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INTRODUCT ION

—

Several types of myulti-point terminal strips (see Section 2.0-
Identificati~an of Test Samples) typically used in Limitorque valve
actudtor’ ¢t vice 1n & Pressurized Water Reactor (PWR) containment
chamber {r car Power Stution application, were submitted for
qualifice o the type test specified by IEEE 382-72.*

As & vehicle for tert sequences, & Limitorque SME-0 valve actuator with

8 nuclear motor was fixtured to accept all test samples simyltanecusly,
The terminal strips were then subjected to tests as sequenced in the
Limitorque Termina) Block Qualificatior Test Procedure (Revision &),
including Therma) Agino and Mechanical Cycling, Irradiation, Sefsmic
Testing, and Loss of Coolant Accident simulation, with acceptance criteria
as specified in Appendix F

*Note: Although the general type test procedure references IELE .'2-72,
portions of the test 1nvoiving heat aging and seismic tests reference
1EEE 344-75 and 1EEE 3829

*]DENTIFICATION OF TEST SAMPLES

-

Mzrathon 300 pt.
Marathon 1600 ) pt.
Buchanan 0222 pt.
.u-'ara' 0524 pt.
General Electric EB+5 pt.
Curtis Type "L" pt.
*See photographs of test samples, Appendix J

v

TYPE TEST PROCEDURE

The type te.t plan consists of the following basic sections and wh
performed in the order shown, This 13 in accordance with JEEZE 382
1) Thermal a'd Electricel Aging
2) Irradiaticn

) Seismic Testing
4) Loss of Coolant Accident Simulation
§) Post Test Inspection

3.1 Aging Test Procedures

3.1.1 Thermal Aging

The terminal strips were heat aged 4t the Limitorgue
Research and Development Laboratory to an effective
age of forty years (minimum)., Appendiz A contains

a dates summary of the thermal age test.

-

Electrical Aging

Electrical Aging was performed at the Limitorque
Research and Development Laboratory concurrent with




therma) aging. AY) test samples were wired in series

to & 15 1b~ft nuclear motor which was mounted to an
SMB-00 valve actuator located external to the hedt age
chamber. (See Figure 2). The SMB-00-15 was then
operated through & full open-close-open cycle at rated
torque (250 1b-ft) and thrust (14,000 1b.) values

for a tota) of 2,000 operating cycles (minimum). Related
data summarization can be found in Appendix B,

Radiation Aging

A total accumylative dose o< 204 MegaRads was incurred
by the terminal strip test sanples.

Exposure criteria 1s discussed in Section 3.2 of this
report.

Radfation Exposure

The test samples were subjected to gamma radistion by placing
them in & Cobalt-60 field of 0,40 MegaRads per hour (average) at
an air equivalent dose., A tots] accumulative dose of 204 MegaRads

(minimum) was applied after thermal and electrical aging sequences
were completed.

The radiation exposure was conducted at Isomedix, Inc., Parsippany,

New Jersey, beginning on 24 December, 1581, and terminating on
23 January, 1982. A test certificate was supplied by Isomedix,
Inc. and 1s presented in Appendix C. The test samples were
retumed to Limitorque Corporation at completion of irradiation,

Seismic Testing

The seismic tests were performed at Acton Environmantal Testing
Corporation, Acton, Massachusetts using & hyaraulic, piston-
ctuated, single axis seismic simulator,

The test samples (mounted in & Limitorque SMB-0 housing) were
subjected to a series of single frequency sine dwells performed

at 1/3 octave intervals from 2.0 Mz. to 32 Hz. and at an accelera-
tion of 6.0 g. At the lower frequencies, the shake table was
operated at 1ts maximum capabiifities. Each dwell lasted a tota)
of fifteen (15) seconds duration. During each 15 second dwell,

a Limitorque SMB-00-15 actuator (with the motor wired to the test
samples-«1n series) was operated (thrust seat-torque switch trip)
a full open to close to open cycle. Testing was performed in each
of the three mutually orthogonal axes.

A copy of Acton's Report #17346-82N appears as Appendix D.

Loss of Coolant Accident Simulation

The Loss of Coolant Accident (L.0.C.A.) simulation was performed
at the Limitorque Research and Development Test Facility beginning




on 28 March, 1982, and ending on 28 April, 1982. A1l associated
test dats can be found in Appendix E.

3.4.1 Test Description

The test samples were mounted in an SMB-0 actuator arranged
to breathe per standard contafnment actuator construction

and wired according to Figure 3. The mounting position
utilized 1s 1dentical to that described in Limitorgue's

test report B-0058 as the worst case orfentation. This
assembly was then placed into @ test chamber with e
electrical wiring exiting the chamber through flexible con-
duit connections. External wires were attached (per Figure 3)
to a conjunction for mggcr purposes and eiectrical operation
of specified terminal strips, Pressure and temperature were
monitored using a Fluke Datalogger. (Pressure-temperature
profile 1s shown as Figure 4.)

Cooling cofls mounted inside the test chamber provided
cooling capacity to reduce temperature at various plateaus
during the test profile.

A spray system was provided for delivery of the specified
chemical solution during the test profile. Flow meters
mounted on the exterior of the test chamber provided contro)
and monitoring of the flufd flow. Spray fnformation can be
found in Appendix I.

3.4.2 Test Procedure for L.0.C.A. Test

The temperature/pressure profile f1lustrated in Figure §
indicates the schedule for measuring insulation resistance
of power and terminal strip leads, cycling of the SMB-00-15
actustor (external to the test chamber), and spray delivery.

Temperature and pressure was maintained during the entire test
period (30 days) using periodic controlled injections of steam
into the test chamber, coupled with heating elements attached

beneath the test chamber. This insured & saturated atmosphere
in the test chamber,

3.5 Post Test Inspection

A visual fnspection of the test samples was made at the conclusion
of the accident simulation. (See photographs, Appendix J.)

3.6 Final Inspecticn

« A complete physical inspection of the test samples was made at
conclusion of all tests. Results are indicated in Section 4.4,

4.0 TEST kESULTg
4.1 Acceleration Aging

4.1.1 Thermal Aging

Thermal aging was concluded on 18 December, 1981, having



subjected the test samples to a temperature of 138%C
(dry atr environment) for & total of 300 hours. See
Appendix A for data summary of aging process.

Electrical Aging

Electrica) Aging was concluded on 18 December, 198) with
a tota) of 2,002 cycles as described in Section 3.1.2.
Related dets summary can be found in Anpendix B.

Radiation Aging

The exposure to radiation (gamma ray) of the test samples
was completed on 23 January, 1982 at Isomedix, Inc. A
total of 204 MegaRads (minfmum) air equivalent dose was
applied. A certificate of compliance can be found in
Appendix C.

Seismic Testing

Seismic tests were concluded at Acton Environmental Testing
Corporation on 10 March, 1982, The analyzed test data is presented
in Acton Report #17346-8B2N (Appendix D).

No evidence of physical damage or malfunction was observed as
& result of sefsmic testing.

Loss of Coolant Accident Test Results

The L.0.C.A. test was performed at the Limitorque Research and
Development Laboratory, commencing on 28 Marcn, 1982 and terminating
on 28 April, 1982, All test samples performed in accordance with
specified acceptance criteria (Appendix F),

Post Test Inspection

An inspection of the test samples after the L.0.C.A, test revealed:
1) Marathon 300 « Phenolic was unaffected (except for apparent
chemica) deposits) and electrical characteristics approached
baseline resdings a4t room ambient.
Marathon 1600 « Same as #1.
Buchanan 0222 - Same as (1.
Buchanan 0524 « Same as #1.
General Electric EB-5 - Same as /1.

Curtis Type "L" - Same as 1.
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1t 1s concluded, based on the motor operator performance and the megger
values measured during the test and attested to in this report, that
the multi-point terminal strips described herein are suitable for use
in Limitorgue valve actuators for use in a Pressurized Water Reactor
containment chamber in & Nuclear Power Station application in a loss

of coolant accident condition.

*Note: It s noted that the megger reading of the G.E. EB-5 terminal
block dropped in values s1ightly below those of the Marathon 300
terminal block. Prior experience with the G.E. EB-5 forces us to
attribute this to an unexplained random situation that forced the
megger readings below their expected value. In a recent proprietary
containment chamber test (that was more severe), & spare contact of @
G.E. EB-5 termina) block was meggered throughout the test with 3
minimum recorded value of 4 K-ohms,
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THERMAL AGING DATA SUMMARY




1.0 SPECIFICATIONS
1.1 Specimen l1dentification
(See Stctﬂ&n 2.0 of this report.)
1.2 Test
(Reference Procedures)

1.2¢1 Temperature 138% _  (280°F)

max.141.56%  (286.8°F)
min.136.61°C (277.9°F)

1.2+2 Duration 300 hours

1.2«3 Environment Dry Air

eInyY
p{;‘Ju‘S‘

The test samples have been tested at & temperature of 138°C for 30C
hours to yield an accelerated 1ife of 40 years (minimum). Testing
was bfgun on 4 December, 1981, and completed on 18 December, 1981,
Resistance date taken before and after thermal aging (photographs in

Appendix J

J) can be found in Appendix E, Tables 1 through 7.
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ELECTRICAL AGING DATA SUMMARY




SPECIFICAT I ONS

e A s e e o

" b

(See Section 2.0 of this report)
Test
1.2«1 Total number of cycles during thermal aging

(a) Number of cycles per hour during cycling
sequences

Additional, unrecorded cycles were incurred during
setup procedures.

The test specimens were electrically aged, having been subjected
to simulated operating current loads a total of 2,002 cycles.

Testing was conducted at the Limitorque Research and Development
| or

aboratory beginning on 4 December, 1981 and concluding once
,000 cycles had been reached (before 18 December, 1981),
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‘ CERTIFICATE OF IRRADIATION
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IBOMED IX

February 11, 1982

Mr, Charles Cox

Limitorgue Corporation
P.O, Box 11318

Lynchburg, Virginia 24502

Dear Mr, Cox:

This will summarize paranmeters pertinent to the irradiation of
one (1) SMB=0~15 Valve Actuator, a&s per your purchase Order
No. RD=416 dated December 9, 1981,

The actuator was exposed for & period of 529 hours at an average
dose rate of 0,40 megarads. The cslculated dose based on dosi-
metry is 211 megerads. Balfway through the exposure, the specimen
was rotated 180 degrees to give & more uniform dose distribution.

Dosimetry was performed using Harwell Red 4034
utilizing a Bausch and Lomb Model 710 spectrophotometer &S the
resdout instrument., This systenm is calibrated directly with NBS,

wvith the last calibration being Septenmber 08, 198l. A copy of the
dosimetry correlation report is svailable upon request,

Perspex dosimeter,

Irradiation was conducted in air at anbient temperature and pres-
sure. Radiant heat from the source heated the saxples somewhat,

but the temperature did not exceed 120 degrees F, as indicated by
previous measurements on an oil solution in the same relative

position.

Irradiation was initiated on Decenmber 24, 1981 and was conpleted
on January 23, 1882,

Very truly yours,
1SOMEDIX, INC.

LS

David P. Constantine
Production Manager

DC/mib

cet Mr., George Diet:

iromedix ine. ¢ 26 Exstmans Road. Parsippany New Jersey 07054 « (201) B87-2668
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Test Report No. _17346-82N No.of Pages 16
Pavision 1 « 7/21/82

Report of Test

FOR
SEISMIC TESTING OF SEVEN (7)
MULTIPOINT TERMINAL BLOCKS

FOR LIMITORQUE CORPORATION
R&D PROJECT #681041

Purchase Order No RD-472

. i / ,
ropar : . _p 29/7
Prepared by: TT«%%’,‘&% Da!L_M-L__L

Acton Environmental Testing Corporation
§33 Main Street, Acton, Massachusetts 01720

Revipéed & 9 .
Apgroved by L)v.&i’.i.Lﬂ A LS Date 4“ 2P~
( William C. mﬁtnm. Chief Dynamics Test Engineer
Acton Environman Testing Corporation

TWF/tiw




REVISION RECORD
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REVISION PARAGRAPH ‘CHANGES OR APPROVED
DATE ’—lNJHBER . KUMBER lADOlTIONS BY

b s ¢ ¢ v O

0

1/21/82 1 Report edited in its
entirety to reflect &
change from the vehicle
actustor to the terminal
blocks as the test item

7346-82N
Report No. 1_....5___._.




ADMINISTRATIVE DATA

. . e ——— e ————

RPOSE OF TEST: Sefsmic testing of seven (7) myitipoint
- terminal blocks for Limitorque Corporation
R&D .Project Mo, 68104)

MANUFACTURER Limitorque Corporation
e P.0, Box 11318
Lynchburg, VA 24506

MANUFACTURER'S TYPE OR MODEL NO.:

DRAWING, <f'EC'.‘IC‘t~'!3h OR EXMIBIT: Limitorque Test Procedure
- Project M. 681041

Seven (7)

CLASSIFICATION OF JTEMS: Unclassified

E'E" March 10, 1982

TEST CONDUCTED BY: M. Cormier

DISPOSITION OF SPECIMENS: Returned to Limitorque Corporation

,

10.0 AE"RA”' Refer to Section 4.0

17346-82N
Report No.

Rev. 1




1.0 .TESY ITEN
Seven (7) selected suitipoint terminal blocks were submitted

by Lisitorque Corporation for seismic testing st the Acton
En. {ronmenta) Testing Corporation, The terminal blocks were
ested 1n sccordsice with the sefsaic test procedurs for

Limitorque RAD Project Mo, 6B10AL.

Report Neo. 1’.3_59_'..3-2"
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2,0 TEST REQUIREMENTS

The purpose of the tast was to subject the E.0 Actuator to
sefsaic aging for an environmental qualification test of selected

muitipoint terminal blocks.

Rep 1t No, e b1 346-82K

Rey,. 1
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3.0 TEST PROCEDURES

3.1 Test Mounting

The multipoint terminal blocks were mounted inside the
switch compartment of. an SMB.Q Actuator, The SMB.0 Actuator
was bolted to an aluminum fixture. The actuator/fixture
plate assembly was rigidly clamped to the single axis
hydraulic shaker for the seisaic dwell testing, The 9B.0
Actuator wis wired in series through tne terminal blocks to
an SMB-00 Actuator Motor mounted on a special fixture., The
motor mounted on the special fixture was not included during

the sefsmic testing, A1l mounti.g fixtures were supplied by

Limitorque.

3.2 TYest Conditions

The SX3.00 Actuator Motor was arranged to operate
simulating thrust seat (torque switch trip) in one direction
and position seat in the alternate (open) direction. The

stroke time was set for six (6) seconds.

3.3 Test Monitoring

The terminal blocks housed within the SMB.0 Actuator
were visually monitored for any evidence of mechanical damage

or deterforation by Limitorque personnel.

Report No. 17346-82N

Rey, 1

&
(|, J—




3.3 Test Monitoring (continued)
The SMB.O Actuator was instrumented with three (3)

triaxial grdups of sccelerometers, The accelerometers were

Tocated as follows:

ACCELEROMETER SENSE LOCATION
1 v On fixture
i L)
3 W2
4 Y On rotor end cap
1) Hy
6 L7
7 ¥ On Actuator SMB.O
B Hy
) M2

Hy = Paralle!l to the Motor Axis
‘ Wy « Perpendicular to the Motor Axis

Y « Yertical

Outputs from all accelerometers, through appropriate
signal conditioning, were recorded on visicorder recording
paper, which is included with this report,

The terminal blocks were monitored for functional

{ntegrity by the operation of the SMB.00 Actuastor via wiring

through the terminal blocks.




3.4 Sine Dwell Test

The sine dwell test was performed in three (3) mutually

orthogona) axes of excitation, two (2) horizontal and one (1)

vertica! The test consisted of & sinusoida) waveform of 15
seconds duration, with peak horizontal or vertical
accelerations of 6 at each of the following frequencies;
2.0, 2.5, 3.15, 4.0, 5.0, 6.3, 8.0, 10, 12.5, 16.0, 20.0,
26,0, 32,0, and 35.0 Mz, Oue to Vimitatfons of the shaker
table, the maximum sccelerations &t 2.0 and 2.5 Hz were 49
5g, respectively,

During each dwell, the SMB.OO Actuator was operated
through a full close-stroke-open-stroke cycle via terminal
blocks mounted in the SMB.0 Actuator,

At the completion of the dwell testing in all three (3)
axes of the SMB.O Actuator, the SMB.00 Actuator was operated
from open-to-close back to open., The terminal blocks mounted

in the SMB.0 switch compartment were examined by Limitorque

personnei.

Mepit Mo 17346-82N

Rev, 1

Poge




4.0 TEST RESULTS

Mo anomalies in operation of the seven (7) suitipoint
terminal blocks were encountered during the sine dwell testing of
the terminal blocks in any of the three (3) axes of excitation of
the vehicle SMB.O Actuator.

At the conclusion of the testing, the terminal blocks within

the SME.0 switch compartment were visually inspected by Limitorque

personnel,

17346-82N

Report No.
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6.0 TEST EQUIPMENT LIST




L\ . @

TEST EQUIPMENT LISt

_ MODEL  SEm.MO. _WAWGE
1 Hz 5% AC335 6 months
1 Hz 5% AC343 6 wonths
J02A 2833 1 Hz 15% ACI59 6 months
302A 2845 1 Hz £5% AC383 months
302A 695 i Hz AC385 months

1

i

1

NAME
302A 4442
302A 1437

Accelerometer
Accelerometer
Accelerometer
Accelerometer

Accelerometer
302A 2852 Hz . AC3%54 months

Hz } AC410 wmonths
Hz 5 ACA3S months
AC436 6 months

Accelerometer
2855

Accelerometer 302A 1817
302A 1820 1 #z - 5 KHz

Accelerometer
N/B Decade Amplifier S00A 858 5 to 1 Miz 11dB Dutput AM30Z  OFS
20V/20k Ohm

Acce lerometer 302A

1912 1912 oC - 10 Mz Dual Trace 6 months
B011852

farthquake Simulator 908.34-01 24" DA max. h
Hydraulic Actuator 204.635 0C-200 Wz, 22K force 1bs 6 menths
443.115 DC to 2000 Hz

Controller
Power Supply Mod. 63 120 GPM Max. 3X-5K psi max
250 WP

Scope, Storage

Power Supply 483A 299 12 Channel Gain: X1
Visicorder 1508 161715R 12 Channel - Metric

Visicorder 1508 15-419 12 Channels, 8" Paper

sweep Oscillator CO-100A 120 0.2 Hz to 5.0 KMz
{(701C) 0.1 to 9.9 octave/minute
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Terminal 3trip Environmental Test Acceptance Criteria

The acceptance criteria {s based on the motor operator's ability to
function during the loca test., Power to the motor is connected 10
the t 0 Marathon 300 terminal blocks.

Therefore, the lowest megger value measured on either of the two (2)
Marathon 300 terminal blocks 1$ considered the minimum megger value
acceptable on the remainder of the test samples.
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APPENDIX 1
CHEMICAL SPRAY SOLUTION




The test samples (mounted in a Limitorque EME-0 valve actuator) were sprayed

yniformly for 24 hours at periods 1ngic. @
solution was prepared using Table 1 of ek
solution was collected for ana

€ Oh “l,u" &, The chemics spray
£ 3821972, A sample of the

ysis with & COPy of the andlysis report
appearing in this appendix. The desired concentration {5 3000 ppm Boron with
pH of 10.5

b

The flow rate was maintained at approximately .4 gpm




f U@G
uSﬂﬁl ANALYTICS NO. $0063965

PO Box 26249
. ¢ ACCOUNT NO. éun
Richmond, VA 23260 DATE May 10, 1982

Limlitorque Corp.
5114 woodall Roed
Lynchburg, VA 24506

Attentlon: Charles Cox

SAMPLE OF: Liguld - 6810M)

DATE RECEIVED: Apri) 15, 1982

REMARKS : mg/L = milligrams per Iiter
RESULY

pH 1.2

Boron 2950 mg/L

LN fr

R.A, West, Jr.
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