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Faligue Cycle Evaluation of Endplate of 232 MWe PHWER Fuel Bundle
D. 8. CHAWLA, B. XK. DUTTA, H. S KUSHWAHA

Bhabha Atomic Research Cenire, Bombay, India
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£ g leads to Loallig DI Lne and

ansion of pin
axial gap between the psallets in
expansgion. Thus the startup and shutdown of the v
variation in the stresses. Detailed analysis of
carried out to estimate allowable fatigue cyc!
gtatistical distribution »of axial gaps.

1 INTRODUCTIGCN

In the Indian PEWRs, fuel is in the form of bundles. Each
bundle conegists of 19 feel pins arranged in Ltwo copcentric
rings of six and twelve pins arcund a central pin. The pellets
are arranged azially and zre surrounded by zircaloy-2 cladding
te form a fuel pin. Fuel ping are kept in the form of cluste“
by the help of two zircaley endplates. Difd ia

generatad between the pins during the oper i

The net thermal expansion of each @l

temperature of pellets and total N

The differential thermal esxpans

stresses in the endplate. These

and shuotdown of the reactor. D

thus important to estimate allow

2 GEOMETRY AWD MATERIAL PROPERTIES

T

Fig. 1 shows the gecmetry of endplate with fuel pins. Thickness
cf the endplate is 1.57mm. The schematic ﬂi“grau of fuel pellet
with cladding is ghown in Fig. 2. The length OL one fuel Ppin is
493.0mm. Each pin consists of 28 pellets and i« ‘ rial jat
between pellets wvari ] 102 to  3.5mm. i teria
vroperties  for U0OZ are taken
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3 ANALYSIS OF PELLETS

Finite element model of pellet was prepared by using 160 four-
noded axisywnetric elements and 189 nodes. The model is  shown
in Figure 3. Volumetric heat generation for outer, intermediate
and central fuel pins were taken as 315, 259 and 236 W/ cm®
respectively. This combination of heat generation is expected
to generate the maxzimun differential temperatures between the
fuel pins of & bundle. BAnalysis was done for =zach pellet
separately. Gap conductance and convective heat transfer
coefficient from clad to fluid are 1.02 #W/cm®°K and 5.31 W/onf K
respectively. The finite element computer code WELTEM (Dutta et
al. 1981) was used. Table 1 shows the computed salient
temperatures. Thermal expansion was calculated for each pellet
by using computed Cemweratures. Two dimensional finite ezlement
computer code PLANIS (Burgochain 1977) was used. Tal
1

ble 2 shows
the azxial length of fuel pellets after the thermal expansion,

Table 1. Temperaturel(k) at different locations of fuel pins.

Locations Centre pin Intermediate pin Outer pin
Fuel centre 1572.7 1712.3 2105.7
Fuel shoulder point 723.0 741.3 789.2
Fuel surface 656.6 667.1 694.0
Clad surfzace 558.8 560.2 563.8

Table 2. Axial lengths after thermal expansion of fuel pellet

Pellet locations Axial length {(mm) at the

Centre Shoulder point Quter diameter
Central pin 17,2596 17.6182 17.5101
Intermediate pin 17.2980 17.6292 17.0194
Quter pin 17,4305 17.6527 17.6380

4 ANALYSIS OF ENDPLATE
4.1 Caleculaticon of differential displacements

The dJifferential displacements expervienced by +the endplate
depend on thermal expansion of fuel pellets and axial gap
between the pellets. The total thermal eypansion of all pellets
ig 2.81, 3.12, 3.77 mm for cenire, intermediate and outer pin
respectively.The axial gap between the pellets may vary beiwesn
1.2 to 3.8 mm. The axial gap between the pellets was subtracted
from the total thermal expansion oi all the pellets te obtain
change in the distance between the two endplates at tChat
location of fuel pin. This was calculated for all the 19 fuvel
pins of a bundle. The stiffness of both the endplates of a
bundle are assumned to be identical. So the endplate of one side
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experiences half the displacement of the net expansion of fuel
pin. Differential displacements were calculated from Lhesge
data.

1.2 Computation

h
L

strains

Q
=

Half of the endplate was modelled due to symmetricity in the
geometry. There were 313 plate bending elements and 459 nodes.
Each node has 6 degrees of freedom (three displacements and
three rotations), Fig. 4 shows the finite element wmesh. The
model  was analysed for differential displacements, which were
obtained from the thermal ezpansions of the fuel pins. Eight
different combinations of statistical distribution of axial
gaps have been assumed. The gap is assumed to be constant for
all the fuel pins lying in one ring. Table 3 shows the assuned
distribution of gaps and corresponding net differential
displacements. Computer code NISA was used. 2bvaing were
computed fer all the elements. Two types of boundary conditions
have Dbeen used at the locations where the fuel caps are welded
with the endplate. In the first condition the endplate was
allowed ©to rotate at that location whereas in the second case
these rotations were not allowed.

4,3 Fatigue cycle evaluaticon

The computed strains were used to calculate principal strains.
The magimum principal strains were used to calculate number of
fatigue cycles wusing the vyrelations given in litevaturn
{0"Donnell et al. 1964). The conservative results are obtained
when nodes on endplate are assumed to be fixed at the locations
of fuel pins. The allowable cyclezs for all the combinationg of
thermal expansions are shown in Table 3 for this case. The
minimnm value of fatigue oyeles is 120,

5 DISCUSSION

Conservatively an endplate is expected to see about 100 fatigue
cycleg during 1iis stay in reactor cors. Present calculation
shows that the minimum allowable fatigue cycles is 120, Some of
the congervatisms in the analysis are the use of extreme axial
gap values between the pellets, the assumption of fixity
condition at the location of fuel ping, the use of irradiated
material fatigue data and the assumption of unvielding pellets.
While this shows the adeguacy in design of endplate from
fatigue cycle congideration there 1is scope for futher
refinement of analysis and realisation of greater pawer cycling
capability.
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Table 3. Patigue c¢vele evalunation procedurse for endplate

Case Centre Intermedi- Outer Max. princi- BE&/2 Patigue
pin ate pin pin pal strain,& (Kg/mm® ) cyvcle
A 1.2 1.2 1.2

1 B 1.6125 1.9201 2.5761 .5832E-02 11,991 3000000
¢ 0.8062 0.960L 1.2880

A 3.8 3.8 3.8

2 B 0.0 G.0 0.0 000 0.00 -
c g.0 0.0 0.0
A 1.2 1.2 3.8

3 B 1.6125 1.59201 0.0 L1779E-02 36.583 1300
¢ 0.8062 0.9601 0.0
A 1.2 3.8 3.8

4 B 1.£125 0.0 0.0 <2871E-02 59.031 230
C 0.8062 0.0 6.0
A 1.2 3.8 1.2

5 B 1.6125 0.0 Z2.5761 0 3403E-02 69.975 169
¢ 0.8062 0.0 1.288¢
A 3.8 1.2 3.8

6 B 0.0 1.9201 0.0 <3815E-02 78,450 129
¢ 0.0 0.9601 0.0
A 3.8 1.2 1.2

7 B 0.0 1.9201 2,576l < 3283E-02 67.507 170
¢ 4.0 0.,9601 1.2880
A 3.8 3.8 1.2

8 B 0.0 0.0 2.57%61 »2362E-02 48.571 450
¢ 0.0 0.0 1.2880

* A=Axial gap between pellets (mm).
B=Total differential displacement {(mm}.
C=Differential displacement for one endplate {mm).
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