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In fuel pellet, the height is small, compared with the diameter,
g¢ that the end effects are quite appreciable.

These effects contribute significantly tc¢ the kind of cladding
deformation known as circumferential ridging.

In order to evaluate the end effects, a program was prepared to
obtain the thermal expansion of finite cylinders (fuel pellets), based
on J. Veeder's procedﬁré (ARCL-2660).

The assumptions made in programming are as follows:

a) thermo-elastic equations are applicable throughout the volume

cf cylinder, and

b) no external forses are operative at the cylinder surfaces.

The coding method, inputing and outputing for the program (called

the DEFORM) are described.
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Notation
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Cylindrical coordinates

Temperature,
T—-T,=T,(1—p%)

£2—-1

displacement of any point inr,z directions,
total strain energy

linear coefficient of thermal expansion.
strain

stress

dimensionless coordinates, r. R, and z,H,
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0u dw '
g + = =0
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G, FALOEEICH T 2RO Total Strain Energy #il/C& A L SICEH LN B,
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pl2ga,,~2a,g+2b,; —4b,,]
! _ +e° (2ga +4b,, J=0
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Table 1 Corelation among the 12 coefficients,
2(k+1) 2g 8 k+1 2 k+1
e | T T a5 b o - }320 o
. (2k-+1) 2k+1 15 kg 3 kg
or . 1 g
2, T~ 919
2(k+1) g (k+1) 2 {(2k+1)
=T Aae T a1y
2k+1 2k(2k+1) 16 2k
2 o~ Yag,
2g° (k1) p(k+1; g g( 2kt+1)
-3 —_—a
k(2k+1) 2°  2k(zk+1) ° p ’
20(2k+1)
2 2
+ R b
a — a a - a — ga
01 a2 41{ 10 k 20 01 10
P T
—_ . X
4k ?
4 k+1 1 k+1
a a b — e g — a
10 10 10 15 kg 20 3 kg{ 10
8
TR Ay
g
6k
App ] g2 I o2
g
12k
ayy 2z Joa byt —2gay,
o 2 ‘
k-+1
a a 5 — a
24 20 i 20 5kg 20
1) A,p 180, 18y, FIRAT R RN E T A
2) g:RG/I—lD
3) k=v,/(1=v),p=(1+v ) (1-v}
29 UVDFLITRAE—ERHEFE
Total Strain Bnergy O #/ME % Ko b HiEE, KETH~5 &L T, Total Strain
Energy 3k 0 % 2 o QEEMITO T ERLC D W TEHT 5,
Total Strain Energy (VO) w,
. Y i1
el = [ (me+2 (it ef el )y
JTR'; HO G ‘0 G r f F4 Tz
—2(3m+2)eaT+3(3m+2)a” TP Jpdpd & (228)
Ch A, LT T, e=¢ 4egte,, G=E 2014y ), m=25/ (1=}, T=T, (1=p")
TH b, '
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FFE (228)# ¢ Total Strain Inergy OH BT OWTH Appendix— BEEHIN A0,
kg (228)R K, 2EBATH A, V, DEZHEBL IDTRHBZDHICH, @b O

(EENET BN 2 @8RS ETL2TNIEE L RV, ~RECHE SR 2 W TidBEOBIERET

PFERNCHEEIRTADE, 2EFAOFECONTESE S BT R, £2T, o,
ST A HE THEMT 5 FETED L, FHIL2n T Appendix— CE2EE IR,

EEOFHE S 075 AT, ERERA (2283 [ JAHOEROEL AR T 4.

2.3 EhOFTHIILF—ERHERE ,

Total Strain Energy #if/h&E %25 3 BORBOEEZRD 2 FEEROCHED

2B THBAL ABKEELAEARORXKFHA21 2BOREO 559 WEHAEEF LXK
whibos, B O IBPOREEFEEELADTN S,

(23)~(2.6) I T (214)~(217) X ThhdE b e _,ag,¢,,7, Hay,,~b, OREK
L THEHAETHE, LT, (2280 HBAOERE 27T, e, ep,¢.
DT\ b,

thib, wEéns3@BORRTEREEL, B0 9 BEOFREE IBOREET S LiC2.1
TR 2BELE Rn, TOE%EFED, Total Strain Energy O (228) AL ET
N, Total Strain EBnergy B 3EOCERETZHELAZTTEOZRNA LL TRHIN S,

w2, 3EOCEEEX,Y,Zs+ 58 Total Strain Energy &, RO X 5 KEDL 9 5,

V,(X,Y,Z)=AX"+BY*+CZ° +DXY+EXZ+FYZ
2T TA~JHERTS 5,
OV, BENCTAHX,Y, Zix

TH b,

,ez i
rz

8V
L =2 AX+ DY+ EZ4+G=0
X
5, o
=2BY+DX+F4+H=0 RIS IASOTINS ("3 1§ I
Y |
A |

0 =9 Z+EX+FY+1=0 J
87

FHREL RO A S Zln, (220)OBBA~T I, X, Y, ZEFQOEEEANL, ZhlC
X A Total Strain Energy V, (X, Y,Z) #2205 #%ETELLNLDT, V, (X
Y,Z)D{EEFOCRO A R TE S ( Appendix— DB ).
ZALTROEA~TOEEFEDT (23052 @mETAX, Y, ZT 2 bLRED 3 (A0 R
EROLEZ EHTE B,

24 HEOMFF

SHEOIRFRIROH D Th b,

1) 2.3/ &5 3MOKRE( (21),(22) KOG, a,~a, ,b,~b,, ©®IB0O
IFE) CHEBEOEERET S
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2) 2.1, Table 1 € X2THO Y EOHADEEED 5o

3) 12@OEHE L2220 FHELID>TUHFLA Ay — 2R 5,

1) 3EOHREOEEEFL TI~EL b4+, cOEER 10T, (220X R
HMA~I % 3kH A ( Appendix— DEHE ),

5) (230K EDTHANDTAL ALY -5 55 5 3RHMOBEEHREL, ftd 9 REBKD
T VBRI RIEE BT A, |

6) (21),(22) XL DTEM, (23)~(26) XL LIDTE, TbIK(27)~(29) KID
TIEN®EHT 5,
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3 HEMHLOM

3.t 1Input , A OEE, EoOh
%IE,%Zﬁﬁfﬂﬁ&tﬁEK§&fé,fufiAﬁﬁﬁgﬂﬁc%ﬂfﬂiﬁA%
LFDEFORM &4 ik B,

1) Input
DEFORM—Code iK% Wn<T, ABHIKEL A& Input id, 272 EOHEIFEZ N,

THbL, AHRAECERLEIQOLF IR T 2 Y HETH L,
7L, Code BRCEWTEH, H+r—20D A4 b riTELZA rarh - 3KERHELT

in%, Input Card Format % Table 2 WC7R¥.

Table 2 Input Format

Card 1.~ 3.
Symbel format
col, 1 ~ 80 4A20
Card 4.
col, 1~ 6 - (F60) HERMBEOERE (D))
col, 7 ~ 12 (F603 AROEOsI (2H )
col,13 ~ 18 (F60) 7y (v)
col,19 ~ 24 (F6.0) Pi1
col.25 ~ 30 (F60) P2 pRRER
col.31 ~ 36 (1s6) KLY---- R
Card 5.
col., 1~ 4 AAAA Stop card

w4 — 2@ Input card OEREBERKAN L,

Tabled:, P1,P 24, £7 7> Hhvsv=P1/P2OHTH Input TEHIOLLRE
LD TH B, D EE col,13~180 v EP1/P2ORT ¥ ¥ ik anrbhbo

27, KEYZ022WwWiE1T, 026220 (228)F DK% & Appendix— COHEK
LB RS RS SO TH b, 1% b, HICHEL & Subroutine( (228)ANHE B
kA ) TERHHE 3 b0

2) Ao EE

3EOARE A FREE RO AL, (220) O EmA~T BEBbscHD, (X,Y,2) O
HIEOMIZ, RO 10ME LR, ' .

.(0,0,0) i (ﬁx,dy,ﬂ)
(dxxoto) l (O’AY;dZ)
(0,4y,0) | (dx,0,dz)
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(0,0,4z) L, dx=4y=4z=05 &L%o
(2d4x,0,0)
(0,24y,0)
(0,0,24dz) ]
Strain Bnergy® R » 5 (2281370 2 EHBAOEK C h 24 LEH (N), &2 CBERHE
&4 (BEPS)E, N=8,EPS=10"" T#b, chu, 7272 OBRLIREL R,
3 (00 % e B ISR b 7 1 10 (230) A & 42 ¢ I IC I Sweep out B0 4R
7o
3) Subroutine # & UEEIER
DEFORM®M® Subroutine name &EEEOHN%E Fig.l KFRT.

START

@ . ®
OUTPUT F——— ] MAIN 7] INPUT
@ ; @
@ | ® D@
i
_ &)
DEFORM COFF 3 SWEEP
: : ®
3
EDIRIOY
H® ©|® Fie
INTEG
STRESS [} DI SPL
Ny (&
/ ” 0 ® - '
KEY T“;—?'TODIN
¥ ‘.\‘? )
@ le ® || @

FUN 2 TUNC

Fig.1 Flow Chart of DEFORM
note. OWNOEEIEIEF TR+

3.2 OutputiTohT
DEFORM® Output iz,
(1) (21),(22) KO 1 2 @ HREG A
(9 Fig.2 WiRTHABARMNEAD v va1lx11EC&TsEETES LFWEM
D B
—-12-
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(3 Aveallxll&CEr st (RE, ME, @HE) I FECEE, BHE #

Fi e
A
1
|
057
Y 03 1
Fig.2
DCIHETH L,

1) #HE s »T(21),(22) KORBME+~NTaT,

aT,, ag/aT,» ==, by /aT, , b, al,

A ARIC « T, TERLZIET D bo

EOH, ThRbb, ay el ,a,,/

2) EaOR (21) &, BB T QR THEINLOT,
Ly, 2 5 1 2
u=R, pla,+a, Bta Z+a,R +a RZ+a,Z" )

‘ ’ r ’ ’ s oL T
=aTR, p[aﬁo-i-aml{-f-amz-f-aoz}{ +a, Rita,?Z 3

4

.. == L
(0 oagmag el )

TR AN B

e OB THEINB, Output OHRBOE

. : . . /
Lnb, LetioTCode BT uE aT, R CHD THKRILAL 2 8Hu =u/(aT R, )

S AT (22) RICDWT &IRET Code HTRW =w/(aT, R, ) OB TEHEINL,

Lol 286, BEOQuiput id, KOHBTERIN b,

) o’ U
L FMEMN © u =
aT, D,
(D, =2R, , D, bt EHEEO AR )

0L S I X bRl . sl el it Lok Y S £
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w

«aT, (2H, )

LedD2T, EEOEG&FE T s%EAE, oT, D, (FEHM) bWk aT) (2H))
(@FE ) OEEETH EHLETH b,
3) FlLo2nTiE,

’ &
r
e =

L
a
TO

3

'

£g

O T OQutput T T b,
] ’
EBIERICIL T on T, ar:gr/( aTGE) , a’B:ag/’(aToE) , U’ZIGZ/(“TDE) D)

ETH b,

6

=
a]_ﬂ

£

.t 3

Foar

LanoT, EEQE, HAOHECIALTE, aT,(B),aT, B (HH) tEF 54

B b,

32 & B &

KTy »hv=1/3T, AEO@mELHAEOKL (2 D )% 05, 1.0, 15,20 &Lk &
2O O DEFORMICk 5T HAESES Fig.3,4,5, 6 KRS,
Mz A AEFEORESGEFEFE, BARKCDE 1 054 a8l T 5EMY RT, M
TETEAKKITWALAIORTADHBRTH 6, KETRT IOWEGT, BREROERE

FL T b, BT

Qutput OHE &% L PR FE

i, ’ u ’ w
u= , A w = ————————
aT, D, aT (2H,)
TH b,
displacement = a-dT-(Door H )-(values shown in figure)
where, @ linear coeficient of thermal exp.
AT : temperature difference between
the centre and surface,
pellet diameter,
pcllet height.
- notes ,pellet shape before thermal deformation.
k -,pellet shape after thermal deformation.
T -
£ 1 — — 1
O ERAERY NN
— 0o 05
e B} . | _
Pellet Center Radins —=

Fig.3 Pellet Thermal Deformation. (H/R=05) Poisson Hatio=1,3
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displacement = a-4T-(D  or H,)-(values shown in figure)

where, @

linear coeficient of thermal exp.

temperature difference between the cent

pellet shape before thermal deformation

pellet shape after thermal deformation.

4T
and surface.
D, pellet diameter.
H, pellet height.
notes » —————,
’
A SR ST el A

0

Height ——

——

| - |
1 i

Pellet Center

Radiug —=

Fig.,4 Pellet Thermal Deformation {H/R=1)

Poisson Ratio = 173
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displacement = a-4T-(D, or Hy)*(values shown in figure)
where, a ! linear coeficient of thermal exp.
AT ! temperature difference between centre and
surface,

D pellet diameter.

0
HO : pellet height.
notes ; ————, pellet shape before thermal deformation,
; peliet shape after thermal deformation,
L . - - I " -
I T
] i 1]
|
i i
|
: .5
i
! !
; i H 0 0.5
T i : |
| f A
- i i ;
'E{; i j L : '
‘D ; : ;
s ‘ ! :
1 ; § ;
i - i
|
: i
i i
» NEEER R
i | L '
Pellet Center Radivg ——>
Fig.5 Pellet Thermal Deformation (H/R=15)
Poisson Ratio = 1/3
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notes + — ., pellet shape before thermal deformation.

05

; , pellet shape after thermal deformation,
e b e e LT T TR
b,
. 4 i
T
i
i i
, ] L
= | i
& !
.: t
|
! | '
I . |
i i ; ;
L | —
T
i
{ 5
i
|
Pellet Center Radius ———s—
Fig.6 Pellet Thermal Deformation (H/R=2)
\ Poisson Ratio = 173
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Appendix—B rFA=ANF (Strain Energy)
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Appendix-D BADPFA=ANF-HROLFEOME
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