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ABSTRACT

In this paper, seismic qualification analysis for the plant control panel is carried out to confirm the

structural integrity under the seismic conditions represented by required response spectra(RRS). The

finite element method(FEM) is used for the analysis and a mode combination method is adopted to

obtain a more reliable spectrum analysis results. In addition, the experimental analysis is performed to

compare the reliability of the analytical results.

The analysis results shows that the plant control

panel system is designed to have the dynamic rigidity with no resonance frequency below 33 Hz. The

analytically calculated maximum stress of the plant control panel system is 36 % of the yield strength

of material, thus it can be shown that the system has a stable structure for the seismic load.

.M 2

AA4E e Aol mRAE QP ¥ At
4;(}&1 "]H«I o}x-I/H QEE _,4}]
g g8 wAstL FHiste) ¢
31 o]Z YHAME A J1ee Adx
& Ade] tha A2 e F okr) A F U= A
Ao tal AAS hHE A ¥ F Aok

AR 2 ANFE 2FS *J?j% FREL T
FxEO| AAEY AN v
of AQ WA F EE Hag Fo ﬂum xﬂ e
fABEA A28 Pert 9. o2 WyARZo)

Ao

gk skl ZA AFAA HEH A dHes

:L

t o AYAAL: Z3Y, dEsha 71 A e
E-mail : cdcho@inha.ackr
Tel : (032) 860-7321, Fax : (032) 868-1716
A, Qs vigd AT S

FLHP T 7 PR HYE dn NFHQ
WS Wy 71718 AFUl WAL 24 ANS
Aol 71719 AAAE AZE WEoR AH
A olth olol Mls) AYHA P HA
wge #4% A #5445 1 B3 47
@ 83 sl TR 2] AATANA 2]

(conservative analysis) %
o]t}

sAA WRAASAE i 71719 §3 54
gtz 5ol wel 44 Ay Z2 F3
€8 & dom A sAYPdE U AAHA
(static coefficient analysis)o] ZFH 1. E2 sHAH
A= e~ EHal 4 (response spectrum analysis),
Alztoi & el 4 (time history analysis) 5ol ZT#EEHT-
o] Ao X plant control paneldll thale] =8
WA ARG el AeHE 87 §H A¥EEY

652 /SR ASHNESEHE =2T/A15E A 635, 20059



2

e

(required response spectrum : RRS)-S #&3ld o
275 SAHeE WASE FRFEL T
:} H'd(panel) o) TEAESS HASE AT €

Kol
LR

A ;<~] Al

1

2 FAstd Rzl 93t AjAFe
d (structural integrity) S #7} 3ok

(level) &
T3

2. WME yH AE

AHE-E =
HE-(button) 5«]
o A 2UE —‘?—Ha Xﬂglis} 71}
of-¢ Zro} Y Ro] &gt ogko] uli
o] RuEoA 7hefsl HRUTE F2 9T
(shell) 8.4z, R B7AE 57}
dg &9t Figle (a)E modeling
= AE779 EXE Ro £t

x

s
<

o?E 0z r_¥~_‘

& F Aol Aosde) Wale A

) d(panel)ol] &
2EEZ WE U“‘j-la‘o}z] U
2 FEIHeH o] A" ofd,
FE5EE o] &5y E@l‘%‘ gk wd
Aolodel F2 Aol e ”] x| A]
o3 g} Abo] opd =
z%oﬂ ;‘g ;dakog Ut‘:l_]a]

it
£ 9

q9) %

29 EE;HA.HZ.B)

A4 oy FREY AAZAN BE FHEH(
SANA] A FZIR Y QH)S ¥
;g] gl Ao %A UE-GH/HO =8l

E Yo ME LHAEFY REY
= L}EM]D% ANAA HJALFAF
2 87 &9 2HEY(RRS)Y AP E(cutoff
frequency : 33Hz) Bt & FAEFAAM 1§
Zrol Qo Bw 7H471719 &4 AAE wejop e

;ﬂo’l‘

< 4 Utk Fig. 2~Fig. 49 13}, 22 2= @A 1,
PEC oA WA sl
TollA T8t

28 By 87 539} 63}
EE Jepldth 1"

F-{EJ

9

Fig.1 Modeling of a plant control panel

1 ANSYS 5.6.2

oCT 5 2004
16:57:54
ELEMENT SOLUTION
STEP=1

DMy =.363276
SMN =.001105
SMY =7.257
001105
807323
1.614
2.42
3.226
4.032

0EL 1 BlajElaln

Fig. 2 lst Mode(up) and stress(under) analyses
TASUSSEE=2T/A 158 A 63, 20059/ 653



1 ANSTS 5.6,2

FREQ=1.414
SEQV {NORVG)

_

Fig. 3 2nd mode(up) and stress(under) analyses

ANSYS 5.6.2

EFACET=1

ANSYS 5.6.2

(ENREEEA]

Fig.4 5th(up)
analyses

and 6th(under) mode stress

654 /Bt =228 E

Ok

55 =28/4 1548 A 63, 20059

Tz

o)

L=
-

Al Hole ule} 7o 1a1 7
WD (panel) 9& =%

%'——‘z—on Ae E o]
(plate) A WAt om, 23 A )

o] $2RBNA TJFT 53 JETRES} 63 A
BEoMe g JJré Eas
39y Zhzhe) A F WH(x-33) B #du
59 iiﬁ‘ﬁ(frame) 4 = E(p

O

& F Ao Aojuide] A
15]“ -rle = 29 ~HEH(FRS) ¥ 87 ¢
2HEHRRS)FS EF T3 ¢ JEE 713wk
HEZ RS AHEY FPOE S dFer ¢
Y3alg2m 2 %< OBE(operating basis earthquake)
7+ M, 3 %9 SSE(safe shutdown earthquake) 7+
A%0¢ Agsta AMeAt Y (Figs 22) 27
S A EH(RRS) ol 7o) AAs= A AT
o d TH AHEHDS Ynjsin] Wzl A4 A,
A7 71 AR AR 2RE SAHeR AA AL

7% % = 9o

> 4

of AqelAE WA 171 13 LANFST} 33
Hz o422 A4 WAside sastgon A4

L

of RAR FAT] FH FAHYOLE Fuis
g Moz ¥ 27 §% ~MEYU(RRS)Y 2548
2% 99 ~MEY goz Assan,

22+
20 4
B e SSE Horizontal 3%
e SSE Vertical 3%
"~ w4 1 . ORE Hasizontal 2%
‘S’ 14.] - - QBE Vertical 2%
2
‘é 12—‘
73
— 10
< 8
6
] e e : T L
afus e T
o] e
v v T A
0.1 1 10
Frequency (Hz)

Fig. 5 Required response spectrum



e

a5 Aol Aojsd e sy

(2)3" 2¥EY &Yy
S8 ZHEY 4P FoiZ RRSAA 43t
22 ghe AgFdd dgshe 7HEEE dYeR o
of FRES SHES T I ZAE st did
e Ae Wrtsle Wyelth $F A¥EY
w34 2ol ANt EE 71ARY 7R
71719 &5 WEHOERH 7 Ay WeE Tt

DM i) +1C W i) +TK Way =M K1) {5)
(1)

A o= T A2 BAE deH
{uy={u} +{1H us} 2
A (Dol dal 1FA Y e st RudgE

[¢15 73 HE 2z Aol W ws =
+H £t e WAE #eEn

{u} =1l &} (3

A AL 4 (DAl gYsiz A

(transpose) 3led A 3lH R wE|e] A u}

e ol RESH i3t v 8" &% WA

& 9% ¢ 9ot

REYPS

LA D)

£, 4200, E T Wil =7, U, (4)

# ANolM y, = BIAS(participation factor) &
A oolglsd 7ol Ao Huo A JMETEIF 4,7 B
=5y Sd vXE AR osE & lth

, —dola M1} (5)
oAU

A (H)olM BELwE Fa 4 (3o wYEH

AZHo2 then Pol 7 YN WeE 73
A 3 olzRe Wy $Y P 7T 5 Aok
(W =(8,) 1,2 ®
w

n

9 AelN R, B 7 2HEFNY NEEg

o)v| g},

(RTZEY

2 (6)AAM T 2 Bl SEE Fiele ¥
Holl= o] 7HRA7E AT 71A] FRE =

o8 Ho] AHgHET)

O‘T:ngl glﬂ;]’(}',‘(f/’ (7

© 0, 0,00, A REG] el A RESY
* o 31% EE‘%‘
sn L AN BT

« By iRESH; BE Aol A4AS

A (DA FAAF 8,7 o Wl SRSS(square

root of sum of squares) HFd

(1.0 if i=j
B"f_[o.o it i

O T spss =V gl d? 9

CQC(complete quadratic mode combination) g,

o SR e
T A=) e e A1— 7Y +a(el+ed)’

(10)

(8)

e, 6 i, 7 HA REO gEe A E
(damping ratio)

w ; ..
. r=——w’_ (w, w;: ;88 2T THAZF)
i

DSUM(double sum mode combination) ¥

o 20 ~1
Bl-,=[1+{—£mL] ] an

(6;0),"*'61'0)]')

. w;=wi(1—e§)l/z

s wi=w1-e) "

. e;:gi—f— 2
tdCU,'
c ei=e;+ tdwj(td=108econds)

IRAEXSSHI=2H/A 159 Al 65, 20053/ 655



ol EH-IAEFEEF
soz g, olgb ¥ gHeFe YFoE B & YE AY
o] AT AHEGHNNMY RE ZIWH  (paneD)®] AFel o ¥ ETE T3] 93
O% SRSSHF 1 Yo EEaMge Y Fi FEIMGL g AFsAE sy, o #
77t 2 S Aol distd B 7Y g & SHESA A T
BE e AHEeTE o A9 REdY A 2
¥ 2Eh 24e EAeln 9ouR o) 84 =g Q“;i’;‘;:‘i‘::?:ﬁf’f?:;hi?;'F”T”Z‘n‘a“f;i?““""’)
19 ANSYSAA AlFsts EE 28 SRSS 100 -
(square root of sum of squares mode combination)
9l DSUM (double sum mode combination) 234, =
CQC(complete quadratic mode combination) 23, :E 801
GROUP(grouping mode combination) ZEHORZ § {
st 8 siA ARE vastgich o9 T2 z
2 EYs Ao A T g 52 wEke] 71zl ﬂ
sl SYACE AT &, zZF WahdE ALE 2
H= 4 Rl Y ARiskel Z191g 717] Aol o
o9 YA AHAE ¥7] s SRSSWHeE ¥ B S

Ash sl

Fig. 6 Locations of experimental measurements

Inverse H1(Signal 1, Signal 2) - Input (Magnitude)
Working : Input : Input : FFT Analyzer

140+

1204

|
100 W%ﬂi/\ll\/\/
|
BO T T T T T T T T T T | T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
[Hz]

Fig.7 Natural frequency of the control panel
(position 8, y-direction)

[dB/1.00u vv]

656 /SR A2 ESts =

[Hz]
Fig. 8 Floor vibration level at the position 6

Autospectrum(Signal 1) - Input (Magnitude)
Working : Input : Input : FFT Analyzer
100 -

80

[dB/1.00u m/s”2]

60 ~

40 T T T T T T T
4 20 40 60 80 100 120 140

[Hz]

Fig.9 Floor vibration level at the position 6
below 150 Hz

Table 1 Natural frequencies and participation

factors
Mode | Freq.(Hz) Rot x Rot y Rot z
1 68.487 -165.94 | 042le-1 | 11853
2 106.174 40.367 -53.500 | -16.806
3 244.099 0.611e-3 | -29.620 | -12.457
4 248.202 64.861 -21.639 4,565
5 353.080 -4.706 16.944 5.222
6 356.834 0.256e-2 -3.254 -33.114
7 402.344 0.242e-3 | 0944 0471
8 421.435 -52.430 0.035 30.295
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Fig. 10 OBE nodal solutions of SRSS and CQC

Table 2 Results of maximum stresses

o Mode Max
Seismic spectrum combination (kg/mm®)

SRSS 6.171

GROUP 6.173

OBE CQC 6.173

DSUM 6.176

SRSS 7675

GROUP 7677

SSE CcQC 7678

DSUM 7.680
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