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LIM[TORQUE CORPORATION

GENERAL

LUBRICATION INSPECTION PROCEDURE 5 DATA

Proper lubrication is an absolute essential In achieving the design life of all types of power
transmission prodvcts and Limltorque valve controls are no exception.

The design of the actuator has been specially tailored to absolutely minimize the
maintenance and re-lubrication requirements; however, periodic inspection ls the only way
to guarantee trouble-free service.

Limitorque utilizes a totally sealed gear case factory-packed with grease. The gear case can
be mounted in any position (as all penetrations into it are sealed); however, those mounting
positions which would cause vulnerable areas of the operator (e.g., motor and limit switch
compartment) to be saturated with lubricant should a seal failure occur, should be avoided
if possible and are not recommended. Grease is used in normal service instead of oil to
minimize the impact of a seal failure (should one occur).

No seal can remain absolutely tight at all times; therefore, It is not unusual to find a very
small amount of weeping around shaft seals —especially during long periods of idleness
svch as storage. The use of grease minimizes this condition as much as possible. Should a
small amount of weeping be found in the limitswitch compartment on start-up, it should be
removed with a clean rag. Once the equipment has begun operating, this phenomenon
should disappear.

LUBRICATION INSPECTION

lt is recommended that all Limltorqve operators be inspected for proper lubrication prior to
operating —especially if they had been stored for a long period of time.

FREQUENCY

The freqvency of lubrication inspections should be based upon historical data on the in-
stalled equipment. Every operator application has Its own effect on lubricants and each
facilityshould pattern its inspections around its particular needs. The following schedule of
lubrication inspection should be followed until operating experience indicates otherwise.

Main Gear Case: Inspect lubrication on approximate intervals of l8 months or 500
cycles —whichever occurs first. Lubricate the Zerk fitting In the housing
cover at the same interval.

Geared Limit Switch: Inspect lubrication on approximate Intervals of 36 months or l000
cycles —whichever occurs first.

LC8
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The three primary considerations in a lubrication inspection are: (I) Quantity'; (2) Quality;
(3) Consistency.

Quantity - I lmltorque operators are built to operate on the partial immersion principle.
The primary concern in the amount of lubricant is whether the "worm" is totally im-
mersed In grease. This can be verified by the use of one or more of the many ".fill"and
"drain" plugs provided on the operator housing.

Quality - When removing a "fill"or "drain" plug to Inspect the lube level, remove a
small amount and insure that It is clean and free of any contaminant'including water.
Should dirt, water, or other foreign matter by found, the units should be flushed with a
commercial degreaser/cleaner like Exxon VARSOL ¹1 or ¹3 which is non-corrosive and
does not affect seal materiais such as Buna N or Vlton. Repack unit with fresh lubricant.

Consistency - The main gear box lubricant should be slightly fluid approximating a
standard NLGI-1 grade consistency or less. Thinners such as Amoco WAYTAC ¹31 oil
may be added provided the volume of thinner does not exceed 20% of the total lubricant.

The geared limit switch lube should be soft to the touch approximating an NLGI-2 consist-
ency or less.

Standard Lubricants
(-20'F to 150'F)

united Size Type Manufacturer Color Base

SMC44 5 03

SMB/SB/SBD
000,00

SMB/SB/SBD/WB
0to4

SMB/WB-5
"AIIHBC Sizes

Nebula EPO (Rev.1)

Nebula EPO (Rev.1)

Nebula EPO (Rev.1)

50 EP (XG42149)
Nebula EPO (Rev.1)

Exxon
Exxon

Exxon

sun oil co.
Exxon

Dark Tan

Dark Tan

Calcium Complex
Calcium Complex

Black
Dark Tan

Uthlum Lead

Calcium Complex

Dark Tan Calcium Complex

Temperature rating based on continuous ambient vs. the time Interval for Inspection.
"For nuclear contaInment safety related active units, Nebula EPOls used.

SMB/SB/SBD400 II. 00 lube was changed from Sun 50 EP (X~2149) to Nebula EPO on all unit
serial numbers 295810 and higher.
SMB/SB/SBD/WB 0 through 4 lube was changed from Nebula EPI to Nebula EPO on all serial
numbers 302262 and higher.
All HBC sizes lube was changed from Nebula EPI to Nebula EPO on all serial numbers 302252 and
higher.

GEARED LIMITSWITCH:

Humble Oll Company - Beacon 325 —Light Gray - acceptable substitute Mobil 28.

MOTOR
BEARINGS'otors

furnished with Limltorque valve controls are lubricated for life.

LUBRICANTSUBSTITUTES:

Typical commerlcially available lubricants other than those used by Limltorque for which
manufacturers data indicates compatablllty with Llmitorque operators are shown below
with the temperature range recommended by the manufacturer.
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Manufacturer

Exxon
Arco
Gulf Oil
Cities Service
Mobil Oil Co.
Shell Oil

Fiske
Texaco

Tidewater Oil

Type

"Humble P290
Lltholine HEP1
Gulfcrown EPO
City AP
Mobliux EPO
Darina 0

Lubrlplate Low Temp.
Marfak 0
Low Temp. EP
Veedol Alltho 10

Temperature Range

40oF to 120oF
-10oF to 220oF

20oF to 220oF
— O'F to 220oF- 10'F to 220oF
—10oF to 250oF

-40'F to 150'F
+20oF to 200'F
-40oF to 200oF

10oF to 150oF

Base

Lithium Line
Lithium
Lithium
Lithium
Lithium 12
Hydroxystearate

No Soap
Lithium
Sodium
Lithium
Lithium" Tested and used by Llmltorque for applications at low temperatures (-50oF to -70oF).

Consult Llmltorque if the temperature range is beyond the limitations shown above,

The standard lubricants used by Limltorque have been proven extremely reliable over many
years of service. There are, however, many other lubricants available which may be used in
place of the standard.

Do not add a different lubricant to a Limitorque operator unless itis of the same soap base
as the existing lubricant unless you have received the approval of the lubricant manufac-
turer.

The minimum lubricant qualities required by Limltorque are:

l. Should contain an "EP" additive.
2. Must be suitable for the temperature range intended.
3. Must be water and heat resistant and non-separating.
4. Must not create more than 8% swell in Buna N or Viton.
5, Must not contain any grit, abrasive, or fillers.
6. Must slump —prefer NLGI grade 0 to 1.
7. Must not be corrosive to steel gears, ball or roller bearings.
8. Dropping point must be above 3I6'F for temperature ranges of -20'F to l50'F.

8/15/76
Rev. 1 ~ 12/21/76
Re v. 2 ~ 9/1/78
Rev. 3 - 6/12/79
Rev. 4 ~ 10/16/79
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LUBRICANTREQUIREMENTS

Amount of Lubricant
Approx. Volume Approx. %eight

Gallons Pounds

SMC04
SM B/SB400
SMB/SB/SBD40
SM B/SB/SBD/WB4
SM B/SB/SBD/WB-1
SM8/SB/SBD/WB-2
SM B/SB/SBD/WB-3
SM B/SB/SBD/WBA
SMB/WBAT
SM B/WB-5T

.15

.50

.50
1.00
1.50'.75

5.50
8.50
8.00

7.50'.0
3.5
4.0
9.5

15.0
14.5
50.0

'5.0

71.0

65.0'Add

1 gallon/7 lbs. for thrust bearing assembly in SMB5 thrust-type unit.

HOBC
H1BC
H2BC
H3BC
H4BC
H5BC
H6BC
H7BC
H10BC

.20

.35

.50
1.40
3.50
5.20
9.25

14.50
26.00

1.5
3.0
4.0

12.0
30.0
45.0
80.0

125.0
225.0
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LIMITOR UE MAINTENANCE PROCEDURE

MAJOR MAINTENANCE:

The need for major maintenance on Limitorque equipment occurs when some
operational deficiency is evident. Care should be taken to evaluate the
deficiency in order to determine the extent to which the major maintenance
should proceed. Major maintenance should always include the routine
maintenance requirements but in addition should proceed as follows:

l. *Disassembly of deficient portion of equipment.

2. Replacement of any damaged or excessively worn component
with new factory par ts. It is reconmended that worm and
worm gears be replaced as a set to ensure the greatest
benefit from the replacement.

3. Replacement of lubricant if main gear box was involved
in the major maintenance.

4. Replacement of all tom gaskets and seals.
'.

Inspect stem and stem nut thread carefully for wear
and/or damage.

6. Check operability of all electrical control components
before reinstallation.

*Complete disassembly and reassembly instructions are available fot
all equipment.

CF
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LIMITOROVE MAINTENANCE PROCEDURE

ROUTINE MAINTENANCE:

A schedule should be made to periodically inspect all Limitorque equipment.
The time interval of this inspection should depend upon the frequency of
operation and the ambient enviroanental conditions in which the equipment
is stored or installed. A minimum inspection period of eighteen months
should be used as a base until experience indicates otherwise. This routine
maintenance should include-

1. Remove limit switch compartment and/or control cabinet cover. Should
moisture be evident, dry the compartment and components.

2. Inspect and clean all electrical controls and contacts in the limit
switch compartment and/or control cabinet. This cleaning should consist
of wiping clean of all electrical contacts with electrical type solvent
cleaner similar to CRC Lectra Clean and removal of foreign residue.

3. Check all terminal connections for tightness.

4. Clean gasketed surfaces on limit switch compartment and/or control
-cabinet cover. Replace all damaged gaskets or seals for weatherproof
or submersible units. Wipe a coating (approximately 2 mils') of
lightweight bearing grease on surfaces of explosion-proof cover flanges
for protection.

5. Inspect lubricant per Lubrication Procedure. Yisually check shaft
penetrations for indications of seal leakage. If abnormal leakage is
found, the seal should be replaced. (Slight oil weepage is not cause
fot seal replacement.) SEE MAJOR MAINTENANCE.

6. Megger the motor. (One MEG-OHM or better is considered normal.)

7.. Clean and lubricate the. valve stem (obtain valve manufacturer's
recommendation fot lubricant) for rising stem applications.

CF
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BÃR ualifications

1.0 Introduction

A typical Limitorque Valve Actuator, SMB-0 with a 25 ft lb
motor was submitted for generic qualification to the type-test
specified by ZEEE Standard 382-72 for service in a Boiling
Water Reactor (BWR) containment, chamber in nuclear power

station application. The operator is considered acceptable

on provision it proves capable of satisfactorily operating against

a load simulating a normal valve operating load in both opening

and closing directions within a 30-day period following the

start of environmental exposure.

2.0 Identification of Sample Valve Actuator

TEST UNIT

A Limitorque SMB-0 Valve Actuator with a 25 ft lb nuclear

containment motor (RH insulation) was constructed per standard

nuclear bills of material and standard nuclear motor

specifications. The following information was taken from the

equipment nameplates.

Valve Actuator

/ Spe/S 1 ze ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ SMB 0

Manufacturer........................ Limitorque Corporation

Order Number........................360943A
Serial Number............;..........144068





Electric Motor Information

Size..................................25 ft lb stall
5 ft lb run

Manufacturer..........................Reliance Electric Co.

Identification Number.................601962-P
peed.................................1700 RPMS

Voltage.........,.....................230/460
Frequency.............................60 Hz

uty..................................15 minuteD

Insulation Class ..................... RH

e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ PTyp
I

2.1 The SMB-0-25 Valve Actuator S/N 144068 had originally been

subjected to a short term environmental test with motor

identification number 601960P. At the conclusion of the test,
the valve actuator was refitted with motor identification
number 60192-P which had also been subjected to gamma radiation
of 204 megarads and to seismic test (Ogden Technology

Laboratories, Inc. Report 7192-9) .

3.0 e-Test Procedure and Results

The type-test plan as described in IEEE Standard 382-72,

paragraph 4, consists of three basic parts.
l. Aging Simulation

2. Seismic Qualification
3. Accident Environmental Simulation





3. 1 Aging Simulation

3. l. 1 Thermal A in
Thermal aging was performed on the motor statozs by the
motor manufacturer (Reliance Electric Co.) .

The motor stator was heat-aged for 100 hours at 180 C.

Refer to Appendix C for Certificate of Compliance

confirming this aging simulation. Regarding the nuclear
valve actuator switches and seals, the aging temperature

would not exceed 200 F for 200 hours. The switch and

seal materials are rated by the manufacturers for use at
300 F and 450 F respectively. Since Limitorque Corpo ation
has successfully used valve actuators with these materials
at continuous temperatures of 300 F, heat-aging these0

components at lower temperatures was not considered

necessary.

3.1.2 Mechanical A in
Mechanical aging was perfozmed on the test unit by

Limitorque Test Laboratory starting 3/13/72 and completing
on 3/27/72. The SMB-0-25 Limitorque valve actuator was

installed on a test stand with an Acme stem thrusting
against a load cell to simulate seating thrust. After
calibrating the torque switch to obtain an average thrust
of 20,740 lbs (average of ten readings obtained at a

torque switch setting of 1-7/8). The unit remained on the
test stand and was cycled at room ambient conditions for
a total'f 500 cycles, each consisting of one opening

and one closing stroke.
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3. 1. 2 Mechanical A in (continued)

At the conclusion of the mechanical aging, the thrust
was checked showing an average thrust of 21,058 lbs in
a total of ten readings.

3.1.3 Radiation A in

The test unit was exposed to a cobalt 60 gamma field of
one megarad/hour at an air equivalent dosage for a period
of four hours by Radiation International, Inc. and then

shipped to the test lab for seismic qualification.

After seismic testing, the unit was additionally exposed

to the one megarad/hour gamma field for an additional
200 hours.

A copy of Rad'ation International, Inc. certification of
this radiation exposure is included in Appendix D.

3.2 Seismic Qualification

The seismic qualification was performed April 26, 1972 by Ogden

Technology Laboratories, Inc. on an Electro»Hydraulic Vibration
machine. The test unit with motor was scanned in each of the

three major axes over a frequency range of 1 to 35 Hz with a

maximum acceleration of 1.0g's to search for resonance.. Since no

resonance was found, the test sample. was then vibrated for a

period of ten seconds at each even integer of frequency

from 4 to 34 Hz in each axis at an excitation of 3 g's. The unit
was operated during each dwell through one cycle from open limit
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to torque switch seated position and back to original point.
The test sample was then vibrated for a minimum of ten seconds

at 35 Hz in each axis at an excitation level of 5 g's with the
unit being operated as indicated above.

A report on the seismic qualification was prepared by Ogden

Technology Laboratories, Inc. (Report No. 7192-9), a copy being
included in Appendix E.

3.3 Accident Simulation

The test was performed at the Franklin Institute Research

Laboratory Environmental Facility starting July 31, 1972 and

ending August 30, 1972. With the exception of using two

temperature transients and limiting the test to thirty days

per the combined test profile, the valve actuator was exposed

to the profiles indicated on Table,2, page 12 of IEEE382-72.

Due to limitations in the environmental chamber used, the time

required to cool the chamber far exceeds that suggested by the
combined profile. The temperature transients, however, closely
approximated that stipulated by table 2 of IEEE382-72. Since

the cooling rate between transients is not specified in table 2,
and furthermore, since the second transient is intended to
approach a conservative position for further assurance of actuator
performance during the LOCA, the cooling rate is not part of the
environmental test and is of no consequence.

The Franklin Institute Research Laboratories Test Report F-C3441

attached describes the test detail.
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PROPRIETARY INFORMATION

Final Report
F-C3441

Report

QUALIFICATION TEST OF LIMITQRQUE VALVE

OPERATORS IN A SIMULATED REACTOR

CONTAINMENT POST-ACCIDENT STEAM ENVIRONMENT

September 1972

Prepared for
Limitorque Corporation

(Affiliated with Philadelphia Gear Corporation)
Ying of Prussia, Pennsylvania

Under Limitorque Shop Order No. 600376-A

PROPRIETARY INFORMATION
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F-C3441

l. INTRODUCTION

Two Limitorque SMB-0-25 valve operators were sub5ected to a quali-
fication test to determine their acceptability for service in a nuclear

power plant. The test consisted of a 30-day exposure to a steam environ-

ment at temperatures going as high as 340'F during the first day. The

performance of the valve operators was monitored by periodic cycling
(under simulated valve-seating load) and measurement of insulation re-
sistance on all power and control leads. The test was started on July

31, 1972, and ran through August 30, 1972.

TIIITHE TIIANEIIN INSIIIVIE IIESEARCH IABORATOISES
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F-C3441

2. IDENTIFICATION OF VALVE OPERATORS

The valve operators were identified by the following information on

the name plates.

UNIT NO. 1

LIMITORQUE VALVE OPERATOR

TYPE: SMB

SIZE: 0

ORDER: 360943A

SERIAL: 144068

UNIT NO. 2

LIMITORQUE VALVE OPERATOR

TYPE: SMB

SIZE: 0

ORDER: 355696A

SERIAL: 135809A

START:

RUN:

25 lb-ft
5 Ib"-ft

TYPE:

FRAME:

PHASE:

RPM:

HZ:

VOLTS:

AMP:

RISE AT RUN

DUTY:

INSULATION:

R56

3

i700

6O

230/460

S.o/4.o
TORQUE: 75 C

15 min

C lass HR

MOTOR

MANUFACTURER: Re I i ance E I ect r i c Co.

IDENTIFICATION NO: 601962-P

MOTOR

IDENTIFICATION:

START:

RUN:

TYPE:

FRAME:

PHASE:

RPM:

HZ:

VOLTS:

AMPS:

AMBIENT:

INSULATION:

DUTY:

463489-DX

25 lb-ft
5 lb-ft
P

R56

3

1700

6O

230"460

S.o/4.o
75'C

Class HR

15 min

2-1
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F-C3441

The valve operator on Unit No. 1 had previously been exposed by PERL

to gamma radiation (200 megarads) and a steam/chemical environment (for
twelve days), and had been refitted by Limitorque with a motor which had

been sub)ected to a gamma radiation dose of 200 megarads (by FIRL) and a

seismic test (by Limitorque). The valve operator had also been sub-

)ected to a seismic test by Limitorque. The prior tests conducted

by PIRL are documented in Final Report P-C3327.* Unit No. 2 had not
been subjected to any prior testing.

During the installation of the units in the test chamber, the melamine

switch base of Unit No. 1 was accidentally broken. Et was replaced by a

new base which was first exposed to 200 megarads of gamma radiation,
the same radiation exposure which Unit 1 had received.

*QuaLification Test of Eimitorque VaLve Operator, Motor Brake, and Other
Units in a SimuLated Reactor Containment Post-Accident Environment,
Final Report F-C3327, Franklin Institute Research Laboratories, July 1972.

2-2
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F-C3441

3. STEAM ENVIRONMENT TEST

3.1 Test Arrangement

The test was conducted in PIRL's Qualification Test facilities,
shown in Pigure 1. Unit No. 1 was mounted in the rear, and Unit No. 2

in the front, of the test chamber. Control and power lead connections
vere made by running teflon insulated wires through sealed (Conax) fittings
on the switch compartments of the units and the test chamber wall. A

control panel provided vith switches and position indicating lights (wired
to the geared limit svitches) vas used to cycle the units during the test.
Provision was made for measuring the pressure and temperature inside the
test chamber and in the switch compartments of the tvo units as veil as

the temperature inside the motor housing of Unit No. 1 and in the s earn

condensate that collected in the bottom of the test chamber (below the
drain level). Instrumentation was provided for measuring electrical
parameters when the valve operators vere cycled.

To subject the valve operators to a load during cycling', each of
them was fitted with a closed-end thrust tube over the screv. At the
end of each close stroke, seating of the screw against the closed end

of the tube simulated the mechanical loading of valve seating.

3.2 Test Procedure

The valve operators vere exposed to steam in accordance with the
pressure/temperature profile recommended in the proposed IEEE guide for
type tests of Class I electric valve operators.~ This profile is illus-

*Proposed Guide for 2'ype Test of C7ass ~'lectric Valve Operators for
NucEear Paver Generating Stations, Draft 13, IEEE Project No. 382B
JCNPS/SC2.3, June 1972.

TIIITHE FESNEUN INSTTTNTE SESESEOE LSBOBSTOIUES
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F-C3441

trated in Figure 2, which also shows the schedule for cycling the valve

operators and measuring the insulation resistance of the power and control

leads. During the first four days of the test, the specified temperatures

and pressures were maintained by the controlled injection of steam into
the test chamber. To achieve the specified temperature drops, the natural
cooling of the test chamber (after the steam pressure and flow z'ate were

decreased) was enhanced by blowing air over the exterior of the chamber

and circulating water through a coil inside the chamber. During

the remainder of the test, the 200'F/10-psig state was maintained by filling
the test chamber with air and using external electrical heaters. The

atmosphere within the chamber was kept saturated with water vapor by

daily injections of steam and by maintaining the steam condensate in the

bottom of the chamber at a temperature equal to, or slightly greater than

that of the air/vapor mixture.

3.3 Test Results

3.3.1 Pressure/Temperature Profile

Copies of the data log sheets are given in Appendix A.

The actual pressure/temperature profile achieved during the critical first
four days is illustrated in Figure 3. During the last twenty»six days

of the test, the temperature was maintained within approximately 5X of
the specified 200'F. The main difference between the specified and

actual temperature profiles is that more than the specified time was

required to cool the test chamber niter the first dwell at 340'F. (As

a consequence of there being two valve operators within the test chamber,

the amount of heat that had to be dissipated in two hours exceeded our

cooling capacity.) Another difference is that the pressure rises to 105

psig required 19 seconds and 23 seconds at the beginning of the first
and second pressure transients, respectively, instead of the specified

3-3
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340 340 F/105pslg

V cycle valve operators- record stroke tITI;e
and electri'al and environmental parameters.

Heasure insulation resistance of power and
control leads.

320 320 F/75psig

0

uj 250
K

~ 200 200'F/IO psig

~250 F/15psig

140

96 HR

6HR~
IO 3 5 8 II

SEC HR HR HR HR

5HR-IOSEC

4 DAYS
+5 HRS

TIME~ 30
DAYS

F)gure 2. Spec) f)ed Steam Exposure Prof)le





400

3LO F/l05 PSIC (t J f<t2 PSIC) 3IO F/105 PSIC (1 f f/:f PSIC)

V VALVE OPERATORS CYCLEO

~ INSULATION RESISTANCES
MEASURED

320 F/77 PSIC (tO F/sO PSIC)

SOO

us

I

I

200

3 Hour Drop to
I62 F/0 PSIC

23 Sec. bise to 336 F/IOO )SIC.
Tenperature Inc. to 3LO F
In Less Than h Hlnutes,

I Hour Drop to
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Figure 3. Actual Steam Exposure Profile





TABLE 2(b}

IIISULATIOH RESISTANCE OF PO>IER AND COIITROL LEADS - UNIT N0.2

All Resistances are in)legohms Except '1)here a K Indicates Kilo-ohms

Time After
Start of

Test (hr) 2T- I

Stator Winding
I.eads

2T-3 2CL) 241 245 251 255 261

~catret Circuit Leads

270 271

-238.9*
" 65.9)'t

0. 66"<

500 500 500 20Q 200 20Q 200 200 200 200 200

0.08

I.97
I I. 3

95. 8

99.3

99-9

101.9

167.1

191.0

90K

0.13

0.16

I.OK

B.OK

25K

90

90

BQK

0.13

0.15

1.5K

B.OK

25K

90

90

BOK 60K 60K

0. 14 39K 40K

0. 14 0. 50 0. 5Q

I . 5K ) .OK I .OK

B.OK ).OK I.OK

25K 40K 40K

90 >100 >)00

90 >100 >100

60K 60K .

43K 0.24

0. 5Q 1.9

).OK IL.OK

).OK 4.0K

40K 90K

>100 >100

>100

60K

43K

0.50

I.OK

I.QK

40K

>100

>100

60K

48K

0.50

5.0K

5.0K

40K

>100

> 100

60K

48K

0. 51

5.0K

6.0K

50K

>100

>100

60K

46K

0.5I
1.0K

2.0K

50K

>100

>100

359.8

575.2

724.7

726.5

&.5

7.0

6.5

8.5

7.0

6.5

8.5

7.0

6.5

50 50

40 40

25 25

50

40

25

IOO

. 90

80.

50

40

25

50

40

25

50

40

25

50

40

25

*Checkout readings taken before start of test.
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3.3.5 Final Inspections

A visual inspection of the valve operators and test chamber was

conducted at the conclusion of the test. Photographs of the units at
this point are shown in Figures 4, 5 and 6. En Figure 4, the grease

marks inside the test chamber, at the left, clearly show that the con-

densate level rose well above the top of the valve operators during the

flooding discussed in Section 3.3.2 This means that the motors were

completely submerged during the flooding.

The paint had deteriorated over the entire exterior of the units,
particularly on Unit No. 1 (which had gone through a steam/chemical ex-

posure prior to the steam exposure reported herein); and corrosion and

pittipg of the metal surfaces had begun. No damage was apparent inside
the switch compartments. On Unit No. 2, a white powdery material that
seemed to be a foreign substance covered part of the melamine plate in
the limit switch. The lower portions of both switch compartmen's were

covered with a thin layer of grease that had become partially baked and

was flaking in some areas. The interior of each switch compartment

cover exhibited what seemed to be a water line about 3 to 4 inches from

the top; evidently, air trapped inside the covers prevented the water
from completely filling the compartments during flooding. However, the

height of the water line was such as to indicate that all but the upper-
most parts of the switch mechanism had been under water.

After the valve operators were returned to Limitorque, they were

disassembled for more detailed inspection. An FERL engineer viewed the-
disassembly of Unit No. 1 and participated in inspecting it as well as

No. 2.

On Unit No. 1, the gasket between the motor casing and valve-
operator housing was in good condition. There was grease mixed with
water on the pinion; there also was moisture on the inside of the motor
end-caps, mixed with grease at the front end. However, the shaft and

bearings turned freely, and lubrication seemed to be unimpaired. The
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10 seconds. However, the temperature rose to about 330'P within 15 seconds

at the start of the first transient and in 10 seconds at the start of the

second transient. This was observed by viewing a thermometer at the top

of the test chamber; The further rise to 340'F occurred more gradually.

3.3.2 Flooding of Test Chamber

During the fifth day of the test, when the conditions were being

changed from 250 F/15 psig to 200'F/10 psig, it was discovered that the

test chamber had become flooded with steam condensate. Investigation
revealed that the condensate trap had become clogged with grease that had

evidently come out of the pressure relief valve of the valve operators.

Judging by the amount of water which was removed from the chamber

(about 225 gal) it was clear that the valve operators had been completely
submerged by the condensate. This was confirmed at the conclusion of
the test when the water line left inside the test chamber was Sound to
be higher than the top of the valve operators under test. To help clear
the interior of the valve operators of water wkLch. had entered tham as

a result of the flooding, air and nitrogen were flushed through the

operator switch compartments (by use of the lines running between them ~

and pressure gages outside the test chamber). Aside from this corrective
action, the test was carried on without interruption; the test chamber

'as

not opened at any time. The units performed normally when cycled
after the period of flooding.

3.3.3 Operator Cyc1ing Data

The electrical parameters (current, potential, and power) and the

stroke times are listed in Tables 1(a) and 1(b) for Units 1 and 2,'es-
pectively.

The operators functioned normally throughout the test, with the

following exception. Beginning with the third cycle, Unit 2 began to

require two pushes of the start button to initiate the open cycle, after

3-6
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Table l(a) VALVE ACTUATOR CYCLING DATA —UIIIT HO. l

Cycle
Ho.

Time
After
Start'f

Tes t
(hr)

4
b

(v)

Potentl a I

ac
(v)

4b

(v)

DPEH

a

(A)

Cb

(A)
c

(A)

Running Current

Power
Stroke

Time
(sec) (A)

Ob

(A) (A)

Running Current

CLOSE

Peak
Current Power

f
c

(A)
Running

(w)
Peak
(M)

Stroke
Time
(sec)

-o.58

0.27

2.0

6.1

8.1

11.6

7 101.9

8 167.6

9 191.3

10 360.0

11 575.6

Iz 7z4. 8

13 726.7

475 475 475

475 l75 475

475 475
I

475: 475

475

475

484 484 484

478 478 478

478 476 477

481 481 481

48o 48o 48o

478 478 478

478 478 478

48o 479 48o

480 480 480 3.6

3.5

3.4

3-5

3.6

1.6

3.5

3.5

3 ~ 5

3.5

3.5

3.5

3.6

3.5 3-7

3. 3 3.6

3.3 3.6

3.3 3.6

3. 3 3.5

3.3 3,6

3. 3 3.6

3.3 3.6

3. 3 3.6

3. 3 3.6

3 ' 3.5

3.4 3.5

3.5 3.6

250 74.0 3 7

250 74.0 3.6

250 74.2 3.6

250 74.0 3.6

250 74.0 3.6

250 74.0 3.6

250 74 0 3.6

250 74.0 3.6

250 74.0 3.6

250 74.0 3.5

250 74.0 3.6

250 74.0 3.6

250 74.0 3.7

3.5 3.4

3.4

3.4

3.5 3.4

3.6 3.5

3.6 3.5

3.4 3.3

3.4 3.3

3.5 3.4

3.4 3.3

3.4 3.3

3.4

3 4 3.3

3.6

3.6

3.8

4.o

4.0

4.o

3.8

3.8

4.o

3.8

3.9

3.8

3.8

250

250

250

250

250

250

250

250

250

250

250

250

250

2000

1000

1000

1000

1000

1000

1000

500

750

1250

1250

1250

1250

74.0

75.0

74.5

74.5

74.5

75.0

75.0

75.0

75.0

75.0

75.0

75.0

75.0

*Checkout cycle run beFore start of test.





Table l(b) VAlVE ACTUATOR CYCLIIIG DATA —UtiIT NO. 2

Cycle
iio.

Time
AFter
Start
of

Test
(hr)

'ab
(v)

Potential

ac
(v)

bc
(v)

OPEN

a

(A)

4'b c
(A) (A)

Running Current

Po4ver
(w)

Stroke
Time

(sec)
a

(n)
vb

(A)
c

(A)

Running Current

CLOSE

Peak
Current

c
(A)

Po48er

Running
(w)

Peak
(w),

Stroke
Time

(sec)

-0 ~ 35

0.35

2.2

6.3

475

475 475 , 475

3.2

3.3

3 3

3.4

475 475 475 3-3 3.5

480 4&0 480 3.2 3.4

3.5

3.5

250

250

3 5 250

3.5 250

75.5

76.o

79.5

3.4 3.6

3.3 3 '

3 ' 3.5

3.4 3.5

3 3

3.3

3.2

3.4

3.8

3.5

3 7

3.9

250

250

250

250

1500

125o

76.o

76.5

1000 76 '

1250 77.0

8.2

11.7

101.0

167.8

191.2

475 475

4&4 484

473 473

475 475

481 481

475 3.4 3.5

484 3.4 3.5

473 3.2 3.4

475 3.2 3.4

481 3.3 3.5

3.6 250

3.4 250

3.4 250

3.6 250

3. 6 250 76.5

77.0

76.5

75. 5

75. 5

3.5 3.6

3.5 3.7

3.4 3.6

3.5

3.4 3.6

3.4

3.4

3 3

3.2

3.3

3.8

3.9

3.8

3.6

3.9

- 250

250

250

250

250

750

1000

76.5

76.5

1000 77.0

1250 77.0,

76.0

,lo 36o.2 479 479 479 3.2 3.4 3.5 250 76.5 3-4 3.5 3.3 3.9 250 1250 76.5

575.5 478 478 478 3.2 3.4 3.4 250 76.0 3.3 3.5 F 2 3.8 250 1500 77 '

13

724.9

726.6

478

48o

478, 478

48I 488

3 ~ 3 3.4

3.3 3.4

3.4 250

3.5 250

76.o

76.o

3.4
)

3.6 . 3.2

3.4 3.6 3.2

3.7

3.8

250

250

1250

1250

77. o

76.o

eCheckout cycle run before start of test.
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vhich the cycle was executed normally. An analysis of this effect and
checks made after the valve operator was disassembled led to the follow-
ing explanation.

At the start of the open cycle, the bypass functions to prevent the

opening of the torque switch by the torque spring, vhich is released and

bounces back vhen the open pushbutton is actuated. Evidently, although it
functioned satisfactorily at room temperature, the bypass was not remain-

ing active long enough to fulfillits function after the valve operator
was heated to 340'F. This may have been due to a change in bypass setting
resulting f om 'the fact that the grease lubricating the spring became

Lf.ghter when heated, and had less dampening effect on the spring bounce

than it did at room temperature. Thus, it appears that two pushes of the

start button were needed because of an improper initial setting of the gear
limit bypass. It must be emphasized that, aside from the need for a

second push of the start button, the open cycle vas alvays executed normally.

3.3.4 Insulation Resistance measurements

The measurements of insulation resistance made periodically on the

power and control leads are listed for the two units in Tables 2(a) and

2(b). These measurements were made between each lead and ground (the
test chamber), at 500 Vdc. The low values obtained on some of the
control leads of Unit No. 1 during the first set of measurements (see

first row of Table 2(a) were believed to be caused by chemical deposits
left on the switch components by prior testing. In the process of

cleaning and reconnecting the affected parts, a switch plate was acci-
dentally broken; and, as mentioned in Section 2, the new part with which

it was replaced was first exposed to the same dose of nuclear radiation
that Unit No. 1 had received in prior testing.

During the time that the units were flooded with steam condensate.

(see Section 3.3.2), the insulation resistances decreased significantly
on both units; however, there was a recovery to high resistance values
when the flooding vas corrected.

3-9
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Figure 4. View Inside Test Chamber at Conclusion of Test
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Figure 5. Closeup View Inside Test Chamber at Conclusion of Test
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Figure 6. Overall View of Valve Operators After Removal From Test Chamber

Unit No. 1 is at Right, Unit Ho. 2 is at Left.
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drive gear was removed and found to be covered with grease, with no evi-

dence of water. Water was found in the thrust tube at the valve end of

the stem, but there was no corrosion. The grease at this location ap-

peared to have broken down, possibly as a result of hydrolization or the

exposure to nuclear radiation, but it appeared to have maintained lubri-
cation of the stem. The tapered bearing on the drive sleev'e was still
well lubricated and there was no sign of wear. No moisture was evident

on this bearing.

Unit No. 2 had much the same appearance as Unit No. 1, except that

there was less evidence that there had been any breakdown of the grease

in the thrust tube, possibly because Unit No. 2 had not been exposed to

nuclear radiation.

While the observed partial breakdown of grease in the thrust tube

is mentioned for completeness, this part of the unit was an attachment

to permit simulation of the valve-seating load. Tn an actual installa-
tion, the external part of the stem (within the thrust tube in our set-

up) might not be lubricated at all.

3-16
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4. CONCLUSION

Two Limitorque SMB-0«25 valve operators were subjected to a Qualifica-
tion Test consisting of a 30-day exposure to a steam environment, including
two temperature cycles going to 340 P during the first day. Unit No. 1 had

previously been exposed to nuclear radiation, a seismic test and a steam/
chemical environment, as described in a separate report.* Both units
were cycled periodically with a simulated valve-seating load during the
test.

The pressure/temperature profile closely followed that recommended

by a cognizant IEEE committee. The units were sub)ected to severe
flooding with steam condensate during the first few days of the test;
this happened because the condensate trap on the test chamber be:arne

clogged with grease that came out of the pressure relief valves of the
valve actuators.

The units performed satisfactorily throughout the test in spite of
the flooding. Inspection of the units following the test revealed that
all parts were in satisfactory condition. It was evident that lubrication
had been maintained in spite of the loss of grease. Although water had

entered in some places, none of the internal parts were corroded.

*See footnote page 2-2.
IISee 'footnote page 3-1
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5. CERTIFICATION

e undersigned certify that this report constitutes a true
account, of the tests that vere conducted and the results obtained.

PJ,,
S. P. Cazfa o
Principal Scientist

N ~ 4

Nissen M. Burstein
Sr. Research Engineer

II

APPROVED BY:

L. E. Witcher
Test Engineer

W. H. Steigelmann, Manager
Energy Systems Laboratory
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4. 0 Conclusion

Since no detrimental effects during the unit aging were

discernible, the unit is considered qualified for a 40-year

life as outlined in the aging criteria. Furthermore, the

unit operated satisfactorily throughout the environmental

LOCA test as previously described and it is therefore
concluded this test generically qualifies Limitorque Valve

Actuators for use in a BHR containment chamber as depicted

in EEEE382-72.
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0 —- Pa e

Ltht~RttllE

TEHPERATURE of PRESSURE PSIC

DATE

CLOCK
TIME

2400 br.

COUHTER

TIHE
C ~

CH SER

TCII new.

COHO

ENSAT
TC I2

Il
TC IS

I2
TC I7

SQITCII COHP ~

Ii
TC I6

I 2
OMIT

LIHITOR(PE
MOTOR CIIAM. SMITCII COMP

CACK ChC8

~31)72 0916
09 30

0000. 0 l2
134 146

I7
149 153

omit

0938
0939

RISE T 05 PSI
336 7

19 ssconds
314 289 302 110 110 7100

0942
0946
0951

0.1
0.2

44 41
344 342
34 43

263
260
256

308
31$
324

313
320
330

314
329

110 >g

10 7 0 > 0
0957
1005
1017
102$

0.3 3 $ 343
0.4 34S 343
0.6 344 342
0.75 344 342

246
250
246
245

333
337
338
339

337
340
340
340

331
335

33$

109
109 7
105 0
105

t~

lr

1046
110$
1118
1147
1200
1215

1.4
1.6
2.1
2 '5
2.6

34 341
343 341
343 340

43 341
343 341
343 341

237
241 .
237
246
2$ 0
253

339
340
340
341
340
341

341
341

341
342
342

337

339
343
340
341

10$

10
105
103
10

1230 2 85 343 341 258 341 342 341 104
1248 3.15 338 33& 265 339 3 0 318 96 96 99

Cdv 1258 3.30 332 330 269 336 336 336 88 87 90
1326
1348
1537

3.7
4.1

308 293
26 265
164

2 5
210

87

327
31$
217

328

200

328
316
216

5 4
0 0 0
0 0 0
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}/C~l - - P e

~LlllllOR M

TEHPERATURK of
LLHLTORQUK

PRESSURE PS10

OPERATOR DATE

CLOCK
TLHE

2400 hr.

COUNTER

TLHE
hr.

cll 8
TC/1

COHO

ENSAT
TC /2

/1
TC /

/2
TC /1

SMLTCll COHP

/1
TC /6

/2
CHIT

CNAH. SMLTCII COHP

CACK CAGE
1 2

RKHARKS

8/10/72 1720
8 ll 12 0848

1734

247. 7
263.2
271.9

188
187
191

211 191
209 190
209

187 193
186 193
190 197

189
189
192 10

2138
10528 13 72

8/14 12 0841

216.0 192
313.2 187
335.0 181

212 194
212 191
211 191

190 191
186 193
186 193

193
189
189

10
10
10

20L2 346.$ 193 2.2 196 191 199 19$ 10

JEY
CJV

8 ls 11 Oas0
8 16/12 0830
8 17 12 0838

359.3
382.8
401.0

192
190
188

211
211

194
192

214 194 190 '198
190 197

194187

194
193
'L90

10
10
10

c}}ndeneete
812:12p

8 ~LS 12 0836
1728

431.0 190
191439.8

211
211

193 189
189

197
196

192
192

10
10

8 19 72 2345
+821 72 0847

1707
8 22/72 0836

II igg

470.1
503. 1

511. 5
527.0
5 6.1

193
190
192
188
189

210
216

193
195

217 1 4

212 187

213 196 190 198
189
191

19$
198

189 197
lS4185

194
192

192
187

10
LO

10
10
10

n 8 23 12 1759 560. 189 21 193 188 195 191 10

JEY
8 24 72 083$
8 2$ 72 0930

57 .9
99.8

188
190

211
211

1S9
not le

188 189
Lbln on chart

188 10
10

JEY

1737
141$826 2

82712 1317
8 28 72 0836

608.0
628.6
6 1.6
670.9

194

195
212 1 8
210 1 5

204209

210 196 19$ 197 . 19&
203 203 102
193 1 5 19$
204 204 203

10

10
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LOC QIEEf -— ~

OPERATOR DATE

CLOCK

TIHE
2400 hr.

COUHTER
TIME
hr.

CH

IIlERH.

~LINilOR UE

GOHD-

EHSAT
TC I2

1

SNITCH COMP

ff
TC f5

2
TC I

ERATURE o f

Ii
TC t6

2
CHIT

LIHITORQUE
OR

PRESSDRE PSIC

CHAH. SNITCH COHP
CAGE CACE

03V 8~28 72
87297 h

680.4 2001803
i85 ~)%~ 91

212Ij
I

201
97

19

190 196 194 10

0 3 7717
25.

12
2 9

202
203

02 203 99

shutting sir off,
htrs.off,pur.off,
6 renovfng con-
densate uhfle
reducing press.
to 0 psig.

CFV 8/30/72 1504

1530

Cover resoved to autoclave
Picture taken
Suftch coop. cover resoved to neu operator - a very strong noxious odor vaa evfdent
fassedfstely.
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APPENDIX B

LIST OF INSTRUMENTS USED IN OBTAINING TEST DATA

1. Honeywell-Brown Electronik 2-pen recorder, Model No. Y153X(22)-VV-
X-IV-K-(G)(V), Ranges: 0 to 500'F with Type J thermocouples: 0 to
200 psig with Ametek Pressure Transducer. (Calibrated 4/13/72).

2. Honeywell-Brown Electronik Multipoint Recorder, Model No. 15305846-
24-02-2-000-030-10 097, 0 to 500'F with Type T Thermocouples.
(Calibrated 4/13/72.)

3. Westinghouse Industrial Analyzer, Type PG-191,25 to 150 Hz, Style
292B948A09. Connected for 25 A, 600 V, and 25 kW full-scale readings.
(Calibrated 3/13/72.)

4. Westinghouse AC Wattmeter, Type PF-44, Style PH 10632N3 2, used in
conjunction with Weston Potential Transformers, Model 311, No. 3283
and No. 3284, and Universal Current Transformers, Serial Nos. 56975
and 56976, for 25-kW full scale. (Calibrated 3/13/72.)

5. Sanborn 150, 4-channel recorder, with DC Coupling Pre-Amplifier,
Model 150-300. (Calibrated 6/29/72. )

6. James G. Biddle Megger, Insulation Tester, No. 325603, 500 Vdc.
(Calibrated 4/13/72,)

7. Ametek Pressure Transducer, Model 50-200-G-B/C. (Calibrated 12/16/71.)

8. 2 Giannini & Co. Pressure Transmitters, Q to 300 psig. (Calibrated
, 7/30/72. )

9. Lonergan Maximon Gage, Type OA, 0 to 200 psig. (Calibrated 4/14/72.)
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APPENDIX C

Reliance Electric Company

Certificate of Complicance for Heat Aging,
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I ELIDING'C r./.rrT~ ~ <~ l.rgb/ p/v..
CERTI1'ICATE of COMPLIANCE

Ll,mitorquc Corp.
5114 lloodalI Road
J.ynchburG Va. 24502 March 3', 1972

EQUIPbHNT:

REFERENCE:

FILE:

Purchase Order No.

Order No.

355696-A

601962-P

Qty. 1, R56 Fram ., 25 ft.lbs. Start Torque

Me certify that the equipment identified above has been designed, manufactured,
in"pccted, and/or tested in accordance with the requirements establi hcd by
the folioving specifications:

Insulation G.F.I. 226.59
Finish G.F.I. 336.163
Class H Radiation Insulation
Ileat aged 100 hrs. at 180'C
Rotor treatment U-475 Varnish
Itinding Epoxy coated 4824-3A
Drain in II.E. Shield - U.L. approved

R.G. Lunsford, I'nnager
Qr Control Departure/"nt

(Hei'[~ ~l~g'l9 d son, Indiana

HGL: st
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May 23, 1972

Mr. W. H. Steigelmann, Manager
Huclear Systems Laboratory
FrankLin Institute Research Laboratory
20th and Race Streets
Philadelphia, Pennsylvania „19103

Dear Mr. Steigelmann:

This will summarize the parameters pertinent to the irradiation
of Limitorque Corporation's materials, described below, per
your Case C-3327.

Motoz

SN601962P
Reliance Electric Company

Ma etic Brake and Motor

) Motor used in FIRL test
) report gF-C3441

Motor:

Brake:

SH601960P
Rely.ance Electric Company

.Magnetic Brake
Reliance Electric Company
Model X7-62008-26
SN-2-53276'

Ft.-Lb. Torque, 460V

Valve and Motor

Limitorque
SMB Size 0
SN 144068
Motor - Limitorque
Reliance Electric Company
SN601961-P





Mr. W. H. Steigelmann May 23, 1972

Components were placed in a cobalt-60 gamma field of 1.0 Mrad
per hour intensity for a period of 4 hours, and received a total
minimum dose of 4 Mrad. They were then shipped via RII truck
to Ogden Technical Labs for testing. The units were then
received for further irradiation, and were exposed in a 1.0 Mradfield for an additional 200 hours or 200 Mrad. Portions of the
outer sides of the components received a 258 higher dose to
assure that inner portions received the designated 204 Mrad.
Components were turned several times during exposure to assure
a more uniform dose distribution. Irradiation was in air at
ambient temperature and pressure. Radiant heat from the source
heated the samples somewhat, but did not exceed 100oF, as con-
firmed by measurement of an oil solution in the same relative
position.
Dosimetry was performed using a Victoreen Model 555 Integrating
Dose Rate Meter and Probe. The unit was calibrated on January 15,
1971 by the Victoreen Instrument Company, using cobalt«60 and
cesium-137 sources whose calibrations are traceable to the U.S.
National Bureau of Standards. A copy of the calibration certificateis available.

Following irradiation', components were visually inspected for
obvious irradiation damage. None was noted.

Irradiation was completed on May 8, 1972 and picked up by FIRL
May 9, 1972.

Very truly yours,

C

Ge rge Dx,et
Manager, Radiation vices

GRD: km
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UNIVERSAL REPORT NO.

ORIGINATORS REPORT NO.

REVISION

7I92-9

REPORT OF TEST
OM

OPERATOR VALVE
P/N 144068

THO (2) 25'bemotors
TEST PERFOggpg By Ogden Technolo Laboratori es, Inc.
TEST AUTHORIzEg By LIMXTOBQUE CORPORATION

CONTRACT NUhSER

PURCHASE ORDER NUMBER 360943

OTL JOB NUMBER 8909

Test initiated

Test Completed

Report Written By

Technician

Test Engineer

Supervisor Gen ~r
Supervisor

426 72

9/26/72

9/26/72

9/26/72

Signature

H. Golinge

H. Golinge

A.Helland

Quality Assusance
> 2< >2 g I 7

Government Repr.
(if applicable)

Final Release h
~ >e

Bonner
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Notices

When Government drawings, specifications or other
data are used for any purpose other than in connection
with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact. that the Govern-
ment may have in any way formulated, furnished, or supplied
the said drawings, specifications, or other data, is not to
be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation of
conveying any rights or permisiion to manufacture, use, or
sell any patented invention that may in any way be related
thereto.
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ADMINISTRATIVEDATA

TEST REPORT:

TEST CONDUCTED:

7Z92-9

Vibration Test

MANUFACTURER:
Limitoxque Corporation
5114 Woodall Road
Lynchburg, Va..24502

MANUFACTURER'S 'TYPE OR. MODEL NO.t Operator Valve, SMB-0-25,, S/N 144068
1 25'b. motor with brake
1 25'b. motor without brake

DRAWING, SPECIFICATION OR EXHIBIT: Per P.O. 360943

QUANTITY OF ITEMS TESTED: Three (3)

SECURITY CLASSIFICATION OF ITEMS:

DATE TEST COMPLETED)

TEST CONDUCTED bY:

DISPOSITION OF SPECIMENS:

DATE OF TEST REPORT:

MANUFACTURER'S PURCHASE ORDER NO:.

ABSTRACT:

Unclassified

26 April 1972

Ogden Technology Laboratories, Znc.

Returned to Limitorque Corporation

26 September 1972

360943

Refer to Test Results, Para. 4.0.





1 0 TEST EQUIPMENT

1.1 Electro-Hydraulic Vibration Machine
Ogden Technology Laboratories,?nc.
Type: 6"/25K
Calibration: None requir'ed

1.2 Data Track
Research, Znc.
Models FGE-5110
Calibration: Before, each use

1.3 Servo Amplifier
Moog
Model: 82-104
Calibration: None required.

1.4 Function Generator
Hewlett-Packard Corp.
Model: 202A
Calibration Interval: 6 months
Last Calibration: 3/27/72

1.5 Recording Oscillograph
Consolidated Electrodymaics Corp.
Model: 5-124
Calibration: System calibration prior to use

1.6 Signal Amplifier
Unholtz~Dickie Corporation
Model: 607-RMG-3A
Calibration Interval: 6 months
Last Calibration: 4/16/72
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1.7 Accelerometer (5)
Endevco Corporation
Model: 2215C
Calibration Interval: 6 months
Last Calibration: 12/6/71

All instrumentation and equipment calibration is conducted
in accordance with Specification MIL-Q-9858A as further
defined in MZL-C-45662A "Calibration System Requirements"
.and is traceable to the National Bureau of Standards.
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2.0 TEST SEQUEHCE

2 Vibration Test
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3.0

3.1

TEST PROCEDURE

Vibration Test

Each of the three (3) test items was individually
subjected to vibration testing along each of the

three (3) mutually perpendicular axes over the

frequency range of l to 35 Hz with, a maximum

acceleration of 1.0 g's in order to detexmine

natural frequencies. Thxee (3) accelexometexs

were utilized to monitor for the presence of natural
frequencies recorded upon a direct pxint oscillograph.
Functional operation of each test item was perfoxmed

by. cognizant personnel of Limitorque Corporation.

At each noted natuxal frequency (if any) three (3)

cycles of vibration at an excitation of 5.3 to 5.8 g 's

were performed. A one {1) minute rest period was

allowed after each 3 cycles. Zf no natural frequencies

were apparent (as was the case) a 10-second dwell was

performed at 2, 4, 6, 9.......N Hz utilizing maximum

available contxol displacement up to a cut-off level
of 3 g's and at 5.3 to 5.8 g's at 35 Hz. Limitorque

personnel monitored the equipment.
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4.0

4.1

TEST RESULTS

Vibration Test

No 'apparent natural fx'equencies were determinened

as a result of this testing. Xn all cases for
all test items vibration was applied at 3 g's for
ten {10) seconds at all even numbered frequencies

from 2 Hz to 34 Hz and at a level between 5.3 and

5.8 g's at 35 Hz.

Photographs of the test item set-ups are included

in Appendix A.

Thexe was no visible evidence of damage noted to
any unit as a result of this test.

5.0 RECOHMENDATXONS

None. Test xesults submitted herein are merely

presented for your evaluation.
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0 1 1 1 ~ ~ ~ Engineer:.. ~ ~ ~ 0 1 ~ t 0 ~ ~ ~ t ~ ~ 0 0 0

Test................................. Unxt Part No:...................
Test Technician:.............
Date Photo Taken:............

y'- A-~~a

0 0 ~ 0 ~ ~ t ~

~ ~ ~ 0 ~ 0 ~ ~

Unit Serial Nor.................
7Date

~ ~ ~ ~ ~ ~ t 0 ~ ~ ~z
~ 0 0 ~ ~ 0 ~ ~ ~ 0 0 ~

~ ~ ~ ~ 0 0 0 0 ~ ~ 1 ~

~ ~ 0 ~ ~ 0 0 1 0 ~ ~ ~
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~ ~ ~ 0 0

2z
0 ~ ~ ~ 1 1 ~ 0 ~ 0 0 0 1 0 0 ~ ~ ~ 0 ~ ~ ~ 0 0 ~ ~ 0 ~ 0 ~ 0 ~ ~ 0 0 0 ~ 1 0 ~ ~ 0 ~ ~ ~ ~ 1 1 ~ 0 0 0 ~ ~ ~ 0 ~ ~ ~ ~ 0 0 1

~ ~ ~ 1 ~ 0 ~ ~ ~ ~ ~ 1 0 ~ 1 ~ 0 0 1 1 0 0 0 0 0 ~ ~ ~ 1 0 0 0 1 ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ 0 0 0 ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ ~ 0 ~

~ ~ ~ 0 0 ~ 0 ~ ~

Z.4
0 0 ~ 0 0 1 ~ ~ ~
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PWR Qualification

1.0 Introduction

A typical Limitorque Valve Actuator, SMB-0 with a 40 ft-lb
motor (SMB-0-40) was submitted for qualification to the type

test specified by IEEE std. 382- '72'or service in a Pres-

surized Water Reactor (PWR) containment chamber in Nuclear

Power Station application.

The SMB-0-40 Valve Actuator was subjected to mechanical aging

simulation to approximate 40 years service life, radiation ex-

posure (Both Normak Life levels plus accumulative doses) and
4

other environmental conditions all as indicated in IEEE Std.

382-'72'. Additional load cycling was performed after LOCA

environmental conditions to determine the post accident

abilities of the valve actuator .

2.0 Identification of Sample Valve Actuator

TEST UNIT

A limitorque SMB-0 Nuclear Valve Actuator with a 40 ft»lb

nuclear containment motor (RH Insulation Class) was con-

structed per standard nuclear bill of materials and stan-

dard nuclear motor specifications. The following inform-

ation was taken 'from the identification tags:
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Valve Actuator Type/Size ...............SMB-0
Manufacturer .......................Limitorque Corporation

Order Number ......................600456-A
Serial Number .....................189835

Electric Motor Information:

Sx.ze ..............................40 ft-lb stall
8 ft-lb run

Manufacturer ......................Reliance Electric Company

Zdentification number .......-- ~ ~ --2Y267074A1EZ

Full Load Speed ..................1735 RPM

Frequency .........................60 Hz

Voltage .... . ...................460 Volts

Xnsulation Class ..................RH
Type o r o ~ ~ ~ o o ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ o ~ ~ ~ P

3.0 Type Test Procedure

The type test plan as described in IEEE Std. 382-'72', para-

graph 4, consists of three basic parts:

l. Aging Simulation

2. Seismic Qualification
3. Accident Environmental Simulation

2.
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As an added test margin, the test actuator was submitted

to additional load cycling after completion of all the

required environmental conditions and prior to final.
'inspection. This additional load cycling is not a re-

quirement of IEEE Std. 382-'72'. A base test motor was

processed with the Test Unit for additional engineering

information.

3.1 Aging Simulation (IEEE Std. 382 para. 4.2)

3.1.1 Thermal Aging

Thermal aging was performed on the motor stators

by the motor. manufacturer (Reliance Electric Com-

pany) in cooperation with Limitorque Corporation.

The motor stator was heat aged for 100 hours at
0

180 C. A certificate of compliance was supplied

by Reliance Electric Company verifying the thermal

aging of the stator (see Appendix A.)

3.1.2 Mechanical Aging

Mechanical Aging was performed on the Test Unit

by the Limitorque Test Laboratory. Data on the

Aging 6 Post test Cycling is presented in Appen-

dix B. Although IEEE Std. 382- '72'equires 500

cycles, the unit was cycled thru 1208 cycles,

3.
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each cycle consisting of one close stroke and one

open stroke at room ambient conditions. The Limit-

orque Valve Actuator was seated at the end of the

close stroke and the seating thrust monitored. The

thrust applied was equivalent to the thrust & torque

ratings of the SMB-0 actuator. A typical stroke

time of 40 sec. was chosen for the actuator" operat-

ing time.

3.l 3 Radiation Aging (IEEE Std. 382-'72'art IX Section 1)

The Aging dose of 4 Megarads was combined with the

accident dose (200 Megarad) per ZEEE Std.
382-'72'art

IXI and is discussed in th'e following section 3.3

of this report.

3.2 Seismic Qualification (ZEEE Std. 382 Para. 4.3)

The Seismic Qualification was performed by Lockheed Elec-

tronics, Inc. Environmental Laboratory on a Reaction

Vibration machine. The Test Unit with motor, was scanned

in each of the three major axis over a 'frequency range of
5 to 35 Hz to search for resonance. No resonance was

found.

4.
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The Valve Actuator was mounted on a test fixture to

provide simulated valve seating loads, during the

dwell portions of the seismic qualifications. The

load imposed was equal to the rating of the test

actuator.

The'ibration machine was adjusted to a displacement

(0.050" D. A.) equivalent to 3 g's acceleration at a

frequency of 35 Hz. The test sample was then vibrated

for a period of ten (10) seconds at each even integer of

frequency from 6 Hz to 34 Hz. The unit was operated

during the dwell through one cycle from open limit-
to-torque switch seated position and back to original
point. The vibration machine was adjusted to a dis-

placement (0. 100" D. A.) equivalent to 5 g ' ac- .

celeration at a frequency of 35 Hz. The test sample

was then vibrated for a period of ten (10) seconds at

35 Hz and operated during the dwell.

The dwell tests above were performed in each of the

three major axis. A report on the Seismic Qualifi-
cation was prepared by Lockheed Electronics Corpor-

ations Environmental Laboratory '(Report No. 3521-4811 and

is presented in Appendix D.) The duration of each

stroke was 40 seconds.

5.
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3.3 Radiation Exposure (IEEE Std. 382 Part IZ Section 1)

The Limitorque Actuator and motor were subjected to a

Gamma Ray Irradiation of 204 Megarads per ZEEE Std.

382-'72'equirements.

The Test Unit was placed in a Cobalt-60 and Cesium-13'7

field of 1 Mrad/hour at an air equivalent dose.

A total radiation dose of 204 Megarads was applied after
thermal aging, mechanical aging and seismic qualification.

The radiation exposure was performed by Zsomedix Corpor-

ation. A Test Certification was supplied by Zsomedix

Corporation and is presented in Appendix C.

3.4 Accident Simulation (IEEE Std. 382-'72')

3.4.1 Test Description

The test was performed at Limitorques'nvironmental

Test Facility, see figures 1, 2 and 3 in Appendix E.

A schematic of the instrumentation system and a

summary of instruments used during the test are

presented in Figure 4 and Table I located in Appen™

dix F. The limitorque Actuator was mounted on a

thrust tube attached to the side of the test chamber

with the stem thrusting against the load cell mounted

6.
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externally to the test chamber. (see Figure 1,

Appendix E)

Control and power lead connections were made

through flexible pressure tight conduit.con-

nections run between the units and the access

ports of the test chamber. The external wire

harness was run to a junction box, where ter-
minal strips provided access to each lead for
monitoring insulation resistance. The terminal

t

strips were wired to a control system (see

Figure 4, Appendix F) . The control panel illus-
trated in Figure 3, (Appendix E) contains a power

monitoring system to monitor line voltage, current

in each of the three. (3) motor legs and the power

consumption of the motor.

Pressure and temperature were monitored on the

multipoint temperature recorder and strip chart

recorder mounted on the test console (Figure 3,

Appendix E) . In addition to the automatic moni-

toring system, the temperature and pressure was

monitored by a pressure gauge and two thermometers

~ mounted in the side wall of the test chamber (see

Figures 1 and 4.)

7.
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During the rapid temperature and pressure tran«

sients, the chamber ambient and limit switch com-

partment internal temperature and pressure were

monitored continuously on the strip chart re-

corder.

Cooling coils mounted inside the chamber provided

cooling capacity to reduce the temperature in the

chamber to the various temperature plateaus.

A do+le spray system provided a reliable source

of chemical spray during the test profile. Flow

meters mounted on the panel near the test chambe"

(see Figure 1, Appendix F) monitored the chemical

fluid flow. Spray nozzles mounted on two sets of

manifolds (3 nozzles per manifold) with the ability
to switch manifold provided the proper spray pat-

tern. The pressure in each active manifold ~et

was monitored to indicate any restriction of the

spray nozzle orifice. A back flush system was

provided to back flush the spray manifold.

3.4.2 Test Procedure for LOCA Test

The Limitorque Valve Actuator was exposed to

steam and chemical spray in accordance with the

8.
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c iteria listed in Table 1 in the "IEEE Guide for

Type Test of Class 1 Electric Valve Operators for

Nuclear Power Generating Stations'! IEEE Std.

382-'72'. The temperature/pressure profile is

illustrated in Figure 5, which also shows the sche-

dule for measuring the insulation resistance of the

power and control leads and cycling of the Limitor-

que Valve Actuators.

During the first four days of the test, the specified

temperature and pressures were maintained by the con-

trolled injection of steam into the test chamber.
0

During the remainder of the test, the 200 F/10 psig

state was maintained by filling the test chamber with

air controlled to the. proper pressure and using elect-

rical heaters. The atmosphere was kept saturated with

water vapor by maintaining condensate in the bottom

of the tank and by daily injections of steam.

3.5 Post Test Inspection

A visual inspection of the limit switch compartment and the

limit and torque switches was performed at the conclusion

of the accident simulation.

9.
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3.6 Post LOCA Load Cycling Test

Similar to that performed at pre-test mechanical aging,

the unit was cycled for a total of 794 cycles (one close

& one open stroke percycle) at room ambient conditions

(data supplied in Appendix B) .

3.7 Final Inspection

A complete physical inspection of the test samples was

made after the completion of the Post LOCA Load Cycling

to observe the conditions. of the actuator.

4.0 Test Results
'I

4. 1 Nechanical Aging

The unit was initally tested on 7 June 19~4 and a

thrust output of 20,152 lbs. was obtained at a torgue

switch setting of 1-3/4. (This value is an average

of 24 readings.) The unit remained on the test stand

and was automatically cycled at room ambient conditions.

The cycling test was performed from 7 June 1974 to 10

June 19~4 for a total of 1208 cycles consisting of one

torque switch closure in each cycle.

The load was measured after the completion of the mechan-

ical aging and an average of 10 readings produced a thrust
output of 19,920 lbs.

11.





The test data obtained is presented in Appendix C.

4.2 Seismic Qualification

The Seismic Qualification was performed at Lockheed

Electronics Environmental Laboratory on 12 June 1974.

The data recorded is presented in Lockheed test Re-

port No. 3521-4811. (Appendix D.) The thrust load

was not monitored during seismic testing; however,

thrust readings taken after seismic and radiation,

19,350, average of three readings, was within three

(3) percent of the post mechanical aging value. The

output characteristics did not change during seismic

testing or irradiation. The valve actuator and its
limit and torque switch functioned during seismic

testing.

4.3 Radiation Aging & Accident Exposure

The exposure to radiation of the Test Unit was per-

formed on 18 July 1974 at Xsomedix Corporation. A

total dose of 204 Megarads was used. A Test Certi-

fication may be found in Appendix C.

4.4 Accident Environmental Simulation Test Results

The LOCA Test was performed at Limitorques'nviro-

mental Test Facility. The environmental test was

started 22 August 1974 and completed 21 September 1974.

12.



I



PWR Qualification

4.4.1 Temperature and Pressure Profile

The profile specified in paragraph 3.2.5 of this

report was closely followed as evidenced in Figure

6. The transient data was obtained by means of the

strip chart recorder. At the transient time of ten

(10) seconds, the temperature was a temperature with-
0in 91% of the specified temperature (300 F.) A

0
temperature of 300F was reached in 15.2 seconds.

The second transient closely approximated, the first
0

reaching a temperature of 300 F in 13.8 seconds.

Copies of the actual strip chart data are presented

in Figures 7 & 8.

After the transient and a dwell of 30 minutes at
0

300 F, the test ambient was brought to a stable
0condition of 250 F and 30 psig. The actual temp-

erature conditions were within minus 2% and plus

6% of specified temperature and the pressure con-

ditions were within plus or minus 3.5%. These

conditions were maintained for the balance of four

(4) days.

At a test time of 96.1 hours (approx. 4 days) the
0

test ambient was lowered to 200 F and 10 psig. 'he
chamber was maintained at these conditions by means

13.
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PWR Qualification

of strip heaters and air injection through a

pressure controlled solenoid valve. Once stability
was reached, the ambient was maintained within plus

0% and minus 4% of specified temperature and plus

10% and minus 0% of specified pressure.

4.4.2 Chemical Spray Delivery

The chemical mixture (per Table 1 of'XEEEStd. 382-

page 12) was prepared prior to start of the LOCA

test and pH values measured. Tank No. 1 had a pH

of 10.9 after initial mixing. Tank No. 2 had a

pH of 10.5 after initial mixing. The pH was moni-

tored on a sample taken from Tank No. 1 at a test

time of O.l hours (pH=ll.l) arid after 4.4 hours

(pH=ll.l). A sample of Tank No. 2 taken at 24

hours had a pH reading of 10.5.

The chemical flow was maintained at 0.6 gal/min

in each spray manifold or an overall flow rate of

1.2 gal/min. A check was made of the average flow

rate by recording the total amount of chemical

solution used in a given. period of time. These

average flow rates agreed with the recorded in™

stantaneous flow rates.

17.
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PWR Qualification

4. 4. 3 Chamber Humidity

The relative humidity of the chamber was main-

tained at 100 percent by the periodic injection

of steam and by maintaining the vapor condensate

at the bottom'f the chamber at the same tem-
I

perature as the air/vapor mixture. The content

of air in the air vapor mixture was minimized

by venting the chamber during the thermal tran-

sients.

4.4.4 Insulation Resistance Measurements

Insulation resistance measurements to ground were

made periodically on the power and control leads

of the Test Unit prior to operating the valve

actuator (see Table IX.)

4.4.5 Operator Cycling Data

The test unit functioned without problems through-

out the entire test. It is worthy to mention that

during the final operatio'nal cycle (719.1 hours)

the close indicating light exhibited a very dim

glow when it should have been extinguished.. This

phenomena was noticed only on the "close" light
circuit and no other indicating lights or circuits

18.
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TABLE IX

Insulation Resistance of .Power and Control Leads

(All resistances are in Megohms except where a K indicates Kilo-ohms)

(all measurements made to ground)

Time
After
Start
Test

MOTOR
LEADS CONTROL CIRCUIT LEADS

(hr. ) T-3 CL-1 61 71 41 43A 43B 43C 45A 45B 53A 53B 53C 55B

*p 400 ;400 490 180 180 180 2000 180 7.8O 180 180 3.80 180 190 180 180 180 180

0.15 160K 160K

Q.5 120K 120K

3.9 100K lppK

4.2 50K SOK

95.5 8QK 80K

160K 300K 400K

120K 280K 280K

100K 2-0 2 0

50K 400K 400K

80K 2 QK2 OK

400K 40 0 400K

280K 5. 0 280K

2.0 6.0 2.0

400K 2.4 400K

3+OK 40K 2+OK

400K

280K

2 0

400K

2 ~ OK

400K 400K

280K 280K

2.0 2.0

400K 400K

2 OK 2+OK

400K

280K

2 ~ 0

400K

2,0K

400K

280K

2.0

400K

2 OK

400K 400K 400K

280K 280K 280K

2 0 2 0 2 0

400K 400K 400K

2+OK 2+OK 2 OK

400K

280K

2.0

400K

2+OK

400K

280K

2.0

400K

2 OK

334.9 60K 60K

719.1 60K 60K

60K 1 5K lr5K

60K 2,0K 2 OK

2iOK /~0K 1 5K

3+OK 5 ~ QK 1+7K

1,5K

1 7K

i+5K 1+5K

1 7K 1 7K

1 5K

1.7K

1 5K

1,7K

i+5K 1 5K 1,5K

i+7K 1 7K 1 7K

1 ~ 5K

li7K

1.5K

1,7K

*Check prior to start of test.
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exhibited these characteristics. Subsequent in-

vestigation concluded that the current flow through

this light to duplicate the dim glow was insignifi-
cant and coupled with its occurrence in the final
hour of a 30 day test did not constitute a mal-

function.

The megger readings diminished during the environ-

mental test and the cux'rent & power requirements

did increase slightly as the test in the environ-

mental chamber continued; however, this had no

effect on the actuator performance. The stroke

time remained constant throughout the te'st.

Also a slight var'tion in the measured output

thrust was noted and was attributed to a change

in stem efficiency rather than actuator output

torque change. It was noted that during periods

of non-operation, the thrust tended to become

lower, whereas during periods of frequent operat-

ions, the thrust increased. Probably, the ambient

temperature & moistuxe effected the lubricity of

the lubricant used on the stem.

A summary of the cycling data is presented in Table III.

20.





VALVE ACTUATOR CYCLXNQ DATA

Time
After
Start
of
Test

(hr.)
T-1
T»3

T-2
T-3

Potential
(volts)

OPEN STROKE

Run.Cur ent

P-2 T-3

CLOSE STROKE

:Run Current.
Am s

Power
Hatts

T-3 < Run *Peak

** 0 490

i3 475

6 485

495

480

490

490

$80

485

4,6

4 '
4 '7

4+8 4 6 620 42 4,6

4 6 4 5 620 42 4 3

4 8 4 6 680 42 4 8

4 8

4.3

4,9

4+4 5+0 620 1350 42 19'7S

4@2 So 1 600 1300 43 19'25

4o 5 5 ~ 1 680 1320 43 20'25

4 ' 485

4 ' 490

95 ' . 495

335 4 485

490

490

500

490

485

480

495

485

4 8

4.8

4,8

4 9 4 ' 620 42 4 '
5,0 4.7 650 42 4 '
5+2 Se0 725 42 5 '
4 9 4 ' 650 41 4 '

5 '
5 0

5 '
5,0

4~6 Sil 610 1300 43 21,600

4 6 Sel 640 1350 43 22,150

4i9 5+3 750 1500 43 22,650

4,6 5~0 650 1400 42 21,600

719 1 495

719 ' 495

500

500.

490

490

49

5 0

5 ' 4 9 675 42 5 '
5 ' 4~9 700 42 5 0

5 '
5 '

4+7 5 ' 675 1500 42 18,550

4 7 5 6 67S 19b0 42 21,350

* Due to rapid rise of current and power, considering the slow meter response
times, these values to be considered aa approximation of actual peak

** Check prior to start of teat
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PWR Qualification

4.5 Post LOCA Inspection

The post LOCA Inspection was performed 21 September

1974 after .-,opening the test chamber. Photographs

were taken of the test unit with the limit switch

compartment cover in place (see Figure9) . Externally,

the Test Unit was clean looking with no unusual de-

posits. The limit switch compartment had approxi-

mately one-eighth (1/8) of an inch of condensate in
the bottom of the compartment.

Both the limit and torque switches were clean and

functioned without mechanical difficulties. The

motor lead protective sleeving was split in several

areas; however, no damage was noted to the motor

lead insulation.

4.6 Post LOCA Load Cycling

The post LOCA Load Cycling was performed by the

Limitorque Test Laboratory from 30 September 1974

to 4 October 1974.

The thrust output of the Test Unit was measured

prior to the start of the load cycling. The thrust

output was found to be 16,392 (an average of 6

readings). This was accomplished at the same torque

22-
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PWR Qualification

4 .7 Final Inspection and Dismantling

4.7.1 Motor Inspection and Dismantling

The motor (used with the test unit during

LOCA test) mounted on the Test Unit was

removed from the SMB valve actuator and

dismantled for inspection. The inspect-

ion was performed on 21 November 1974 with

representatives from Reliance Electric Com«

pany in attendance.

The rotor turned freely prior to dismant-

ling the motor. The stator and rotor showed

little evidence of corrosive build-up and

no evidence of physical damage. The end

bell was particularly clean with little evi-

dence of water. The bearing lubricant was

moist and the bearing turned freely.

4.7.2 Va ve Control Inspection and Dismantling

The SMB-0-40 Valve Actuator was completely

dismantled for inspection on 22 November 1974.

Photographs of the valve actuator components

are presented in Figure 10.

The torque switch and limit switch were re-

moved from the SMB-0 Valve Actuator and the

26.





WR Qualification

switch setting (1-3/4) as that used throughout

the test.

The torque output of the actuator as controlled by

the torque switch remains constant with the same
I

torque switch setting, however, the thrust monitor

in the test stem depends upon several factors in-

cluding the efficiency of the acme threads. The

lower thrust output monitored after the unit was

brought to room temperature was attributed to a

degredation of stem efficiency as a result of

corrosion of the steel ~tern and deposition of for-
eign materials from the exposure to the 'steam and

chemical spray and not attributable to changes in
the torque switch operating train or reduction in

the torque output, of the actuator.

The effect of the corrosion was most noticeable

after the stem was exposed to room ambient con-

ditions for several hours. After the completion

of the 794 cycles, the thrust monitored returned

to its original value indicating the repeated cy-

cling had removed the corrosive deposits in the

stem thread area. The cycling data and thrust

reading are presented in Appendix B.

24.





PWR Qualification

A Base Test motor which experienced all the en»

vironmental conditions was installed on the test

actuator after the planned post LOCA cycling to

obtain cyclic information on the base motor and

provide additional load cycling on the test unit.

The SMB-0 Actuator (with the base test motor) was

cycled for an additional 2184 cycles.

The SMB-0 Actuator functioned without difficulty
throughout the additional 2184 cycles.

A summary of the load cycles accumulated on the

test unit is as follows:

PreTest Mechanical Aging :;......... 1208 cycles

LOCA Testing cycles ........... ....... 9 cycles

Post LOCA Load cycling .............. 794 cycles

Base Test Motor cycling ............ 2184 cycles

TOTAL 4195 cycles

25.
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Figure 10
Test Unit Final Inspection





PWR Qualification

following observations were made:

a.) The torque switch and limit switches
worked freely.

b.) The torque switch and limit switch
pinions both showed signa." of lubrication.

The grease in the main housing and the handwheel

clutch compartment was dark in color but maintained

its lubricity. A slight amount of separation of

the grease was noted. The 0-Ring and bearings seemed

in good condition with no wear noted.

5.0 Conclusion

The Limitorque Valve Actuator SMB-0-40 was subjected to a

qualification test consisting of a 30-day exposure to a

steam chemical environment, including two temperature &

pressure transients from 120 degrees F to 300 degrees F

in approximately 10 seconds. Prior to environmental

testing, the motor was heat aged, the unit was mechani-

cally tested and subjected to gamma ray irradiation. The

unit was cycled with simulated valve seating loads during

environmental testing at elevated temperatures and pres-

sures and after environmental test was additionally cy-

cled with a simulated valve seating load.

28.
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PWR Qualification

Since the unit performed satisfactorily, throughout the

test, it is concluded this test qualifies similar Limitorque

Valve Actuators fox use in a PWR containment chamber where

environmental conditions depicted by Table I in ZEEE

Std. 382»'72're encountered.

29.
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PWR Qualification

APPENDIX A

R~lianc~ Electric Company - Certificate

of Complianco

30.





RELIANCE ELECTRIC COMPANY

CERTIFICATE OF COMPLIANCE

I Limitorque Corporation
„,5114 Woodall Road
Lynchburg, Virginia 24502

I

EQUIPMENT:

REFERENCE:

FILE:

Electric Motor

Purchase Order No. 600426-C

Sales Order No. 2Y-26707441

We cert i fy tha t the equipment identified above has been designed, manufac-
tured, inspected, and/or tested in accordance with the requirements estab-
l ished by the fol lowing specifications: RCP«242, Limitorque D/S 21-49-001-1
We further certify that the stator was heat aged 100 hours at 180 C.

Quality Control Department

4200 BENEFIT ROAD / ASHTAB~, OHIO 44004 / TELEPHONE 216 992-2 I75

GENERALOFFICES / CLEVELAND,OHIO
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APPENDXX B

INITIALTORQUE SRXTCH SETTING

MECHANICAL AGING

POST MECHANICAL AGING THRUST MEASUREMENT

POST SEISMIC QUALIFICATION AND RADIATION THRUST MEASUREMENT

POST ENVIRONMENTAL THRUST MEASUREMENT

POST ENVIRONMENTAL LOAD CYCLXNG

POST LOAD CYCLING THRUST MEASUREMENT

32.
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SUMMARY OF LOAD CYCLING DATA

Specimen': TEST UNIT

Limtorque Valve Actuator
Type- SMB
Size: 0
Serial No. 189835
Motor si~e 40 ft-lb
I- D. 42Y267074A1EZ

Znstrumentation:

Load Cell: Capacity ~0, 000 pounds
Manufacturer BLH
Serial No. 2512

Strain Indicator:

Manufacturer BLH
Type N
Serial No. 443604

INITIALTOR UE SWITCH SETTING Date: 6/7/70

No. of Readings

5
5

24

Torque Switch Setting

It] II

itlgtt
II 1 3/4 II

Thrust Output *
(pounds)
11, 070
16,010
20, 162

*Average of all readings

MECHANICAL AGING Date: 6/7/74 to 6/10/74

Definition:

S troke Time:
Cycle Time:
Duty Cycle:
Load (Thrust)
Total No. of

One (1) cycle
Open Limit actuation to close torque
Switch actuation to open limit
actuation. Two (2) strokes per cycle.

54 sec *
1 min. 53 sec
'UN' cycles — 'OFF'0 min.

~0,16> pounds
Cycles: 1908

33.





SUMMARY OF LOAD CYCLXNG DATA (continued)

* The unit was cycled for mechanical aging on a different load
stand than was used in the test and since the stroke was
longer in this stand, a longer stroke time was obtained.

POST MECHANICAL AGING THRUST MEASUREMENT Date: 6/10/74

No. of Readings Torque Switch S~tting

II ] 3/4 II

Thrust Output *
(pounds)

19,9>0

POST SEISMIC UALlFlCATZON AND RADXATEON THRUST MEASUREMENT Date: 8/19/74

No. of Read ings To que Switch S~tting
E

II] 3/4 II

Thrust Output *
(pounds)

19, 250

* Average of all readings

POST ENVIRONMENTAL TEST THRUST MEASUREMENT Date: 9/30/'74

No. of Readings Torque Smitch Setting Thrust Output *
(pounds)

It1 3/4 II 16,399

Note: The low output thrust readings are a result of
poor stem efficiency as a result of accumulated
deposits on the acme threads of th'e stem. The
thrust measured during the last test point of
the environmental test was >1,350 pounds.

34.





SUMMARY OF LOAD CYCLING DATA (continued)

POST ENVIRONMENTAL LOAD CYCLING Date: 9/30/74 - 10/4/74

Definition: One (1) cycle
Open limit to close torque switch
actuation to open limit. Two (2)
strokes per cycle.

Stroke Time: 40 sec
Duty Cycle: 'RUN' cylces — 'OFF'0 minutes
Load (Thrust): 16,392 at start

19,667 at finish
Total No. of Cycles: 794

Note: The increase in thrust output is due to improved
stem efficiency. The repeated cycling removed
the corrosion in the threaded area of the stem.

The load cycling was discontinued during the
night and ran during the first shift.

POST LOAD CYCLING THRUST MEASUREMENT Date: 10/4/74

No. of Readings Torque Switch Setting Thrust Output
(pounds)

It] 3/4 II 19, 667

Note: The output thrust returned to the value recorded
after the pre-test mechanical aging.

35.
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APPENDIX C

Radiation Exposure — Isomedix Certificate of Performance

36.
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July 19, 1974

Mr. W. J. Denkowksi
Chief Engineer
Limitorque Corporation
181 South Gulph Road
King of Prussia, Pa. 19406

Dear Mr. Denkowski:

This will summarize the perimeters pertinent to the irradiation
of one valve operator and motor assembly. Identification on
the valve operator and motor assembly was:

SMB 0 Valve Control
s/n 189835
Reliance 40 lb-ft motor
I.D. 2Y267074AlEZ

Units were placed in a co-60 field of lx106 rad per hourrat an air equivalent dose. They were rotated several times
during the exposure to achieve a more uniform dose distribution.Total dose received to the centerline of the unit was 204 mrad(air equivalent) with an overdose factor on the edges of theunits of 1.2. Irradiation was in air and ambient temperaturein a slight negative pressure. The temperature of the samplesduring irradiation did not exceed 100oF.

Dosimetry was performed using a Victoreen Model 555 Integrating
Dose Rate Meter and Probe. The unit was calibrated on
January 15, 1974 by the Victoreen Instrument Company, usingCobalt-60 and Cesium-137 sources whose calibrations are trace-
able to the U.S. National Bureau of Standards. A copy of thecalibration certificate is available.
Confirming dosimetry utilizing a Red Perspex system was also
completed.

leornedix Inc. ~ 25 Eastmans Road, Parsippany, New Jersey (201) 8874700
MeilinfrAooressr post office Box 177, persiooeny, New Jersey 07054

CHICAGO DIVISION ~ 7626 Nacre Ave., Morton crove. illinois 60053 I312I 966-1160

37.





Mr. W. J. Denkowski July 19, 1974

Irradiation was completed July 18, 1974 and the units returned
to you under separate cover.

Very truly yours,

GRD:km

Manager, Radiation Services

38.
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APPENDIX D

Seismic Qualification - Lockheed Test Report

39.





TEST REPORT NO.

I

REPGRT OIF TEST
ON

LIMITORQUE CORPORATION
SMBO OPERATOR W/MOTOR (40 FT. LB.)

ANO
MOTOR t:25 FT. LB.3

REPORT WRITER: oltis
TEST ENGINEER:

W. A. Black

LOCKHEED ELECTRONICS COMPANY, INC.
PLAINFIELD, NEW JERSEY

DATE: June 1 7 1 974

APPROVED BY:

N. John , Manager
Environ ntal Labor ator y
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PURPOSE OF TEST:

MANUFACTURER:

SPECIMENS TESTED:

APPLICABLE DOCUMENTS:

PROJECT NUMBER:

QUANTITY OF
SPECIMENS TESTED:

SECURITY CLASSIFICATION
OF SPECIMENS TESTED:

DATE TEST COMPLETED:

TEST CONDUCTED BY:

DISPOSITION OF
SPECIMENS TESTEO:

ABSTRACT:

To subject the test specimens to the
Seismic Tes't referenced in Limitor que
Corporation Purchase Or der Number
600456 dated June 11, 1974,

Limitor que Corporation
5114 Woodall Road.
Lynchbur g, Vinginia 24502

[a3 SMBO Oper ator wit/ 40 Ft. lb.
motor . K/PC.'ELB

[t3 Reliaeae PB Pt.+t. mater
ID NCE KYRIE'FEZ>a' IEW

Limiter ~qua ar po~~KAaa Pur these Order
Number 600456 dated June 11, 1974.

24-8041-3B1 1

One (1 3 each

Unc1 ass ified

June 12, 1974

LOCKHEED ELECTRONICS COMPANY, INC.
ENVIRONMENTAL LABORATORY

Ratunned to Limitorque Cor poration per
Lockheed Electr onics Company, Incorpo-
rated Packing Slip Number 97449 dated
June 12, 1974.

The test specimens were subjected to
the Seismic Test r ef er enced in

. Limitorque Cor poretion Purchase Or der
Number 600456 dated June 11, 1974.

This test was completed with no visible
evidence of external damage or
resonances.

TEST APPARATUS: Reaction-Type Vibration Machine, LAB
Company Model RVH-72-5000, 5/N 51401.

PAGE 1 OF



I

I

I

I



TEST REPORT NO 3521-4811

TEST APPARATUS:
t: Continued3

Vibration Pickups, MB Company Type 124,
S/N 14074 and Type 126, S/N 14006.

Vibr ation Heter, MB Company Model H-6,
S/N 539.

Dial-A-Gain AmpliFiers, Unholtz-Dickie
Model 610M, E. L. Number 463 and Model
610RH-3G, '. L. Number 464.

Acceler ometer s, Endevco Model 22210,
S/N NA94 and FC55.

TEST PROCEDURE: The test specimens were secured to the
test machine, as shown in Figures 1

through 3, and subjected to the Follow»
ing Seismic Test in secor dance with
Limitor que Corpor ation Pur chase Order
Number 60045S dated June 11, 1974,

1. To determine resonant Frequencies,
an exp)orstory scan was perfor med
in each oF the three {3) major
axes over the Frequency r ange oF 5
to 35 Hz with a maximum input
acceleration oF 1.0 g's.

2a. Hith no r esonant Fr equencies
pr esent, the test specimen was sub
jected to 10 second dwells at the
Fr equencies speciFied by the
Limitorque Corpor ation repr esenta-
tive {sea data sheets) in each
axis. The vibration amplitude was
maintained at the maximum contr oil
able displacement From 5 Hz to the
Frequency at .which 3 g's was
attained. The input was then
maintained at 3 g's from that fre-
quency up to 34 Hz.

2b. The test specimen was vibrated at
35 Hz at an input level oF 6 + /i
g's For a ten {107 second dwell.

The test specimens wer e actuated dur ing
par t 2, and all per formance monitor ing
was performed by and the data retained
by Philadelphia Gear Corpor ation per-
sonnel .

PAGE 2 OF
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TEST REPORT NO. 3521-481 1

TEST RESULTS: The Vibration Test was completed with
no visible evidence oF external damage
noted to either test specimen.

There wet e no r esonances detected in
the thr ee t. 33 axes oF v ibr ation.

RECOMMENOATIONS: None. Oats mer ely submitted.

Test Engineer: Yv ~ ~ 8v'
W. A. Black

PAGE~ OP~
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Test Repor t No. 3521-4811

FIGURE 1

TEST SETUP — X AXIS

FIGURE 2
7

i B.

~

~

TEST SETUP - Y AXIS
SMBO OPERATOR 8/40 'BS . MOTOR
MOTOR 25'BS.

FIGURE 3

TEST SETUP — 2 AXIS

L

PAGE 4 OF 7



I



VIBRATION TEST DATA SHEET
AXIS: 2 Axis

LORATOR ara. ara.

REPORT N0..3521 - 4811
DATE: 6 12 74

Hz INPUT

.014 .016 .013

CH. 1 CH. C NOTE: RECORDED DATA ZS
DOUBLE AMPLITUDE

(INCHES)
. 016
.017

.016

.016
.014
.016

.054 .049 .047
URANCE TEST (PARA.2.23)

10

.018

.018

.018

.018

. 017

.017

.017

.017

.017

.018

.0125

. 019

.054

.052

.050

.052

.052

.056
. 100

DURATION
10 sec.

12
13
14

16
17
18

20

22'4

25
26
27
28
29
30
31

.018

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017

.017
-0
.017
.017
.017

.017

.018

.018

. 018

.018

. 018

.019

.019

.019

.019

.019

.019

. 019

. 019

.019

. 019

.019

.019

.019

.019

.019

. 020

.020

.021

.021

.021

.022

.022

.022

.022

.023

.023

.023

.023

.023

.023

.024

.024
.024
.024

.051

.050

.050

.050

.049

.048

.048

.048

.048

. 048

.054

.054

.054

.054

.055

.056

.056

.056

.056

.056

.058

.059

.060

.062

.063

.064

.067

.066

.068

.069

TEST SPECIMEN
NOMENCLATURE

1 mtr. with fixture
1 SMBO Operator

with motor

SERIAL NO ~

MANUFACTURER

LZMZTORQUE CORPORATION

ACCELEROMETER LOCATION
32
33
34
35
36
37
38
39
40
41
42

.0165

.0165

.0165

.0165

.0195 .0245

.0195 .0245

.0195 .0245

.0195 .0245

.048

.048

.056

.056

.072

.072
CH. 1 side of motor
CH. 2 top of unit

REMARKS-

43
44

46
47
48
49
50

0 erator actuated durin
this ortion of test

RES. none Hz

FORM LEC 922B

TEST ENGINEER

Mm. C. Black

SHEET 5 of





VIBRATION TEST DATA SHEET
AXIS: X Axis

REPORT NO. 3521 - 4811
DATE: 6 12 74

! LORATOR Para. ARI.PRE U ara..2
I INPUT

.014 .014 .015

CH. 1 !CH. I

.038

H.

.044

CH.

.035

NOTE: RECORDED DATA IS
DOUBLE AMPLITUDE

(INCHES)

10

12
13
14
15
16
17

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

36
37
38
39

.017

.018

.019

.019

.019

.0185

.0185

.018

.018

.018
. 0175
.0175
.017
.017
.017
.017
.017
.017
.017
.017
.0165
.0165
.0165
.0165
.016
.016
.016
.016
.016
.016

.015

.016

.0165

.017

.017

.018

.018

.018

.018

.018

.019

.019

.019

.019
..019
.019
.019
.019
.019
.019
.019
.019
.019
.0195
.0195
.0195
. 0195
.0195
.0195
.0195

.016

.016

.017

.018

.019

.020

.020

.021

.021

. 021

.022

.022

.022

.023

.023

.023

.023
~ 0235
.024
.024
.024'
025

.025

.025

.026
.026
.027
.027
.028
.028

.052

.050

.048

.047

.047

.047

.050

.052

.054

.055

.056

. 056

.050

.058

.062

.066

.072

.086

URANCE TEST (PARA.2.23)
INPUT DURATION

sec

TEST SPECIMEN
NOMENCLATURE

1 motor with fixture
1 SMBO Operator

with motor

SERIAL NO.

MANUFACTlEER

LIMITORQUE CORPORATION

ACCELEROMETER LOCATION

CH. 1 rear of motor
CH. 2 ront o n w ee

REMARKS

40
41
42
43
44
45
46
47
48
49
50

RES. none Hz

0 erator actuated durin
this nortion of test

TEST ENGINEER

FORM LEC 922B

Mm. C. Black

SHEET 6 of 7
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VIBRATION TEST DATA SHEET
AXES: Y Axis

REPORT NO. 3521 - 4811
DATE: 6 12 74

LORATOR ara. I. FRE ara4 ~ 2
INPUT

.009 .016 .010

CH. 1 CH. NOTE: RECORDED DATA IS
DOUBLE AMPLITUDE

(INCHES)

10

.009

.013

.014

.015

.0155

.014

.017

.017

.017

.017

.012

.013

.014

. 015

.016

.052

.051

.049

.049

.032

.042

Hz
URANCE TEST (PARA.2.23)

DURATION
10 sec.100

.016 .017, .016
12
13
14
15
16
17
18
19

.0165

.017

.017

.017

.017

.017

. 017

. 017

.017

.017

. 018

.018

.018

. 018

. 018

.018

.017

.017

.017

. 0175

.018

.018

.018

. 0185

.049 .052 .047

TEST SPECIMEN
NOMENCLATURE

1 motor with fixture
1 SMBO Operator

with motor
20

22

.017

.017

.017

. 0185 . 019

.0185 .019

. 0185 . 019

.048 .052 .050
SERIAL NO.

23
24
25
26
27

.017

. 017

.017

.017

. 017

.019

. 019
~ 019
.019
.019

. 019

.020

.020

.020

.0205

.048 .054 .052

MANUFACTURER

28
29 . 017

.0195 .021

. 0195 .021 LIMITORQUE CORPORATION

30
31
32
33
34

.017

.017

. 017

.017

. 017

.020

.020

.020

.020

. 020

. 022

.0225

.023

.023

.024

.048 .056 .058
ACCELEROMETER LOCATION

CH. 1 To of motor
CH. 2 To front of

35
36
37
38
39

. 017 .0205 .024 .049 .058 .062 Handwheel
REMARKS:

40
41
42
43
44
45
46
47
48
49
50

RES. none Hz

Ooerator actuated durin
this ortion of test

TEST ENGINEER

FORM LEC 922B

Wm. C. Black

SHEET o f
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APPENDIX E

Figure 1

Figurp

Figure 3

Te~t Chamber

Steam Generator

Control and Instrumentation
Panel
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1

APPENDIX F

Figure 4 - Schematic - Instrumentation

Table I Summary of Instruments used for
Data Acquisition
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TABLE I (continued)

SUMMARY OF DATA ACQUISITION SYSTEM

foal

gg
M ~

4J i oQ
c ol 4 ~I 0Q~E~e
0 4 0

0AN
0 CO

C WP)
8 C ~

Z U'0
CQ

0a
Measuiing System

Signal
Indicator Conditioner

X-Ducer Monitoring
Point

O
M

5 M

O
M

cg
O

Mercury bulb Thermometer

Wexler 50-400 F

Chamber
Ambient

New
2/74

/7 5

Bi-metal Diag Thermometer

Wexler 50-400 F

Chamber
Ambient

New
2/74 2/7

c
0
E

0
~A

c
W

Dial Pressure Gage

Ashcroft 30 in Hg to 200 psig

Time of Day

Wall-Clock

Chamber
Pressure

Time of
Day

5/74 zgx

Running Time Clock

1000 hours 0.1 hr.
Resolution

Total
Test

Time

I
E

Q

0 I
C4

0
M
M 0

Strain Indicator
Bridge
BL GH
Typen
S/N 443604

20,900 lb
Load
Cell

BAH
U-1

S/N 2512

Test Unit
Thrust

Output

12/73





TABLE X (continued)

SUMMARY OF DATA ACQUISXTION SYSTEM

R
fd

M
E e
RON
SQ 0 t5
K~Ag4.
W SE

IX 0 n:
N Oleo
CQ 0 Pl

fi1 C%ZO~
fQ

0
R

Xndic-
ator

Signal
Condit.

X-Ducer

Measuring System

Monitorin
Point

0
~ef
4J
IQ

g iR

I5
O

c
0

"U

9.
3 phase Recording

Watimeter

Esterline Angus
Model A 601C

S/N 192358

ower
onsumption

of
perator

New
~/74 2/75

Ca)

Z
M

O
O

C
,C4
Col

10. Panel Meters

3 meters one in each
phase

Low Range — 3-0-10
amp meters
Triplett Type 430

Hi Range — 3-0-50
amp meters
Tri lett T e 430

Test Unit
Current

New
3/'I4 3/75

H
M

Q
U

0

Panel Meters
3 meters one acros~

each phase

0-500VAC Triplett
Type 430

Test Unit
Voltage

New
3 74 377 5
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Per IEEE 382-72 6 IEEE 323-71
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DATE:

APPROVED:

DATE:
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DATE:
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1.0 Pur ose of Test

The purpose of this test was to determine the capabilities
of a Limitorque Valve Actuator (type SMB) equipped with an

electric motor with Class B insulation to satisfactorily
operate during a Post LOCA or Steam Line Break environmental

condition. The parameters stipulated in the test plan were

obtained by Limitorque Corporation from Power Plant designers

and consultants using ZEEE 382 as a guide for formulating a

test plan. The valve actuator is considered acceptable on

provision it proves capable of satisfac"orily operating against

a simula"ed valve load in both opening and closing directions
within 15 days following the start of environmental exposure.

2.0 Test Plan

The test was conducted in Limitorque Co~oration 's Envi onmental

Facility at King of Prussia, Pa. One Limitorque Valve Actuator

(Unit 41), one test motor gl and one test motor g2 (all with
Class B insulation) was subjected to test conditions according

to the following test plan.

2.1.1 Znstall the Valve Actuator with motor on a mechanism

to simulate seating load and the two test motors in
the Environmental Chamber.

2.1.2 Establish an ambient condition in the chamber of 165'F.

and 100% relative humidity at atmospheric pressure

and retain this condition for 200 hours.





2.1.3 Cycle - The valve actuator to close position and then to open

position once per hour for a total of 200 cycles.

2.1.4 Operate the motors once per hour for 30 seconds in one direction

and for 30 seconds in the other direction for the duration of

thermal aging.

2.2 Mechanical A i.n

~

~

~
2.3 Radiation Ex osure

~

t 2.'I ~ii A i

~

Rev. A 12-15-81 - Added Hissing Phrasel

2.2.1 Cycle the valve actuator for 200 cycles during thermal aging.

Cycle the unit for 1800'additional times at room ambient to

2.3.1 Erradiate the test actuator with motor to 2.0 x 10" rads (gamma

radiation) and the two test motors to 2.04 x 10 rads (gamma

radiation) at the rate of 1.0 x 10 rads per hour.

2.4.1 Install three (3) accelerometers on the Limitorque valve control

housing arranged to measure accelerations in each of these axes

(one vertical and two horizontal).

2.4.2 Mount the Limitorque valve control with fixture to the shaker

table with the axis of the stem nut mounted vertically.

obtain a total of 2000 closing and opening strokes. All valve

simulated cycles to be completed at the approximate output rating

of'he actuator;

2.2.2 At room ambient, run each motor for 15 minutes in one direction

and then far 15 minutes in the opposite direction.

-2-
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2.4.3 Connect the limit switches and torque switches into the

control. Connect a contact of the limit switch in series

with the torque switch to detect switch chatter.
Connect spare switch contacts to lights for further
indication of chatter.

2.4.4 Scan in each of the 3 axes at a minumum of .lg from

5HZ to 33HZ, dwelling for 6 seconds at each frequency.

Repeat scan from 33HZ to 5HZ, dwelling at each integer

frequency. Record the accelerometer readings at each

scan dwell point of each of three axes,« V (vertical)

Hl (horizontal parallel to motor axis) and H2 (horizontal

perpendicular to motor axis) for determination of cross

coupling. Note resonance frequency in axis being scanned.

(Resonance is defined as a minimum acceleration multi-
plication factor of 2) .

2.4.5 Prepare to conduct dwell test in vertical axis V at
resonant frequency determined in step 4 (Dwell at 33HZ, if
resonant frequencies not evident) .

A. On basis of 6.0g on V axis and 3.2g on both Hl and

axes, determine dwell g-level as follows:

l} At dwell frequency, note cross coupling on V

axis determined during scan on Hl and H2 axes.
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2) If any cross coupling noted, calculate acceleration

adder to V axis.

1 axis

Adder ~ 3.2 x cross cou le level at scan
g- eve o scan at dwe requency

b) H2 axis

Adder - 3.2 x cross cou le level at scan
g- eve o scan at dwe l requency

c) Add resultant of a) and b) to 6.0g, establishing

the G-level for the dwell test.
B. Conduct dwell test for 30 seconds on V axis using g-level

determined from A.2.c. During the dwell, operate the unit
in an open and close stroke. (Simulated thrust seat at
same torque switch setting established during mechanical

2.4.6

A.

aging) . Note results.
Prepare to conduct swell test in horizontal axis Hl

at resonant frequency determined in step 2.4. (Dwell

at 33HZ if resonant frequencies not evident) .

6.0g on Hl axis and 3.2 on both H2 and

V axes, determine dwell g level as indicated in 2.3.5A

except substitute V axis for Hl axis.
B. Conduct dwell test as indicated in 2.4.5B.

2.4.7 Prepare to conduct dwell test, in horizontal axis H2

at resonant frequency determined in step 3. (Dwell at
33HZ if resonant frequencies not evident) .
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A. On basis of 6.0g on H2 axis and 3.2g on both Hl and

V axes, determine dwell g level as indicated in 2.3.5A,
except substitute V axis for H2 axis.

B. Conduct dwell test as indicated in 2.4.5B

2.5 Environmental Test

2.5.1 Install valve actuator with thrust tube and two test
motors in test chamber.

2.5.2 Fill bottom of test chamber with water to assure

saturation of the atmosphere in the chafnber.

2.5.3 Heat test chamber to 120 F.

2.5.4 Conduct transient temperature rise (120 F. to 250 F.)
in 10 secs.

2.5.5 Hold 250'F. for 30 mins.

2.5.6 Cool to 120'F. 9 90'F/hr. ave.

2.5.7 Conduct second transient temperature rise
(120 F. to 250 F.) in 10 secs.

2.5.8 Hold 250'F for 24 hours.

2.5.9 Cool to 200'F. 8 90 F./hr. ave.

2.5.10 Hold 200'F. for 16 days after start of test.
2.5.11 Megger and cycle actuator prior to start of test and

the following nominal times after start of test.
Event 3
Event 6
Event 19
Event 21
Event 80

.3
2.6

23.4
25.7

383.5

hours
hours
hours
hours
hours
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3.0 Zdentification of Actuator and Test Motors

3.1 Test Actuator with Motor (Unit Ol)

3.1.1

3.1 ~ 2

Model
Order No.
Serial No.

Motor

Manufacturer
Z.D. No.
Start Torque
Run Torque
Horsepower
RPM
Duty
Volts
Amps .
Temperature Rise
Znsulation

Limitorque Actuator

SMBM
600461
195004

Reliance Electric
44703.4-BZ
25 ft. lbs.

5 ft. lbs.
1.6
1700
15 min.
230/4 60
8.0/4.0
75 C.
Class B

3.2 Test Motor 01

3.2.1 Manufacturer
Z.D. No.
Start Torque
Run Torque
Horsepower
RPM
Volts
Amps .
Temperature Rise
Znsul ation

Reliance Electric
447014-JZ
25 ft. lbs.
5 ft. lbs.
1.6
1700
230/460
8.0/4.0
75'C.
Class B

3.3 Test Motor 82

3.3.1 Manufacturer
Z.D. No.
Start Torque
Run Torque
Horsepower
RPM
Volts
Amps
Temperature Rise
Znsulation

Electric Apparatus
742-19564K-09
40 Ft. lbs.

8 ft. lbs.
2.6
1705
220/440
11.6/5.8'5

C.
Class B





Zn addition (2) Engineering Development, Units and

motor were included for Limitorque information.
4.0 Test Procedure

4.1.1 The Valve Actuator Unit 41 was installed on a test
stand to establish a thrust load of 20,000 lbs. A

thrust load of 20,350 lbs. (approx. 466 ft. lbs. torque
at a torque switch setting of 2-1/2) was measu ed.

(an average of 6 readings)

4.1.2 A thrust tube was then installed in the Valve Actuator
'Unit 41 and the two test motors were mounted on a stand.
After the Actuator and motors were placed in the
environmental chamber, they were wired to an external
control source with a timing circuit that would operate
them once per hour.

4.1.3 The Valve Actuator was set for a 30 second stroke time
and the test motors were run hourly for 30 seconds in
each direction of rotation.

4.1.4 The Test Chamber was filled to the bottom of the rail
with water to insure 100% relative -humidity. The. chamber

was then heated to 165 F. at 0 psig pressure and the
ambient maintained for 199 .8 hours.

4.1.5 The Actuator and test motors cycling was started Nov.

4, 1974 and completed Nov. 13, 1974 with a total of 176

cycles. Failure of the timer circuit (not part of the
normal Valve Actuator Control) prevented the completion
of the 200 cycles originally planned.





4.2 Mechanical A in
4.2.1 The Test Chamber Cover was removed, the strip heaters

deenergized and the test motors disconnected from the

timing circuit.
4.2.2 The Valve Actuator cycling continued on Nov. 13 with the

unit operating on an accelerated timing sequence completing

1817 additional cycles. The mechanical aging was concluded

Nov. 19, 1974.

4.2.3 The test motors were run on Nov. 13 for a total of 15

minutes in one direction and for 15 minutes in the other
direction on Nov. 14, 1974.

4.3 Radiation E osure

4.3.1 The Limito.=que Valve Actuator and two test motors received
2-0 x 10 Rads gamma ratiation at Isomedix Inc. Parsippany,
N.J. Irradiation was completed on Nov. 22, 1974. A copy
of the Isomedix certificate of compliance is in Appendix

4.4.1 Seismic Aging was conducted at Aero Nav Laboratories,Inc.,
College Point, New York according to the procedure listed
in Section 2.4.1. The two test motors were mounted on the
table next to Valve Actuators and received the same aging
as the unit. The Seismic Aging was completed Dec. 3, 1974.

A copy of Aero Nav test reports 5720 and 5722 are included
in Appendix III.
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4. 5 Environmental Test

4.5.1 The environmental test was initiated on Jan. 6, 1975

according to the test plan presented in Section 2.5.
The test profile is presented in Fig. 1. The operating
characteristics of test unit 41 is included in figures
2A and 2B, of test motor 41 in figure 3 and of test

I

~ motor 42 in figure 4.

4.5.2 Event 19 (24 hours after test start)
Event 21 (25.8 hours after test start)
Valve Actuator Unit 41 operated satisfactorily in the
"close" direction, but in the "open" di'rection of stroke,
overran the "open" limit. The torque switch would

normally have prevented this over travel, but was unable

to operate due to the fact the thrust tube had no stop in
the opening direction. It is surmised this was caused

by a momentary electrical short due to localized
condensate build up, a malfunction of the reversing
contactor or a combination of both. Since this did not
occur before event 19, during event 20, nor recurred
after event 21, it is assumed this was caused by an

abnormal condition during this short time period.
Both the "open" and "close" indicator lights exhibited

ll

a very dim glow when it should have been extinguished
which could be attributed to a floating ground. (The

ground had been removed to facilitate meggering of the

control circuit) . Also an investigation concluded the
current flow to duplicate the dim glow was insignificant
and did not constitute a mal-function.
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4.5.3 Post-Test Znspection

A white powdery deposit was found on the limit switch

gear housing, the metalic frame parts of the torque switch
I

and the end bells of the Reliance motors. Photographs are

included in Appendix ZV. All internal mechanical elements

were in excellent condition with no mechanical damage or
excessive wea being observed.

5.0 Conclusions

Since no detrimental effects due to aging we e discernable, the
unit is qualified for a 40 year life as described in aging
criteria. The Valve Actuator and Test Motors operated satis-
factorily throghout the Environmental LOCA Test, proving its
capability of operating under conditions imposed as previously
outlined. Zt is therefore concluded this test generically
qualif'es Limitorque Valve Actuators type SMB/SB for Class ZE

Service outside Primary Containment for conditions as defined
in this report.
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TABLE I

SUMMARY OF DATA ACQUISITION SYSTEM

UJ ~~ LLt ~~4J rt
lll
wv) ~

>+@4
v) ~co
~ C5~
LLJ ~ ~

+ ~Cl
~v)

MEA S UR ING SYSTEM

SIGNAL
INDICATOR ONDITIONER XWUCER

MONITORING
POINT

C)

I-
lY
Cl

I

LLI

CD

0'Z
UJ

I

Multipoint
Temperature

Recorder

Type J T.C.

Honeywell

Model No.,
K153x80-c-
II-e6-65
Serial No.

T11806-83004

1

2

3
4
5

6

7,10
8,11
9,12
13,15,17
14,16,18
19,21,23
20,22,24

1B T.C.»JQ)
2A T.C.-JQ)
3B T.C.-JQ)
4B T.C.-JQ)

5 T.C.-J
6 T.C.-J
7 T.C.-J
8 T.C.-J
9 T.C.-J
10 T.C;-JllT.C.-J

Chamber Amb

Test Unit

L.S, Comp

Chamber Amb

Room Amb.

Shoed
Condensate

Press x-Df2
Press x-D@3

Press x-D84

Press x-Df1
H20 input

H20 output

Feb.
1974

Feb.
1975

2. Strip Chart

Recorder

8 Channel

Gulton
TR888

S/N
3042802

1 Amplif.
II

II

4 II

5 T.C. Mod
II

7 II

8 II

amber Amb

est Unit

.S. Comp.

hamber Amb

hamber Amb

est Unit

.S, Comp.

hamber ANb

Press x-D$1 Ch

Press x-D@2 T

Press x-D83 L
Press x-DA C

lA T.C.-JQ) C

2B T.C.-JQ) T
3A T.C.-JQ) L
4A T.C.-JQ) C

Sept.
1974

March
1975

Note: Amp, TSC 801
T.C, Mod. TSC 500J
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TABLE I (continued)

SUMMARY OF DATA ACQUISITION SYSTEM

O MEASURING SYSTEM

MONITORING
POINT

O
I

Cl

I

IN0(CATOR
SIGNAL

CONDITIONER XNUCER

Mercury bulb thermometer

Wexler 50%00 F.
Chamber .

Ambient
2/75

Bi-metal Dial Thermometer

Wexler 50%00 F.
Chamber
Ambient

New
2/74 2/75

Dial Pressure Gage

Ashcroft 30 in Hg to 200 psig

Chamber
Pressure

'11/74 5/75

Time of Day

Wall~lock
Time of

Day

Running Time Clock

1000 hours,0.1 hr.
Resolution

Total
Test
Time

)g

Strain indicator

Bridge

BL &,H

Typen

S/N 443604

20,000 lb.
Load

Cell

BL&H
U-1

S/N 2512

Test Unit
Thrust
Output

12/74 12/75





TABLE l (continued)

SUMMARY OF DATA ACQUtSITION SYSTEM

~VILA
~Lu~
LLI

Mcn
hlixJ P
5~%
Pn<e
~ C5~
Ul ~'~.'

cn'EASURlNG
SYSTEM

SlGNAL
INDlCATOR CONDiTiONER X<UCER

MONlTORlNG
POlNT

O
I

LG

O
I

O
I-

CQ

CD

3 'phase Recordinti

Watlmeter

Esterl ine Angus

Model A 601C
S/N 192358

Power
Consumption

of
Operator

New
2/74 2/75

10 Panel Meters

9 meters one in each phase

Low Range - 3-0-10
amp meters
Tiiplett Type

Hi Range - 3-0-50
amp meters
Triplett Type 430

Test
Unit

Curent

New
9/74 3/75

Ke

CO

Panel Meters
3 meters one across

each phase

0-500VAC Triplett
Type 490

Test Unit
Voltage

New
3/74





TABLE I (continued)

SUMMARY OF DATA ACQUISITION SYSTEM

MEAS UR ING SYSTEM

SIGNAL
lNDICATOR CONDITIONER XNUCER

MON ITORING
POINT

o
I-
CC
Cl

12 Stopwatch

Hever S/N 512406
Stroke
Time

13 Flow Meters Q)
Fisher &, Porter

~Mode ~N
10A1735Y 7309A0574A1
10AI735 7407A0403Al

Chemical
Flow

New
2/74 2/75

14 2Dial Pressure Gages

(2) Nester Model BA14P
1'Acco Helicoid

0-200 psig

Manifold

Pressure

Pump

Pressure

ndlcator
only

New
2/74 2/75

I

15 PH Meter PH of Chem.
Solution

Comparison
Against
Standard

'olution

16 Meg ohmmeter

James G. Biddle
Model 21159
S/N 732521

Motor 8
Control

Leads

New
2/74 2/75
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APPENDIX ZZ

CERTIFICATE OP COMPLIANCE - RADIATION EXPOSURE
h





I SU MED lX

Mz. W. J. Denkowski
Chief Engineer
Limitorque Corporation
181 South Gulph Road
King of Prussia, Pa. 19406

Dear Mr. Denkowski I

This will summarize the parameters pertinent, to the irradiation
of three valve operators, three motor assemblies, and several
small miscellaneous pieces of elect ical equipment. Zdentifi-
cation of the test eauipment is per your 0 der 1600461, dated
November 12, 1974. Zncluded were:

Valve Otaerators
1. 1 each SMBO unit, 25 ft.o Reliance Motorr Class B
2. 1 each SMBOOO unit, 25 ft.Ã Reliance Motor, Class B
3. 1 each SBBl unit, 40ft.S Electric Apparators Motor

Class B

Sotots
a. 5 ft spaces.coot seto=
5. 25 ft.w Reliance Motor
6. 40 ft.C Electric Appa atus Motor

o&ec
7. 3 bags, plastic licit switch aod totgoe switch

parts contained in Valve Operators.
8. 1 Helipot contained in Ztem 3.

Zn Phase Z of De exposure, all units were placed in a co-60
field of lx10 rad per hour at an air equivalent, dose. They
were rotated several times during the exposure to achieve a
more uniform dose distribution. Total dose received to the
centerline of all units was 20 Mrad (a'r equivalent) with an
ovezdose factor on the edges of the units of up to 1.2.
Zrradiation was in air at ambient tempe ature in a slight nega-
tive pressure. The temperature of the samples during irradia-
tion did not exceed 100 Pe

leC3meCI)X InC. ~ 25 83StmanS ROad, ParsipI7any, NeW Jersey {201) 887w4700
Mailing Aooressr Post Office Box 177. Psrsioodny, New Jersey 07054

CHICAGO OIVISION ~ 7626 Ndgf~ AVt.. MOrtOn Crnve. ffffnniS 60053 f3121 966-1160
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M . W. J. Denkowski December 24, 1974

Phase I of the irradiation was completed on November 21, 1974,
and all units were picked up by you" personnel.

Phase II of the test included exposing only the motors and
miscellaneous pa~ to an additional 184 Mrad. The procedure
was identical to the Phase I step, and irradiation was com-
pleted on December 16, 1974. Their total dose was 204 Mrad,
with an overdose factor of up to 1.2 on the outer edges of the
units.

Dosimetry was performed using a Victoreen Model 555 Integrating
Dose Rate Meter and Probe. The unit was calibrated on
January 15, 1974 by the Victoreen Instrument. Company, using
Cobalt&0 and Cesium-137 sourcees whose calibrations are trace-
able to the U.S. National Bureau of Standards. A copy of the
calibration certificate is available. Dosimetry utilizing a
Red Perspex system was also completed, and confizmed the Vic-
toreen readings.

Very t~ly yourn,

c~+ Z
George R. Diet"
Manager, Radiation Services
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APPENDIX III
TEST REPORP — SEISMIC AGING
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LABORATORIES, INC.

14-29 112TH STREET ~ COLLEGE POINT, N.Y. I 1356 ~ (212) 939-4422

( UNCLASSIFIED)

REPORT OF SEISMIC TEST
ON

SMBO-25 MOTOR ACTUATOR
FOR

LIMITORQUE CORPORATION
KING OF PRUSSIA, PENNSYLVANIA

TESTED BY

CHECKED BY

APPROVED BY

DATE

GOVERNMENT

JAR

6 JANUARY 1975

NONE

ETL REPORT

AERO NAV
SALES ORDER
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ADMINISTRATIVE DATA beam

DATE
6 January 1975

PURPOSE OF TEST: To determine the effects of Seismic Vibration
on the physical and operational characteristics
of the submitted specimen.

MANUFACTURER: LZMITORQUE CORPORATION
181 S. Gulph Road
King of Prussia, Pennsylvania 19406

MANUFACTURER TYPE
AND SERIAL NUMBER: See Paragraph 2.0 for name plate data.

DRAWINGS SPECIFICATIONS Tested in accordance with detailed instructions of
OR EXHIBIT: client and Limitorque Test Pr'ocedure (0/N 383964)

QUANTITY OF ITEMS
TESTED: One (1) only

EQU1PMENT:
REPORT:

Unclassified
Unclassified

DATE= TEST COMPLETED: 25 November 1974

TEST CONDUCTED BY: AERO NAV LABORATORIES~ ZNC.
14-29 112th STREET
COLLEGE POINT, NEW YORK 11356

DISPOSITION OF SPECIMEN: Returned to client

ABSTRACT:
/

Zt is the function of the Aero Nav Laboratories,
Znc., as an impartial testing agency in performingthis test, to subject the specimen to seismic
vibration of magnitude and direction as specified
in the detailed specifications.
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FACTUAL DATA

1 ~ 0 DESCRIPTION OF TEST APPARATUS:

Vibration Machine and Control System, Type RVH-72-5000,
Serial No. 51402, manufactured by L.A.B. Corporation.
Calibration Due: 28 March 1975.

1.2

1.3

1.4

1 ~ 5

F 6

Accelerometers, Model 2213E, Serial Nos. CP36, CP37,
CP48, LA57, CP38 and CP43, manufactured by
Endevco Corporation.
Calibration Due: 18'anuary 1975.

Amplifier, Model 2616, Serial No. CA13,
man'ufactured by Endevco Corporation.
Calibration Due: 18 January 1975.

Power Supply, Model 2622, Serial No. CA24,
manufactured by Endevco Corporation.
Calibration Due: 18 January 1975.

Band Pass Filter, Model No. 330M, Serial No. 2116',
manufactured by Krohn-Hite Corporation.
Calibration,Due: 26 February 1975.

True R.M.S. VTVM, Model 320A, Serial No. 8'622,
manufactured by Ballantine Labs.
Calibration Due: 3 March 1975.

2.0 NAME PLATE DATA:

Limitorque Corp. King of Prussia, Pa.
Type - SMB-0 Size - 0
Order - 500461B, SN - 195004

2.2 Extra Motor:

Limitorgue Corp. King of Prussia, Pa.
ID No- - 4470 14 - JZ
Start — 25 LB FT, H.P. 1.6 Run 5 LB FT
SF Type - P FR - P56, PH.

3'PM- 1700 HZ - 60 Volts 230t460
Code AMPS - 8.0l4.0
AMP C - 40, Ins Class B

Duty - 15 min.
Reliance Electric Company

Cleveland, Ohio
PAGE
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2,1 Actuator: (See Page 3A for Motor Description)
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2.1 SMBW SN 195004

Motor - Reliance

25 ft. lb. start - 5 ft. lb. run
1D 447014 BZ
Type P - 56 Frame
1700 RPM
230/460 volt - 3 phase, 60 hz.
S.o/4.0 amps.
Class B insulation - 15 minute duty
40 degree C.
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FACTUAL DATA

3.0 METHOD OF TEST:

The submitted specimen mounted in a fixture supplied
by Limitorque Corporation was affixed to the table of
the seismic simulator in such a manner that the axisof the stem nut was vertical. Five (5) accelerometers
were used to monitor resonant conditions of the actuator.
A spare motor was also mounted on the seismic simulator
and was subjected to the same conditions as the valve
actuator, however, the motor was not monitored in any
way.

During the test the actuator was electrically connectedto a control console supplied by Limitorque.

3.1 Resonant Freauenc Search:

The specimen was subjected to a resonant frequency
search from 5 to 33 Hz. The applied excitation
levels were in accordance with Table i. The fre-
quency range was increased in discrete steps of 1 Hz
and vibration was maintained at each frequency for
a period of not less than six (6) seconds.

The above test was performed in each of the three (3)
mutually perpendicular axis.

Table I - Am litudes of Vibration
Frequency

(Hz)
Acceleration

(G eak)

5-33
3.2 Seismic Dwell Test:

0.1 to .75

Upon completion of the resonant frequency search in
each axis, the specimen was subjected to a seismic
dwell test at each of the resonant freouencies noted
during the resonant frequency search. If no resonant
frequencies were noted the seismic dwell test wasperformed't 33 Hz. Five (5) thirty '(30) second
dwells were'erformed at 1/2g levels, and one (1)thirty (30) second dwell was performed at full glevel.
During the dwell tests the unit was operated throughits open and closed stroke.
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FACTUAL DATA

4 ~ 0 RESULTS OF TEST:

The following observations were noted and recorded
during the above detailed test procedure:

4.1 Vertical Axis: (along the Actuator Stem)
(Machine Axis - Horizontal)

Accelerometer Locations and Orientation:

Input

Outputs

On Tab3.e - Horizontal direction of Vibration
A- On Actuator near Stem - Vertical and

perpendicular to
direction of Vibration.

B- On end of Motor - Horizontal in direction of
Vibration.

C- On end of Motor - Vertical and perpendicular
to direction of Vibration.

D- On Actuator near Handwheel Shaft - Horizontal
and

perpendicular
to direction
of vibration.

E- On Actuator near Stem — Horizontal in direction
of Vibration.
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FACTUAL DATA

RESULTS OF TEST (continued)

4.1.1 Resonant Freauenc Search:

Frequency
(Hz')

Input
(G's)

Outputs (G's)
C D

5
6
7
8
9

10
11
12
13

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0.240
0.380
0.470
0. 660
0. 370
0.490
0.600
0.670
0.160
0.190
0.220
0.250
0.280
0.310
0.350
0.390
0.430
0.470
0.500
0.550
0.600
0.650
0-220
0. 240
0 ~ 260
0. 270
0.290
0. 310
0. 330

0. 03$
0.050
0.060
0-060
0-002
0.020
0.040
0 '30
0.058
0 020
0.025
0 '25
0.035
0.030
0 '37
0. 040
0 '55
0.057
0.060
0.068
0.085
0.090
0. 050
0-052
0.060
0 065
0- 074
0.080
0.090

0. 270
0. 370
0. 500
0 ~ 670
0. 3'70
0.480
0 '00
0.660
0.170
0.190
0 230
0 ~ 260
0. 280
0 '20
0-360
0.400
0.450
0.480
0.520
0 ~ 057
0. 640
0.700
0.300
0.320
0.350
0 '60
0.400
0.420
0.450

0.120
{) ~ 25 0
0.150
0.250
0.100
0.100
0.120
0.100
0.050
0 '60
0.100
0.080
0.110
0-060
0.090
0.040
0. 080
0-060
0 '70
0.090
0.180
0.180
0 '30
0-110
0.110
0-120
0.130
0.150
0-170

0.060
0.100
0 '50
0 '00
0.040
0.050
0.045
0-060
0.060
0.040
0 F 050
0.040
0.050
0. 040
0.050
.0-040
0.04S
0.025
0.030
0.035
0.060
0.070
0.060
0.050
0.060
0.050
0.200
0.250
0 '00

0. 240
0.370
0.470
0.

640'.400

0 '70
0.570
0.640
0.150
0.180
0.210
0 '240
0. 270
0 ~ 300
0.340
0. 360
0.430
0.470
0. SOO
0.550
0.610
0. 670
0. 250
0. 270
0 ~ 290
0 ~ 320
0. 500
0.500
0 ~ 420
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FACTUAL DATA

RESULTS. OF TESTS (continued)

4.2 Horizontal Axis: (perpendicular to Motor Axis)
(Machine Axis - Vertical)

Accelerometer Locations and Orientation:
Input - On Table - Vertical - in direction of vibration
Outputs A-On

B-On

C-On

D»On

E-On

Actuator near Stem —Vertical « in directi'on
of Vibration

end of Motor - Horizontal — Perpendicular to
direction of Vibration

end of Motor - Vertical - in direction of
Vibration

actuator near handwheel shaft - Horizontal and
perpendicular to
direction of
Vibration

actuator near stem - Horizontal - perpendipular
to direction

of Vibration
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RESULTS OF TESTS. (continued)

4.2.1 Resonant Fre uenc Search:

Frequency
(Hz)

Input
(G's)

Outputs (G's)
A B . C D E

5
6
7'
8
9

10ll
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33'

230
0.340
0.410
0.540
0.690
0.220
0.250
0.300
0 340
0.390
0 '60
0.530
0.580
0 '60
0.320
0.350
0. 380
0.420
0. 450
0.490
0.540
0.240
0.260
0.270
0.290
0.300
0.320
0.350
0.370

0.230
0.340
0.410
0.530
0..690
0.220
0 '50
0.290
0.330
0.380
0.450.
0 ~ 510
0.570
0.650
0 '10
0.350
0.390
0.430
0. 470
0.520
0 ~ 570
0. 250
0.290
0 '90
0.320
0.330
0-360
0 ~ 390
0 ~ 420

0.030
0.035
0.035
0.040
0.050
0.048
0.040
0.030
0-030
0.035
0.045
0.035
0.045
0.060
0.040
0 '50
0.070
0.050
0.050
0 '58
0.070
0.090
0.110
0.070
.0. 080
0.070
0 F 080
0.080
0.090

0. 230
0.340

~ 0.400
0.540
0.680
0.250
O. 240
0.300
0.330
0.380
0.460
0. 520
0.580

,0.700
0.340
0.380
0.420
0. 470
0.500
0 '70
0.640
0.290
0.380
0.350
0 370
0.400
0.440
0 L80
0. 540

0.040
0.040
0.040
0.024
0 '35
0.040
0.025
0.015
0.015
0.100
0.040
0.035
0. 100
0. 200
0.040
0.200
0 ~ 150
0. 200
0.200
0.100
0.120
0.100
0 '00
0.060
0. 150
0..120
0.120
0.080
0.200

0.035
0.060
0. 040
0.050
0.045
0.050
0 '25
0.020
0 ~ 023
0.3.50
0.040
0.050
0.200
0 '00
0.025
0.200
0 '00
0.200
0.200
0.150
0.150
0.100
0.100
0.060
0.100
0.150
0.200
0. 120
0. 200
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FACTUAL DATA

RESULTS OF TESTS (continued)

0.3 Horimontal Axis: (Parallel to Motor Axis)
(Machine Axis - Horizontal)

Accelerometer Locations and Orientation:
Input - On Table - Horizontal — in direction of vibration
Outputs A-On

B-On

C-On

D-On

E-On

Actuator near Stem — Horizontal and perpendicular
to direction of vibration

Motor End - Horizontal and perpendicular to
direction of vibration

Motor End - Vertical and perpendicular to
direction of vibration

Actuator near Handwheel Shaft - Horizontal-
in direction of
vibration

Actuator near Stem - Vertical and perpendicu3.a
to axis of vibration
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FACTUAL DATA

RESULTS OF TESTS (continued)

4.3.1 Resonant

Frequency
(Hz)

Freauenc

input
(G's)

Search:

Outputs (G's)
B i C D E

5
6
7
8
9

10ll
12
13
14
15
16

,17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0. 170
0-230
0. 330
0.440
0.530
0.650
0. 180
0. 210
0 ~ 240
0 ~ 290
0.330
0. 370
0.420
0..470
0. 520
0. 590
0.650
0-160
0.170
0.190
0.210
0.220
0.240
0.250
0. 270
0-290
0.310
0.330
0.350

0-020
0.025
0.050
0.040
0.040
0.035
0 '15
0.015
0-020
0.015
0 F 015
0.030
0.017
0.015
0.013
0.015
0.025
0.030
0-025
0.040
0.035
0.035
0.035
0.030
0.025
0-025
0.060
0 '30
0.100

0.060
0.060
0. 070
0.070
0.060
0.050
0.040
0. 045
0.040
0.030
0.030
0.050
0.040
0.030
0.030
0.030
0 ~ 055
0. 070
0 ~ 070
0.090
0.080
0-090
0.070
0.070
0.060
0.070
0.120
0.300
0.220

0.050
0 ~ 070
0 045
0. 050
0 '30
0.030
0.035
0 ~ 030
0.035
0 '30
0 '30
0 '35
0.030
0.030
0.030
0.030
0 '35
0.045
0.050
Q. 045
0.04S
0.050
0.045
0 '45
0 F 050
0.060
0.050
0 F 060
0.060

0 ~ 200
0 '00
0.340
0.410
0.530
0.650
0 '00
0.200
0.250
0.280
0. 310
0.370
0.400
0.480
0.560
0.570
0.630
0.160
0.180
0.190
0.220
0 ~ 230
0. 24.0
0.300
0 '10
0.310
0.380
0.400
0.470

0.050
0.030
0.050
0.080
0.080
0 '20
0.100
0 '25
0.030
0.035
0.050
0.040
0.060
0.090
0. 070
0. 080
0. 070
0.040
0.070
0.035
0.120
0.050
0.080
0 ~ 080
0 ~ 080
0. 100
0.300
0.200
0.200
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RESULTS OF TESTS (continued)

Seismic Dwell Tests:

4.4.1 Vertical Axis (alon the actuator stem)

The Seismic Dwell tests were performed at 33 Hzfor a duration of 30 seconds for each run.
Five runs were performed at an input of 3.0 g's
and one run was performed at an input of 6.0 g's.
During the dwells the actuator was'pened and
closed.

There was no evidence of external physical damage
as a result of the stress of this test.

4.4.2 Horizontal Axis (parallel to motor axis)
The Seismic Dwell tests were performed at 33 Hzfor a duration of 30 seconds for each run.
Five runs were performed at an input of 4.9 g's
and one run was performed at an input of 6.1 g's.
During the dwells the actuator was opened and
closed.

There was no evidence of external physical damage
as a result of the stress of this test.

4.4.3 Horizontal Axis (Der endicular to motor axis)
The Seismic Dwell tests were performed at 33 Hzfor a duration of 30 seconds for each run.
Five runs were performed at an input of 3.2 g's
and one run was performed at an input of 6.2 g's.
During the dwells the actuator was opened and
closed.

There was no evidence of external physical damage
as a result of the stress of this test.

PAGE 1 OF 13 PAGES

UNCLASSI. IED S.O.

6720

7 11-408



I
I
I

I



( UNCLASSIFIED )

FACTUAL DATA

5.0 VISUAL POST TEST EXAMINATION:

Visual post test examination revealed no evidence
of any external physical damage as a result of the
stress of this test.

1

6 . 0 RECOMMENDATIONS:

None, data merely submitted.

7.0 CONCLUSIONS:

Final evaluation of the submitted specimen for conformance
to the requirements of the detailed specifications will be
accomplished by Limitoroue Corporation upon review of the
results reported herein and further examination as required.
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LIMITORQUE CORPORATION

KING OF I'RUSSIA, PENNSYLVANIA

SHBO-25 MOTOR ACTUATOR

Seismic Test Setup
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TEST REPORT

Subject: Pre Seismic Torque Switch calibration and Operation

monitoring performed during seismic testing SMB-O-25.

Reference: Limitorque P.O. 383964

Aero Nav Report 5720

Unit Identification 6 Descri tion
SMB-O Limitorque Valve Control with Reliance

25 ft. lb. motor

Unit Serial No. 195004

Motor Z.D. No. 447014-BZ

Test Motor (gl)
Z.D. No. 447014-JZ

Pre-Test Torcrue Switch Calibration
Procedure: Measure thrust output of SMB-0 using a 2-3/8 x 1/4 xl/4

stem 'and 20,000 lb. load cell.
Results: A thrust load of 20,350 lbs. (Ave. of 6- readings) was

obtained at a torque switch setting of 2-1/2.

Approximate Torque:

Torque = Thrust x Stem Factor

SF 2 3/8" x 1/4x 1/4 stem = .0229

Torque = 20,350 x .0229 — 466 ft. lbs.
Seismic Test Ooeration Monitorin

Procedure: All limit switch rotors were monitored by means of
indicator lights.





Two (2) contacts (one each on each of two (2) spare

rotors) were wired in series with a sensitive relay
to detect chatter during the stroke of the actuator.
The actuator was run from an open position (controlled
by a limit switch) to a closed torqued-out position
(controlled by the torque switch) back to the open limit

I

position during each of the dwells and at the end of the
seismic aging cycle. The test motor (41) was mounted

next, to the SMB-0 to receive the same seismic aging as

the unit.
Results:

Conclusion:

The unit functioned properly, performing all control
functions and mdicating functions. There was no

evidence of contact chatter during the dwells .

Due -"o severe "cross talk" detected on the seismic

table, attempts to include "cross coupling" was disregarded
and the unit run at 3g's for five dwells and 6g acceleration
for one dwell in each axis. Later tests on an equivalent
unit (Aero Nav Report 5772) proved cross coupling to be

negligible. Since the Valve Actuator performed satis-
factorily in all functions, and since later tests
indicated negligible cross-coupling, the unit is considered

qualified per IEEE 344-75 specification for seismic levels
up to 6g's.
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ON

SMB-1 MOTOR ACTUATOR
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ADMINISTRATIVE DATA Lem

DATE
7 January 1975

PURPOSE OF TEST: To determine the effects of Seismic Vibration
on the physical and operational characteristicsof the submitted specimen.

MANUFACTURER: LIMITORQUE CORPORATION
181 S. Gulph Road
King of Prussia, Pennsylvania 19006

MANUFACTURER TYPE
AND SERIAL NUMBER: See Paragraph 2.0 for name plate data.

DRAWINGS SPECIFICATIONS Tested in accordance with detailed instructions
OR EXHIBIT: of client and Limitorque Test Procedure (0/N 383964)

I QUANTITY OF ITEMS
TESTED: One (1) only

EQU1PMENT:
REPORT:

Unclassified
Unclassified

DATE TEST COMPLETED: 3 December 1974

TEST CONDUCTED BY: AERO NAV LABORATORIES, INC.
14-29 112th STREET
COLLEGE POINT, NEW YORK 11356

DISPOSITION OF SPECIMEN: Returned to client

ABSTRACT: It is the function of the Aero Nav Laboratories,Inc., as an impartial testing agency in performingthis test, to subject the specimen to seismic
vibration of magnitude and direction as specifiedin the detailed specifications.
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FACTUAL DATA

1.0 DES RIPTIQl'F T:S APPARATUS:

1.1 Vibration Machine and Control System> Type RVH-72-5000,
Serial No. 51402, manufactured by L.A.B. Corporation.
Calibra=ion Due: 28 March 1975.

1.2 Accelerometers, Model 2213E, Serial Nos. CP36, CP37 >

CP48, LAS7, CP38 and CP43, manufactured by
Endevco Corporation.
Cal'bra ion Due: 18 January 1975.

1.3 Amplifier, Model 2616, Serial No. CA13,
manufactured by Endevco Corporation.
Calibration Due: 18 January 197S.

1.4 Power Supply, Model 2622, Serial No. CA24,
manufactured by Endevco Corporation.
Calibration Due: 18 January 1975.

1.5 Band Pass Filter, Model No. 330M, Serial No. 2116,
manufactured by Krohn-Hite Corporation-
Calibration Due: 26 February 197S.

1.6 True R.M.S, VTVM, Model 320A, Serial No. 8622,
manufactured by, Ballantine Labs.
Calibration Due: 3 March 1975.

2.0 NAME PLATE DATA:

2.1 Actuator: (See Page 3A for Motor Description)

Limitorque Cor p. King of Prussia, Pa.
Type SMB Size - 1
Order 600461C Serial 195005

2.2 Ertra Motor:

Serial — 742-19564K-09 Frame C184Y
Start Torque - 40 ft lbs Type Dat
Run Torque - 8 ft lbs Hz 60
Volts - 220/440 OC Rise 75
Amps - 11.6/5.8

Ins — Class B

RPM 1705
Phase 3
Code L
Duty - 15 min
SF 1.0

PAGE 3 OF 1 3 PAGES
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2.1 SMB-1

Motor

SN-195005

Electric Apparatus
40 ft. lb. start, 8 ft. lb. run
1D 733-18869-12
Type DAT - 140 Y Frame
1720 RPM
220/440 volt- 3 phase - 60 hz12.6/6.3 amps.
Class B insulation - 15 minute duty75 degree C rise
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FACTUAL DATA

3 ~ 0 METHOD OF TEST:

The submitted specimen mounted in a fixture supplied
by Limitorque Corporation was affixed to the table of
the seismic simulator in such a manner that the axis
of the stem nut was vertical. Five (5) accelerometers
were used to monitor for resonant conditions of the
actuator.

A spare motor was also mounted'n the seismic simulator
and was subjected to the same conditions as the valve
actuator, however, the motor was not monitored in any way.

During this test the actuator was electrically connected
to a control console supplied by Limitorque.
3.1 Resonant Fre uenc Search:

The specimen was subjected to a resonant frequency
search from 5 to,33 Hz. The applied excitation
levels were in accordance with Table I. The freauency
range was increased in discrete steps of 1 Hz and
vibration was maintained at each frequency for a
per'od of not less than six (6) seconds.

The above test was performed in each of the three (3)
mutually perpendicular axis.

Table I - Am litudes of Vibration
Frequency

(Hz)

5- 33

Accelerati.on
(G eak)

.1 to .75

3.2 Seismic Dwell Test:

Upon completion of the resonant frequency search in
each axis, the specimen was subjected to a seismic
dwell test at each of the resonant frequencies noted
during the resonant frequency search. If no resonant
freouencies were noted the seismic dwell test was
performed at 33 Hz.

Five (5) thirty (30) second dwells were performed at
1/2 g levels, and one (1) thirty (30) second dwell
was performed at full g level.
During the dwell tests the unit was operated throughits open and closed stroke.
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4.0 RESULTS OF TEST:

The following observations were noted and recorded
during the above detailed test procedure:

4.1 Vertical Axis: (Along the actuator stem)
(Ha'chine Axis - Horizontal)

Accelerometer Locations and Orientation:

Input — On Table - Horizontal - in direction of vibration
Outputs A-On actuator near stem - Horizontal - in direction

of vibration
B-On end of motor - Horizontal - in direction of

vibration
C-On end of motor - Vertical and perpendicular to

direction of vibration
D-On actuator near stem - Vertical and perpendicular

to direction of vibration
E-On actuator near hand wheel shaft - horizontal and

perpendicular
to direction of

. vibration
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FACTUAL DATA

RESULTS OF TEST (continued)

4.1.1 Resonant Freauenc Search:

Frequency
(Hz)

Input
(G's)

Outputs (G ' )
B C D E

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0 ~ 160
0. 270
0.370'-450

0.600
0.720
0 ~ 130
0.150
0. 210
0 ~ 270
0 ~ 320
0. 350
0.400,
0. 430(
0.490
0.550
0 '10
0.690
0.700
0.180
0.200
0.220
0 '30
0 '50
0 ~ 260
0. 270
0.300
0. 310
0.330

0.160
0. 280
0. 370
0.460
0.620
0.730
0.140
0. 170
0 ~ 230
0.280
0.340
0 ~ 380
0.430
0.470
0.550
0.610
0 '20
0.800
0. 880
0-230
0.250
0. 280
0. 310
0 ~ 350
0.390
0. 440
0-510
0.580
0.720

0.160
0- 280
0.370
0 ~ 450
0 '10
0.720
0.140
0.170
0 '30
0.280
0.340
0 ~ 380
0. 430
0.470
0.550
0.610
0 F 710
0.790
0 ~ 860
0. 230
0.250
0. 280
0.300
0.340
0-360
0.410
0.460
0.510
0 '90

0 ~ 040
'0 -090
0 ~ 120
0.110
0.250
0.100
0.030
0.035
0.030
0 ~ 030
0.025
0 ~ 030'.035
0. 070
0 ~ 080
0 ~ 069
0.080
0 '20
0-140

'.040

0.060
0 ~ 060
0.080
0 F 100
0.110
0.160
0.230
0.340
0 '40

0.080
0 ..070
0.080
0.100
0. 160
0.120
0.040
0.045
0. 040
0.050
0. 015
0. 040
0.050
0. 035
0. 050
0-050
0. 060
0.090
0.090
0.050
0.050
0.060
0.080
0 '20
0.090
0. 150
0.110
0 '50
0.250

0 060
0.070
0.070
0.100
0.150
0.110
0.060
0.040
0 050
0.050
0.020
0 '40
0.060
0 '30
0.035
0.018
0.020
0.060
0 '12
0.040
0. 070
0. 035
0. 070
0-090
0. 060
0.100
0.120
0.090
0.150
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FACTUAL DATA

RESULTS OF TEST (continued:

4.2 Horizontal Axis: (Perpendicular„to Motor Axis)
(Machine Axis - Vertical)

Accelerometer Locations and Orientation:
Input - On Table - Vertical - in direction of vibration
Outputs A-On actuator near stem - Horizontal - perpendicular

to direction
of vibration

B-On end of motor - Horizontal - perpendicular to
direction of vibratior

C-On end of motor - Vertical - in direction of
vibration

D-On actuator near stem - Vertical - in direction of
vibration

E-On actuator near handwheel shaft - Horizontal and
perpendicular to
direction of
vibration.
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FACTUAL DATA

RESULTS OF TEST (continued)

4.2.1 Resonant

Freouency
(Hz.)

Freauenc

Input(a')

Search:

Outputs (a')
A B C D E

'

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0.170
0.250
0.290
0.370
0.440
0.580
0.640
0.790
0. 250
0.290
0.330
0.380
0. 420
0.460
0.510
0.570
0.640
0.700
0.190
0.210
0.230
0.240
0.250
0.270
0.360,
0. 320
0.330
0.350
0.370

0.012
0.013
0.013
0. 018
0.02S
0.035
0.044
0.060
0.027
0 F 070
O.OSO
0.048
0.060
0.070
0.090
0-110
0.170
0. 170
0.050
0.065
0.080
0.090
0.110
0.120
0.400
0.190
0.220
0.290
0.340

0.017
0. 019
0.022
0.022
0.035
0.030
0.035
0.040
0.060
0.065
0.200
0.040
0.04S
0.065
0.070
0.065
0.080
0.090
0.04S
0.120
0.160
0.090
0.080
0.080
0.090
0.110
0.130
0.150
0.180

0. 180
0 ~ 250
0.300
0.390
0.480
0. 610
0.710

'0.850
0.250
0.330
0.360
0.420
0 ~ 480
O.S30
0.630
0.700
0.850
0.940
0.250
0.300
0.350
0-380
0.430
0. 470
0.540
O.63O
0.720
0. 850
1. 000

0.170
0.240
0.280
0.360
0.450
0.560
0.660
0.780
0.250
0 ~ 35'0
0.320
.0 ~ 400
0. 430
0. 490
0 .'540
0.580
0.680
0.750
0.210
0 '50
0.. 270
0. 290
0. 330
0. 370
0. 400
0. 420
0.470
0.550
0.600

0.012
0.013
0.012
0.025
0.060
0.050
0.035
0 ~ 070
0.050
0.060
0.070
0.060
0.025
0.050
0 '3S
0.050
0.060
0.050
0.045
0.070
0.080
0.035
0.100
0.110
0. 130
0.120
0 ~ 110
0. 150
0. 200
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FACTUAL DATA

RESULTS OF TEST (continued)

4.3 Horizontal Axis: (Parallel to Motor Axis)
(Machine Axis - Horizontal)

Accelerometer T ocations and'rientation:
Input - On Table — 'Horizontal - in direction of vibration
Outputs A-On

B-On

C-On

D-On

E-On

actuator near stem — Horizontal and perpendicular
to direction of vibration

motor end - Horizontal and perpendicular to
direction of vibration

motor end - Vertical and perpendicular to
direction of vibration

actuator near stem - Vertical and perpendicular
to axis of vibration

actuator near handwheel shaft — Horizontal - in
direction of
v"bration.
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RESULTS OF TEST (continued)

4.3.1 Resonant Freauenc Search:

Frequency
(Hz)

Input
(G's)

Outputs (G's)
C D E

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0.130
0.170
0. 250
0.320
0.390
0.530
0.630
0.740
0. 240
0 ~ 260
0.320
0 '60
0.380
0.400
0.490
0.550
0.610
0.660
0.700
0. 170
0.180
0. 180
0.200
0.210
0. 230
0. 240
0.260
0.280
0.290

0 ~ 025
0.025
0 ~ 030
0.035
0 '35
0 '35
0.070
0.065
0.015
0.018
0.016
0.017
0.014
0.025
0.018
0.024
0.070
0.050
0.035
0.030
0.030
0.035
0.035
0.040
0 '55
0.060
0.065
0 '76
0.090

0.020
0.070
0.055.
0. OSS
0. 045
0. 050
0.075
0.070
0. 040
0.045
0.050
0.050
0. 045
0.050
0. 080
0.060
0.075
0. 090
0.110
0.060
0.080
0.070
0.070
0. 080
0. 080
0.100
0.090
0.065
0.080

0.025
O.OSO
0.'060
0.060
0.050
0 F 060
0.075
0. 080
0 ~ 035
0.040
0.040
0.050
0.045
0.060
0.080
0.090
0.160
0.150
0.180
0. 080
0. 090
0 '90
0.100
0.120
0.140
0.3.60
0.190
0.220
0.250

0.025
0.070
0.070
0.060
0. 070
0 ~ 070
0.060
0.080
0.080
0.060
0. 070
0. 075
0. 060
0.070
0. 070
0. 070
0 065
0. 055
0.080
0.035
0.040
0.043
0. 070
0. 070
0.090
0.160
0.150
0.110
0.130

0.160
0.180
0.300
0.350
0.470
0.560
0.670
0.760
0.280
0.370
0.390
0.450
0.410
0.450
0.510
0.550
0.620
0.670
0.760
0. 170
0. 190
0.210
0 '30
0 '70
0 ~ 290
0.360
0 ~ 380
0. 400
0.430
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FACTUAL DATA

RESULTS OF TEST (continued)

Seismic Dwell Tests:

4.4.1 Vertical Axis (alon the actuator stem)

The Seismic Dwell tests were performed at 33 Hz
for a duration of 30 seconds for each run.

Five runs were performed at an input of 3.0 g's
and one run was performed at an input of 6.3 g's.

During the dwells the actuator was opened and
closed.

There was no evidence of external physical damage
as a result of the stress of this test.

4.4.2 Horizontal Axis ( arallel to motor axis)

The Seismic Dwell tests were performed at 33 Hz
for a duration of 30 seconds for each run.

Five runs were performed at an input of 3.0 g's
.and one run was performed at an input of 6 .0 g's.
During the dwells the actuator was opened and
closed.

There was no evidence of external physical damage
as a result of the stress of this test.

4.4.3 Horizontal Axis ( er endicular to motor axis)

The Seismic Dwell tests were performed at 33 Hz
for a duration of 30 seconds for eacn run.

Five runs were performed at an input of 3.0 g's
and one run was performed at an input of 6.0 g's.

During the dwells the actuator was opened and
~ closed.

There was no evidence of external physical damage
as a result of the stress of this test.
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FACTUAL DATA

5.0 VISUAL POST TEST EXAMINATION:

Visual post test examination revealed no evidence
of any additional external physical damage as aresult of t'e stress of this test.

6.0 RECOMMENDATIONS:

None, data merely submitted.

7 . 0 CONCLUSIONS:

Final evaluation of the submitted specimen for conformance
to the requirements of the detailed specifications will be
accomplished by Limitorque Corporation upon review of theresults reported herein and further examination as required.
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1.0 Pu ose of Test

The purpose of this test was to determine the capabilities of

a Limitorque Valve Operator (type SMB) equipped with a Porte-

Peerless 'DC electric motor to satisfactorily operate during an

environmental condition following unit aging. The Parameters

stipulated in the test plan were as required by Bechtel-

Philadelphia Electiic for Limerick Station and simulates the

most, severe environment to which the Limitorque operator will
be subjected in Boiling Water Reactor Nuclear Power Generating

I

Station during a Post Loca Environment (Loss of Coolant Accident) .

The operator is considered acceptable on provision it proves

capable of satisfactorily operating a valve in both opening.

and closing directions within a 25 hour period following the

start of environmental exposure.

2.0 Test Plan

The test was conducted in Limitorque Corporations Environmental

Test Facility at King of Prussia, Pa. One Limitorque Valve

Operator equipped with a Peerless DC electric motor

(radiation Class H insulation) was subjected to test
conditions according to the following test plan.





hours. The switch and seal materials are rated by the

Since Limitorque Corporation has successfully used Valve

Actuators with these materials at continuous temperatures
of 300 Fi heat aging these components at lower temperatures

rotational identification and take photographs of
the brushes and commutator.

2.1 Thermal A in
2.1.1 Thermally age motor stator to 180'C for 100 hours.

Refer to Appendix ZZZ for certificate of compliance.

Regarding the Nuclear Valve Actuator switches and seals,
the aging temperature would not exceed 200 F for 200

manufacturers for use at 300.F and 450'F respectively.

was not considered necessary.
2.2 Mechanical A in

2.2.1 Perform 2,000 operating cycles at rated load (20,0004

thrust,).
2.2.2 After completion of cycling, disassemble the test unit

motor, permanently mark motor by commutation for

2.3 Radiation Exposure

2.3.1 Zrradiate the test unit with motor to 1.0x107 Rads

(gamma radiation) .

2.3.2 After irradiation disassemble motor and take
photographs as in 2.2.2.
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2.4.1 install three (3) accelerometers on the Limitorque
Valve Control housing arranged to measure accelerations
in each of these axes (one vertical and two horizontal) .

2.4.2 Mount the Limitorque Valve Control with fixture to the

shaker table with the axis of the stem nut mounted

vertically.
2.4.3 Connect the limit switches and torque switches into the

control. Connect a contact, of the limit switch in series
with the torque switch to detect switch chatter.
Connect spare switch contacts to lights for further
indication of chatter.

2.4.4 Scan in each of the 3 axes at a minimum of .2.g from

5HZ to 33HZ, dwelling for 6 seconds at each frequency.

Repeat scan from 33HZ to 5 HZ, dwelling at each integer
frequency. Record the accelerometer readings at each

scan dwell point of each of three axes — V (vertical)
Hl (horizontal parallel to motor. axis) and H2 (hori«ntal
perpendicular to motor axis) for determination of cross

coupling. Note resonance frequency in axis being scanned.

(Resonance is defined as a minimum acceleration multi-
plication factor of 2).

2.4.5 Prepare to conduct dwell test in vertical axis V at
resonant frequency determined in step 4 (Dwell at 33HZ, if
resonant. frequencies not evident)
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A. On basis of 3.0g on V axis and 3.0g on both Hl and

H2 axes, determine dwell g-level as follows:

1) At dwell frequency, note cross coupling on V

axis determined during scan on Hl and H2 axes.

2) If any cross coupling noted, calculate acceleration

adder to V axis.

a) Hl axis

Adder = 3.0 x cross couple g level at scan
g- eve o scan at, we requency

b) H2 axis

Adder ~ 3.0 x cross cou le level at, scan
g-level of scan at wel requency

c) Add resultant of a) and b) to 3 ~ Ogg establishing
the G-level for the dwell test.

B. Conduct dwell test for 30 seconds on V axis using

g-level determined from A.2.c. During the dwell,
operate the unit in an open and close stroke.

(Simulated thrust seat at same torque switch setting
established during mechanical aging) . Note results.

2.4.6 Prepare to conduct dwell test in horizontal axis Hl

at resonant frequency determined in step 2.4. (Dwell

at 33HZ if resonant frequencies not evident) .

A. On basis of 3.0g on Hl axis and 3.0g on both H2 and

V axes, determine dwell g level as indicated in 2.3.5A

except substitute V axis for Hl axis.
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B ~ Conduct dwell test as indicated in 2. 4. 5B.

2.4.7 Prepare to conduct dwell test in horizontal axis H2

at resonant frequency determined in step 3. (Dwell

at 33HZ if resonant frequencies not evident) .

A. On basis of 3.0g on H2 axis and 3.0g on both Hl and
I

V axes, determine dwell g level as indicated in 2.3.5A,

except substitute V axis for H2 axis.
B. Conduct dwell test as indicated in 2.4.5B

2.4.8 After seismic aging disassemble motor and take

photographs as in 2.2.2.
2.5 Environmental Test

2.5.1 Install unit in test chamber.

2.5.2 Pill bottom of test chamber with water to assure

2.5.3

saturation of the atmosphere in the chamber.

Heat test. chamber to 120'F.

2.5.4 Conduct transient temperature rise (120 F to 340'F.)

2.5.5

2.5.6

Hold 340'P. for 1 hour.

Cool test chamber to 330 F. and hold to 4 hours after
start. of test.

2.5.7 Cool test chamber to 310'F. and hold to 7 hours after
start of test.

2.5.8 Cool at 212 F. and hold to conclusion of test (25 hours) ~
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2.5.9 Megger and cycle operator prior to start of test and

the following nominal times after start of test.
1.
2.
3.
4 ~

5.
6.

2.5.10

5 minutes .
1 hour — 5 minutes
1 hour - 50 minutes
3 hours - 50 minutes
6 hours - 50 minutes

24 hours - 50 minutes
Record thrust of test unit during each operating cycle.

2.5.11 Remove unit from test chamber, disassemble and inspect/
noting condition of various parts. Take photographs.

3.0 Identification of Unit
3.1 Limitorcrue 0 erator

Model SMBM/25
Order Number 600426
Serial Number 189839
Overall Ratio 108 to 1

3.2 Motor Mounted to Limitorcrue 0 erator
Manufacturer — H. K. Porter Co.,Inc.
Serial No. - UC-02810
Full Load Torque - 25'4
Run Torque - 5'4
Volts — 125 Volts DC
Amps. - 14.5
RPM — 1900
HP - 1.805
Duty — 5 min.
Insulation - Class H
Winding — Compound
Commutator Bar — 48
Ambient - 40 C.
Temperature Rise — 115 C.

4.0 Test Procedure

4.1.1 The motor was heat aged by the motor manufacturer to
180'C for 100 hrs. A copy of the H.K. Porter certificate
of compliance is in Appendix III..
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4.2 Mechanical A in
4.2.1 The Limitorque Operator with Porter-Peerless DC motor

was installed on a test stand to establish a thrust load

of 20,0004 .using the torque switch adjustment to attain
the desired load. A thrust load of 19,7944 (approx. 453 '4

torque) was measured. (An average of 37 readings) .

4.2.2 The test unit was then aged for 2,004 operating cycles

from September 2 to September 9, 1975. One aging

cycle consisted of a 30 second closing stroke going

into torque seat (approx. 20,000 lb. thrust per 4.2.1)

and a 30 second opening stroke.
4.3 Radiation E osure

4.3.1 The Limitorque Va3.ve Operator with motor received a

dose of 1.0x107 Rads gamma radiation at Isomedix, Inc.
Parsippany, N.J. Irradiation was completed on Sept.

22, 1975. A copy of the Isomedix certificate of
compliance is in Appendix Z.

4.4 Seismic A in
4.4.1 Seismic Aging was conducted at American Electronic

Laboratories, Znc. Colmar, Pa. The test unit was

qualified according to the procedure listed in Section

2.3.1. A copy of the AEL test report is in Appendix IZ.
The seismic test was completed October 16. 1975.
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4.5 Environmental Test

4.5.1 The environmental test was initiated on October 30, 1975

according to the test plan presented in Section 2.5. A

chart of the test unit operating characteristics for the

environmental test is presented in Fig. 2.

4.5.2'vent 0 9:40 A.M. 10/30/75

The test unit operated satisfactorily in the "close"

direction, but in the 'open" direction of the stroke,

overran the "open" limit. During event 2 when this
recurred, it was determined this was caused by a sluggish

reversing contactor which was not part of the valve

actuator, At. the conclusion of event 2, the reversing

,contactor was disassembled, cleaned and reassembled which

resolved the problem.

4.5.3 Event 1 9:58 A.M. (5 minutes after test start)
The test unit operated satisfactorily in both directions.

4.5.4 Event 2 10:57 A.M. — 1.1 hours after test start
Event 3 11:45 A.M. - 1.8 hours after test start
Event 4 1:40 P.M. — 3.9 hours after test start
Event 5 4:40 P .M. — 6.8 hours after test start
Event 6 10:35 A.M. — 24.8 hours after test start
Event 7 10:25 A.M. - 96.7 hours after test start





Nith the exception of Event 2 where the starter problem

(event 0) recurred (refer explanation paragraph 4.5.2),
the 'tes't unit operated satisfactorily in both directions,

with the exception of the red indicator light remaining

lit through the entire stroke.

4.5.5 Post-Test, Inspection

The condition of the test. unit after the Environmental

Test was excellent, as is indicated in the photographs in
Appendix IV. No mechanical damage or excessive wear was

observed in the unit itself, however, a broken gear tooth

was noted in the limit switch, which explained the

malfunction of the red indicator light. The cause of
this failure was indeterminable, howeve , it did not have

any harmful effect on the ability of the unit to operate

satisfactorily due to the torque switch back-up normally

in the circuit.
5.0 Conclusions

Inasmuch as no detrimental effects due to aging were discernable,

the unit is qualified for a 40 year life as desczibed in the

aging criteria. Furthermore, the unit operated satisfactorily
throughout and after the Environmental LOCA Test, proving its
capability of opezating during and after the conditions imposed

on the unit as previously outlined. Both the environmental

test and post-test inspection were witnessed by representatives

of Philadelphia Electric, who approved the unit as being

acceptable for the service intended.
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Ref.: IEEE 382-72
Rev. 1 t3/8/74)
Para 4.7. 1

CATEGORY 7 INSULATIONRESISTANCE

TEST NO 389280

TEST llNIT CLASS H RADIATIONINSULATION

Sheet No. 1

Test Eng.

VALVEOPERATOR S/N ~fag~ D.C. Motor S/N UC02810 (Peerless}

TIME

C)

I

UJ

UJ

UJ

I-
INSULATIONRESISTANCE In ohms x 10 (rNIess othenpvlse speclffed)

CONTROL LEADS MOTOR LEADS

9:40AM 0

10:49AM 2

11:50 3

140 4

9:QOAM 5

10 l. 5
1085AM 6
10 31 75

11/3/75 7
9:15AM

hr

1,0
1.8
3 9
58
68

2 3

24.8

CI 61 71
200 200M OOM

&M 4h1 3M

.5K 2.5K 3K
1.5K 1.5K 1 5K

1 OK 95K 95K
9K 9K 9K
&K &K &K

160 160K 160
140 140K 140K

1.5M 1.5M 1.5h1

41
00M

QOM

1.5K
3 5K

3 OK

2 5K
2 5K

00
400K

.5M

43A 438 43C
20QM OOM OQM

6M 6M 6M

2.5K 2.5K 2.5K
1 5K 1 5K 1 5K

85K 85K 85K
75K 75K 7 K

6K 6K 6K
1 160 1 0

140K 140K 140K

1.5M 1.5M .5h'I

45A
QOM

5M

2.5K
1 5K

85

7K

140K

.5M

458 51 53A
QOM QQM 200
5M 4M 4M

2.5K 2 5K 2 5K
1 5K 1 5K 1 5K

85K 85K 85

7K 65K 6K

140K 140K 140K

.5M 1.5M 1.5M

538
OOM

4M

2 5K
1 K

85K

6K

140K

1 5h1

53C 55A
200M 00

4M 4M
2 5K 2.5K
15 1

5 85

6K 65

140K 140K

1 5M 1.5M

OOM

2 5K

8 K

140K

1.5M

A A S

OOM 00 150
15M10 8M
15K15 25K

2K K 1 K

2 2K 1 5K

200K 200 180

5M 5M .4M

150

2 5K

1 5

1 5K

180

.4M

F F

150 150M
1M &M

3K 2 5K

15 1

20K 15K

180K 180K

4M 4M
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RE 28

Ref. r IEEE 382-72
Rev, 1 0/8/74)
Para. 4.7.1

VALVEOPERATOR POWER & MECHANICALCHARACTERISTICS

TEST NO.

TEST UNIT CLASS H INSULATION

Sheet tte. ~
Test Eeg.

VALVEOPERATOR S/N 189839 Motor S/N UC 02810 (Peerless)

CATEGORY EMPOWER & CYCLE TIME CATEGORY KMECH. CHAR.

PERATOR"OPENIN OPERATOR "CLOSING" OPERATOR - IN SEAT REMARKSI-
LIJ

LIJ

g rf»
o OW

T-T T

w
XWOgCC»I-J-

grk» EST
esse PEAK

RUN PEAK

POWER
LIJxw
OQ

Vl

ZERO
NULL

LOAD
NULL

~C
OVER
ZERO

UTPUT
LOAO

940

1057

4L40PM

1040AM
10/31/75

10L25

ll/3/75

HR.

0 0

2 1.0
3 1,8
4 4.1
5 6.8

24.8

VOLT AMP WATT

124 3.0 375
124 2.25 300

123.5 3.25 350
122.0 3.25 350
124 2.75 350

125.5 2.75 400
121.5 2.75 350

.425 450

SEC.

32.5
31.0
32.0
32.0
32.0
31.0
32.0

33.0

2.5 350
2.5 15.0 350
3.0 16.0 400

4.25 15.5 550

AMP AMP ATT
3.5 15.5 400

2.25 15.0 300
2.50 15.0 300
2.5 16.5 300

WATT

52K
)2K
52K

2K
2K

52K
>2K

2K

SEC.

37.7" 11040
31.0 11030
32.1 11030
32.0 11030
32.0 11030
31.0 11025
32.0 11025

33.0 11030

12360
12330
12660
12540
12690
12550
12320

12230

1320 15
1300 15
1630 15
1510 15
1660 15

1525 15
1295 15

1200 15

LB.
19,800 *Ran past. 10/30/75
19 500 10:00
4,450 Ran past llmlt. See Note l.

22,650
24,900
22,875
19,42

18 000 After completion of test.

NOTE lr CI se rotor otwo I . 0 en and closed lite on 6V n Ifml 2.5V close c cult.
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Ref. IEEE 382-72
Rev. 1 I3/8/74)
Para. 4.7.1

Honeywell/TR-888

TEST LOG SHEET

TEST NO. 389280

Sl>eel l<o.~
Test Eng.

CATEGORY 1 " ENVIRONMENT
C)T fll

CHAR

LLI
I

CI

CI
b.
C)
uj

I

O

I

ur
uj

TEST CHAMBER
AMBIENT

UNIT SWITCH COMPARTMENT
AMBIENT

TEMP

TEMPERATURE PRESSURE CONDENS.

T.C. ermome er Gage ducer

01 fl 2

Thermocouples Pressure Xducer T.C.
t5

PRESSURE TEMPERATURE REMARKS

T.C It3-In limit switch compartment.
I

Xducnt3-attached to limit switch compt.

HR, OF F F sl sl OF OF OF OF

TOH 10 3 1148 3 341 357
oo 331 34412:Ool

345 343
333 332

105 11 342 361
86 109 332 346

3 2 351
331 346

343 35
336 34

116 10

92 93 25

1 ~

25P 12 1 2 13

a oon o
0

Start coolin to 212 F 8 4 50PM

I r dofcoo co 8

6:50P 205/205
7:50P 205 205

:50P 206 207
9:50PI 207/210
0:50 209/210

186 184
1&6 192
189 197
190 198
193 200

0 0 198 203
0 0 199 203
0 0 199 203
0 0 200/204
0 0 202 207

224 225
203 203
199 200
195 197
198 200

199 197
197 196
198 198
199/200
202 203

0 170
0 1

0 200
0 201
0 205

1:50 210/210 194 200 0 0 203/208 198/200 203 204
'

0 207
2:50 212/213

1:50AI 212 215
~50A 212 215

~50A 212 215
4:50AI 214 21

196 202
197 204
198 205
198 05
199 206

0 0 205/210
0 0 206 212
0 0 206 212
0 0 0 212
0 0 20& 214

200/203
201 204

0 206
0

203 207

205/206
206 06
20 20

208 20,

0 208
0 210

0 210

08~92? 10
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Ref. IEEE 382 "72

Rev. 1 I3/8/74)
Para. 4.7.1

Honeywell/TR-888

TEST LOG SHEET

TEST NO. 389280

Sheet No.

Test Eng.

O
I

LU

ED

W
I

Ch

HR.

cl
U.
ED

UI

I

O

I-
uI
IIJ

TEST CHAMBER
AMBIENT

TEMPERATURE

T.C. e nle ef

F FF

CATEGORY 1 " ENVIRONMENT

UNIT SWITCH COMPARTMENT
AMBIENT

PRESSUREPRESSURE TEMPERATURE

Ga e ducer Pressure XducerThermocouples

fl 2
oFsl

4 2 3

F sl sloFsl sl

CAT. III
FLOID

HAR
TEMP

CONDENS.

T.C.
45

oF

REMARKS

T.C.t3-ln limit switch compartment.

Xducerf3-attached to limit switch compt.

TDH 0 3 ~50A 216 219 202 0

9:50A 216 219 202 208
10 OM

0 211 217 207 210 210 212 0 0 212





Appendix l

Certificate of Compliance - Radiation Exposure
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I R D fVlE D l X

September 23, 1975

Mr. W. L. Sykes
Test Engineer
Philadelphia Gear Corporation
King of Prussia, Pa. 19406

Dear Mr. Sykes:

This will summarize the perimeters pertinent to the irradiation of
one valve operator and motor assembly, one motor, and one set of
brushes. Identification on the valve operator and motor assembly
was:

SMB 0 Limitorque Operator
S/N 189839
Peerless DC Motor
S/N UC02810

The single motor was a Peerless D.C. motorr S/N SW 86029. The
et of brushes was unmarked.

Units were placed in a cobalt-60 field of 0.2 x 106 rad per hourr
at an air equivalent dose. They were rotated several times during
the exposure to achieve a more uniform dose distribution. Total
minimum dose received to the centerline of the operator and motors
was 10.0 Mrad (air equivalent) with an overdose factor on the edges
of the units of 1.2. The spare set of brushes received a real dose
of 5.0 Mrad. Irradiation was in air at ambient temperature and a
slight negative pressure. The temperature of the samples during
irradiation did not'exceed 90oP.

Dosimetry was performed using a Victoreen Model 555 Integrating Dose
Rate Meter and Probe. The unit was calibrated on January 15, 1974
by the Victoreen Instrument .Company, using Cobalt-60 and Cesium-137
sources whose calibrations 'are t'raceable to the U.S. National Bureau
of Standards. A copy of the calibration certificate is available.
Con irming dosimetrv util'zing a Red Perspex system was also.
comp le ted.

Irradiation was completed September 22; 1975, and the units returned
to you under separate cover.

Very truly yours,

('~i'
George R. Dietz
Manager, Radiation Se ices

1aamedix Inc. ~ 26 i.,»«rt;trts Rtsed. Parsiopany. New Jersey Telephone [201) 887-4700
'.1 s«-.rr .t laress r ~ st orlrce tsoe I rt, srersr ttDehy. New Jersey 07054

Isomedix Limited 8enr»t Street. Mont St. Hrtaire, Quebec, Canada Telephone (514) 467.1211
.eh ~ he hrsgeess hsst Qrt ce tsoe t, tseloell, QMeDec ceherte

:km





Appendix ll

Test Report - seismic Qualification
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TEST REPORT NO. 75-149 NO. OF PAGES

REPORT OF TEST
ON

UALUE OPERATOR

FOR

LIHXTORQUE CORPORATION

~hKKRICAKZ~ERCTRO5GC KlchROX4LTORZRS, ZHC.
EMVllKNMENTALTESTING LABORATORY

Purchase Order 389280
Cont:rol No. 75-'127-6100

PERFORMED BY REPORT Y APPROVED BY

c'~'
.M. Hay

Date 10/29/75 10/29/75 10/29/75

FORM %LE (9 79)





ADMINISTRATIVEDATA

TYPE OF TEST: Seismic Vibration

MANUFACTURER: Limitorque Corporation
5114 Woodall Road
Lynchburg, VA 24502

UNIT OF TEST: Valve Operator

TYPE OR MODEL NO: SMBW S/N 189839

DRAIING, SPECIFICATION QR EXHIBIT: Limitorque 0/N 389280

QUANTITY OF ITEMS.TESTED: One Valve Operator with MotorCS/N UC 02810)
One Extra Motor (X.D.PBW86029)

SECURITY CLASSIFICATION OF ITEMS: Unclassified

DATE TESTS COMPLETED: October 16, 1975

TESTS CONDUCTED BY: American Electronic Laboratories, Inc.
Environmental Testing Laboratory
Richardson Road
Colmar', Pennsylvania

DISPQSlTION OF ITEMS: Returned to the Hanufacturer.

REPORT NO. PAGE i

~

'MERICANELECTRONIC ~~EORATORIES, INC.





1 ~ 0 INTRODUCTION

The SMB Type valve controL shown in Figure 1 was submitted

by Limitorque Corporation for Seismic Vibration Testing in
accordance with Test Procedure 0/N 389280, a copy of which

is attached.

The testing was performed by the Environmental Testing

Laboratory personnel of American Electronic Laboratories,

Inc., Richardson Road, Colmar, Pa.

REPORT NO. 75-149 ~ PAGE 1 OF 19 PAGES

~~aZC~ ~uXCraONIC 3CuaaOm.VOaZZS, XNC.

FORM SI7 O 69I
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2 ~ 0 TEST PROCEDURE

The test procedure followed is included in Section 2.0. The

basic test. setup is shown in Figure 1 (horf.zontal) and Figure 2

(vertical). In all cases it was necessary to support the dead

weight of the test.iteu and fixture as evidenced by the ropes

shown in Figure 2.

Acceleraneters were located as noted in Figure 3 for cross

axis and resonance determinations. Data was recorded on

oscillograph traces.

REPORT NO 75~149 ET PAGE 2 QF 19 PAGEs

~!LXXZDCANELECTRONIC KJtAEORATORZES, INC.

fORQ 517 Q 59)
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3.0 DISCUSSION OF RESULTS

The test log is included in Section 6.0 of this report. The

oscillograph recordings were not reproducible, but the originals

remain on file with AEL in the Environmenral Testing Laboratory.

The resonance search data was taken from the oscillograph re-

cordings and is included in the data section.

As noted in the test log, there were no resonances in any of

the three axes. Crosstalk from 0.3g input in the vertical axis

was Hl ~ .04g and H2 ~ .06g as taken from the oscillograph trace.

With the input in either horizontal direction, crosstalk in the

vertical axis was extremely high. Because this was not expected,

an analysis of the test set up was made. When driving in the

horizontal directions, a slip plate was used. The entire

assembly was mounted on"o the slip plate which in turn is

attached to the shaker head with a single line of five 3/8

inch bolts. The driving force through the si.ip plate is five

inches from the system center of gravity. This creates a couple

having a resultant vertical force. Because of the flexibilityof

the attach point at the shaker head and the fluidity of the oil
film on which the slip plate is floating, the entire test setup

"acts as a spring mass system, giving a&out the bolt line with

the driving force applied from the couple. The apparent

Re oar No. 75-149 ET PAG E 3 OF 19 PAGES

L's -. ~~RICA% ELECTRONIC XJIABORATORIES, INC.

foRM S l? o 6Sl





3.0 DISCUSSION OF RESULTS (continued)

resonance of this spring mass system is near 33 Hz which ~ould

account for the vertical component when driving horizontally.

Since the basic exciter crosstalk is less than 10 percent of

the driven force and the crosstalk from vertical excitation

was about 20 percent, a value of 4g's was set by Limitorque

as the input force for the seismic dwells.

As a result of damage to the slip plate during the first
horizontal dwell, it was necessary to make a modification of

fixturing for the other horizontal direction. A bracket was

made to attach the operator baseplate to the shaker head as

noted in Figure 4. The effect of this setup is identical to

that used with a slip plate. This setup was then used to

'complete the second horizontal axis.

The unit was operated from open to close, electrically, during
'achdwell by the Limitorque representative. There were no

operational problems 'reported by Limitorque at any time

throughout the test.

REPOar NO. 75-149 ET PAGE 4 OF 19 PAGES

Lk-~.; ~hKERICAN ELECTRONIC XaABORATOBIES, INC.
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4i0 ILLUSTRATIONS

FIGURE 1

L ~

~ ~ i

~4g

h

Valve Operator Set-Up in Horizontal (Hl) Plane
Using Slip Plate

Report: No. 75-149 ET Page 5 of 19 Pages

28LhKERICAH ELECTRONIC XJEABORATORIES. INC.

FORM 511 <3.68l
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FIGURE 2

/P
//

Valve Operator Set-Up in Vertical (V) Plane

Report No. 75-149 ET Page 6 of 19 Pages

MRJ4KERICAN ELECTRONIC LABORATORIES. INC.

FORM 51 7 (3 69)





FIGURE '3

~ '

~,

r aP~.

ACCELEROMETER LOCATIONS

Report No. 75-149 ET Page 7 of 19 Pages

A V D

~RXCAN ELECTRONIC LABORATORIES, Ih~C

FORM 517 (3 58I
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FIGURE 4

p ll \ lbj t;g

np

le'

-"'o~i;

N

Valve Operator Set-Up in Horizontal (Hl) Plane
Supported from Crane

Report, No. 75-149 ET Page 8 of 19 Pages

AMERICAN 3EaLECTROhTIC XsABORATORIF~S, INC.

FOIVA f t 7 <3 64)





5.0 APPARATUS LIST

QPIPHENT

Acoelerometer

Dial-A&sin

Band pass pilter
Vibration System

Accelerometer

Accelerometer

Charge Amplifier

Vibration Heter

Servo Monitor

Sweep Osci.llator

Counter Timer

Accelerometer

Accelerometer

Accelerometer

Accelerometer

Vibration Heter

Strobac

Charge Amplifier

Vibration Pick-Up

MANUPACTORER

End evco

Unholtz-Dickie

Krohn-Hite

H.B. Electronics

Endevco

Endevco

Unholtz-Dickie

MODEL NO AEL NO.

2215E 3214

606

330N

7685

6209

C150

2215E

8986

7710

2215E 8685

8723

CALIBRATION
DATE INTERVAL

27 June 75 6 mo.

20 July 75 3 mo.

21. Aug 75 6 mo.

EACH USE

27 June.75 6 mo.

27 June 75 6

18 Aug 75 6

Unholtz Dickie

M B. Electronics

1610

N?53

M.B. Electronics . N752-5

Monsanto

End evco

Endevco

Endevco

Endevco

101A

2215E

2215E

2215E

2215E

, M.B. Electronics

General Radio

Unholtz Dickie

M.B. Electronics

1531-A

Dll

115

8436

8751

8654

6186

8684 ~ ~

'- 7929

8078

.. 8324

1.518

8190

6 Aug 75 3 mo.

PACH USE

,EACH USE

1.8 Aug 75 6 mo.

27 June 75 6 mo,

21 Apr 75 6 mo

20 Apr 75 6 mo.

27 June 75 6 mo.

1. July 75 6 mo.

2 July 75 6 mo.

0719 EACH USE

8723-A 18 Aug 75. 6 mo.

REPoRT ~o. 75-149 ET PAGE 9 OF 1.9 PAGES

~
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~MB:axe~. ~~craomc 3Ca~oaaToxuxs. zoic.
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5.0 APPARATUS LIST (Continued)

UIPMENT

Charge'mplifier

Charge Amplifier

Charge Amplifier

AC Voltmeter

Datagraph Recorder

Timer

MANUFACTURER

Unho1tz-Dickie

Unholtz-Dickie

Unholtz -Dickie

Hewlett-Packard

CEC

Gra-Lab

Fluke

MODEL NO. AEL NO.
CALIBRATION

DATE INTERVA

Dll

Dll
'll

5-K26

171

8000A

7028

9145

7360

9254

28 Apr 75 6 mo.

EACH USE

EACH USE

29 May 75 6 mo.

8723-B 18 Aug 75 . 6 mo

8723M 18 Aug 75 6 mo.

8723-D 18 Aug 75 6 mo.

The above equipment has been calibrated by standards

which are regularly calibrated and t4ose accuracies

are traceable to the NATIONAL BUREAU OF STANDARDS.

Rv'oat no. 75-149 ET PAGc 10 OF 19 PAGES

~MERIT% ~LZCTROHZC 3LSABOBATORIES. ZNC-





6.0 DATA

~ 1
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10/2/75 Limitorque Corporation — 175 25- 6100

Vibration: Sine (Res. Search & Dwell)

1 - Valve Assembly & Extra Motor mounted to customer supplied
fixture and vibrated ZAW customer supplied Spec. TP 0/N 389280.

Set up for Res Search in Vertical Axis.

1000 Start Res Scan 5-33 Hz. recording on data'raph
3 accels (V, Hl, H2) and control input .lg

1010 Complete scan tape 1

Resonances are noted on cross axes. The

amplitude of Hl, H2 are relative and are not abso3.ute.

1045 Recalibrated for absolute trace outputs. Rerun vert.
.1110 Start scan 5-33-5 Hz. 6 sec/cycle

Tape 2 .3g input
1120 End scan. No resonances observed.

Change to Horizontal
1510 Start scan of Hl axis 5-33-5 Hz.

1520 End scan Tape 3 No Resonances

.3g input.
10/3 1010 Start scan H2 axis 5-33-5 Hz

1020 End scan Tape 4 No Resonances .3g input
Check of cross talk readings shows that valves are higher
than expected. Phonecon with Walt Sykes determined that
vibration level will be 4 g peak for dwells. lg base line
data; checked with DVM will be used to verify existing tapes.
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10/6/75 Limitorque Corporation - 17525- 6100

Sine Vibration
0900 H2 Axis vibrated at lg in to Rv. tape of acels on valve

0905 H2 axis verified tape readings with DVM. All readings

within .lg.
0910 Dwell at 2 g for 30 secs. On and 1 min. off 5 vibrations.

1st 2g dwell ok readings taken.

2nd dwell — shut. down at lg in due to noise from fixture.
Removed valve and tightened bolts on aluminum plate.

1010 2nd 2g dwell; Readings OK

3rd 2 g dwell; Readings OK

4th 2g dwell; Readings OK

5th 2g dwell; Readings OK

1020 1 dwell at 33 hz. 4 g's Pk for 30 seconds; shut down

after 15 secs due to lost accel.

1035 Completed 4 g dwell. Valve oper. OK. Reneved aluminum

plate and noticed inserts on slip table loose.

1505 Set up in vertical axis.

Calibrated all accels at lg.
1510 Start 33 Hz. scan. Base Line Data.

1st, dwell 33 Hz.

2nd ~t

3rd

4th

5th

2g Zn. Readings OK

N, II

1525 30 second dwell at 4g PK. Readings OK

Discontinued testing for now. Slip table to be repaired, or

replaced.





10/15/75 Limitorque Corp. — 17525- 6100

~ Sine Vibration: Continued from Page 41-66

Accelerometers: Hl, H2, Vert, Motor & Control'.
All CaU.brated at .4g In. 20 Hz Readouts as follows:
H2 & Vert Direct .4g ~ .4 VRHS

Control & Motor Directly on Meters.

Hl ~ -.4g ~ .1M (volts X 4. ~ g)
t

lg Base Line Data Hl ~ .3V = 1.2g H2 ~ .11V = .llg
Vertical .27V ~ .27g

1110 1st dwell at 33 Hz. 30 secs. 2 g In.
Data Recorded by Limitorque Personnel

1111 2nd dwell 33 Hz. 30 secs. 2g In.
1113 3rd tl tl

1115 4th

1117 5th

All Data Recorded by LC

1120 Dwell at 33 Hz. 30 secs. 4 g In.
Crosstalk Readings taken by Limitorque Corporation
Personnel

TEST COMPLETED
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10-2-75 Limitorque Corporation

Vibration: Tape Data Recordings

1 75 25-6100

Tape 2
Trace 1 H2

. 5g = .46ff

Vertical Cal. Data
H2 2 V 3 Hl

.5g ~ .42ff .5g ~ .44"

30 Hz.
4 control

5g ~ .50ff

5
10
14
15
16
17
20
23
24
25
27
30
33

Hz
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.

.04ff
.04
.07
.12
.12
.09
.06
~ 08
.09
.10
.06
~ 05
.06

24 ff

.26
~ 23
.26
.24
.28
.28
.30
.30
.30
.26
.26
.30

p3ff
.03
.03
.04
.04
.04
.06
.07
.08
.06
.04
.04
.04

33 ff

.34

.32

.32

.32

.34

.33

.34
~ 33
~ 33
.33
.35
~ 33

Tape 3 Hl Axis Same cal. as above . 30 Hz.

5
10
15
20
22
24
25
27
28
29
30
33

10/3/75

Hz 04"
Hz..04Hz..04Hz..O4Hz..O4Hz..04Hz..04Hz..06Hz..04Hz..06
Hz ..05Hz..03

Tape 4

Trace 1

H2 Axis

(H2)

Same

P4ff
.05
.04
.04
.05
.04
.04
.11
.10
.14
.08
.07

Cal. as

(V)

35 ff

.33

.35

.33

.40

.44

.45

.53

.48
.44
.37
.36

above.

3 (Hl)

34 ff

.33

.34

.30

.32

.34

.33

.33

.36

.34
.35
.38

4 (Control)
5

10.
15
20
22
24
25
26
27
28
29
30
33

Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.
Hz.

. 38ff

.38

.40

.40

.44

.44

.52

.51

.48

.46

.44

.42

.40

p4 ff

.05

.06

.08

.08

.12

.12

.16

.16

.10

.08
~ 08
.05

p4ff
.06
.06
.08
.05
.07
.08
.08
.10
.10
.12
.12
.04

32 ff

.32

.32

.33

.33

.33

.33

.33

.32

.32

.34

.36

.38
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7.0 TEST PROCEDURE

~ ~

~ L
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Test Procedure (0/N 389280)

Seismic Testing - Nuclear Power Generating Stations

Limitorque Valve Control - D.C. Operators

1. Install (3) accelerometers on the Limitoxque Valve Control
housing arranged'o measure accelerations in each of these
axis (one vertical and two horizontal) .

2; Mount the Limitorque Valve Control. with fixture to the shaker
table with the axis of the stem nut mounted ver-"ically.

3. Connect limit switches and taxque switches into the control.
Connect a contact of the limit switch in.series with the torque
switch to detect switch chatter. Connect spare switch contactsto lights for further indication of chatter.

'4. Scan in each of the 3 axis at. a mi.n..l g fram 5 Hz., to 33 Hz.,dwelling fax' seconds at each frequency. Repeat scan from 33
Hz. to 5 Hz. dwelling'at each integer frequency.. Record the
accelerometer readings at each scan dwell point of each of threeaxis - - V (Vertical) .< Hl (horizontal parallel to moto/ axis)
and H2 (horizontal perpendicular to motor axis) for detexminationof cross coupling.
Note resonance frequency in axis being scanned, (Resonance isdefined as a minimum acceleration, multiplication factor of 2)

5. Prepare to conduct dwell test in vertical axis V at x'esonant
frequency determined in step 4. (Mell at 33 Hz., if resonant
fxequencies not evident)
A. On basis of 3.0 g on,V axis and 3.0 g on both Hl and H2axis, detexmine dwell~ level as follows:

. 1) At dwell frequency, note cross coupling on V axis
: detexmined during scan on Hl and H2 axis.

2) If any cxoss coupling noted, calculate accelerationaMer to V axis.
a) Hl axis

Adder ~ 3.0 x cross cou le level at scan
g level o scan at dwell frequency.
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b) H2 axis

Adder - 3.0 x crossco le level at scan
g eve o scan at, we requency

c) Add sum of a) and b) to 3.0 g establishing Me
g level far the dwell test.

B. Conduct five dwell test for 30 seconds each on V axis,
using one half g level determined from A.2.c) and one
dwell test for 30 seconds using g level determined from
A.2.c) above. During each awell, operate the unit in
a close and open stroke. Note result.

6. Prepare to conduct dwell test in horizontal axis Hl at, zjesonant
frequency determined $ n step 4. (dwell at 33 Hx if resonant
frequency not evident).
A. On basis 3.0 g on Hl axis and 3.0 g on both H2 and V axis,

determine Welling level as indicated in 5A except substi-
tute V axis for Hl axis..

B. Conduct dwell tepts in Hl axis as indicated in SB above.

7. Prepare to conduct dwell test in ho<zontal axis H2 at resonant
frequency determined in step 3. (Dwell at 33 Hc. if resonant
frequencies not evident) .

A. On basis of 3.0 g on H2 axe.s and 3.0 g on both Hl and V
axis, determine dwelling level as indicated in 5A except
substitute V axis for H2 axis.

B. Conduct dwell tests in H2 axis as indicated in SB above.

8. At completion of seismic test, an unit for one full close
and open st~e.
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SEISMIC AGING COMMENTS

Subsequent testing of a similar SMB-0-25 Valve Actuator with a D.C.

Motor (AERO NAV Report 5772) conducted on a different type vibration
machine disclosed negligible cross coupling existed 'in this Actuator.

The above confirms the analysis made in American Electronic Laboratories

Report 75-149ET indicating the cross coupling that was measured was

created by their vibration machine rather than the Valve Actuator.

The seismic aging levels used are therefore considered to meet the

requirements of the specified levels.
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Certificate of Compliance - Heat Aging of Motor





O'I~
TCI CX NO. OS 2&O
"PCCRI CSS WAI1"

H. K. PORTER COMPANY, lNC.
ELECTRICAL QIVISION

1401 WCST l4ARlCKTSTRCST i WARREN, OHIO ~85 WAIlRCHWOII1CS
*RCACODC 215

TCI 4~541

December 29, 1975

Mr. Al Richards
Limitorque Corporation
181 S. Gulph Road
King of Prussia, PA 19406

.JAP. 2 tg76
I ~ ILA. (:t.,g

Sub jec t: P.0. 8 600467-A, Our B-29376
Motor Model 176-18-0026-0
Motor Serial Numbers: XC-02809 and UC-02810

Al'he

two. radiation test motors supplied against subject purchase order
were aged at 180 C for a minimum of 100 hours to obtain 'an accelerated
40 year life. The motors were tested before and after aging and passed
all tests satisfactorily.

The motors were manufactured to Class I radiation requirements for
nuclear containment chamber service with material, construction, and
insulation system specifications as shown on model 176-18-0026-0. Future
motors supplied for Class I service will be of rhe same construction and
materials even though electrical ratings may differ.

Ef further information is required, please advise.

Sincerely,

„AI'!j~.~.
Dennis A. Weaver
Sales Engineer

cc: R. Lambert
B-29367
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Progress Photographs
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1 - Motor commutator area after 2,000 aging cycles.

2 - Motor brushes after 2,000'aging cycles,
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3 - Motor and brushes after 10 MRad radiation exposure.

4 - Motor and brushes after seismic qualification.
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5 - Side view of test unit after environmental profile.
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6 - Test unit limit switch compartment after environmental profile,
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r - r.lose-ep of ifmlt switch after
onvirnnmental profile.

«$ a

8 - Close-up of torque switch after
environmental profile.
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9 - Motor commutator area after
env ironmental profile.
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10 - Test unit after post-test disassembly.
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APPENDIX

SMB-AC Units

REPORT NO.

Aero Nav Report 5771
Aero Nav Report 5773
Aero Nav Report 6-6246-1

UNIT SIZE

SMB-000-5
SMB-3-100
SMC-04

TEST DATE

4/30/75 Appendix 1

7/22/75 Appendix 2
3/18/76 Appendix 3

SB-AC Units

Aero Nav Report 5774
Aero Nav Report 5770
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SMB-DC Units
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SMB-0-25
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7/28/75 Appendix 6
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SEISMIC UALIFICATION ENVELOPE

1.0 INTRODUCTION

A group of Limitorque Valve Actuators, chosen to envelope the entire generic

family of available actuators type SMB/SB/SBD sizes 000 to 5 and SMC-04

(refer Fig. 1) were subjected to a seismic qualification per IEEE 344-1975.

Included were SMB,SB (which are mod SMB units), as well as SMC actuators.

SMB and SMC valve actuators mounted on secondary reducers (type HBC)

also were chosen to envelope the worst possible unit asseohly combinations

and were also subjected to seismic qualifications per IEEE 344-1975.

2.0 DISCUSSION

The "Seismic gualification Envelope" establishes a generic test plan to

envelope all standard Limitorque actuators as support for Limitorque's

environmental qualifications. This report discusses shake table

limitations and presents Limitorque's test philosophy to provide a better

understanding of the test methods employed. Figure 1 is included showing

representative actuators from the generic family.

The entire line of Valve Actuator s, including the electric motors

types SMB/SB/SBD/SMC/HBC, is a generic family, all constructed of

similar materials and designed to same concepts, tolerance and

stress levels with physical siZe varying as a function of rating.
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LIMITORQUEACTUATOR GENERIC FAMILY
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Page 2

2.0. 1 (Continued)

The same principle applies to the electric motors used with our

actuators. Valve actuator weight is a mathematical function of

torque and further the largest motor permissible on a specific

actuator is nominally a fixed percentage of the overall actuator

weight, further supporting the generic family concept (refer to

Figures 3 and 4).

2.0.2 Seismic uglification Envelo e

This document "Seismic gualification Envelope" - Report B0037,

has been created to support our generic envelope used in our

various environmental qualifications. Based on the generic

family concept, the following applies to seismic qualification:

A. Since all Limitorque A.C. and D.C. equipment respond and

are generically equivalent with regard to seismic excita-

tion under 6g and under 35 hz, the A.C. and D.C. seismic

test data would be mutually supportive of each other.

B. Seismic tests on SMB/HBC assemblies can be used to qualify

the SMB actuator to the seismic level obtained from

accelerometers on the SMB mounting flange as well as

qualify the adaption between the SMB and HBC units to the

seismic test levels.

2.0.3 Loadin Simulation

During each of th'e seismic test dwells, the actuators are operated

from a limit switch position to a torque seated position, back to

the limit switch position to assure the actuator is performing
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2.0.3 Continued

properly during the seismic excitation. The torque switch is

calibrated prior to the seismic test to the units rating for both

thrust and torque. The stroke time of Che actuator during seismic

testing is normally less than established for Environmental

gualifications due to restrictions established by seismic fixturing.
However, the actual stroke time during a seismic Cest is unimportant

since.,the intent is to subject the unit to seismic vibration with

operation merely proving the Valve Actuator capable of operating and

providing the required torque and tht ust.

2.0.4 Wei ht Distribution

Primarily, seismic consideration directs itself to a weight

distribution problem and resolves into the necessity of checking

the adequacy of various connecting flanges. This document is a

group of seismic Cests conducted on units that are considered to

contain either the typical or worst weight distribution that would

provide the most severe loading on connecting flanges during

seismic excitations, thereby providing a generic envelope for seismic

qualification.

2.0.5 Discussion - Test Method

Most actuators are installed on valves mounted in pipe runs. It is

the general contention in the industry that during an actual seismic

event that, due to the pipe run, the valve and actuator would be
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2.0.5 Continued

subject to excitation in one mode dominated by one frequency. This

supports the sine dwell method of testing.

Furthermore, the sine dwell seismic test is, from our experience,

the most severe test that can be performed on Limitorque actuators

and thereby a more important reason for conducting this type of test.

2.0.6 Discussion - Resonance

Seismic tests conducted on a hydraulic shake table supported

our engineering opinion that no resonances would be found below 5 hz

and that no resonances or cross-coupling exist in the frequency

range of 1 to 33 hz. Verification of this can be found in the

tests conducted after Novmeber 1977 (included in the Appendix of

this document). Accelerometer charts, that are light sensitive

and not capable of being reproduced, are available for audit.

Currently, no seismic resonance checks have been made on all

internal components. However, engineering evaluation of the

internal components used in the construction of Limitorque Actuators

shows that the elements used are rigid members with closely spaced

suppor ts with resonant frequencies much in excess of 33 hz.

2.0.7 Discussion - Cross Cou lin
The great number of seismic tests we have conducted have'shown no

resonant frequencies below 33 hz and clearly provides verification

that no cross coupling exists. Since the actuators respond independently
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2.0.7 Continued

in each of the three orthogonal axis (no cross coupling), our

seismic testing, even that performed prior to 1975, was in fact
conducted per IEEE 344-1975 (refer to paragraph 6.6.6 of IEEE

344-1975).

In the seismic testing we have performed, we used several test
II

facilities with these facilities having both mechanical and

hydraulic shake tables. Some of the test data from the mechanical

.table illustrates slight indication of cross-coupling, however,

shows no signs of resonance. During our progress of seismic testing,
we evaluated the mechanical table and found that the slight signs

of cross-coupling .were in the table itself and not in the Limitorque

Actuator.

L
2.0.8 Actuator Test Criteria

2.0.8.1 Descri tion - Seismic Fixturin

Limitorque Actuators are required to produce their rated thrust

and torque during seismic dwell tests to simulate an actual

seismic event and provide assurance all of 'the actuator components

are operating properly.

For linear actuators, such as SMB/SB/SBD/SMC, this is

accomplished by use of an acme screw in the Actuator with

anti-rotation device and shoulder to bear against the test

stem in the seismic test fixture to cause torque switch tripping
of the Actuator in the "close" position. This stimulates

the seating of a gate or globe valve.
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Page 6

2.0.8.1 (Refer to Fig. 2)

When rotary actuators such as SMB/HBC or SMC/HBC are

prepared for a seismic test, the fixture bolted to the

secondary reducer (HBC) contains a stop with a key on

the HBC output bearing against this stop in the "close"

position. The torque switch on the SMB/SMC is calibrated

to provide the rated output torque of the HBC.
H

(Refer Fig. 2)

2.0.8.2 Switch Calibration

Prior to the start of the seismic test, the Actuator's

torque switch is calibrated to the units output torque rating.

Proper choice of the acme thread assures obtaining or slightly

exceeding the units rated thrust for linear actuators.

2.0.8.3 Stroke Time

To provide reasonable fixturing (low silhouette) to insure

dynamic stability of the seismic testing machine, the stroke of

the valve actuator is substantially reduced (for seismic test

only) maintaining the torque seat feature and reducing stroke

time. The actual stroke time during seismic testing/aging

is unimportant since the intent is to age the unit by seismic

vibration with operat'ion merely proving the Valve Actuator

capable of operating, providing the required torque and thrust,

which has been demonstrated.
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SEISMIC FIXTURING
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