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Design of a Nuclear Fuel Rod Support Grid Using Axiomatic Design
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Abstract

Recently, much attention is imposed on the design of the fuel assemblies in the Pressurized Light Water
Reactor (PWR). Spacer grid is one of the main structural components in a fuel assembly. It supports fuel
rods, guides cooling water and protects the system from the external impact loads. Various space grids have
been proposed and new designs are also being created. In this research, a new spacer grid is designed by the
axiomatic approach. The Independence Axiom is utilized for the design. For conceptual design, functional
requirements (FRs) are defined and corresponding design parameters (DPs) are found to satisfy FRs in
sequence. Overall configuration and shapes are determined in this process. Detail design is carried out
based on the result of the axiomatic design.  For the detail design, the system performances are evaluated by
using linear and nonlinear finite element analysis. The dimensions are determined by optimization. Some
commercial codes are utilized for the analysis and design.

Qeteid, AAZAAA= Ay T4 disl F

1. M & G FEH PEE R AdAHoler @t u

A AR AQ #AgM AXAAAY AE

A28 X F (Pressurized Light Water Reactor; Hol AsE o] b O 1968 FRE] 1993 FHA
PWRM Y dldgxdtals F449 ddev o=z o] 2ud AXAQHAY BAH =5

s H
— i
4
oAl

| &
37 Folth o159 REE ZA TR
ot} A SWolM AW, A=A G

FAE Aok FAAE dduRA, staaAA,
i, AXAZAZL st F2EL o]F 9

2B OB oof drlr B AT ook

v}, e 2 22 A 3] (slenderness ratio)”} 400 ©]% A Zo @3 ASott@ QA A #E o
oz 77] Fol 8-11 7§ A A=A A 2 A Aol ATEE 1979 W Walton & ATFI7} 9le
AAHD Juf. AR AzpA o] AAEE AT . A B Bek AFEE 1982 ' Larson 9
dZz 7AdY. dAdRES o] AXF Y AAY F@2} 1999 Aol@e) AFOTE
oA wAstE vhEdge o8 AAHrh upahA Bodpo e AAFRA SHgA A A
dAdgEol JAH AALE AARY VA A AA e AL MAAstua goh 2y A
S BASA d#Ho ok w3 Ao ol&als AR AA B HlE woh AA
ZhA) b apbaie) 2o wAAdAQl FAE o) A Holy A A 7PPe g Aol o]
wAste ek A 0 gREES AAE ul GaZoA Az AgHI e AR AR
A7 gakA goh e v dEed e e g HA FHHo YrE LA A &
dANA AAZE DFAAG7] Hel AlES me e A4S 1 M JFEL @gdos 449
PE—— &2 Raha 91:4 el Fel z’j?ﬂ@zi A
" ergara 7 AAA S AL AEE 4 gl% AAZIME =9dsd A
e - =415 A ulg gazs P o gluh ®ek opde, A7
St abE i

8



o o

o

2 a7ES Aoty 479 7|5H &
3= AA shEbo|E (Design Parameters; DPs)S
Mol 7|R0E o] &3ld AT Zojth A
A3t AL 918 GENESISU> W& wlMdda)y

[e]
AR

% 2] F2)(Independence Axiom)E 2 H3}t7] 93k
oq z+e
|=} T

A EF AARAAOS aefHn

e AAFRARAA YERE = dE LFES A4 T ARE AdAse ol Fasit B ATl
AT F vk B AolA Abge Fe Aol = 2 A3 S AAAAA A A
AARoZ A R4S A9 £ Ax AANE 2z oz uF U WEL Vs A
olgt FHHAA® ryelty, 53 FAMAES Hog ugTut
TFAste ¥ FY Y sl 5¥EE
(Independence axiom)®& Algsle) HAES AT 3. =2 MA
Aotk S¥FYd gAs AAAAAY 7T

el

3

H

<

4] A Al(coupled design)

918] LS-Dyna3DU9E A}-&-3h}. ; FR1) X X X] (DPI
FR2L={X X X|{DP2 )
2. Xx|AXH 2 s & §F FR3 Lx X X| (DP3
) A A &} A (spacer grid)s AH g AH, st 1 nj1/3 sk 42 Al (decoupled design)
A, Ohﬂz 53 @A Fig. 19 AT ANS FRI] [X O 01 DP1
TR BF Y shtelth 53, AXAAAE FR2}=|X X O]{DP2 )
Az Hee T A6 sEeofAd FR3] |X X X] |DP3
ﬁgihﬁzﬁz‘%q@jﬁo{l FdRen aAde v IR ’Sﬁ(uncoupleddesign)
T = .
Fig 2 ol A% AAA4ADE Gepisich 27 (X 0 Of (DPI
AAA = 2T (spring)d B Z(dimple)E 0] Fof FR2;=10 X O|DP2 )
A glen, oj5o] AR%®S AAFE ATS (O O X][DP3
o 9EL 2T nlE Aol dds] 2= 9o NEL J)=H QFRs)Y A FHeolE
AAg R AXNGxA FAE w dE9 WH  (pps) APOH #AY FHol wet EA GEHE A
& 71l dopdA) e M WFEE v Aotk o714 X & 9 FR
AAAZA 7} zhojol st dubAl 755 pp 7} BEol d&S 9vlsta 0 & @] gl
& vgn 2ok aAEE AA, =4 Yol A o ojnjgict
2850 A fAd d=s nAANAFE 75, 21 (o] AAAEAE FRI & BFA77] Sl
B4, dA5E Atold ¥7t F2E FAste 9 DPi, DP2, DP3 & =% 75236110? ste A48 B
AEF oo BAnAe EAGE FIIAA oz, 28y FRI & ©537] $3) DP1, DP2,
T 7%, AR, B AER] 24 B4 dd pps & AAsielE, o] 24 AlgEol FR2 %
SHTA Alele] 3 W st Az Aojge FR3 = SAld uhEathe 242 gk webd
A A2E Agse 7% Solth 1¥ER A Fojx FRs B¢ BY UEs] Y A9
A A g 7 o = 92 wHE3e] DPs & AR oF
=l A (29 wags AL WEAAF & FRs
uak

9 =42 & AASA, A (1)_4 A A Aol A9

o mEHe AgAoE 0E £ e BoF

~ Nuclear
fuel rod u] AA=EQ o= 2 DP3 g AASHE AA FRE

Fig. 1 Nuclear fuel assembly  Fig. 2 Unit spacer grid

-549-



A 7l (uncoupled design)E ®.o| ¢}
o] FR & S¥4e= tFold
25 ojw FRo| W37t A7 ete

o] wjof = zhz}
T Atk whebA
#A H = Dp

s o] Z2Askd Huz, dAdRe fA B

%7} o golsik,

B4 AN Egeels

FR - DP 7} ¥t

Yz dgHe, 4 Gt 22 ndA dAE A

st ¢l

Hlddst dAE

A () 2 A A, o)A ¥
2l TMOM ix} B AAlolnt. of 4
£ FR °J4 DP & tA] ZAste] uAdA
< oz} A A7 EIL afoF @t

S oo} ojyrhd Aoz A ()9
FHsta Aot vk AAARTL

4. ESRS2[E 0[S XX AXAH S M

A

41 AAYHA P

411 JIsH R7F(FRs)2l 2F

AR A= AT g B Ad
Ao Autate $4L WA Hug o
Age] Ad F Yolof wrh. &, ¥
Batolol A=A dojuhs T " (fretting
ol ofgh wmpERE A sjol gick ghH,
Y&l vla) ddFow Aol A w
dggol Fdd wos diFEEe WMo
oAl dojdth ¥y ATHL AZE S
AAHez AAsfol a7 wiel 7hsst
Fo] AAWPS dolof It o) g
AAAZA Y 7158 a7 HEFR}IZ thSo
o] AAT 4 At

FRI TAES Ade e A

FR2 HE e A4

FRJ Hol 4o HAxst

1
Impact load
/

Fig. 3 Unit inner strip in a spacer grid

Ho

rot
A ro 2 b ok

o oi

15

H

12 A7 5205 (DPs)°)
ERE LIPS

ok e Y

™
0%

N

=N
N
L _4
Zi
ro M
M
L
oz
rlo
o)
6]

mi

Bl

i
Lo

mo>’
N
S
N ol g
iéoﬁt
x>
Lo
£ !
©oofk g
O o

O‘t"
ot
lo
2
HU HO

ol

ofv I
N e

g

=
oot o
4 F
L
rio

32
rlr
Ju
B
rl
Y
b
i
o

K o
> I ¥ Jgi U
2
1
10
=
al
lo
Ly
o~
to o
H o

o
il
o
o W

Ty B g
R

2

o,

ol

q -
¥

ofh
>
tle

S
2R o

ku ofy

ML
G

o
g £
w2 ofg 3

o 1h

[+ .lozi_“,
r2

(S
o
lg=}
[\
K
o
2

g
£

e B>
>

=)
No1d
By

2 e
[0

[
e
>
[H
ot
2
z
z
o
Ir
o
i)
i)

il
o
e
N
2L
o
ir
v 1Yo
[
o ©
1o
N
2N

o
—~

0
lo

o

Ly e
EF
R

Ry

J"U

7

12

X,

%

3

2

O

o
° H

Y

==
Yot a2
H3 o

B »-
>
> ol
i)
&
44
rir
X
12
P
)
L
¥
=
2 1o
- 12
Bl
l

o
me o

fecs

|

i

o

o,

)
yo, £ 4L

£ o "ot 2 1o
-

413 HMAYAS AY

AA Az A LA gelA Age B I
Adxolete] EE wgow AA A 4
(63 ol FHH AL

FR1 X O x DP1

FR2} ={0 X Of{DP2 (6)

FR3 X X X| |DP3
et AeEelM x B2 OBEAHE Bl 2as
A7) sevige] giat 715 ete] A= 9
S A7) wEel A g A g o oA T
A F Qa0 Tejag A (e FrldgE
4 Al(nearly decoupled deSIgn)E 2 (7 B4 g
A A (decoupled desigm)= H42 F sl

FR1 X O O] |DPl

FR2: =0 X O} <DP2 @

FR3 X X X| (DP3

ol A w9 W witizh @2

542 olgetm o} vy
ohe WES g ok
oA A (ME HIFHE= widAls A
of uwlz} DPi, DP2, DP3 ¢ &A1& 474
=

IR oA
of A7 sepE s did WgE
ks 7

- ox Niﬂ ox

-550-



Initial o] 7|E#RY AA HEF DP1 Q| Fig 3 A9
velocity l Rigid surface FAAXRY do] | & AR, gurH oz ¢

AzAstzel NFge, AAZ ARz A8

5o AAAE RHoE FANDL SR
Aete] Ge AAFANF) FRGE A,
o] A9 1 7]F g2 4500N o]t} Fig. 4 oA A
qe AT A B, ANAR
o Aolstn, 44 A

N

)

rr o

vAg e
o] 4374mm ¥ wjo] AA =
< & ¢ It uet
1 2 FZAXAR] o] |
& 4374mm B AR )

2 QY o2 op
o on b oo N ik
ofN ¥2 & N
i
¥
N
o H
o,ig:i

.,.J
=
o
=
AN
ol
Ir
o

43 DP2° ZH

FR2E WHSals] 9@ AAE 35 4de 42
S5ty A9 AAERH ~TPol WEsE pi
o PAHOPE AAsHE Aolth BE gL 3
a8l el HARR s Axgel FEse
Yol ZFo) Aol drks AEeT x7)o
s9g 443 F vk
44 DP39. &

(a) Manufacturing process

o 2y

38 e H2HFRY) e AT G

(DP3)S ZAsNoF gt} 2272 A g A7 9
=5 FAAA stF R Xz o

O

ring Az QAe}

/r\ Bol el szl olsl WAL sHAl Ak
pe . sEe 2uaA A @2 O E4Y F At
— * = ARz Noll M= F44 2Ab o5 27] 22
0.4mm #o) 9wt ZastA Bk AL 4 (8)9 Hd
\/ o #ge EF FAH LW FEFid Induced
e erid Vibration ; FIV)i} AASAFAY ¢4 Fof AX
ce o o o] &lo = P
T . B A7 N B 1N o) g ) g ol

(b) Schematic diagram of spacer grid

50 o 5}
Fig. 5 Fuel assembly °F ¥ T’]D] Rk

@A, Fig. 5@ 2ol AdzdedAE o2 QY
.FRI = %:aog AYs AW e A AR A= o8 FUAA Azt Fig. syl A shte] A8
3 > = A= L Lo i L» = ‘:3 3O _3106_\: izaol Z‘”& J—l}zqg] :67_2}01] 9]3”
ASEE oen gol dAZAsFe Aoy OF THAE A2 3ol e
297} ok 0.4Tnm o] Apol7h Ut} ol AL dlo‘ifel_%j] A2 A
AZAST - A0l el FAze) g S0 W 2EHol A2Bo) s A 0dmm o
AHo2 Z7he W Az 2y ) Ay 4 ¢ FIT AL AvE
Aol 7halx 22 Ao ALES FTEE Fig 6 oA R npst
ola] MA 71Fo] He AAZAFEL AAG Zo] 2T YL 40N 9] k5ol sl 0.4mm o] ¥ F
o2 F AAsteE AN AN QAFRey ¢ HOHE YT A E e 6 & Aol g
T co s 0% HAW A UolHE ATao] By WHL

-551-



Fopring(N)

40

>

0.4 S(onm)

Fig. 6 Force — displacement curve

Fig. 7 Initial quarter design of spring
oA L ofvjateh,

doie Ao

Fspring x 0.08 > 2+1.2 (8).
Fspring > 40N (9)
Fig7 o AAAAGL dd23 FAFE

A
aejate] AAHA A5t Oib A= A&)A
714 DP] o] 2% 51“4 22X o] A sh=
Te Ao A", ®, pp2 7} 2AHW
g gl dist ”74]”4 XH’TEJ} = EE A
Aol Adrt. mEka Aela BiE wpeh o),
FR3 & DP1, DP2, DP3 & Al AAjgte}r|efdl] 23|
A gAo] 7hxslth. 1#d Dpl, DP2 7} olv] A
AEGlong 23X yo] AAsle= Fhe] LAH
t} olAl Fig. 6] HAAHNE HAAZ & FRI &
U35k DP3 & ZAE] Hs A (0OF S

minimize B

subject to c < B
& = 04mm (10)
Fopring = 40 N

HAs7|WE =gt 2 (10& Ao
3} ¥ A (Min-Max problem)] & o]},
o7)M 2xX ol AT AAHE JhAoF &
de ayshl A A Agzd
boA A g olehe A2 9ol

B
b

e o U

[y o 32 off
A

.196250E-D1 =
. 196250E-01

.B7??614E~-D1
.558977E-01
. 240340E-01
.921703E-01
»603066E-01
. 284429E-01
.657925E-02
~A71556E-02
.285188E-D2 @

.882000E-D04
.882000E-04 O

CO WO W= =NNNCW

Fig. 8 After optimization

Ao Ao AAFEES fEstke $7F Aol
At RS et gy AR &

HENS FAWSE 0.4mm WYT
A HH, ole dlFdehe dAT A e dAT

= Axzr gdh gy Aao)
s}

of osh A Az ojust =riA e A
WMol Mol x 3E &2l 0328 GPa & I
st AA Ang vk F, A" ¥ ¢
A A 10 A} 89 A (feasible region)
of 9= BALS @ 5 Uk Wby §89
gusts] el A 102 A ASFEdolM 22
Dol WaAFS 04mm A 02mm Z WA A
A 22 WEANE 2599 G4SN @
g ol #AdsEe] AL 04mm ¢ &Y
o 2t} o2 W@ 4 (Nl Astel 9T 9
HHARAAE F5I%E 2 ATE Fig. 8 of B
A g8 27 A% SYuu AL B 5
9tk o284 FR3 & ®HHdks DP3 & 2A TN
minimize B
subject to g < B
6 = 02mm (i
Fopring = 40 N
5. 0%

QZA el AARRLE A 4D AXNAR
A7} Fig. 9 o Atk o] RAg o] gdtd F4 3
A A2 Fig 10 o JERIITh Axbge) T
o 2xYo] 9 wurh o F e YIAFH
3tEe ¥& F Urh o ARE T3 A E
a3 mab ol Azl g iDP3)e] FAd
v X ggo] MSas AE FAY F Y

N - LR = AR

v“~



Fig. 9 Designed unit inner strip
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