2002 =78 S =g

YEEA] o3 £2A-9 % 4548 A
Analysis of Pellet-Cladding Mechanical Interaction by Lagrange multiplier
method
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ABSTRACTS

The procedure analyzing the pellet-cladding mechanical interaction was set up by using
Lagrange multiplier method. The procedure was inserted into thermo-elasto-plastic finite
element program and used to calculate displacements and contact pressures when pellet and
cladding are contacted. Strains and stresses were calculated at various linear heat generation
rates between 130 and 600 W/cm and friction coefficients between 0 and 1 by using finite

element program and ABAQUS. Results of both programs showed very good agreement.
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Note. | , = normal contact pressure increment, t, = tangential contact pressure increment, n = load step
k = contact node pair number, m= frictional coefficient, t, = +1, 0, -1, G= contact area
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Item Values
Pellet material Uranium Dioxide
Pellet outside diameter (mm) 10.86
Pellet length (mm) 12.70
Pellet dish depth (mm) 0.0343
Pellet dish sphere radius (mm) 25.3
Pellet dish shoulder (mm) 1.28
Fractional density of UO» 0.99
Gap thickness (mm) 0.02
Cladding material Zircaloy
Cladding outside diameter (mm) 12.79
Cladding inside diameter (mm) 10.91




Z (mm)

Pa
Free-body surface ¢ ¢ o Gas pressure (P,,): 0.230 - 0.233 MPa
6.35 o Coolant pressure (P, ,.): 3.447 MPa
2 2
T P = Preo Proant = PI& Pes
. P> i " PIG - PIG
T “«— Pom = 12.034 - 12.044 MPa
P «— » No radial displacements at radial center
o ges » No axial displacements at axial center
uo,
R (mm)
5.43 5.46 6.40

aY 2 AAA E 9Edd FEgsteE 4 9 VA4 §hF

1500
1400
LHGR (kwW/cm)
1300 —1313
Temperature ( °C ) e T progd
~ 11004 .
wra1 é) 3282
+7.858a+02
+7.4212+D2 -
+6.983a+02 o
+6.5462+D2
+6.109a+D2 a
+5.6722+02
+5.234a+D2 I
+4.797a+02
+4 . 3E0atDD £
+31923a+02 @
+3.485ar02 L
+3.048a+02
+2.6112+02

<262.5 W/cm,15.0 Mwd/MTU>



E3 224 2 A% g 4 % A 5948 [3)

Material
Property

uo,

Zircaloy

Young's modulus, E (Pa)

2.26 x 101 (1-1.131 x 10 T)[1-2.62(1-D)]

, Tin°C, D=fractional density of UO,

9.8067 x 10* (9.900x 10°-566.9 T) , T in°C

Poisson’s ratio, n

0.316

0.3303+8.376 x 10°T, Tin°C

Virgin yield stress, Y, (Pa)

1176.1- 1.688T +8.179 x 10 T2
—-1.293x 107 T3
, Tin°C, T=1800 °Cif T > 1800 °C.

9.8067 x 105(58.93- 0.1491 T), T £220°C
9.8067 x 105(31.32- 0.0213T), 220< T £ 450 °C
9.8067 x 10° x 21.735, T > 450 °C

Coefficients, a(°C-1)

,Tin’C,a, =a,=4a, a,=0

Tangent modulus, H; (Pa) 0 0
h | . 7.107x 10%+2x 2581 x 10° T = 6721 x 109 - 2441 x 106
ermal expansion +3x 1140 105 T2 a, =6.721x , &, =4441x

,aq=ar,arz=0




Hoop strain at top surface (%) Hoop strain at top surface (%)

Hoop strain at top surface (%)
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0.74 Q 2 0.74
0.6 2 06
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0.3 | Partial closed case g 2 03| Closed case
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Hoop stress (MPa)

Hoop stress (MPa)

Hoop stress (MPa)

400 o
300 o
200 o
1004
0
-100 4
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Hoop Strain (%)

Hoop Strain (%)
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2 200 K
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