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- MOTOR OPERATED GATE VALVE SfZING ANALYSIS
1. METHODOLOGY - |
A. Minimum,Required Thrust
The standard industry equation for determining the

minimum required thrust to operate a motor operated gate
valve against some differential pressure 1s.

MRT = PL + PE + DPE

where MRT = minimum required thrust
PL = packihg load
PE = piston effect

DPE = differential pressure effect

The packihg load comes from either test data or industry
standard values.

The piston effect is determined as follows:

PE = SA x LP

where SA Stem cross sectional area
LP = Line pressure

The piston effect is negative for an opening stroke and
positive for a closing stroke.

The dlfferentlal pressure effect 1is determined as
follows:

DPE = VF x AS x DP

where AS mean seat area

DP

differential pressure across valve seat
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B.

VF = valve factor. This comes from industry
standard data or measured test data.

The minimum available thrust (MAT) is the minimum
required thrust less the packing load:

MAT = MRT - PL

Motor Torque Derate Due To Ambient And Motor Temperatures

The standard equation used to derate motors due to
ambient or motor temperature is:

R,,, = NMS - NMS x (2’-“7‘;5;)%x(1.8 x RISE x TIME x 2 + (TEMP - 104)))
where NMS = motor starting torque - ft-lbs

cC.

LOSS % torque loss

"RISE = temperature rise - °C/sec, from motor
curve -
TIME = stroke time - sec

TEMP = maximum ambient temperature - °F

Calculation of Torque and Thrust Values

1‘

MAX. VALVE MFG. LIMITS (MVL)

The MVL comes from the weak link analysis or from
the valve manufacturer.

MAX. OPER RATED CAP. (THRUST) - MORC

The MORC EQUALS 1.4 times the operator rated thrust
capacity (ORC) The ORC comes from manufacturers
data.

MAX. OPER RATED CAP. (TORQUE) - MORTC

The MORTC is derived from the operator rated torque
capacity (ORTC). The ORTC comes from manufacturers
data. The MORTC is found as follows:

MORTC = ORTC/SF

- where SF = stem factor. The stem factor is
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calculated using an assumed coefficient of friction
or a coefficient of friction measured during in-
situ testing.

4. MAX. OPER SPRING CAP. AND MIN. OPER SPRING CAP. are
taken from manufacturers data or measured directly.

5. MAX. OPER MOTOR CAPACITY - FULL VOLTAGE (MC100) is
derived as described in B above and then converted.
to a thrust value as follows: : '
MC100 = R,,; X UR X E X AF/SF
where R,,, = degraded motor torque at'loo% vbltage

UR = unit ratio. This is valve dependent.
E = pullout efficiency if valve is opening
or running efficiency if valve is

closing.

AF = Application Factor

6. MAX. OPER MOTOR CAPACITY - DEGRADED VOLTAGE (MCUV)
is derived from MC100 as follows:

MCUV = MC100 X UVF

where UVF = under voltage factor. UVF = (Vd/'vr)2 for
AC motors and Vy4/V,. for DC motors.

Vg degraded voltage - volts
V., = rated voltage - volts

7. MAX. OUTPUT @ MOTOR STALL (MOMS)
The MOMS is calculated as follows:

MOMS = NMS X 1.1 X UR X SE/SF

wheré NMS = motor torque at 100% voltage
1.1 = stall factor
UR = unit ratio
SE = stail efficiency
SF = stem factor
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2.  ASSUMPTIONS

| Valve Factor = 0.5
Coefficient of Friction = 0.2

~ A QSS and 30K load cell are used to measure torque and thrust.
Torque switch setting is >1

Actuator output is > 50 ft-1lbs
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3. VALVE DATA

Valve I.D. o - RC-MOV-536

Valve Manufacturer - " VELAN

Valve Nominal Size - in 3

Valve Type | .v - GATE

Valve ANSI Rating - psi. o 1500

.Operator Manufacturer LIMITORQUE

Operator Size _ : SMB-00

Nominal Motor Size - ft-lbs 10

Motor RPM ' : 1700

Motor Type AC

Motor Manufacturer RELIANCE.

Spring Pack No. - 60-600-0048
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4. INPUT VALUES
I VARIABLE' DESCRIPTION UNITS | VALUE REF.
1 DSTEM Valve Stem Dlameter Inches 1.125 8
2 | DSEAT Valve Mean Seat Diameter _ Inches 2.4975 12
3 | TPI No. Of Stém Threads Per Inch "Thrd/In | 5 8
4| TS No. Of Thread Starts None 1 8
5 | PL Assumed Packing Load: 1lbs 1500 4
6 | VMo } Vvalve Maximum Limit Open lbs 17755 1
7 | VMc Valve Maximum Limit Close 1lbs 17459 1
8 | ORC Operator Rated Thrust Capacity lbs 14000 4
9 | ORTC Operator Rated Torque Capacity ft-1lbs 250 4
10 | MXSPC, .. Maximum Sbring Pack Capabiiity ft—lbs-' 145 4
11 | MNSPC, . Minimum Spring Pack Capability ‘ ft-lbs 56 4
‘12 LPo Line Pressure Open _psig V2510 3
13 | DPo Differential Pressure Open psi 2509 3
14 | LPc Line Pressure Close psig 2400 3
15 | DPc Differential Pressure Close psi 2400 3
16 | VF Valve Factor None 0.5 -
17 | COF Coefficient Of Friction None 0.2 -
18 | NMS Nominal Motor Size ft-1bs | 10 8
19 | LOSS % Motor Torque Loss % ’ 27.7 7
20 | RISE Motor Temperature Rate Of Rise °C/sec 0.1167 |5
21 | TEMP Maximum Ambient Temperature °F. 261 2
22 | TIMEo Stroke Time Open sec 24 IST
23 | TIMEc Stroke Time Close » sec 24 IST
24 | AF (UV) Application Factor At UV None 1 4
25 | UR Unit Overall Ratio None 46.8 8
26 Vd/Vr Degraded Voltage Fraction None 0.81 6
27 | PO Pullout Efficiency None 0.4 | 4
28 | RE Running Efficiency None 0.5- 4
29 | SE Stall Efficiency None 0.5 4
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5. CALCULATION

A. Packing Load

PL = _ 1500 1b;

B. | Piston Effeét
SA = 0.7854 X (DSTEM)”
'SA = 0.7854 X (__1.125)°2
SA = __0.994_in®

Open Direction

LPo = 2510 psig

PEo = SA X LPo '

PEo = 0.994 X 2510
PEo = __ 2495 1b;

'Close Direction

LPc = _ 2400 psi
PEcC =4SA X LPc
PEc = __0.994_ X __ 2400
PEc = _ 2386 1b; |
C. Differential Préssure Effect
DSEAT = __2.4975_ in
AS = 0.7854 X (DSEAT)?
AS = 0.7854 X (__2.4975 )° .

AS 2

4.899 in
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Open Direction

DPo = 2509 psi
DPEo = VF X AS X DPO- v
DPEo = 0.5 X __4.899 .X | 2509
DPEo = _ 6146 1b;
Close Direction o
DPc = 2400  psi
DPEc = VF X AS X DPc
DPEC = _ 0.5 X _ 4.899 X 2400
DPEc = 5879 1bs
D. Minimum Required Thrust And Minimum Available Thrust
1. Valve Open Stroke |

MRT, = PL - PEo + DPEo

MRT, = 1500 - 2495 + 6146
MRT, = _ 5151  1b;
MAT, = MRT, - PL
MAT, = _ 3651 1b,
2. Valve Close Stroke

MRT. = PL + PEc + DPEc

1500 + 2386+ 5879

MRT, =
MRT. = _ 9764  1b,
MAT, = MRT, - PL

MAT. = _ 8264 1b,
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E. Stem Factor

LEAD = TS/TPI.

LEAD = __1 '/ 5

LEAD = 0.2

PITCH = 1/TPI

PITCH = 1/ _ 5 _

PITCH = >0.2

d = DSTEM - [0.5 X PITCH]

a = 1.125 - [0.5 X | 0.2 ]

da = 1.025

t = LEAD/([7m X d]

t = 0.2 /] [m X _1.025 ]

t = 0.0621

num = d X [(0.96815 X t) + COF)

num = 1.025 X ((0.96815 X 0.0621 ) + 0.2 ]

num = _ 0.2666

denom = 24 X [0.96815 - (COF X t)].

denom = 24 X [0.96815 - (_0.2 X 0.0621 )]

denom 22.938

SF num / denom

SF = __0.2666 /[ _ 22.938

SF = 0.0116
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F. Reduced Motor Output Torque

NMS = - __10. ft-lbs
LOSS = | 27.7_ %

RISE = 0.1167 °C/sec

TIME = - _ 24 sec’

TEMP =  __ 261  °F

Rl =  L0SS/27900

Rl = 27.7 ] 27900

Rl = . __0.000993

R2 = 3.6 X RISE X TIME

R2 = 3.6 X __0.1167 X _ 24
R2 = 10.1 |

R3 = ~ TEMP - 104

R3 = 261 - 104

R3 = 157 - ~IF TEMP < 104 THEN R3 = 0
R4 = R2 + R3 |
R4 = C_10.1 + 157

R4 = 167.1

R5 = "R1 X R4

RS = 0.000993 X _ 167.1
R5 = 0.16593 |
R6 = NMS X RS

R6 = 10 X _ 0.16593

R6 = 1.659
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R, =  NMS - R6

Ry = 10 - __1.659

Reo, = 8.34 ft-1lbs

G. Thrust Célculations

Inputs:

SF = __0.0116

AF(UV) = _1_
AF(100% V) = __0.9
UR = 46.8

VMo = _ 17755  1bs
VMc = __17459  1bs
ORC = __ 14000 1lbs
ORTC = _ 250 ft-1lbs
Vy/V, = __0.81 -

1. MAX. OPER RATED CAP. (THRUST) - MORC

ORC = __14000 1lbs

ORC;., = ORC X SF

ORC,,, = _ 14000 X _ 0.0116
ORC,,, = _ 162.4 ft-1bs
MORC = 1.4 X ORC

MORC = 1.4 X __14000

MORC

19600 ' 1lbs

2. MAX. OPER RATED CAP. (TORQUE) - MORTC

MORTC ORTC/SF

MORTC 250 / __0.0116
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MORTC = _ 21552  1bs
3. MAX. OPER MOTOR CAPACITY - FULL VOLTAGE(100%) -
' MC100 A '
Open
MC1000,,; = R,,, X UR X PO X AF(100%)
MC1000,,, = _8.34 X _ 46.8 X 0.4 X _ 0.9
MC1000,, = _ 140.5 ft-lbs

MC1000 = MC1000,, / SF

MC1000 = 140.5- / 0.0116
MC1000 = 12112 1bs
Close

MC100Cy,; = Ry, X UR X RE X AF(100%)

MC100C;,, = 8.34_ X 46.8 X 0.5 X 0.9

MC100c,,, = __175.7 ft-1lbs

MC100c = MC100c,,, / SF

MC100c 175.7 / 0.0116

MC100c.

15147 1lbs
4.  MAX. OPER MOTOR CAPACITY - UNDER VOLTAGE - MCUV
| Open | _
‘MCUVo,,, = MC1000,,, X UVF X AF(UV)/AF(loo%)

MCUVO,,, = _ 140.5 X (0.81 )> X _ 1 /_ 0.9

MCUVO,,, = _ 102.4 ft-1lbs

MCUVo = MCUVo,,, /SF

MCUVo = __ 8828 1bs
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Close
MCUVc,,, = MC100c,,, X UVF X AF(UV)/AF(100%)
MCUVC,,, = _ 175.7 X (0.81 )> X _ 1 /_ 0.9
MCUVC,,, = __128.1 ft-1lbs

‘MCUVc = MCUVc,,, /SF

MCUVc 11043  1lbs
5. MAX. OUTPUT @ MOTOR STALL (MOMS)
MOMS,,, = NMS X 1.1 X UR X SE

MOMS,,. = 10 X 1.1 X 46.8 X 0.5

 MOMS,,, = - 257.4 ft-1lbs

MOMS = MOMS,., /SF

MOMS = _ 257.4 / __0.0116
MOMS = _ 22190 1lbs
6. Spring Pack Capability
MXSPC,,, = _ 145 ft-lbs
MXSPC = MXSPC,,, / SF
MXSPC = _ 145 / __0.0116
MXSPC = _ 12500 1lbs
MNSPC,,, = _ 56 ft-1lbs
MNSPC = MNSPC,,, / SF.
MNSPC = _ 56 / _ 0.0116
= _ 4828 1lbs

MNSPC
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SUMMARY SHEET
OPEN DIRECTION
THRUST STEM
1lbs TORQUE
ft-1lbs
‘Minimum Required Thrust 5151 59.7
Maximum Valve Limit 17755 206
Maximum Operator Limit (Thrust) 14000 162.4
Maximum Operator Limit (Torque) 21552 250
Maximum Operator Spring Pack Capability 12500 145
Minimum Operator Spring Pack Capability 4828 56
Maximum Operatof Motor Capacity
| ' * Full Voltage (100%) 12112 140.5
hﬁnder Voltage 8828 102.4
Maximum_Qutput-At Motor Stall 22190 257.4
I'Minimum Available Thrust 3651 "
| Minimum Spring Pack Capability 4828 "
CST TT
Maximum Valve Limit - 1lbs 17755 17755
Maximum Operatof Limit (Thrust) - lbs 14000 19600
Maximum Operator Limit (Torque) - lbs 21552 21552
Maximum Spriﬁg Pack Capability - 1lbs 12500
Motor At Under Voltage - lbs 8828
)
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SUMMARY SHEET
CLOSE DIRECTION
THRUST STEM . | :
lbs TORQUE
ft-1lbs
Minimum Required. Thrust | . 9764 ;13.3:
Maximum valve Limit - 17459 202.5
Maximum Operator Limit (Thrust) 14000 162;4
Maximum Operator Limit (Torque) 21552 250
Maximum Operator Spring Pack Capability 12500 145
Minimum Operator Spring Pack Capability : 4828 56
Maximum Operator Motor Capacity
Full VOitage (100%) 15147 175.7
Under Voltage - 11043 128.1 .
Maximum Output At Motor Stall _ © 22190 257.4
||Minimum Available Thrust ' 8264 ) - "
llMinimum Spring Pack Capability ‘ 4828 "
C‘ST TT
Maximum Valve Limit - 1lbs | 17459 17459
Maximum Operator Limit (Thrust) - 1bs. 14000 19600
Maximum Operator Limit (Torque) - lbs 21552 21552
Maximum Spring Pack Capability‘F lbs | 12500
Motor At Under Voltage - 1lbs 11043
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ERROR ANALYSES -~ CLOSE DIRECTION WITH TORQUE SWITCH
"EQUIPMENT ERRORS o - THRUST TORQUE
MEASUREMENT COMPONENT % READING . CONSTANT % READING CONSTANT
0ss | 0.1 Jo 0.1 0
MAIN FRAME . 0.02 0 - 0.02 ' 0
TSR 0.05 o] 0.05 0
ERRORS '
THRUST LIMIT (LBS) , ERROR (LBS) READING (LBS)
MIN AVATIL REQ'D 8264 1251 9516
VALVE LIMIT 17459 : 1781 15678
| ACTUATOR THRUST RATING | 14000 1428 12572
ACTUATOR TORQUE RATING 21552 2198 19354
SPRING PACK CAPABILITY 12500 1275 11225

‘.DR CAPABILITY 11043 1126 9917

TOTAL THRUST

VALVE LIMIT 17459 1781 15678
ACTUATOR THRUST RATING | 19600 1999 17601
ACTUATOR TORQUE RATING | 21552 2198 19354
TORQUE ‘| LIMIT (FT-LBS) ERROR (FT-LBS) READING (FT-LBS)
OPERATOR TORQUE 250 - , 26 224.5
MAX SPRING PACK ' 145 . | 15 130.2
MIN SPRING PACK - 56 1 7 - 63.2
MOTOR @ 100% V 175.7 | 18 157.8
‘MOTOR @ UV - ‘ 128.1 13 . 115
MOTOR STALL ' 257.4 26. | 231.2
CQNVERGENCE CRITERION = __ 0.01

e TOR THRUST MULTIPLIER = 1.40
TOR TORQUE MULTIPLIER =
STEM FACTOR = 0.0116



New York Power,Authorify ,
Calculation No.IP3-CALC-RCS-00978

Revision

Project GL 89-10 MOV Program

Page

18

of 24

. Preliminary-
' Final '

X

Checked By J.P. THORPE

. Title Thrust & Torque Limits RC-MOV-536
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Date 05/19/94
Date 05/21/94

ERROR ANALYSES - OPEN DIRECTION WITH TORQUE SWITCH

EQUIPMENT ERRORS THRUST TORQUE
MEASUREMENT COMPONENT $ READING | CONSTANT | % READING CONSTANT
50K LOAD CELL | 0.02 200 0 0
MAIN FRAME 0.02 0 0 0
TSR 0.05 0 0 0
ERRORS
THRUST LIMIT (LBS) ERROR (LBS) READING (LBS)
MIN AVAIL REQ'D 3651 433 4084
VALVE LIMIT 17755 1046 16709
ACTUATOR THRUST RATING | 14000 846 13154
ACTUATOR TORQUE RATING | 21552 1250 20302
SPRING PACK CAPABILITY | 12500 767 11733
'R CAPABILITY 8828 575 8252
TOTAL THRUST
VALVE LIMIT 17755 1046 16709
ACTUATOR THRUST RATING | 19600 1145 18455
ACTUATOR TORQUE RATING | 21552 1250 20302

LIMIT (FT-LBS)

TORQUE _ERROR (FT-LBS) READING (FT-LBS)

OPERATOR TORQUE 250 NA NA
MAX SPRING PACK 145 NA NA
MIN SPRING PACK 56 NA. NA
MOTOR @ 100% V 140.5 NA NA
MOTOR @ UV '102.4 NA NA
MOTOR STALL 257.4 NA NA
CONVERGENCE CRITERION = _0.01

TOR THRUST MULTIPLIER = __1.40

TOR TORQUE MULTIPLIER = __1.00

STEM FACTOR = 0.0116
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ERROR ANALYSES - OPEN DIRECTION WITH TORQUE SWITCH BYPASSED

EQUIPMENT ERRORS THRUST TORQUE
MEASUREMENT COMPONENT % READING CONSTANT $ READING CONSTANT
QSSs 0.1 0 0.1 0
MAIN FRAME | 0.02 0 0.02 0
|LTsr 0 : 0 : 0 0o
ERRORS _
THRUST LIMIT (LBS) ERROR ' (LBS) READING (LBS)
MIN AVAIL REQ'D 3651 585 4236
VALVE LIMIT ‘ 7588 702 6886
ACTUATOR THRUST RATING | 14000 1296 12704
ACTUATOR TORQUE RATING | 21552 1994 19557
SPRING PACK CAPABILITY | 12500 1157 11343
WR CAPABILITY 8828 817 8011
TOTAL THRUST
VALVE LIMIT 7588 702 | 6886
ACTUATOR THRUST RATING | 19600 1814 17786
ACTUATOR TORQUE RATING | 21552 1994 19557

TORQUE LIMIT (FT-LBS) ERROR (FT-LBS) READING (FT-LBS)

OPERATOR TORQUE 250 | 23 226.9
MAX SPRING PACK 145 Rk 131.6
MIN SPRING PACK 56 6. 62.4
MOTOR @ 100% V 140.5 |13 127.5
MOTOR @ UV 102. 4 | 10 92.9
MOTOR STALL 257.4 24 233.6
CONVERGENCE CRITERION = _ 0.01

TOR THRUST MULTIPLIER = __1.40
mTOR TORQUE MULTIPLIER = _ 1.00

FACTOR = 0.0116
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LIMITING FACTORS WITHOUT DIAGNOSTIC EQUIPMENT ERRORS

MINIMUM REQUIRED AVAILABLE THRUST: Open: . 3651

Close: 8264

THRUST LIMITS

CONTROL .' TOTAL

SWITCH TRIP
OPEN COMPONENT MOTOR VALVE
THRUST LIMIT 8828 17755
CLOSE COMPONENT VALVE VALVE
| THRUST LIMIT 17459 17459

TORQUE LIMITS

CONTROL TOTAL
SWITCH TRIP
OPEN COMPONENT MOTOR ACTUATOR
TORQUE LIMIT 102.4 250
CLOSE COMPONENT | MOTOR ACTUATOR
| TORQUE LIMIT 128.1 250
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~ thrust and torque limits to determine a reading.

TORQUE AND THRUST LIMITS INCLUDING DIAGNOSTIC EQUIPMENT ERRORS

Errors are calculated using an itefative calculational process
and the square root of the sum of the squares methodology.

Errors for individual diagnostic_system'components are assumed to
be of the following form: :

Error (E) = A*R + C

>Where "E = component error
| A = some % of measured reading
R = measured reading
C = some % of instrument full scale reading

For these calculations an error is applied to the calculated
Therefore, an
iterative process is used to solve the equations for the reading
R. The results are as follows:

OPEN:

MINIMUM AVAILABLE THRUST - lbs | 4084

MAXIMUM CST THRUST - lbs 8252

MAXIMUM CST TORQUE - ft-1bs NA (Torque not measured at CsT)
MAXIMUM TOTAL THRUST - lbs 16709

MAXIMUM TOTAL TORQUE - ft-lbs | Na (Torque not measured at CsT)
CLOSE:

MINIMUM AVAILABLE THRUST - lbs | 9516

MAXIMUM CST THRUST - lbs | NA (torque used in Lieu of thrust)
MAXIMUM CST TORQUE - ft-lbs 115

MAXIMUM TOTAL THRUST - lbs 15678

MAXIMUM TOTAL TORQUE - ft-lbs 225
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OPEN LIMITS WITH TORQUE SWITCH BYPASSED

TORQUE AND THRUST WINDOWS

PARAMETER OPEN LIMIT BASES
MAX ALLOWABLE THRUST 6886 1b, WEDGE T HEAD THRUST LIMIT
MIN AVAIL THRUST 4236 1b, MIN REQUIRED THRUST
MAX ALLOWABLE TORQUE 92.9 ft-1b, MOTOR AT UV
OPEN LIMITS WITH TORQUE SWITCH TRIP
PARAMETER OPEN LIMIT BASES
MAX TOTAL THRUST 16709 1b, VALVE THRUST LIMIT
THRUST AT CST 8252 1b, MOTOR AT UV
'THRUST AT CST 4084 1b, MIN REQUIRED THRUST

CLOSE LIMITS

PARAMETER

CLOSE LIMIT BASES
MAX TOTAL THRUST 15678 1b, VALVE THRUST LIMIT
MIN AVAIL THRUST AT CST 9516 1lb, MIN REQUIRED THRUST
MAX TOTAL TORQUE 225 ft-1b, ACTUATOR TORQUE LIMIT
MAX TORQUE AT CST 115 ft-1b, MOTOR AT UV
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6. CONCLUSION
Opening Stroke

The torque switch is bypassed during the first 25% of the
opening stroke where torque and thrust are expected to be
greatest. The opening stroke test should demonstrate that
during pullout conditions the available thrust is more than
the minimum available thrust required but less than the -
applicable hardware thrust limit. The valve opening stroke
test should, therefore, assure that during pullout the
minimum available thrust is greater than 4236 lbs and that
the maximum thrust is less than 6886 lbs. Maximum torque
should not exceed 92.9 ft-1lbs. :

The torque switch should be set to trip at more than 4084
lbs less than 8252 1bs stem thrust. Total thrust should not
exceed 16709 lbs following torque switch trip.

Closing Stroke

There appears to be adequate margin to set up this valve for
the closing stroke. o
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LIST OF COMMITMENTS
Number .Commitment " Due Date
IPN-96-091-01 | The Authority will implement or otherwise address the Prior to

recommendations stated in the Pressure Locking /

startup from

Thermal Binding evaluation report (IP3-RPT-MULT-01763), | RO9.

included as Attachment Il to this letter.




