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Abstract

Based on the principle of complementary energy, an analytical method is developed which
focused on the end effects for determining thermal stress distributions in a coated beam.
This method gives the stress distributions which completely satisfy the stress-free boundary
condition at the edge. A numerica example is given in order to verify the method. The result
shows that the shear and peeling stress distributions along the interface between the
substrate and coat are significant near the edge and become negligible in the interior region.
Zr02-Si0O: layer coated on Zr-2.5%N b alloy, which is the material for the pressure tube of
PHWR, is investigated to address the coat thickness effects on the thermal stress
distributions. The thermal stress distributions of the Zr0.-SiO- coat on the zirconium alloy

are compared with those of Zr0.-2.5%Y.0s coat on that alloy in order to choose the adequate
coating material.

Zr-25%N b



[1]. Zr-25%N b

Grimado [2] Electronic Packaging,

Suhir [3, 4] Timoshenko [5]

Razagpur [6]  Suhir [7]

Yin [8, 9]  Stress Function
(End- Effects)

, Yin [10]
Zr-25%N b
Zr-25%N b
1(unit)
AT, 2- (I'sotropic) -
E aE AT
k k k k kB4l
= + “y. ——M—M=
d,x 1_ Vi (sx Vk 8}) 1_ Vk
E a E AT
ko_ k k k kL ALy
0y = . )72 (ey *wer) — 1. o
Eo_ Ey k
Z-xy - 1+ Vi 7xy
( ) k k - (k = 1, 2)

Fig.

@)

)

@)



k- (k = 1, 2)
dot ozt
X xy - 4
ox X 0 4)
k k
8;,,1 N da, - 5)
X oy

R Py (6)

A (7)
o, =T, (8)
6), (7). (8)
( @, )

da: ATy,

x Ty 0O ©)
37k, dor

ax » -0 (10)

“O”
. E, AT
ol (1) = S (12)

Th(xl,y) = 0 (12)



1 V)
y ) a'lE]_ATl
1 1 vy
1) =0
a'lE]_ATl

Cl'zEzATZ

ng+ 1 i- 1
o) = Kot y@())

, ni(k=1,2)

g, (*1) =

an(£1)

(19)

of(x,y)

dat,
dx

|

*1

a E AT,
1- Vi

0 (m = 1,2,3,-, ny)

( (9. (20))

, Ta (X, )

=0(m=1, 2,3,, n;)

(12)

- VZ

gy (x)  (ng+ D)
(@) (19)
O‘IE:'- 1 (x)

4 (x, )

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)



(o,), (7o) (
(17), (18)) ( (20), (20), (22)) (07, ol

. 62,72) 2 (nyt ny)

(Auxiliary Stress Field)

3%l d’e; 3%k,
> 5= 55 (@3)
oy ox ox 9y
Complementary
Principle of Complementary Energy
Complementary 0
2 Complementary Energy
i 2
LA 1 A 2 Ak 2 ANk ~k 2
re= f zfz ;1 2E {(GX) + (Gy) ) zykdxdy"' 2(1+ Vk)(rxy) }dydx (24)
(Principle of Stationary Complementary Energy)
o (x) (my=0, 1,2,0.,n)), 65,(x) (mp=0, 1,2,..,(n,- 2))
[L){o}= {a} (25)
, [L] Square Symmetric L, (r, s=1,2,3,...,(n.+ ny))
d* d?
L .= 4 + B + C 26
rs rs dx4 rs dx2 rs ( )
A rs? B rs? CI”S (26) y-
(Column Matrix {a} ). Column Matrix {o}
{G}: [ai, 0'1,...,0‘2,12.3, O‘ZHZ.Q]T (27)

( (22), (23), (24)) (@) [10]



, (22) ny(k=1, 2)
[11]. @r)
)
5.
5.1.
Yin [9,
10] .
Mathematica [12]
Table 1 . 21
50.8 mm, 254 mm AT,
240 °C
(19)
(n(k=1,2) 1 ) : ny 3,
no 1 3
X - Fig
2 Fig. 3 Yin
( )
y- Fig. 4
“07,
Fig. 5
“0” ( (19 ny)
ny ’
“0” (Singular
Paint)
, (. x +(I+]el))
‘0" (. x +(1- le]))
“0” . Nissley [13]
(Stress Singularity)
T able 1. Material properties of each layer
M aterial E (GPa) v a(l °C)
Layer 1 70.38 0.345 236x10°
Layer 2 324.7 0.293 49x10°
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Table 2. Material properties of Zircaloy and Zircon [12, 13]
M aterial E (GPa) v a(l °C)
Zr-25%N b 90 0.39 520x10°
Zr02-Si0: 103.5 0.30 450%x10°
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Table 3. Material properties of Zircaloy, Zircon and Zirconia- Yittria
M aterial E (GPa) v a(l °C)
Zr-25%N b 90 0.39 520x10°
Zr02-Si0: 103.5 0.30 450x10°
Zr0O2-8wt%Y20s 150 03 11.0x10°
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