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Seismic Analysis of an Axial Blower Using a Commercial FEM Code
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ABSTRACT

A seismic analysis is one of crucial design procedures of an axial blower used in nuclear power
plants. The blower should be operated even in an emergency such as an earthquake. The blower
should be designed in order to stand against an earthquake. For the seismic analysis, we perform the

modal analysis and then evaluate the required response spectrum

(RRS) from the given floor

response spectrum (FRS). A finite element model of the blower is established by using a commercial
FEM code of ANSYS. After the finite element modeling, the natural frequencies. the mode shapes

and the participation factors are obtained from the modal analysis.

The RRS is acquired by a

numerical approach on the basis of the principle of mode superposition. We verify the structural

safety of the axial blower and confirm the validity of the present seismic analysis results.
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Fig. 3 Finite element model using ANSYS
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Table 1 Participation factor and effective mass
in the X-direction

1 1167815 L.70E-08 0 291E-16 | 2.68E-19
2 |21.5053) -31.734 1 1007.03 |0.927785
3 |496115| -1.40E-08 0 L.96E-16 | 0.927785
4 |58.5583| -3.20E-08 0 L.OBE-15 | 0.927785
5 [79.4635) -4.1552 | 0.13094 | 17.2658 |0.943692

Table 2 Participation factor and effective mass
in the Y-direction

Mode | Freq. I;jcr%r Ratio Frg::st I\fﬁ?
1 ]16.7815| -0.13598 0 1.85E-02 | 1.43E-05
2 |215053| 3.77E-09 1 142E-17 |1 43E-05
3 |496115| -33.803 0 114264 |0.883556
4 |585583| 44354 0131213 196727 |0.898767
5 |79.4635|1.65E-08 0 2.713E-16 | 0.898767

Table 3 Participation factor and effective mass
in the Z-direction

ot e | Bt | g | Bt | Y
1 ]16.7815] 34597 1 1196.96 | 0.95028
2 121.5053| 2.23E-08 0 497E-16 | 0.95028
3 1496115 -1.0362 | 0.02995 | 1.07367 | 0951133
4 585583 -68552 |0.198144| 46994 |0.988442
5 179.4635|-1.84E-08 0 3.39E-16 | 0.988442

Fig.4 Fundamental mode shapes of the axial
blower

iz}

12 28AE57} 33 Hzeloo|B2 A4 o]
2WE & 5 UoH AW FRA 544 2 3

2 7)o ¥ (participation factor)®] zte]7} vlEbEE
& 4 2t} Fig 4% 13 REAL Jehlx itk

o=

@

A 35, 2002d/183



2 Ak random& Bl o] Al gHpE FoiX

[<] e
= Aol ukHoln, Atk A X dlutol o ¢ -'f— S
ZSRE A7) FAME B Akt wd 4 Y
o]

28 §th o 49 g% 2y 844 (response
spectrum  analysis) & o]-&8hH X 4lufe] Fupy A A
AP 7% ol oW Mite] olFA JET

2=k AFsPE Hug vig- ygsty mgt
go) zolt slAslolth wEEY 14 AKNES !
7} 33 Hzoltholl &mjstdl Foldl A 4dstel 2§ >
A o)l wsl HuE usEH S HaAl )
T8 8 ES st rRENES S-FAd g Fig. 7 Stress distribution subject tc SSE loac
4 T o) g SEgORE] ANSYSYS)

) Table 4 Summary of stress “alus resilts
2% A¥EG SAHAN 4 (Do) SRSSMS of o C’ btd T
Sl ek K] zlafe] o)l % }-«e—‘ir—n A AL 4= Comp0nentf btféigfgsl\ l_ustre?\«"(%sﬁ
SATE Fig. 591X Fig. 73 zhzt gulel 24, g ~ Pipe stress Y S U
g, A HIHSSEYel]  oek o¥ Fanih vepdoh Maximum stress of fan 33 21600
Table 1°ﬂ’\14t“ A3} o]ele] &S #Ftele] 7} Dwver gauge stress BL * 21,600
Zoxel m er] z}];rie] a%.g;gg,a_q R Valve stress 1008 2L600

71N [gli BEWH, (¢)F oA e
SRl g, (0% oAl Rl feb 4 ()

1 (3ol TSlskA 4 ()% ] HERHEE I
Aslt VR0 v ¥

[l N+ cllgl{m +1RA] 7} ==—[22]{2)}
(9)

Al sl A 2 (9o [¢]74F sk okt 4]
¥

(1 Tmll gl +[d] Tl gl m) +[#1 TR &) {7t
= —[¢l"[m](z (10)



HE FRHRASY LIRS o EF HTHEE A

g o)

A7 [g17h AitEe [cl7}
orthogonal damping matrix'"ol¥ 7ol A AL
HEaE A (1002 4 (113} 3] P HTh

fit+['2¢,0, Jnt+ [ w2 Hnt=-[oT iz} (11)
a2 A (118 A 9AAE 4 (12) 9 7ok
fi, + 28, 0,1, +oln, =—1t,% (12)

714 ¢, = B 7248 "(modal damping ratio)
ol p, = JRSHA Hag 713
(participation factor)7t ®vh g, & ANSYSY HI:
NG B3l AJYS oAl ¢, i 8] siA
A (13) 3 2 GARLEA AR S o] &3t}

24

i+ 28w, v+ wlv = £(1) (13)

AN m > A
¥ oelm=2%w,, kim=2¢"% 13X o, IFH
sFolth &, f(1)=F()/molth olif thAfL A
2ol HEsd ¢, ¢, =c/2m, 0,0 VW LT
I ¢=00322 FHAL m, > ANSYSe] Rrs]4
+ Betoa dojA FaFFo] "t

4 (12)dA 25 F3F goddre] 712FE vt

£k, % FRSE 9ughet m=g maniel | A 0us

~
e HARdE kv 22RO

zE& 4% g, =H,e™, z=Ze™&} 7448l 4
(12)9) thdskA 4 (14) & 7ot
(07 -0 +iw28, 0, H 6" = 0z (14)

2 (14258 4 (15)9 #Zol H,, & Fu5H3t
Z(frequency response function){: 9=t}

u,0°Z

H o= .
0! -0 +in2l o, (15)

r

4 (15)14 P8 H, & o Ueieke g()=H,e™
E TG A A0H o) g0 4 (®)el o4l
9 (wE 7% 4 Atk o AL 4 (16)e B
2etedt

bl=2lon0= Ll e =l g

4 (16) 2258 Fa gAodMe] Foelel {w)

HEES

e 4 At ge paag she 4% A
9, (o= 4 (N 7o) Yebd & ek

{}={w+{2) 17

ANM (vp={Vie™ {w}={W}e™. {2}={Ze™
o gtk mebd A (17 olgelal Aejws
P S Aol B A (17 EEE A (18) 3 7
Aumslel A% P 4 A

—0*{V}=-0*W}-w?{z} (18)

ol 714

Ak

{w), (W}, {Z}= Zt2h Hdidg, s,
A7) (magnitude) 7t ¥ -} V}i={ TV},
- {W={W}, —oiZ)={Z}3 %] HHHE
2o sl g A0 A (19)9F o

{(Vi={W+{Z} (19)

o714 {Viz Ao 99 7MY A2 (e A
o W9l vhiee) A7) T2l {Z}e A w9 7L
&0 A717F Aok webd 2R node®l Hojw Sl

of dig MR A (19)¢] Foigke HAs 4
(20)°] #t}
{(V.}={W.}+{Z.} (20)

o714 {V, )} 28A node?] HulHlo] gk 7}
&1z9l A7, | W+ 7, © nHA noded Fuid
Qo gt rhdice] A9 Awhd el dish sH4n
o] ZA7|9Fe] grolth 4] (20)0] F3txz} & LF
S 2 EH(RRS) O] Hoh Fig 8 £3719 A4
Hol A AGAE g H¥Eo] e Fite RRSolX
Fig. 9= &E719 shaite] A A 5E9 RRSY| i
veRf oL Q)

Fig. 83} Fig. 93 100 Hz7hx el ¥ i7kA] B 18
oy, HARZ AMvpz ¥ A9 33 He7HA B
= Aol Faolty fukstd, HEe] AFHEe] 33
Hzir goizhz A9 Ao Z#7) yitelr} welA,
33 Hzolgol & ¥¥-3 HAsdx £& Zolth
Fig. 85} Fig. 9014 X upe} 7ro] 33 Hzujoll A<l
RRS& 10 go] ¥4 ¢eth geis ¥ =Fdxe
7b gulo] J{HF Hal @ rx2F 7] W
A gkgrou Fojzl x| xyel] thE Fewjel 3

FAH AL UET F AT

ojo

Assgsl=gd/4 12 A3, 2002¢/185



node : 1308
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Fig. 8 Required response spectrum at node 1306
in (a) the x-direction (b) the y-direction
(c) the z-direction
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Fig. 9 Required response spectrum at node 2440
in (a) the x-direction (b) the y-direction
(c) the =z-direction
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