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Finite Element Analysis for the Dynamic Characteristics
Analysis of The PHWR Nuclear Fuel Channel
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Abstract

The effects of the support conditions of Tube spacer and pressure tube on the
vibration characteristics of the PHWR fuel channel has been investigated in order to
develop the faults database. The 3-dimensional free vibration analysis was performed
for the simplified finite element model to the fuel channel system. It is found that the
natural frequencies of the system remarkably decrease when the stiffness of the Tube
spacer at each position is totally lost and/or the support condition of the pressure
tube would be degraded more than 50%.



o] 4]

rr ofy

or O
TH -

o
N
N
1IN
Rl
—r
)
N
N

[e3]

IEEE S| &4e

=

Pressure Tube<)

FRABFY A% BeEe WHE AW F 1

Ao AHEF) AR dZad o) gahann

—

= 7 F

H Y o
T

Tube Spacer®A

FaAAS A5 w

-

el 23 o

Fetele Bag Sl

3

Tube Spacer spring 8.4 %

A AR AT 2%

ube Spacer®} Calandria Tube, Pressure Tube,
Aoje AAg 2Ashes
¢l Pressure Tube®} Calandria Tube® 7 AlF-¥3 Tube

e SN
1

alo] &g

= 1l -

AAEHA A sz flEliA 3
s sHETH B A= S

AF-8-3F 3 01 Pressure Tube®} Calandria Tubei= CosmosM$] shelld 84
S s A= S A1 R

= 8A= Adert 9xstar 9= Pressure Tubedl

Ul
=

=AM A o]

g
2% X

f
o
)

TR EEEIC
Aol 2 98t

ojn) =], ol

=1

AAR dARS] BE

= =
9 EENO
)

T Rk

Z AT AdME WA da

A sjelo] Aglow AT s}E Fo ut
shell &
o
Spacer(TS)¢} Pressure Tube®] ¢ W53} 7]

alandria Tube’} W& 3to] A=
T Qs ddm AP Tube
wajel we AR Ao
s dlolE Mo 2 8kate] A fAw

al

Fuel Bundle® +

westalel mad ahq

= =
.53 =

Ag

= Fal Rdd st a9 12 9

1.

Fasre v,

Fobe

CosmosM
g,
125570 Azl m1 Afolo] EA s}
2F(Lumped mass) &2 -7}

Slo
=

%4

3t} Tube Spacery= Pressure Tube2} Calandria Tube AFololl spring 845 AF-8-31<



o, Bt} AE3% Tube Spacere] E&3E AHR7] A= F3/02] Spring 845 A}
Safjokstut A T=AEgA] B A7l 2eFH 2R B iAo E Spring &4

49 w2 S efAetel 1 AIghe] WEt gl il 24ME AT WEge
15° A A, AANF+= Calandria®t Pressure Tubeol couplingAlZth. 2 A Tube
Spacers= Pressure Tube°l] 2% <9131 Calandria Tube®} H|HZE Aejoly} i % =d
2 AA 9} FAEHA FdsH7] $18lA F tube AFolell coupled® HElE sttt )
Az Ad mdo AMEH F 24 £ 22903700lw, ¥ 23= Calandria®}t Pressure
Tubed] ¥ 84 THolx, 19 25 AR Ade AAdE s sr Bdolr

Tube Spacer®] 742 Pressure Tube®] A}%3 TubeWo] EAst= dAds 181

o
o

A stEe st HAAHY s Esto] A s

Calandria Tube®] 7 A1Z71 2 Calandria side tube sheetE 7| {2 GTA AR AL

Pressure Tube®] 7d-$- End shield lattice tube®} Shield plug + A oA ©@<A A 3}

t}. 18 38 Tube Spacer? <A 4%¢ Pressure Tubeo] A Z7A W3l w}E 3

A A rae vea.

3. 54 4

i

Az Ade w3t 2dS 3] Tube Spacerd £4 % olFo wE WEHEA
Pressure Tube®] Z7AZ7 Wsltol] wet Az afde] Ws54ddd 1A H
7] f18l A AR S FAEATh AFA s Ee

Al Zgadog= HeTxsA T2 ade CosmosMS A8t th.
o] AL SUS304el™ Abg8 BAXE @A ghol 195 x 10" Pa, Zolgo] w7}
03, =7k 7.9 x 10° N/m’elt}. sidds Ad vt 2o AgEadds 444

Shell& 25 ARE-aF3A T

AT A A4 e Z2o(ad 3 #x)

o TS(Tube Spacer)’} EF AHsA EATE 45

o TS7} ®F EAsHA &5 45

o TS 120] EAsHA &S A5

o TS 13°] EA8HA &S 45

o TS 147} EA3HA &< A%

o TS 123°] EA3tA &S 45

o TS 1247} EAsA && 4%

0 Pressure Tube®] ¢tE AAIZ=A T A4F AAxRA] 7|58 ZAIAS 85
o Pressure Tube®| ¢+& AAZA F /I7F BF 75S ZAAES 45

o Pressure Tube®] v}ZZ% AR T+ 9% AAzA] 75s FH4IE A5



o Pressure Tubed] w}Z2% AAZA F /W7 BF 718 AAAS 45

Aol AAE 11744 49-ol g+ d)4]S Subspace Iteration MethodS A}-8-3Fo] =33
5913, Tube Spacer< Pressure Tube FWol HdatA dAZA oz wjx = o
Nl Tube AAZAE thAol7] wstol] &7 AAE 117FA] A 5-o gk sjA v a3t
AL AWkAQl dldm ANde 54 AsS Ay & 5 A 4 23} Tube Spacer’t
EF ddsA EAske ddm Ade] As 712 25557 619Hz, 23 REs
1751Hz, 3%} R =¥ 32.25Hz9 2.1, Tube Spacer &4 %o o}
% Ho 24% A% 74T & AL, Pressure Tubeo] A%

FAaghs dFdddd £ 19 1"
Spacer"ﬂ %XH friol we A Adjoln, Az AEe IF
F9Ql 1, 2, 3 Rxo tigh M AN F FAWsIE FElE A5 dis)

2 342 Pressure Tube A A 271 W3li= vl A5}

393190 3L, Pressure Tube® A A ZAE |4 = Tube Spacer:= A3 HAow 7}
Attt
7] Aol = ©A Tube Spacer’} 9@ EAeHE YA AAZ Fo] W&
AAS FAstP o, E @A A= Tube Spacer®] Aol 50% 74, & £4HH
= 7Hdste] diM s e Tube Spacers iAW
Pressure Tube &ZW3do =z o|%o] 7}5sit). 283y Ay E el 9
Aol ad g dth olYgt AEE dste] dds AEY 54 dAS T
t}. Tube Spacer(TS) &74F s|AA] ¢ doA] Falgt A7 U3 =1S
TSe ZAdw 50% 74 AlA Gﬂ“s}"j‘jr 3]] 1243} Tube Spacer’} R+
71235255+ 6.0oHzol 1, 23 I  16.20Hz, 31} J—'n‘x_]o‘/FI_
t}. Tube Spacer?] 70“3@35}01] el AL
o , o] dModm de TSE Ao

l 9
G Hedw A9sl 5 AT 2 FBE A4 BEe 9 A T 29 28

[

fo © W o

o XN ¥ kM o

ol
il

:{o
Fﬁ
i?i
N
zy
Lo ¢
2
o
N
N
X
o
= EQ
s [F

11~ 29 148 7b2b9] 7ol i3k a4 dajolnth
E 3 A7l R Adgw Ade] 54 A AARE S8 Tube Spacer’t 3k

LS| =

-1 =
EASHE 799k Tube Spacer 4 H= A &24o] = 45, Pressure Tube®] A7
20 &4 o gz FAY A SR Adelw, 2915 ~188 & 39 W
S & 37 =4 (Polynomial regression)'$-& Ab&-3ko] curve-fitting ¥ 2 o]},

of

-

S
b}
i

A8 AEdo HEA A ZAF Tube Spacer(TS) &4 5% Pressure Tube A A %

—
e



A Wste] g RS YA AFEserl Wtete As o )

~ Tube Spacer(TS) &4 %o W& I-FF35 W7 A4 dAds Addd vls)
A 4% 4= FAa

~ Pressure Tube®] A A]x7 WA 7AAS Adxm I 1/
Hrh oF 28% A

2. A2y 44 9o

?l, d¥ds o= <l Tube Spacere] Aol #Aad Z-5-(314 4]

50% A4 #a) dds AdeY AHFHEF HsteE A9 gt wEkA dds Ade

Tube Spacer:= 7Alo] W3l = SpacerzA] el 7|52 AASHA =t ddg A
do] 54 Aol AA FFE vAA oS & F AJG

3. Tube Spacert} Pressure Tube®] ZA7A|FZ7Ao] A wi= AA o 7|50 A3 750

=, Sl =] =22 Tube Spacer
of AAZAS 7E A9 Ay 5] dASA W E AS & 7 AdG

S FASAEFERAHE "9 &4V AR TERESY 54 4

1 O

Fuel for Ambient Temperature Fuelling, gF=o] 4 #] ¢34 1986

4. “Design Manual Fuel Channel Assembly”, Wolsong NPP234, 86-31100-FM-000,
Revision 0

5. “CosmosM User’s Manual for Revision 2.7, Advanced Dynamics”, 2001



TUBE SPACER

CALANDRIA .
SIDE TUBE (:GARTER PRING)(TS) END SHIELD
SHEET \ 2 3 4 LATTICE TUBE

CALANDRIA EBZBLE PRESSURE
TUBE TUBE

a8 1 9ds AQde dest vl o

Calandria

_—
tube

“T— Tube Spacer

L, Pressure
tube




Hz

1 AdR Ade) nHAES 4 A3
c ithout TS Case without
. ase withou
Mode | With Pressure Tube BC
TS TS Inner | Inner | Outer | Outer
No. TS all)rq il Ts1.2 | Ts1.3 | Ts14
1,23 | 1,24 | BCL |BCall|BCL |BC all
1%t 6.19 | 535 | 6.10 | 6.12 | 6.07 | 5.72 | 6.03 | 471 | 3.83 | 5.21 | 4.74
2 17.51 |15.42|14.35(16.57|16.25|15.42|15.02|10.82 | 8.36 |12.85|11.41
3" 32.25|130.85| 31.5 |31.34|31.45|30.87|29.65|21.16 | 13.68 | 19.96 | 15.29
8 M s 25 =5 "
30 |- M-TS_12 gl= 4=
o5 | 30
25
20
20
15 £
15 r
10
10 -
5 ol
0 0
1 2 3 . ) 5
Mode No. Mode No.
4. TS & 5. TS 1,2
% [MeTs=s =x B s os an
30 |- Inner left BCel= &< 30 [ ®=TS_123 Ql= &%
25 I 25 L
20 L
N N 20
15 | T 51
10 10 L
5 5 |
0
0
! 2 3 1 2 3
Mode No. Mode No
18 6. TS 1,2,3°] 9l A¢ Z19] 7. Pressure Tube ¢t AAZA &
A% AAzA 75 FARE A



35 [[Ce=Ts w& =x 35 [—e—Ts 2% =x
30 ||~ Outerleft BC8l= 8% 30 H—®—Innerall BC §l
25 B 25 [
20 | 20 -
N N
I T
15 15 L
-10 I 10 |
5t 5 -
0 0
1 2 3 1 2 3
Mode No. Mode No.
719 8. Pressure Tube ¢t 7 A F 71 0] 19 9. Pressure Tube?] v}z 9%
- T 3 (e}
R ANz e AANE A
35 r -
—— B TS
30 Lo ——
25 r
20 r
N
T
15
10
5 |
0

2
Mode No.

719 10. Pressure Tube®] v}-Z2Z

BAxEA F A BF VT

s © )
HAYEAS

Kol
=



¥ 2. TS Aol 50% #4 IS A5
c ithout TS Case without
. ase withou
Mode | With Pressure Tube BC
TS TS Inner Inner | Outer | Outer
No. 1 TS alll gy 5 | 1513 | Ts1.4
1,2,3 1,2,4 BC L [BCall| BCL |BCall
1 6.05 | 590 | 593 | 6.03 | 5,52 | 587 | 4.33 3.51 5.05 | 4.28
2nd 16.20 | 15.06 | 15.67 | 15.45 | 15.17 | 15.02 | 10.03 | 7.15 | 12.18 | 10.45
3" 31.37 | 30.45 | 30.43 | 29.81 | 29.88 | 29.97 | 20.50 | 13.40 | 18.97 | 14.89
35 — 25 r AXE TS
DA TS 24 son e
30 —8— Quter all BC Sl 2%
20
25
L 20 y 15
T T
15 10 L
10
5 |
5
0 0
1 3 1 2 3
Mode No Mode No.
a9 11. TS 2% &4 - TSAA 50% 12. TS 1,3 434 &= el A
Aask A9 TS 50% #Fa~3sk 72 -5-
% 67 —— A TS
30 14t |-=— 50% 2t
o5 12
L, 20 . 10 |
8 -
- 15 T
6 L
10
4 L
5 5 L
0 0
1 2 3 1 2 3
Mode No. Mode No.
719 13. Pressure Tube®] <& ZAAIZ7 19 14. Pressure Tube?] wHZZE A *
T 9% AAxzC] 7TE AT FHA A BT 7SS AT A TS A
A TS 74 50% AT 291 50% AT A9




¥ 3 am Ade) neFAF TR 4
. Case without
Case without TS 5 Tube BC
Mode | With ressure Tube
TS TS | Inner out Outer
nner uter
No. TS alllrs an|Ts1,2 | Ts1.3| Ts1,4 BC_al BC_al
123|124 |BC_L | BC-L |
1 1 0.86 1099|099 098|092 | 098 | 0.76 | 0.62 | 0.85 | 0.72
2nd 1 0.8810.82| 095093089 |088|0.62)|0.48 | 0.74 | 0.65
3" 1 0.96 1098|094 098|094 | 095|066 | 0.42 | 0.62 | 0.47
100 arm
oew 0Es \
e e
- N
1 E0 - \\\M
R - ey ——
3 Q41
! M.w;rm md;iNo :
a8 15, TS7F 2% &A48 AL tst 138 16, Pressure Tubed ©+Z AA =7
29l 34 of B 5 4N A5 @ w4
2 a4
0.8 11 Fo -
I.I';‘-\' I.R.'
K= F 05
[IR:eR i 25
19 17. Pressure Tubed v}tz AA % 2] 18. Pressure Tube® u}ztZ ZA A *
A T Y% AAx VeS A A Aol BF U]TS A AHAg-d g F
$ofl i TAA 34 A9l 34



	분과별 논제 및 발표자

