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Contact pressure between pellets and cladding tube

in axi-symmetric two-dimensional problems

Yasuo HARAYAMA, Fumio IZUMI, Rayji YAMADA and Tetsuo NAKAJIMA
Division of Reactor Safety, Tokai Research Establishment, JAERI
(Received January 29, 1979)

The contact pressure between fuel pellets and cladding tube is
necessary for estimation of the stress acting onto the tube and the
gap heat transfer. Recently these estimations are made by use of
computer programs. The contact pressures analyticaly obtained are usable
in checking those obtained numerically by programs. '

The contact pressures in axi-symmetric two- d1mens1ona1 problems
applied to the fuel rod were obtained and formulized, The contact

~ pressures under plane strain, plane stress and Lame's conditions can

be plotted on the figure which is drawn by applying axial slip to
Lame's conditions.

Keyword: Pellet-Cladding Contact Pressure, Fuel Rod, Two-Dimensional
Analysis, Plane Strain, Plane Stress, lLame's Condition,
Friction, Slip.
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EREOHE X, BAERSIHERPOZISNZ EOTIEL, ERT YR OEBRE
B AT AERL IR SN ECERMSHS, 500, AR IUBEcHELTE
MHMBHUERTZ 60260, ZERTHELHHODT, CORGETH  RTEEICHEY
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2.1 BETE

Mk ( solid cylinder > 38 & C"H i ( hollow cylinder ) @ R FRbEICH T 2 EAM D
ﬁﬁﬂ%u%d(ﬂuT@Meluﬁ?ﬁbfééf)
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M4k ( solid cylinder ) # & CH i ( hollow cylinder ) © iRl Bt I 2 £ 6LD
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e Licess, VBBV ERETERAICS ~TEMAEL BV FPAYE (R, ) CHEE
PEEE (R, DDE(S =R, (~R, ) EEHTSH, 0, IRILIHOT, (OBHLEE
THREIC L ZBMB Ly FOBTMOMY (4L, () CBREOMT (4L, Y EDE (8, =
48,  — 48, ) EEERT S, UT, 0, 0, £TOHET T COBHBOM" EERT &
W35, [Ched0sBofid, i (or EA)ORECEIDHIRMICHMKEN LS, H
BAIC XD BB Ly POARITEBRGRICS, | R (HP), RELZIEOVTHAMIC

8, ¢ OB CEHD)MERY. FEEONBRERARIZS . OEM (M), RSLIE20
THEMICE, . OF{L (B - THE 7o LE D, TDEE,

d
8

i e (1)
L =8, +8, g |

a, ¢

DKL T Do
EMEHT, COFBILECILLE-TAONS, DL, TRTMEDES, EMA
7L R OEY FRAD SRHREFE6E 0,

22 EEEOES

BELSL o b CEER, D AL 5, HENAMOSS, YEERATORMENER

 HIEBAFEAARkD L. HEFIVTDETH L0 5, BT 2@EHEROHE KB OEMITITO. L

TohioT, FREFMNOEMNDOHEER L, BEREOEELR , #HENEP, &L, W0ESTH
LA e LaBaol b Ed, L4284, MUd~&FEAE, Table 1 £8RL T,
KoL HIL/LNE,

RIC 1—2p R*+RY P, RI{R+ (1—-2V.)R*} P,

B, = (144 ) I+ (14

......... (2)
R*—R%; E¢ Ri,—R? E.

ZZT, E ! Young’s modulus
Reo © BEESER,
Rii @ v PRXYE
v : Poisson’s ratio
THO, suffix { WBESL Y M %2, ¢ THEEETRT,
(X DOELH | Hid, mE 2LV PMAENEMINCL ~TRPTLIEMNEEL TS, T
{4, Table 1 @ pl. strain . Hollow cylinder @ ur TP =0. P, =P, EEZ, r=R,=R,
R,=R¢;» v=V; , E=E; £552 &ilL D,

R*{ (1—2v )R*+R: | P,

6r,f -—'—( 1+Vf )
R (Rz—'Rfi ) Ef

ERBHEND,
05 LA, HEENECEINT 2 EMAEL T4, Thid, Table- 1 ®pl. strain
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Hollow cylinder ®u, TP, =P, ,B,=0&%%, r=R; =R, R, =R, » ¥=V.» E=E,
EFARIEIZED,

R*{R,+(1-2V) Rl P
R (RZ,—R%) E,

8, . =(1+v)

ERDHOEND,
TEEEAFOERENP, 11, RAARIECLD, KOLIKKHONS,
P = e 3
T r¢+w){u~2w>w+Ra}+(1+%)u¢;wl—2%)R2}-
Ef (RZ—R?I) . EC (Rgo'”Rz)

ﬁﬂlMﬂﬂvwb®$b%ﬁﬂU%é(Rﬁ=U),%5“@$®%%ﬁﬁb55$5@%
& (R /R0 Y2z, BBEHIBALD

o _ ( 8, /R)
f’"[(1+yf>(1—2yp +_(1+vc)[Rg¢(1~zuc>R*}
E E, (R3-R*)

TERbEN S,
BEMFEAOSRE IO, FEE (5,=02 DREAEET I, BEL .y F BLIUREECE
T OGN LB, FOBAE, EhER '
BEL S Ly MCDOTIRERE 7 E12D,
R2

- L TTIEIT PR CELTELLIEILED (5)
R*=R{;

O, = —2 V¥

THO, HEEHICOVTHIIERNLZD,

THd,
2.3 FEGHOBE
TR R T TOMEL 5 b S BT OMICRET SERENICOVTELS, LEER

22KBED bDETE, YEBHTOBEBENERD S HERRL, EMAEED D Table —1 DA
Lo,

:=R{(L—H)RU41+VQR2JEE_FR[[l—vCH¥+(1+VQR3J_ji; _________ 7
Rz - szi Ef cho_ Rz Ec

r



JABRI-M 8107

MBI T2, B1EERLVy FARORY, F2HIHBEEARENORML TS5, BHIE)K
DEALEELOTERT 5, BEREHT, , -

P = e B - (®)
' F1fW)W+(1+w>R& +(1f%)W+c1+%>R;] """""
Ef (Rz"‘ zf[) Ec (Rﬁo—Rz )
ERDONB

B, BESY y FORLHIASENENERL D SRR, EMESE, BXID

(6 /R) '
Pr = - 2 el AR (9)
[(I—W) +(1'%)R+(1+%)Rw]
E E. (R~ R*)
tEbEhi,

BT, Ef=E:» ¥y =1, c':ia‘aﬂ;f.'-%:a-‘/l YaAmTER rl) o WIS (shrink—fit
pressure ) " T 5,

TEEHRAED bE TR, BAICHESHATOEMN S5 ORIBNEELD T LRTELL,
LiL. ¥BFHOERAICEL, BMANOBIHETE 2, COFEE, BE Ly + EREE
KBOTEOA X XAENSE, FAGNEEE, ChOoDEHS CHEMEAREL 52 bDITHE
Haxha~EXTHIM, BEOLHFNENDOBWHMNELATT LROBN TH B,

MEL <Ly PZDOTE, HUT

R® P,

g, = 2V TR . g FOTSI 10 —a

THb,
WEBICHOTIE, FET
. R? P
E. = —2 ¥V T TR LR T T i0—>b

¢ Lf’:d_ R2 Ec

T&H5,
chED, TEEHEZSGEToBEFM L OERORE, (RELES2VTHHE

8, R? P.. R? P.:
= — ZV‘ " ; —2V, - T e 1y
£ : R'—Rfi  E¢ R R E. ‘
EFkanid,

2.4 Lame OEHDBRE

Llame O, BHFMOENERFAOMBCALDLT—ELTERETHS, Larl,
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EMT 3R OHAROENFL LS EVIREBLL, Lichi-T, THEEOES B D
FABELTEMAERTILETIAO, o .

£BIC. WHEEEA T, EEANIC L > TRE ZRAMARAS LT~ D ERFOT, T~
DR S BE LR LM BAIHI TR S,

241 WABOTNDHECES

Bt 3tk BERECESOTHAMOTNDRELHEOERET 5.

BNV ERELABEOBE L » P BRBEOEMEICE A5 0ERORD D) BLEE
F%ES » BRSO TREFAORS LE20TOL WENORES, &35, E8ICL 2
ERLFMOFENEP, , ML -~ TSR INABHEERDEBFROEHICBRE L& &
BME ALy FPEDWTEy , HEBEILSOTPR, &T5, :

HEUE (EER IEIFAEBTE AP, By, B iCX 3FEFMESIL,

BEL Ly MCDNT,

R { (I—Vf R+ (1+Vf )szl t Pr Paf
. = — _—_ yfR— .............................. (12)
: R'— B! E¢ E¢
BREICONT
R{U(1—VOR™ (144 )R, P P,.
i_,c-...'-- 7 - — CR .............................. (13)
Reo— R? E. E.
EisB, i, WARES 24D OMUE
BEL Ly MDD T
R2 Pr Paf :
6a,f= zyf.ﬂ Z Z e P PR P PR PP PP PP P PP E PP (14]
R*—Ry; E E¢
HEHEIC-SOT
. R? B P..
ba,c=-_2yc'g' - . R T R TR (15!
Ri—R? E. E.

ChB, 1L, Py REMOES, P, HEROENE LTHATEEEATLS.

198 0% 1 FiT, BMEN CEBHM ), P i kb~1Ly ALBEORDBTH S, B2 I,
o L ﬂf%itf'ﬁﬂiﬁﬁﬂﬁﬁﬂfﬂs B ﬂiiéﬂl‘i‘—@@@m?ﬁ?c Zhoid, Table— 1,
Lame's condition . Hollow cylinder ®u, ®HT, P; =0, P,=P, . P, =P,; &5 &
DL TS

BAOE 1A, EREN CEBF) B CLRBENEEORMETH S, #2HIL,
BEMIC J ~TRE Ll EME S, B, XN EROHORARL TS, it L, WH
MEMA L, BE ALy FEOOTERT 3 HIIER LTS ERELT VS, £0kHIER
R OERIC L D BEE OMB BRI ZIE A AICERT A EEL505, £OKEND
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19 ~5 AR ICRA L
R2+Rf2i Paf Py Rg R? B Pac
RERf; E; E¢ Rl R* E. E.
......... (18
: R? P F, R P P,
6a=—'2‘@lﬂ‘f—"2—z +.Z-—§-f——2°£vc +2
R*—R% Ej CEy R(Z:O_Rz E, E.

MRS Bo F, HME IR SEMNE LRI AR, . WHF, LT

P =F /2aR+2
P,e = Fp /7 (RI—RY, ). & coovermvesmmminisiine e e an
P,. = F, /= (Rf:oﬁRz) . .

tEbahd, IMRLMWRICRAL, BETEI &ICLD,

8, F, 1 ¢ R*+R}, 1 7 R: +R? A
e e ) )
R 2zR 2 U Ef \ R*—R{ E. \ R}, —R?
;EE{:Z- ! ﬁhﬁh_i_}
=~ {Ef R-Rf E. RER’
} ......... 19

e {2 () 2 ()
£ aR2z UE; \R-Rf/ Ec\R, R

cemw) e ()

7 | Ef \R™—R{; E. \ RGR? J

Hiohsd, COETHEREHOT, EMAF . F, SROLIICLSN 5,

1 1 3,
==l () (N
x E; UR=R%/ E,\ RGL—R? R
Vi 1 e 1 g,
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po L {1(1 R ReotR vyl 1.1 ( 1
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Fa = ﬂFl‘ .............................................................................................
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A <037 5, ST TAGRA L SRHEMEN LAY A0, TOLFEFig. 5 IR
TEOINRBICNBEEIONE, THLE, MHFAOLL OEMRNMULS, /2=07Tx107 ©F
A7 HEE EAIC L - THREN, BUD (L4—07)X107 O U b ROEEIRT
~DEBRTEELOND, CORSRE, HEMEFHER, EEHETH S kg om? . WHETH 50
kg /cm® ERBTHAH D,

Fig. 5o TRIT 2L, |41 <03ROERTEALY Y b & HEERBFAICT~S
3, #MFROL LEAORIBTNTIEREREIAS, T/40hE, JoHEENTIREME Jidlame O
RETHEIADERL SO, —F, TOESATEIRAROT ONEI D, EMEDIFE
FHEDCOEMOR EEBHRRICL > TRESND,

~xio™h
: 4.0 1 T T T T
‘3“'!
1]
@ 1
% .
g 3.09 10 20 30 40 50 P =60 (kp7en’)
o
® slip. .
= 2.04 i
@
|
g
o
+ -
£1.0 | #0.3
E | ' .
% K:’f__,.ﬁii“'”” no slip
s 0.0 LW - A+ —+ — P strain
< ’ 0.2
4 .
Y
(&S]
bl
“ .10 T
' 0.1 =
\
-2.0
s1ip _ -0.0,p1. stress
03\ 0.2 20.1
-3.0 : + — B — g 2
0.0_ 1.0 2.0 3.0 4.0 5.0 6.0 (x¥0°7)
Fraction of radial interferential allowance (Jr/R).

. Fig. 5
An example of radial contact pressure (pr) in fu=1 rod.
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(1) TSI 2R EBNLES CERE A, EEE, Lame OFM ) FTToME
WIS EAMBTAS NS EME AxERME XN, ZOFKERIITable 2 ICRah 2,

(2) oRSEEIXARETEE D 2t A EMAME I F T2, EBFEOCOBMORE & BICE AT
DCOBRORE SE@LUS L, EMENEERICIHES 5 C & 13T 2700,

(3) FHEEFGTOEMENIZ, Lame ORFTOGHH MO OBEMORE Q) ELTRDHIE
D e

(4) Lame OFFHICESMFEOT~O AE@ U s &, BEEEME 0L T4E, FEbH
R OBEMENHG SN B,

il ¥

BHZLE | HEZOEMITE, COBREBFOBROBHIC>VTEL DML 20, T 10,
ERopBlBLSARTEBIIFZ-Tb o, BLTHEEET,

2 % X W

1) S.Timosenko, “ Strength of materials , Part I ”, 3rd edition . D.Van Nostrand
Co.,Inc., (1956)

2) Bl W, R, "AEBIUBAECEY 3 RTEMEOEM S KL, B,
JAERI —M 6626 . (1976)
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1) ZowouwadpEEIC BT aRE\IUSELE CFEE S, F@E, Lame D&M ) TTOME
RICLAIRFTZONLEME A ESMt i, FOFERIETable 2 ZmEh 3,

(2) ZRSTEN AR ki 2 MM OO, ERFEO L 0EMIRE & B il oy
DCOBAORE BB U hIL, BTN ERICHET 5 C & I3T &0,

(3] FEEHRHTOEMENIL, Lame OFRETO#MAH O 0EHSORAE 0 & LTROIE
LR —%T 5,

(4] Lame DFERHFILILCHMAEOT~OAZRLICE &, BEGRL 0§58, F@mLH
Sl DEBE D HE S 5,

e b3

BHZLE | MAROEMICE, CORGEEOHAORIISDVTEL OBEL A0, E 10,
ERORBIBLGARTEIFZE-Tb 5 -, BLTHBELERT,

Z & X W

1) S.Timosenko. “ Strength of materials , Part I ”, 3rd edition . D.Van Nostrand
Co.,Inc., (1955)

2) B, LA, ®. "ARPIUDSICEYE RCHEOEN LGy, B,
JAERI —M 6626 , (1976
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mick ARBTAoNAEMEANER IRz, £ OfR(ETable 2 iIRah 3,

(2) ZRTEMBRRIEIC B AEMMEEIC BT, EBRHEO L OBAN S &b IS8R
DLWEMNORE EBLATNE, BMEAZERICHEMET 2 2 LI3TEEL,

() FEEEFH T OEMENIL, Lame OFRHETOGHIE O OENSOREQ & LTRDIE
EHEHC KT 5, :

(4] Lame OFRHICESIIHMAROT~NOAZR L &, BEEREZ0ET5E, EF@ILH
FHOEMENLBSN E,
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BROERIEBLEARTEBIFE-TE5 -7/, TLTHELRT,

Z F X W

1) S.Timosenko. “ Strength of materials , Part T ”, 3rd edition . D.Van Nostrand
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