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21 884 2d

FRLaNABel A% WAWZ AUEE HARIN HeET FRE
SASAHA 2 ABPI7 27AE 5 L 240 93 RUYS UM 229
AARA 42 R /1A TR & NS Bk F LA AN A
£8% BE ¥ol mesolel ¥k 4AYRA2NA ALHE J7 B BE
e ANHA 22 F AN, FERH, ZEE ¥E 5o FEANE B

[< =2
A I, fAEA 2 HAAE o HA BEer AF f5d0 #4749
717 R RFo2 FHE 945 AZL Gap £49 22 WY oj&EM A
waty By A S sqsA @k Lump &4 B Gap 84 §o02 79

S|
4
CEF 7719 4AZAL A9 AR AAZAE VE
1
i WY

#oaad TES ALHA 24

2.2 Mode 34 {4
Mode F3 AL FREY 7B AfF JAFFEN gsiA F3hdd. 2o
Y A3 Stiffness ¥ A ZF &}, No damping @ A/FIE Adatr

J ARATFAFALL 9% SERHAL g 2ol FojRoh

9%u
[114]~52~t+[K]{u}=(0} (1)
o714 [K] & +Z Stiffness matrix, [M] & &% Matrix, 282 {u} & 29
o JEAE veidg. £ AZ8ANN AFAFL Harmonic FeHZ vehiel 2l

u= ¢icosw;t (2)
o 7}A ¢; & ith Natural frequency ¢ Mode shapeE ™ ®3l= Eigenvector, w;
T ith A/ F5F Fa5 2t = AZE 42 Yeldoh

4 (2)2 4 (Dol ddsd
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{ =AM +IKIN ¢} = (3)
JEZ § HozRY ARE FaFEs S o] Yehfo i
w;
f,=—2; (4)

23 Hit NE

EEA AHEE FIES 38 h TY Yoy #

g 3% ¥ AAAY v Rolth oANME AF Aol dsiA
5%l 9 & Ae s

24 94 3y

UPSel tigt #3tas Usido] du] =i Bxoz Fase 1 Axk:
KONEL/Wyle Report # RN 001-93[2]o =&50o} ot}

o] GHIEY L oF7t FA = o] Pre-test frequency analysis® AFEEH Tt o
W2 2de] HAZAL Three global transitional direction 2 X, Y ¥ Z 29
& Three rotational direction®l™. Eigenvalue 3142 Lanczos technique[1]&
ol &3t = 50 Hz 7HAl #8HUty 2 AF3E Table 19 BAEJG, o 1
99 Isometric view 7} Figure 19 #3824 4202 Jehfol A}

Figure 1 Test setup details Figure 2 An isometric view of UPS
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3. Experimental Approaches
3.1 Specimen Description

o] 120 VAC UPS(Uninterruptible Power Supply System)+ Figure 29 7Zo]
3702l cabinet (UPS Module, Static Transfer Switch, Mechanical Bypass
Switch, Synchronizing Equipment ¥ Protective Devices) @ F+A Hol At}

3.2 Seismic Qualification Test
WRAAFLE ZAHA 7)7]1o] A Ro] dojus AEg 7MA-SA BHFEHeg 71719
=

3.2 Modal Survey Test

UPS®] Modal survey test® ©]3A 712k} (F) 9] Dynamics Facilityol Al 43§
gk, 7171+ 30-foot square, 250,000 lbs Concrete reaction massol ©&3] I
AHAG. AN AHEEHE B 2 BEE 2-inch thick Carbon steel plate 3
1.5-inch boltel XA}, o] 2-inch Platet embedded Steel beam& 2t Concrete
reaction mass ° &3 HAch

UPSol At£-98 Instruments Figure 39] H ¢l 40 Accelerometer7} A& ¥ A},
I A dy 7z Mo Ae 83ty bR FR3% REE FE3tdd
F A ¥R 27 R FE Ao Ak

o] AlgE Hewlett-Packard (Model 5423A) Structural Dynamic Analyzer[2]
g AMgstd YA Data A5 AZe]l  Accelerometer location®ll
Random signal® 9} Input force ¥ Output structural response F&3 ¥
V=E AFAA FP&At o] AP FPst= FF 100 Hz7bAl o IF F3
FE Ze RVt 2 F UES ZXsHAT 0 oA 50 Hz7bAl 8 Natural
frequency @ Mode shape Table 14 vetu) At
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Table 1. Comparison of test and

pre-test analysis frequencies.

Table 2. Comparison of test and

post-test analysis frequencies.

- Nat. Freq.
Nat, Freq. Ref Ref.
Accel. i results et Accel. Axis results ‘%
: axis No. - Modal |Percent
No. Pre-test | Modal | Percent EOSt te;t o Status
Analysis | Test | Error Status Analysis | Test | Error
T ) IN [ ss | 247 [19.2
R 203 1Y | FB | 2.5 [203
2Y F-B 20.9 20.5
2Y F-B 20.5
3y F-B 29.8 29.4
S 2.4 o | FB | 286 |28.3
4 | F-B 28.3 s | F-B| 250 |251
S5Y F-B 25.0 25.1 6Y F-B 15.1 15
6 |F-B| 151 | 15 L
accept
7 v - 8Y 30.6 29.7 3.0
- 8 F-B ) able
B || 32 |27 150 L't‘a;Te
82 _ ptavie i}
_ 7 _ -
accept
- 10.0 - 10Y F-B 29.3 28.7 2.0
. 102 v able
T ; -
10y |F-B| 304 |287] 20.0 ':af:e
ptable
' - t
10z 41 ny | B | 202 |28/ 25 |[°°
Unacce 112 v - sble
11Y F-B 29.0 20.8 | 40.0 tabl
ptable
; - t
he ot 12 | B | 209 |288]| 40 [*°F
Unacce 12 v - sble
12Y F-B 35.2 28.8 | 22.3 tabl
2z | v | 120 | - pable 3% | ss | 2.2 |208
13y F-B 19.6 19.0
13X S-S 20.8
13Y |F-B| 200 |19.0 Mz v -
147 v - 15Y | F-B 29.2 28.8
15Y F-B 28.8 16X | S-S 38.9 38.3
16X | S-S 38.3 % | ss | 201 {195
7% |ss|{ 20 |195
LEGEND :F-B = Front-to-Back
S-S = Side~to-Side
\% = Vertical
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Figure 3. Accelerometer mounting locations. Figure 4. Qutline of attached each supplement
bar on Device Panels in the upper part of
the Charger and Inverter Cabinets

Note: Supplement bar dimension

* 30x2.6t flat bar ** 50x50x6 mm angle bar

4. Comparison of Measured and Predicted Frequencies and Results
4.1 Pre-test Analysis

22 ZF Mode shape SAAE e 48 NS ANEFASF HrNz
Ao HE7E 058 50 Hz AtololM ol #0] ot ¥z A3 ANER DA P A}

N AgHRA 28 2re FAGYL

Test 2 Pre-test 3f4 ZA 3o B]Z & Table 19148 7o) Awrst x}olE RHA
F3 ok o] Pre-test s{A ZAFAE 7te]l F System moded] AR E =

¢ 4Ze F7F modeE ST

Charger cabinet panel®] ! #2292 Y modetx 150 %9 oS Zt= 342 Hz
d &3ttt £ Inverter cabinet ¢ R REE WolEY & ghE AHE 2
344 HzE 715383t Mode 11 B 125 &43] Agtgon & Ay 2
Y Mode® AMZAAY @WolEd F Qe A8 Fg dSFsidd

[ rr o
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4.2 Tuning of the Analysis(Post-test Analysis) Model and Results
Post-test analysis 9} @& Test o HIXH7I7F Aol ZA 3= At
Global coordinate systemollAl 5§ A3 A4ty EE Rotary inertiat 159
Local coordinate systemoll 9sfA A =HAth UPSS BaseolAlel ZAAZAL
94 Three translational H&d ZAHE ReZ WHAHJY. L BasedlA 9
Rotational 2] release H AT ZE o] dFFHE Table 20 EH Xl e
& & e & 5 el ¥ #IE Y modedlM 7EA KT Charger ¥
Inverter cabinet®] % Device panel ¥+l Figure 4 ¢ Zo] £d& 7}8t %

Charger 2 Inverter® 1 &9 Device panel 9ol A2 &k

S 989 47 B AE AXsAed ol AA AE AIsA HEZ A
& A= 23 o] AL Rotary inertias®t A&3led 3 WA moded 151
Hz 7bA) &4 =A stAth

ANdAaae] F&AAE 7S 0% E 50 Hz Atele] Fog Aol MZ & &)
M Bd2 A9 ZE ModeE YEMHAUTE Table 2014 BoFRo] o] REg&
k5 % o9 dEFXE Jerd AT

FAHE BEAAME 33 Hz ol4E ZeE Mode 2 WA ZAZA ] Aol ofF

9 A% 7 st

5. 48

o] UPS E2Ald A+ 0%F 50 Hz Atele] 5&3t3Y 583 ModeE YEHY]
Rt ©] AFgF AtelolAs A 7R 2z el A WA s &

Ao F HAE Y modeol, 40 Hz oldolA = 3 782 Higher system mode7t
EA s ATt

ANEATe JEd4E HAsE 058 50 Hz Alol e Fab MM Mz &)
A EEE AY 2 Modes YWeRR AT Table 2914 BEF%0] o] ModeE2
°F 5 % olW 9 EFAE YeW

FH RRAME 33 Hz o142 2= Mode & WAAZNAY Aol ob
9 9%s 4 ¥
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AR LALA AF BA e AV FES F98 W Eventol 93t
adiHo) & A58 + Ut

q7lA Jigd Ede oA FIPE WAZZTHA L WALF F9
F2% Aol g HAT 5 UAT. AF Hut 1FEAA AAG %5
% °lWe AojHE MAKT IYER o)A F3 sidE UPS 2L I3
T4 (6719 £3S& FE3 UHdew FF WAASSTHARYEAN HA A
o},
A3E9
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