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1. L
1. Scope

- 25
: to provide a justification for seismic similarity and structural integrity of MCSG
under the specified seismic conditions

Mg HE
1 4.16KV Metal-Clad Switchgears(MCSW) of Nuclear Power Plant

2.0 EQUIPMENT DESCRIPTION

2.1 Class 1E MCSG
- MCSG assemblies
: vacuum circuit breakers, buses and accessories, mounted on metal frames,
electrical connections and sheet-metal housings.
- 2E72| Class 1E MCSG : Panelo| 87, 97 2 A =[0f 2l
- Size : (1) WDH : 686mm x 2200mm x 2400mm , 740mm x 2200mm x 2400mm
(2) WDH : 1067mm x 2600mm x 2400mm

Equipment No | Quantity Title # of Panel
XSW-2A 1 4.16KV SWGR 8 Panels
XSW-2B 1 4.16KV SWGR 9 Panels

.
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2.2 Class 1E Components

4.16KV Switchgearsoil AL & £& List

£ £ 52 mild environment conditionsd| M A2 =0 Z24E T2 23 £ 7| SH2 2 2 7t glojof

www.uvcon.com

e
nk

Components Model/Type Components Model/Type
Vacuum Circuit Breaker HVF 1372-WA Current Transformer 200WP
Over Current Relay 51Y/443T2341 Surge Arrester PDV-100
Ground Over Current Relay (GR-5/202D6141UL Ampere Meter WA-A2
Auxiliary Relay HMTQ22R Volt Meter WA-V2
Breaker Control SW 'YSNC3205 \Watt Meter WA-TW3
Indicating Light, Green 'YSPL2-DL12G(N) Run Hour Meter 077 — 156A
Indicating Light, Red 'YSPL2-DL12R(N) Ampere Transducer RPA -A2-P1-03
Ammeter Selector SW 'YSNC 4307 Volt Transducer RPV -V1-P1-03
Volt Selector SW 'YSNC 4210 Pull-Out Fuse Block 0116B4078
Select SW 'YSNC Series FUSE IAJT series
Shorting Terminal Block 'YSCT series MOC BVE Series
Terminal Block [YSAT series TOC HTOC Series
CABLE Q-SIS-P Test Switch 129A518G01
SOCKET 'YSSK08 Lockout Relay HLR-06
Ground Sensor 302G0500UL Fuse Block 20316R
Potential Transformer VIY-60 On Timer YSLT series
-
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1. IR
3.0 PLANT CONDITIONS

3.1 Environmental Service Conditions

- 4.16KV Switchgears2t £ EZ &2 ozl e| #td =712 2tEslof Shof,

& ks
- Radiation, Total Integrated Dose (TID)2 & &%{ 2l
Al =oll M TID= #[th ¢S o 5tof =ct.

=2d=

E2 =7olM = 40d0[ch

Conditions Normal Accident
Duration 40 Years 1 Year
Max. Temperature (°F/C) 104 / 40
Max. Relative Humidity (%) 100
Max. Pressure (psig) 0.0
Radiation, TID (Gy) 1.0%102 (Note)

3.2 Design Basis Event (DBE) Conditions

- 416KV Metal-Clad Switchgears= At2¥A{oll B A|El Cf 2 Design Basis Event (DBE) =
- DBE(seismic events)2| SA2 Z4E Z 2 12 9| Floor Response Spectra Curvesol| 2|5l A 301

- &H|= DBE &0|ut —?—Oil X“‘"‘*EO stofof Ehof,

SSHS

- Operating Basis Earthquake(OBE) 2} Safe Shutdown Earthquake(SSE)oil A Z¢

ol

Z+ 2% and 5% dampingS AE

o
o

stct.
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4.0 QUALIFICATION REQUIREMENTS

4.1 Definition of Seismic Conditions

M 4.16KV Metal-Clad Switchgears2| U Xl 24352 sl A1} A|

sl A3 Al -2 sl 2 2422l FRS(Floor Response Spectra)

M L 7l 5 A{ 2 Prototype™t M| Ad|oi| Cif 5tof ALA| ST,
LIERACE

4 g st

\o

(3 A S S50 MR Mu|o] SstY £4
DAl ME Sl A, RESIA J2l0 A
M 4.16KV Switchgears2| SXMEM S

SH=
0"& al /\|c>4

o

N ]L
AT

A ‘! E
245}
23 5110 Prototype2 3Panel 2 T4 stch.

AlE

i

M Prototype S A|

i dEg 57|

ALK MCSG2| 5iA] ZT}= HIEfO 2 RRSE X shc},

= T oo
MU s A S AR S 2l5H0d 50%2| o7& 12

=

margin of| th2ct,

o ZTlol LZlslAlS S AT M2 YR Btojof it

510§ MSCG2| PrototypeS M 5t &2 5 L&l

<5/45>

| 21301 prototype switchgears ZHE O M

2{5t0{ |EEE 323-1983, paragraph 6.3.1.52] 10%

FLI|I'|J
E
+
Ozh
_gﬂ
n
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2. Seismic /0|22

1) Nuclear Power Plant & Earthquake

R UM o] WRIMA = Lot ASTHE Gal BXZACAHOA 248 £X|FHo| eHET 0pH LY
Azg EtHE FXof Jg2 old = e o KT MFsto] WAMA +ES ot s
fa[LtEt A2 FXolA oldE e ZthX Tl #2 5,020t W 2 2 6.52 ZToll = AHY 5 AT

2 oiF WA HEMA ol US

* 0.2g 0|Zi0| HIE|

HXUTA ] TIMAZIS 2hE o gehs HHE MBI o= gravityE S0l 22 faldi2e
SH7ISE2D giuch R2lat BRI UEAL) LT ARLE 029010, 0242 SHIIAE 0,870
20%2| 27| Yect 0.2g= #2 6.58S(FIE 8ol sl 2iTlo] SHEMEILICE AlM| RAEUTA
LIS 2t o= LHEIMZRE 0.292] XITI0] HXI2 HE 7|= Hi2 ZollM HoiLh= 2o 55 M3
stm 2lgLch

b EIEle| 2ot Fso| P

MAT = 1 nooomo oW ¥ (i wm wm | K|X | H Rl
FE b ) 0.01 @
BEIE AR ? 3 4 5 6 7 i} 9
OBE SSE
Condition Condition
-
P ful Soluti for Vibration Probl I : ¢
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2. Seismic 5i4{0|2F?
2) Xlgk =

> e @ Felo x| & S A AtHof A st X[ X2 25 MeUX|Flolof, O|ECt

2 oM LlstE MUXT(REHE)S T E Bl
x|z o| ol F(8)oll Al LA ShCt o] & B Foll M 2|
AR zlef g2 Mux| x| Ftof HIEt0] LI F Zof
flx|stct A2 B2 dojch |72 e $E 22
£ HoiEct Fo| siF2EE F F2= Mit 1 20|
7t Zoix|of, Zo| E H|AFS| 7|2 KoM ZyES

Ol H|AF 8 X|ZILH & oL 2=l (Benioff zone)2t1 504,
Aetx|zElo| w5 2 E o ol A W Ect X|ZTlo| 9f
Aot X|RICHol| M Bto| 2hy5tod, i Aalol| M = FEHX]|
1o, 3l 72| Hl {2 =CHoll M= Aletx|zlo| e 5t=Tto]
s M= 1960 Aol 0|22 B Fx=E(HRi#:EH)0l T

B = 7| M7x| x| 2l skl M o|si 2 e 2 ct
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2. Seismic 3l 4{o|2t?
L T ——— e e
3) IR Y™ A L &l 5 A Process

2xi2 S0 LT @A TiES RWstst, A EIW XEiEEE gEsto] Zmse| Wgetn 10|
2 S AL UIN.?EEOIJ%ﬁ?Jﬁﬁ Sis| Acks X g

I,
HASEAHER e s & SEHAUEH

& ol

i § ofetel oA

S | RN UHAR FIKBH=
! o] AZEEX|XI0| o

____________________ .| 84 £55( X Eata o|o

3171 BRI ] Ll 25 R

7|71zt LR L A|TiE S KTiE g=ishM

77| HUASS 22 MR 20T 5 SHAHERS YS X| UFSS2 510 2t S HE WHE £
| _ 2SS PR ATIA| LS} o HEY) 717|124 Higtel 55| o[l EEXIE 21

- S0l M= x| Zlo] eSS mf X et S gts
SSEZZ0|A 0.2g 342 AFREHCH

2 X|zlo| wHstof x|gk &S 0.2g7+

2 o, AFE 22 X|Zof ot
Aol M X TS| SEHA 2 stod

Cj
ARtROME EAN 2R SSEX OIME IS E
ol 5gE elx| ot

— FRS Curve Sheetoll A 2= die} 20|, Damping RatioZt

1%¢l d<oll= 75 = ghol 6g7t x| gt
SSE Z=ZolM SAM2 2 3% Dampings MEE2=2
W&l siAM S g = 3.895 X &FiCh
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2. Seismic 3i4{0|2?
L e ——————
4) Seismic Acceleration Decision

> AR L Ao LTI M A

WWWYH Do m

1) YA AM12E & FRZALG SOl 7| &7 Eof 2et FE Mazetb M13=

2) 2}5t7| &5 DAl M 2000-850 w2}
o|=od gt 2.2 A(10 CFR Part 100 Appendix A)2
“RIRE e A

(hl] =37

> 0| 7| &ol| wh=2™ 2t AR L A fX[ o LY E dAgS

of X7, AWEH 2R MYT|F'S FL5HD US.

1) X5 S22 2H4320Kmo| Lo Zoix| A
2) HAX|E 7| Bz Alet S ZALE 5o B X|of o] & £ e o) JiRlgte 2N
> dRE UM o MxE 77| E2 YR WXMAGIcz AYE
(FoE4of me =
> UIE AAH L 0.2g2 = 2lol= SIS 9.8m/sec?2| 20%2| 37| & LU5tnd

=
2|58 2 6.5 T =82 Zzlof s

>

o

A UM LR LA = WA HAZE0.2g2] XIZI0| fALZ HE7|= BIE Lofl AojLtE A2 210 A

Powerful Solutions for Vibration Problems!! <10/45>

Litimate Vibation Control

www.uvcon.com



2. Seismic 3 4{0|2k?
I
5) Seismic Criteria

Hag izt
e 0.1g 0.2g
FS 30l 100017] XK LA S 80%01 40| 029 58
o= 0.05g /87259 - EMEFS9l San Andreas 52| A A0l Pt we
159 A £2| Diablo Canyon& %2 0.75¢g% 8.
T ZA ol SIxIsto] ZEol wwstol Feol Aol FMA
g8 | o 0% | ausose wss wagls,
TN 0.1g 0.3g -
Am el 0.1g 0.2g -
=g 0.05g 0.29 §
olefzl 0.07g 0.3g -
P - - S12719) ARAUHL 5 17]8F R A E

> fE|LEte] A9, X|Flo] gldkst s m A A
TG ol e{x|g A2, et 2

_i?'_o{|)\«| |;|| s} ':HE| EHO.Ix# OI(H
=5 =
2 Bzt oo MMAXH SR T

C m%# S HE= xAle
FUE A= 112 5.00[4k2] X|Zlo]

©12H1,000%] O| & 2ot A0 Bhefl 2|2t 1040 15 = st U=,
- Z2|AXE 2 5.2,'78.9.16
- 34 X% : T2 5.0,'78.10.7
. ‘éi-?; A X|ZEl 2 5.3,'80.1.8
— 22 & X|El ;2 5.2,'04.5.29
.e
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6) X|Zle| A2 (Magnitude)l 2 E(Intensity)
» Richter Magnitude
- x| Rle| F7|(Rlzlo] Y e n wWEE o of 4X|2] HE)E LEIE AT
- ZH HELM KR A O 7| SE XEg AU Y 2@l 2ol {5t X2 LiERA 2
- ZEeIx| e zAlglol X Rle 7|5 HEHMo=z LIERY | 18I,
>z
-TtEotctEA of™ X|HollM dotekst XA ZSo| X0 et T E F5o Hel 2 EAI
- MMI (Modified Mericalli Intensity)= 101 127X 128522,
- JMA (Japan Meteorological Administration)= 00l A 77}X| 8§ 522 2&/.
- S HEE A EE S0 =4 “JS, TFEE0| Il Xl= ml&l, £ X ghol] 47| = HstE
aFzof wet FEst, fRot | e XXM XH o2 FE 1 37|71 Zokx| = Zio| kA el
» TI=A S JMA Scale 0~7C%HA : Rl ot TISTHE T o H
x x|zlo| o3& 7&%7}%5 FE=pl ulm
1| 3 x| (cm/s?) 2f| 4 (dB)
0 2ZH(No Feeling) 0.80l5F 550] 5t olxfof =7x| =&t
| o] 2(Slight) 0.8~2.5 6015 XI5t A= AtholLt Feof 22 Alzteto] ofzh =
1" ZZ(Weak) 2.5-8 705 HE ARRIE0| Lyl HE o o7t X0l HE ot HE o X7
11| 2FZl(Rather Strong) 8-25 8015 kg0l 25, MSA Z2 s+E EEE, ¥2, 0lP0| EEH
IV | &2(Strong) 25-80 905 7tgo| Mol sk, 2Hol Hoix| 1, 2% £o| £0| €A Lt2ct
\Y, ZZ(Very Strong) 80~250 10045 ol ol 7t B4, A5, 25, 22 S0l o{F
VI < 7l (Disastrous) 250~400 105~110 7t T3] 7} 30% Ol st ARAbER 2H, X|Hk 22l gtot /17| of gt
VII | ZZI(Very Disastrous) 400 O[ A 1100 & 7t el 1|7} 30% ol A, AbALE] & ol Zalx|of, thE Sol A4 zict
-
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2. Seismic 3l 4{0|2t?
I
6) X|Zle| = (Magnitude)2} T E(Intensity)

ZI=A = MMI Scale 1~12EHA|

A= ojLts #A

11 Aol M =2 £ 2len, X[Zez 24g RE T Aot
v Ao M E 2 =2 5 Aot MeoME LdF =2 &= et 2, 2R0[|L 20| 2521 FX|5HL e
ASA7t EETCH

\Y Hel RE Atzto| =7|of, FAHE Alzte 7 2ct. ozhel 2R3t 2ol MAlct

\Y/| SFF Lo 2t Aol 2 Lot He| Fo|ut A3 So| ©oix|of 250 TS uch

Vil BEE Tz22 dF HsllE d=ct 28 Sl Atzho| =2 4= Ao
VIl FH2 7t ORI 25, ¥ So| RUAct ASAt 2ol X|FE gt

IX & dAE FxzE20| 7| 20{X|2, et FxE20| 2 W& FU AR S2Ect Goll Fo| 7k X[5h mo| Zet £2{ Xt
X el Sx Px20| D& Y0 M= FxE0| FUAIcH @2 Mt Fol 7t fof At MALefIt dof et

XI T MAE A5 FEE0| Hot AL, cl2[It MK, wof Y2 FHo| 2hct. X|5h aho| Tt NS FAIX| I APALER 7t

dojLto] H27t A5t Fofzict
X Mool st wyate], X|EHO| EEB0| |eto R Helch Alofet +EMo| S22 247} SHe2 M ACE
-
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2. Seismic 5i4{0|2F?
I B
7) & H B0l A== 8o{e| He

« M7 7|&= Al (Design Base Accident/Design Base Event)
128 7| & X Z(OBE) £= o MX| X|ZI(SSE), A Ztx A ALZ(LOCA), 37| 2 TtcHMSLB), St Zo| 2I& 2| 7tat At
17| Ao Mg "E*HI 7|&o0| &= At

. -T'--‘r’r TS=%=(natural frequency)
AL R o] 22| SH((EY, Z4) i2oll A7t Abw &

o
H
2
x
N
rr
gl
o
4>

.

27 7|& X|Zl(OBE: Operating Basis Earthquake)
xlojx, FEaiol X A%t o XTI SAD ALAel |uko| SAS T2{sl0l, WAL 28 717 E WHA HTOIM LM
20| of &=l = X[ Zl. ol = 32 7““* ohxof chsh 2t =5 9 glol AISXQl 28 S st=rl 2R AR UM A Mu|E9

g5 250l thEt M 7| Fol =& x| TSS LYAIZ|E XTolch

oHM M K| X|&I(SSE: Safe Shutdown Earthquake)
(X9 H, SRl XA A X AEAH SHnt 3 REQl X|ghe] S4g N E?, doj JtsHol A= AR E H|of XA
+ 27 SE AHEZ(RRS: Required Response Spectrum)

[HBE SIE AILA Sl B REOR MBSIQALL AHE MBS S5l MR BISOfU SE AHER,

« A8 SEF AH EZ(TRS: Test Response Spectrum)
4|0l 3 El| 0] £(shake table) &&2| A A|Z} 02i(time history)oll A 24 |

il
olo
n
|>
]
m
il

-
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3. Seismic Qualification

Seismic Qualification Process

1 1
1 1
! ‘ !
1 ! ;
; Full Model LANALYSIS | !
| ] :
| Result !
\
,,,,,,,,,,,,,,, M
v [marss] YES | o
ANALYSIS Prototype Result — Compare < !
A 1
i : . Meet the ]
b No | ! Spec?
omees T YES
| RRS | | Shaker Test 1 TRS |
TEST —— === Prototype | Shaker Test | | Result t—2r——
fffffffffffffffff
L Component —-ShakerTest . = posylt
s Powerful Solutions for Vibration Problems!! <15/45> www.uvcon.com
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3. Seismic gualification

1) Seismic Similarity

PROTOTYPE 2t XSW-2B MCSG2| +*+Z !

¥ PROTOTYPE 2} XSW-28 MCSG 2|
6ALFEAZ 3t 1 EEFM = 3R
PROTOTYPE®| 14.95Hz 2rt X3 £}, |
Al & 4 Uk,

& PROTOTYPE 2} XSW-2B MCSG 2| 22
mztgsto 2 5yt XA Bots A0 2 S

130902 PROTOTYPES| 20137 Ct 27|

Principal Stress
o,
L7

O3

M w2t XSW-2B MCSGE Cf &l

£

EaﬁH

AAtY 2 o2l o| ZatE uwhEch

EF M=

7l FosE 17.81Hz 2

x=A)E =AU S 2 XSW-2B MCSGE

2 eda=

{2 ANSYSZ & 3ict & RE ol AA =712 &
ZAHE 1245k ch XSwW-2B 2|
PROTOTYPEO| & Flexible(-tZ

SSEZxZ1 & ulf ANSYSZ &l stict MEsiAe MFQ
HolSoM 2= Htel ZHo] XSW-2B MCSG 9| =i 33
| PrototypeOl O conservativedtCt.

15 A

a&x:tr =
0 2of

XSW-2B MCSG Prototype
Maximum Maximum
13090 20137
3716.8 4562.6
38.555 79.410
PROTOTYPES| LHZ Al 2 7|5 AtA{of FAteHS BEE BT
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3. Seismic Qualification

2) Dynamic Qualification
1) Qualification Method for Class1E Metal-Clad Switchgears

Item to be Qualified

Qualification Method

Environmental Qualification

Seismic Qualification

4.16KV Metal-Clad . ) . .
1 Switch Gears Analysis and/or Testing Analysis & Testing
2 Components Analysis and/or Testing Testing

2) Three Steps of dynamic qualification of the subject equipment

1) Seismic Similarity Analysis for the prototype and 4.16KV MCSG assemblies
2) Seismic analysis for actual 4.16KV MCSG assemblies
3) Seismic test for prototype MCSG assembly

Powerful Solutions for Vibration Problems!! <17/45> www.uvcon.com

3. Seismic Qualification
2) Dynamic Qualification
3) Qualification Requirement

HSHRIAIE S A= o Sotoll

i)
b

&Lt 2r2tel OBE, SSE A

o

bl

or

M Prototype 220l Z&E 22

A= 2=ECH

- The subject equipment demonstrate structural integrity and functional operability throughout the seismic testing.

- All electrical components do not change state throughout the seismic excitation.

- The test specimen shows no sign of significant physical damage which affect their intended functional performance during
the post-test inspection.

- Loss of circuit continuity or loss of circuit isolation do not exceed two(2) milliseconds during the seismic excitations.
There was no evidence of any contact chatter larger than 2ms for the each contact and switch.

M The seismic responses levels for the pre-qualified components are less than their pre-qualified levels.

M Besides all pre-qualified components , the class 1E and non-class 1E components are installed in prototype MCSG and tested.

M There was no evidence of any electrical discontinuity which affect the main electrical function of MCSG.

M After completion of the qualification testing, the test specimen was visually inspected for any damage, and their conditions were
recorded. Any noticeable damage and structural defects are not observed.

"
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3. Seismic Eaualification
2) Dynamic Qualification

4) Acceptance Criteria

M The subject equipment shall demonstrate structural integrity and functional operability throughout the
seismic testing and analysis.

M All electrical components shall not change state throughout the seismic excitation.
The test specimen shall show no sign of significant physical damage which would affect their intended
functional performance during the post-test inspection.

M Loss of circuit continuity or loss of circuit isolation exceeding two(2) milliseconds during the seismic
excitation shall be investigated for its impact on the qualification of the test specimen

.

Powerful Solutions for Vibration Problems!! <19/45> www.uvcon.com

3. Seismic Qualification
2) Dynamic Qualification

5) Seismic Simulator System

M The seismic qualification tests were performed using a tri-axial shake table at Korea Institute of Machinery
and Materials(KIMM) located in Daejeon, Korea.

M For the definition of directions, the coordinates used for the seismic test and the seismic analysis are different.
The relationship between the seismic test and the seismic analysis is shown in below:

Seismic Test Seismic Analysis
X-dir.(side-to-side) Z-dir.
Y-dir.(front-to-back) X-dir.
Z-dir.(vertical) Y-dir.

M Shaking table0il A 35 &2 2 0of2] Ful7t BHE S SA 22 FAlch ey SAte| MA| AlZh2 40=0|ct

r

M Specification of Shaker table
(1) Control Program : MTS Seismic Test Execution Software (STEX3)
(2) Manufacturer : MTS Systems Corporation, U.S.A.
(3) Principal Specifications
- Max. Loading 30Ton
- Table Size 4.0m x 4.0m
- Control Axes Translational 3 axes, Rotational 3 axes
- Max. Displacement H = £100mm, V = £67mm
- Max. Velocity H = £75cm/s, V = £50cm/s
- Max. Acceleration H = +1.5g, V = £1.0g
- Max. Off-Center H = £0.5m, V = +2.5m
- Frequency Range DC - 100 Hz
- Excitation Mechanism Electrohydraulic Servo, 3 Variable Control
- Simultaneous Data Acquisition 64 Ch

"
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3. Seismic Eaualification
2) Dynamic Qualification

6) Seismic Test Sequence

No. Test VCB Power Remark M7 A Al RE RIS S 2 F5S A of et

1 Pre-function 1 Close-Open-Close 22 AL M Resonance search Al &2 72l AlE ™ol OBE, SSE =71
2 Pre-function 2 Open-Close-Open 28 JIs &M 2FoM et

3 |Resonance Search 1 Close Low Level (0.1g)

4 OBE 1 Close

5 OBE 2 Open

6 OBE 3 Close

7 OBE 4 Open

8 OBE 5 Close

9 |Resonance Search 2 Close Low Level (0.1g)

10 SSE 1 Close-Open-Close

1" SSE 2 Open-Close-Open

12 |Resonance Search 3| Close Low Level (0.1g)

13 Post-function 1 Close-Open-Close 2E A2

14 Post-function 2 Open-Close-Open 28 JIs &M

-
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3. Seismic gualification

2) Dynamic Qualification

7) Seismic Qualification Test

M The prototype MCSG was seismically tested in accordance with the requirements of IEEE 344-1987, IEEE C37.81-1989 and
IEEE C37.82-1987.

M The seismic testing was performed by using the KIMM tri-axial seismic simulator in accordance with the IEEE344-1987.
The seismic test was performed on assembly basis to simulate the actual situation in service mounting condition.

M The specimen was mounted to dynamically rigid fixture, such that the combined specimen and fixture fundamental natural
frequency will exceed 33 Hz and mounted as closely as practical. Its base is flush with the top of the table and oriented such
that the horizontal axes of the excitation of the test table.

M The test response spectra (TRS) for each shake table motion was analyzed at 2% damping for the Operating Basis Earthquake
(OBE) tests and at 5% damping for the Safe Shutdown Earthquake (SSE) test. Each TRS was compared with corresponding
RRS as specified. The shaking table motions and the comparison plots of TRS and RRS were plotted at one-sixth octave
intervals over the range of 1Hz to 50Hz.

M The 480VAC, 3-phase, 60Hz input power was supplied to the proto-type switchgear test specimen and the functional operability
was monitored electrically or visually throughout seismic qualification test. The electrical monitoring system had the sufficient
speed to determine that proper electrical properties are maintained before, during and after the seismic excitation.

M Functional operability of the critical components installed in the test specimen was monitored during the seismic test.
The monitoring was accomplished for each OBE test and SSE test. There was no evidence of any contact chatter larger than
2ms for the each contacts and switches.

M After completion of the qualification testing, the test specimen was visually inspected for the structural integrity,
and their conditions were recorded. Any noticeable damage and structural defects were not observed.

-
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3. Seismic Qualification

2) Dynamic Qualification
8) Prototype & 4l & X

Point 2
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3. Seismic Qualification
2) Dynamic Qualification
8) Prototype & M &X|
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3. Seismic Qualification
2) Dynamic Qualification

9) Input function
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3. Seismic Qualification

2) Dynamic Qualification
10) Test Result
: OBE Condition

M TRS of Position #1
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3. Seismic Qualification

2) Dynamic Qualification

10) Test Result
: OBE Condition

M Time Series

Time Series of functional Operability
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3. Seismic Qualification

2) Dynamic Qualification

10) Test Result
: SSE Condition
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3. Seismic Eaualification

2) Dynamic Qualification

10) Test Result

: SSE Condition

M Time Series

M Time Series of functional Operability
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3. Seismic Qualification
2) Dynamic Qualification
1) 2 E M3 Hot
Pre-Qualified Test Level Pre-Qualified Test Level
Components Level(ZPA) (ZPA) Components Level(ZPA) (ZPA)
OBE/SSE OBE/SSE OBE/SSE OBE/SSE
Vacuum Circuit Breaker 59/59 1.2g/1.59 Potential Transformer (Note 1) 1.29/1.6g
Vacuum Circuit Breaker 4g/4g 1.5g/1.6g9 Current Transformer (Note 1) 1.2g/1.4g
Over Current Relay 6g/6g 1.2g/1.4g Surge Arrester (Note 1) 1.2g/1.4g
Over Voltage Relay 8g/8g 1.2g/1.4g Ampere Meter (Note 1) 1.2g/1.4g
Ground Over Current Relay 69/6g 1.2g/1.4g Volt Meter (Note 1) 1.29/1.4g
Auxiliary Relay 4g/4g 1.2g/1.4g Watt Meter (Note 1) 1.2g/1.4g
Breaker Control SW 4gl4g 1.2g/1.4g Run Hour Meter (Note 1) 1.2g/1.4g
Indicating Light, Green 4g/4g 1.2g/1.4g Ampere Transducer (Note 1) 1.2g/1.5g
Indicating Light, Red 4g/4g 1.2g/1.4g Volt Transducer (Note 1) 1.29/1.5g
Ammeter Selector SW 4g/4g 1.2g/1.4g Pull-Out Fuse Block (Note 1) 1.29/1.59
Volt Selector SW 4g/4g 1.29/1.4g Fuse (Note 1) 1.29/1.59
Select SW 4g/4g 1.29/1.4g MOC (Note 1) 1.29/1.59
Shorting Terminal Block 4g/4g 1.29/1.69 TOC (Note 1) 1.2g/1.4g
Terminal Block 4gl4g 1.2g/1.6g Test Switch (Note 1) 1.2g/1.4g
Cable (Note 2) (Note 2) Lockout Relay (Note 1) 1.2g/1.4g
Socket 4g/4g 1.29/1.69 Fuse Block (Note 1) 1.29/1.59
Ground Sensor (Note 1) 1.2g/1.4g On Timer (Note 3) (Note 3)

Note-1. These items were qualified by testing at the MCSG assembly level.
For the mentioned components, there was no evidence of any electrical discontinuity which affect the essential electrical
performance during the seismic test. Any noticeable damage and structural defects were not observed either.

Note-2. Seismic qualification was not concerned.

Note 3. The On-Timer was qualified with the TRS at location 7 after Seismic Test.
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3. Seismic Qualification
2) Dynamic Qualification
12) Comparison of Seismic Response between the Prototype and the Actual SWGR

M The seismic responses of the prototype subjected to the RRS used for the seismic test should be equal to or higher than those
of the actual SWGR panel subjected to the floor response spectra levels to justify that the testing of the prototype can cover the
actual 9 unit SWGR panel.

M The seismic responses in g unit are calculated based on the modal participation factors, mode shapes, modal frequencies and
the response spectral values for the Prototype model and the actual 9 unit SWGR panel. As shown in Figures, the seismic
responses of the Prototype enveloped the seismic responses of the actual 9 unit SWGR panel with the comfortable margins in all
cases. Hence, it can be stated that the seismic testing of the Prototype model can represent the actual 9 unit SWGR panel.
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3. Seismic gualification
3) Seismic ANALYSIS

1) General

M The dynamic qualification for the subject equipment were accomplished by a combination of analysis and testing.

M Seismic analysis on the actual switchgear assembly was performed to demonstrate the dynamic characteristics of
overall MCSG configurations and to determine the severe seismic level applicable to the prototype MCSG.

M Seismic analyses for the actual MCSGs were performed prior to seismic test for the prototype MCSG.

2) Modeling

M The MCSG assemblies are modeled with a shell element, SHELL63.

M The effects of electrical components are considered as distributed masses.

M The mathematical model is input into the finite element computer program, which is capable of determining the static and
dynamic response of structural linear elastic systems.

M The natural frequencies and the corresponding mode shapes are then calculated by using modal analysis method in the
FEM program.

M The actual 4.16KV MCSG'’s and the prototype MCSG are welded to the embedded plate.

M The boundary condition should be constrained all degrees of freedom at the welds.

M The input data for the nodes, elements, boundary conditions, real constants and material properties

3) Modal Analysis

M The modal analysis was performed to evaluate the dynamic characteristics of the actual and the prototype MCSG assemblies.

M The ANSYS software is utilized to get the natural frequencies and mode shapes of the MCSGs.

M The Block Lanczos eigenvalue extraction method is used to solve large model with many constraint equations due to fast
convergence rate.

4) Spectrum Analysis

M This seismic analysis of the actual MCSG, XSW-2B, was only performed by modal analysis and spectrum analysis.
M The spectrum analysis was performed for the seismic response of the actual MCSG assemblies before seismic test.
M A finite element method using the ANSYS software was used to perform seismic analysis.

-
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3. Seismic Qualification
3) Seismic ANALYSIS
5) SUMMARY AND CONCLUSION

The seismic similarity analysis was performed to verify whether the prototype MCSG model can be representative of the
actual MCSG models and found to be acceptable for confirming the qualification of components mounted on the actual

MCSG assemblies.

The total masses of the FEM model for the MCSGs and the prototype are compared with actual MCSGs and the prototype
model. The comparison of the total mass is summarized below and found to be acceptable.

Equipment Actual Model(lbs) FEM Model(lbs) Error(%)
XSW-2A (8 Sections) 33,510(=15200 kg) 33,729 0.6
XSW-2B (9 Sections) 37,037(=16800 kg) 37,078 0.1

PROTOTYPE (3 Sections) 12,348(=5600 kg) 12,382 0.3

The material of the MCSGs is SCP1 and is equivalent to A36, which the yield stress is 36000 psi. The maximum

stresses and the allowable stresses are tabulated in the following table.
M The stress tabulation is only done for 9 section Model, XSW-2B.

Plant Oggratlng Loading Combination Maxmurr! Stress AIIowabIg Stress
Condition (psi) (psi)
Normal Weight 1539.4 21600(=0.6Sy)
Upset Weight+OBE 2883.0 28728(=0.6Syx1.33)
Faulted Weight+SSE 2479.7 34200(=0.95Sy)

The maximum stresses in three different levels are less than the allowable stresses and meet the
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3. Seismic Qualification
3) Seismic ANALYSIS
6) Plot of Finite Element Model for PROTOTYPE
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3. Seismic Qualification
3) Seismic ANALYSIS
7) Plot of ANALYSIS Results of PROTOTYPE

1st Mode of Prototype : 18.0Hz 2"d Mode of Prototype : 23.5Hz Stress Distribution of Prototype

THE 1058 MODE ERAFE-1, GV Mat =1 B tchges, THE 3563 MOOE SRAFE-4, 1RV Matal Clat Bentchgea

Side to side direction back to front direction

2 == Local mode &.
2 ghaknl A X|5HE 0| 2ES0[ 1,23% 2E 2
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3. Seismic Qualification
3) Seismic ANALYSIS
8) Plot of Finite Element Model for XSW-2B
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3. Seismic Qualification
3) Seismic ANALYSIS
9) Plot of Mode Shape for XSW-2B

22.6Hz 27.5Hz 31.3Hz

Side to side direction back to front direction Vertical direction

- C}2 2 == Local mode 2.
- AX 2 gheknt x|t 0| EEE0] 1,234 ZE ¢
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3. Seismic Qualification

3) Seismic ANALYSIS
10) Stress Distribution for XSW-2B

Weight Analysis OBE Analysis
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4. Conclusion

M The total masses of the FEM model for the MCSGs and the prototype are compared with actual MCSGs and the
prototype model. The comparison of the total mass is summarized below and found to be acceptable.

Equipment Actual Model(lbs) FEM Model(lbs) Error(%)
XSW-2A(8 Sections) 33510(=15200 kg) 33729 0.6
XSW-2B(9 Sections) 37037(=16800 kg) 37078 0.1

PROTOTYPE(3 Sections) | 12348(=5600 kg) 12382 0.3

M The natural frequencies of three different models based on the modal analyses are summarized below.
Due to the rigidity increase in side-to-side direction the natural frequency of actual MCSGs is larger than that of
the prototype. However, the dynamic characteristics of the actual MCSGs are much better than the prototype.

. Natural Frequencies, Hz
Equipment
Side-to-Side Front-to-Back Vertical
XSW-2A(8 Sections) 226 275 31.4
XSW-2B(9 Sections) 22.6 27.5 31.4
PROTOTYPE(3 Sections) 18.02 23.45 23.25
Powerful Solutions for Vibration Problems!! <39/45> www.uvcon.com

4. Conclusion

M The following functional test for proto-type switchgear was performed before and after seismic test in accordance with the
KEPIC EEE3000(IEEE C37.20.2) and found satisfactory.
1) Dielectric tests
Normal-frequency withstand tests was performed on proto-type switchgear in accordance with the general requirements.
19000V was loaded to demonstrate the ability of insulation system. Tests was made between each phase and ground with
the other phases grounded.
2) Mechanical operation tests
Mechanical tests was performed to ensure the proper functioning of shutters, mechanical interlocks, etc. These tests ensured
the interchangeability of removable elements designed to be interchangeable.
3) Electrical operation and control wiring tests
- Control Wiring continuity
The correctness of the control wiring of a switchgear assembly was verified by either or both of the following :
Actual electrical operation of the control devices.
Individual circuit continuity checks by electrical circuit testers
- Control wiring insulation tests
A 60 Hz test voltage was applied after all circuit grounds have been disconnected. Either 1500V for 1 min or 1800V for 1 s
may be utilized. All wires was tested either individually or in groups. At the option of the manufacturer, switchgear mounted
devices that have been individually tested may be disconnected during the test.
- Polarity verification
Tests was made to ensure that connections between instrument transformers and meters or relays, etc., are correctly
connected with proper polarities. Instruments was tested to ensure that pointers move in the proper direction. This does not
require tests using primary voltage and current.
- Sequence tests
Switchgear involving the sequential operation of devices was tested to ensure that the devices in the sequence function
properly and in the order intended. This sequence test need not include remote equipment controlled by the switchgear
assembly. However, this equipment may be simulated, where necessary.

"
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