,019 --
141,.941 140.019 
141,941 140,019 --
141.941 140,019 
141,941 140,019 
141,941 140,019 .  

141,941 140,019 
141,941 140.019 -

141,941 140,019 --
141,941 140,019 -

141,941 140,019 --
141,941 140.019 --
136,964 I 0 -

144,644 142,722 
141,941 140,019

II m



bwrog dc motor method, version 1 .xls, Inputs, 02128'2000. 5:24 PM

Select Valve-> BWR Plant D, tynan•C close 2

C-eneral Informadon 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator Information 

Stem diameter, D.. (Inches) 

Seat ring face ID. Db,ýD (inches) 

Seat ring Inr diameter. D, (inches) 

Globe valve stroke tengt., D (inches) 

Isolation-to-wedging travel. X (percent) 

Packing load. F,=.d (lbs) 

Required thrust (including waler Inertia), FR (bs) 

Required thrust due to water inertia, Fm (lbs) 

Flow coefficient, C, (gpm/psi "J) 

Actuator overall ratio. OAR 

Motor gear set ratio. MGSR 

Actuator rated torque, xiw 

Stem factor. SF (f-0,bstb) 
Overhaullng stem factor. SFo (ftbsWtb) 

Voltage at MCC, V- (volts) 

Cable resistance. R. (ohms) 

"Thenmal overload resistance, R.= (ohms) 

TNorminal voltage. V,,-, (volts) 

Motor type 

Valve stem lead. lead (inches) 

Pullout efficiency, I1, 

Run efficiency. q, 

Nominal motirspeed (rpm), e,,o 

Deslan Basis Condiftons 

Differential pressure, OP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate. Q,,,, (gpm) 

Fluid density, p (lbs/fI) 
Ambient temperature (C) 

Length of upstream piping. L_ (pipe diameters)

System resistance. K.1 

Fully open stem thrust. Fo (Ibs) 

Nominal motor torque.,- s(ff-lbs) 

Mximurm motor torque (ft4bs) 
Mayinmunm adjusted motor torque (ftatbs) 

Minu~umm motor speed (rpm) 
Minimum Instantaneous actuator capablity (Ibs) 

Minimum instantaneous margin (Obs) 

Maximum torque switch sethng 

Efficiencyat minimum intsntaneous capability

yes 

no 

yes 

no 

yes 

yes 

no 

yes 

yes 

no 

yes 

yes 
yes 

yes (LP) 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 
yes 

yes 

optional 

yes 

yes 

no 

no 

yes 

no

yes 
yes 

yes 

yes 

yes 

"yes 
yes 

yes 

yes 

yes

1329.6 

2.064 

66.3 

15.5 

18.5 

1335 

119,037 

96.875 
107,616 

0.384

Predicted Stroke Time (Seconds): 14.59

] 

globe 

pumped flow 

close 

0 

Use default 

2.125 

0.000 
5.734 
3.187 

0% 

1.922 

37,508 

0 

435 

76.99 

0.43 

1.800 

0.0140 

0.0000 

210.0 

0.031 

0.139 

250 

60 ft-tb, 250 VDC 

0.500 

0.40 

0.50 

1,900 

40 

860 

62.000 

21 

0

Not reauie 

100% 
90% 

80% 

70% 

60% 

55% 
50% 
45% 

40% 
35% 
30% 
28% 

26% 
24% 
22% 
20% -6 

18% 
16% 
14% 

12% 

10% 

8% 
7% 
6% 
5% 

4% 

3% 

2% 

1% 

0% 

-0.0010%

-100o%-



BWROG DC Motor Method, Version 1 .xIs, Results, 03101/2000, 1:12 PM

Average Average Worm Gearbox Average Motor Motor Adjusted Motor Stroke Motor Instant Instant Instant 

Stroke Position Stem Ste Motor Vmcc Motor Time Time Temp TorqueCap Act Cap Margin 
Thrust Thrust Torqued Torque Torque Increment 

100% 3.19 2199 0.00 21.0 856 

90% 2.87 2231 2215 31.01 0.400 1.01 3.31 210.00 209 1.18 2119 1.39 1.39 21.0 1,736 123,998 121,783 855 

80% 2.55 2275 2253 31.55 909 0.384 1.07 3.39 210.00 209 1.25 2115 1.39 2.78 21.0 1,667 119,037 116,784 855 

70% 2.23 2340 2307 32.30 907 0.384 1.09 3.42 210.00 209 1.28 2113 1.39 4.18 21.0 1,667 119,063 116,755 854 

60% 1.91 2438 2389 33.44 907 0.384 1.13 3.47 210.00 209 1.33 2111 1.39 5.57 21.0 1,667 119J102 116,713 853 

55% 1.75 2508 2473 34.62 906 0.384 1.17 3.52 210.00 209 1.38 2109 0.70 6.27 21.0 1,668 119,142 116,669 852 

50% 1.59 2600 2554 35.76 905 0.385 1.21 3.57 210.00 209 1.42 2106 0.70 6.97 21.0 1,669 119,181 116,627 851 

45% 1.43 2724 2662 37.27 904 0.385 1.26 3.64 210.00 209 1.48 2103 0.70 7.67 21.0 1,669 119,233 116,571 849 
40% 1.27 2895 2809 39.33 902 0.385 1.33 3.72 210.00 209 1.56 2099 0.70 8.37 21.0 1,670 119,305 116,495 847 

35% 1.12 3142 3018 42.25 900 0.385 1.42 3.85 210.00 209 1.67 2093 0.70 9.07 21.0 1,672 119,406 116,388 844 

30% 0.96 3515 3328 46.59 898 0.386 1.57 4.04 210.00 209 1.84 2084 0.71 9.78 21.0 1,674 119,557 116,229 840 

28% 0.89 3719 3617 50.64 894 0.386 1.70 4.21 210.00 209 2.00 2076 0.28 10.06 21.0 1,676 119,696 116,079 837 

26% 0.83 3970 3844 53.82 891 0.387 1.81 4.35 210.00 209 2.13 2070 0.28 10.35 21.0 1,677 119,805 115.961 834 
24% 0.76 4280 4125 57.75 888 0.387 1.94 4.52 210.00 209 2.28 2062 0.29 10.63 21.0 1,679 119,941 115,816 830 
22% 0.70 4670 4475 62.65 884 0.388 2.10 4.73 210.00 209 2.47 2052 0.29 10.92 21.0 1,682 120,110 115,635 825 

20% 0.64 5169 4920 68.88 880 0.389 2.30 4.99 210.00 209 2.71 2039 0.29 11.21 21.0 1,685 120,324 115,404 819 

18% 0.57 5821 5495 76.93 875 0.390 2.56 5.33 210.00 209 3.02 2023 0.29 11.50 21.0 1,688 120,601 115,106 811 

16% 0.51 6688 6254 87.56 868 0.391 2.91 5.78 210.00 209 3.43 2002 0.29 11.79 21.0 1,694 120,964 114,710 800 

14% 0.45 7872 7280 101.92 859 0.393 3.37 6.38 210.00 209 3.97 1974 0.30 12.09 21.0 1,700 121,453 114,173 784 

12% 0.38 9528 8700 121.80 847 0.395 4.00 7.20 210.00 209 4.72 1935 0.30 12.40 21.0 1,710 122,126 113,426 762 

10% 0.32 11900 10714 150.00 830 0.399 4.89 8.35 210.00 209 5.77 1881 0.31 12.71 21.1 1,723 123,072 112,358 729 

9% 0.29 13466 12683 177.56 807 0.402 5.74 9.46 210.00 208 6.78 1828 0.16 12.87 21.1 1,736 123,971 111,288 706 

8% 0.25 15358 14412 201.77 784 0.405 6.47 10.42 210.00 208 7.65 1783 0.17 13.03 21.1 1,746 124.745 110,333 678 

7% 0.22 17639 16499 230.98 765 0.408 7.35 11.55 210.00 208 8.70 1729 0.17 13.21 21.1 1,760 125,682 109,183 642 

6% 0.19 20361 19000 266.00 742 0.412 8.38 12.89 210.00 208 9.93 1666 0.18 13.38 21.1 1,775 126,789 107,789 597 

5% 0.16 23534 21947 307.26 715 0.417 9.57 14.44 210.00 208 11.35 1610 0.18 13.56 21.1 1,793 128,069 106,121 539 

4% 0.13 27086 25310 354.34 691 0.422 10.90 16.07 210.00 207 12.94 1548 0.19 13.76 21.1 1,813 129,533 104,223 465 

3% 0.10 30780 28933 405.06 664 0.428 12.29 17.75 210.00 207 14.62 1484 0.20 13.95 21.2 1,835 131,083 102,150 374 

2% 0.06 34165 32473 454.62 636 0.434 13.62 19.34 210.00 207 16.23 1422 0.21 14.16 21.2 1,856 132,552 100,079 264 

1% 0.03 36609 35387 495.42 610 0.438 14.70 20.63 210.00 206 17.53 1372 0.21 14.38 21.3 1,872 133,709 98,322 137 

0% 0.00 37508 37058 518.82 589 0.440 15.31 21.37 210.00 206 18.28 1343 0.22 14.59 21.4 1,880 134,309 97,250 0 
0.0% 0.00 37508 37508 525.11 576 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,882 134,403 96.895 ---_ 

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 ---_ 

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 208 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 -

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 -

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59! 21.4 1,881 134,383 96,875 -
0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1881 134,383 96,875 

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134.383 96,875 -

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 --

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 ...  

0% 0.00 37508 37508 525.11 573 0.441 15.48 21.57 210.00 206 18.49 1335 0.00 14.59 21.4 1,881 134,383 96,875 .

TST 0... .. 107616 1506.83 68 0.367 53.29 68.95 210.00 198 66.25 159 ... .. . 4 1,507 107,616 0 --

Screen 0... .. 37508 525.11 573 0.400 17.05 104.00 210.00 192 22.68 1105 --- 26.7 31.2 1,533 109,481 71.973 -

w/iter 0... .. 37508 525.11 565 0.441 15.48 21.58 210.00 206 18.98 1317 22.4 28.1 1,833 130,907 93,399 

Valve: RWR Plant D. dvnamic close 2 ____________________



bwrog dc motor method, version I .xls. Inputs, 02/28i2000. 5:24 PM

Select Valve-> BWR PMant D, stabc open 3

General Informationa 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load proffle method

yes 

no 

"yes 
no 

yes

0 
open 

0 

Infput Stem Thrust

Vahveand ACtuator InforMs llOr 
Stem diameter, D. Cindces) no 0.000 

Seat ring face ID, O::- (inches) . yes 7.720 

Seat ring Innerdiameter. D, (inches) -no 0.000 

Globe- valve strokse l~ength, 0) (inclies) - . no 0.000 

solation4--wedging travel. X (penen.rt) yes 10% 

packing Ioad, Fý (tbs) I I no 0 

Required thrust Cincluding waler inertia), FR (Ibs) no0 

Required thtrust due to water inertia, Fw (Ibs) no 0 

Flow coefllciet, Cv, (gpmlpsi"
2  no 0 

Actuator overall ratio, OAR yes 28.20 

Motor gear set rabo, MGSR yes 1.60 

Aduator rated torque, T . , yes 250 

Stem factor. SF (ft-4sb) . yes 0.0162 

Overhauling stem factor, SFý> (ft~lbs/lb) - no 0.0000 

Voltage at-MCC, V, (volts) - yes 131.0 

Cable resistance. R,. (ohms) yes 0.240 

Thermal ovieoad resistance, R- (ohms) yes 0.023 

Nornial voltage. V ..-vo.s) yes 125 

Motortype . - -e 151lb 125VeC 

Valve stem lead, lead (in•hes) yes 1 0.500 

Pullout efficiency, rip yes I 0.40 

Run efficiency, qr. yes 0.50 

Nominal motD speed (rpm), e)- optional 1.900

Design Basis Conditions 

Dlifferenstial pressure, DP (psi) 
Valve pressure at-full open, Pe (ps g) 

Flow rate, _, (gpm) 

Fluid density, p plsftý) 
Ambient temperature (C) 

Length of upstream piping, L. (pipe diameters)

no 
no 

no 

no 

yes 

no

System resist~nce. K,. no 

Fully open stem thnust. Fý (Ibs) no 

Nominal motor torque. T_(Ntbs) . yes 
Maximum motor torque (ft4bs) yes 

Maximum adjusted notor torque (fi-Ibs) ,Yes 

Min~tssnmotrsp~d (rm)'yes 

Moinmur Istantaneousactisatorcapabality(lbs) . yes 

Mihinmum Instantaneous margin (bls) yes 

Maximum allowable thrust at unwed ging yes 

Efficericyatrriinimumn instantaneous capatlilty yes

0 

0 

62.000 
S 21 

0 

22.5 

0.7 

0.7 

2398 

15,469 

15.007 

15,491 

0.389

Predicted Stroke Time (Seconds): 11.99

Thrust Prffle 
100%, *462-.1 
90% 462�462 

10% -462, 

70 % 462 ' 

60'ý 462..  

55% 462 
5% 462' 

45%- .462; 

40% 462~ 

35%A 462s 

30% 42' 

281% 
4
6

2 o 

26%- 462 5 

24% 462 

22% 462 
20% 462

18% 462 

16% 462 
14% 462 

A12%/ 462' 

10% 402 

9% 462 

8% 462 

7%1Y 462 

6% 462% 

5% - 462 

4% 462 
3% 462 

2% 462 

1 % 462 
0% 462' 

-0.0010% 482 

-100% 402



bwrog dc motor method, version 1 .xis, Results, 02/28/2000, 5:24 PM

Stem Aver 
Stroke Position Ste 

Thrust hr 

-10%-/ -0.77 462 
-9% -0.69 462 46 
-8% -0.62 462 46 
-7% -0.54 462 46 
-6% -0.46 462 46 

-5% -0.39 462 46 
-4% -0.31 462 46 
-3% -0.23 462 46 
-2% -0.15 462 46 
:1% -0.08 462 46 
0% -0.01 462 46 
0% 0.00 462 46 
1% 0.08 462 46 

2% _0.15 462 46 
3% 0.23 462 46 
4% 0.31 462 46 

5% 0.39 462 46 
6% .. 46 462 46 
7% 0.54 462 46 
8%x. 06.62 .462 _ 46 
9% _0.69 462 - 46 

10% 0.77 462 46 

12% 0.93 462 46 
14% 1.08 462 46 
16% 1.24 462 46 
18% 1.39 462 46 

20% 1.54 462 46 
22% 1. 70 462 46 
24% 1.85 462 4 
26% 2.01 462 46 
"28% 216 462 46 

300% 2.3 462- 46 
35% 2.70 462 46 
40% 3.09 462 46 
45% 3.47 462 46 
50% 3.86 __462__ 46 

5-5. 4.25 462 -46 
60% 4.63 462 46 

i0-/ 4...• -6-42---_ -4i 
70% 5.40_ 48_4 
80% 6.18 462 4 
90% 6.95 462 4 
16100 7f. 72 462 -546 UN-w -- - 154 
Screen ... - 46 
w/iter . - 46 

Valve: BWR Plant . static onan 3

age I

ust

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 
2 

2 

2 

2 
2 
2 

2 
2 
2
2 
2
2 
-2' 
2 

2 
2

7.48 
7.48 

7.48 
7.48 

...7._4_8 
7.48 
7.48 
7o.48 
7.48 
7.48 
7.48 

7.48 

7.48

3827 
3827 
3827 
3827 

3827 

3827 
3827 
3Y827 
3827 
3827 

3827 
300 

3827

0.389 
0.389 
0.389 
0.389 
0.389 
0.38-9 

0.389 
0.389 
0.389 

0.389 

-- 0.4 14 
0.400 
0.389

Average 
Motor 

:Y Torque

Average Worm Gearbo 
Stem 

Torque Speed Effienc 

7.48 0.400 
7.48 3840 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 7A 87 3827 0.389 
7.48_ 3827 0.3H9 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 _3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 

7.48 3827 0.389 
7.4-,8 3-827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
7.48 3827 0.389 
"7.48 3827 0.389 

7.48 3827 0.389 
78 3827 0.389 
7.48 3827 0.389

-� ___________ ___________

Stroke 
Time 

Increment

0.66 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 

0.68 
0. 68

-0.68
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 

0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0•68 
0.68 

0.68 
0.68 
0.68 
0.68 

-0.68
0.68 
0.68 
0.688
0.68 
0.68 
0.68 

0.688 
0.88 
0.68 
0.68 
0.68 

0.68 

0.66 
0.88

Motor Motor Adjusted Motor Vmcc Motor 
Current Voltage Torque Speed 

3.3 1o r.q 

3.03 131.00 130 0.65 2406 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 _2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
S3.607 131.00 130 0.67 2396 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.001 130 0.67 2398 
3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 

3.07 131.00 130 067 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 

3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 

51.3.07 131.00 _130 0.67 2398 

3.07 131.00 130 __0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.0-0 130O 0.67 --2398 .  

3.07 131.00 130 0.67 2398 
3.07 131.00 130 0.67 2398 
3.07 131.00 __130 0.67 2398 

51-.36- 131.00 11-7 22.50 188 
59.20 131.00 115 0.74 2188 

3.7 131.00 130 0.67 2398

0.11 
0.11 

0.11 
0.11 
0.111 
0.11 
0.11 
0.11 
0.11 
0.10 
0.01 

0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 

0.11 
0112 
0.22 
0.22 
0 .22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 

0.54 

0.54 
0.54 
0.54 

1.09 

1.09 
1.09 

1.09

Motor 
Time Temp 

0.00 21.0 
0.11 21.0 
0.22 21.0 
0.33 21.0 
0.44 21.0 
0.54 21.0 
0.65 21o.0 
0.76 21.0 
0.87 21.0 
0.98 21.0 
1.08 21.0 
1.09 21.0 
1 20 21.0 
1.31 21.0 
1.42 21.0 
1.53 21.0 
1.63 21.0 
1.74 21.0 
185 21.0 
1.96 21.0 
2.07 21.0 
2.18 21.0 
2.40 21.0 
2.61 21.0 
2.83 21.0 
3.05 21.0 
3.27 21.0 
3.49 21.0 
3.70 21.0 
3.92 21.0 

4.14 21.0 
4.36 21.0 
4.90 21.0 
5.45 _21.0 

.5.99_ 21.0 

7.08 _ 21.1_ 
7.63 21.1 
8.72_ 21.1 
9.81 21.1 
10.90 21.1 
11.99 21.1 

13.1 21.1 
12.0 21.1

Instant 
Torque C 

258 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 

-251 

251 
251 
251 
251 

251 
251 
251 

251 
251 
251 
251 
251 
251 

251 
251 
251 

251 
251 
251 
251 

251 

238 
251

Instant Instant 
ap Act Cap Margin 

15,912 15,450 -

15,474 15,012 
15,474 15,012 

15,474 15,012 
15,474 15,012 
15,473 15,011 

15,473 15.011 

-1 5 , 43 
1 1,1Ol i -

15,473 15,011 
15,473 -15,011 -
15,473 15.011 
15,473 15,011 
15,473 15,011 
15,473 15,011 
15,473 15,011 
15,473 15,011 
15,473 15,011 

15,473 15,011 
i5,473 15,011 
15,473 15,011 
15,473 15,011 
15,473 15,011 
15,472 15,010 
15,472 15,010 
15.472 15,010 
15,472 15,010 
I15.472 15,010 -
15,472 15,010 

15,472 15,010 

15,472 15,010 
15,472 15,010 
15,471 15,010 

15,471 15,0092 -

15,471 15,009 -
15,471 -15,009 

15,470 15,008 

15,470 15,008 

15,469 15,007 

15,i469 15,007 

15,491 (0) 
14,688 14.226 

15,468 15,006 -



bwrog dc motor method, version 1 .xIs, Inputs. 02128'2000. 5:24 PM

Select Valve--> B-8WR Plant 0, dynamic open 3

Genera! Informa ion 

Valve Type 

Flow type 

Stoke direction 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator Information 

Stem diameter, D0,, (inches) 

Seat ring face ID. Dd.roD (inches) 

Seat ring Inner diameter, D. (inches) 

Globe valve srokeelength, D Cinches) 

Isolafion-to-wedging travel. X (percent) 

Packing load. F,," tbs) 
Required thrust (including water Inertia), FR (Pbs) 

Required htust due to water inerria. Fw (Ibs) 

Flow coefficient, Cv (gpnilpsi
5

) 

Actuator overall ratio. OAR 

Motor gear set ratio. MGSR 

Actuator rated torque,'T..  

Stem factor, SF (ft-bsdtb) 

Overhauling stern factor, SF, (ft-lbsIb) 

Voltage at MCC.V,,- (volts) 

Cable resistance. R-:w (ohms) 

Thermal overload resistance. Rw (ohms) 

Nominal voltage. Vr,, (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency. TI, 

Run efficiency. q, 

Nominal motor speed (rpm),,., 

Dneslan Basis Conditions 

Diffe renfial pressure. DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate.0,, (gpWm) 

Felud density p (lbsiffl) 
Ambient temperature (C) 

Length of upstream piping, Li, (pipe diameters)

Requied? Y-As 
yes wedge gate 

yes pumped flow 

yes open 

no 0 

yes Use default 

yes 1.625 

yes 7.720 

yes 7720 

no 0.000 

yes 10% 

yes 645 

yes 1,096 

yes 0 

no 0 

yes 28.20 

yes 1.60 

yes t 250 

yes 0.0162 

no 0.0000 

yes 106.0 

yes 0.240 

yes 0.023 

yes 125 

yes 15ft-lb, 125VDC 

yes 0.500 

yes 0.40 

yes 0.50 

optional 1.900

yes 
yes 

no 
no 
yes 

no

Ca1cutated Values 
System resistance, K, 0, yes 

Fully open stem thrust, FO (Ibs) yes 

Nomninal motor to-rque. t,.,, (ft-fis) yes 

Maximum motor tor-ue (ft-.bs) yes 

M~aximum ailusted motor torque (ftl~ls) ',yes 

Mininum•in o-speed (rpm) yes 

?.rirnrnu Instantaneous actutor capability (tbs) yes 
Miniln Inslantaneous margin (Iss) yes 

Maximum allowable thrust at unwedging yes 

Efficiency at minfrnrn m Istantaneous calpability ' yes

I 18 

62.000 
21 

0

147015224.0 

608 

21.5 
1.6 

S1,9 
1704 

13.088 
12.218 

12,207 
0.392

Predicted Stroke Time (Seconds): 15.46

100% 
90% 
80% 
70% 
60% 

55% *½ 
50% 
45% 

40% 

35% 
30% 
28% 
26% 
24% j 

22% 

20% 

18% 
16% 
14% 7 

12% -' 

10% 

8% 
7% 
6% 

4% 

3% 
2% 
1% 
0% 

.0.0010%

-100% -



BWROG DC Motor Method, Version Ixis, Results, 03/01/2000, 1:13 PM

Average Mt Stroke Motor Instant Instant Instant 

Stroke Position Stem Average Worm Gearbox Motor Vmcc Motor Time Time T a 0 
Thrust Stemst St Speed Efficiency Tor Current Voltage Motor Speed Iment Temp Torque Cap Act Cap Margin S t hruste touem pedEfinc Torque Torque increment 

-10% -0.77 1096 0.00 21.0 1 

-9% -0.69 1096 1096 17.76 0.400 1.57 5.35 106.00 105 1.85 1704 0.15 0.15 21.0 216 13,314 12,218 1 
-8% -0.62 1096 1096 17.76 2720 0.401 1.57 5.34 100.00 105 1.85 1706 0.15 0.31 21.0 216 13,358 12,262 1 
-7% -0.54 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 0.46 21.0 216 13358 12,262 1 
-6% -0.46 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 0.61 21.0 216 13,357 12,261 1 

-5% -0.39 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 0.77 21.0 216 13,357 12,261 1 

-4% -0.31 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 0.92 21.0 216 13,357 12,261 1 
-3% -0.23 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 1.07 21.0 216 13,356 12,260 1 
-2% -0.15 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 1.23 21.1 216 13,356 226 1 

-1% -0.08 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.15 1.38 21.1 216 13,356 12,260 1 

0% -0.01 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.14 1.52 21.1 216 13,355 12,259 1 

0% 0.00 1096 1096 17.76 2722 0.401 1.57 5.34 106.00 105 1.85 1706 0.02 1.53 21.1 216 13,355 12,259 1 

1% 0.08 1009 1053 17.05 2722 0.400 1.51 5.18 106.00 105 1.78 1721 0.15 1.68 21.1 216 13,332 12,280 1 

2% 0.15 923 966 15.65 2747 0.399 1.39 4.86 106.00 105 1.64 1752 0.15 1.83 21 21 215 13,287 12,320 1 

3% 0.23 836 880 14.25 2796 0.397 1.27 4.54 106.00 105 1.49 1783 0.15 1.98 21.1 215 13,241 12,361 1 

4% 0.31 760 793 12.85 2845 0.395 1.15 4.21 106.00 105 1.35 1814 0.14 2.12 21.1 214 13,195 12,402 1 

5% 0.39 698 724 11.73 2895 0.394 1.06 3.95 106.00 105 1.24 1839 0.14 2.27 21.1 213 13,159 12,435 1 

6% 0.46 665 682 11.04 2936 0.393 1.00 3.79 106.00 l05 1.17 1855 0.14 2.41 21.1 213 13,137 12,455 1 

7% 0.54 643 654 10.60 2960 0.393 0.96 3.70 106.00 105 1.12 1865 0.14 2.55 21.1 213 13,122 12,467 1 

8% 0.62 634 639 10.34 2976 0.392 0.93 3.65 106.00 105 1.10 1871 0.14 2.69 21.1 212 13,113 12,475 1 

2% 0.69 625 630 10.20 2986 0.392 0.92 3.62 106.00 105 1.08 1874 0.14 2.83 21.1 212 13,108 12,320 1 

10% 0.77 621 623 10.10 2991 0.392 0.91 3.60 106.00 105 1.07 1876 0.14 2.96 21.1 212 13,105 12,481 1 

12% 0.93 616 619 10.02 2994 0.392 0.91 3.59 106.00 105 1.06 1878 0.28 3.24 21.1 212 13,102 12,36 1 

14% 1.08 614 615 9.97 2997 0.392 0.90 3.57 106.00 105 1.06 1879 0.28 3.52 21.1 212 13,100 12,485 1 

16% 1.24 612 613 9.93 2999 0.392 0.90 3.57 106.00 105 1.05 1880 0.28 3.80 21.1 212 13,099 12,486 1 

18% 1.39 611 612 9.91 3000 0.392 0.90 3.56 106.00 105 1.05 1881 0.28 4.08 21.1 212 13,098 12,486 1 

20% 1.54 611 611 9.90 3001 0.392 0.90 3.56 106.00 105 1.05 1881 0.28 4.35 21.1 212 13,097 12,486 1 

22% 1.70 610 610 9.89 3002 0.392 0.89 3.56 106.00 105 1.05 1881 0.28 4.63 21.1 212 13,097 12,486 1 

24% 1.85 610 610 9.88 3002 0.392 0.89 3.56 106.00 105 1.05 1881 0.28 4.91 21.1 212 13,096 12,486 1 

26% 2.01 609 609 9.87 3002 0.392 0.89 3.55 106.00 105 1.05 1881 0.28 5.19 21.1 212 13.096 12,486 1 

28% 2.16 609 609 9.86 3003 0.392 0.89 3.55 106.00 105 1.05 1882 0.28 5.47 21.1 212 13,095 12,486 0 

30.0% 2.32 609 609 9.86 3003 0.392 0.89 3.55 106.00 105 1.05 1882 0.28 5.74 21.1 212 13,095 12,486 --

35% 2.70 608 608 9.86 3003 0.392 0.89 3.55 106.00 105 1.05 1882 0.69 6.44 21.1 212 13,095 12,486 1 

40% 3.09 608 608 9.85 3003 0.392 0.89 3.55 106.00 105 1.05 1882 0.69 7.13 21.1 212 13,094 12,486 

45% 3.47 608 608 9.85 3003 0.392 0.89 3.55 106.00 105 1.04 1882 0.69 7.83 21.2 212 13,093 12,485 1 

50% 3.86 608 608 9.85 3003 0.392 0.89 3.55 106.00 105 1.04 1882 0.69 8.52 21.2 212 13,093 12,485 1 

55% 4.25 608 608 9.85 3003 0.392 0,89 3.55 106.00 105 1.04 1882 0.69 9.21 21.2 212 13.092 12,485 

60% 4.63 608 608 9.84 3003 0.392 0.89 3.55 106.00 105 1.04 1882 0.69 9.91 21.2 212 13,092 12,484 1 

70% 5.40 608 606 9.84 3003 0.392 0.89 3.55 106.00 105 1,04 1882 1.39 11.30 21.2 212 13,091 12,484 1 

80% 6.18 608 608 9.84 3003 0.392 0.89 3.55 106.00 105 1.04 1882 1.39 12.68 21.2 212 13,090 12,483 1 

90% 6.95 608 608 9.84 3003 0.392 0.89 3.56 106.00 105 1.04 1882 1.39 14.07 21.2 212 13,089 12,482 1 

100% 7.72 608 608 9.84 3003 0.392 0.89 3.55 106.00 105 1.04 1882 1.39 15.46 21.3 212 13,088 12,481 

UNW -. --.- 12207 197.76 242 0.404 17.34 42.35 106.00 95 22.50 152 . ... ... 198 12,207 0 

ScreOn .2 -69- 1096 17.76 --- 0.400 1.57 59.20 106.00 90 2.23 1422 --. 20.2 21.8 186 11,474 10,378 --

witer -.. 608 1096 17.76 2721 0.401 1.57 5.34 106.00 105 1.85 1705 --- 16.9 21.7 216 13,322 12,226 --

Valve:; BWR Plant D. dvnamic open 3 _______



bwrog dc motor method, version 1 .xls. Inputs, 02'28Y2000, 5.29 PM

Select Valve--> BWR Plant [, Statc close 4

s• •• --.. ,: : ': -- ":: -' -; yes 

Stroke direction,- yes 

Fluid (blowdown only) - no 

Load prowiememtod .yes 

Siem diameter, s ., , D (irnches) '- no 

Seat ring face ID, .12Hio (inches) n 

Seat ring inrwediam-eter, 0D. (inches) no 

Globe valve stloke length, D (Indies) ' yes 

Isolation-to-wedging travel, X (percent) n 
Packing load, F,, (Ibs) no 

Required thrust (including water Inertia), FR (rbs) no 

Required Ithrutt due to water inerta. F, (Ibs) no 

Flow coefficient, C.,(gpmipsi'ý) -. no 
Actuator overall ratio, OAR yes 

Motor gearset ratio. MGSR yes 
Actuator rated torque, -. : : yes 

Stem factor, SF (ft-lbs/lb) yes 

Overhauling stem factor, SFo (ft4bslr) no 

Voltagea MCC.V,, , (volts) yes 

Cable resistance. R_,,. (ohms) yes 
Thermal overload resistance, R, (ohms) yes 

Nominalvoltage, V_ (volts) yes 

Motor ye ".yes 

Valve stem lead, lead (inches) yes 

Pullout efficiency. T1i yes 

Run efficiency, q,- . yes 

Nominal motor speed (rpm). o : )_-,, optional 

Differential pressure, OP (psi) no 
Valve pressure at full open, Ps (psig) no 

Flow rate, .Q (gpm) no 

Fluid density. p (hsilt~) ' no 
Arbient temperat•re (C) yes 
Length of upstream piping, 1._ (pipe diameters) no 

Ca~culated Vaues:; : •, - •": 

System resistance, K ",: . no 
Fully open stem ttust. Fo (Ibs) ' no 

Nominal motor torque. r,_. (fI-fbs) yes 

Maxmumn •to, torque (t-lbs) - yes 

Mamrisrn adjusted miotortrque (ft-lbs) - C yes 
Minirmu motorspeed (rpm) - yes 

Mirinimum kinsterraneous actutor capability (ilbs) .yes 

Minimum instantaneous margvi (Ubs) yes 

Maxinum torque switch setting-. - yes 

Efticiency at nriin_ = instantaneous capab ity" ' yes 

Warnings'

YaLue 
globe 

0 
close 

* 0 

Input Stem Thrust 

0.000 

0.000 

1.860 

0% 

0 

0 

0 
200 

123.00 

055 

90 

0.0089 

0.0000 
131.0 

0.326 

0.421 

125 

2 ft4b, 125 VDC 
0.250 

0.35 

0.45 
1,900 

0 
t 0 

0 

62.000 

2~1 0 

0 

4.4 

0.1 
0.1 

2272 
20,747 

20,479 

19,722 
0,337 •:'

Predicted Stroke Time (Seconds): 24.17

Thrust Profle8 
100% 26ý8 

90 268~ 
80% 268A 
70%'1 268 
60% 268; 
55% 268~ 

50%- 268' 
45% '268' 

40%
35%, 6~ 
30% 

2% '6 

26% .268 
24% 268-n 
22% .268~ 

2D0% 268' 
18% 268 
16% 268 
14% 268< 
12% 268 
10% 268 
9% 268 
8% 268.~ 
7% 6 

6% 268~ 
5% 268~ 
4% 268: 
3% 268' 
2% 268' 
1% '268 
0%x 268 

-0.0010% 268 

-100% 268



bwrog dc motor method, version 1 .xIs, Results, 02/28/2000, 5:29 PM

Stroke 

100% 

90% 
80% 
70% 
60% 
55% 
50% 

45% 
40% 
35% 
30% 

28% 
26% 

24% 
22% 
20% 
18% 
16% 
14% 
12% 
10% 
9% 
8% 
7 /0 
6% 
5% 
4% 
3% 
2% 
1% 

0% 

0% 
0% 

0% 
0% 
0% 
0% 
0% 
0% 
0% 

TST 
Screen 
water

Position 

1.86 
1.67 
1.49 

1.30 
1.12 

1.02 
0.93 
0.84 
0.74 
0.65 
0.56 
0.52 
0.48 
0.45 

0.37 
0.33 
0.30 
0.26 
0.22 

0.19 
0.17 

0.15 

0.13 
0.1.1 
0.09 
0.07 

; 0.06 ' 

0.04 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.60o 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

Stem 
Thrust 

268 
268 
268 
268 
268 
268 
268 
268 
268 

268 
268 
268 

268 
268 
268 
268 
268 

268 
268 
268 

268 

268 
268 
268 

268 
268 

268 
268 
268 
268 
268 

268 
268

268 
268

Average 
Stem 
Thrust 

268 

268 
268 

268 
268 
268 
268 
268 

268 
268 
268 
268 

-268 
268 

268 
268 
268 

268 

268 
268 

268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268 
268

268 
268 

19722 
268 
268

'J�k,* IRWR PI�ntfl �tMk� dA�A 4

Average 
Stem 

Torque 

2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2,39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39 

2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39 

2.39 
2.39 
2.39 
2.39 
2.39 
2.39 

2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39 
2.39

Worm 
Speed 

1257 
1256 
1256 
1256 
1256 
1256 
1258 
1256 

1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 

1256 
1256 

1256 
1256 
1256 
1256 
1256 

1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 
1256 

1256

1256 
1256 
107 

1256

Motor 
Current

Gearbox Average 
Gffiearx Motor 

Efficiency Torque 

0'350 ___ 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 

0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 

0.337 0.08 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 
0.337 0.06 

- 0.331 4.31 
0.350 0.-06 
0.337 0.066

1.14 
1.14 

13.66 
15.50 
1.14

131.00 
131.00 
131.00 
131.00 

131.0

130 
130 
121 
119 
130

1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 

1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 

1.14 
1.14 

1.14 
1.14 
1.14 
1.14 

1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14

Motor 
Voltage 

-13.1.0.0. 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
13ii.0 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130 
131.00 130

Adjusted Motor 
Motor 

Torque Speed 

0.05 2273 

0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 _2272 

0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 

0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 
0.06 2272 

0.06 2272 
0.06 __ _2272_ 

0.06 2272 
0.N06 _ 2272 

0.06 2272 
0.06 2272 
0.06 2272i

.06 1 2272 1 0.00
0.06 
4.39 

0.06 
0.06

2272 
193 

2169 
2272

0.00

24.17

24.17 
24.17 
24.17 
24.17

21.1
21.1
21.1 
21.1 
21.1 
21.1

25.3 21.1

24.2 1 21.1

Stroke 
Time Time 

Increment 
0.00 

2.42 2.42 
2.42 4.83 
2.42 7.25 
2.42 9.67 
1.21 10.88 
1.21 12.08 
1.21 13.29 
1-.21 14.50 
1.21 15.71 
1.21 16.92 

0.48 17.90 
0.48 17.89 
0.48 18.37 
0.48 18.85 
0.48 19.34 
0.48-- 19.82 
0.48 20.30 
0.48 20.79 
0.48 21.27 
0.48 21.75 
0.24 21.99 
"02.4 22.24 
0.2i4 22.48 
0.24 22.7 
0.24 22.96 
0.24 23.20 
0.24 23.44 
0.24 23.69 
0.24 23.93 
0.24 N 24.17 
0.00 24.17 
0.00 24.17 
0.00 24.17 
0.00 24.17 
0.00 24.17

183
185

____________________ ______ J _____ -a L a � a

2.39 
2.39 

175.53 
2.39 
2.39

Motor 
Temp 

21.0 
21.0 
21.0 
21.0 
21.0 
21.0 

21.0 
21.0 

21.0 
21.0 
21.0 

21.0 
21.0 
21.1 

21.1 
21.1 
21.1 
21.1 
21.1 21.1 
21.1 2I1.  
21.1 
21.1 

21.1 
21.1 
21.1 
21.1 21.1 
21.1 
21.1 
21.1 
21.1

Instant 
Torque Cap 

1.92 

185 

185 
185 
185 
185 
185 
185 
185 

185 
185 
185 

185 
185 
185 
185 
185 
185 

185 
185 
185 
1856 
185 185 
185 
"185 
185 
185 
185 
185 
185 
185 
185 
185 

185 
185 
185 

176

1 0.00 24.17

4- ---- 4
0.06 1 2272

0.00 
0.00 
0.00

- IVal w..........................

Instant Instant 
Act Cap Margin 

21-,574 21,306 
20,752 20..484 
20,752 20,484 --
20,751 20,483 
20,751 20,483 
20,750 20,482 
20,750 20,482 
20,750 20,482 
20.750 20,482 -

20,749 20,481 

20,749 20,481 

20,749 20,481 
20,749 20,481 
20,749 20,481 
20,748. 20,480 
20,748 20,480 
20,748 20,480 --
20,748 20,460-
20,748 20,480 --
20.748 20,480 
20,748 20,480 --
20,748 20,480 --
20.748 20,480 --
2048 20.460 --
20,748 20,480 --
20,746 20,480 --
20,748 20,480 --
20.748 20,480 --
20,747 20,479 

20,747 20,479 
20,747 20,479 --
20,747 20,479 
20,747 20,479 -

20,747 20,479 
20,747 20,479 
20,747 20,479 
20,747 20,479 
20,747 20,479 -
20,747 20,479 -
20,.747 2--0,479 
19.722 0 -

20.606 20,338 -
20,747 20,479



bwrog dc motor method. version 1 .xIs, Inputs. 02Y28'2000, 5:29 PM

Select Valve-> -BWR Plant D, dynamiC Close 4

General Informnaton 

Valve Type 

Flow type

Stroke dii:ection 

Fluid (blowdown only) 

Load profile method 

Valve and Actuator Information 

Stem diameter, D,-, Inches) 

Seat ring face ID, D,,o (inches) 

Seat ring intner diameter, D,. (inches) 

Globe valve stroke length D (inches) 
lsolation-to-wedging travel, X (percent) 

Packing load, F• (Ibs)" 
Required thrust (including water inertia). FR Pbs) 

Required thrust due to waterinertia, Fj (Ibs) 

Flowcoefficient, C,(gpm psi ") 
Actuator overall ratio, OAR 

Motor gear set ratio. MGSR 

Actuatornrated torque, zw 

Stem factor. SF (ft-lbsllb) 

Overhauling stem factor, SFo (ft4bsflb) 

Voltage at MCC, V- (volts) 

Cable resistance. R.,w. (ohms) 
Thermal overload resistance. R. (ohms) 

Nominal voltage, V.,, (vols) 

Motor type 
Valve stem lead, lead (inches) 

Pullout efficiency, TIP 

Run efficiency, 9,, 
Nominal motor speed (rpm), a), 

Desian Basis Conditions 

Differential pressure, OP (psi) 
Valve pressure at full open. Pe (psig) 

Flow rate, 0,,.Q (gpm) 

Fluid density, p (Ibs/fl) 
Ambient temperature (C) 
Length of upstream piping. L. (pipe diameters)

Calculated Values 
System resistance. K3.  

Fully open stem thruast FO (Ibs) 

Nominal motor torque,-r,._ (ft-lbs) 

Maximum motor torue (ft-lbs) 

Maximnu adjusted motor torque (ft-lbs) 
-Minim motor &peed (rpm) 

Minimum "nstanntaeous actuator capabirity -f-) 
Mainimum instantaneous margin (ths) 

Mnaximuam torque switch setting 

Efficiency at mi~nimum instantaneous capabaftlt

- i

RecruiedZ 
yes 

no 

yes 

no 

yes 

yes 

no 

yes 

yes 
no 

yes 

yes 

yes 

yes (LP) 

yes 

yes 

yes 

yes 

no 

yes 

yes 
yes 

yes 

yes 

yes 
yes 

yes 

optional 

yes 

yes 

no 

no 

yes 
no

yes 
yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes

globe 

Ipumped flow 

close 

0 

Use default 

1.250 

0.000 

3.680 

1.860 

0% 

268 
2,751 

0 
200 

123.00 

0.55 

0.0089 

0.0000 

106.0 

0326 
0.421 

125 

, 2 ftlb, 125 VDC 

0.250 
0.35 

0.45 

1,900 

235 

2000 

62,000 

21 
0

10.1 

556 

4.4 

0.5 

0.6 

1668 

18.083 

16.842 

15,444 

0.350

Predicted Stroke Time (Seconds). 31.62

100% 
90%' 
80% 

70% 

60% 

55% 

45% -.  

40% 

35% -I" 

30% 
28%

26% 
24% 
22% 

20%

18%
16%
14%

12% 

10%

9%
8%

7% 
6%1 
5% 
4%

3% 
2% 

0% 
-0.0010%/

10o% !-



BWROG DC Motor Method, Version 1.xls, Results, 03/01/2000,1:13 PM

Average Motor Motor Adjusted Motor Stroke Motor Instant Instant Instant Stm Average Average Worm Gearbox Motor Vmcc Speed im TmeTemp Torque Cap Act Cap Margin 

Stroke Position Thrust Stem Stem Speed Efficiency tor Current Voltage Speed ime Time T o Ca r 

Thrust Torque Torque Torque Increment_0.00_21.0_1681 

100% 1.86 1191 0.00 21.0 1681 

90% 1.67 1291 1241 11.05 0.350 0.26 1.64 106.00 105 0.30 1802 3.05 3.05 21.2 161 18,083 16,842 1627 

80% 1.49 1410 1350 12.02 996 0.361 0.27 1.68 106.00 105 0.32 1794 3.06 6.11 21.3 166 18,656 17,306 1560 

70% 1.30 1552 1481 13.18 992 0.364 0.29 1,74 106.00 105 0.35 1782 3.08 9.19 21.6 167 18,790 17,309 1474 

60% 1.12 1721 1637 14.57 985 0.368 0.32 1.80 106.00 105 0.38 1767 3.11 12.30 21.8 169 18,947 17,310 1367 

55% 1.02 1816 1768 15.74 977 0.371 0.34 1.86 106.00 105 0.41 1754 1.56 13.86 22.0 170 19,072 17,304 1303 

50% 0.93 1916 1866 16.61 970 0.373 0.36 1.90 106.00 105 0.43 1745 1.57 15.44 22.1 171 19,167 17,301 1231 

45% 0.84 2022 1969 17.53 965 0.375 0.38 1.95 106.00 105 0.45 1736 1.58 17.02 22.3 171 19,268 17,298 1150 

40% 0.74 2132 2077 18.49 960 0.378 0.40 1.99 106.00 105 0.47 1726 1.59 18.61 22.5 172 19,371 17,294 1060 

35% 0.65 2243 2188 19.47 955 0.380 0.42 2.04 106.00 104 0.49 1716 1.60 20.21 22.8 173 19,476 17,289 960 

30% 0.56 2354 2299 20.46 949 0.383 0.43 2.09 106.00 104 0.52 1707 1.61 21.82 23.0 174 19,579 17,281 849 

28% 0.52 2397 2375 21.14 944 0.384 0.45 2.12 106.00 104 0.53 1700 0.65 22.46 23.1 175 19,642 17,267 802 

26% 0.48 2439 2418 21.52 940 0.385 0.45 2.13 106.00 104 0.54 1696 0.65 23.11 23.2 175 19,678 17,261 753 

24% 0.45 2479 2459 21.88 938 0.386 0.46 2.15 106.00 104 0.55 1693 0.65 23.76 23.3 175 19,714 17.255 703 

22% 0.41 2518 2498 22.24 936 0.387 0.47 2.17 106.00 104 0.56 1690 0.65 24.41 23.4 176 19,748 17,250 651 

20% 0.37 2555 2536 22.57 934 0.388 0.47 2.18 106.00 104 0.56 1686 0.65 25.06 23.6 176 19,780 17,243 597 

18% 0.33 2589 2572 22.89 933 0.389 0.48 2.20 106.00 104 0.57 1683 0.65 25.71 23.7 176 19.809 17,237 542 

16% 0.30 2621 2605 23.19 931 0.390 0.48 2.21 106.00 104 0.58 1681 0.65 26.36 23.8 177 19,835 17,230 486 

14% 0.26 2650 2636 23.46 929 0.390 0.49 2.22 106.00 104 0.58 1678 0.65 27.02 23.9 177 19,858 17,222 428 

12% 0.22 2676 2663 23.70 928 0.391 0.49 2.23 106.00 104 0.59 1676 0.66 27.67 24.1 177 19,877 17,214 369 

10% 0.19 2698 2687 23.92 927 0.391 0.50 2.24 106.00 104 0.59 1674 0.66 28.33 24.2 177 19,892 17,205 309 

9% 0.17 2708 2703 24.06 925 0.392 0.50 2.25 106.00 104 0.60 1672 0.33 28.66 24.3 177 19,899 17,196 279 

8% 0.15 2717 2713 24.14 925 0.392 0.50 2.25 106,00 104 0.60 1671 0.33 28.99 24.3 177 19,904 17,191 248 

7% 0.13 2725 2721 24.22 924 0.392 0.50 2.26 106.00 104 0.60 1671 0.33 29.32 24.4 177 19,907 17,186 218 

6% 0.11 2732 2728 24.28 924 0.392 0.50 2.26 106.00 104 0.60 1670 0.33 29.64 24.5 177 19,910 17,181 187 

5% 0.09 2738 2735 24.34 923 0.392 0.50 2.26 106.00 104 0.60 1669 0.33 29.97 24.5 177 19,911 17,177 156 

4% 0.07 2742 2740 24.39 923 0.392 0.51 2.26 106.00 104 0.60 1669 0.33 30.30 24.6 177 19,912 17,172 125 

3% 0.06 2746 2744 24.42 923 0.393 0.51 2.26 106.00 104 0.61 1669 0.33 30.63 24.7 177 19,911 17,167 94 

2% 0.04 2749 2748 24.45 923 0.393 0.51 2.27 106.00 104 0.61 1668 0.33 30.96 24.7 177 19,909 17,161 63 

1% 0.02 2750 2750 24.47 923 0.393 0.51 2.27 106.00 104 0.61 1668 0.33 31.29 24.8 177 19,906 17,156 31 

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.33 31.62 24.9 177 19,902 17,151 0 

0.0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 --

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

0% 0.00 2751 2751 24.48 922 0.393 0.51 2.27 106.00 104 0.61 1668 0.00 31.62 24.9 177 19,897 17,146 ...  

TST ..._... 15444 137.46 87 0.325 3.44 10.80 106.00 98 4.39 157 ... 137 15,444 (0) --

Screen ... ... 2751 24.48 . 0.350 0.57 15.50 106.00 94 0.77 1450 ... 37.9 30.9 140 15,685 12,934 ...  

water ... ... 2751 24.48 921 0.393 0.51 2.27 106.00 104 0.61 1665 ... 33.0 27.9 175 19,667 16,916 

Valve: BWR Plant D. dynamic close 4



bwrog dc motor method, version 1 xAs, Inputs, 02'28t2000, 5:29 PM

Select Valve-> i BWR PLant E, sC21c cloSe

G~eneral Information 

Valve Type 

Flow type 

Stroke direction 

Fluid (blowdown only) 

Load profile meniod

Valve and Actuator lnforMation0 

Stem diameter. D,- (Inches) 

Seat ring face 1D, D (inches) 

Seat ring Inner diameter, D.. (inches) 

Gobe valve stroke lengtlh D (imctes) 

taolation-to-wedgiig travet, X (percent) 

Packig load. F,, (Ibs) 

Required thrust (including water ineutia), FR (Ibs) 

Required thrust due to water inertia, Fer (Ibs) 

Flow coefficient, C,, (9prrtpsi"
5
') 

Actuator overall ratio, OAR 

Motor gear set ratio, MGSR 

Actuator rated torque, T 

Stem factor. SF (ft-lbslb) 

Overhauling stem factor, SF 0 (ft-lbsflb) 

Voltage at MCC. V- (volts) 

Cable resistance. R=, (ohms) 

Thermal overload resistance, Rý (ohms) 

Nominal voltage, V,_ (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency. rip, 
Run efficiency, q, , 

Nominal motorspeed (rpm), w, 

Design Basis Conditions 
Differential pressure, DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate, Q-,, (gpm) 

Fluid density, p (Ibs/ft-) 

Ambient temperature (C) 

Length of upstream piping, L.~ (pipe diameters)

Calculated Values ;:.  
System resistance. K, 

Fully open stem thrust, Fo (Ibs) 

Nominal motor torque. .,-(ft-tbs) 

Maximum motor torque (ft-lbs) 

Maximnum adjusted motor torque (ft-lbs) 
Maimmirn motor speed (rpm) 

Minimum Instanitaneous actuator capability (IbS) 

Minimum Instantaneous margin f(ts) 

Maximum torque switch setting 

Efficiency at minirnum instantaneous capabi'ity

Reuired? Value 
yes double disk 

no t 0 

yes close 

no 0 

yes Input Stem Thrust

no 
yes 

no 

no 

yes 

no 

no 

no 
no 

yes 
yes 

yes 
yes 
no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 

no 

yes 
no

no 
no 

yes 

yes 

yes 

yes 
yes 

yes 

yes 

yes

0.000 
S 9.581 

0.000 S0000 
10% 

0 

0 

0 

0 
32.13 

1.06 

8650 

0-0061 

0.0000 
250.0 

0.465 

0.018 

r 250 

40 ft4b, 250 VOC 
0.500 

0.40 

0.50 

1.900 

0 

0 

0 

.0o00 
S32 

48.  

0 
48.8 

0.8 
0.8 

2708 

95,986 

94,369 

91,385 

0.383

Warnings

Predicted Stroke Time (Seconds): 15.00

IbmatstPrffle 
100% 1,617 

90% 11.61,7 

30% 11617 

70% 1.617 

60% 1,617 

50% 1,617..  

45% 1,617 

40% 1,617 

40% 1,617 

f6% 1.617 20% 1 .617 
26% 1,617, 

24%4 1,617 
22% 1,617 
20% 1.617 

18% 1,617 

16% 1,617 
14% 1,617 
12% 1,617 
100k 1,617, 
9% 1,617 
8% 1,617 

7% 1,617 
6%k 1,617 

5% 1,617 
4% 1,617 
3% 1,617 
2% 1,617 
1% 1,617 

0% 1,617 
-.00010% 1,617 
-100% 1,657



bwrog dc motor method, version 1 .xis, Results, 02/28/2000, 5:29 PM

Stem Average 
Stroke Position st Stem 

Thrust Thrust 

100% 9.58 1617 
90%-6/o- 8.62 1617 1817 
80% 7.66 1617 1617 

76% 6.71 1617 1617 
60% 5.75 1617 1617 

55% 5.27 1617 16 17 

50% 4.79 1617 1617 

45% 4.31 1617 1617 

40% 3.83 1617 1-617 
35% 335 18617 -. 1617 

30% 2.87, 1617 1617 

28% 2.68 1617 1617 

26% 2.49 1617 1617 
24% 2.30 1817 1687 
22% 2.11 1617 1817 

20% 1.92 1617 1617 

18 . .% 12 1617 18 

16% 1.53 1617 1617 
14% 1.34 1617 1617 

S12_% 1._S 18_1_7 I1617 

10% 0.96 1617 1617 
9% 0.8_6 1617 1617 

8% 0.77 1617 1617 

7% 0.67 1617 1617 

6% 0.57 1617 1617 

5% 0.48 1617 1617 

4% 0.38 1617 1617 

3% 0.29 1617 1617 
2% 0.19 1617 1617 
1% 0.10 1617 1617 

0% 0.00 1617 1617 

.0.1 -0.01 1617 1617 

-I% -0.10 1617 1617 

2% -0.19 1617 1617 

-0.38 1617 1617 

-% -0.48 1617 1617 

-0.57 1617 _617 

.7% -0.87 1617 1617 

8% -0.77 1617 1617 

-9% -0.86 1617 1817 
-1% -098 1617 1817 

TST --- 91385 
Screen --- , _ 1617 
wter -- --- 1617 

BValve: WR Plant E. static close

Average Worm 

Stem Speed 
Torque S 

9.85 2 
9.85 2878 
9.85 287_1 
9.85 2871 
9.85 2871 
9.85 2871 
9.85 28-71 
9.85 2871 
9.85 2871 
9.85 2871 
9.85 2871 
9.8_5 .2871 
9.:85 2871 
9.85 2871 

9.85 2871 

9.85 2871 
9.85• 2_8_71 
9p.8-5 2871 
9.85 2871 

9.85 .281 
9.85 2871 

9.85 2871 
9.85 2871 
9.85 2871 
9.85 2871 
9.85 02871 
9.85 2871 
9.85 2871 
9.85 2871 

9.85 2871 
9.85 2871 

9.85 2871 
9.85 2871 
9.85 2871 

9.85 2871 
9.85 2871 
9.85 2871 

9.685 _2871 9.85 2871 
9.85- 28718_ 

9.85 2871 
556.53 195 _ 

9.85 
9.85 2871

Adjusted
Gearbox 

Efficiency 

0.400 
0.383` 
0.383 
0.38_3 0.383 

0.383 0.383 

0.3863_ 
0.383 

0.383 
0.383 
0.383 
0.363 
0.383.  
0.383 
0.383 
0.383 

0.383 
0.3`83 
0.383 
0.383 
0.383 
0.383 
0.383 
0.383 

0..3`83 
0.383` 

I0.383 

0.383 
0.-b383 

I0.383 
I0.383 

S0.383 
S0.383 

0.383 
06.383 

0.383 

0.396 

0.400 
0.383 

0.383

Averag Motor Vmcc Motor 
Motor Current Voltage Torque. .. .  

0.77 1.15 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249_ 

0.80 1.20 250.00 249 

0.80 .2-0 250.00 249

0.80 1.20 250.00 249 

0.80 1.2.0 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1 20 625.00 249 
0.80 1.20 250.00 249 

"60.80- 1.20 25-0. M249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

.80 1.20 2450.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

-0.80 .. 1.20 250.00 249 

0.80 . 1.20 250.00 249 
0.80 1.20 250.00 249 

"0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

0.80 1.20 250.00 249 

43.71 41.78 250.00 230 

0.77 52.00 250.00 225 

0.80 1.20 250.00 249

Ir 

Tor
Adjusted 

Motor 
Torque 

0.79 
0.82 
0.82 

S0.8_2 
0.82 

0.82 
-0-.82 

0.82 

0.82 
0.82 
0.82 
0.82 

0.82 

0.82 
0.82 

-- 0.82
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 

0.82 
0.82 
0.82 
0.82
0.82 
0.82 

48.84 
0.91 
0.82

Motor 
Speed 

2715 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 

2768 
2708 

2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 
2708 

2708 
2708 
2708 
2708 
2708 
2708 
2708 
184 

2427 
2708

Stroke Motor 
Time Time MOTr 

Increment Temp 

0.00 32.0 
1.38 1.36 32.0 
1.36 2.72 32.0 

1.36 4.09 32.0 

1.36 5.45 32.0 
0.68 6.13 32.0 
0.88 6.82 _ 32.0 
0.68 7.50 32.0 

0.68 8.18 32.0 
0.68 8.88 32.0•: 

0.68 9.54 32.0 
0.27 9.82 32.0 

0,27 1069 32.0 

0.27 10. 36 32.0 
0.27 10-.64. 32.0 
0.27 10.91 32.0 

0.27 1. i1 32.0 
0.27 11.45 32.0 
0.27 11.73 320 
0.27 12.00 32.0 
0.27 12.27 32.0 
0.14 12.41 32.0 
0.14 12.54 32.0 
0.14 12.68 32.0 
0.14 12.82 32.0 
0.14 12.95 32.0 

0.14 13.09 32.0 
0.14 13.23 32.0 
0.14 13.36 32.0 
0.14 13.50 32.0 

0.14 13.64 32.0 

0.01 3-65 3--32.0 
0.12 13.77 32.0 
0.14 13.91 32.0 
0.14 14.04 32.0 

0.14 14.18 32.0 

0.14 14.32 32.0 

0.14 14.45 32.0 

0.14 14.59 32.0 

0.14 14.73 32.0 

0.14 14.86 32.0 

-0.14 15.00 32.0 

- 16.7 32.0 
-- 15.0 32.0 585

nstant 
que Cap 

610 
585 
585 
585 
585 

585 
585 
585 
585 
585 
585 
585 
585 
585 
585 
585.  

585 
585 
585 
585 
585 
585 
585 
585 
585 

585 
M58 
585 
585 

585 
585 
585 
585 
585 
585 
585 

585 
585 
585 
585 

58-5 
557 
550

Instant Instant 
Act Cap Margin 

100,142 98,525 
95,995 94,378 

95,994 94,377 
95,993 94,376 

95.992 94,375 

95,992 94,375 
95,991 94,374 
95,991 94,374 
95.989 94,374 

95,990 94,373 
95,990 94,373 

95,9869 94,372 
95,989 94,372 
95,989 94,372 -
95,989 94,372 
95,989 94,372 -

95,988 94.371 
95.988 94,371 
95,988 94.371 
95,988 94,371 
95,988 94,371 
95,988 94,371 
0 95,988 94,371 

95,987 94,370 
95,987 94,370 
95,987 94,370 
95,987 94,370 
95.987 94,370 

94,370 
95,987 94,370 
95,987 94,370 -
95,987 94,370 
95,987 94,370 
95,987 94,370 
95.987 94,370 

95,.98 94,369 

95,986 I94,389 _.-
95.988 94,369 

95,9'86 94,369 
195,986 94,3 89 9 

91,385 0 
90,2164 88,847 
95,988 94,369

II



bwrog dc motor method, version 1 xls, Inputs, 0212823000. 5:30 PM

Select VSlve-> ew BRPlant E, static open

General inforrnadon, 

Valve Type 

Flow type 

Stroke direction 
Fluid (blowdown only) 

Load profile method

Valve and Actuator Infornation 

Stem diameter, D._ (inches) 

Seat ring fare ID. Dt3,,,,1 (inches) 
Seat ring Inner dlameterl, D, (inches) 

Globe vatve stroke length,; D (inhes) 

tsoativn-to-wedging travel. X (percent) 
Packing load. F,,k (Ibs) 

Required thrust (including water Inertia), F, (bs) 

Required thrust due to water inertia, Fý (Ibs) 

Flow coefficient, Cv (gpmlpsi r2) 

Actuator overall ratio, OAR 

Motor gear set ratio. MGSR 

Actuator rated torque. T, 

Stem factor. SF (ft-sftlb) 

Overhaurng stem factor, SFo (ft-lbs/tb) 

Voltage at MCC. V,,, (volts) 

Cable resistance. R. (ohms) 

Thermal overload resistance, Rw (ohms) 

Nominal voltage, Vm (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency, rIP 

Run efficiency, q, 

Nominal motor speed (rpm), to

Desi=n Basis Conditions 

Differenfial pressure. DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate. 0.- (gpm) 

Fluid density. p (lbsift) 

Ambient temperature (C) 

Length of upstream piping. L_, (pipe diameterrs)

Calulated Values 

System resistance, K_, 
Fully open stem thrust Fo (Ibs) 

Nomrinal motor torque, r_. (ft-lbs) 

Maximum motortorque (ft4bs) 
Maximum adjusted motor torque (ft-Ibs) 

Minimum motor speed (rpm) 

Minimum Instantaneous actuator capability (Ibs) 

Minimum instantaneous marrgin (hs) 

Maximum allowable thrust at unwedging 

Efficiency at minimum instantaneous capabilty

Reouied? 
yes 

no 

yes 
no 

yes

no 

yes 

no 

no 

yes 
no 

no 

no 

no 

yes 

yes 

yes 

yes 
no 

yes 

yes 

yes 
yes 

yes 

yes 

yes 

yes 

optional 

no 

no 

no 

no 

yes 
no

no 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes

double disk 

0 

open 

Input Stem Thrust 

0.000 

9.581 

0.000 
0.000 

10% 

0 

0 

0 
0 

32.13 
1.05 

850 

0.0064 

0.0000 

250.0 

0.465 
0.018 

250 

140 ft-lb, 250 VDC 

0.500 

0.40 

0.50 

1.900 

0 

0 

0 

0000 
32 

0 

t 
0 

48.8 
1.2 

1.2 

2631 

91,059 
88.783 

86,427 

0.385

Predicted Stroke Time (Seconds): 15.45

Ibmzif Pro 
100% 2,276 
.90% 2.276 

80%, 2-276 
70%. :2.276k 

60% 2,276 

55% 2.276 

50%. 2,276 

45% 2.276' 

40% 2,276 

35% 2,276 
30% 12,276; 
28% 2.276 

26% 2,276 

24% 2,276 
22% 2,276' 
20% 2,276 

18% 2,276 

16% 2,276 

14% 2,276 

12% 2.276 

10% 2,276i 

9% 2.276, 

8% 2,276 
7% 2.276 

6% 12,276 

5% 2,276 

4% 2,276 

3% 2,276 

2% 2,276 

1% 2,276 

0% 2,276 

-0.0010% 2,276 

-100% 2,276



bwrog dc motor method, version 1.xls, Results, 02/28/2000, 5:30 PM

Average 

Stroke Position Thrust Stem 
Thut Thrust 

-10% -0.96 2276 

-9% -0.86 2276 2276 

-8% . 0.77 2276 2276 

-7% -0.67 2276 2276 

-6% -0.57 2276 2276 

"-5% -0.48 2276 2276 

"-4% -0.38 2276 2276 

-3% -0.29 2276 2276 
-2% -0.19 2276 2276 

-1% -0.10 2276 2276 

0%. -0.01 2276 2276 
0%o 90.00 2276 2276 

1% 0.10 2276 2276 

2% 0.19 2276 2276 
3% 0.29 2276 2276 
4% 0.38 2276 2276 
5% 0.48 2278 2276 
6%'/ 0.57 -2276 ,-2 
7% 0.67 2276 2276 
8%; ---0.77 22 2276 

9% 0.86 2276 2276 
10% 0.96 22 76 227 
12% 1.15 2276 2276 

14% 1.34 2276 2276 

16% 1.53 2276 2276 

18% i.72 2276 2276 

"20% 1.92 2276 2276 

22% 2.11 2276 2276 

24% 2.30 2276 2276 

26%0 " 2.49 2276 2276 

28%-0/6 2,68 2..276 2276 

300 2.87 2276 2276 

35% 3.35 2276 2276 

4 .0% 3-.3 2276 277b6 
45% 4.31 2276 2276 

50% 4.79 2276 227 

55% 5.27 2276 2276 
60%1 -5.75 -- 2--276-I 2-276
70% 6.71 2276 226• 
80% 7.66 2276 2276 
90 -- 8.62- 2276 2276' 

100% 9.58 2276 2276 
UN .. .. -- 86427 

Screen - 2276 

w -iter .. . 2276

Motor
Stroke

Average Worm Gearbox 

Stem Speed Efficiency -Tor'que .. .  

14.66 0.400 

14.66 2798 0.385 
14.66 2788 0.385 

14.66 2788 0.385 

1466 2788 0.385 
1466 2788 0385 
14.66 2788 0,385 

1466 2788 0.385 
14.66 2788 0.385 

14.66 2788 0.385 
14.66 2788 0.385 

14.66 2788 0.385 

14.66 2788 0.385 

14.66 2788 0.385_ 

14.66 2788 0.385 
_14.66 2788 0.385 

14.68 2788 0.385 

14.68 2788 0.385 

14•6•- 278-8 .385 

14.66 2788 0.385 

14.66 27088 0-.385 
14.66 2788 0.385 

14.06 2788 0.385 

14.66 2788 0.385 

14.66 2788 0.385 

14.66 2788 0.385 
14.66 2788 0.385 

14.66 2788 0.385 
14.66 2 2788 0.385 

_14_.6 2678 0.385 

14.68 2788 0.385 
14.68 2788 0.385 

14.66 2788 0.385 
24.66 2ý.788 - 0.685 
14.66 2788 0.385 

1_4.68 27i8_8 03'8_5 
1__4.6 -6 2788 0.38 -5 14.68 2788 0.385 

14.66 27i88 0.385 

14.66 -278881_ 0.385 

556.59 195 0.396 

14.66 - 0.400 
14.66 2788 0.385

Mtr I nt t
Motor 
Temp

Instant 
Torque Cap

Average 
Motor 

Torque 

1.14 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 

1.18 

1.18 
1.18 
1.18 

1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 1.18 
1.18 

1.18 

1.18 

-1.18 
1.18 _ 

1.18 

1.18 
1.18 
1.18 
1.18 

1.178 
1.18 
1.18 

1.14 

1.18

Motor Vmcc Motor 

Current Voltage 

1.71 25000 249 

1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

1,78 250.00 249 
1.78 250.00 249 

1.78 250.00 Z49 

1.78 250.00 249 

1.78 250.00 249 
1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

i.78 250.00 249 

"-1.78 25.0 249 
1 Z.78 25.0 -4 

-1.78 25000 249 
1.78 250.00 249 
1.78 250.00 249 

1.78 250.00 249 
1.78 250.00 249 

1.78 25000 249 
1.78 25000 249 
1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 
1.78 250.00 249 
1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 

1.78 250.00 249 
1.78 250.00 249 
1.78 250.00 _249 

1.78 250.00 249 

1.78 .06 - 2_4•9 
1.78 25-0.00 24_9 
1.78 250.00 249 

1.78 250.60 234_9 
1.78 250.00 249 

41.79 250.00 230 
52.00 250.0.0 225 

1.78 250.00 249

Adjusted 
Motor 

Torque 

1.18 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 

1,22 1.22 
1:22 
1._22 
1.22 
1.22 
1!.22 
1.22 
1.22 
1.22 

i1.22
1.22 
i122 
1.22 
1.22 

1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.2_2 
1.22 

1.22 
1.22 

--- 1.22 

1.22 
1.22 

1.22 

1.22 
1.22 

"1.22

Motor 
Speed 

2639 
2631 
2631 
2631 

2631 
2631 

2831 2631 
2631 

2631 2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631 
2631, 

2831 
2631 
2631 

2831 
2631 
2631 

2631 

2631 

184 
2352 

26-311

Stroke 
Time 

Increment 

0.14 

0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
6.14 

0.14 

0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.28 
0.28 
0.28 
0.28 
"0.28 0.28 
0.28 
0.28 

0.28 
0.28 

0.70 
0.70 
0.70 
0.70
0.70 
0.. . 6.70 

- 1--.40_ 
1.40 

1.40 
-1.40___-

Time 

0.00 
0.14 
0.28 

0.42 
0.56 
0.70 
0.84 
0.98 

1.26 
1.39 
1.40 

-1.54 
1.68 
1._83 

i._6_7 
1 .97 

2.11 
2.25 
2.39 

-2.5.3 
2.67 
2.81 
3.09 
337 
3.65 

3.93 

42.1 

4.77 
5.05 
5.34 
5.62 
6.32 
7.02 
7.72 
8.43 

9.13 
9.83 
11.23 

12.64 
14.04 
15.45 

17.3 
15.4

32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

32.0 
32.0 
3.0 

32.0 
32.0 
32.0 
32.0 
32.0
32.0 
32.0 
32.0 
32.9 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

132.1 

32.1 
32.1 

32.1 
32.1

609 
587 
587 

587" 

587 
587 
587 
587 
587 
587 

587 

587 
587 
5ý87 

587 
587 
587 

587 
587 
587 
587 
587 
587 

587 
587 
587 587 
587 

586 
58-6 
586 
586 
586 

586 586 

586 

586 

557 
550 
586

Instant Instant Q 
Act Cap Margin 

94,597 92,321 

91,078 88,802 
91,078 88,802 
9ý1,078 88 .802 
91,078 88,802 

91.078 .88,802 -

91,077 88,801 --
91-.077 88,801 
91,077 88,801 

91,077 88,801 -

f91,076 88,801 -91,076 688680 
91,.076 88,8600 
91,076 86,6-06 
91 .076 88,800 --

91.0758 88,789 
91.075 88,799 

91,075 88,799 
91,075 88,799 
91,075 88,799 
91,074 88.798 
91,074 88,798 
91,073 88,797 
91 073 88,797 
91,073 88,797 
91,072 88,796 
91,072 88,796 --
91,071 88,7965 
91,071 88,795 -
§91,0671 88,;7 -75 
91,071 88,795 -
91,069 88,793 -

_91,o088 88,792
91,067 88,791 
91,066 88,790 --

91.065 88,789 
91.063 88,787-

91,061 88,785 
91,059 88,783 
86,427 (0) 
85,346 83,070 --
91, 057 88,781

I



bwrog dc motor method. version 1 xls, Inputs. 02.28,2000. 5 30 PM

Select Valve-> e pl ant E, dvrmnnc close 

CGenferl Iformation Rgie 

Valve Type yes 

Flow type yes 

Stroke direction yes 

Fluid (blowdown only) yes 

Load profile method yes

Valve and Actuator Information 

Stem diameter, D- (inches) 

Seat ring face ID. DOdyO (inches) 

Seat ring inner diameter, 0, (inches) 

Globe valve stroke lengt, D (inches) 

Isolationto-wedging travel. X (percent) 

Packing load. F, (ths) 
Required thrust (including water inertia), FR 0bs) 

Required thrust due to water inertia. Fý (bs) 

Flow coefficient. C, (gprrdpsi "2) 

Actuator overall ratio, OAR 

Motor gear set ratio. MGSR 

Actuator rated torque. t.., 

Stem factor. SF (ft-ibsilb) 

Overhauling stem factor, SFo (tt4bsA b) 

Voltage at MCC. V, (volts) 

Cable resistance, R. (ohms) 

Thermal overload resistance. Rw (ohms) 

Nominal voltage, V- (volts) 

Motor type 

Valve stem lead, lead (inches) 

Pullout efficiency. nt, 

Run efficiency, ii, 

Nominal motor speed (rpm). ), 

Differential pressure, DP (psi) 

Valve pressure at full open, Pe (psig) 

Flow rate, QC (gpm) 

Fluid density, p (lbstf9) 

Armm;ent temperature (C) 

Length of upstream piping, L.= (pipe diameters)

yes 
yes 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

no 

yes 

no 

no 

yes 

yes

C~alculated Values." 

System resistance,. no 

Fully open stem thrust. Fo (Ibs) yes 

Nominal motor torue, _ (ft-tbs) yes 

Maximum motor torque (ft-lbs) yes 

Maximum adjusted motor torque (ft-lbs) -yes 

Minium'moý pee- (rrniyes 

Minimum instantaneous actuator capability (s) yes 

minirum instantaneous rmargin (tbs) - yes 

Maximum torque switch setting yes 

Efficiencyat minimum instantaneous capabifity yes

Predicted Stroke Time (Seconds): 22.34

] 

double disk 

tblowdown 

close 

steam 

Use default 

2.250 

9.581 

0.000 

0.000 

10% 

1,422 

38,056 

0 

0 

32.13 
106 

850 

0.0061 

0.0000 

250.0 

0.465 

0.018 

250 

40 ft4b, 250 VDC 

0.500 
0.40 

0.50 

1,900 

0 
1025 

0 

t 0.000 

32 

10000 

S 5,497 

488 

16.1 
17.5 

1128 

97,669 
68.157 

89,691 

0.393

Not ud 

100% 

90% 
80% 

60% 
"5% i

50% 
45% 
40% 

35% 
30% 

28% 

24% 1 

22% -: 20% 
18% 

16% 

12% 

10% 
9% 
8% 
7% 

6% 
5% 
4% 

3% 

2% 

0% 

-0.0010% 

-100% 1-



bwrog dc motor method. version 1.xls, Results, 02/28/2000, 5:30 PM

Stroke I

100% 

80% 
70% 

60%/o 
55% 
50% 
45% 
40% 

S 30% 
_28 

26% 
24% 

20% 

16% 

14% 
12% 

9% 
8% 
7% 
6% 
5% 
4% 

3% 
2%.  

1% 

0% 

-0.1% 
-1% 
-2% 

-5% 

-6% 

-7% 

-8% 
-9% .-10 

TST 
Sc re e-n 
w,4er

valve-

Stroke
Stem Average 

Position st Stem 
Thrust Thrust 

9.58 5497 
8.62 56M4_7 5572_ 

7.66 5985 5816 
6.71 6404 6194 

5.75 7089 6747 

5.27 _75.53 7321 
4._79 V831 7792 

4.31 8510 8270 

3.83 8989 -874 

3.35 9650 9319 

2.87 10429 10039 
2.68 10740 10585 

"2.49 11588_ 11164 

2.30 12816 12202 
2.11 14044 13430 

.92 152-72 I658_ 
1.72 16500 15886 
1.53 17924 17212 

"1.34 20454 19189 

1.15 22984 21719 

0.9-6 2-579-8 24391 
.0.86 273-8_8 26`593

0.77 28597 27993 
0.67 29642 29120 
0.57 30917 30280 

0.48 32402 31659 

0.38 33745 33073 
0.29 34823 34284 
0.19 35900 35362 

0.10 36978 36439 

0.00 38056 37517 
-0.01 38056 38056 
-0.10 38056 38056 

-0.19 38056 38058 

4-0:.2 38056 38056 
-0.38 _ 38056 38056 

_-0.48___38056_ _38056 

-- 0.57- 38056 38056 
-0.67 -38056 38056 
-0.77 38056 38056 
-0.86 38056 38056 
-0.96 38056 38056 

-- 38056 
_- -- 38056 

__ Pan - . d-- amic clo

I I

TimeAverage Worm Gearbox 

Stem Speed Efficiency 
-To-rque_ 

33.94 0.400 

35.42 2476 0.393 

37.72 2440 0.393 

41.09 2402 0.395 

44.!59- 2347 0.396 

47.45 2290 0397 
50.37 2244 0.398 

53.28 2206 0.399 
56.761 2182 0.400 

6 1.1-4 2153 0.402 
64.46 2116 0.403 
67.99 2089 0.404 

74.31 2060 0.406 

81.79 2008 0.409 

89.27 1948 06.411 

96.-75 T1888 0.413 
104.82 1828 0,418 

116.86 1772 0.419 
132.27 1706 0.424 

148.54 1623 0.428 

161.95 1536 6.431 
170.47 1470 0.433 
177.34 1434 0.435 
184.40 1405 0.437 

192.81 1376 0.439 

201.42 1342 0.441 

208.79 1306 0.443 

215.35 _1276 0.444 

21.92 i1252 0.446 
228.48 1232 0.447 
231.76 1212 0.448 

231.76 1202 0.448 

231.76 1202 0.448 
231.76 _U2_01 0.448 

231.76 1200 0.448 
231.76 1200 0.448 

231.76 1199 0.448 

231.76 1198 0.448 

231.76 1198 0.448 
231.76 1197 0.448 
231.76 1196 0.448 

546.22 195 0.396 
231.76 -- 0.400 
231.76 1 129 0.446

Average Motor Motor 
Motor Current VmccVoltage 

Torque C nt 

"264 3.96 250.00 248 

2.81 4.21 250.00 248 

2.99 4.48 250.00 248 

3.24 4.86 250.00 248 

3.51 5.26 250.00 247 

3.72 5.56 256.66 247 
3.94 5.91 250.00 247 

4.16 6.20 250.0 247 
"4.42 6.52 250.00 247 

4.74 692 25-0.00 247 

4.96 723 250.00 247 

5.24 7.55 250.00 246 

5.69 8.12 250.00 246 

6.23 8.78 250.00 246 

6.76 9.46 250.60 245 
7.29 10.11 250.00 245 
7.85 10.81 250.00 245 

8.68 11.68 250.00 2.44 

9.72 12.72 250.00 244 
10.80 13.80 250.00 243 

11.68 14.68 250.00 243 

12.24 15.21 250.00 243 
12.69 15.60 250.00 242 

13.14 16.00 250.00 242 

13.67 16.46 250.00 242 

14.21 16-.94 2-50.00 242 

14.68 . 17.34 250.00 242 

15.09 17.70 250.00 241 

15.50 1806 250.00 241 

15.90 18.41 250.00 241 

16.10 18.60 250.00 241 

16.11 18.61 250.00 241 

16.11 18.61 250.00 241 

16.11 18.61 250.00 241 

16.11 18.61 250.00 241 

16.11 18.61 250.00 241
16.11 ... 118.61 250.00 241 
16.11-.- 18.61 250.00 _-241 

16.11 18.61 250.00 241 

. 16.11 18.61 250.00 241 

16.11 18.61 250.00 241 
42.90 41.17 250.00 230 
18.03 52.00 250.00 225 
16.16 18.66 250.060 241

4.33 2058 
"4.60 2031 

4.94 .9 4 

5.20 19-70 
5.47 1943 

5.95 1895 

6.52 1838 
7.08. 1_781 
7.65 1725 

8.25 1672 
9.14 ._1609 
10.26 1531 

11.44 1449 

12.40 1387 
13.02 1353 
13.51 1326 
14.01 1298 
14.60 1266 
15.20 1232 
15.72 1204 
16.18 1181 
16.64 1162 
17.10 1144 
17.34 1134 
17.35 1134 
17.37 1133 
17.38 1132 
17.40 1132 
"17.42 _1131 
17.43 1130 

17.45 1130 

17.47 1129 
17.48 11.29 
17.50 1128 
48.84 184 
21.36 916 
19.12 1065

21.35 
21.68 
22.01 
22.34 

44.3 
38.1

Motor 
Speed 

2336 
2302 

2266 

2117

Stroke 
Time 

Increment 

1.58 
1.60 
1.63 

"0.67 
0.87

IIAdjusted 
Motor 

Torque 

2.73 
2.91 
3.09 
3.36 
3.64 
3.817 
4.10

0.00 
1.58 

3.19 
4.82 
6.48 
7.3 

8.21 
9.10

Motor 
Temp 

32.0 
32.0 

32.1 
32.1 

32.2 

32.2 
32.__3 
32.3 

32.4 
32.4 

32.5 

_ 32i.5 

32.5 
32.6 

32.6S32.7_£ 
-32.9
33.0 
33.2 
33.3 

334 
33.6 
33.7 
33.9 

34.2 
34.5 
34.7 
34.9 
34.9 

35.2 
35.4 
35.7 

35.9 
36.2 
36.4 
36.7 
36.9 
37.2 
37.4 

74.8 
61.6

0.33 
0.33 

0.33 
0.33 

-.-7

Instant Instant Instant Q 
Torque Cap Act Cap Margin 

607 -99,.597 94,024 
595 97,669 91,853 --
596 97,807 91,613 --

.97 98.,• 3 91,267 -
598 98,225 90,903 

599 98,4-02 90.610 -

600 98,580 90,310 
__6_01 988,765- 90.016 -
603 98,989 89,670 -

606 99,481 88.897 
607 699716 86.552 -
610 100,143 87,941 --

613 100,648 87,218 
"615 101•106 86.403 --

618 101i.441i 85,555 
626 1. ý_,69 84,627U 

624 102,513 83,325 
629 j103.363 81.644 

_... ._634 104,170 79,779 

638 104,715 78,122 
640 105.013 77,020 
641 :105.285 76,165 

643 105,581 75,302 

645 105,947 74,288 

647 106.290 73,217 

649 106,535 72,252 
650 106,735 71,374 -

651 106,947 70,508 -

653 107,166 69,648 

653 107,177 69,121 -

652 107,121 69,065 

- 652 107,030 68,974 
651 106,928 68,872 -

651 106,825 68,769 
650 106,723 68,667 
649 106,621 68,565 

649 106,519 68,463 

648 106.417 68,361 -

647 106.315 68,259 

647 106.213 68,157 -

546 89.691 (0) 

474 77,777 39,721 

592 97,201 59.145 -

6.90 10.00 
0.91 10.91 
0.9-3 `11.83 

0.37 12.21 
0.38 12.59 
0.39 12.98 
0.40 13.38 

0.41 13.-7 
0.43 14.2-2 
0.44 14_.66 

0.46 15.12 
0.48 15.60 
0.51 16.11 

0.27 16.38 
0.27 16 65 
0.28 16.93 
0.28 17.22 
0.29 17.51 
0.30 17.81 
0.31 18.12 
0.31 18.43 
0.32 18.75 
0.32 19.07 

0.03 19.10 
0.29 19:40 
0.33 19.72 
0.33 20.05 
0.33 20.37 
0.33 20.70 

0.33 21.03

Valve:



bwrog dc motor method, version 1 .xls, Inputs, 0212812000, 5 30 PM

Select vap"-> W etF dnncoe

Generaf Infouna ion 

Valve Type 

Flow typeo.  
Stroke direction 

Fluid (blowctown only) 

Load profile method

Valve and Actuator Informat ion 

Ste•n diameter, D_, (Inches) 

Seat ring face ID, D,,,, (inches)

Seat ring inner diameter, D. (inchtes).  

Globe valve strokre length, 0 (indies) 

IWlation-to-wegfflg travel. X (percent)
Packing load. F, (Ibs) 

Requiredthrust (including water Inertia), F ( Obs) 

Required thrust due to water inertia, Fv, (Ibs) 

Flow coefficient. Cv (gpmipsil) 

Actuator overall ratio, OAR 

Motor gear set ratio. MGSR 

Actuator rated torque, r.  

Stem factor. SF (fl.-sAb) 

Overhauling stem factor. SFo (ft4tbsfb) 

Voltage at MCC, V,6, (volts) 

Cable resistance. Ri.. (ohms) 

Themnal overload resistance. R. (ohms) 

Nominal voltage, V_.. (volts) 

motor type 
Valve stem lead, lead (inches) 

Pullout efficiency, •tI, 

Run efficiency. q,.  
Nominal motor speed (rpm). i,,, 

Design Basis Conditions 

Differential pressure, DP (psi) 

Valve pressure at full open. Pe (psig) 

Flow rate, 0_ (gpm) 

Fluid density, p (lbslffl) 

Ambient temperature (C) 

Length of upstream piping, L_ (pipe diameters) 

Calculated Values 

System resistance. K, 

Fully open stem hruat. Fo (Mbs) 

Nominal motor torque. rr;.,(ft4bs) 

Maximum motor torque (ft-blb) 

Maximum adjusted motor torque (ft-lbs) 

Minimum motorspeed (rpm) 

Minimum Instantaneous actuator capability (Ibs) 

Minimum Instantaneous margin (Ue)s 
Maximum allowable thrust at unwedging 

Efficiency at minimum irstantaeous capebifity 

Warnings

yes 

yes 

yes 

yes 

yes 

yes 
yes 

no 

no 
"yes 
yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

optional 

"no 
yes 

no 

no 

yes 

yes 

no 

yes 
yes 

yes 

yes 

yes 

yes 
yes 

yes 

yes

double disk 

blowdown 

open 

steam 

Use default

2-250 

9.581 

0.000 
0.0(00 

10% 

1,307 

19.874 

0 

0 

32.13 

1.08 

850 

0.0064 

0.0064 

250.0 

i 0.465 

0.018 

250 

40 f•-lb, 250 VDC 

0.500 

0.40 
0.50 

1.900 

0 

1023 

0 

0.000 

32 

10000 

-2,761 

48.8 

10.0 
S 10.5 
S 1515 

89,738 

72.658 

86,405 

0.380

Predicted Stroke Time (Seconds): 17.61

100% 
W0% 

80% ' 

70% 
80% 

45% 
40% 

30% 
28% , 

24% 
2 2%

20% 

18% 

14% 

10% 

8% 
7% 
8% 

4% 

2% 

0% 
-0.0010% 

-100% -



bwrog dc motor method, version 1 .xis, Results, 02/28/2000, 5:30 PM

Stem Average 

Stroke Position Thrust Stem Thut Thrust 

-10% -0.96 19874 

-9% -0.86 19874 19874 

-8 -0.77- 19874 19874 
-7% -0.67 19874 19874 

"-6% -0.57 19874 19874 

-5% -0.48 19874 19874 

-4% -0.38 19874 19874 

-3/ -0 198-74 19874 
-2% -0.-9 19874 19874 

-1% -0.10 19874 19874 

6% -0--.01- 19874 19874 

0% 0.60 19874 19874 

i, 0.10 20077 19976 
2% 0.19 20281 20179 

3% 0.29 20484 20383 

4% 0.38 20688 20586 

5% 0.48 19925 20306 

6% 0.57 18642 19284 
7% 0.67 17410 18026 

8% 0.77 16234 16822 

9% 0.86 14920 15577 

10% 0.96 13283 14101 

12% 1.15 11012 12148 

14% 1.34 9513 10263 

16% 1.53 8014 8764 

18% 1.72 7008 7511 

20% 1.92 6088 6548 

22% 2.11 5169 5629 

24% 2.30 4249 4709 

2% 249 3330 3789 

2% 2.68 2605 2967 
30.% / 2.87 2154 2379 
35% 3.35 1028 1591 

40% 3.83 215 621 __ 

45% 4.31 -111 52__ 
50% 4.79 -437 -274 
55% 5.27 -777 __-607 

6M% 5.75 -1208 -49-3 
70% 671 -1886 -1547 
80% 7.66 -2361 -2124 

90- 8.62 -2708 -2535 

100% 9.58 -2761 -2734 

UNW -- 86405 

screen-- - 19874 
witer --- 19874 

Valve: BWR Plant E. dynamic ooen

Average 
Stem 

Torque 

127.99 
127.99 

127.99 
127.99 
127.99 

127.L99 

_127.99

Worm Gearbox Average Motor Motor Adjusted Mot Stroke 
Wom Gabx Motor 1oo Vmcc Motor Time 

Speed Efciency Current I Voltage oorSpeed 

1 1 Torque ....... Torque peed Increment

1606 
1646 

1646 
1646 

1645 
1645 

1645

0.400 
0.421 
"0.422 
0.422 
0.422 
0.422 

0.422 
0.422 
0.422 
0.422 
0.422

128.64 1645 0.422 
129.95 1641 0.422 

131.26 1634 0423 

132.57 1627 0.423 

130.77 1620 0.422 

124.19 1629 0.420 

116.09 1664 0.418 

108-.3_3 -1708 0.416 
100.31 1750 0.414 

90.81 1797 0.411 

78.23 1872 0.407 
66.09 1974 0.403 
56.44 2073 0.400 
48.37 2154 0.397 

42.17 2226 0.395 

36.25 2327 0,393 
30.33 2424 0.391 
24.40 2522 0.389 
19.11 2621 0.ý387 
15.32 2711 0.385 

10.25 2776 0.384 

4.00 2863 0.381 
0.33 2972 0.380 

1.77 3036_ 0.381 
3.91 3011 0.381 

-6.39- 2973 0.382 
9.96 2930 0.384 
13.68 2868 0.385 

.16.33 2804 0.386 
17.61 2759 0.386 

556.45 195 0.396 

127.99 _- 0.400 
127.99 1628 0.422

9.96 
9.45 
9.45 
9.45 
9.45 
9.45 
9.45 
9.45 
9.45 
9.45__ 
9.45 
9.49 
9.58 
9.67 
9.75 
9.64 
9.20 

8.64 
8.11 
7.55 
6.88 
5.98 
5.10 
4.39 
3.79 
3.32 
2.87 
2.42 
1.95 
1.54 
1.24 
0.83 
0.33 
0.03 
0.14 
0.32 
0.52 

1.11.  

1.32 
1.42 

43.70 
9.96 
9.45

I I

12.96 
12.45 

12.45 
124•5 

12.45 

12.45 
12.45 
12.45 12U45 

12.45

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 

250.00

244 
244 
244 
244 

244 
244 
244 
244 
244 
244 
244

12.49 250.00 244 
12.58 250.•0- 244 
'12.-67 260.00 244 

12.75 250.00 244 

12.64 250.00 244 

12.20 250.00 244 

11.64 250.00 244 

11.11 250.00 245 
10.44 250.00 245 

9.60 250.00 245 
8.48 250.00 246 

7.38 250.00 246 

6.49 250.00 247 
5.69 250.00 247 

4.99 250.00 248 

4.31 250.00 248 

3.62 250.00 248 

2.93 250.00 249 
231 250.00 249 
1.86 250.00 249 

1.25 250.00 249 

0.49 250.00 250 

0.04 2i50.00O 250 
0.22 250.00 250 

0.48 250.00 250 
0-.8 20• . - -00 250n 

1.21 _250.00 249 
1.66 _-250.00 249-

1.8 250.00 24 
2.13 250.00 _249 

41.78 250.00 230 
- 2-• -2-2 
52.00 250.00 - -2 
-'12.45 250.00 244

10,49 

9.95 

_ 9.94 

9.95 
_ 9.95 

9.95 

9.95 
9.96 
9.96 

9.96 
9.96

1515 
1553 
1553 

1553 
1553 
1553_ 

1552 
1552 
1552 
1552

10.01 1548 
10.11 1542 
10.20 1535 
10.30 1528 

10.18 1537 
9.71 1570 
9.12 1611 
8.54 1651 

7.95 1695 
7.23 1766 
6.28 1862 
5.34 1956 
4.59 2032 
3.96 2100 
3.46 2195 

2.99 2287 
2.51 2379 
2.63 2473 
1.59 2558 
1.28 2619 

0.86 2701 

0.34 2804 
0:03 2864 

0.15 2841 
0.33 2805 

0. 54 2764

0.8--- 2706 
1.15 2645 

1.36 2602 
1.47 2582 

48.84 184 

11.80 1_3•17 

10.21 13

0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0 24 
0.24 

0.24 
0.21 

0.02 

0.24 
0.24 
0.24 
0.24 
0.24 0.24 
0,24 
0.23 
0.22 
0.22 
0.21 
0.40 
0.38 
0.36 
0.35 
0.34 
0.32 
0.31 
0.30 
0.29 
0.28 

0.68 
0.66 
0.64 
0..65 
0.66 

1.37 
.1.40 
1.42 
1.43

Instant
Instant 

Torque Cap

I Motor 
Time Temp 

0.00 32.0 
0.24 32.1 
0.48 32.1 
0.72 32.2 
0.96 323 
1-.20 32.3 
1.43 32.4 
1.67 _32.5 
1.91 32.5 
2.15 _32.6 
2.36 32.6 
2.39 32.6 
2.62 32.7 
2.86 32.8 
3.10 32.8 
3.35 32.9 
3.59 33.0 

3.82 33.0 
4.05 33.1 
4.27 33.1 
4.49 33.2 
4.70 33.2 
5.10 33.2 
5.48 33.3 
5.84 33.3 
6.19 33.3 
6.53 33.3 
6.85 33.3 
7.16 33.3 
7.46 33.3 
7.75 33.3 

8.03 33.3 
8.72 33.3 

9.37 33.3 
10.02 33.3 
10.67 33.3 
11.33 33.3 
12.00 -33.3 
13.36 33.3 

14.76 33.3 
16.18 _33.3 
17.61 _33.4 

30.9 _41.1_ 

26.5 39.0

596 
628 
629 

626 
6286 

628 
628 
628 
U28 

628 
628 

628 
628 
629 
628 
625 
622 
619 
617 
613 
609 
605 
601 
597 
595 
592 
590 
588 

585 •-6-84
582 

579 

5786 ---57 -8 
579 
580 
582 
583 
584 
585 
556 
532 
613

Instant Instant 
Act Cap Margin 

92,532 72.658 
97,541 77,667 
97,609 77,735 
97,587 77.713 
97,564 77,690 
97.541 77.667 
97,517 77,643 
97,494 77,620 

97.47V,0 77,596 
97,447 77,573 
97,426 77,552 

97,464 77,488 
97,514 77,335 
97,556 77,173 
97,596 77.010 
97,442 77,136 
97,030 776747 -

96,578 78.552 
96,159 79.336 
95,731 80,154 
95,214 81,113 
94,532 82,384 
93,870 83,607 
93,259 84,496 
92,734 85,223 
92,344 85,796 
91.973 86,344 
91,603 86,894 

91:•234 87,444 
90,904 87,937 
90,669 88,289 
90,353 88,763 

89,966 89,344 
89,738 89,686 

_89,827 89,553 
89,960 89,353 
90,1114 89.121 
90,335 88,788 
90,564 88,441 -_ 

90,727 88,192 

90,804 88.070 
86 .405 (0) 
82,552 62.678 -

95.113 75.239 --

I
mI



C
Vendor Motor Performance Curves

The following vendor motor performance curves are attached.  

Torque, ft-lbs Voltage, VDC Full Load Amps°1 ) Vendor Curve 

2 125 2.0 K-4557 
250 0.8 K-11297 

5 125 4.0 illegible 
250 2.0 illegible 

7.5 125 5.2 K-4972 
250 2.6 K-4972 

10 125 6.4 K-4973 
250 3.2 K-4973 

15 125 8.9 K-5010 
250 4.5 K-5010 

25 125 13.9 K-5561 
250 7.9 K-5499 

40 125 24.2 K-5087 
250 11.0 K-5050 

60 125 32.6 K-5013 
250 17.4 illegible 

80 125 43.8 K-4980 
250 21.2 K-4053 

100 125 62.0 illegible 
250 31.0 K-4054 

150 250 43.8 illegible 

200 125 104.0 K-5014 
250 52.5 K-5049 

Note 

1. Current corresponding to 20% torque on motor performance curve. These values are estimates of 
the Full Load Amps and may not be identical to values listed on the motor nameplates.

MPR-2093 
Revision 0

C-1
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