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' BISTABLE/AUXILIARYTRIP UNITS

Seismic Qualification Test Report

1.0 ABSTRACT

The Bistable/Auxiliary Trip Units (BTU/ATU), Electro-
. Mechanics, Inc., Assembly 834860 and Assembly 834880,
respectively, operate as intended by Reference 2.1,
during and after exposure to the seismic environment de-
fined in Appendix IV, Figures 1 and 2, fulfilling all.
safety requirements and are considered to be seismically
qualified.

-
Testing of the BTU/ATU was performed by American Environ-
ments Company, Inc. at their test facility in Nest Baby-
lon, NY. The test was completed on January 19, 1982.
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2".0 REFERENCES

2. 1 Combustion Engineering, Inc., 00000-ZCE-3003,
Rev. 01, (BTU/ATU Specification)

2.2 CE "Criteria No. SYS80-ZCE-0506 for Seismic Qualifi-
cation", Rev. 01

2.3 IEEE STD 344-1975, "Guide for Seismic Qualification
of Class I Electric Equipment for Nuclear Power Gen-

erating Stations"

2.4 IEEE STD 323-1974, "General Guide for Qualifying
Class I Electric Equipment for Nuclear Power Gen-
erating Stations"

2.5 EM Dwg. 834860, Rev. C, BTU Assembly

2.6 EM Dwg. 034880, Rev. C, ATU Assembly

2.7 EM TP 6575-4, Rev. C, Potentiometer Component

Cycling Test Procedure

2.8 EM TP 6575-5, Rev. C, Relay Component Cycling Test
Procedure

2.9 EM CA 6575-1, Rev. B, Bistable Trip Unit Error Analy-
sis

2.10 EM TS 6575-1, Rev. A, Environmental Qualification
Test Report

2.11 Machiner 's Handbook, 20th Edition, Industrial
Press, Znc., 1978

2.12 EM TS 6534-2, Rev. A, RPS Seismic Qualification Test
Report
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3.0 SCOPE

WQf

The objective of this test was to demonstrate the ability
of the BTU and ATU assemblies to fulfilltheir safety re-
quirements as stated in Ref. 2.1 during and after the
seismic environment of the SSE without compromise of their
functional accuracy or structural integrity.

c
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4.0 TEST REQUIREMENTS

4. 1 MOUNTING

Y

4.1.1 The BTU and ATU were installed into the TE-271N (Ap-

pendix V) Test Bin Assembly which simulated both
- mechanically and electrically the actual Trip Unit
Bin Assembly of the Reactor Protective System (RPS).

The BTU was installed in position 1 and the ATU was

installed in position 8 of the TE-271N (refer to
photographs in Appendix IV). Positions 2 thru 7 and

9 of the TE-271N had dummy BTU assemblies installed.
These dummy assemblies comprised actual trip unit
frame structures which were mechanically weighted to
represent the mass and center of gravity of an actual
BTU assembly. Positions 10 and 11 of the TE-271N had

dummy ATU assemblies installed. These dummy assem-

blies were similarly constructed to represent an

actual ATU assembly.

4.2 PRECONDITIONING

4.2.1 Electromechanical Component Aging -Electromechanical
components performing Class 1E safety functions were

subjected to cycling aging procedures (see refer-
ences 2.7 and 2.8) to place the components in an end

of life condition. Locations of the cycled com-

ponents were as follows: BTU - COARSE and FINE adjust
Trip Setpoint, potentiometers; Douglas-Randall,
P/N 378907, relays K1, K2 and K3. ATU - Douglas-Ran-
dall, P/N 378907 relays K1 and K2 only.
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During refurbishment of the assemblies, after com-

pletion of testing, ALL cycled components were re-
moved and replaced with new components.

4.2.2 Environment Qualification Testing - Both the BTU and

ATU assemblies have successfully undergone

environmental testing (see Ref. 2.10) prior to Seis-
mic Qualification.

4.3 MONITORING - FUNCTIONAL PERFORMANCE CRITERIA

(The following is a synopsis. Refer to Appendix I
for a detailed description of the monitoring setups
and acceptance criteria.)

4.3. 1 Cycled Components - Continuously monitored during
all seismic events on an oscillographic recorder.
All cycled . relays were serially monitored.
(i.e., contacts daisy chained) and displayed on the
recorder as TRIP STATUS of the particular assembly.

4.3.2 Bistable Trip Unit Setpoint Stability - Cor.tinuously
monitored during all seismic events on an oscillo-
graphic recorder at a deflection factor of
1mV = 0.1". Any var iations to the waveform must be

evaluated to determine their effect on the per for-
mance of the assembly.
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4.3.3 Bistable Trip Unit Tripping Accuracy - During each

monitored event, the BTU was forced to trip. Refer
to Appendix I, Section 5.1, for operation of this
test. The required accuracy was +5mV of the set-
point. Monitoring was accomplished with a

5-1/2 digit DMM.

Visual - Any other visual indication of malfunction
(such as a change in indicator status) during a seis-
mic event must be analyzed for its cause and re-
ported.

4.4 MONITORING - SEISMIC

4.4.1 Accelerometers - A total of eight (8) accelerometers
were used: 2 control (mounted on seismic table) and
6 response accelerometers (see Appendix I, Table I
for locations and polarizations) . The equipment
deflection (maximum deflection of the equipment
exterior relative to its mounting points)
calculations are provided. Acceptance criteria was

that the deflection of the equipment ex erior during
the SSE does not affect the design function.

4.4.2 Strain Gages - A total of two (2) strain gages were
used located at positions of maximum strain (see Ap-
pendix IV, Table I for specific locations). Calcu-
lations (Appendix IV, Calculation I) are provided to
indicate the apparent stress the equipment exper-
ienced during each SSE. The apparent stress must
have been considerably less than the typical yield
stress for steel, 30x10 PSI 'refer to Refer-
ence 2. 11, Table I on page 452) .

Rev. A
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4.4.3 Visual - Thorough preseismic and post seismic inspec-
tions were made to assure the physical integrity of
each assembly was not compromised. These inspections
typically entailed checking for loose mounting hard-
ware and checking for any damage to structure of each

assembly.
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r , 5 ' SEISMIC TESTING
:;.

5. 1 EXACT SEQUENCE OF TESTS

5. l. 1 Preseismic Visual

5.1.2 Preseismic Data

«5. 1. 3 2nd Pair Out-Of-Phase Resonance Sear ch

«5.1.4 2nd Pair Out-Of-Phase OBE 1-5, SSE

5. 1.4. 1 Start recorder five (5) seconds prior to event

r .

5. 1.4.2 Start seismic motions (30 seconds duration)

5.1.4.3 Response Time test at 10-15 seconds

5.1.4.4 Stop recorder five (5) seconds after event

5.1.4.5 Examine recorder charts

5.1.5 Post SSE Visual Inspection

«5.1.6 2nd Pair In-Phase Resonance Search

«5.1.7 2nd Pair In-Phase OBE .1-5, SSE

(Same sequence as 5. 1.4. 1 thru 5. 1.5 above)

"Refer to Appendix IV, Figure 2, for pictorial representation
of each biaxial pair.
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«5.1.8 1st Pair Out-Of-Phase Resonance Search

"5.1.9 1st Pair Out-Of-Phase OBE 1-5, SSE

(Same as sequence as 5.1.4.1 thru 5.1.5 above)

«5. 1. 10 1st Pair In-Phase Resonance Search

"5. 1.11 1st Pair In-Phase OBE 1-5, SSE

(Same as sequence as 5. 1. 4. 1 thru 5. 1. 5 above)

5. 1. 12 Post Seismic Data and Visual

«Refer to Appendix IV, Figure 2, for pictorial representation
of each biaxial pair.

|.'
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6.0 TEST RESULTS

'=-
6. 1 RESONANCE SEARCHES

6.1 ~ 1 Appendix IV, paragrpahs 4.2, 4.3, 4.4 and 4.5 re-
ported no significant structural resonances being
observed during any of the biaxial pair resonance
searches.

6.2 2ND BIAXIAL PAIR OUT-OF-PHASE

6.2.1 BTU Half Level Test (OBE)

6.2.1.1 While Reference 2.3 states that no functional
testing/monitoring is required during OBE events,
the BTU and ATU assemblies were functionally
tested/monitored during all seismic events.

c 6.2.1.2 During four of the five OBE's, the trip setpoint
channel of the visicorder indicated bursts of deflec-

I

tions, approximately 2mVDC or less in amplitude and
duration of less than 1mSec, occurring at random
intervals during the event. These deflections can be

attributed to the wiper of the trip setpoint poten-
tiometer shifting which causes making/breaking con-
tact of adjacent surfaces of the wirewound element.
This variation did not affect the tripping accuracy
of the unit and is within the +5mVDC acceptance cri-
ter ia.

6.2.1.3 All other electrical data was compared with pre-
seismic data and was found acceptable.

- Rev. A
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6.2.2 ATU Half Level Test (OBE)

6.2.2;1 All electrical data was compared with the preseismic
data and was found acceptable.

6.2.3 BTU Full Level Test (SSE)

6.2.3.1 The same wiper shifting of the Trip Setpoint poten-
tiometer was observed during the SSE as was observed
during the OBEs. The amplitude was approximately
2mVDC and duration of less than 1mSec. The frequency
of the deflections were at an increased level when

compared with the OBEs. All variations were within
the acceptance criteria.

6.2.3.2 All other electrical data was compared with pre-
seismic data and was found acceptable.

6.2.3.3 Visual examination of the BTU assembly revealed no

physical damage sustained.

The equipment deflection was 0.068 inches. It should.
be noted that since no resonances were observed, the
maximum required frequency (33Hz) was,used in all the
calculations in order to yield the greatest (most
conservative) deflection possible for the equipment
within the earthquake frequency domain. The. apparent
stress the equipment experienced was 538 PSI. Refer
to Appendix IV, Calculations I and II.

Rev. A
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6.2.3.5 The maximum accelerations of the response acceler-
ometers monitoring the Bin Assembly, during SSE event
in the RPS Seismic Qualification Test, were compared
to the modular curve (RRS) for the BTU/ATU assem-

blies. The accelerations of the Bin Assembly in the
RPS did not exceed the BTU/ATU RRS, refer to
Ref . 2. 12 for data. Since all response accelero-
meters on the BTU assembly exceeded the RRS, the re-
sults of this test are considered valid and accept-
able.

'.2.4

ATU Full Level Test {SSE)

6.2.4.1 All electrical data was compared with the preseismic
data and was found acceptable.

6.2.4.2 Visual examination of the ATU assembly revealed no

physical damage sustaiged.

6.2..4.3 Equipment deflection and apparent stress are the same

as for the BTU assembly discussed in Section 6.2.3.4.

6.2.4.4 All response accelerometers on the ATU assembly ex-
ceeded the modular curve (RRS). Refer to Sec-
tion 6.2.3.5 for discussion of comparison of the RPS

Bin Assembly accelerations and the BTU/ATU modular
curve.

Rev. A
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6.3 2ND BIAXIAL PAIR IN-PHASE

6.3.1 BTU Half Level Test (OBE)

6.3. l. 1 During all of the OBE events, the'Trip Setpoint chan-

nel of the visicorder indicated potentiometer wiper
shift burst deflections of less than 2mVDC. This
anomaly was previously discussed in Section 6.2.1.2.

6.3.1.2 During OBE 84, after resetting of the assembly, a

4mVDC level shift of the Trip Setpoint occurred. The

shift level was within the +5mVDC acceptance cri-
teria.

6.3.1.3 The tripping accuracy test per formed during OBE f15

indicated that the BTU Assembly was tripping at
5.009 VDC.. The Trip Setpoint was found to be at

5.009 VDC.

Previous to this seismic event, the cumulative varia-
tions of the Trip Setpoint potentiometer and its
affect on the tripping accuracy had been acceptable
within the defined limits of the BTU Error Analysis.
During OBE 84, a 4mVDC level shift was observed just
prior to completion of the event. This 4mVDC shift
was sufficient to cause the tripping accuracy of
OBE 85 to be in excess of the acceptable limits. The

Trip Setpoint potentiometer variations for any

single OBE or SSE prior to and including this event
have been within the acceptable limits. Therefore,
it is concluded that the variation of the Trip
Setpoint potentiometer is acceptable because no

Rev. A
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cumulative variations could occur from seismic
events due to periodic calibration where the Trip
Setpoint is readjusted. The worst case Trip Setpoint
potentiometer shift for any seismic event was

determined to be 5mVDC which has been added to the
CA 6575-1 BTU Error Analysis.

The Trip Setpoint was readjusted to -5.000 VDC prior
to any further seismic testing.

6.3.1.4 All other electrical data was compared with pre-
seismic data and was found acceptable.

6.3.2 ATU Half Level Test (OBE)

6.3.2.1 All electrical data was compared with the preseismic
data and was found acceptable.

6.3.3 BTU Full Level Test (SSE)

6.3-3-1 The same wiper shifting of the Trip Setpoint potenti-
ometer was observed during the SSE as previously dis-
cussed in Section 6.2.3.1. All variations were
within the acceptable criteria.

6.3.3.2 All other electrical. data was compared with pre-
seismic data and was found acceptable.

6.3.3.3 Visual examination of the BTU assembly revealed no

. physical damage sustained.

Rev. A
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6.3 '-4 The equipment deflection was 0.0684 inches. The

apparent stress the equipment experienced was

475 PSI per Calculations I and II of Appendix IV.

6.3.3.5 All response accelerations on the BTU assembly ex-
ceeded the modular curve (RRS).

r

6.3.4 ATU Full Level Test (SSE)

6.3.4. 1 All electrical data was compared with preseismic data
and was found acceptable.

6.3.4.2 Visual examination of the ATU assembly revealed no

physical damage sustained.

6.3.4.3 Equipment deflection and.-apparent stress are the same

as for the BTU assembly discussed in Section 6.3.3.4.

6.3.4.4 All response accelerations on the ATU assembly ex-
ceeded the modular curve (RRS).

6. 4 1ST BTAXIAL PA:R OUT-Or -PHASE

6.4. 1 BTU Half Level Tests (OBE)

6.4.1. 1 During OBE 81, after pretrip condition, a 30mVDC

spike of less than 1mSec duration was observed on the
Trip Setpoint. The spike was nonrepetitive. This
anomaly was caused by the wiper of the potentiometer
lifting off the wire wound element momentarily and

then re-establishing contact. This anomaly is con-
sidered acceptable because the trip setpoint level

Rev. A
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returned to the same value after the spike as it was

prior to the spike, indicating no rotational motion
of the wiper had occurred. The specification for the
potentiometer indicates a wiper bounce of 0.1mSec

maximum is possible. The BTU circuitry i'esigned
to ignore any level change in which the duration is
less than the adjustable delay of 50mSec to 150mSec.

'herefore, this spike was not considered a failure.

6..4. 1.2 During OBE's 2 and 3, the same wiper shifting of the
Trip Setpoint potentiometer was observed as pre-
viously discussed in Section 6.2.3.1. All varia-
tions were within the acceptance criteria.

6'.4.1,3 All other electrical data was compared with the pre-
seismic data and was found acceptable.

6.4.2 ATU Half Level Test (OBE)

6.4.2.1 All electrical data was compared with the preseismic
data and was found acceptable.

6.4.3.2 Visual examination of the BTU assembly revealed no

physical damage sustained.

6.4.3.3 The equipment deflection was 0.0684 inches. The

apparent stress the equipment experienced was

102 PSI per Calculations I and II of Appendix IV.
Calculation I in Appendix IV has a math error in the
performance of the calculation. It erroneously indi-
cates the apparent stress as 108 PSI.

6.4.3.4 All response accelerations on the BTU assembly ex-
ceeded the modular curve (RRS).

Rev. A
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6.4.4 ATU Full Level Test (SSE)

6.4.4.1 All electrical data was compared with the preseismic
data and was found acceptable.

6.4.4.2 Visual examination of the ATU assembly revealed no

physical damage sustained.

6.4.4.3 Equipment deflection and apparent stress are the same

as for the BTU assembly discussed in Section 6.4.3.3.

6.4.4.4 All response accelerations. on the ATU assembly ex-

ceeded the modular curve (RRS).

6.5 1ST BIAXIALPAIR IN-PHASE

6.5.1 BTU Half Level Tests (OBE)

6.5.1.1 During OBE 82, prior to pretrip condition, a 12mVDC

spike of less than 1mSec duration was observed on the
Trip Setpoint. This anomaly is similar to the pre-
vious discussion in Section 6.4.1.1.

6.5.1.2 During all the OBEs, the same wiper shifting of the
Trip Setpoint potentiometer was observed as pre-
viously discussed in Section 6.2.3. 1.

6.5.1.3 All other electrical data was compared with the pre-
seismic data and found acceptable.
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6.5.2 ATU Half Level Tests (OBE)

6.5.2.1 All electrical data was compared with the preseismic
data and found acceptable.

6.5.3 BTU Full Level Test (SSE)

6.5.3.1 All electrical data was compared with the preseismic
data and found acceptable.

6.5.3.2 Visual examination of the BTU assembly revealed no

physical damage sustained.

6.5.3.3 The equipment deflection was 0.0677 inches. The

apparent stress the equipment experienced was 97 PSI
per Calculations I and II of Appendix IV.

6.4.3.4 All response accelerations on the BTU assembly ex-
ceeded the modular curve (RRS).

6.5.4 ATU Full Level Test (SSE)

6.5.4.1 All electrical data was compared with the preseismic
data and found acceptable.

6.5.4.2 Visual examination of the ATU assembly revealed no
~ physical damage sustained.

6.5.4.3 Equipment deflection and apparent stress are the same

. as for the BTU assembly discussed in Section 6.5.3.3.

6.5.4.4 All response accelerations on the ATU assembly ex-
ceeded the modular curve (RRS).
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6.6 POST SEISMIC TESTING

6. 6. 1 All data was within prescribed limits relative to
preseismic data.
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7.0 CONCLUSION

The Bistable/Auxiliary Trip Units are seismically quali-
fied to the requirements of Reference 2.1.
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. e '.s.::; -„.„-.t P. o . edur e

!3TU Ass'y. „-~boi~ ~ APU Ass'y. 3488G)

1.0 SCOPE

This proced re will d -..onstrate that the Bistabl= Tr'",
Uni". I',BTv j a ld the A"xiliary Trip Unit,ATJ) -..."= c"-p-

able of withstanding, vithout malfunct'on or ph; sical
degradat'on, the effects of the OBE and ~SK =s defined
in Item 2.". The nits "~ill be functionall.'ested
before and a ter seismic exposure and will be ncni-
tor ed and recorded during exposure to assure setp=.in
stabil'".y, . esistance to false trippin~ and tr'p v". ~ t-
age accuracy. .he ATJ contact closure inputs ar
'"e'"; the BTIJ relay output=. Tn gene: al, t::=.

acceptance criteria is "hat trip voltage does no"
;a:-„'ore

thar. ~5m" and no disturbance occur to
waveforms. However, actual results ~i l be eva'. a"ed
by aralysis and their ef.e"t on performance g.'v. n

the test repor t.

The facility implementing this procedure m;;s.
a detailed tes" plan and report ircluc'nZ te
ment used ard resu.'.ts obtained, as we's ..a ''As"e
f .r mounting on s='' smic
strain gage". as requir d.

tab', acc lerc. e" er::.

The RRS <r'l ae provided
chase ord"..r.

t~c ~ f gq 4 +y y f'Q pl]a~

personnei vail be r espons;5 Le for: un
in'st

ing e





I:O
2. 0 REFERENCES

2.1 Et! A s'y. 348o0, BTU

2 ~ L i Ass ye ~4<30) ATL

2.3 EH Te t Set Schematic TE-291.'l

2.4 EH Test B' Ass'y..E-271N (Includes P/3 As='y.
and D uzmy Nod ul es )

2.5 IFEE STD 344-1975

2. 6 CE Cri ter ia SYS80-I CE-0506

2. 7 Amer ica n Environments Test P lan STP -145380- I

3.0 TEST EQUIPS!EMT (Record S/N's and Cal. Dates ir. TH)

3.1 EH Test Set TE-291N

3.2 EM Test Bin Ass'y. TE-271N (Includes Cables ard
P/S Ass'y )

3.3 DVi~l, "" 1/2 Digit, .""luke 8800A or equiva ent, (='l)

3.4 DC ./S (2), '.5 Volts 0 2 .~vps (Alt: +15Vdc

nly - Ebf)

3.5 Oscill scope, Tektronix '53 or equivalent,'Fli)

3 6 Vol tape R ~., Digitee 3110 cr eq" ivale..t

Rev. B
ks'3 2 ~

Page 3 c" nt. ~.n ~+
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"„~ 7 0 tica 0 ' 'v,. ap ~ ic !iecprd r ) ~ <4n-ble
resolving 1ms transients, Honeywell 1~58 (EN)

3. Seism' Simulator and Related I.".s trumen' t' n

nc'uding Strain Gages and Accelerometers) to
be provided by Test'g Facil'ty

3.9 Fix"u".e tc Aount TE»271'; on Seism"." Table {:-y
Testing Facility)

3.10 Isolation Transformer, Topaz Type 91005-2

4.0 TEST SET-UP

On Bistable Trip Qualifi ation Uni"., A s'y.
3~860 connect a temporary ju:i.per wire fr"m H,
pi n H, to turr et terminal 31. On Auxi'ry Tr. p
Qualification Unit, Ass 'y . 3 488 0, connect ". em"-
Grary jumper wi res from J1, p's A and E,
turret terminals 2 and 25, respect'vely. These
conrections are to allow for . emote lamp res

4.2 Visually examine BTU and ATU to assuro tha"
hardware, electr ical connections and compon~n~.s
are in place, secured and undamaged. C:".e.v. I~em
'.2 in TH 6575-7.

. 3 Ins tell B TU, ATU and all dummy module" - n ".he. r
respective positions ' TE-2714. i".~unt T--27't!
': n Item 3.9 and irrtall on seismic ta'.".le. Con-
neet cabl s and power sup ply to Lc» 7 late con»

~ nec".ors, "upporti ng ables as
are 2 ft. long. P/8 asse. ol J

t hru I > 'n 3. 10.

reaui red . Cabl .-"=

"e derive i 2'.: ac

- Rev. 8
T? ~5 ". -7
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4.4 .d:u"=t Test Set oower suppl'cs to '.z O..Vdc a:-.d

connec" to ."--29; N.

4. 5 S t T."".-291 N or.trois as foll.ows:

S1, ~uc. Sw'ch to OFF

S2, Meter Select Switch to Pos. 2

Signal .-'.dj. Pots to Min., Fully CC'i

Auc. Adj. Pot to Hin., Fully CCN

SA, Si=nal Select Switch to ZPT

A.5 Connect DV~) to the BTU pt etrip setooi nt jack and
adjus" BTU front oanel coar se and fine or trip
setpoi nt pots to +0. 500+0. 001Vdc. Connect DVti
to B U trip se point jack and adju ". BTU f ont
panel coarse and fine setpoin.. oo" s to
+5'.OOC+G.OQ'.Vdc. Ccn."e t DVY. to the sign'l „'acic
and ad just Auc. Adj . o n ™"--2c1!f to
+0.2iQ 0.001Vdc. Set Auc. Sw. S1 to "ON".

4.5 ~ 1 Reset (momentar'ly a" tuate reset switch on
T"»-291?? - this is a nor;..al toggle and mu t '.e
r turred to its orig nal p sit- on). 1ndicators

thru L< "n TE-291lf shou d 'ce extinguished.
The BTU and A.U pr etri p and r io in'ica".."rs
sl quid be extinguished.
TH "i75-7 ~

Chec< em 4 6

1 ~

'4 ~ ( ~et S2 to pcs i tion 1. Slowly i ncr ease
T":-.":91'oarse

and .ine signal adjust pot" ..ill ti.e
and ?. indicators on ~ "=-291lf ji~t 1'"..ht. 7he
B U "n" 4;U p. etrip 'n"'cato." hould .'.".o be1'. Record the actual s.'pnal ~'ol ..age in i t "a

r.5--
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0



"
+1 ~ 'h

cato' ' ao'aid ai so
vol- ge in I"..em 4.8

tylfic iv an. ~ M'
tii.V

~ ~ i. coo ~~ i + g~

of TH o57~-(.
ac t ua '. s ';-;r.al

t:".e sign= 1 «dj~;:t pc".s till

4 ~ 9 8'o"ly reduce s gnal voltage till
extingui h. L1, L~ nd all BTU

2
cators should remain lit. Reccrd
:oltage in "tern 4.9 o. TR 6575-7.

and ATU ird '-
actual

s'gna'.10

Ccntinue reducing s'grai voltage ill L1 and
just extinguish. All BTU and ATU indicator-.
should remai.. lit. Record a tual signal voltage
in Item 4.10 of TF. 6575-7.

4. 11 Reduce si gral ad just pots f il' CCM. F..set .

All TE-291'"., 8TU and ATU ind i cato. s sho uld be
cxtiny;ished. Check Item 4.11 in TB 55".":-7.

4.1". Set up, calibrate (using Digitec 3110) and con-
nect recor der as shown in Figure

5 ~ 0 SEISMIC TEST

Acceler ometers should be miounted on the seismic ".a'ole
and the front panels of 'he BTU and ATU. A strain
gage should be mounted cn the side panel of TE-27".'!.
Perform resonance survey accor ding to test fa il
plan w'th eouipment ener gized but rot mcnitored-

flour.t equipment for first biaxial pair ir. ph.=s.-

te,t ~ 'Iibrate equ'pment as detailed in se'sm! c

test plan. The recorder shculd r un
s~i ':e " (~ OBc.'s fol owe"

i ng each
an

qer%th 'AQ maximum char. d~f lee" ion of ',h. ~ .$ 3 ' t+»

Res, B
F P'i%5 7

~ace 6 c".."...- n I





fo. n thrcu«:hou Qaa h ~ e,t and ani ch? n-~ n
Ch. 2 or C".. 3 wave o.. s. Du ir.g each e ent,
tn«~ actual tr 'p;oltage ".. =-" be de'er."..ined by
increas 'g TE-291N si anal ad „'us t po t™ and mc n'-
tori ng L< ard Lt . ( gote: ."*'. -.r' po int, s
small ol'.ange in setpoir.'. vo ~ "oge may ooour due
to ind'cator cur ent vol tabe drop i n .est Set
wiring and shculd not be co sidered in deter-
mi ni ng setpoi nt variation. ) After SSE, examine
TE-271N assemblv and both tr p units for damage
or loosened hardware. ;",«cord resu's in
TR 6575 7) Item 5 1 Tighten any lco.ened hard-
ware and reassemble TE-271M.

5.2 Repeat 5.1 except mount equipment for fir t b'.-
axial pair out of phase test. Record re"ul:s in
TR 6575-7, Item 5.2.

r"' 5.3 Repea 5.1 except mount equipment fo. second bi-
axial pair in-phase test. Record results in
TR 6575-7, Item 5.3.

4 Reoeat 5. 1 except mount equi "..ment fcr second b:-
axial pair out of phase test. Reccrd re.',u'.,=. «.n

TH 6575-7, I tern 5. 4.

6 ~ 0 POST SEISl <IC TES T

6.1 Repeat Items 4.6.1 thru 4.1', r=cordin;; r ~".« lts
in TR 6575-7, Item 6.6.1 thru 6.11.

Rev. B
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Figure 1

RECQROER SE.'-"P

~kgb e R

P Cu"

+o.t" tg ~g.cot 4-

E'dye a$ Vbper

Recorder calibration and set-up:

1 ~

2 ~

3 ~

4.

5-

6.
7 0

Program Ch. 1, Ch. 2 and Ch. 3 for front p. nel :"'NC

input.
Use Digitec 3110 and calibrate Ch. 1 for 0.050 volt
per inch. TE-291N has 5X gain for r.et def'ection of
0.010 V/in.
Get Ch. 1 ze."o line at approv. midpoint cf cha."t,
Ch. 2 ze. oline at 6" and Cn. 3 zeroline tc 2".
Connect Ch. 1 inpu. tc visicorder trip setpoint, a=k,
Ch. 2 to BTU Trip Status jack and Ch. 3 o ATU Trip
Status jack, all on TE-291M.
Connect Digitec 3110 o Digi ec Xnpu. jack on TE-29 "M"

and set for -5.000Vdc.
Set chart speed to 2 in/sec.
Calibrate Ch. 2 and Ch. 3 to 0. 5 volt/'n. us:. ng

Digitec 3110; TE-291N has 30:1 attenuato. s for net
deflection of app. cximatel.y 15",/in.

Rex . A TP 6575-7 0Pag~ 9 cent
E
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ELECTRO-MCHANICS, lHC.
Hem Britain, Connecticut

Test Record TR 6575-7
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TEST RECORD

1 em

4 2

4 6.1

4-7

4e8

4eg

Observation/Measurement

Visua1 Examination

Lamp Status

Lamp Status
Pretrip Voltage

Lamp Status
Tz ip Voltage

Lamp Status
Untrip Vo1tage

Pass Fai1
(Or Reading)

10

c
5.1

5 ~ 1 ~ 1

5 ~ 1 1.1

Lamp Status
Unpretrip Voltage

Lamp Status

First Biaxial Pair In Phase

First OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Naveform

5. 1 ~ 1.2

5 1.2

F 1.F 1

5 ~ 1.2.2

5.1 ~ 3

Trip Voltage

Second OBE

Recorder Trace - Ch. 1 Deflection
» Ch. 2/Ch. 3 Maveform

Trip Voltage

Third OBE

I ~
iaaf'»

>. i)(
'» ()

Rev. A
TR 6575-7
Page 2 cont. on 3
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Observation/Measurement Pass Fail
(Or Reading)

513 1 Recorder Trace —Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

5't 32
5.1

5.1.4. t

5.'l.4.2
515
5-1-5-1

Tz ip Voltage

Fourth OBE

Recorder Trace - Ch. 1 Deflection
—Ch. 2/Ch. 3 Maveform

Trip Voltage

Fifth. OBE

Recorder Trace - Ch. 1 Deflection
- Ch 2/Ch. 3 Maveform

5 1 5.2

c
Trip Voltage

SSE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Maveform

5.1.6.2

5.1.7
Trip Voltage

Record any remarks for visual exam.

Rem. A
TR 6575-7
Page 3 cont. on
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Observation/Measurement Pass Fail
(Or Reading)

5.2

5 2

5.2 1

First Biaxial Pair Out of Phase.

First OBE

Recorder Trace - Ch 1 DefIection.
- Ch. 2/Ch., 3, Waveform

aV
rI.>.,

5212
5.2.2

5 2 2~1

Trip Vol.tage

Second. OBE

Recorder Trace - Ch. 1 Deflection
—,Ch 2/Ch.. 3 Waveform

5 2.2.2
5.2.3

Trip Voltage

Third OBE

Recorder Trace - Ch 1 Deflection
- Ch. 2/Ch.- 3 Waveform

5232
5.2.4
5.2.)4. 1

Trip Voltage

Fourth OBE

Recorder Trace — Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

$8
(.g42.

leg I

rc I~',%,h 1 fc

C'.2.4.2

5.2.5

5 2.5.2

Trip Voltage

Fifth OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

5.2.5.2
5.2e6

Trip Voltage-

SSE

:
Rev. A
TR 6575-7
Page 4 cont. on 5



Observation/Measur ement Pass Fail
(Or Reading)

S.z.6.2

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Naveform

Trfp Voltage

5;2.7 Record any remarks for visual exam.

Rev. A
TFi 6575-7
Page 5 cont. on 6
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5 3

5-3-1

5 3.1.1

Observation/Measurement

Second Biaxial Fair In Phase

First OBE

Recorder Trace - Ch. T Deflection
- Ch 2/Ch. 3 Waveform

Pass Fail
(Or Reading)

53 12
532
5.3 2.1

Trip- Voltage

Second OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Wavef'orm CI ~ o~

5.3.2 2

5.3-3

5-3.3.1

~ e2

5 3

5.3 4.1

Tz'ip Voltage

Th'ird OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

Trip Voltage

Fourth OBE

Recorder Trace - Ch. 1 Deflection
- Ch- 2/Ch. 3 Waveform

S "~ 9 +

A .(g I~

5.3.4.2
5.3.5

5-3.5.3

Trip Voltage

Fifth OBE

Recorder Trace - Ch. 'I Deflection
'- Ch. 2/Ch. 3 Waveform C ( J s<~ p

5.3-5.3

5.3.6
Trip Voltage

SSE.

Rev. A
TR 6575-7
Page 6 cont. on 7



t em Observation/Measurement Pass Fai1
(On Reading)

Recorder Trace - Ch. 1 Deflection
- Ch .2/Ch. 3 Maveform

5.3.6.2 Tri.p VoItage

5.3 7 Record any remarks for visual exam.

Q

Rev. A
TR 6575-7
Page 7 cont. on 8
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Etem Observation/Measurement Pass Fail
(Or Reading)

5

5.4.1

5 4 ~ 1.T

Second Biaxia1 Pair Out Of Phase

First OBE

Recorder Trace - Ch . 1 Deflection
- Ch. 2/Ch. 3 Waveform %3 gsP

5.4. 1.2

5.4.2

5.4.2. 1

Trip Voltage

Second, OBE

Recorder Trace - Ch. 1 Deflection
- Ch 2/Ch. 3 Waveform

5.4..2.2

5 4 3

5.4.3.1

5 2.

5.4.4.1

Trip Voltage

Third OBE

Recorder Trace - Ch. 1 Deflection
—Ch. 2/Ch. 3 Waveform

Trip Voltage

Fourth OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

< ~ira~

QM

5.4-4 2

5.4.5

5.4.5.1

Trip Voltage

Fifth OBE

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Waveform

.5.4 5 2

5.4.6
Trip Voltage-

SSE

Rev. A
TR 6575-7
Page 8 cont. on 9
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C@
Observation/Measurement

Recorder Trace - Ch. 1 Deflection
- Ch. 2/Ch. 3 Maveform

Pass Fail
(Or Reading)

I

~ii'462

Trip Voltage
'

5.0.7 Record any r emarks for visual exam.

'Q

Rev. A
TR 6575-7
page 9 cont. on
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Item Observation/Measurement Pass Fail
(Or Reading)

6. .>

6.7

Lamp Status

Lamp Status
Pretrip Voltage

6.8 Lamp Status
Trip Voltage

6e9 Lamp Status
Untried Voltage

Lamp. Status
Qnpretrip Voltage

6.» Lamp Status

C:
TH 6575-7
Page 10 cont. on ~ t!



S



I'LPtLOD;S)a.
Po>C No.""B

Taseek Per TP

REJECTIOQ 0$ REHA1NS SHEET

Ct

Job No;
MO oeMD~o. 3

Serial No.-
Fzc Way

ELECTRO-MECHhHKCS, XHC.

: . Hew Sritain. Connecticut

Ref.
Sht. REZECTIOt4S OR RZ'QRKS

ter~ W.f ~~re
V e 6 e.e Sa- C eke.~

Entered

Bg/Pate

Retase.

Acc Ref Bg/Data

( lr( P~



S

-



APPENDIX III
to

TS 6575-2

Bistable/Auxiliary Trip Units

Seismic Qualification Report





AMERICAN ENVIRONMENTS COMPANY INC„1660 CABOT STREET, WEST BABYLON,N.Y. 11704 (516) 7524969

SEISMIC {}UALIPXCATIONTEST PLAN

PCR

BISTABKZ-AUXILIARYTRIP UNITS

PCR

ELECTRO-MECHANICS INCORPORATED

HEN BRITAIN~ CONNECTICUT

RUBBER BY DATE
kk****kkkk*kkkkk*kk*k****k*kkkkk*kkkkk*kkkkkkkkkkkkkkkkkkkkkkk
STP-145380-1. AMERICAN E2iVXRONNENTS COMPANY 09/22/80
kkk*kkkkk*kk*k*kkkkkkkkk*k**kkkkkkkkkkkkkkkkkkkkkkkkkk*kkkk*kk
REVXSICN A 03/17/81kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
REVISICN B PAGES Ii 3i 5i 7g 8, 9 a 12 12/10/81*******************************************k*************kk***

PREPARED BY-

***********************k*k***k******k***********************

QUALITY ASSURANCE
BY I

******************kkk****k**** *k ******k*****************k*
APPROVAL
CERTIFICATION
BY:

CUSTOMER REVIEW
BY:

)g-a)-~l*******k*******k******* *******k**k***k***********k*kk*******

CUSTOMER APPROVAL
BY:

(Z-z. (~S f

STP-145380-1
PAGE 1 OP 12 PAGES

REVISON B



S

1

'



TABES OP CONTENTS PAGE 2

PAGE

ADMINISTRATIVE DATA

1 0 TEST APPARATUS

2 O'ESCRIPTION OP TEST SPECIMEN

3 0 METHOD OP TEST
3 1 TEST SEQUENCE
3' TEST SETUP
3 3 FUNCTIONAZ TESTS
3 4 SEISMIC QUALIFICATION TEST METHOD

4 0 TEST RESUZTS

5 0 TEST REPORT

APPENDIX A —FIGURES

5
5
5
6
7

10

STP-145380-1





ADMINISTRATIVEDATA

PURPOSE OF TEST:

HMUPACTUEKR

NMQPACTURER TYPE AND
SERIAL NUMBER-

a'NXHGS SPECIFICATIONS
OR EXHIBITS:

Q94TITY OF ITEMS TO BE
I

DISPOSITICS OF TEST
SPECIMEN =

TEST CQSPLETED CRi:

ARCHITECT / ENGINEER=
NUCLEAR UNIT(S):

MTE: 22 September 1980

To determine the effects of Seismic
Qual ification Testing on the

~ physical and operational
characteristics of the submitted
test. specimen.

Electro-Mechanics Inc.
150 John Downey Drive
New Britain, Conn. 06051

Bistable Trip Unit Assembly No.
'3486Q

'--Auxil'iary Trip. Unit Assembly No.
. 3a880

A) Electro-Mechanics Test Procudure
No TP 6575-7
Bf IEEE-STD-344 1975

TESTED= One (I) assembly.

: Tb be returned to client.

Record Test Date Here.

N/A
N/A

4l

[

~

TEST'ONDUCTED BY

ABSTRACT:

MEZu:CAN ENVIRONMENTS CCRhPANY ~ INC
Division of: East-Nest Technology
119 Cabot Street
Nest Babylon, N.Y. 11'704

It is the function of American
Environments Company, Inc., as animpartial testing agency in
performing this test, to subject the
test specimen to seismic vibrations
of magnitude and d i rection as
specified in the RRS Curves, page ll
and orientation as shown on page 12.

STP-1453&0-1
REVZSON B
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TEST APPARATUS PAGE 4

1~0 DESCRXPTXON OP TEST APPARATUS

I 1 Function Generator, Model No. 202A Serial No. 11638,
manufactured by Hewlett-Packard.

1 2 DC Servo ControLler, Model No. 828300, Serial No.
193, manufactured by Moog, Xnc. Calibration not
required.

I 3 Actuator, Mod el No. DN-65, Serial No. 70552,
manufactured by Miller Fluid Power Company.
Cz1ibration not required.
Servo Valve, Model No 72-103, Serial No. 68
manufactured by Moog, Inc Calibration not required.,

I 5

1 6

1 8.

1 10

I ll
1 12

Hydraulic Power. Pack, Model No. 180/3000-5606,
Serial'o.1, manufactured by East-Nest Technology Corp.Calibration not required.

l.inca r Displa cemen t Potentiometer, Mode 1 No.
RP-04-01-01-1„. Serial No. 2662, manufactured byPacif ic Scientific Company. Calibrate immediatelyprior to test.
Signal Amplifie rs (3), Model No. 607-RMG-3A, Serial
Nos. 135, 137 and 155, manufactured by Unholtz-Dicke.
Accelerometers (7), Model No. 330, Serial Nos. 279,
283, 297, 371, 359, 371 and 409, manufactured by
Columbia Research Laboratories.
Storage oscilloscope, Model No. 564, Serial No.'00971, manu factured by Tektronix.
X-Y Recorder, Model No. 136A, Serial No. 1877,
manufactured by F. I.. Moesely Company.

FM Tape Recorder, Model No. 5600, manufactured by The
Honeywell Corporation.

Spectrum Analyzer, Model No. N 982-30, Serial No.
28219, manufactured by K-Rad Corporation.

STP-145380-1
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TEST APPARATUS CONTINUED PAGE 5

1 0 DESCRIPTION OP TEST APPARATUS (CON'T):

1 13

1 14

Spectrum . Synthesizer, Model No. N 284, Serial No.
197-22, manufactured by M-Rad Corporation.

Noise Generator, Model No 108, Serial No. 1081,
manufactured by M-Rad Corporation. Calibration not
required.

Note: The above equipment is to be used in the performance of
this Seismic Qualification Test. Equipment calibration takes
place on a continuous basis and would be current for
equipment used at the time of test performance. In-house
quality control and calibration procedures conform to the
intent of 10 CFR 50. Appendix B, Mil-C- 45662 and are
traceable to the NBS.

2 0 DESCRIPTION OP TEST SPECIMEN

Bistable Trip Unit, Assembly No 34680, Serial Mo. (Record at
time of Test) .
Auxiliary Trip Unit, Assembly No. 34880, Serial No. (Record
at time of Test) .

3 0 METHOD OP TEST

3 1

The following test procedure shall be employed during the
progress of the Qualification Test program.

TEST SEQUENCE

The test sequence, as stated below, shall be followed during
the execution of the qualification program:

311
3 1.2313314

Pre-test Inspection and Electrical Tests.
Resonant Frequency Search Test (Phase I) .
Seismic Random Test (Phase II) .
Post Seismic Inspection and Electrical Tests.

3 2 TEST SET-UP

The test specimen shall be secured to a test fixture which is
securely mounted to the seismic vibration table. The testfixture shall be rigid when subject to the seismic
simulation. The front panel mounting screws will be provided
by Electro-Mechanics. (Four (4) flatheat screws, L/4"-20 x
L/2" Long, number 8FX) . The test cable connections to the
unit, shall be typical of in-service connections and shall be
supported for a span of approximately one (1) foot.

STP-145380-1
REVISON "B



:



METHOD OE TEST CONTINUED PAGE 6

3 3 EKZCTRXCAI INSPECTION AND OPERATIONAL TESTS

prior ta and fallowing the Seismic Qualification test the
specimen shall be subjected to visual and electrical tests
in order to determine it's ability ta operate in a normal
manner.

The specif ic opera'tional test method shall be in
accordance with Electro-Mechanics procedures as follows:

3 3 L Pre-test Inspection

The pre-test inspection shall consist of visually
examining the specimen far evidence of physical or ather
damage, that may have been. caused by shipment. ta the test
site. or in mounting the specimen Points of particular
interest shall be=

- Overall appearance and condition of metal surfaces
—Circuit boards and components- Cables- Connectors

3 3.2 Electrical Tests —Seismic

All Electrical tes ts shall be performed by
Electro-Mechanics personnel, in accordance with the
requirements of Test Procedure No. TP 6575-7 prior to,
during, and at the conclusion of the Seismic Test Program.All test data shall be retained by Electro-Mechanics
personnel.

3 3.3 Post.-test Inspection

The post-test inspection shall consist of visually
examining the specimen for evidence of physical. or other
damage that may have been caused by the stresses of the
seismic qualification test. Points of particular interest
shall be:

— Structural areas that may have experienced high stress
—Circuit boards and components- Cables
— Connectors

G
STP-145380-1





METHOD'P TEST CONTINUED PAGE 7

3~4 SEISMIC QUALIFICATION TESTS

3~4~1 PHASE I —RESONANT FREQUENCY SEARCH

A resonant frequency search shall be performed in the
frequency range of 1.0 to 35 Hz at an input excitation
level of approximately 0.2 g peak. The input. acceleration,
shall be controlled at all times by means o f a
piezoe Lect r ic accelerometer and displacement
potentiometer Six (6) response accelerometers shaLl be
used. to monitor specimen response and to determine
specimen. resonant frequencies, if any. Accelerometers
shall he Located on the front panels of the BTU and ATU
assemblies and near the mounting screws of the BIN
Assembly. Additionally, two (2) strain gages shaLL be
securely to the test specimen. The strain gage locationsvilI he selected at the time of test and the location
notect in the test results portion of the test report.

The frequency range from 1.0 to 35 Hz shall be searched by
sweeping the input frequency at a rate of approximately
one half octave per minute and remaining at each discrete
frequency for a period of approximately fifteen (15)
second+ in order to record specimen response data

Phase Z testing shall be performed in each of three (3)
mutually perpendicular axes. The resonant frequency
survey shaLL be performed in all four (4) test directions.
The specimen shall be energized for all resonant search
testing. Performance shall not be monitored.

3 4 2 PHASE XE —SEISMIC RANDOM TEST (MULTI-FREQUENCY)

Upon completion of Phase I testing in the first biaxial
pair (minor horizontal and vertical axes), the test
specimen shall be subjected to seismic (random) event
tests. The input motion shall be phase coherent, random
multi-frequency in waveform and equalized in 1/3 octave
segments f rom 1. 0 to 200 Hz. The input acceleration
response levels shall be suf f icient to envelope the
Required Response Spectrum shown in Figure 1 of Appendix
A, contained herein.

STP-145380-1
REVISON "B



METHOD OP TEST CONTINUED PAGE 8

3 4 2 SEISMIC QUALIPXCATIOH TESTS CONTINUED

Analysis shall be performed in 1/6 octave segments, in the
f'requency range of 1.0 to 200 Hz, utilizing 1% of critical

- damping for the OBE and SSE Seismic loadings. The input
. accelerations shall be applied simultaneously, in-phase and zt
an angle of 45 degrees from the horizontal axis. Each seismic
event shall be repeated with the inputs simultaneous but 180
degrees out-of-phase (ie., specimen and f ixture shall be
rotated 180 degrees about the vertical axis on the vibration
table) . The duration of each seismic event shall be a minimum
of thirty (30) seconds, uninterrupted. The. ZPA shall be
monitored and recorded during each seismic event; 'There shall
be a total of six (6) seismic events for each of the in-phase
and. out.-of-phase conditions. (ie, twelve (12) events for each
biaxiaL pair) as follows..

PIVE TIMES IN-PHASE & PXVE TIMES OUTRE-PHASE-

Operating Basis Earthquake (OBE) - Equipment energized.

ONE TINE IN-PHASE AND ONE TINE OUT-OP-PHASE

Safe Shutdown Earthquake (SSE) — Equipment energized.

At. the conclusion of testing. for the first biaxial pair the
specimen shall be rotated: 90 degrees on the seismic table,
about the vertical, resul ting „,.in „the'econd mutually
perpendicular horizontal axis. Phase I testing shall be then
repeated, in it's entirety, for the second horizontal (major)
and vertical axes combination. Phase II testing shall be then
repeated (in it's entirety) for the second biaxial pair (major
horizontal and vertical axes) . There shall be a total of six
(6) seismic events for each of the in-phase and out-of-phase
conditions (ie., twelve (12) events for each biaxial pair) as
follows:

FIVE TIMES IN-PHASE fi PIVE TIMES OUTTOP-PHASE

Operating Basis Earthquake (OBE) - Equipment energized.

ONE TIME IN-PHASE AND ONE TIME OUT-OP-PHASE

Safe Shutdown Earthquake (SSE) — Equipment energized.

Functional testing shall be performed during each Seismic Event
by Electro-Mechanics personnel and all data retained by them.

STP-J.45380-1
REVISON B"
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TEST RESULTS PAGE 9

4~0 TEST RESULTS

The observed test results and test data shall be included
in. a final detailed test report.

5 0 TES'2 REPORT

The f inal test report shall be submitted to
Electro-Mechanics Xnc and shall include a11
transmissibi1ity. plots for each survey, typical test
response spectra for the ma jor test axes ( ie., vertical
and. horizontal), ~11 SSE plots and the last OBE plot per
test orientation (with a statement of consistency for
other OBE runs), for each direction of input motion and
for each accelerometer location, stress calculations, from
strain gauge data, photographs, a list of equipment used
and calibration data, and all observations made.

STP-14538Q-1
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FIGURES PAGE 10

APPENDIX A
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ELECTRO-MECHANICS INC
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FIGURES PAGE 12
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HJRPOSE OP TEST

MMJPACTURER.

H?IKJPACTURER TYPE AND
SERIAL NUMBER=

DRiLMXNGS SPECXPICATIONS
OR EXHIBITS:

QUANTITY OP ITENS TEST1K)

DISPOSITXOM OP TEST
SPECIMEN

TEST COMPLETED ON:

ARCHITECT / ENGINEER:
NUCLEAR UNIT(S):

TEST CONDUCTED BY.

ABm FACT:

lRTE: 29 January 1982

To determine the effects of Seismic
Qual ifica tion Testing on the
phys i ca 1 . and operational
characteristics of the submitted
test specimen.

Electro-Mechanics Inc.
150 John Downey Drive
New Britain, Conn. 06051

Bistable Trip Unit Assembly No.
34860'/N E36893.
Auxiliary Trip Unit Assembly No.
34880, S/N E36929.

A) Electro-Mechanics Test Procedure
No. TP/TR-6575-7, Rev.

B.')

IEEE-STD-344 1975.
C) American Environments Test Plan
No STP-145380-1, Rev.B.

One (1) of each assembly.

Returned to client.

19 January 1982

N/A
N/A

ANERXCAN ENVXRONMENTS COMPANY'NC
Division of: East-West Technology
119 Cabot Street
West Babylon, N.Y. 11704

Zt is the function of American
Environments Company, 1nc., as an
impartial testing agency in
performing this test, to subject the
test specimen to seismic vibrations
of magnitude and direction as
specif ied in the RRS Curves, Figure
1 and orientations as shown in
,Figure 2, herein.

STR-145380-1



TEST APPARATUS PAGE 4

1~0 DESCRIPTION OP TEST APPARATUS

Function Generator, Model No. 202A, Serial No. 11638,
manufactured by Hewlett Packard. Calibration Due: 10
May 1982.

1 2 'C Servo Controller, Model No. 82B300, Serial No.
193, manufactured by Moog, Inc. Calibration not
required..

1 3

1 6

I+7

,1 8

1 9

1.10

Actuator, Model No. DN-65, Serial No. 70552,
manufactured by Miller Fluid Power Company.
Calibration not required.

Servo Valve, Model No. 72-103, Serial No. 68,
manufactured by Moog, Inc. Calibration not required.

Hydraulic Power Pack, Model No. 240/3000-5606, Serial
No. 03, manufactured by East Nest Technology Corp.
Calibration not required.

Displacement Tranducer, Model No. 7312-V4-AO, Serial
No;- 036, manufactured by Pickering and Company..
Calibrated immediately prior to test.
Signal Amplifier (1), Model No. 914, Serial No. 145,
manufactured by Technology for Energy Corporation.
Calibration Due: 16 February 1982.

Signal Charge Amplifiers (8), Model No. 500LF, Serial
Nos. 01167 through 01174, manufactured by Technology .

for Energy Corporation. Calibration Due: 16 February
1982.

DC Servo Controller, Model No. 710, Serial No. 001,
manufactured by CGS System, Inc. Calibration not
required.

Accelerometers (8), Model No. 320, Serial Nos. 675
through 678 and 680 through 683, manufactured by
Columbia Research Laboratories. Calibration Due: 16
February 1982.

STR-145380-1
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1 0 DESCRIPTION OP TEST APPARATUS CONTINUED

1 11 Oscilloscope, Model No. 453, Serial No. 028412,
manufactured by Tektronix. Calibration Due: 6 April
1982

1 12 Digital Plotter, Model No. 7225A/17603A, Serial No.
1823A00171, manufactured by Hewlett Packard.
Calibrated immediately prior to use.

1 13 X-Y Recorder, Model 7035B, Serial No. 2007818582,
manufactured by Hewlett Packard. Calibration Due: 9
April 1982.

1 14 FM Tape Recorder (1), Model No. 5600C, Serial No.
081117, manufactured by The Honeywell Corporation.
Calibration Due: 19 November 1982.

1 15 Spectrum Analyzer, Model No. 505N2, Serial No.
505-10, manu fac tured by M-Rad Co rpo ra t i o n.
Calibration Due: 15 March 1982.

1.16 Spectrum Synthesizer, Model No. N284, Serial No.
197-22, manu factured by M-Rad Corpora t ion.
Calibration Due: 10 June 1982.

117 Spectrum Analyzer, Model No. 3582A, Serial No.
1809A03066, manufactured by Hewlett-Packard.
Calibration Due: 9 April 1982.

1 18 Stra in Gage Cond i tioners (2), Model No.
3502-08A/08-0049, Serial Nos. 10229 (2010) and 10230
(2011), manufactured by Jay Controls Company.
Calibration Due: 16 February 1982.

2a0. DESCRIPTION OP TEST SPECIMEN

'The test specimen consisted of one (1) each of the
following assemblies:

Bistable Trip Unit, Assembly No. 34860, Serial No. E36893
Auxiliary Trip Unit, Assembly No. 34880, Serial No. E36929

\

3 0 METHOD OP TEST

The following test procedure was employed during the
progress of the Qualification Test program.

STR-145380-1





METHOD OP TEST CONTINUED PAGE 6

3 1 TEST SEQUENCE

The test sequence, as state below, was followed during the
execution of the qualification program:

311312
313
3.a.a

Pre-test Inspection and Electrical Tests.
'esonantFrequency Search Test (Phase I).

Seismic Random Test (Phase II) .
Post Seismic Inspection and Electr ical Tests.

3-2. TEST SET-UP

The test specimen was installed in the Electro-Mechanics
test f ixture which was secured to the American
Environments test fixture which was securely mounted to
the seismic vibration table. The front panel mounting
screws for securing the Electro-Mechanics test fixture to
the American Environments test fixture were provided by
Electro-Mechanics (four (4) flathead screws, 1/4"-20 x
1/2" long, number 8FX) . Additionly, the E-M Test fixture
was supported in the rear by two (2) "L" brackets (1/16"

'C
~ steel) and below by padding placed between the E-M fixture

and the AECO fixture. These fixture modifications were
made prior to test to insure a rigid noise free test set.
up. The test cable connections to the unit were typical of
in«service connections and were unsupported for a span of
approximately one (1) foot.

3 3 ELECTRICAL INSPECTION AND OPERATIONAL TESTS

Prior to and following the Seismic Qualification test the
specimen was subjected to visual and electrical tests in
order to determine it's ability to operate in a normal
manner.

The specif'ic operational test method was in accordance
with Electro-Mechanics procedures as follows:

\

3 3;1 Pre-test Inspection

The pre-test inspection consisted o f visually examining
the specimen for evidence of physical or other damage that
may have been caused by shipment to the test site or in
mounting the specimen. Points of particular interest
were:

— Overall appearance and condition of metal surfaces
- Circuit boards and components- Cables- Connectors

STR-145380-1.





NETHOD OP TEST CONTINUED PAGE 7

3a3 ELECTRICAL INSPECTION AND OPERATIONAL TESTS (CON'T)

3 3 2 Electrical Tests —Seismic

All Electrical tests were performed by Electro-Mechanics
personnel, in accordance with the requirements of Test
Procedure No. TP 6575-7 prior to, during, and at the
conclusion of the Seismic Test program, All test data was
retained by Electro-Mechanics personnel.

3 3 3 Post-test Inspection

The post-test inspection consisted of visually examining
the specimen for evidence of physical or other damage that
may have been caused by the stresses of the seismic
qualification test points of particular interest were:

—Structural areas that may have experienced high stress
- Circuit boards and components
— Cables- Connectors

3~4 SEISMIC QUALIPICATION TESTS

3 4 1 Phase I —Resonant Frequency Search

A resonant frequency search was performed in the frequency
range of 1.0 to 35 Hz at an input excitation level of
approximately 0.2 g peak. The input acceleration was
controlled at all times by means of a piezoelectric
accelerometer and displacement potentiometer. Six (6)
response accelerometers were used to monitor the specimen
and Electro-Mechanics test f ixture responses and

to'eterminethe specimen resonant frequencies, if'ny.
Accelerometers were. located on the front panels of the BTU
and ATU assemblies and near the mounting screws of the
Electro-Mechanics test fixture. Additionally, two (2)
strain gages were secured to the Electro-Mechanics test
fixture. The accelerometer and strain gage locations are
noted in the test results portion of the test report.

The frequency range from 1.0 to 35 Hz was searched by
sweeping the input frequency at a rate of approximately
one half octave per minute and remaining at each discrete
frequency for a period of approximately fifteen (15)
seconds in order to record specimen response data.

STR-145380-1





METHOD OF TEST CONTINUED PAGE 8

3 4 SEISMIC QUALIFlCATION TESTS (CON'T)

3 4.1 Phase I —Resonant Frequency Search (Con't)

Phase I testing was performed in each of three (3)
mutually perpendicular axes. The resonant frequency
survey was performed in all four (4) test directions.

The specimen was energized for all resonant search
testing. Performance was not monitored.

3 4.2 Phase II - Seismic Random Test (Multi-Frequency)

Upon completion of Phase I testing in the first biaxial
pair (minor horizontal and vertical axes), the test
specimen was subjected to seismic (random) event tests.
The input motion was phase coherent, random
multi-frecuency in waveform and equalized in 1/3 octave
segments from 1.0 to 100 Hz. The input acceleration
response levels were sufficient to envelope the Required
Response Spectrum shown in Figure 1 of Appendix A,
contained herein.

4 V

Anal'ysi's was performed in 1/6 octave segments, in the
frequency range of 1.0 to 200 Hz, utilizing 1% of critical
damping for the OBE and SSE Seismic loadings. The input
accelerations were applied simultaneously, in-phase and at
an angle of 45 degrees from the horizontal axis. Each
seismic event was repeated with the inputs simultaneous
but 180 degrees out-of-phase (ie., specimen and fixture
were rotated 180 degrees about the vertical axis on the
vibration table) . The duration of each seismic event was
a minimum o f thirty (30) seconds, uninterrupted. The ZPA
was monitored and recorded during each seismic event.
There were a total of six (6) seismic events for each of
the in-phase and out-of-phase conditions (ie., twelve (12)
events for each biaxial pair) as follows:

FIVE TIMES IN-PHASE & FIVE'IMES OUT~F-PHASE

Operating Basis Earthquake (OBE) — Equipment energized.

ONE TIME IN-PHASE AND ONE TIME OUT-OF-PHASE

Safe Shutdown Earthquake (SSE) — Equipment energized.

STR-145380-1



METHOD OP TEST CONTINUED PAGE 9

3 4.2 Phase ZX —Seismic Random Test (Multi-Frequency)
(Con'),

At the conclusion of testing for the first biaxial pair
the'pecimen was rotated 90 degrees on the seismic table,
about the vertical, resulting in the second mutually
perpendicular horizontal axis. Phase I testing was then
repeated, in it's entirety, for the second horizontal
(major) and vertical axes combination. Phase ZZ testing
was then repeated (in it' entirety) for the second
biaxial pair (major horizontal and vertical axes) . There
were a total of six (6) seismic events for each of the
in-phase and out-of-phase conditions (ie., twelve (12)
events for each biaxial pair) as follows:

PXVE TIMES IN-PHASE & FIVE TINES OUTTOP-PHASE

Operating Basis Earthquake (OBE) — Equipment energized.

ONE TIME ZN-PHASE AND ONE TIP& CUTUP-PHASE

Safe Shutdown Earthquake (SSE) — Equipment energized.
~, ~ ~

Functional testing was performed during each Seismic Event
by Electro-Mechanics personnel and all data retained by
them o.

4 0 TEST RESUXTS
\

. The following information was observed and recorded'efore, during and af ter exposure to the stresses of the
Seismic Qualification Test,.

4 l PRE-TEST INSPECTION

The followi'ng information was observed and recorded during
the Pre-Test Inspection and Electrical Tests.

Visual Inspection — There was no evidence of physical
damage to the test specimen as a result of shipment to the
test site or subsequent to it's installation on the test
table.
Electrical Test — Electrical performance data was obtained
'and retained by Electro-Hechanics personnel.
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4 2 PHASE I RESONANCE SEARCH TEST

BIAXIALPAIR NO
IN-PHASE

(See Appendix D for Transmissibility Data plots)

There were no significant structural resonances observed.

4 3 PHASE I RESONANCE SEARCH TEST

BIAXIALPAIR NO '1
OUT-OP-PHASE

(See Appendix D for Transmissibility Data Plots)

There were no significant structural resonances observed.

4 4 PHASE I RESONANCE SEARCH TEST

BIAXIALPAIR NO 2
IN-PHASE

(See Appendix D for Transmissibility Data Plots)

There were no significant structural resonances observed.

4 5 PHASE I RESONANCE SEARCH TEST

BIAXIALPAIR NO. 2
OUT-OP-PHASE

(See Appendix D for Transmissibility Data Plots)

There were no signi ficant structural resonances observed.

STR-145380- l



TEST RESULTS CONTINUED PAGE 11

4 6 SEISMIC RANDOM EVENT TESTS — PHASE II
BIAXIALPAIR NO. 2

OUT-OF-PHASE

RUN NO. EVENT DURATION
1
2
3
4
5

*CA
6

OBE
OBE
OBE
OBE
OBE
SSE
SSE

30 SEC.
30 SEC.
30 SEC.
30 SEC.
30 SEC.
30 SEC.
30 SEC.

The're was no evidence of physical damage observed as a
result of the stresses of these events. All electrical
performance data was obtained and retained by
Electro-Mechanics personnel. See Appendix E for Test
Response Spectra and Appendix 'F for Equipment Response
Spectra. Note= Typical OBE response data is presented in
these appendices and response data not shown was verified
to be consistent with those presented.
* NOTE: The attained levels were not sufficient to
satisfy the requirements.

4 7 SEISMIC RANDOM EVENT TESTS — PHASE II

RUN NO

BIAXIALPAIR NO 2
IN-PHASE

DURATION
7
8
9

10
11
12

OBE
OBE
OBE
OBE
OBE
SSE

30 SEC-
30 SEC.
30 SEC
30 SEC.
30 SEC.
30 SEC.

There was no evidence of physical damage observed as a
result of the stresses of these events. All electrical
performance data was obtained and retained by
Electro-Mechanics personnel. See Appendix E for Test
Response Spectra and Appendix F for Equipment Response
Spectra. Note: Typical OBE response data is presented in
these appendices and response data not shown was verified
to be consistent with those presented.

STR-145380-1
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TEST RESULTS CONTINUED "PAGE 12

4 & SEISMIC RANDOM EVENT TESTS —PHASE II
BIAXIALPAIR NO 1

OUT-OF-PHASE

RUN NO EVENT DURATION
13
14
15
ae
17
18

OBE
OBE
OBE
OBE
OBE
SSE

30 SEC
30 SEC.
30 SEC.
30 SEC.
30 SEC
30 SEC.

There was no evidence of physical damage observed as a
result of the stresses of these'vents. All electrical
performance data was obtained and retained by
Electro-Mechanics personnel. See Appendix E for Test
Response Spectra and Appendix F for Equipment Response
Spectra . Note: Typical OBE .response data is presented in
these appendices and re ponse data not shown was verified
to be consistent with those presented.

4 9 SEISMIC RtQiDOM EVENT TESTS —PHASE II
BIAXX2LL PAIR NO 2

IN-PHASE

RUN NO
19
20
21
22
23
24

OBE
OBE
OBE
OBE
OBE
SSE

DURATION
30 SEC
30 SEC.
30 SEC.
30 SEC ~

30 SEC.
30 SEC

There was no evidence of physical damage observed as a
result of the stresses of these events. All electrical
performance data was obtained and retained by
Electro-Mechanics personnel. See Appendix E for Test
Response Spectra and Appendix F for Equipment Response
Spectra. Note: Typical OBE response data is presented in
these appendices and response data not shown was verified
to be consistent with those presented.
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POST-TEST INSPECTION

There was no evidence of physical damage observed as a
result of the stresses of this test program.

6 0 RECONNENDATZONS

7 0

None, data merely submitted.

CONCLUSIONS

Zt is the function of AHERICAN ENVIRONMENTS'OMPANY, ZNC.,
to report the test data as observed., Final evaluation of
the test results shall be accomplished by
Electro-Mechanics Incorporated.

The following information was observed and recorded during
the Post-Test Inspection.

Visual Inspection — There was no evidence of physical
damage observed as a result of the stresses of this
{}ualification test program.

Electrica1 Tests — All electrical performance data was
obtained and retained by Electro-Mechanics personnel.

5 0 SUMMARY OP STRUCTURAL CONDITION

STR-145380-1



PIGURES PAGE 14

APPENDIX A

FIGURES

FOR

ELECTRO-MECHANICS INC

BISTABLE-AUXILIARYTRIP UNITS
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PIGURE 2

BIAXIAX,PAIR ONE

IN-PHASE OUT-OF-PHASE

VECTOR INPUT VECTOR INPUT

BI2GHAL PAIR TWO

IN-PHASE OUT- OF-P HAS E

7} VECTOR INPUT VECTOR INPUT
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STRAIN GAUGE RECORDINGS & STRESS CALCULATIONS PAGE 17

APPENDIX B

STRAIN GAUGE RECORDINGS & STRESS CALCULATIONS„
N ~ I

POR

ELECTRO-MECHANICS INC

BISTABLE-AUXILIARYTRIP UNITS
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TRANSDUCER LOCATIONS PAGE 10

TABLE I
STRAIN GAUGE NOUNTING LOCATIONS

Gauge
Number

Notion Axis
Monitored Location

Vertical
Horizontal (F/B)

Right Rear Side of E-N Test Fixture

STR-145380-i
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STRESS CALCULATXONS

CALCULATION I

The maximum observed strain for the Biaxial Pair No. 2
(Out-of-Phase) Test (SSE 46) was 53.8 micro-inches/inch, peak.

The maximum observed strain for the Biaxial Pair No. 2
(Xn-Phase) .test (SSE f12) was 47.5 micro-inches/inch, peak.

delta L/L ~ e ; S E*e

Where: delta L = Change in length of gauge

L ~ Length of gauge

e ~ Apparent strain
E ~ Young's modulus (10 x 10"6 aluminum)

S ~ Apparent stress (psi)

For SSE 46, Biaxial Pair No. 2 —Out-of-Phase:

delta L/L (peak) 53.8 x 10"-6 inches/inch
S ~ 10 x 10"6 * 53.8 x 10"-6
S ~ 538 psi

For SSE j12, Biaxial

delta L/L (peak)
S = 10 x 10"6 *
S ~ 475 psi

Pair No. 2 — In-Phase:

~ 47.5 x 10"-6 inches/inch
47.5 x 10"-6

For SSE 418, Biaxial Pair No. 1 — Out-of-Phase:

delta L/L (peak)
S 10 x 10"6 *
S ~ ~ psi

Jog '

10.2 x 10"-6 inches/inch
10.2 x 10"-6 .

For SSE 424, Biaxial Pair No. 1 — Xn-Phase:

delta L/L (peak) = 9.7 x 10"-6 inches/inch
S 10 x 10"6 * 9.7 x 10"-6
S ~ 97 psi

STR-145380-1
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APPENDIX C

XPA TEST DATA & DEFLECTION CALCULATIONS

FOR

ELECTRO-MECHANICS INC

BISTABLE-AUXILIARYTRIP UNITS
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TRANSD LOCATIONS 5

TABLE I
ACCELERONETER HOUNTING LOCATIONS

Acceleiometer Potion Axis
Number Ponftored Location

2
Horizontal
Vertical

Control — on Seismic Table
Control — on Seismic Table

Horizontal
Vertical

Top of the BTU Assembly

Hor izonta1
Vertical

Top of the ATU Assembly

Horizontal
Vertical

Top Left Corner of E-N Test fixture near mounting screw

STR-145380-1





ZPA TEST DATA PAGE 26

RECORDED ZPA VALUES
BIAXIALPAIR NO 2 OUT-OP-PHASE

RUN — SSE NUBBER 6

Accelerometer
Number

Value
(s)

7.59 — Horizontal Control

7.68 — Vertical Control

7 34

7 57

7 '4
7.42

7 57

7. 39

RECORDED ZPA VALUES
BIAXIALPAIR NO 2 IN-PHASE

RUN —SSE NUMBER 12

Accelerometer
Number

Value
(e)

7.54 — Horizontal Control

7.50 — Vertical Control

7.47

7.60

7.59

7.44

7 '7
~ 7.61

STR-145380-1





ZPA TEST DATA PAGE 27

RECORDED ZPA VALUES
BIAXIALPAIR NO 1 OUT-OP-PHASE

RUN — SSE NUMBER 18

Accelerometer
Number

4

Value
(e)

7.38 — Horizontal Control

, 7.41 — Vertical Control

7.54

7 53

7. 47

7.61

7. 34

7 52

RECORDED ZPA VALUES
BIAXIALPAIR NO 1 IN-PHASE

RUN —SSE NUMBER 24

Accelerometer
Number

3

8

Value
(e)

7.42 - Horizontal Control

7.42 — Vertical Control

7 37

7 39

7. 41

7.38

7.44

7.53

STR-145380-1





STR-145380-l PAGE 22

W+c
E. —i—» ~ -4 —.-'

'
~

I . ~ /
' . l, ~

4 I

4

~ I ~ I ~

4
~ I

f r '

JW.,

~ ~

i ~ ~

r ~ ~"f...''

L

l
~ I I

~ ~

4 r ~ I ~

- ~ -l
I ~ ~

~ ~

I
4 ~ ~

4

lj—.
~ .r

w ~ ~ '

~ I -L. J

ouid Inc., Instrument Systems Division Cleveland, Ohio Printed in U.S.A
4

aie~Wecw~ic~ TRrP CMnTS '~ I'3
e~'J 80resr Sec, ~

~ I—
I

~ I

I

I 4

4

~ ~

I
~ I

. ~ I
~ ~

I * « «4 4

I ~
, ~ .

'I
t ~ r

I ~

~ I .i .! ~ L
~-i — I ~ ~ ~

t.— t
~ ~

-.'L=

~ ~ ~ ~

~ ~ I l I

~ I

I
~ r 1

I

4, II' ~ ~ t
~ 4

~ I ~

~ 4 ~

STRAIN GAUGE RECORDINGS
SSE 424

BIAXIALPAIR NO L IH-PHASE



DEPELCTION CALCULATIONS PAGE 28

CALCULATION II

The maximum deflection of the specimen exterior relative to the
'mounting base was calculated as follows:
d ~ g/0 1022 ~ f"2

Nhere:
d ~ Single amplitude deflectionf ~ lowest resonance frequency of specimen structure
g ~ highest measured acceleration (ZPA value of

response spectra) from accelerometers selected to
represent maximum deflection of test specimen.

Por SSE Number 6:

Biaxial Pair No. 2 Out-Of-Phase

No resonances observed Use f = 33 Hz
d ~ 7 57/0.1022 * {33) "2 ~ 0.068 inches

Por SSE Number 12=

Biaxial Pair No. 2 In-Phase

No resonances observed Use f ~ 33 Hz
d ~ 7.60/0.1022 ~ (33) "2 0.0684 inches

Por SSE Number 18:

Biaxial Pair No. 1 Out-Of-Phase

No resonances observed Use f = 33 Hz
d ~ 7.61/0.1022 ~ (33) "2'~ 0.0684 i'nches

Por SSE Number 24:

'iaxial Pair No. 1 In-Phase

No resonances observed Use f = 33 Hz
d ~ 7.53/0.1022 ~ (33) "2 = 0.0677 inches

'

Note: As no resonanCes were observed, 33 Hz, the maximum
required frequency for the resonance search, was used in order
to yield the greatest (most conservative) deflection possible
for the test specimen within an earthquake frequency domain.

Sm-145380-1
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APPENDIX D

TRANSNISSIBILITY DATA PLOTS

POR

ELECTRO-MECHANICS INC

BISTABLE-AUXILIARYTRIP UNITS
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TRANSD LOCATIONS P

TABLE I
ACCELEROMETER MOUNTING LOCATIONS

Accelerometer Motion Axis
Number Monitored . Location

Horizontal
Vertical

Control — on Seismic Table
Control — on Seismic Table

Horizontal
Vertical

Top of the BTU Assembly

Hor i zontal
Vertical

Top of the AVU Assembly

Hor izontal
Vertical

Top Left Corner of E-M Vest fixture near mounting screw

STR-l 45380-1
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TEST RESPONSE SPECTRA PAGE 46

APPENDIX E

TEST RESPONSE SPECTRA

FOR

ELECTRO-MECHANICS INC

BISTABLE-AUXILIARYTRIP UNITS
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TRANSD LOCATIONS 47

TABLE I
hCCELEROMETER HOUNTING LOCATIONS

Accelerometer Hotion Axis
Number Monitored Location

Hor izontal
Vertical

Control — on Seismic Table
Control — on Seismic Table

Horizontal
Vertical

Top of the BTU Assembly

Horizontal
Vertical

Top of the ATU Assembly

Horizontal
Vertical

Top Left Corner of Specimen Near Nounting Screw.

STR-145380-1
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APPENDIX P

EQUIPMENT RESPONSE SPECTRA
~ ~

ELECTRO-?4&CHANXCS INC

BISTABLE-AUXILIARYTRIP UNITS

Typical OBE response data is presented in this
appendix. The OBE response data not shown was
verified to be consistent with the response data
presented.
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TABLE I
ACCELEROMETER HOUNTING LOCATIONS

Accelerometer Motion Axis
Number Monitored Location

l
2

Horizontal
Vertical

Control — on Seismic Table
Control - on Seismic Table

3 Horizontal
Vertical

Top of the BTU Assembly

5
6

Horizonta)
Vertical

Top of the ATU Assembly

7
8

Horizontal
Vertical

Top Left Corner of Specimen Near Mounting Screw..
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APPENDIX G

PHOTOGRAPHS

EOR

ELECTRO-MECHAHICS INC

BISTABLE-AUXILIARYTRIP UNITS

STR-145380-1



PHOTOGRAPHS PAGE 115

'I 44

ir L'- C

~~+ x~P . 4p.

TEST SET UP
BIAXIALPAIR NO 1

IN-PHASE

%c~ +q-

~ 4 L ~ 4 ~ ~ ~ ~ ~ ~

~ 4 ~ 4 ~ ~ ~ 4p
gpss P,

P
P

(IC C 4
~ / ~ a ~'.c!c ~

C ~

'
'4 a'P t

tP4

4~ '4 P

I

TEST SET UP
BIAXIALPAIR NO 1

OUT-OP-PHASE

C

J'
A

~ p.
'f I p

I'4

STR-145380-1



/'i
PHOTOGRAPHS PAGE 116

: ':?~~~/
TEST SET UP

BIAXIALPAIR NO 2
IN-PHASE

~ p'Wm-A4

~c:i ~~

' a'r~Q~-'~

~ i ~i ~

TEST SET UP
BIAXIALPAIR NO 2

OUTTOP-PHASE

~ ~

r
!'

P
)

~ee

l ~~

'8f '. ~ ~

Iv.

3
I

STR-145380-1



TRANSDU

~ ~'%~I ~ ~ .TK~ ~ 9 8 Tr <~~ + ~ 1fW»

OCATIONS PAGF

TABLE I
ACCELEROMETER NOUNTING LOCATIONS

Accelerometer Notion Axis
Number Monitored Location

1
2

Horizontal
Vertical

Control - on Seismic Table
Control - on Seismic Table

3
4

Horizontal
Vertical

Top of the BTU Assembly

5
6

Horizontal
Vertical

Top of the ATU Assembly

7
8

Horizontal
Vertical

Top Left Corner of Specimen Near Mounting Screw.

STRAIN GAUGE HOUNTING LOCATIONS

Gauge
Number

Notion Axis
Moni tored Location

l
2

Vertical Right Rear Side of Specimen
Horizontal (F/8)

STR-1 45380--I
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