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QUALIFICATION RESULTS CERTIFICATION AND SUMMARY

SDRC Report No. __11410 Volume _! of ! Revision Number ' Date 10/7/82

SDRC Project No, _11410 Dates from 8/17/82 to

Customer: Cincinnati Gas & Electric Customer P.O. Number XZC 023743
Nuclear Engineering Department

Address: P.0.Box 201

Moscow, Ohio 451583

Test Specimen(s) —_!TE Series 5600 Motor Control Center

See Table |.1 for component identification.

Manufacturer ITE/Gould Inc. Industrial Controls Division

Summary The test levels achieved met or exceeded the Required Response Spectra for all tests. The MCC

provided essential power on command throughout all testing. No contact chatter was detected

after normal change of state settling time before, during or after ail seismic tests. The MCC met ‘ Rev. 1

all structural acceptance criteria throughout the seismic testing except as noted in Record of

Anomaly (see Record of Anomaly, foilowing page).

Prepared by:

) Certification of Resulits:
Reviewed by:

atrick, Senior Project Manager | hereby certify that the test speciment(s) have

been qualified in full accordance with the

Reviewed by: Customers Purchase Order and is qualified to

A. Engineer

Approved by: M X @M structural integrity for the seismic condition

Edward L. Peterson, PE, Technical Dircctor—Testing provided in the Purchaser’s Specification as
presented to SDRC. The test has been super-
vised and reviewed by me.

Signature WZ@“

withstand without loss of those functions and/or

NAME AND LOCATION OF TEST FACILITY

Registration P.E. Number E£241507

STRUCTURAL DYNA!ICS RESEARCH CORPORATION State of Ohio
2000 EASTMAN DRIVE
MILFORD, OHIO 45150 Date_/=Ocr=/982p e sumo

(513) 576-2400

Structural Dynamics Research Corporation
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SODRC

Structural Dynarmics Research Corporation

2000 Eastman Dnve
Miford. Ohio 45150

RECORD OF ANOMALY
Date 8/17/82 Customer item No. 61480 N.O.I.
Customer CG&E Test item No. 11410-R1-01-01-00
SDRC Proposal Nc. 11410-R1 Engineer Woifer

Qescription |TE 5600 Motor Control Center

REQUIREMENTS:

The structural integrity of the test specimen must be demonstrated both during
and after testing.

DESCRIPTION OF ANOMALY:
The door latches rotated during the seismic aging tests so as to allow some doors to

open. During the high level seismic tests the door 'atches rotated a small amount.
(Not enough to allow any door to open).

DISPOSITION:
Due to interlocking feature on the breakers, the doors could not open far enough
to affect the safety-related function of the motor control center.
SDRC suggested disposition is ‘“Use-As-Is’’

COMMENTS:

CC: SDRC Final Report
SDRC Q.A. Manager
SDRC Sales Department

Customer, Mr./Ma. _&//&s Cérpk

Aibiaes P.O. Box 201
Moscow, Ohio 45153

TFQ16
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SDRC

Structural Dynarmics Research Corporation

2000 Eastman Dnve
Milford. Ohwo 45150
513-576-2400

RECORD OF ANOMALY
Date: 8/17/82 Customer Item No.: 81480 N.O.1I.
Customer: _CG&E Test Item No.: _ 11410-R1-01-01-00
SDRC Proposal No.: __11410-R1 Engineer: __ Wolfer

Description: ITE 5600 Motor Control Center

REQUIREMENTS:

During the seismic testing the table control accelerometers must be analyzed by shock
response software to determine the TRS.

DESCRIPTION OF ANOMALY:

During test no. 12 the control accelerometers overioaded and could not be analyzed.

DISPOSITION:

Rerun the test.

COMMENTS:

CG SDRC Final Report
SDRC Q.A. Manager
SDRC Sales Department

Customer: Mr. David A. Parker — CG&E
Address: P.0. Box 201

Moscow, Ohio 45153
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SDRC

Structural Dynamics Research Comporation
200C Eastman Dnve
Milfora. Ohic 45150
513-576-2400
PECORD OF ANOMALY
Date: __8/17/82 Customer Item No,: _ 81480 N.O.I.
Customer: CG&E . Test Item No.: _11410-R1-01-01-00
SORC Proposal No.: __11410-R1 Engineer: ___Wolfer

Description: ITE 5600 Motor Control Canter

REQUIREMENTS:

During all seismic tests the motor control center must be monitored for chatter and
operability.

DESCRIPTION OF ANOMALY:

During test no. 14 (3rd Emergency attempt) the SDRC monitoring system malfunctioned
and did not record the electrical monitoring data for this test.

DISPOSITION:

Rerun the test.

COMMENTS:

CC: SDRC Final Report
SDRC Q.A. Manager
SDRC Sales Department

Customer: Mr. David A. Parker — CG&E
Address: P.O. Box 201
Moscow, Qhio 45153
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TABLE 1.1

5600 MCC COMPONENT IDENTIFICATION

Section Description Manufacturer Identifying Numbers
1B Panel Board ITE/Gould CAT.#: UB3D-14L/Series 8/
20wW29
1B 30A Circuit Breaker ITE/Gould Issue LK-4441/BQ3-B030
1D 3 Phase Insulated Sorgel Electric CAT.#: 15TO2HPS P-2 KVALS
Transformers
2A Circuit Bieaker ITE/Gould EF3-B030
2A Size 1 Starter ITE/Gouid CAT.#: ATO3C
2A Size 1 Starter ITE/Gould CAT.#: ATO3C
2A Control Transformer ITE/Gould .1KVA/CAT.2032~-T3
2B Adjustable Trip ITE/Gould CAT.#: EF3-A0302
Breaker
2B Size 1 Starter ITE/Gould CAT.#: A213C
2B Size 1 Starter ITE/Gould CAT.#: A213C
2B 4 Pole Contact Relay ITE/Gould J20A40
2B Control Transformer ITE/Gould CAT.#: 2032-T3
2C Circuit Breaker ITE/Gould EF3/480 Volt/CAT.# EF3B030
2C Circuit Breaker ITE/Gould EF3/480 Volt/CAT.# EF3B030
2D Circuit Breaker ITE/Gould CAT.#: EF3-Bl00
2D Size 4 Starter ITE/Gould CAT.#: A203F
2D Control Trans‘ormer ITE/Gould CAT.#: 2030-T10/.25KVA
2D Aux Relays ITE/Gould CAT.#: 20A20/2 pole
3A Adjustable Trip ITE/Gould CAT.#: EF3-A020
Breaker
3A Size 2 Starter ITE/Gould A203D
3A Control Transformer ITE/Gould CAT.#: 2032-T3
3A rear Double Block 4-Pole ITE/Gould 2(J20A40)
Relay
3A rear 2 Pole Relay ITE/Gould CAT.#: J20A20/2 Pole
3B Circuit Breaker ITE/Gould CAT.#: EF3-B100
3B Size 3 Starter ITE/Gould CAT.#: A203E
3B Relay ITE/Gould CAT.#: J20A20/2 pole
3B Control Transformer ITE/Gould CAT.#: 2032-T3
3B Ground Fault Relay Brown/Boveri Type GRM-FC
38 Rear Relay ITE/Gouid CAT.#: J20A20/2 Pole
ko Adjustable Circuit ITE/Gould CAT.#: EF3-A1002
Breaker
e Size 3 Starter ITE/Gould CAT.#: A2030E
3C Contact ITE/Gould CAT.#: J2820
3C Control Transformer ITE/Gould CAT.#: 2032-T3
3D Circuit Breaker ITE/Gould CAT.#: EF3-B030
3D Size 2 Starter ITE/Gould CAT.#: A203D
3D Control Transformer ITE/Gould CAT.#: 2032-T3
3D Rear C-Relay ITE/Gould CAT.#: J20A4Q/4 Pole
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Name of item:

ITE Series 5600 Motor Control Center (MCC)

Customer’s part number:

61480 N.Q.l. (See Table |.1 for component identification)

Manufacturer’s model number:

84-78977

Manufacturer’'s model number:

See Table |.1

Test dates:

8/17/82

Specification number and source:
Sargent & Lundy - Specification for Dynamic Testing of Seismic Category | ITE
Series 5600 Motor Control Center — R2

Specification class or seismic category:

Class |

Spectrum curves used (RRS’s) and sources:

See Section 111.1

Number of orientaticns:

1

Number of tests/orientations:

SRV (total time of 700 seconds)

SRV pius LOCA (total time duration of 300 seconds)
5 Upset Tests

2 Emergency Tests

Structural Dynamics Research Corporation



11. Equipment is: stock , or special !
, test _Z combination

13.  Equipment is: mechanical ____, electrical / other , instrumentation

12. Equipment qualified by: analysis

- s a =

i

- .

14, Equipment is a: motor
instrument

, pump , fan , panel ____ , switchgear .
, other (specify) _motor control center

R !

15. Schematic and photographs of test setup:

= See Section 111.3
16. Equipment is located in the _N/S* at elevation ___, and is attached to the: floor ;
wall , ceiling , other (Specify)

.

17. Summary of resonances located in equipment

-

See Section iV.1

-

-t

18. Damping values used in TRS calculation:

8

SRV - 2%

SRV + LOCA - 2%

4 Upsets — 1%

1 Upset - 1,2, 5%

1 Emergency — 2%

1 Emergency - 2, 5, 10%

19. Justification of use of damping values other than as allowed in Item 6:

N/A

*N/S - Not Specified

Structural Dynamics Research Corporation
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20.

21.

22.

23.

24,

25.

26.

Description of the testing approach (such as biaxial, triaxial testing, simulated plant operation,
testing frequency range, frequency intervai, type of frequency wave from inputs, etc.):

Triaxial random input 1 to 100 Hz

Method of monitoring and location of monitors:
Survey accelerometers placed on the motor control center at locations specified by
CG&E.

Statement of equipment function before and after tests:
ITE Motor Control Center functioned as specified in the test plan befcre, during and
after all seismic events.

Test levels shown to meet or exceed required response spectra:
See Section 1V.2

Mounting of test item as compared to actual mounting:

See Section 111.3

Test observers (representatives from customer and/or supplier):

CG&E - Mr. Dan Harvey
Mr. Roger Thoney
Mr. Mark Angelo
Mr. Mendo Jonovski
Mr. Paul Bogen

Test logs:

See Appendix VI11.2

Structural Dynamics Research Corporation
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INTRODUCTION

This report documents a full scale tri-axis seismic qualification test performed by Structural
Dynamics Research Corporation for Cincinnati Gas & Electric Company. The item tested was
an ITE Motor Control Center,

This test was conducted at the SDRC* testing laboratory in Milford, Ohio on August 17, 1982.
Participants in this project were:
CG&E
Mr. David Parker
Mr. Robert Johnson
Mr. Don Elias
SDRC
Mr. Gary Patrick
Mr. Anthony Wolfer

Mr. Thomas Zurmehly
Mrs. Kay Poynter

*SORC is a service mark of Structural Dynamics Research Caorporation

Structural] Dynamics Research Corporation
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TEST DESCRIPTION
111.1  Required Response Spectrum (RRS)

The response spectrum was provided by Sargent & Lundy. The horizontal and vertical
SRV spactra are shown in Figures I11.1 and 111.2, The horizontal and vertical SRV plus
LOCA spectra are shown in Figures I11.3 and |11.4, The horizontal and vertical Upset
curves are shown in Figures |11.5 and |11.6. The horizontal and vertical Emergency
spectra are shown in Figures I11.7 and I11.8.

111.2  Test Signal Ceneration

The horizontal and vertical input signals were generated by three random noise signals
shaped by ore third octave digital equalizers. The resulting signals are tape recorded
for playback to the table. The signals are 30 seconds in duration. Figure |11.9 shows
approximately 5 seconds of the horizontal and vertical time signals.

Structural Dynamics Research Corporation

10
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Figure 111.9
Acceleration Time Histories
*Channel A - N-S
*Channel B - E-W
Channel C — Vertical

*The horizontal time histories include more low frequency random noise due
to the higher level low frequency content of the horizontal RRS.
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111.3  Description and Mounting of Test Specimens

The mounting of the test specimen simulated the actual in-service mounting as closely
as was practical. The specimen was mounted to the test table by welding it to a 1" thick
plate which was boited to the shake table. The welding pattern, which represents ths as
installed in-the-field condition, was 1 1/2 inch long, 3/16 inch leg fillet welds on 12
inch centers. Total number of welds was 12 (6 along front sill and 6 along rear sill). See
Figures 111.10 and 111.11,

1.4  Test Procedure

111.4.1 Test Sequence
Testing was performed in the following sequence:
1. Baseline Inspection
- 4 Operability Test
3. Resonance Search
4 SRV Aging Test

SRV + LOCA Aging Test

4

Baseline !nspection

L
~

Upset Condition Proof Test

8. First Emergency Condition Proof Test
9. Baseline Inspection

10. Second Emergency Condition Proof Tcst

11. Cperability Test

(See VI1.2 - Appendix B SDRC Log Sheet)

I ;
|

Structural Dynamics Research Corporation
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3

Z (Vert)

]

-
J

W

X (N-S) Y (EW)
(front to back) (side to side)

.

Figure 111.10
Mounting of the Motor Control Center (MCC)
On the Triaxial Shake Table

4

Figure 111.11
Weld Pattern Used to Mount the
MCC to the Table
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111.4.2 Exploratory Test

The frequency search was conducted in each principal axis prior to the aging
tests described in Section 3 below. This search was in the form of a single axis
continuous frequency sweep using a sinusoidal steady state input at the lowest
amplitude capable of determining resonance. This frequency search was con-
ducted by developing transmissibility plots for point(s) on the test specimen.

A transmissibility plot is defined as the ratio of motion of a point on the object
divided by the input motion at the base of the item or the table on which the
item is mounted. Peaks in the transmissibility plot represent the natural fre-
quencies of the system. Phase angle of the output with respect to the input is
also provided.

Transmissibility function(s) are calculated using Fourier analysis techniques on
a GenRad test system. This technique ratio’s the Fourier spectrum of the com-
ponent response to the Fourier spectrum of the input motion.

The frequency of the input excitation was varied from 1.0 to 100 Hz.

The linear sweep rate was equivalent to two octaves per minute. The sine sweep
was applied in the order of 0.2g to 0.4g.

Response accelerometers were mounted on the specimen as required to record
natural frequencies up to 100 Hz.

Natural frequencies were determined by the peaks and the phase angle in the
transmissibility plot.

Aging Tests

The purpose of the aging tests is to supplement the proof testing inassuring that
the test specimens are subjected to the design life mechanical vibration result-
ing from all of the postulated dynamic events. The dynamic events postulated
to occur are:

- Operating Basis Earthquake (OBE)

- Safe Shutdown Earthquake (SSE)

- Safety Relief Valve Acutation Events (SRV)

- Loss Of Coolent Accident (LCCA)

Structural Dynamics Research Corporation



-

The following bar chart shows the sequencing of these events and how the test-
ing program accounts for them:

Postulated
Events

Testing
Program

4

Proof Test

OBE SSE
\ i
1 [
- i
| I LOCA
| {
)
! ! ; .
i | I
| | SRV |
| | |
I ' | [ )
| - [ | |
| J | | |
[ ! | |
| ! { | '
Upset Emergency .
Condition |[Condition |[SRV+LOCA Aging Test SRV Aging Test

Proof Test

A

-_ - - 3 - - -.
. . . 4

Structura)

Aging Test Methodology

The number of aging tests performed simultaneously in three directions
prior to the full level qualification tests was one SRV aging sequence
and one SRV plus LOCA aging sequence.

The specimen was subjected to a minimum test duration of 30 seconds
for each time history in these sequences. The SRV sequence comprised
a total test duration of 700 seconds. The SRV plus LOCA was a total
test duration of 300 seconds.

Dynamics Research Corporation
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’ 'r e. The aging test consisted of simultaneous horizontal (N-S and E-W) and
| = vertical inputs of continuous random waveform motion over the fre-
quency range of 1.0 to 100 Hz.

adjusted at one-third octave frequency intervals in each axis until the
lr'- TRS envelopes the RRS within the limitations of the test machinr.

. l} J' d. The amplitude of each random waveform motion was independently
|

e. The resulting table motion was analyzed and plotted by a digital fourier
l,' ‘ analyzer using shock response software. This calculation was performed
¥ at the appropriate damping value and frequency interval:

Damping value(s): SRV — 2%
SRV plus LOCA - 2%

QOctave frequency interval: 1/3

L
) B

111.4.4 Full Level Qualification Test

s
T

Simultaneous Excitation Technique

s
»

The seismic qualification for the subject equipment was performed by using an
independent triaxial random motion simulator. Testing was performed with the
test items’ principal horizontal axis positioned parallel with the test table motion.

-,

e —

Thus, each horizontal axis was excited separately, but simultaneously with the
vertical axis. The horizontal East-West, horizontal North-South, and vertical
input accelerations were independent (incoherent) of each other during the
multi-frequency test.

-

LY

’

Full Level Qualification Methodology ‘

a. The number of tests performed simuitaneously in three directions was
five Upset Condition Proof Test levels followed by two Emergency
Condition Proof Tests.

for each full level test.

[ The test consisted of simultaneous horizontal (N-S and E-W) and vertical
inputs of cont:nuous random waveform motion over the frequency range
of 1.0 to 100 Hz.

The specimen was subjected to a minimum test duration of 30 seconds
|
\
\
|

' b

Structural Dynamics Research Corporation




P |

—
|

e |

-

-

—

' ;
’
".
l‘

'

25
d. The amplitude of each random waveform motion was independently
adjusted at one-third octave frequency intervals in each axis until the
TRS envelopes the RRS withii: the limitations of the test machine,
e. The resulting shake tabie motion was aialyzed and plotted by a digital

fourier analyzer using shnck response softw are. This calculation was
performed at the appropriate damping value a~d frequency interval:

Damping value(s): 4 Upset — 1%
1 Upset — 1%, 2%, 5%
1 Emergency — 2%
1 Emergency — 2%, 5%, 10%

Octave Frequency Interval: 1/3

11,6  Monitoring Instrumentation

SDRC calibrates all test equipment and instrumentation used in this test progri n in
accordance with SORC Quality Assurance Manual Section 12.001. This procedure is in
compliance with 10CFR50 Appendix 3 and ANSI/ASME N45.2-1977. Calibrations
are traceable to the National Bureau of Standards.

111.5.1 Table Control

The three control accelerometers were mounted in the egg-crate designed shake
table platform. These acceierometers are located in the approximate center of
the horizontal planes and approximately 3 inches below the table top specimen
interface plane.

The table control accelerometers were continuously monitored during the test
using a brush recorder.

111.5.2 Survey Accelerometers

Transmissibility data was taken at eight accelerometer locations which were
specified by CG&E. During the Aging and Full Level tests nine accelerometers
were mounted at the three triaxial locations specified by CG&E. (See Section
IV.1).

Structural Dynamics Research Corporation
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111.,6.3 Operability Tests

1. Operability Test (Pretest and Post-test)

!

The operational capability of the specimen was demonstrated and docu-
mented before and afrer the test sequence. A visual inspection for damage
was performed. Equipment was operated under normal ambient environ-
mental conditions to the extremes of performance and electrical char-
acteristics specified as follows:

a. Contactors: ‘
1. Verify pick up at 85% of rated coil voltage.

2. Verify that contactor does not drop out above 70% rated
coil voltage.

b. Moided Case Circuit Breakers:

1. Verify manual opening and closing .

¢ Distribution Transformer:

1. Verify rated secondary voltage is present when rated voltage
is applied to primary leads.

- - - s -‘ - -.
- d ) . 7 4

<. Verify insulation strength by resistance measurements.

-

d. Auxiliary Relays:

Same as for contactor .

e. Ground Fault Sensor/Relay:
1. Verify operation.

< Operability Verification (SRV)

The combination starters were initially in the de-energized state and
were switched (i.e. change state) every 2 minutes. All other components
were energized throughout the test.

% QOperability Verification (SRV + LOCA)

The combination starters were initially in the de-energized state and
were switched every 2 minutes (i.e. change state). All other components
were energized throughout the test.

Structural Dynamics Research Corporation
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Operability Verification (Upset)

.
IS

The combination starters were initially in the de-energized state and
were switched (i.e. change state) once during each test, All other com-
ponents were energized throughout all tests.

J

.

‘
]
-

Operability Verification (SSE 1)

The combination starters were initially in the de-energized state and
were cycled (change state from de-energized to energized and back to
de-energized) at least once during the test. All other components were
energized throughout the test.

Operability Verification (SSE 2)

All components were de-energized to detect chatter in open contacts.

111.5.4 Load Currents

4

The three load currents were as follows:

) a. Load Current | — 30 Amps (No. 10 wire)
Enter poir L2 cubicle 1B
h 2. Exit point T2 cubicle 3D
b. Load Current || — 30 Amps (No. 10 wire)
% Enter point L2 cubicie 2A
- Exit point T2 zubicle 2A
c. Load Current 1| — 100 Amos (No. 2 wire)
1. Enter point L2 cubicle 2D
2. Exit point T2 cubicle 3C

Structural Dynamics Research Corporation

\ : : » e



- 28

l!" 111.6.5 Eiectrical Monitoring

Three (3) contacts were monitored on the MCC using a brush recorder and a
- D.C. power supply. This method was used for change of statz verification for
the Operability tests. Twenty-eight (28) channels of cont sct chatter monitor
were used also during the seismic tests. Four (4) channe s of the contact chatter
were on the SDRC chatter monitor set tu trip at 2 milliseconds. The remainder
of the chatter monitoring was accomplished using a 10 V.D.C. power supply,
2 K{2 load resistors (to suppress unwanted noise) and two Honeywell 1858
Visicorders. (See Tables |11.1 and |11.2 #a7 channel hook-up information).

-
.

!

|:
1
i
i
I
I
;
g
’
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Table 111.1
Chatter Connected To
Brush | Monitor | Visicorder 1 | Visicorder2 | TB1 182
CH 1 18, 19
CH 2 32,33
CH3 34, 35
CH 1 3,4
CH 2 20, 21
CH3 22, 24
CH4 23,24
CH 1 5,27
CH 2 8,27
CH3 7,27
CH4 89
CHS 10, 11
CH 6 14,185
CH7 16,17
CHB 25, 28
CH 9 26, 28
CH 10 3,9
CH 1% 4.9
CH 12 56
CH 1 7,8
| CH2 10, 11
’ cH3 | 12,13
! cHe | 14,18
l CHS l 16,17
| cHE | 18. 36
| ecuz | 19, 36
| { | | cHe E 2021 |
| } ! : cHY | 22,23
| : | | cHio | | .35 |
1 | : ‘ CH 11 | | 28,29 |
| | | ewrz | ;3Qm?

Structural

ODynamics Research Corporation
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Table 111.2 30
TB1, T2
gQINT DESCRIPTION (MCC POSITION) POINT DESCRIPTION (MCC POSITION)
| 480VAC 1§ Hot (Vertical 2) 1 480VAC 1§ lHot (Vertical 3)
2 480VAC 1§ Neutral (Vert. 2 480VAC 1§ Neutral (Vert. 23)
3 Breaker Monitor (1B) 3 Breaker Monitor (3A)
El Breaker Monitor (1B) - Contactor Monitor (3A)
5 B- saker Monitor (2A) 5 NO Contact Monitor (3A)
6 Ccutactor Monitor (2A) 6 NO Contact Monitor (3A)
7 Contactor Monitor (2A) 7 NC Contact Monitor (3A)
8 NO Contact Monitor (2A) 8 NC Contact Monitor (3A)
9 NO Contact Monitor (2A) 9 Common for 3&4 (3A)
10 NC Contact Monitor (2A) 10 NC Contact Monitor (3A)
11 NC Contact Monitor (2A) 11 NC Contact Mcnitor (3A)
12 120VAC 1§ Hot (2A) 12 NO Contact Monitor (3A)
13 120VAC 10 Neutral (2A) 13 NO Contact Monitor (3A)
14 NO Contact Mon.tor (2A) 14 NO Contact Monitor (3A)
15 NO Contact Monitor (2A) 15 NO Contact Monitor (3A)
16 NC Contact Monitor (2A) 16 NC Contact Monitor (3A)
17 NC Contact Monitor (2A) 17 NC Contact Monitor (3A)
18 Starter Monitor (2B) 18 Breaker Monitor (3B)
19 Starter Monitor (2B) 19 Contactor Monitor (3B)
20 Breaker Monitor (2CL) 20 NO Contact Monitor (3B)
21 Breaker Monitor (2CL) 21 NO Contact Monitor (3B)
22 NO Contact Monitor (2CL) 22 NO Contact Monitor (3B)
23 NC Contact Monitor (2CL) 23 NO Contact Monitor (3B)
24 Common for 22 & 23 (2CL) 24 NC Contact Monitor (3B)
25 Breaker Monitor (2D) 25 NC Contact Monitor (3B)
26 Contactor Monitor (2D) 26 Ground Relay Trigger (3B
27 Common for 5,6, & 7 (2A) 27 Ground Relay Trigger (3B)
28 Common for 25 & 26 (2D) 28 NC Grd. Relay Monitor (3B)
29 NC Grd. Relay Monitor (3B)
30 NC Contact Monitor (3B)
31 NC Contact Monitor (3B)
32 Starter Monitor (3C)
33 Starter Monitor (3C)
34 Starter Monitor (3D)
35 Starter Monitor (3D)
36 Common for 18 & 19 (3B)
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Criteria for Test Acceptance

The criteria for seismic acceptance or failurs of uevices will include the following char-
acteristics as applicable during and after testing.

Acceptance Criteria

a. The maximurm allowable chatter duration is 2 msec. p

b. The structural integrity of the test specimen must be demonstrated both during
and after testing.

8 The ability of the test specimen to provide essential power on command must
be demonstrated both during and after testing.

d. A test failure shall be defined as the inability of the test specimen to provide
essential power on command or as loss of essential power once energized.

e, A test anomaly shall be defined as:
. Contact chatter in excess of 2 msec.
2. Any other abnormal event not affecting the specimen’s safety-related

function described above.

Structural Dynamics Research Corporation
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B IV. DATAPRESENTATION

IV.1 Transmissibility

| This section reports the results of the low level swept sine tests. Horizontal and vertical

' sweeps were run at .2g peak acceleration table input for the three orientaticns. The

- linear sweep rate was equivalent to 2 octaves/minute. Transmissibility plots are generated
. by comparing the output of an accelerometer mounted on a test item to the output of

the table reference accelerometer of the same direction.

" Table V.1 lists transmissibility accelerometer locations, plot locations and resonant

- frequencies for the ITE Series 5600 motor control center. Survey accelerormeter loca-
l \ tions for the full level testing are listed Section 1V.3.
{
ll

SDRC documents significant resonances. Significant resonances are defined as those
which have an amplification factor of 2 when the table motion is used *s the reference.

g e
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l - Table 1V.1
'l’"
‘- Accslerometer Phato Mot Location Summary of Major
l Location | Number@| Direction | Fig. No@| Fig. No. Description Resonances (Hz)©
—
: 1 1 X (N-S) v Vi Breaker mounting 7.3,43.2,58.2,93.3
| 1 Y (EwW) V.2 location 8.5, 78.5, 91.2
1 Z (Vert) V.3 Cubicle 18 32.1,36.7,47.4,62.6, 839
r- 2 2 X (N-S) Iv.2 Va4 Equipment mounting 7.4,55.6, 603,944
' 2 Y (E-W) V.5 panel 8.5
2 Z (Vart) V.6 Inside Cubicle 2B 36.1,47.3
| 3 3 X (N-S) v.3 V.7 Equipment mounting 73,684
l. i 3 Y (EW) Vs panel 8.5
3 Z (Ver) V.9 Inside Cubicle 38 34.7,47.3,67.6
'! | 4 4 X (N-S) V.4 V.10 Top of cabinet 7.4,12.7,61.0
- 4 Y (EW) V.11 section 1 8.5, 35.9
: 4 Z (Vert) V.12 (towards cutside edge) | 31.6, 36.7, 47.3, 56.9, 84.1
]
: lu‘ 5 5 XINS) | V5 V.13 Top of cabinet 72,77
‘ 5 Y (EwW) V.14 near section 2 to 8.5,31.3,365,442,81.3
! f’ 5 Z (Vert) V.15 3 junction 356.1,46.8, 841
' - 6 2] X (N-S) V.8 V.16 Top of cabinet 74,603, 944
‘ 6 Y (EW) V.17 section 3 8.4,309, 355,447, 794
' 6 Z (Vert) V.18 (towards outside edge) 34.7,47.3, 841
' 7 7 XINS) | Iv7 V.19 Righ. side of 73
¢ 7 Y (EW) V.20 section 3 84
l 7 Z (Vert) v.21 (halfway up) 35.1,47.9, 86
T
8 8 X (N-S) Iv.8 v.22 Front right 7.3
8 Y (EwW) V.23 outside 8.5, 356.1
' 8 LZ (Vert) V.24 Cubicle 18 47.9, 61.0, 85.1
l D These frequencies are curscred approximations at the equipment’s resonant frequenc es.
@ The accelerometer at each |ocation was rotated for each transmissibility test to collect data in the corresponding direction.
l Structural Dynamics Research Corporation
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Figure IV.1 Figure IV.2
Accelerometer Location No. 1 Accelerometer Location No. 2
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Figure IV.3 Figure IV .4
Accelerometer Location No. 3 Accelerometer Location No. 4
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Figure IV.5 Figure IV.6
Accelerometer Location No. 5 Accelerometer Location No. 6

SE

Figure IV.7 Figure IV .8
Accelerometer Location No. 7 Accelerometer Location No. 8
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IV.2 Test Response Spectra (TRS)

The test response spectra for the various OBE leveis and SSE levels are presented in
Section V1.1,

Test No. 4 TRS enveloped the SRV RRS in all three axes. Test No. 5 TRS enveloped
the SRV plus LOCA RRS in all three axes. Test No. 6 (1st Upset) TRS did not envelope
in the Y axis. Tests Nos. 7 through 11 (5 Upsets) TRS enveloped the Upset RRS for

all three axes. Test No. 12 data (1st Emergency) overioaded and could not be analyzed
(see Record of Anomaly page no. 3). Test No. 13 (2nd Emergency) did not envelope in
the Y axis. Test No. 14 (3rd Emergency) enveloped the RRS but was not an accepted
test because of a malfunction in the SDRC relay monitoring system (see Record of
Anomealy page no. 4). Test No. 15 (4th Emergency) and Test No. 16 (5th Emergency)
TRS enveloped the Emergency RRS in all three axes.

A representative TRS plot is provided in Figure V1.1 as a reference.

Survey Response Spectra

The survey accelerometers were placed on the motor control center at locations deter-
mined ny CG&E for the full level testing. Table |V.2 listed the survey accelerometer
locations, orientations and photo figures for the full levei testing. The survey TRS are
presented in Section V|.2.

Table Iv.2
Accelerometer Photo Loestion
Location | Number Direction Fig. No. Description

1 1% NS (F-8) V.9 Breaker mounting

1 2Y E-W (§-8) Iv.9 | location

1 32 Vertical Iv.e . Cubicle 1B

2 4x N-S (F-8) IV.10 |  Equipment mounting
2 8Y | EW (§=S) V.10 ; panel inside

2 | 82 Vertical V.10 | Cubicle 28

3 ok i ]| N-§ (F-8) V.1 Equipment mounting
3 ; 8Y | EW(S-S) | V.11 panel nside

3 I 92 | Vertical 3 v | Cubicie 38 '

Structural Dynamics Research Corporation
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Figure IV.9 Figure 1V.10
Accelerometer Location No. 1 Accelerometer Location No. 2
During Full Level Testing During Full Level Testing
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. ' "

LE

Figure IV.11
Accelerometer Location No. 2
During Full Level Testing



IV.4 Functional and Operability Tests

The results of the functional monitoring are presented in this section.

Figures 1V.12 and V.13 are the volitage values of the Distribution Transformer pre-test
and post-test, respectively. The pre and post-test megger results are shown in Table |V.3.

The pre-test and post test operability checks are listed in Tables IV.4 and IV .5.
Figures V.14, IV.15 and |V.16 are representative sections of the contact and opera-

bility monitoring recordings. (See VI|.4 - Appe: . dix D — Gould verification of normal
contact settling times.)

Structural Dynamics Research Corporation
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Figure V.12
Pre-Test Distribution Transformer
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Post-Test Distribution Transformer
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Table IV.3
Megger Results

Pre-Test
Input Reference* MO

H1
H2 Ground > 10,000
H3

X1
X2 Ground > 10,000

Post-Test

H1
H2 Ground > 10,000

' H3
X2 Ground > 10,000
X3

" X1
*When H was meggered, X was ground

l When X was meggered, H was ground

Structural Dynamics Research Corporation
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Table iV.4
Time: 16:00
Date: 8/17/82

Operability Test — Pretest

45

Initials
Contactors
1. Verify pickup at 85% of rated voitage aTw
- ! Verify that contactor does not drop out above 70% of rated voltage q TW
Molded Case Circuit Breakers
1. Verify manual open and close qQTw
Distribution XFormer
j Verify rated secondary voltage is present with rated input a Tw
2. Megger q 1’w
Auxiliary Relays
. Verify pickup at 86% of rated voltage q Tw
2. Verify that relay does not drop out above 70% of rated voltage Q I w
Ground Fault Sensor
1. Verify operation q fw

Structural

Dynamics Research Corporation
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Table IV.5

Operability Test — Pretest

Contactors

% Verify pickup at 856% of rated voltage

- 8 Verify that contactor does not drop out above 70% of rated voltage

Molded Case Circuit Breakers

1. Verify manual open and close

Distribution XFormer

Verify rated secondary voitage is present with rated input

2. Megger

Auxiliary Relays

1. Verify pickup at 85% of rated voltage

2. Verify that relay does not drop out above 70% of rated voltage

Ground Fault Sensor

1. Verify operation

Time: 23:54
Date: 8/17/82

initials

dTw

drw

QT w

Q7w

grw

Structural Dynamics Research Corporation



V. TRANSMISSIBILITY DATA

The data presented in this section is from the resonance search. See Section |V.1 for details.
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VI.  TEST RESPONSE SPECTRA PLOTS
IL-' V1.1 Table Controls

The table control TRS are presented as follows:

Test Description Pages
lc 4 SRV - 2% 62 - 64
5 SRV plus LOCA - 2% 65 — 67
ID 6 Upset (not enveloped) 68 —- 70
’ 7-1 Upsets — 1% 71 -85
N 12 Emergency (data not available)
l~‘ 13 Emergency (not enveloped) 86 — 88
e 14-16 Emergency — 2% 89 - 97
| 9 Upset — 2%, 5% 98 - 103
"‘ 16 Emergency — 5%, 10% 104 - 109

ol  Red

_....
Rennal

3

-

-

4
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V1.2 Survey Accelerometers

The TRS for the survey accelerometers are presented as follows:

Structural

Description Pages
SRV - 2% 1M1 -119
SRV plus LOCA - 2% 120 - 128
Upset — 1% 129 - 137
Upset — 2% 138 —- 148
Upset - 5% 147 - 155
Emergency — 2% 156 — 164
Emergency — 5% 165 - 173
Emergency — 10% 174 - 182

Dynamics Research Corporation

110



13 &

2 -
f =
<
Sl p - *
o ai
——
/ W
= = | o
axE [
'
: o AR
i &3 of ' N
<X+ = e |
AV a R
ﬁ WO € OO e o 5 43
1 B T ORI~ D = R
y o . . » e =
E ~ D ot () ot et et et ”~. —eq... ,M ". __
\ o LY B ~ e __‘
w @ = 3.
Y o L IO = I DM ® 1
N w WD vt et D = X " 1T
b ) - ~ W,
® VMO ® | O !
i CIMMIN WA ® o aib
v ) § 2 g B D
40 ; Lo ] m ' m
[rf | lLen L
11T ; AN E@ININN e o 3
P JUSCISS 4!
- < ks & )
/;Lf DOE® D@ by 1
& w o
4 . Lt (&%) n i
Y -— WPotst T DONOWN [ i ! i
g LM I N Wi >
ww “w - A “. = .
4 NWH ® I, <
_r/ =1 e T .v e Mﬁ
i o M..mc.. i b f 2
i wo N [
ro vt vt — OJ 1 , w e "}
i QoK ® oD LW T 2
b S . _— X 243 C
s 29 TEEEDOOO® P
! T
* i -
13RS
-y
2 - 2 & - - :
- v g L iy L Las Lo
- ! o
- o e o
x F—Ug
2D
T
1
3 ahan
L —r -

e Lo | S|
- N E .

i L e T Al ]
- B B N - Y2 D B =R B S .



12

s -
Pl 5 M .
. @
w \\s ! -
i i - e
' ~ (%3 3
{ O
i T
! $ "—
i \ W
¥ O !
i ax )
1
” \f o "
xx ’ X
=3 2 -+
O 1 13
o PR mow . MAs -
¥ ¢ AN D OIN D & D o
) = A G '
% Ll b~ B SERRERY S . OO - !
o N @ T svaln
w 'Y L ¥ (e
o LN =DM D = W
| (T W =000 «dt ve - D "EoE R
L ' :
_ ~J 1= ot L Ll et S
-~ - NN O D Al oy
I v - ! m i o
' 9 ] w EUET
i -— a '
P \ Q @ OIN DN '
- MZ.\.56396 o —A ! '
i . )
! / TR~ ' Lad
i : - T E o
> = @ ’ I
o Ea -y - 0wt vt o D WO WO (0] »
o : A > Lemaonon 2
-t ! ~ =N
w i /I p DO ® D C oW
! oo . — - [
© / oo W - L
o s -~ '
} W W ol =
i b+ | — MMM M. MW ¢ (0 <
" ® “9903001 &
4 i = T e
n.r. _ & O% IDTODODD
! T
- - D
TR LO® D0
om % .-s. Y NBZS?SI.?
P wv WM.. L vt vt e YOS P 1
'
5] w0 ' ~
e d o i oo
w x &7.
= =0
I .«l
25 e,
- —e 2

’

- »

..\._...u Rt Sty fa . Raoe 5 ol Lo TS TN i S0 . S, e I A et . ) !



o

-

- .
Saiinit

‘.

THANNEL - A ZPas= @ 23GP¥
S 249 r
. 3 71N
: \f"‘
i =
“s n - —
ACC G"S g =y
f & T T
4
A/
é,"
L3y = === ===
1 209 LOGL® FREQ 199 9
_AUC SHOCK RESPONS 2.9 % DAMP  ABS ACC
si-aue-g2  REOE¥ REPEORGEY T3 "oliR0e ARa1 Hax
Frea wne | Frea Aame | Frea Aep |
1. 99 3 34 .91 .19 25.12 9 .43
1.26 0. 94 6.31 929 31.62 2. .48
1.5 92.94 7 34 @433 3931 1.@2
T 200 9205 19 08 960 s@.12 2.28
2.51 9.95 12.53 9.83 63.18 1.13
116 997 15.35 9.59 79.43 1.25
2.38 a a7 19.95 4 49 169 a9 1 94
~zLernmMeTE: 1 YX . nampIng a
£rTioN AMeS _ LOCATION _,’\ i1
s7y & OBE___ 3SE__. FRAGN--
—|Hf(_ N=S - E“\;____ ’::;'“__K
NTED SURVEY _ &% ..
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CHANNEL - B Pa= 8 2SGPK
2 999 :
: {l\\\\\ ;
SEREEEC =
== =
act 6°S Vi
-1
/#: ~
j, 3
E-SS" —t !
1 292 LOG19 FREQ 199 9
—alif~ HOCK RESPONS 2.9 % DAMP ABS ALC
i3-ayesge  REOE*SRG°EORGEY 13 "0CTAUE MAXI-HRX
Frea Amol Frea Aup | Frea RAepl
1 98 9 82 5.91 9.18 25.12 3 58
1.26 9 922 6.31 9.32 31.82 A 43
? 1.9¢ 0.03 7.%4 8 509 39.81 A €0
298 @.83 16 .89 1.37 $0.12 8.53
e.31 8 97 12.99 1.23 63.18 2 44
2 16 9 98 15.85 2. 38 79 43 2 43
3.98 8 16 19 95 8.57 199 40 9 42
CELERIMETEE ¢ S ¥ _ LanrIng .2
I\TRECTION E=_ LocaTion __ %
ERRE _‘f-_ OBE__._ SS8S__._ FRAG o
TAX. ___ N=S - E=W____ TRIA _'(’
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CHRNNEL - C  ZPa= 3 S3GPK
? S 0e9

H

ACC G"S -
A"? L
/ I
i
| / |
'
Vi
' 399 5 : i
. £-92 == : =
1 988 LOG1@ FREQ 199 @
: a——p HOCK _RESPONS 2.9 % DAWP_ ABS ACC
/ i3-age.32 RN SRGSOROEY 173 “0CTAVE MARI-AAX

Frea Aak | Frea ARD | Frea Ang |
l i 99 9 94 5.91 1.39 25.12 2.98
= 1.26 A 33 e.31 1.34 31.62 1.98
o ¢ 1 .58 8.21 v.94 3.74 39.81 2.14
l 2.08 8. 34 19.90 .65 98.12 3.50
2.51 8.71 12.99 .67 63.189 1.87
3.16 2.82 15.895 1.99 79.43 8.77
3.38 8. .91 19.93 1. 338 199 23 a7z
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L}

.
:

R

i

CHRMNEL - & ZPa= A Z23GPK
’ 2 9ue
o A
i1 N
L X1 N
—t Y
“ A !
ACC G"S yd
5 i
3l E— L
1. 990 LOGle FREQ 199 9
13-aUG-32 SHOCK RESPONSE 2 3 % DamP_ aBS AaCC
33.33 %9 CGLE SRU SURVEY 173 OCTAUE MAXI-MAX
Frea Ampl Frea Ampl Frea Gapl
138 992 S 3t 2.1! 5.12 0.3
1.26 9.92 5.31 2 24 31.62 0.87
- 1.98 9.02 7.34 9.7% 39.31 9.92
! 2.986 9 93 18986 9.58 58.12 1.1%
2.3. §.83 12.389 8.7% 53.18 1.19
316 9.94 1388 .39 79.43 9.54
3.98 9.96 19.53 0.39 199 .38 9 5S4

ACCELEROMETER NO. 21X __ 0DAMPING A
DIRECTION A/=S_ LOCATION - 2.

TEST NO._. 9 _ G%E_-_-_ Ty AR
BIAXowoo N=S____ E-W__. JRIAX_¥T
CONTROL ——-- SURVEY _7~
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_AmNEL - B R 245PK
’ 2 999
L\ h
: SEri=oooI— oI EIEd
- o
ACC G"S Al
>
—
9 : ; +—+ i - i
£.33° L 1] N EE
1 299 LOG1@ FREQ 199 8
~AUG- SHOCK KESPONSE 2.2 % DANP_ ABS ACC
jauc.82 2RO RGSOROEY 7.3 *of%h0e MB3 1 Rex
Frea Ampol Frea Awpl Frea Amol
1.99 997 S8 915 25.1: 9.47
125 94a7 631 9.26 316 9.93
? t 53 908 73 949 3381 966
2 997 1988 1283 S0.12 121
251 998 12.59 3.9 6318 971
116 883 1585 @58 7943 53
398 912 1995 942 19090 0 35

ACCELEROMETER NO..g_Z-- IAMPING . R
DIRECTION - LOCATION _3__
TZST NO.. %~ __ oBE______ 8SE._ ...
BIAXeeoo N-S—___ E-u TRIAX ¢

CONTROL ____ SURVEY _«
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il

i

CHANNEL - C IPn= 3 S6CPK

| , S 344
. H . 2\
- y =
V4 »k; it / l‘
: - N
ACC G*S 7 :
/
/
20 f=F
| Ly &
1 aed LOG1a FREQ 138 @
. HOCK_RESPONS 2.9 % DANP_ ABS_ACC
‘ 136,82 AE0E"SRU SURGEY 13 “olTh0e RRa1 Rex
Frea Amol Frea  Ampl Frea Awp!
B @93 S8l 140 2512 2.1
26 9.97 531 1.3 3162 225
? 8 922 79 @72 3981 213
@ 933 1990 @63 S50.12 3 64
St @378 1259 974 63.18 195
234 1335 198 7343 @87
3B @38 1395 138 10090 9 99

ACCELEROMETER Nohiéi_- DAMFPING .S
DIRECTION Wexr 7%/ _OCATION _

TEST NO... &% _ 0OBE_._____ S8E ...
BIAX..  N-S____ E-W__. _TRIAX. &
CONTROL ... SURVEY .

WGITO N re = e
-n
-
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1

CHANNEL - & ZPA= A SEGPK
s S 299 I
|

THI
1

ACC ¢"s

il - IE N . O O e
—>

B ,f'" : ;
: i ' ——
£33 4 , !
1088 LOG1@ FREQ 199 9
—AUC- SHOCK RESPONSE DAMP_ ABS ACC
| 13-30%18%  2cie srusLdca survey £/3 *oRTR0e RRR1 8%k
Frea Ampl Frea Aapl Frea Aapl
100 993 SAt 930 2512 134
| 126 @94 6531 @356 3162 1 64
L. F 138 884 734 134 3981 240
200 804 1920 @54 5912 2.73
4 251 2.7 1239 1.30 §3.18 3.20
- 316 913 1535 938 7343 1.30
| 338 915 1935 123 18900 1 &3

———

ACCELEROMETER NO. _L&XC__ DaMFING..
DIRECTION _A=S LOCATION

TEST NO._. 3 __ OBE______ SSE__ ..
BIAY oo N=S_——_ E-W___ TRIAX S
CONTRIAL _.__ SURVEY _&—
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CHANMEL - 8 2PA= @ 7OGPK
Il - 19 29
l : .%ﬁ/ 1 58 %
9 199 ;f/T‘f[ L1 J il
l i 200 LOG1d FREQ . 190 @
% ik SHOCK RESPONSE 22 % DANP_ ABS ACC
li 3uesde  RRTENSROCONA  survey £/3 *28h0e RaR1RG
Frea  Aas! Frea Qapl Frea Ampl
; 1.0 908 S8i 037 2512 1.3
X i.26 903 531 9.5 3162 130
- 1S3 9 ¢s 7.3 963 3981 . 21
re 2F° 9.98 1000 134 59.12 2 43
' 2St 915 12% 130 6318 287
l 316 923 15235 122 7343 178
398 926 1335 157 19090 5 13

v

ACCELEROHETEE NO. 2= DAMPINGR.

DIRECTION _&=W LocatiOon __ L.
TEST NO...<€__ OBE______ SSE._____
BIAX_—.. N=S____ E-W___ TRIp< &~
CONTROL .___ SURVEY _g~
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. CHANNEL - IPa= 1. 126GPK
l ’ 19 09
i d e - o
: : / W‘:
) ; s o
TTHINGT A
l ACC G"S A 4 DA
£ i
!
2 199 - ket ;
l 1 08 L0G1@ FREQ 129 9
o liCs SHOCK RESPON 2 9 % DAWP_ ABS ACC
' 13rauee AN SROTOMR  suruer 1,3 “oRfile RERITNEx
Frea  Amel Frea e | Frea  Amnl
190 9.8 Sl 2.33 2512 439
. ) 126 914 531 211 3162 4.2
' 188 @24 734 183 3931 563
239 938 1939 105 59.12 394
281 131 1259 120 63.18 4.43
316 1.34 1535 172 7343 221
333 18 1335 315 100.08 1.7

.

i . —

ACCELEROMETER NO. 9.9 _ DANPING.&2
DIRECTION WerZZes/L0CaTION _J__

TEST NO._. 9 __ OBE_..____ 1] S
BIAXoooo N=So___ E~W___ TRIAX W~
CONTROL ——_-_ SURVEY _b=~



| 'lll')

\ ' . J

-

.~

CHANNEL - A cPus= 9 45CPK
See T
- il
H / 1
FERr. ;/
:I 1" 1{ . :
ACC G*5 : ,‘-
{
;.30 = | Y .
1 249 LOG1a FREQ 196 @
—AlCS SHOCK RESPONSE 2.9 % DAMP_ ABS ACC
13784°32  2caE sRUSLACA survey 13 “of%h0e Mot mex
Free Amp | Frea Aap | Frea Ame |
198 9.33 $91 9.39 2.1 9 33
1.26 .83 6.31 .53 31.62 1.17
. 1.5G 4. 83 7 34 1.15 39 .81 e.12
! 2.99 9 93 19 98 .58 50.12 1.97
2.31 2 9% 12.959 £.11 53.10 1.60
3. 16 9 .39 15.35 8. .67 79 .43 2 82
398 0.15 1935 9.8 198.92 .85

ACCELEROMETER NO. 1€ __ DAMFING . R
nIRECTION.S,ﬁG:sf LOCATION .2
TEST NO.-a®- . _ OBEoee-.. $8E e mn
BIAXoooo N=S____ E-W___ TRIAX_&”
CONTROL —-__ SURVEY _47”
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CHANNEL - 8 2Pa= 9 J3GPK
; 2 909 . ™ — : .

h\
‘,,4/ N N
ACC G*S =
A‘"/
: : -
e ——1— - 1
2 290 ‘ ‘ T
E-92 - 1R i il ,
1. 900 LOG18 FREQ 199 9
LAl 83 HOCK RESPONSE ANP_ ABS ACC
13783%38° G4E SRUSLOCA SURVEY 13 "oBfR0e nRR:%Rhx
Free Ame | Frea Amp | Freaq map |
1.90 9.94 s.01 9. 33 25.12 1.92
126 994 5.31 9.54 31.62 1.26
R 158 9 94 79 363 3981 1.36
289 @85 19.98 1.28 S8.12 9.37
2.51 8.13 12.59 1.75 6310 @ 33
316 @22 1585 1.17 79 .43 9.36
338 925 1995 129 10006 9.7

ACCELEROMETER No.gx_ NAMP ING_
DIR_CTION =V _0cation

-

TEST NO.__ OBE_ _____ SSE-.___.._
BIAXo—oo N=S____ E-W._. TRIAX &7
CONTROL —__. SURVEY



]

.

J

L

)

', CHANNEL - C  ZPAs @ 37GPK
? 19 29
" : - — =
id : AR " :
4 :
l' : BCC G*3 / w
- -
1 -
f/ :
.
™ - :
- 2 199 T : bt ! :
1 dee LOG1d FREQ 109 2
UG- SHOCK RESPONSE 2.3 % DAWP_ ABS ACC
10532 ZHOE*SR0SLOtA " suRvEY 1,3 “odThue AARI-AAX
Frea Amel Frea FAapl Frea Ampl
1.99 9.97 591 244 25.12 4.48
. 1.26 9.15 631 2.28 31.62 3.65
: 1.8 825 2t 1.19 3981 3.69
) 299 @38 1.15 %S8.12 £33
2.51 1.33 125 6319 2.97
316 229 .45 1.61 79.43 1.3%
393 z95 1335 275 10998 1.33

ACCELEROMETER #8622  DAMPING
DIRECTION Vi J7Ca/ LOCATION A .
TEST# . 0OBE SSE FRAGY.ee
BIAK . N-S———— E-W——-— TRIAXJCZ

CONTROL —oomem. SURVEY
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126

CHANNEL - =&  IPA= @ 45CPK
’ s 220
—~~--f~4}-‘-\,‘o-.-—---<
3 71
,T—-w A
AcC 6°S 3 Z X 3
h/ 'ﬁ
- . '
882 £ ,
| 989 LOG12 FREQ 129 @
i 3KOCK _RESPQNSE 2 9 % DANP_ ABS ACS
13-040332 2E2E  SROSLOCA SURVEY 1,3 “08TAUE AnAI-RRK
Frea Ampl Frea Aapl Frea FAnel
90 995 se1 92 2512 112
{26 095 631 944 31.62 1.83
) 1S3 @as 734 (.81 3981 1.77
i 239 904 1298 9953 SB12 498
$s. 995 125 928 6318 23l
$16 906 1535 841 7343 935
338 @11 13935 @5 19800 334

ACCELEROMETER # 12X oAMPING—SZ_
DIRECTION _AN=-S LOCATION __ 3. ...
TEST#.S_. OBE___ 535E_.. FRAGU.__ -
BIAX oo N=S—weee E=Weoo. TRIAX X_
CONTROL oo eeemem SURVEY ¥ __
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127

HANNEL = 8  ZPA= 3 I8GPK
S 299 :
— - : 1
: - 8 | - .
| / N {i
- \_ : ) - i
RCC G*S —~
‘//r-r~'
1t :
- i ) | " : 2
1. 899 LOG1d FREQ 198 2
s K RESPONSE 2 DAMP w835 ACC
eae AR SRGITOERE survey /3 “of¥M0e A3313R5x
Frea Amp | Frea Aap | Frea ame |

1.99 2. 97 5.91 8.19 235.12 1.7
1.26 2. a7 6.31 8.37 31.62 @.95
1.98 9 97 7.94 9.%52 39.81 1.97
2 a8 8 a7 19 29 9.38 $9.12 2.55
2.91 g.12 12.99 1.28 63.10 1 13
3 18 a. 18 15.85 8. .32 79 43 | a4
3.98 218 13 3¢ 2 .39 i99 39 9 56

ACCELEROMETER # 8Y  DAMPING }_a.
DIRECTION L= _ LOCATION .2 ____
TEST# o9 OBE__. SSE___ FRAGY——.
BIAX e N=S. ... E-We—o. TRIAY W
CONTROL meeeeemee SURVEY ___ & _
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1

: . s |8

-

.

CHANNEL - € ZPAe @ 3GGPK
v 19 20
oo £ 71 = -
i Pl \
e A1 7 <
§ 4 /“ \‘
ACC G*$ V. e o
>
%
21 o)
(r |
/
9 193 - -
| @90 LOG1® FREQ 199 2
o HOCK _RESPONSE 2.9 % DANP_ ABS ACC
13445532 RERE SRO3COMR survey 1/ “of%00e MAR1 fix

Amo | Free Rap | Free Amp |
9 .97 5.01 2 46 25.12 4 .87
2.13 5 31 2.32 31.62 4.18
9 24 7 94 1.2 39 81 3.96
9 37 19 99 1.13 S8.12 5 63
1 34 12.99 1.39 63 18 2 94
2.34 19 39 1 79 43 1.67
2 24 19 3% 278 199 @8 1.32

ACCELEROMETER #J4%  DAMPING, &_
DIRECTION e LOCATION 3 .
TESTH & OBE_.. S5E... FRAGY -~
BIAX oo N=% e E=Weee Tm::%
CONTROL SURVEY o b
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E . = - N T - AN S - N S e EE aE =
: ] \
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?

CHANNEL - A 2PA= 1. 79GPK
S 29
T
;f i
ACC 'S e AL — -
£ - P
| N/ / i '_'_]' |
/ | B
3 =
2 S49 2 4 - : : -
1. 900 LOG1d FREQ 109 9
_auee 3HOCK RESPONSE 1 9 % DAMP_ ABS ACC
aveagz  FHORK BERRONrest 0o surver 13 ofTRUe RA1TRax
Freg Anp | reqa Aap! Frea Aapl
198 950 S91 666 2512 2.76
1.26 932 5. 31 20 42 31.62 3.9t
1.59 2.74 73 4.9 3981 5.97
280 1.7 1920 463 Sa 12 332
251 2.3 1253 6 47 463.10 4 44
3.16 1.38 1$.35 231 79 43 3.09
39 1.8 1995 231 190980 391

ACCELEROMETER # [X
DIRECTION A=

pame InG A
- LOCATION _ oo

TEsTe & OBEM. SSE__. FRAGL.__
BIAXeeee N=So—v. E-W___. TRIAX M
CONTROL mmmmmmmm SURVEY ___M " __
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CHANNEL - 8 2PAs 1 30GPK

19 98
M——— 2 .»—'.-—‘7"7- th o~ - .3 ’

- V. Y
. 7
ACC G*S
2 100 | ; ‘

ae LOG1d FREQ 198 2

L o N O el

EKUSEE?OQ§ETEST #9 SURVEY

1 g % DAMP_ ABS ACC
173 OCTAVE MAKI -MaX

"-1 Frea ane | Frea Awe |
a3 5.01 3.73 25.12 2.37
34 6.31 7.18 31.62 1.81
47 7.94 3.37 39.81 3.082
13 19.99 S 37 $8.12 2.35
38 12.59 4. 67 63 18 4 61
67 15.83 2.89 79 43 4 22
39 12 35 1.97 109 28 7.51

ACCELEROMETER # vz‘)’ pameING J._
DIRECTION &=

=W_ Location _) .
TESTH. 2. _ OBEK SSE___ FRAGY.. .
BIAX e N=S____ E-W____ TRIAX v(’
CONTROL oo —__ SURVEY
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CHANNEL - C  ZPAs 1. 4SGPK
- 20 99 1
::’la¥‘: 1; ===
+ x " X
acC G*S I
/4
A/’
) - -
- /‘ i
3 209
1 290 LOGi@ FREQ 120 @

13714582

>

.~

GIGITI P »= e v
wn
—

i N N S . O O aE EE ..

-~

HO K RSEPONSE

NS D

1 g % DAMP_ 4BS ACC
1 Qd

UPSET #4 TEST #3 SURUVEY TAUE MAXI-MAA

oo | Frea Aepl Frea Amel

338 Sa1 3.9 12 8.12

B 631 292 316 S5.17

2 7934 28 1981 633

33 1998 330 5812 6.79

@ 1259 6539 6318 6.i2

S 1535 7353 7943 267

46 1335 19.13 19090 2.14
ACCELERCMETER # 32 pamping L _

DIRECTION &(ﬂ}/ LOCATION _ 0 ____
TESTH. Q. _ OBE_W. S5E___ FRAGY%___

BIAXcaae N=Se. E=Wo... TRIAX_V_
CONTROL. cacaomsen SURVEY e dle..
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CHANMEL - A 2PAs | @7GPK
’ 53,90 T
|
[~ - i m
N = o =
I' ACC G*S . —
L /\ L i ) ,
ll . 7 7
/
(i — :
§ 2 see I ] - —
' 1 9299 LOG19 FREQ 199 2
. S AL SHOCK RESPONSE 1.9 % DAMP_ ABS ACC
l' 13-age-g2 RHREKBEER N reste. suRvey 13 “oRTAUe RARI-Rex
k Frea Aapl Frea Aapi Frea Aep|
J 190 942 s@1 705 25.12 1.37
1.26 1.99 631 21.79 31.62 2.43
158 2.81 734 462 3981 3.4
) 14 2.9 2.@2 12.90 3.5i $3.12 3.4
25 293 1259 311 63.18 3.89
; 316 296 1585 254 79.43 4 @7
‘ 398 158 1395 29 12098 155
ACCELEROMETER # $X mampInG if—
DIRECTION A= LOCATION oo
TESTH_ 2_ OBE_¥. SSE___ FRAGY——_
. BIAX oo N=S_ E=W____ TRESi,Ef’
CONTROL oo SURVEY __ &7 __
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CHRHNEL - B8 IPm= 1 20GPK
. - 19 99
——— i1 S
A~ ! / i \h : /4\
4 T“T‘iif* : " Iy
g ACC G*S / ' r
s 2 190 . ]
| 200 LOG!@ FREQ 199 2
S AlC. HOCK RESPONSE 1.8 % DAMP  ABS ACC
1-uc-g2  RHOEK BERTONS restes survey {3 *.2%h0e ARRr Wax
Frea Ao | Frea Aap | Frea Aol
198 9.34 S91 481 2512 2.15
i 1.26 1.29 631 747 31.62 1.50
158 2.%4 79, 392 398 2%
4 238 233 1980 S5.24 S8.12 1.43
2% 210 1253 473 6318 2.23
- 316 189 1535 314 7943 221
338 174 1995 293 109.99 1.63

ACCELEROMETER # 5  DAMPING i&-
DIRECTION =W (oCATION __ 2.
TEST_Z_ OBE_&” SSE___ FRAGY.__

BIAXeeee N=3..___ EWemm o TR3;5J£T
CONTROL mmmmmm SURVEY __ ¥ ___
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CHANNEL - C  ZPA= 1. 43GPK

— ’ 19 29
{ :
| lJ , Z A
. T -
. - -4
" i
‘| AcC G*S "
15 2
1
™~
) 9 1909 | 1 |
' | 2ed LOG1@ FREQ 189 9
- oy HOCK RESPONSE | @ % DANP_ ABS ACC
19-agc-g2 3 UPSET V4 TESTNY SURVEY 13 “ofTh0e HAx1 Hax
3
! l Frea Aol Frea Ampl| Frea  Ampl
1 199 9.5 S91 315 2512 734
- . 126 @4 631 28 3162 343
l» 158 9.7 794 :S5 1981 467
= 290 186 1038 502 3812 538
gl 251 198 1253 &8l £3.10 262
| 316 240 1535 759 7243 136
398 271 1395 977 10090 1.3

ACCELEROMETER w62  areInG 2
DIRECTION Kk 2768/ OCATION A
TESTH 2. OBE_W. SSE___ FRAGY%——-

BIAXe—— N=S_——_ E=W———o Tﬁzj}‘ucf
CONTROL —mmmmmmme SURVEY M __
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CHANNEL - W ZPA= | S3GPK

20 99 ;
A"" }." 2
: et $
3
3
] \< ;
T i —=
ACC G°S F o 1N e
.f/ \f
2 200 ! 1R 8 ‘ b
| 998 LOG1@ FREQ 190 @
HOCK RESPONSE 1 9 % DAMP_ ABS ACC
1-a06-32  EEOENREEY %N rest 9 sumvey 1,3 *otThve ARR1-AAx
Frea RAapl Frea RAapl Frea Aapl
190 9.5t 591 6 2512 2.33
125 1.904 531 1853 31.62 2.3
158 2.63 734 42 3381 298
298 196 1928 292 912 322
38i 283 1259 4235 5316 4. 34
316 235 1585 247 79.43 2.43
338 1.5 1395 315 19098 1 .93

ROMETER X paMPING /7
ACCELE .J£§' .

DIRECTION _ LOCATION o

TESTH. 2. OBE_M SSE... FRAGA.__
BIAXeeee N=5oeee E-Wo._. TRIAX ¥_
CONTROL e SURVEY el
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A N E E R N R R e - S - T .

CHANNEL - 3B ZPhe= 9.33GPK

> 19 99 %
e
0 B o e
Vil SR |
F‘-T~.( N, / e el
acC G*s L. v
9. 199 i i bt ‘
{290 LOG1® FREQ 129 9
x SHOCK RESPONSE % DAMP _ ABS ACC
13000582 2R PG N rest 9 survey 13 *o2ii0e ABR 1285

Frea Aumpl Frea Aasl Frea Amol
1 989 9. 74 5.01 .95 25.12 1.93
1.26 1.989 5.31 6.13 31.62 1.11
1.3 .3 7.34 2.90 39.81 1.90
289 2.90 19.98 4 12 50.12 2.1%
c. 51 1.72 12.59 3.37 63.19 1.76
3.16 1.61 15.85 2.83 79 43 1.93
3 38 1.41 13 55 1.73 198 20 1.83

N
ACCELEROMETER # BY  pameing ¢/

DIRECTION L =WV Location 3. -
TEST# .92 _ OBE SSE___ FRAGYL_
BIAXeeo N=-3____ Eoi ¥ ¥

= -=--= TRIAX & _
CONTROL. o ___ SURVEY ___~
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CHAMNEL - € 2PA= | 43CPK
y 12 o — —
T : »Z) oo ‘\
TN . 4 .
> s &
‘ /1 I
: ACC G*S L
IS v !
\‘ ;
2 199 : J
| 299 LOG1@ FREQ 190 3
 adsn” SHOCK RESPONSE 1.9 % DANP  ABS ACC
12-3UG-32 O e N SE resr 5 SURVEY 1,3 “oQ300e Ao oGS
13799 19
Frea Amp | Frea Gap | Frea Aap |
139 @ 45 S81 283 25.12 7. 94
126 832 §31 398 3162 4.5
? 158 ¢ 738 28 3331 <49
) 299 939 1998 S38 S92 5=
2SI 163 12.% 415 5318 273
) 316 243 153% 751 7343 323
t 338 245 1335 9% 10090 13
ACCELEROMETER #T&  pampIng /.
DIRECTION Wart2'ew/ ocaTioN _ 3
TEST# . X_ 0BE.W S3E___ FRAGY._
BIAXoeee N=S____ E-W____ TRIAX
CONTROL - SURVEY



]

4,

-\.-\-

L

138

CHANMEL - A ZPA= 1. 79GPK

- 20 99 7T 1
;‘\
o < ‘ :
7 Ay 7 —~aE
N\ H
ACC G*S t a1 1iTH
/ H
L[
2 209 g :
1 200 LOG1® FREQ 129 9
P SHOCK RE3PONSE 2.8 % DAMP  ABS ACC
13auesg2 RS N rest 0o suruey T3 "oRiN0e AB3. AN
Frea Rap | Frea fap | Frea Rap |
199 9 45 sal S24 2512 239
126 990 531 14.28 3162 2.39
X 158 234 7.34 444 3931 447
200 173 1990 413 S@8.12 31.94
251 2.33 1259 435 §3.18 3 49
316 {51 1535 241 7943 290
138 154 1335 246 10898 2 &4

ACCELEROMETER # [ X  DaMPING &
DIRECTION M-S _ Locarion 1 ___
TESTH . D _ OBELT SSE___ FRAGY—__
BIAXe——. N=3____ E-W___. TRIAX_¥
CONTROL —ewo—__ SURVEY ___¥ . __
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CHANNEL -

?

19 20

ACC G*S

199

IO T »= e e

ZPAs 1 39CPX
— f \ . ‘.
. ¥ \ " 2 2 i :
/ \ hf il |
- . 5 3 ' e 3
| ' // : < -P“f, =y
/ P‘Pﬁ 3
1 299 LOG19 FREQ 198 9
SHOCK RESPONSE 2.9 % DANP  ABS ACC
e PN sy #5 SURVEY £,3 %2800 AR -HRX
"op | Frea Aep | Frea amp |
279 sa1 2 2512 1.30
199 531 S5 3162 1|86
1935 79 7192 3331 213
1.88 1980 330 %312 2 9%
1.93 1299 344 6310 381
1 36 1585 229 7943 341
1.23 1998 1.7 199 98 € 63
ACCELERCMET.E; " DAMPING _&
DIRECTION . #=W | ocaTion -
TESTH..C. OBE.¥. ssE___ FRAGY.
BIAX e N=S____ E-W____ TRIAX v
CONTROL o ______ SURVE Y

il T —
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CHSNNEL - cPA= 1 4SCPK
19 29 7
S =t 2 < .
# 3
. / )
ﬁ"’
AcC G*3 L
L o —
9 100 ‘i Ll 51
| 220 LOG1@ FREQ 190 2
— SHOCK RESPONSE 2.9 % DANP_ A8S ACC
-ageadz  RHOEKREETON kst wo sunuey T3 "oRTAUe MAR1-hex

Freg oo | Frea Amp | Frea Aap |

199 @ 38 sar 223 2512 5.53

126 @35 531 2438 31.62 492

153 8 %9 734 163 3981 47

209 373 1099 3.12 S@.12 5.03

251 164 1259 S5.22 63.18 4.43

316 2083 1535 S44 7343 2.3

338 208 1335 712 199.90 1.3%

ACCELEROMETER # 92  DAMPING &

DIRECTEEN Va2 e/ ocation L.

TEST#.

OBE WL SSE_—_ FRAGYme-
BIAXmeee N=5_o . E=Wo___ TR!?:’lf‘
CONTROL —oeeeeeem SURVEY ¥ ___
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CHANNEL - A ZPR= 1. 97GPK
- 29 99 [
' A
£
4 :
aCC G"S AN 1A
l[ I
/
7
dd
2 200 1 : d. 1. H
1 299 G109 FREQ 199 @
AU HOCK RESPONSE 2.9 % DANP_ ABS ACC
12-auc-g2  BHOEX BEREONIE resTee surw ¢ 173 "0CTAUE MAKI-MaX
Frea Aap | Frea Aap | Frea Anp |
199 9 49 sl 5.53 25.12 194
126 1.83 65.31 1550 31.62 2.32
1 58 2. 46 794 4 31 31991 2.92
4 288 1.2 10.99 3.16 s9.12 2.%
251 2.39 1259 2.5 63.18 3 26
3.16 139 15.35 2 58 79.43 3.19
338 .51 1995 268 19998 3 19

ACCELEROHETER u VJV DAMP ING o
DIRECTION  LOCATION -Za -

TESTH -2 oae_y/’ﬁce FRAGYe—-
BIAX e N=5 e Emd Tnxzi,z"
CONTROL —mmemmmmme SURVEY b
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CHANNEL - B8 ZPaAs 1 20GPX

- - -

. 19 99 T
7 7 = f —
- o
. TS
acc 6°s 1L 4 ,
2 100 J - : :
1 290 LOG1® FREQ 199 2
SHOCK RESPONS 2 AMP  ABS AC
-ag6i32 RERE URSET Vit resTes survey /3 *o8Thve MAR1 Rk
Fraae Aep | Frea Amp | Frea Rae |
1.9 9.73 591 324 2512 1.82
) 1.26 129 631 6.84 31 62 1 41
' 1.58 1.97 7.94 1% 319381 294
22 1.37 1898 35 S8.12 1 43
251 1.66 1293 37 §3.10 1.80
116 1851 1585 289 7343 | a3y
338 160 1335 18 10029 | 42

ACCELEROHET? e 5Y  amPinG

DIRECTION &= W LOCATION Ji;-_-
TEST# 9. _ OBE L. SZE___ FRAGH.__
BIAX e N=S_ . E-W.___ TRIAX. t”
CONTROL oo SURVEY ___beo

Bl EE - EN - EE R - T - - - . ... l-ll -
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HAWNNEL - C ZPA= 1 43GPK
19 99 —=
AJﬂti
™ ¥4 xi .n-q i
| : .
— :
ACC G*S L/
|
3 199 i = 10
| 908 LUGI® FREQ 198 9
P HOCK RE3SPONSE 2.9 % DANP_ ABS ACC
3-aycog2 B e  UPSET 84 TESTES SURVEY £, *oQFh0e ARz 1 Fax

e | Frea Amp | Frea Amp |
8 59 5.91 2.31 12 95.92
A 42 6.31 2 27 31.52 3.83
9 63 7.9¢4 2.24 39.81 3. 39
B 22 1988 3.7 S8.12 3.54
1.63 12.59 4 .37 63.18 2.13
2.12 15.88 $.32 79 43 2.1
2.11 1235 6.31 199 .28 1. 69

ACCELEROMETER #6 2 DAMPING a2
DIRECTLON V& ZZeae/ LOCATION _ Qo .

TESTH .9 _ OBELA” SSE___ FRAGY%__-
BIAX . N-Seeo. B~ mmj%
CONTROL mmoemmeem SURVEY ___ k. _
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LS

ACCELEROMETER # 7 DAMPING _2u
DIRECTION A/~ LOCATION _3_____
TEST#.Z_ OBE_W SSE___ FRAGY__ .
BIAXeo - N=5____ E-W

B e TRIAX JZ
CONTROL. . cacocsss SURVEY .t ..

CHANNEL - = ZPa= 1 S3GPX
- 9 98 T
A |
————— " -
s e e
ACC G*S o : -
7 ‘*"’*T\f T
- .
4-
2 209 . : - L
1 299 LOG1® FREQ 199 2
CALC.. HOCK RESPONSE 2.9 % DAMP  ABS ACC
1-auc-82  RHOEX BERTON rest 9 survey 13 “olThUe RRR1-REx
Free Rap | Free fAap | rree Anp |
199 9950 $91 433 25.12 2.9
1.26 997 6.31 13.44 31.62 2.54
1% 2.36 73 382 3381 263
! 2.00 1.7? 1220 292 $8.12 2.53
251 2.19 12.59 3.98 63.18 3.28
316 1.69 1585 2.17 79.43 2.2t
398 1.52 1995 2.57 190920 .78
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THeANNEL - B ZPA= 9 J3ICPK
? S @a9

V‘

-4

.‘»\

2 300 ==miaman :

i 200 LOG1 FREQ 199 8

e SHOCK RESPONSE 29 % DAMP_ ABS ACC
13-auc-32  RHOEK BEREONEresr 5 surver £ *oRFh0e Aaa 1 hax
d
Frea Aamol Frea AGaeol Frea Aesl
1. 98¢ 3 S8 .01 2.78 23.12 1.45
} . 1.26 2,97 6. 31 4 31 31.62 1.97
J 1.38 1.99 7.94 2 82 39.81 1 46
2.908 1.79 128 3 8 50.12 1.63
2.3 1 36 12.39 2.7% 63 19 1. .48
- 3. 16 1.24 1S.95 2.16 79 .43 1.36
3.38 139 19.33 1.43 199 99 1.6l

| .

ACCELEROMETER # :pd DAMFP ING_ o2
DIRECTION 2 =W _OcATION 3.
TESTH .2 _ OBEN. =SSE___ FRAGYA___

BIAN e N-See . E=W___. raij;,kff
CONTROL oo SURVEY __ Mo ___
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CHANNEL - C ZPA= 1 43GPK
TR
g i
: /
ACC G"S A
| -
2 109 - Lol .
1 20 LOG18 FREQ 199 8
UG SHOCK RE3PONSE 4MP_ ABS AC
-aesde  RERENURSETNatrest 9 suruey £.3 *oRTh0e ARA1 Rex
Frea Amol Frea Rael  Frea Assol
199 93/ st 227 2512 597
1.26 939 531 2463 3162 3163
1-58 943 734 217 3381 379
238 876 102 382 Se12 387
251 1.33 1299 597 63.18 214
3116 214 1535 S.45 7343 2 43
398 213 1395 663 19098 1 33

ACCELEROMETER 072- DAMPIHG 2
DIRECTION KawP2e/ LOCATION _ 9 ____
TESTH. 9. OBE_V SSE___ FRAGU___
BIAXeeee N=5.___ E-W____ TRIAX
CONTROL —moeomm SURVEY
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CHRNNEL - B 2Pa= 1 J9GPK
S 900
S L L‘
e - \% -
/ N\
aCC G*$
t
3900 == z=
1. 200 LOG1@ FREQ 199 9
.y HOCK R PONSE s DANP  ABS ACC
3-906532 BB PSR Natrest oo survey 1.3 “oRTAE AAR1-MAK
Free Amp | Frea Rap | Frea Aap
1.00 957 st 1.9 25.12  1.32
1.26 @96 531 3.39 3162 1.29
152 179 794 2% 31981 1.72
2.00 :.31 1980 2.5 - S8.12 1.52
251 1.23 1259 2.35 63.19 2.41
116 112 1535 178 79 43 2 46
338 |04 1935 163 10000 3 34
ACCELEROHET‘P DAMP ING 5
DIRECTION =W _ Location _L____
TESTH.Z_ OBE_¥. S5E___ FRAGY%___

BIAXaeao N -S_--- &-H,_-- TRIAX M.
CONTROL e & SURVEY
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CHRNNEL - € Pa= 1 45GPK
3 5 209
3 2 H » N:_T
— < ; -
: =TT
1 ol bt
acC G'S -
§
4 e = =2iaz:
; 1 20d LOG1A FREQ 199 @
. SHOCK RESPONSE € 9 % DAMP ABS AC
l‘ 1-auesde  AERENURSE N rest wo sumvey T3 oRiNDe ABRI%RE
i
Frea Ane | Frea Anp | Frea Amp |
180 922 S8l 154 2512 3.59
. 1.26 @31 6§31 168 31.62 304
1 €8 8 41 79 142 39281 382
: 200 95! 10.99 228 S9.12 3. 96
251 124 12%9 320 6318 231
- 316 135 153% 3938 7343 248
398 1.77 1995 373 10000 167
ACCELEROMETER #3.2  pamping 4
DIRECTION WKaar LocaTion _Jd_____
TESTH . _ OBEAL SSE___ FRAGYL. .
BIAX e N=Se. E-W____ T<IAX
CONTROL oo SURVEY ..___”

. ) .
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CHANNEL - A

150

ZPA= 1 87GPK

’ 1e 49
'L ‘\ '] ' ' '-_‘
/ ' T j
/ 4
acc s L/
j ,
1
9 109 NS i :
T LOG18 FREQ 109 9
i HOCK RE3PONSE S.9 % DANP_ ABS ACC
144032 RRRE RSN restee survey 13 *oRTAUe AAS I Rex
Frea Aapl Frea Aepl Frea Aapl
189 936 SO 463 2512 197
.26 28 631 330 3162 195
" 198 1.7 734 33 3381 262
' 290 167 108 231 5012 2 26
251 1,51 1259 238 53.18 .48
316 1.4 1535 239 7343 ;46
3198 143 1395 226 19968 2 41

ACCELEROMETER # 1% pampInG S~
DIRECTION A3 _ LOCATION _ R
TESTH. 2 _ OBEY.. SSE.__ FRAGU__.
BIAX e N=S____ E-W____ TRIeﬁ,Ef’
CONTROL oo SURVEY ___& __



CHRNNEL -

IPA= 1. 28GPK

1}
¥
Ll
-
1

p-

4

| .

.

L O L S

-

-
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|
1 299 LOG1@ FREQ 199 9
HOCK RESPONSE S 3 % DAMP  ABS AC
2HoE UPSET NI TESTHS SURVEY 1,3 *of%h0e RBR 1

Ame | Fres Aep | Frea Amp |
8.59 S5.901 2.29 25.12 1.456
9.39 6. 31 4 %9 31.62 1.43
5 7.94 2.38 39.31 1.68
1 48 19 920 2.42 58.12 1.52
1.29 12.939 2.958 23.19 1 .46
.27 15.89% 2.14 79 .43 1.6%
1.32 19 .35 1.51 199 29 1.32

ACCELEROMETER ersl DAMP ING -

DIRECTION & =W” LocATIoNn __
TESTH.. U OBELLZ SSE__. FRAGY. .
BIAXaeee N=S____ E-W_.._ TRIAX
CONTROL —________ SURVEY "
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JHANNEL « C© ZPA= 1 48GPK
s 5 909

AT T

.

i

| 2ed LOG1® FREQ 198 9

HOCK RESPONSE S 9 % DANP_ ABS ACC
19032 AR BT NS  resTee survey 13 *otfh0e A3%1 Rex
Frea Asel Frea Aepl Frea Rapl
180 939 591 168 2512 3.32
126 937 &31 154 3162 26
4 138 0953 734 172 3381 268
28 971 18.88 2.57 5812 246
251 1.g5 1299 306 6313 1.77
316 1.70 1535 398 7343 | 6
338 199 1335 3153 12000 1 63

ACCELEROMETER % OB DAMP ING &
DIRECT?N kK $ LOCATION _

TEST#_ OBEX_ SSE___ FrRAGL
BIAX e N=S____ E-W____ TRIAX &7
CONTROL —________ SURVEY
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' j CHANNEL - A ZPAs $3CPK
’ 19 99
~ 2
. "7 o
p—- '1 ~
‘ AT l
uLL G'S ‘L'
g
l P
|| 2 190 j '
I 208 LOG1@ FREQ 199 9
L SHOCK RESPONSE S 9 % DANP_ ABS ACC
' 13-9y6532  ZRREN PRI N3 rest o sumvev 13 “ol7h0e HB%1 Rex
Frea  Aee| Frea Amol Free Asol
l 180 942 S0 377 2512 1.73
1.26 978 631 824 3162 20
, 153 162 794 334 3981 309
280 164 1088 238 S@12 326
| | 251 149 1259 2.20 83.18 2 47
316 1.32 1535 205 7343 198
398 147 1335 290 10898 1 79

=

ACCELEROMETER # 72X  pamPING S
DIRECTION A =S _ Location 3 ____
TESTH_2_ OBE_K. SSE___ FRAGY___

BIAXe—_ N~S____ E=W_wwo Tnxi:;k{'
CONTROL oo SURVEY ———4’
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HANMEL - B ZPAs @ 93CPK
5 a6@ ;
H A G :
/ il N i i
i] \\ﬂ*‘
; —
ACe G*S Y
e
25
; [ i ;
1 209 LOG1O FREQ 168 9
) SHOCK RES#00SE 2 % DAHP_ ABS ACC
380532 RERENURERT st o survey 1.3 “ol%A0e ARR1oRex
Frea Amp | Frea Auo | Frea Aao |
139 549 s91 1.87 2512 1.21
126 @76 6§31 363 3162 1.03
153 160 734 214 3981 1.3
200 116 1090 2.16 S8.12 1.31
251 938 1259 185 6310 116
316 9.90 1535 167 7943 116
538 121 1335 103 10090 1 23
ACCELERUMETER 149c>’ DAHPING;ZS:
DIRECTION L - Location __ S
TESTH ¥ _ OBE_K. S3E___ FRAGYE. .
BIAX oo N-S____ E-W____ TRIAX
CONTROL w o oeeeen SURVEY __be” __
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CHANNEL - C  ZPas= 1 43GPK
? S 900 T
!_ ot i\‘" > .
- — " ,;fff" et
[~ I
ATIT |
ACC G°S -
il
]
|
399
E‘ag i - H H
1. 908 LOG1@ FREQ 109 @
3-3UC~ 3FHOCK RESPONSE % DAMP_ ABS ACC
13-aue32 AR PERT NE resT 5 survey 1/3 “odTh0e RRR1 hax
Frea Ampl Frea Aupl Frea  Aupl
1.8 926 S.81  1.54 23.12 3 47
* 1.26 9.27 6.31 1.71 31.62 2.54
1.9 9.37 7.94 1.%8 39.81 3.37
2.28 9.55 18.98 2. .43 38.12 287
e.3 1.94 12.39 3 26 63.18 1.88
3.16 163 15.83 3.93 72.43 L.77
3.38 182 133 443 10038 1 63

ACCELEROMETER # 92 rameInG f

DIRECTION \@ar 2 G/ LOCATION _

TESTH_ 2. OBE_ L SSE_ . FRAG_—_
BIAXeoee N=S__. E-W___o TR%{
CONTROL. o eamamwn SURVEY M ___
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CHRNNEL -
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29 .09

-Pa= 2.33GPK

ACC G"S

2 299

g AIG-SZ

WHGITOTO Vs e e

ACCELEROMETER # X DAMP I NG Jz.
DIRECTION _A=.8__ rocagicn 4.

TEST# L6. OBE___ SSE. FRAG% -
BIAX———o N-S____ E-W____ TRIAX
CONTROL e SURVEY __ &2 __

Fi B l
e
— - -7

" - 5 .Y a

A |

'& i
1902 LOG1 FREQ ‘29 2
SHOCK RESPONSE 2 g % DAMP R8BS ACC
CGLE SURUEY EMERGENCY#S 173 "OCTAUE MAXI-MAX

Amp | Frea Aapi Freae Rap |

1.72 .01 4 73 e3.i2 2.78

2 64 6.31 14.26 31.62 3.13

3.85 7 34 5.44 39.81 7.97

3.97 10.90 4 .45 o8.1¢ 4.7%

2.31 12.59 4.54 53.18 5.82

2.83 195.89 2.91 79 .43 4 49

1.73 12.3% 3.86 199 88 27 &1
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CHRNNEL - B  ZPA= 2. 13GPK

. 1939
_ m—— . ‘
s S :r!r b
ACC G"S
9199 ' RN R N j L
| 298 L2618 FREQ 198 9
SHOCK RESPONSE 2.9 % DANP_ ABS ACC
13546532 B STROEY "Ehercencyes £/ *o2fh0e ARR18Sx
Frea  Ampl Frea  Aapl Frea  Amp|
189 2.44  Sa1 245 2512 3.27
1.26 443 631 S1il 3162 263
? 152 4.0 794 597 3981 315
28 352 1330 33 5312 342
251 2% 1259 238 6310 7.66
3.6 1.97 1585 231 7943 7.06
338 173 1335 233 10098 981

ACCELEROMETER # 2> pamping 2
DIRECTION £ =37 _ocaTion

TESTH L& OBE___ SSE_& FRAGL.
BIAXemee N=S____ E-W____ TRIAX ¥
CONTROL _________ SURVEY __ L~ _
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CHANNEL -
. 18 90

ACC G°S .

c

9 199

{3737°38°

GCIGITI T »= s e

ZPA= 2 71GPK

WA e DO D

ACCELEROMETER #.9.2
DIRECTION KarArew/
TEST# L@ OBE___ SSE. &7 FRAGY

Frea Amp |
.57 5. 41 S 36
34 6.31 9.38
56 7.34 3.78
72 g 98 3.89
37 12.39 6.33
3e 19.83 3.98
77 19.95 9.87 1

wn
@D
—
~
R o RL S T R R )

———
# = T ir ‘t"' -.;
" / L 2
s J
4
//r_~77
1 208 " LOG1 FREQ 199 @
HUCK RESPONSE 2.9 % Danp_ 4BS Acc
G4E SURUEY EMERGENCY®S 1,3 "OCTAVE MAXI-MAX

DAMP ING
LOCATION

BIAXeeee N-S_o__ E-W____ TRIAX. &

CONTROL

—————— .

SURVEY
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CHANNEL - & ZPa= 2. 49GPK

. 20 99 ,
. !‘\' -1 2
S
ey 3
A '
ACC G*S Ad{ : o !
| il l
a2 209 : 1SR kN
| 290 LOG1® FREQ 190 2
i SHOCK RESPONSE 2.9 % DAMP ABS &QC
13-aucs2 DR RERCANETes surver 1,3 *olTACe Aax1-Asx
3 Frea Aap | Frea Ame | Frea Anp |
1.99 290 Sl S 12 2512 245
126 2.62 6.31 15.31 31.62 2.67
N 1.58 378 79 S8 3981 323
4 ' 298 362 18230 317 Sai2 1%
251 258 1259 335 6318 432
316 2.15 1535 232 7943 S 38
3 3 19 2.53 10898 3.
ACCELEROMETER # $X DamPING
DIRECTION _Ad=S_ LOCATION _ 2a__.

TEST# L6 OBE___ SSE W7 FRAGY___
BlAX e N=S____ E-W____ TRIAX_ o4
CONTROL oo SURVEY __de= __
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CHANNEL - B 2Pa= 1 32GPK
) 19. 989
r//" o - "//’;' f“'\\ -
| Nl 1B
acC G*S
2 198 ' e i ! : 1 il
1 @9 LOG18 FREQ 1909 @
SHOCK RESPONSE 2.9 % DAMP ABS ACC
13-84%:3 2RLE CNERGENCTHS SURVEY 1,3 *olfhve ARdr Hex
Frea Amo | Frea Amp ! Frea Ame |
108 2 34 S31 2.30 25.12 2.47
1.26 4.5 631 43¢ 3162 228
? 1 €8 413 794 52 3981 2.2
289 3.33 102 35 S8.12 2 49
2.51 2.51 1299 272 43.18 196
3.16 1.83 1535 225 7943 2.4z
338 1.91 1935 292 10008 17
ACCELEROMETER :5)’ DAMFING oo
DIRECTION L= WV _ LOCATION &
TESTe L@ ORE___ =se_#” FRAGY..
BIAX oo N=S_.___ E-W____ TRIAX &
CONTRO. SURVEY __ 4”7
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CHANNEL - C 2PAs 2 39GPK
> 13 29
e s B e . -
oo e e e e e
P il
- 4
//r-/’
ACC G*S AL
;
9 129 | ' : i
| 208 LOG1@ FREQ 199 9
y SHOCK RESPONSE 2.9 % DAMP  ABS ACC

13-94%33 RO ENERGENCTOS SURVEY 1,3 *ofThle Naz1ohx

Frea Amp | Frea fAmp | Frea Amp |

189 9 48 sar 5.7 2512 6.5
X 1.26 9.79 5§31 S26 3162 59
! 1.58 1.7 794 423 3931 628

29 15 199 308 S8.12 S.25

281 264 1259 6.7 53.18 4 a1

316 224 1535 357 79.43 3.96

3938 337 19935 343 100909 319

ACCELERMME TER uo‘f‘ DAMF ING _2
DIRECTION View2oGee/ LOrATION _
TEST#/G_ OBE___ SSE_& FRAGYL___

BIAX (. N=S5_ ___ E-W_e—_. TRIAX W
CONTIRER. e o SILIRVEY



- .

CHANNEL - A ZPhs= 1 92GPK

’ 28 99
' - e :
= e : —
; ot — -
ACC G"S /l‘ q'—\l' —
3209 - i . L
1 320 LOG1@ FREQ 190 @
’ SHOCK_RESPONSE 2.) % DAMP_ ABS ACC
13-46-82  Fcat ENESGENCT #5 SURVEY 173 "OCTAVE MAXI-RAX
Frea Sep | Frea Raol Frea Rael
198 172 S8l 479 2512 2.89
126 244 5.31 1327 31z 3.18
. 158 367 7.94 474 3981 3.87
: 298 363 1928 279 Spi2 378
281 217 1253 236 63.18 35.90
316 218 1535 258 7343 324
388 1.72 1335 247 1e8.28 239

mner‘rmn _4{!

BlAX ... N=-3
CONTROL

COCLEROMETER # 7X

TEST# /6_ NBE___ =5

L O}

T SRR
__________ SUUIRVEY

DAMF (NG L

I[ON _ T
FRAG A

TRIAX ¥~

e e e O e e
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CHANNEL - & ZPA= 1 98GPK

? S 289 : 2 -
4 Bon = NS S0 W | B0 & ¥ f
; i : - ™
\\ e : \\
ACC 6*S
-~ r
|
ﬁ__.
200
E-Oé H — e : - —
1 208 LOG18 FPEQ 199 @
e SHOCK _RESPONSE 2.9 % DANP_ ABS ACC
13-a06-32  Z00E"ERERGENCY 95 SURVEY /3 olTAve AAR1-Fix

L O N O e
o
’-
WU @ -2
Y
L4
Ll VT A R S
o e
r Y
w
@
-
ro
Lol 2% 1 AV T SV AN ]
.
w0

ACCELEROMETER # 83  DAMPING .
DIRECTION =W _ LOCATION 3. _.
TESTH L6 OBE___ SSELL” FRAGY-__

BIAXooae N=S____ E-W____ TRI::,b{’
CONTROL oo o SURVEY ___#&70___

.‘ Frea Amol Frea Amel Frea Amsl
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CHANNEL - C CZFu= 2. JGPK

> 19 29
r - s .J'
(ZAF; :
T
aCC G*S Wi
:Lr
|
!
, !
2 199 hd 18 it 1
1 909 LOG1@ FREQ 198 @
. SHOCK RESPONSE 2.9 % DAMP  ABS ACC
13-aucz32  BEOEKCREREANRS o5 surver 173 "OCTAUE MAXI-RAX
Frea Amp | Frea Aap | Frea Aap |
189 @.52 Sl Ss87 25.12 7.64
1.26 989 5.31 S.46 3162 665
4 1.5 1.40 794 422 981 6.1
289 165 18.39 233 S@ 12 5. 43
251 273 12959 6.7 6318 3 30
316 334 1535 3955 7943 318
398 409 1335 933 1990.90 3 3t

ACCELEROMETER # 2= DaMPING
DIRECTION Wax-27€2/ 0rATION __& ___

TEST8 /@ OBE___. SSEd” FRAGY. .
BIAX—___ N=5____ E~W____ TRIAX_&
CONTROL o SURVEY __b _
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A

\

CHAUNEL - A ZPA= 2 33GPK
19 99
— CENS T
1r'~.;\ 1/ \\"/' \ﬁ
ACC G*S
9 199 : _
1 990 LOGLl@ FREQ 199 9
SHOCK RESP S 3 % DAMP_ ABS ACC
1g-auc-g2  2HREX STRGED NeRerceNc e 1/3 "0CTAUE MAXI-HEX
Fres Gap | Frea Ame | Freaq Hap |
1 99 i 33 5.91 3.57 25.12 2.36
1.26 1.93 6.31 3 A9 31.52 3.99
1.9 2.9% 79 §.12 39.381 4 48
2.89 2.5« 18 68 3.27 $9.12 3.79
2.51 1.89 12.59 3.18 63.10 S5.085
3.16 1.6} 15.86%  2.37 79.43 31.73
3.38 1.63 123§ 2.18 189.20 3.97

ACCELEROMETER # | x DAMP ING f’:
DIRECTION AL=S_ _ Location _J_____
TESTH L6 CBE___ SSE_k~ FRAGY_.—-
BIAXomew N=5____ E-~W____ TRIAX }/
CONTROL —moemmeen SURVEY ___ & __
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THANNEL - B ZPa= 2 18GPK

- .

s 190.99 ===
L ==
' — AN 7
- RN Zili]:] i
I .
l 4cC 5°S | ’ | (/
l' =
I 2 199 : il | el
1 229 LOG18 FREQ 199 3
{3 AlC SHOCK RESPONSE S 2 % DAMP_ ABS ACC
. , i-ago=32 AR0ENSTROEY Ehercencyes 1,3 “oRTR0E Hast finx
l‘ Freo amo | Frea Ame | Frea Amp |
1.8 1 39 sat 183 2512 2.18
5 1.8 2.79 6. 31 ET 31.82 2.19
' 1.58 3.3l 734 412 2981 243
2.98 2.39 13.99 2.54 %0.12 2.77
2.51 1.7 12.59 2 .45 63.18 4 &5
316 1.7 15.385 1.94 7943 6.13
3.98 1.50 13 3% 1.91 103 3@ 7 .23

ACCELEROMETER # &Y DAMPING 3

DIRECTION L=W_ LocaTion __1.___
TEST# L6_ OBE___ SSE &7 FRAGY___
BIAX——w_ N=S____ E-W____ TRIAX &
CONTROL —mmmmmm SURVEY __ b _
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SHANNEL - C  2PAs 2 71GPK
2 19 .99
, a Do
Zf
/
acc ¢S =
-
,
9 109 | i ;
1 908 LOG1@ FREQ 199 9
" - FHG“K R ﬂpG“ﬂP c % Dane '.8" ace
13906s32 2R SDROET ERercencyes 1,3 “okii0e ABa1 R
Free Amo | Frea Amp | Frea amo |
1.08 942 S8l 363 2512 .75
, 126 95 531 359 3162 22
153 115 734 283 3931 & 26
290 106 1898 277 S8.12 S.57
2SI 18 1259 431 4310 598
316 276 1535 648 73 43 1 %8
338 355 1335 631 10090 37

ACCELEROMETER 4942 [DAMPING 3
DIRECTION Waarl2ze/ ocation __L____

TESTH LG OBE___ =SSEA” FRAGY._.
BIAXeeee N=5_——_ E-W____ TRIAX &~
CONTROL —eomeomm e SURVEY __ &~ _

167
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CHaNNEL - & 2fms= 2 493GPK
? 19 29 e
{“’ e 4 r “\\;
Ilr N ~—
ACC G*S
2 102 ! 15N 1 ket
| 288 LOG1® FREQ 198 9
" SHOCK_RESPGNSE S 3 % DAMP_ ABS ACC
13306282 ROOENRERCENCTHS SURVEY /3 “ol%h0e Rasr Rex
Frea Aap! Frea Aampl frea RAmpl
1.8 164 S8l 392 2512 2952
1.26 201 631 342 3162 220
1.8 274 734 513 3381 283
? 280 274 1098 2935 S8.12 2.83
251 292 1259 304 63.18 3.30
316 1.69 1535 297 7943 388
3198 1.6 1335 219 19990 3.25

ACCELEROMETER # T4 DAMPING &

DIRECTION = _ LOCATIN

“ ~AE Ta® _OJC [ON __4&
TESTH L6 OBE___ S3E_L~ FRack 3
BIAXooee N-S____ E-W____ TRIAX e
CONTROL ————mm e SIURVEY l/ 3



!

l' CHANNEL - B  ZPAs 1 326PK
» 5 @00 i P )
4 S 7 R :
_l_ i 4 | ;
' ooy ! ‘\.\1’__1 : T
I ACC G*S
' i
3 49 == -
1 a0@ LOG1® FREQ ‘ 190 2
e SHOCK RESPONSE S 3 % DAMP  ABS ACC
' 13-auc-82  RE0E CREAEENE s supvey 1,3 “od%h0e Has1 Rax

]

l Frea Anp | Free Aap | Frea Ampl
o 1.99 1.78 .91 1.73 23.12 1. 71
& 1.26 2.9 a.31 3.31 31.62 1.35
b 1.38 3.2 7.94 4 .40 39.81 1.91
‘ 2.68 2.13 1338 2.7% S9.12 2.82
- 2.51 1.62 12.99 ¢&.13 63.108 1.61
2. 16 1.59 15.38% e 79.43 |1.83
3.38 1.72 13 .35 .97 198.38 1 .43

-

4,

ACCELERNME TER :!? DAMF TNG f
DIRECTION eV LOCATION __de .

TEaTe /€ (BE___ SSE_&7 FRAGY___

BlAY e N8 €W mm:%
e p e R R, SURVEY el

!
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,

- -—
]

s

CHRNNEL - C

ZPA= 2 39GPK

? 19 @9
o S S 3
V.| il
‘(j
ACC G*S . :
=
,1
v
2 190 ;1" . Ll L]
1 208 LOG1O FREQ 199 @

Al oans 4 HOCK RESPONSE 5.3 % DAMP ABS ACC
136532 RS cREREANG s survev 13 *oR7hUe Aaa1 Hex

Frea Amp | Free T Frea Amp |

190 @37 s91 3.78 25.12 4.34

1.26 957 5.31 3 34 31.62 4.3
4 1.58 " 1.15% 7.34 3.8 39.81 S5.12

2.ee 1.18 10380 2.77. Sa@.12 4. 12

2.5 1.73 12.59 4.10 63.18 3.30

3.16 2.79 1535 3 94 79 .43 2.92

39 3.79 19395 631 19838 279

DIRECTION k@erZea/ _ocaTion __
TEST# L@ OBE___ SsE_W” FRAGY%___

BIAXoee. N=S____ E-W____ TRIAX
CONTROL _ . ____ SLRVEY ___fo__

ACCELEROMETER # 52- DAMP ING f

170
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| ’ \ "
J L ’

’,

-

A I S N G T - .

ACCELEROMETER # 7 X  DAMPING &
DIRECTION _Al=S _ LOCATION __3____
1EcTe L6_ OBE___ SSE L FRAGL_.
BTAX oo N=S____ E-W____ TRIAX_ &7
CONTROL e e SIUJRVEY ___K_-_

CHANNEL - A 2Pa= 1 326PK
? 19 99
7oA
» —
WCC G*S | (
| | |
9 120 Ll L.l : .
1 982 LOG18 FREQ 199 9
-AUC-~ SHOCK _RESPONSE S 9 % DAMP_ ABS ACC
13-9y0s82  RHREVGREACENCY o5 SURVEY {3 “olhbe Rax1 fiax
Frea Aapl Frea Asol Frea Amel
1.8 1.37 sl 351 2512 229
1.26 1.9 631 735 3162 266
1.98 283 7.94 379 3981 243
? 200 260 1999 242 S@.12 382
251 171 1299 2338 63.18 337
316 1.7 15.35 2.20 79.43 2 39
398 195 1995 (.99 19998 2 24

17
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1
| & J

-J -

il

.-

3

4

13

{ 4

»
|

)

l - -
‘ A 4

_

CHANNEL -~ B ZPA= 1 99GPX
) S 298 T
1
+ 7wl ey
| 2 A0 1N
7 N 7 T . f—'
[ W“‘v——/ﬁ/ | T\\/ I "“"J
ACC G*S
s 208
é-gz “ : 3 : i)
1 20 LOG1@ FREQ 199 9
, SHOCK RESPONSE S 3 % DAMP_ ABS ACC
140532 Caake NERGENGY #5 SURVEY 173 "OCTAVE MAXI-ARX
Free Aeo | Frea Aap | Frea Aup |
1.9 153 SA1 1.44 2512 1.57
. 1.26 2.55 6§31 283 31.62 149
: 1.8 2.95 794 3238 39.81 .72
209 135 1998 2.96 S8.12 1.85
251 1.42 1259 1.67 6I.19 1.73
316 133 1535 1.5 7943 1.4
338 124 19935 1.2t 199.98 1.29
ACCELEROMETER # 8 DAMP ING o _
DIRECTION L= LocaTion _3____
TEST# A6 OBE___ 3SEY. FraGu___
BIAXo o N=S____ E-W_—_. TRIAX_V~
CONTROL oo SILIRVEY _-_(_--



’

L

i

ik
l ‘ CHANNEL - ©  ZPAs 2 J9GPK
3 > 1098
-~ —— s " :
IIJ' = 5 — N
2 R ¢ P‘ﬂ
m P T
I' ACC 6°S s
YI—!
l =7 —
M i 3
l_- 8 KUQ - -
- 1 900 LOG1@ FREQ 199 9
Al SHOCK S.2 % DAMP_ AB3 ACC
‘ ($7H6532  ZORE"CRERGENCY #5 SURVEY 173 "0CTAUE MAXKI-H&X
._,‘ Frea Aapl Frea Amol Frea Ampl
1.0 9 35 €8l 3.7% 2512 S.13
z 1.26 9 .44 6.31 349 3162 5.9l
1.2 1.69 79 2198 3981 513
' 299 1.16 i0.88 273 S8.12 3.72
2.5t 1.7 1259 493 6310 328
3116 2.7 1585 5.3 79.43 2. 36
- 3.98 3.7 1935 663 190.08 3 29
é
ACCELEROMETER # 9 DAMP ING

DIRECTION Wavr?' LOCATION _
TESTH /@ OBE___ SSE_” FRAGY_
BIAX oo __ N=S____ E—u____ TRIAX 0(
CONTROL oo SURVEY

173
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J

4

cAmiNEL - A 2PA=

174

? 19 90 = T T =1 = T ]

l"' e : ’r ,“ -
>F -
/] ]
4cC 6*s
-ﬁ
' i
9 120 : | ! :

1 929 LOG1® FREQ 199 9
SHOCK RESPONSE 19_9% 4BS ACC

13-906:82  RU2ENSTROEY BRercencyes 173 OCTAUE MAAL-MAX

i

R ool BB R ool 8 -
)
L R S N
AAsn
-

Aap | Frea Amol Frea Aapol
1.97 se1 273 2512 2.33
1 63 €31 S71 3162 2.9
2.22 7.24 442 3981 329
1.85 1998 2937 5812 353
1.58 12.99 273 63.18 3.93
1.39 1585 236 7943 32%
154 1935 211 10998 2 67
ACCELEROMETER # /3¢ DAMP T

NG
OIRECTION . A%=S LocaTion
TEST# L6 OBE.__ SSE_gFracy.
BIAX e N=5____ E-w____ TR
CONTROL

SILIRVEY

—————————

e
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CHANNEL - B ZPA= 2. 15GRK

» 19 29
1o ‘ ——s :
™ : o1 =
RCC G*S
2 199 " ; el L : ettt
1 208 LOG1@ FREQ 189 @
. SHOCK RESPOMSE 19_9% DAMP_ ABS ACC
13305582 2008 SORDEY BRercencres 173 "OCTAUE MAXI-NAX
Free Amp | Free Amp | Frea Ame |
1.00 1. 42 531 1.55 25.12 1.79
1.26 1.32 5.31 2.52 31.62 1.73
! 1.58 2.37 734 233 39.81 1.39
2.88 1.68 19.90 2.23 S8.12 2.38
2.51 1.34 12.59 2.94 63.18 3 29
316 1.59 15.85 1.7 79.4 S.86
338 1.28 19.35 166 100 90 S5 38%

ACCELEROMETER :é&)’ DAMPING /O
DIRECTION £=W_ Locarton _f_____

TESTHLE. OBE___ SSE_” FRAGY

BIAX e N=S_.__ E-W____ TRIAY &~
CONTROL o ____ SURVEY
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CHANMEL - A 2PAs 2 43GPK
> 1d 99 -
F: : - s : H : ¢
C ’ ~——] iR
ACC 6°S
2 120 l H :
| 262 LOG1@ FREQ 199 9
- HOCK RESPONSE 19 9% DAMP  ABS ACC
13-auc-s2  RHREXREREANEes sumvey 173 OCTAUE MAXI-MAX
Frea Hap | Frea Aap | Frea “me |
1.90 1 .29 s91 2 2512 2.47
126 1.79 531 595 3162 224
1.8  2.11 73 453 39.81 2.6
L4 298 2.03 12.28 3.98 s@.12 2.8%
2SI 1.74 125 287 63.18 2.92
316 146 1585 2.26 7943 323
398 1S1 1395 224 10900 3.99
ACCELEROMETER # $X  paMpInNG 22
DIRECTINN =S _ LocATION A ___
TEZTH J € OBE___ <26V FRAGY-__
BIAXeeee N=S_.___ E-We___ TRIAX_&
CINTRIE. o aa s SIUURVEY _.._Z._._
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CHANNEL - B ZPa= 1. 326PK

3 S 000 T
T
1_..._./A b :. . "’A : i Lt
' hr__r——r — 5 i /“
acC G'S
<
£.52° e e o 2 e =
| 299 LOG1@ FREQ 199 2
S A HOCK RESPQN 10_3% DANP ABS ACC
13-aueeae RHOEKRERCENGTes suRvey 157 0fTA0e HRa1 Hax
Frea Aep | F~ea Amp | Free Ame |
190 1.32 sa1 1. 25.12 1.42
: 1.26 1. 84 6.31 229 3162 163
' 1.5 222 79 318 3981 17
2.8 1.63 18980 244 %12 175
2.51 148 12%9 166 6318 1 62
316 1.43 1585 160 7943 1| %9
398 1.99 1935 1.5 10098 1 43
ACCELEROMETER # 9, DAMP ING éﬁ?
DIRECTION ML=V _ LOCATION __ A __
TESTH /6. OBE___ SSE A FRAGY___
BIAX_—__ N=-%____ E-W_—__ TRIAX L
CONTROL oo SURVEY ___b7__

178
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tdl 179

i
{ﬁ
. e THANNEL - C ZPA= 2. 39GPK
™ ? 10 09 -
§ Fr e <=
B —
ACC G"S VA
l, 2 199 - 158 S . el
{ | 8ee LOGLa FREQ 100 9
‘ e HOCK RESPONSE 19 9% DAMP ABS ACC
l 13-94%82 EHOE¥ RERCENCTOS SURVEY 173 NCTAVE MAXI-FAX
\J
Free Amo | Free Amp | Frea famp |
188 @.33 s a1 246 25.12 3.98
: = 1.26 9.46 531 235 3162 3.39
J : 18 273 734 23 3981 3.9
298 988 19.98 2.58 S8.12 3.29
by 2¢€ 158 1259 344 63.18 303
316 213 1585 4959 79.43 2.97
| ! 333 302 1935 S12 19098 2.63

ACCELERCOMETER .62 namMPING L2
DIRECTINN VavlZ¢ol LOCATION ——hee-
TecT# /6. OBE___ SSENT FRAGY-——
BIAX__ N-3___._ E-W___. TRIAX_&Z
CONTROL oo SURVEY __ A __
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SR
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i

CHANNEL -

>

A ZPAs | 92GPK
5 969 ya -
) Vit i
L A N st
”j}’ A | : i I
o
acC G*S
1
3 290
-2 ——— ——
1 2a9 LOG1@ FREQ 199 9
HOCK RESPONSE 3% DANP  ABS ACC
-36532  RLE*CRERCENCT o5 suRvey 195003006 Ra1o8sx
Frea Aap | Frea Aap | Free Aep |
100 1.19 sal 2.67 2%5.12 2.97
1.26 1.69 631 487 3162 215
1.8 218 794 342 3931 224
228 13 1898 232 %@ 12 23.86
251 1.47 1259 212 5318 3 a1
316 1.46 1535 294 7343 268
338 143 1395 137 19098 2 24
ACCELEROMETER #¢ <9 DAMPING 22
DIRECTION _A=S_ LOCATION __3___.

SSE LT FRAGY___

TEST# /& 0OBE___
BIAX e N=S____ E=W____
CUNTIOL. . o SURVEY

TRIAX
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CHANNEL - B  ZPA= 1 238GPK

. S 900 T
~ - . R
ACC G"5 : 3 : -
S 909 $
£.33 T 2 o - -
1. 290 LOG1@ FREQ 189 9
B 3HOCK RESPONSE 18_0% DAMP ABS ACC
13395532 RCRE“CRERCENCT o5 suRvey 173" OCTAUE MAXI-AK
Frea Ame | Free Anpe | Frea Aep |
1.90 .15 581 1.24 25.12 1.34
d 1.26 1.61 5.31 1.82 3162 1.3t
158 2 94 794 2132 39.81 1.47
2.88 1.41 18.88 1 32 S8.12 1.45
2.51 .27 12.599 1.39 63.18 1.49
3.16 1.18 15.85 1.32 79.43 1.35
338 1.19 1935 1.10 190.08 1 2%

ACCELEROMETER # 8 Y DAMP I NG
DIRECTION _ &=V | ora DJNJ -~

TESTW LG OBE___ ccp_p FRAGY___
?;AX-_-_ N=S E‘W_-_- TRIAX p
CONTROL .o SURVEY - i
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.
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CHANNEL - ©  ZPAs 2 39GPK
s 5 288 = -
T 3 By
-~ -
/‘/Q
ACC G*S ;f
208
£33 , i
1 9@a9 L0G1@ FREQ 199 9
—alC— SHOCK RESPONSE 18 2% DAMP ABS ACC
%2 22‘032 EG&E EHESGSN&Y #5 SURVEY 1/3 OCTkUE MAXI-MAX
Free Aepl Frea Aampl Frea Aeol
169 8.27 5.91 2. 45 25.12 4.9
126 9.34 6.31 2. 43 1162 4.99
? }.4 8.70 7.9¢ 2. 34 39.81 4 9S
2.68 8 .51 10.08 2.55 50.12 3.36
2.51 1.51 12.99 3.3 63.18 3.8S
3.16 2.12 1585 4.47 79 43 2.69
3.38 2.98 1935 4 938 100 38 2 .38

ACCELEROMETER nQ% DAMF ING '{2
DIRECTION e 27ce/ LOCATION e

e ABE___ SSELLL FRAGY- -
TEcTe L& OBE TRIAX VO

BIlIAY e N=Scea ETN--__
CONTROL ccccmeem= SURVEY _-_Z.-.-
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— |
19,82 | INVOICE TO: THE CIM INNATI GAS & ELECTRIC COMPANY B B
) THE DAYTON POYER AND LIGHT COMPANY By
R . vy COLUMBUS AND SOUTHERN OMICO ELECTRIC COMPANY
t"OB/BJ PO BOX $60 CINCINNATL OMIO 48201 | XZC 0237a3
. PURCHASE ORDER FAILURE TO COMPLY WITH INVOICING
STRUCTURAL DYNAMICS RESEARCH REQUIREMENTS WiLL RESULT N
IMPORTANT RETURN OF INVOICE TO VENDOR

. CORP.
I 2000 EASTMAN DRIVE

INVOICING REQUIREMENTS

B MILFORD OH AS51S0 susmit FIVE(S) COPIES OF INVOICE.
SHOW COMPANY NAME(S) OF THE PURCHASER(S) AS SHOWN ABOVE
' | AS INSTRUCTED BELOW SHOW OUR PURCHASE ORDER AND LINE ITEM NUMBERS.
' IN DESCRIPTION, OR SEE s AR PR
l'"'" FOB TERMS OR SHIP VIA OH 45202 B . | 6iLLs OF LADING, CORRESPONDENGE AND OTHER PAPERS MUST A(SO
™ DeAs PARKER BE MAILED TO ABOVE ADORESS.
5.0

wwa BEST AVAILABLE

S o = o | QUANTITY | umNIT | ARTICLE/DESCRIPTION

LINE ITEM TOTAL

{ SEEFFEEL LT LR LS LELIE ST BSBE 2B S
| Preeeenee | MPOR TANT

*
* PLEASE SIGN AND RETURN THE =

| * ATTACHED ACKNOWLEDGE MENT =
* IMMEDIATELY UPON RECEIPT =

» *

¥

=

OF THIS PURCHASE ORDER

MAIL TO THE ABOVE ADDRESS ,
ATTN: PURCHASING DIVISION
R RS 22 S 2 R R RS R E R ER R RS RS TR LR l
‘ ONFIRMING PURCHASE ORDER f
| LACED 09~11-82 WITH l
. ! YOUR COMPANY '
|

A

| ESSENTI AL | .0
DYNAMIC TESTING-480 VAC MCC'S

f \ro’?‘ /M $1000 JOB E-5590 ? i

I | . |ITEM m-170 SHEET(S) A-D |

ISPONSOR: DeAe PARKER .

XRS5 FURNISH MATERIAL IN ACCCRDANCE |
QO’ 1 | WITH THE ABOVE B/M ;
s i € %t . |tcoPY ATTACHED) =

|

K VO S— S —
2
3

L0

=~ oW S ¢ SHIP DATE SHOWN IS TO SATISFY
B Y= A s | COMPUTER REQUIREMENTS AND DOES
O\, LA OT REFLECT NEGOTIATED DATE.

| APPROVED
| SDRC Q. A.

- OE N EE e .
’\
Q

fSsE TOTAL COST
Fo FURNISH THE ABOVE AL NOICATED SUBLECT "0 TmE MOVISIONS #EREOF NCLUDING THE TERMS AND COND' TIONS SHOWN ON REVERSE - !
l, NET 30 DAYS I THE CINCINNATI GAL € ELECTRIC COMPANY
SHIPPING POINT THE DAYTCN POWER AND LIGHT COMPANY
;. QAMATION CONTACT BUYER T e ':’g'"g,e';‘- o:zo RNy .
lc. BR INK MANN 513-553-2107 | 8y =

O C FUNKE Purchasng Agent 10r C.acnnat § Suomaary Companes

AND (WITH PCWER OF ATTORNEY) FOR COLUMBU
AND DAY TON. (SUCH PURCHAS ING AGENT HAS
ORIGINAL EXECUTED THIS PURCHASE ORDER SEPARATELY
1

NN AEMAIE MNE SACQfWw CFONMDAMY Y

o PAGF
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1168 Gon. 15, THE CINCINNATI GAS AND ELECTRIC CO.
GENERAL ENGINEERING DEPT.

BILL OF MATERIAL ESSENTIAL

ITEM M-170 August 5, 1982

Provide laboratory testing services for the dynamic (seismic) testing of
one (1) three section motor coantrol center to be furnished by the purchaser.
All testing shall be performed in accordance with the Sargent & Lundy Test
Specification titled "Specification For Dynamic Testing of Seismic Category
I ITE Series 5600 Motor Control Centers” Rev. 2. Testing services shall

be furnished in accordance with SDRC's Proposal No. 11410 Revision No. 1

u:od August 5, 1982.

QUALITY ASSURANCE/DOCUMENTATION:

All wvork performed under this Bill of Material shall be completed in accordance
with the applicable requirements of 10CFRS0, Appendix B, "Quality Assurance
Criteria foi Nuclear Power Plants". This program sets forth cthe Qualicy
Assurance requirements to be applied to the design, fabrication, constructionm,
and testing of the essential structures, systems and components.

ke

4

Contractor shall submit with the proposal one (1) copy to the Quality Assurance
Manager, H.R. Sager, The Cincinnati Gas & Electric Company, and one (1) copy
to the Head Qualicty Control Divisiomn, M.J. Schuster, Jr., Sargent & Lundy
Engineers, of the Quality Assurance Program which shall apply to the design,
fabrication, construcrion and testing of the equipment covered by this 3/M.

The Program shall include the following:

Ay
¢/

a. The Contractor's organizacion showing the reporting and relatiooship
between the Quality Control personcel and top management.

b. The responsibilities of the Quality Control personnel and the
degree of authority granted them to carry out their responsibilites.

¢. The policy and porcedures for insuring quality reviews and designs
and procurement documents; for drawing and design,change controls;
for nonconforming material control; for receiving inspection, shop
inspection, storage; subvendor surveillance; corrective action,
documentation, qualificactions of welding; nondestructive testing,
material identification and traceability plans and intermal audits.

a. Tue equipuent and facilities available for performiang the Qualicy
Control functions. )
e. The procedures for in-process and final imspections, for procection of

stored material and equipment, and for shipping.
THE CINCINNATI GAS & ELECTRIC COMPANY

COLUMBUS & SOUTHERN OHIO ELECTRIC CO.
THE DAYTON POWER & LIGHT COMPANY

Cempany WO0._57300 __ ltemNo. _955-8 _TR._IN__
oy WM. H. ZIMMER NUCLEAR POWER STATION (s | " Job No. <8580
Prepared by P.0. No. X2C-023704 2
Engineer __2:4. Parker Sargent & Lundy Engineers Bas
M Project No. .

p—— Spec. No. and Ne. 31000
Approved Eagineer Date e

Sheet No. M170A Dept. No. i
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l" o:vrenin. tua THE CINCINNATI GAS AND ELECTRIC CO.
GENERAL ENG\NEERING DEPT.

BILL OF MATERIAL

bt
S

ESSENTIAL

M-170 Continued

4

ITEM
NOTE: The Cincinnari Gas & Electric Company's Quality Assuranc: Department
has reviewed Structural Dynamics Research Corporation's Quality

Assurance Manual and has determined that it complies with the

requirements of 1O0CFRS0, Appendix B for performing seismic tests
on safety related equipment (HRS-81-166)

]

Contractor shall ensure that The Cincinnati Gas & Electric Company has the most
up~to-date copies of the Contractors Quality Assurance Manual for the duratiom
of this program.

Conformance with 10CFR Part 21

The work indicated in this specificaction and/or on the drawings as Nuclear
Safety-Related requires the application of the provisicns of Title 10,

Chapter 1, Code of Federal Regulations, Part 21, Reporting of Defects and Non-
compoiance (loCFR Part 21). It is the responsibility of the Contractor to
implement the provisions of 10CFR Part 21 insofar as they are applicable to the
Contractor's work under this specification.

e
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The purchasers and/or their designated representative shall have full
access to Contractor'sand Subcontractor's shops for reviewing progress and
determining acceprability of Qualicy Control work and program.

-
L

Quality Assurance records of compliance which are not transmitted to the
purchaser shall be retained by supplier for the life of the plant.

-
4

PROPRIETARY INFORMATION:

All ctest reports produced under this purchase order shall be stamped "CG&E/GOULD
PROPRIETARY" - UNDER NO CIRCUMSTANCES SHOULD ANY COPIES OF THIS TEST REPORT BE
GIVEN OUT WITHOUT WRITTEN CONSENT OF CG&E!

VENDOR

Structural Dynamics Research Corporaction
| 2000 Eastman Drive
Milford, Ohio 45150

Test Reports

Three (3) copies of a draft report for comment shall be distributed as follows:

THE CINCINNATI GAS & ELECTRIC COMPANY
COLUMBUS & SOUTHERN OHIO ELECTRIC CO.

Company _THE DAYTON POWER & LIGHT COMPANY WO. 37300 _ jemNo. _3955-6 _TR._70
Losstion WM. H. ZIMMER NUCLEAR POWER STATION UNIT 1 Job No. E-5590
Prepared by P.O.No. X2C=023743

Engineer D.A. Parker Sargent & Lundy Engineers

W Propct No. Date
e Spec. No. 8/M No. 31000
Approved Eagineer Date

Sheet No.  M170B Dept. No. R4-7
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A-1148 GEN. ENG.

THE CINCINNATI GAS AND ELECTRIC CO. '

GENERAL ENGINEERING DEPT.

ITEM

One (1) Copy Each

Terms of Payment:

BILL OF MATERIAL
ESSENTIAL

M-170 August 5, 1982 Continued

Wao. H. Zimmer Nuclear Power Scation
The Cincinnati Gas & Electric Company
U.S. Re. # 52

Moscow, Ohio 45153-0201

ATIN: Mr. D.J. Frederick
84-7

Gould, Inc.
2002 Bethel Road
Finksburg, Maryland 21048

ATIN: Mr. P.W. Higgins

Sargent & Lundy Engineers
55 E. Monroe Street
Chicago, Illinois 60603

ATTN: Mr. R.M. Tjermlund

After incorporating comments five (5) copies of the final report shall be dis-
tributed as follows:

CG&E - ATTIN: D.J. Frederick (3)
Gould = ATTN: P.W. Higgins (1)

S&L Spec. Rev. # 1

2 Additional Monitoring Channels S&L Spec. Rev. # 2
3 Draft Reports

Total Firm Price *

* Freight charges for shipment of test unit from Gould in Finksburg, Maryland
to SDRC in Milford, Ohio are not included in this price and will be added once
shipment is made.

30 days of receipt of invoice.

THE CINCINNATI GAS & ELECTRIC COMPANY
COLUMBUS & SOUTHERN OHIOQ ELECTRIC CO.

Company THE DAYTON POWER & LIGHT COMPANY w.0._ 57300 {tem No. __955=6 __TR. __ 70
L - WM. H. ZIMMER NUCLEAR POWER STATION yNIT 1 Job No. __E=3390
M bY P.O. No. X2C-023743
Eagineer D.A. Parker Sargent & Lundy Eagineers Oue
é ) Y Project No.

. Spec. No. 8/M No. 51000

Approved Engineer — =
sm NO. Ha.t OC m‘. L -
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THE CINCINNATI GAS AND ELECTRIC CO.
NUCLEAR ENGINEEKING DEPT.
BILL OF MATERIAL ESSENTIAL
ITEM M-170 August 5, 1982 Continued
Billing Address: The Cincinnati Gas & Electric Company
Columbus & Southern Ohio Electric Company
The Dayton Power & Light Company
P.0. Box 960
Cincinnati, Ohic 45201
On All Inveices Please Include The Following:
B/M No. 51000, Job E-5590, Item M-170
Sponsor: D.A. Parker (NED 84-7)
. A. AUDIT
BY . :
DA ==
THE CINCINNATI GAS & ELECTRIC COMPANY
COLUMBUS & SOUTHERN OHIO ELECTRIC CO.
Company THE DAYTON POWER & LIGHT COMPANY w.0. 57300 jtem No. 955=56 TR. 70
| . WM. H. ZIMMER NUCLEAR POWER STATION UNIT 1 Job No. _E=3590
Prepared by .0. No. X2C-0223742
Engineer D.A. Parker Sargent & Lundy Engineers o
M Project No. te
Checked ‘ Spec. No. B/M No. 21000
Approved Eagineer . Date
Sheet No. _ 170D Dept. No. 847
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SDRC PROPOSAL NUMBER 11410

PROPOSAL
FOR

SEISMIC TRI-AXIAL TEST QUALIFICATION
PLAN OF ITE SERIES 5600 MOTOR CONTROL CENTERS

Prepared
for

CINCINNATI CAS & ELECTRIC COMPANY
NUCLEAR ENERCY CROUP
P.0O. BOX 201
MOSL_OW, OHIO 45153

Submitted
by

SDRC-INC.
wholly owned subsidiary
of

STRUCTURAL DYNAMICS RESEARCH CORPORATION
2000 EASTMAN DRIVE
MILFORD, OHIO 45150

AUCUST 5, 1982

Approved by: ZH.._A'_&M__
John R. Mendricks, P E,

C—— Quality Assurance Manager

Prepared by:
o Gary Popp
Setsmic

Customer Contact:

David Parker

Reviewed bv:-%;dgL Phone number: (513) 553-2081

Manager, Seismic Testing Service

IR*] 8
? ‘ | Test Specification

REVISIONS
|REV.NO. | DATE | PAGES AFFECTED  |8Y | AppL. | DESCRIPTION OF CHANGES
a » - | ; ’ :
| 1 | e/s/82 —_— GBP| GTP |Added SDRC Test Plan which is

i

|
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[.0: TEST PLAN

This plan is for the seismic qualification of |TE Series 5600 Motor Control Centers.

The test specimen is defined in Table 1

The test specimen will be qualified by seismic testing using the Tri-Axis Seismic
Simulator Shake Table described in Figure 1. This tabie is located at the Structural
Oynamics Research Corporation Laboratory in Milford, Ohio, a suburb of Cincinnati .
Figure 2 is a description of the laboratory .

The controi system for each of the six (3 vertical,2 horizontal N-S and 1 horizontal
E-W) actuators is made up of a dual loop analog controller. The controller provides

a dynamic drive signal proportional to the command for force. This proportional
system controls directly the variable of interest (acceleration). Conventional integral
Systems must process and track control data through two system orders (displacement
and veiocity), thereby making system stability much more difficult. The.tabie's geo-
metric design inherently has less table rocking because of the longer ram-actuator
system which provides less pivot angle. The mechanical constraints eliminate the need
for cross axis control feedback loops that typically compensate for test specimen shake
table dynamic interaction, and out of necessity simultaneously reduce system response.

Structural Dynamics Research Corporation
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v TABLE 1

Test Specimen Description

Three 5600 Series NEMA Class 1, Type A vertical

J sections joined to form one assembly. Overall
dimensions 60 inches wide, 20 inches deep, by 913
inches.

-

v

| N———

]

.

Structural Dynamics Research Corporation
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Qescription of Test Equipment
Schematic Diagram of the Test |nstrumentation

Tavole Control
Accaierometers

No. 2 Horizontal Exciter N-S /

/

£
14

’

Test Response

}
/ ! Horizontal Exciter N-S

.|
=

1y

| MINICOMPUTER
| BASED CENTRAL
CONTROL SYSTEM

-~ —

TEST RESULTS

® Transmissibility Plots
¢ Test Response Spectra Plony
¢ Taouiated Data

4
/lw l.unu A= No.2
Verucal
No 3 bNo 1 * Exc ar
Vertical
I Excmr ixcmf

HYDRAULIC
ACTUATOR
| CONTROLS

.

I.. Vertical Table Input Forcas
Horizontal E-W Tatie Input Farce

Horizontai N-S Tabie Input Forces

3 One Thira Qctave Shaper

t

3 Channels of a
Taoe Recorcer

|

4

3 Random Noise
Generstory
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Struc el Dynanuwcs Hesearch Corporation
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Hydratic. and electromechanical y For Vehicle Modal Tests | Components and Tolal Systems |  Shake Table Tests
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a Kalamazoo Band Saw 11 Hydraulic Outlel 15 "T" Siot Table
b (u:::.l ,l.}l:;i::l!:l‘\mw 12 Shake Table 16. #CB Board Design and Fabricahion
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2.0: TEST PROCEDURE
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2.1: Specimen Mounting

The mounting of the test specimen will simulate the
actual in-service mounting as closely as practical.

A visual inspection of the specimen will be made
prior to, during, and after the test. Any failure
or abnormalities in the structural integrity of the
specimen or mounting will be recorded.

The specimen will be welded to a steel plate per the
customers welding instructions. Herein, this fixtured
specimen is referred to as the specimen. This fixture
will inturn be bolted to the shake table.

The specimen will be subjected to baseline and operability
tests per the attached C.C. § E. Specification.

Dynamics Research Corporation
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2.2: Expioratory Test

l 2.2.1.
I_ 2.4.%
" 2.2.3:
‘ 2.2.8
>
I B
‘ $.2. %
| )
|
J
2.2.6

Structural

The frequency search is conducted in each principal
axis prior to the full level qualification described in
Section 2.3 below. This search is in the form of a

single axis continuous frequency sweep using a sinu-
soidal steady-state input at the lowest possible amplitude
capable of determining resonance. This frequency search
is conducted by developing transmissibility plots for
point(s) on the test specimen. A transmissibility plot is
defined as the ratio of motion of a point on the object
divided by the input motion at the base of the item or the
table on which the item is mounted. Peaks in the trans-
missibility plot as well as a corresponding phase shift
represent the natural frequency of the structure.

Transmissibility function (s)are calculated using Digital
Fourier Analysis techniques which employ Digital Signal
Processing Theory. This technique ratio's the Fourier
spectrum of the component response to the Fourier spectrum
of the input motion.

The frequency of the input excitation shall vary from 1.0 to
100 Hz.

The sweep rate shall be linear with the rate not to exceed
two octaves per minute. The sine sweep shall be applied
in the order of 0.2g t0 0.4 g.

Response accelerometers will be mounted on the specimen

as required to record any natural frequencies. In addition

to the three accelerometer locations in the C.C. § E. Specifi-
cation, SDRC will place acceierometers at three other locations.
These locations will provide information about the overall
structure rather than specific device locations. Preliminary
locations would be 1) the top right front corner (Unit 1) 2) the
top left rear corner (Unit 3) and 3) elevation 45 inches between
Units 1 and 2 (front face) . Actual locations will be determined
by the Test Engineer at the start of the test.

It should be noted that due to either the complexity or the
inaccessibility of critical parts (sealed relays, etc.), the
exploratory test may not ascertain all the critical frequencies
Also because of nonlinearities the resonant response at high
acceleration levels may differ in frequency and damping from
that at low acceleration levels. Further. resonant response
may not be excited at all low acceleration levels. Therefore,

a low level exploratory test may not be conclusive as an indi-
cation of either equipment dynamic response ar lack of
resonances. Cenerally speaking higher accelerations,such as
the SSE time signal, will shift the resonance frequencies lower
than the indicated values from a 2 to 4 "g" acceleration sweep
level

Thus, it is recommended that the results of 3 low level
exploratory search be used for an approximate determination
of resonances and not be used ‘or dwell tests, etc

Dynamics Research Corporation
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Full Level Qualification Test

2.3 1. Simuitaneous Excitation Technigue

The seismic qualification for the subject equipment will be performed

Dy using an independent tri-axial random motion simulator . Testing will
be performed with the test items' principal horizontal axes positioned
parailel with the test tabie motion.

Thus, each horizontal axis will be excited separately, but simultaneously
with the vertical axis. The Horizontal East-West, Horizonta. North-South:
and Vertical input accelerations will be independent (incoherent) of each
other during the multi-frequency test.

Structural Dynamics Research Corporation
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2.3.2: Full Level Qualification Methodology
1.3.2.%: The SRV load will be applied per the attached Specification.
2.3.2.2 Tha SRV plus LOCA load per the attached Specification

2.3.2.3: Thereafter, tha number of the tests performed
simuitaneously in three directions wull be five
operating basis earthquake (OBE') Tlevels .
followed by two safe shutdown earthquake (SSE )2.
In addition to these required tests there may be a
need for additional tests, if the test response
spectra (TRS) does not enveiope the required
response spectra (RRS).

2.3.2.4 The specimen will be subjected to a minimum test
duration of 30 seconds for each OBE and for each SSE.

2.3.2.5: The test will consist of simultaneous horizontals
(N=S and E-W) and vertical inputs of a continuous
random motion over the frequency range of 1.0 to
100 Hz.

2.3.2.6 The amplitude of each random waveform motion
will be independently adjusted at one-third octave
frequency intervals in each axis until the TRS
envelops the RRS within the limitations of the test
machine.

2.3.2.7 The resulting shake table motion is analyzed and
plotted by a Digital Fourier analyzer using shock
response software. This calculation is performed
at the appropriate dampmg value and frequency
interval.

damping value(s)See Section 3.1
minimum octave frequency interval: 1/3

The zero period acceleration (ZPA) of the RRS will
be exceeded to meet the spectra peaks.

(]
w
o
(<]

The required response spectra proviaed by the
customer is attached, as well as J"e approximate
broadband shake table iimits

NOTES.

(1)

OBE' refers to a absolute summation of the attached envelope of OBE, SRV etc. .
response spectra, see attachment, if not provided by the ¢'istomer

SSE' rafers to 2 absolute summation of the attached envelope of SSE. SRV, LOCA
etlc., rasponse spectra if not provided by the customer

tructural Dynamics Research Corporation



3.0: MONITORING INSTRUMENTATION

H

SDRC calibrates all test equipment and instrumentation used in this test program

in accordance with SORC Quality Assurance Manual. This procedure is in compliance
with T0CFRS50 Appendix B, and ANSI/ASME N45.2-1977. Calibrations are traceable

to the National Bureau of Standards.

3.1: Tabie Control

The three control accelerometers are mounted in the egg-crate
designed shake table platform. These accelerometers are located

in the approximate center of the horizontal planes and approximately
3 inches below the table top specimen interface plane.

The table control accelerometers are brushed recorded. The control
accelerometers are calculated for the TRS at the following damping
values: SRV 2%, SRV + LOCA 2%, OBE 1%, SSE 2%°

3. & S&imen

Specimen mounted uniaxial piezo-electric accelerometers will be located
on the test specimen per the customer's direction.

The specimen accelerometers will have their Resonance Search calculated
and plotted.

The specimen accelerometers will have their TRS calculated at damping
values specified by the customer.

.

. Number of specimen accelerometers: 9
. TRS calculated: SRV,SRV + LOCA, one OBE
anaoe SSe—
B Damping values are: g:v 2%
RV-FTOCA 2%
3.3. Power OBE 1, 2, and 5%

SSE 2, 5 and 10%
The following power is normally available:

480 Volit, 60 Hz. 3-phase. 80 amp.
480 Voit, 60 Hz. 3-phase, 30 amp

208 Volt, 50 amp.
125 Voit, D.C. 50 amp.
250 Volt, D.C. 25 amp.
0-560 Voit, 3-phase 28 amp.
0-560 Volt, 3-phase 4 amp.
0-140 Volt, single
phase at 10, 20, & 30 amp

i 3 1 ’ 3 24
NOTES One OBE wiil be caiculated at 1%, 2% and 5%

“One SSE will be calculated at 2%, 3% and 10%

Structural Dynamics Research Corpecration
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3.4 Electric

Electric monitoring will be used to monitor electric continuity,
contact chatter, etc., before, during and after the seismic event.

e Number of Monitoring Channels: See attached specification

Structural Dynamics Research Ccorporation
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4.0: ACCEPTANCE CRITERIA

See attached Specification.

- - -
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5.0: FINAL REPORT

. ' .

SORC will certify that the testing was done in accordance with the accepted test
program, |EEE-344~1975, the customer specification provided to SORC .etc. Thi.
report contains:

’

QUALIFICATION RESULTS CERTIFICATION AND SUMMARY
INTRCDUCTION
TEST DESCRIPTION

- lII.1: Required Response Spectrum (RRS)

- I11.2: Test Signal Ceneration

- I11.3: Description and Mounting of Test Specimens, including
photographs

- I11.4: Test Procedure

- [11.5: Monitoring of Specimen Response

- i11.6: Criteria for Test Acceptance

DATA PRESENTATION

- IV.1: Transmissihility
- IV.2: Test

APPENDICES
- V.1. Appendix A - Seismic Test Plan

- V.2: Appendix B - SDRC Log Sheet
V.3: Appendix C - Calibration Records of Test Equipment

SDRC will provide 3 copies of the final report draft for comments. SDRC will provide
5 copies of the final report after corrections and comments

Structural Dynamics Research Corporation
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ATTACHMENTS

Customer's Reguirement

SORC Broadband and shifted shake table limits; etc., using random noise as
the signal source follows:

>
3 -
- ol =
>
-
F - =F \
ey ¢ 7 4 e
3 ;//[ Test Specimen
Neignt
é . approximatery
< 2000 pouncs

!

i

] e

| L e N

|- 1

| 8

; t

| ”~

3 :;}L‘ X

- "7 Test Specimen
1 Wesght

|9 F 4 aporoximatety
< ’ m:_ouncl

Vo a“t!‘itu'- - = i.'ib"‘

FREQUENCY (Mz)

|
|
|
|

Approximate Sroadband Limits Horizontal E-W.

The horizontal N-S and vertical TRS are greater
than the horizontal E-W

(1 2. & 5% cdamping is presented)

Variatle TRS Curves. Can be obtained by
mogifying the test signal energy content at the
1,3 octave frequencies. Note the significantly
increased TRS at ' and 2% damping above 4 Mz
by lowering the test signai anergy below 4 Mz
This data is from two different qualifications tests.

2311

TRS piottea at

|

2% camping

ACCELERATION (g's Peak)
Tt

v . - . e
Z —
== y S Test Specimen
,,/ s Waignt
il = 1000 pounas
- 5000 pounas |
= 10.900 souncs
3 o | &lbie - o - -
] L - e

FREQUENCY (Mz)

|

[

ACCELERATION (g ’.‘"~
5e 1

: L . l".' n %A =
.

FREQUENCY (H2)

Test Specimen Weight Eftects On System
Pertormance. \icte ine caralier TRS smfting with
aentical ‘nput signais. This shows the snake
table controis are ncepencent of the rest artcle
mounted on the tatie. FRS curves for larger
tems are anveioced merely Dy increasing system

Jain

Maximum Acceleration In g's for the Morizontai
E-W. The maximum g's for the heornizental N-3S ang
vertical are equal '0 or greater than the norizental
E-W
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PURPOSE -+

The purpose of this specification is to define the technical
and dccumentation requirements for dynamic testing of the
Seismic Category I ITE Series 5600 Motor Control Centers for
the Wm. H. Zimmer Nuclear Power Station. A representative
sample motor control center has been assembled to testi this

representative sample shall hereafter be referred to as the

"Test Specimen."

DESCRIPTION OF TEST SPECIMEN

The specimen shall consist of three 5600 Series NEMA Class I
Type A vertical secticns joined to form one assembly. Capable
of handling up to six combination starter units, the vertical
sections shall be of the basic structural design for 20-inch
deep front-of-board mounting with standard 20-inch width.

Unit overall dimensions will be approximately 60 inches wide,
20 inches deep, ty 91-1/2 inches high (including 1-1/2 x 3
inch mounting sills). Each vertical section is defined below

and shown on Figure 1:

Section 1 - Shall consist of four compartments with internal
equipment as follows:
Compartment lA - Test Lab Connections

(See Drawing SM, Test E-1, Appendix B)

Compartment 1B - 30 Circuit Panel Board

(See Drawing SM, Test E-1, Appendix B)
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Compartment 1C - Filler Panel

Compart.ent 1D -480-120V 15 KVA Distribution Transformer

(See Drawing SM, Test E~1, Appendix B)

Section 2 - Per Figure 1 shall consist of four compartments
with internal equipment as follows:
Compartment 2A - FVT Starter, NEMA Size 1

(See Drawing SM, Test E-~2, Appendix B)

Compartment 28 ~ FVR Starter, NEMA Size 1

(See Drawing SM, Test E-2, Appendix B)

Compartment 2C - Left and Right Branch Feeder, Left
Branch with 'a' and 'b' Auxiliary Switch

(See Drawing SM, Test E-2, ZAppendix B)

Compartment 2D - FVNR Starter, NEMA Size 4 with
Interposing Relay

(See Drawing SM, Test E-2, Appendix B)

Section 3 - Per Figure 1 shall consist of four compartments
with internal equipment as follows:
Compartment 3A - FVNR Starter, NEMA Size 2 with
Control Relay

(See Drawing SM, Test E-3, Appendix B)

Compartment 3B - FVNR Starter, NEMA Size 3 with
Ground Fault Protection and Interposing Relay

(See Drawing SM, Test E-3, Appendix B)
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3A

FVNR-Size 2
Drawing

SM, Test E-3

3B
FVNR-Size 3
Drawing

SM, Test E-3

1A : 2A
Test Lab FVT-Size 1
Connections Drawing
Drawing S™. SM, Tast E-2
Test E-1
1B 2B
30 Circuit FVR-Size 1
Panel Drawing
Board SM, Test E~-2
Drawing
SM, Test E-l
2C
Drawing
SM, Tlst E-2
1ic
Filler Panel
Drawing
SM, Test E-1l L
1D 2D

480-120 VAC
15 KVA
Dist.
Trans.
Drawing

SM, Test E-1

FVNR-Size 4
Drawing

SM, Test E-2

3C
FVNR-Size 3
Drawing

SM, Test E-3

$
FVNR-Size 2
Drawing

SM, Test E-3

FIGURE 1 - FRONT ELEVATION
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Compartment 3C - FVNR Starter, NEMA Size 3 with
Interposing Relay

(See Drawing SM, Test E-3, Appendix B)

Compartment 3D - FVNR Starter, NEMA Size 2 with
Control Relay

(See Drawing SM, Test E-3, Appendix B)

3.0 RESPONSIBILITIES

3.1

3.2

The purchaser shall be responsible for:

-providing the test specim™n with all appendages

The test lab shall be responsible for:
-making available 480 V AC single phase power
-making available 120 V AC single phase power
-making available four independent current sources:
Load Current I - 30 Amps
Load Current II - 30 Amps
Load Current III - 100 Amns
Ground Relay Trigger
~providing the eguipment required to monitor the test
specimen in accordance with the requirements of
Section 6.0
-preparing a test plan, describing the procedures to
be used. This test plan shall be submitted to the
Purchaser for review and acceptance prior to testing
-providing the dynamic testing eguipment

-providing qualified test personnel
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-conducting the test and providiang test documentation

in accordance with the requirements of this speci-

J

fication.

-

4.0 SPECIMEN MOUNTING

The specimen shall be mounted to the test table by welding.
The welding pattern, which represents the as installed in-
the-field condition, shall be 1-1/2 inch long, 3/16 inch lec
fillet welds on 12 inch centers. Total number of welds

shall be 12 (6 along front sill and 6 along rear sill).

5.0 SET-UP REQUIREMENTS

5.1 The test specimen shall be energized with the appropria:e

voltages and currents to allow all components to be

.

= . - - - - _ -
P L :

tested at their rated load.

5.2 The control circuit of the combination starters shall b=

4

wired in a manner to allow simulation of cperability
during testing (i.e. to provide the capability to chanc:
state from de-energized to energized and energized to
de-energized). This will require some external wiring

and switches which are to be provided by the Test Lab.

Wiring diagrams for all components are identified in

Figure 1 and are provided in Appendix B.

5.4 The control circuits of the combination starters shall
be energized to 85% of their rated voltage (120 V AC).
This is to demonstrate operability of the units durinc

a potential power dip.

Al - N R O . S e -
wm
-
)
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Locations of response accelerometers during the

Resonance Search Test shall be per Section 10.6.

In addition to using response accelerometers to deter-
mine the structural modes of the cabinet (via Resonance
Search Test), triaxial response accelerometers shall
be used during the aging and proof tests to determine
the input to two combination starters and to the
circuit panel board. This is to provide RRS for these
devices should additional testing for these devices be
required in the future. These triaxial accelerometers
one set per combination starter and one set for the
circuit panel board, shall be located on the sub-panel
as close as practical to the devices. The two combi-
nation starters selected are:
1. FVNR Size 3 combination starter located in
compartment 3B
2. FVT Size 1 combination storter located in

comp rrtment 2A

6.0 MONITORING REQUIREMENTS

6.

1

All monitoring and power connections shall be made in
accordance with Table 1 tc the two terminal blocks in
the rear of compartment lA with the exception of the

three load currents.
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M 6.2 The*following terminal block points shall be monitored

i
. : -

TB1l

18,19

for change of state:

for contact chatter:

TB2
32,33

34,35

TB1 TB2
1,4 14,15 3,4,9 12,13 20,21
5,6,7,27 16,17 5,6 14,15 22,23
8,9 20,21 7,8 16,17 24,25
10,11 22,23,24 10,11  18,19,36 28,29
i 25,26 ,28 30,31

—

6.3 The following terminal block points shall be monitored
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TABLE I
TBl. TB2
POINT DESCE;;TION (MCC POSITION) POINT DESCRIPTION (MCC POSITION)
1 480VAC 1§ Hot (Vertical 2) 1 480VAC 1§ Hot (Vertical 1)
2 480VAC 10 Neutral (Vert. 2) 2 480VAC 18 Neutral (Vert. 3)
3 Breaker Monitor (1B) 3 Breaker Monitor (3A)
4 Breaker Monitor (1B) B Contactor Monitor (3A)
5 Breaker Monitor (2A) 5 NO Contact Monitor (3A)
6 Contactor Monitor (2A) 6 NO Contact Monitor (3A)
3 Contactor Monitor (2A) 7 NC Contact Monitor (3A)
f NO Contact Monitor (2A) 8 NC Contact Monitor (3A)
9 NO Contact Monitor (2A) 9 Common for 3&4 (3A)
10 NC Contact Monitor (2A) 10 NC Contact Monitor (3A)
11 NC Contact Monitor (2A) 11 NC Contact Monitor (3A)
12 120VAC 1§ Hot (2A) 12 NO Contact Monitor (3A)
13 120VAC 1§ Neutral (2A) 13 NO Contact Monitor (3A)
14 NO Contact Monitor (2A) 14 NO Contact Monitor (3A)
15 NO Contact Monitor (2A) 15 NO Contact Monitor (3A)
16 NC Contact Monitor (2A) 16 NC Contact Monitor (3A)
17 NC Contact Monitor (2A) 17 NC Contact Monitor (3A)
18 Starter Monitor (2B) 18 Breaker Monitor (3B)
19 Starter Monitor (2B) 19 Contactor Monitor (3B)
20 Starter Monitor (2CL) 20 NO Contact Mconitor (3B)
21 Starter Monitor (2CL) 21 NO Contact Monitor (3B)
22 NO Contact Monitor (2CL) 22 NO Contact Monitor (3B)
23 NC Contact Monitor (2CL) 23 NO Contact Monitor (3B)
24 Common for 22 & 23 (2CL) 24 NC Contact Monitor (3B)
25 Breaker Monitor (2D) 25 NC Contact Monitor (3B)

26 Contactor Monitor (2D) 26 Ground Relay Trigger (3:
7 Common for 5,6, & 7 (2A) &7 Ground Relay Trigger (3:
28 Common for 25 & 26 (2D) 28 NC Gré. Relay Monitor (:3)
29 NC Grd. Relay Monitor (.3)

30 NC Contact Monitor (2B)

31 NC Contact Monitor (3B)
Starter Mcnitor (3Q)

- b Starter Monitor (3C)

5 Starter Mcnitor (3D)

35 Starter Monitor (3D)

36 Common for 18 & 19 (3B)
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6.4 The* three load currents shall be connected as follows:
a. Load Current I- 30 Amps (#10 wire)
l. Enter point L2 cubicle 1B
2. Exit point T2 cubicle 3D
b. Load Current II - 30 Amps (#10 wire)
l. Enter point L2 cubi~le 2A
2. Exit point T2 cubicle 2A
c. Load Current III - 100 Amps (#2 wire)
l. Enter point L2 cubicle 2D

2. Exit point T2 cubicle 3C

6.5 Should contact chatter occur in excess of the limit
defined in the acceptance criteria, suitable monitorinc
equipment shall be provided to deta2rmine the duration
of such chatter. The purpose of this is to determine
the maximum allowable chatter before the contactors

drop out.

TEST SEQUENCE

Testing shall be performed in the following sequence:
1. Baseline Inspection

2. Operability Test

3. Resonance Search

4. SRV Aging Test

5. SRV + LOCA Aging Test

6. Baseline Inspection

7. Upset Condition Proof Test

8. First Emergency Condition Proof Test
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9. Baseline Inspection

10. Second Emergency Condition Proof Test

11. Operability Tent

BASELINE INSPECTION

8.1 The test specimen shall be visually inspected for damage.

8.2 All mounting hardware _hall be inspected and tightened

as required to insure that all components are securely

mounted. If tightening is required it shall be noted in

the test report.

OPERABILITY TEST

The operational capability of the specimen shall be demon=-

strated and documented. A visual inspection for damage shall

be performed. Equipment shall be operated under normal

ambient environmental conditions to the extremes

of performance and electrical characteristics specified as

follows:

9.1 Contactors:

1. Verify pick up at 85% of rated coil voltage
2. Verify that contactor does not drop out
above 70% rated coil voltage

9.2 Molded Case Circuit Breakers:

Vverify manual opening and closing.

9.3 Distribution Transformer:

1. Verify rated secondary voltage is present when

rated voltage is applied to primary leads
2. Verify insulation strength by resistance
measurements
-10~-
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9.4 Auxlliary Relays:

g

.

Same as for contactor

]

9.5 Ground Fault Sensor/Relay:

Verify operation

218
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10.0

RESONANCE SEARCH TEST

The purpose of the Resonance Search Test is to determine the

structural modes cof the motor control center cadinet. The

test method shall be single axis sine sweep, however other

methods proposed by the Test Lab may be acceptable provided

approval is obtained from the Purchaser. The requirements

for this test are:

. 10.1 Test Method: Single axis sine sweep
10.2 Frequency Range: 1 - 100 hz.

™ 10.3 Input Acceleration: 0.2 g minimum

s 10.4 Sweep Rate: 2 octaves per minute maximum

\ 10.5 Number of Tests: 3, one in each orthogonal axis

| 10.6 Response Accelerometer Locations: To be determined
by the Test.Lab and approved by the Purchaser

10.7 Documentation: Transmissibility Plots and Bode Plots

. ~ J 3

(phase angle vs. frequency)
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AGING TESTS
The purpose of the aging tests is to supplement the proof
ﬁesting in assuring that the test specimens are subjected
to the design life mechanical vibration resulting from all
of the postulated dynamic events. The dynamic events
postulated to occur are:
- operating basis earthquake (OBE)
- safe shutdown earthquake (SSE)
- safety relief valve actuation events (SRV)
- loss of coolant accident (LOCA)
The following bar chart shows the sequencing of these event:
and how the testing program accounts for them:
OBE SSE
X ' ~
:' i |
Qg '
> 1
@ | 1 Loca
| - :
I 1 ; -
H ! f
| | SRV 1
| | !
| : | | !
1 | |
: 1 l ! J
! 1 | !
I | I | '
g Upset Emergency[ ﬁj
- Condition |Condition |[SRV+LOCA Aging Test SRV Aging Tes#
g Proof Test |Proof Tes |
- |
[+8 |
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SkV Aging Test

11.1.1

11.1.2

11.1.3
11.1.4
11.1.5
11.1.6

11.1.7

11.1.8

11.1.9

Test Method: independent triaxial random
motion

Test Input: Simultaneous independent hori-
zontal and vertical random
waveform motion consisting of
frequency bandwidths spaced a
maximum of one-third octave
apart

Frequency Range: 1 to 100 Hz

Duration Individual Time History: 30 sec.

Total Test Duvration: 700 sec.

Operability Verification: the combination
starters shall initially be in
the de-energized state and shal.
be switched (i.e. change state)
every 2 minutes. All other com-
ponents shall be energized
throughout the test.

Specimen Orientations: for triaxial testing
only one specimen orientation i:
required

Required Response Spectra: Appendix A - Spec:ra

1 and 2

Damping: 2%
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11.2 SRv + LOCA Aging Test

11.2.1 Test Method: independent triaxial random

motion
11.2.2 Test Input: simultaneous independent
horizontal and vertical random

waveform motion consisting of
frequency banﬁwidths spaced a

maximum of one-third octave

apart
11.2.3 Frequency Range: 1 to 100 Hz

11.2.4 Duration Individual Time History: 30 sec.

11.2.5 Total Test Duration: 300 sec.

11.2.6 Operability verification: the combination

starters shall initially be
in the de-energized state and
shall be switched every 2
minutes (i.e. change state) .
All other components shall be

energized throughout the test.

11.2.7 Specimen orientations: for eriaxial testing

only one specimen orientation is

required

11.2.8 Required Response Spectra: Appendix A = Spectra

3 and 4

11.2.9 Damping: 2%
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PROOF TESTING

12.1

12.

2

Upset Condition (OBE) Proof Tests

12.1.1 Test Method: independent triaxial random motisn

12.1.2 Test Input: simultaneous independent horizor:al
and vertical random waveform motion
consisting of frequency bandwidtas
spaced a maximum of one-third
octave apart

12.1.3 Number of Tests: five

12.1.4 Test Duration: 30 seconds per test

12.1.5 Specimen Orientations: for triaxial testing
only one specimen orientation i:
required

12.1.6 Operability Verification: the combination
starters shall initially be in
the de-energized state and shal.
be switched (i.e. change state)
once during each test. All other
components shall be energized
throughout all tests.

12.1.7 Regquired Response Spectra: Appendix A - Spec:tra

5 and 6

12.1.8 Damping: 1%

Emergency Condition (SSE) Proof Test

12.2.1 Test Method: independent triaxial random mot.2n
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12:2.2 Test Input: simultaneous independent horizon:al

and vertical random waveform mot.on
consisting of frequency bandwidtas
spaced a maximum of one-third
octave apart.

12.2.3 Number of Tests: Two

12.2.4 Test Duration: 30 seconds

12.2.5 Specimen Orientations: for triaxial testing

- p s

only one specimen orientation is

required

12.2.6a Operability Verification, SSE 1

The combination starters shall
initially be in the de-energizec
estate and shall be cycled (chance
state from de-energized to ener:zized
and back to de-energized) at le:st
once during the test. All other
components shall be energized

throughout the test.

12.2.6b Operability Verification, SSE 2

12.2.7

1
-~

2.

-

-~

8

All compor.ents shall be de-ener:zized

to detrct chatter in open cCoOntizits

Required Reponse fpectra: Appendix A - Spectra

Damping:

2
-

%

7 and 8
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ACCEPTANCE CRITERIA

13.1 The maximum allowable chatter duration is 2 msec.

13.2 The structural integrity of the test specimen must be
demonstrated both during and after testing.

13.3 The ability of the test specimen to provide essential
power on command must be demonstrated both during and
after testing.

13.4 A test failure shall be defined as the inability of
the test specimen to provide essential power on commard
or as loss of essential power once energized.

13.5 A test anomaly shall be defined as:

a. Contact chatter in excess of 2 msec.
b. Any other abnormal event not affecting the specimen's

safety-related function described above in 3jectic:a

13.3.

DOCUMENTATION

A test report shall be prepared and certified by a registerad
professional engineer. This repert shall contain:
14.1 Test specification
14.2 Test plan
14.3 Identification of test specimens:
a. Motor Control Center: manufacturer, model numbe:,
and serial number
b. Internal devices: manufacturer, model number,
serial number, and location

within specimen (MCC)



e e gy A e e e e R e e R e L B e il O e e

»

14.5
14.6

14.7
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Description of test set up, including:
a. Photographs or sketches of specimen
b. Description of mounting to shake table
c¢. Description of monitoring techniques
d. Location of response accelerometers
e. Identification of all test equipment and
ins .rumentation, including calibration
certification
Test loy
Identificat.on of test personnel and witnesses
Test results including:
a. Results of each baseline inspection
b. Results of each operability tests
c. Description of any failures or anomalies
Identification of the structural frequencies as
determined by the Resonance Test, including trans-
missibility and Bode plots
Test Response Spectra:
a. One per control accelerometer for:
- SRV Aging Test plotted at 2% damping
- SRV + LOCA Aging Test plctted at 2% damping
- Each of the 5 Upset condition proof tests
plotted at 1% damping and one representative
Upset condition test also plotted at 2%, & 5%
damping
- the first Emergency condition proof test plotte:
at 2% damping and the second plotted at 2%, 5%
& 10% damping

._18_
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b.+ One per response accelerometer, identified in

Section 5.6, for

- SRV Aging Test plotted at 2% damping

- SRV + LOCA Aging Test plotted at 2% damping

- one representative Upset condition proof test
plotted at 1%, 2%, & 5% damping

- one representative Emergency condition proof

test plotted at 2%, 5%, & 10% damping

REFERENCES

IEEE-323-1974 "IEEE Standard for Qualifying Class 1lE
Equipment for Nuclear Power Generating Stations."
IEEE-344-1975 "IEEE Recommended Practices for Seismic
Qualification of Class 1lE Equipment for Nuclear Power
Generating Stations."

IEEE-649-1980 "IEEE Standard for Qualifying Class 1lE
Motor Control Centers for Nuclear Power Generating
Stations."

NUREG-0588, Rev. 1, "Interim Staff Position on
Environmental Qualification of Electrical Eguipment.”
NUREG-0800, July 1981, "Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power
Plants"” Section 3.9.2, Rev. 2, Section 3.10, Rev. 2.
U.S. NRC Regulatory Guide 1.89, November 1974,

"Qualification of Class lE Equipment for Nuclear Powers

Plants."



ENGINEERS 227
CHICAGO

4

15.7 U.S. NRC Regulatory Guide 1.100, Rev. 1, August 1977
"Seismic Qualification of Electric Equipment for
Nuclear Power Stations."”

15.8 Form MSS-6.2C "Sargent & Lundy Standard Specification
for Seismic Qualification Criteria for Nuclear Safety-

Related Equipment."
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1and 3 t0 1 and 5 to enable reversing
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operate. (Prior to test).

FVNR Starter 3A. Connected wires 22 }MA CarE '
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l anc 23 goirg to C coil to 14 and 15 in ‘

Drawing No. SM Test - E3

parallel with C2 coil. (Prior to test). |
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T [NUER-DEPARTMENT ™
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TO: N. L. Kaestle DATE: 8/12/82
FROM: R. J. Eyer

SUBJECT: INSTRUMENT ACCURACY

DESCRIPTION: egger 50C Volt
MANUFACTURER: J. G. Fiddle
MODEL: VYeg Type
SERIAL NO.: C 1554526
257 FROCH_URE USED £ET 1

ELECTRIC OPERATING TEST DEPT.
IDENTIFICATION NO.: T.D. 61.11

RATED ACCURACY: 1% of scale legnth
This is to certify that:

The accuracy of this instrument has been verified under
the c"m‘itxons stated above with standards traceable to
the National Bureau of Standards. Evidence of traceability
is on file at our Laboratory.
/, ‘,
TESTED BY ES 4 i ‘

THE CINCINNATI GAS & ELECTRIC COMPANY
The Union Light, Heat cnd Power Company
Lawrenceburg Ges Cempany
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August 19, 1982

Mr. David Parker

Nuclear Engineering Department
Cincinaati Gas & Electric

U.S. Route 52, P.0. Box 201
Moscow, Ohio 45153

Subject: Cincinnati Gas & Electric Testing of 5600 Motor Control Centers

Dear Mr. Parker:

I am happy to hear rhat rhe testing was successful and went as well as it did.
I am looking forwar t. receiving the draft test report for Gould's comments
and review. [u our “hone conversation we discussed the chatter during transi-
tion, i.e., change from de-energized to enmergized conditiomns. With any electro-
mechanical device there will be a substantial amount of bounce. This is
described as primary and secondary bounce on contactors. When one monitors

the contactors with a low voltage DC source, as the contacts close there is

an impact and impulse condition. This causes the contactors to bounce; hence,
an interruption of the DC monitoring circuit. Immediately thereafter the
armature closes and the same phenomena will be repeated and an interruption

of the DC circuit. The duration of this bounce depends on the size, dynamics,
etc. It is not uncommon to see bounce times in the neighborhood of 3, 5, 10,
and 15 milliseconds. In addition, since a low voltage DC source is being used,
i.e., ten volts or lower, there is an additional condition. This condition is
the overcoming of the resistive film on the silver contacts. The point being,
eventhough the contacts are closed there is not sufficient voltage to break
down the resistive film for conducting. This condition occurs on new contacts
mostly or used contacts sitiing at rest for some time. Both the aforementioned
conditions, bounce and resistive film, can cause contact chatter simulation
during a seismic test. Please note that in actual operation at full voltage,
e.g., 480 volts AC, this condition goes away or is reduced substantially.
Please understand that this situation is not an adnomalty, but a normal
occurance to motor control equipment.

iV 1
This, I believe, should answer your questions and Gould will b&éﬁg&ﬁi@r |~rd
to receiving the test report draft. K“‘A.f,""
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