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TEST REPORT

EVRC.EEL.008.T04.0304 Dated: 12.06.2003

M's. HBL NIFE Power Systems Lid.,
8-2-601, Road No.10, Banjara Hills,
Hydrabad — 500 034,

Ref. nil, Dated 05.05.03

Mis. HEL NIFE Pawer Systems Lid
8-2-601, Road Mo.10, Banjara HIIIs. Hyvdrabad 500 034,

Mew
As per sheet no B

Ni-Cd Battarias of NCPP, NCFF & VRPP assemblad an m.s

rack of four steps two tier.

As per sheet no 6

Cne set

09.05.2003
EVRCEELO30450005 to 50019

A) RESOMANCE SEARCH TEST,

B) OPERATING EASIS EARTHQUAKE [OBE] TEST &
C) SAFE SHUT DOWN EARTHQUAKE (SSE) TEST
In general accordance with IEEE Std 344-1987

Mot applicable

As per client's requirement,
NIL

Mr.P.G.B Mair & 5.K.Jhon Saida, Mis. HBL NIFE Power
Systems Ltd., Hydrabad

HIL

NIL

Forty faur
NIL

Twanly one

One

NIL )
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JOINT DIRECTOR
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TR No. EVRC.EEL.006.T04.0304

1.

TEST REPDRT

Test Sample

Type of test(s)

End user

CPRI Sample Code No
Identification Mumber and Description of
Sarmple

Drawing numbers

Test Parameters

A) RESONANCE SEARCH TEST
a) Type of vibration

b) Axis of vibration

©) Frequency {range)

d} Acceleration (Peak)

) Sweep rate (Logarithmic)

) Number of Sweeps

Mi-Cd Batteries of NGPP, NCFF & VRPF assembled
on m.s rack of four steps two tier.

A) RESONANCE SEARCH TEST,
B) OPERATING BASIS EARTHQUAKE [OBE] TEST &
C) SAFE SHUT DOWN EARTHQUAKE (S5E) TEST

M/s. HEL NIFE Power Systems Lid.,
§-2-601, Road No.10, Banjara Hills, Hydrabad-500034,

EVRCEELDZ0450005 1o SOME

Ni-Cd Batteries of NCPP, NCFP & VRPF assembled
an m.s rack of four steps two tier with identification
numbers as par sheat no &
1. 68-30857 REV 0
2. 68-30851 REV 0
3.68-SK 176 REV D

{Refer sheet No. 7 to 9)

: Sinuscidal sweep
1 X, Y & Z - axis individually.

1.0t 50 Hz

: 20mis®

1.0 Octave/minute

: One

E) OPERATING BASIS EARTHQUAKE [OBE] TEST

a) Axis of vibration

b) Frequency (range)

c} Duration

d) Damping Coefficient

&) Required Response Spectrum (RRS)
f} Mumber of Tests

XY & Z - axls simultaneousty

0.51t0 40 Hz

30 Seconds for each test

5%

As per spectra enclosed. {Refer sheet no 10 1o 12)

Five

C) SAFE SHUT DOWN EARTHQUAKE (SSE) TEST

a) Axis of vibration

b) Frequency {range)

c) Duration

d) Damping Coefficiant

&) Required Resp Sp RS)
f) Mumber of Tests

XY & Z — axis simultaneously
0.5to 40 Hz
30 Seconds
5%
As per specira enclosed, (Refer sheet no 13 fo 15)
One )
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8 G All tha i i used for testing have valid calibration with
bility to National / ' Details ara as follows:
Equinmeni used | Description / Spacification Calibration
! due on
Shake table Tri-axial with six degrees of freedom, 10tonnes. Digital | 02.12.2003

control system (DCS) with data acquisition.
Acceleromelers | FGP Instrumentation, France make, 51 nos. 3034 fo 3036, | 10.07.2003

sensitivity 20m\ig

9. Mounting Details: Ni-Cd Batteries of NCPP, NCFP & VRPP assembled on m.s rack of four
steps two tier is welded to the fixure as per drawing no B9-5K 176 REV 0 (Refer sheet no 9)
and mounted on the shake table. The photograph of the mounting arrangement is shown on
sheet no 16, Accelerometers are mounted an second tier fourth step battery as follows:

a. Batton of battery, Z-axis
b, Front side of battery, X-axis
c. Back side of battery, Y-axis,

1ir. Method of generation of TRS and shake table motion:

a. RRS is extrapolated into & vecior covering the whole frequency range of interest, with a
spectral resclufion of sample rated®FT block size,

b.  Random time history ks generated for specified duration.

FFT filter given by RRS is applied.

d. FRS of filtered time history is computed. This s done by generating a 2nd order low pass
filter of natural frequency ¥ and damping ratio zeta and applying the filter to the whole of
time history to find peak of the time history ‘p. Henca FRS at frequency f s 'p’.  This
process is repeated for all frequencies betwaen lowest to highest frequency of interest.

. Emor between RRS and computed FRS is obtained.

Modify FFT filter and repeat steps ¢ and d until ermor between RRS & computed FRS stops

reducing.

g. Low frequency end of final accederation time history Is modified and tapers are applied to
ansure tha equivalent velocity and disp histories start and finish at zero.

h. Owerall acceleration amplitude is adjusted to make sure that the FRS exceeds RRS over the
whole frequency range of interest.

The time history generated using RRS indicates frequency content at least as broad as that defined

by the amplified region of the RRS. Also the generated time history meets waveform stationarity

requirement as per |IEEE std 344-1967,

o

Generation of shake table motion:
a. System matrix of the specimen Is calculated by playing white noise signal with sufficient
amaount of energy and entire frequency of interest to the shake table.
b. Drive files for individual actuators are computed for achieving the required time history,

¢ Required time histary is achieved by iteration. i
g
e
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11. Test Results:

Performance check of the Ni-Cd Batteries of NCPP, NCFP & VRPP before, during and after
Seismic test was carried out by Mis. HBL NIFE Power Systems Ltd., Hydrabad.
A} RESONANCE SEARCH TEST

The tri-axial shake table was excited as per test parameters under paragraph no. 7(A). The

P of three act an second fier fourth step battery are recorded and
the resonance frequencies are fabulated.

Sl Mo, Location Axls Resonance |I
Frequency, Hz

1 Beltorn of second tier fourth step battary Z-his Mo resonance |
2 Front side of second tier fourth step battery X-Axis No resonance
3 Back side of second tier fourth step battery | Al Mo resonance

FFT of | signal during search test are enclosed in
sheet no 17 to 18,

OPERATING BASIS EARTHQUAKE [OBE] TEST

The seismic qualification tests were camied out on Ni-Cd Batteries of NCPP, NCFP & VRPP
assembled on m.s rack of four steps two tier, which was welded to the fixture and mounted on
the shake table. The Required Response Spectrum (RRS) at 5% damping prescribed by the
client was fed 1o the table contraller i.e. DCS 2000, 1o generate Time histories and thesa time
histories are used to excite the Shake table as per test parameters under paragraph no. 7(B).
Five OBE tests were caried out, Test results for OBE test no 1 are enclosed as follows:

RRS and Achieved Test Resg (TRS) (Refer sheet no 20 to 22), Digital value of
TRS (Refer sheet no 23 to 25), Achieved time history, time history of response recorded by
accelerometers mounted on the battery (Refer sheet no 26 to 21).

Observation:
i, Mo structural damage, cracks in the welding joint and fabricated parts observed.
ii. Mo spillover of elecirolyte

C) SAFE SHUT DOWN EARTHQUAKE (SSE) TEST
The seismic qualification tests were carred out on Ni-Cd Batteries of NCPP, NCFP & VRFP
assamblad on m.s rack of four steps two tier, which was welded to the fixture and mounted on
the shake table. The Required Response Spectrum (RRS) at 5% damping prascribed by the
=5
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