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Swmmary

Eai shield ef 200 Mle Pressurised Heavy Water Reacter (PEVR)
4s @ cempesite tube sheet Structuve cemsisting ef tWo cireuler tube
sheets jeined tegether by lattice tubes. Tach lattice tube houses a
coolant chemmel assembly which is cemmeeted to the emd shield threugh
sheck ebserber device. Ind shield assembly is suspended im the vauls
by hemger reds amd its horiszontal pesitiem 18 centrelisd by a set of
pre-gempressed sprimgs. Ceelant cheanel assemblies elengate due te
their expesure te fast meutrem flux im {he reacter. This permementy
elengetien is memitered perisdically. Whem grewth of tke charnel
exeseds a presch: valus, it is prevenmted fvem further elemgatien by
she shoolk ebserbing device. Resultemt force exeried em the emd shield
makes it meve. This peper deseribes a mumerical methed used fer
evaluating these ferces smd mevemeni of the end shield. Stresses
preduced by these forces are calculated by using fimite olement methed.
fypieal stress valwes ave verified by sirair gauge measurementS.
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1.

Ingreduction

Core of Pressurised Heavy Water Reactor (PHWR) is cemtained
in a stainless steel calamdria. Each side of the calandria hes am end
shield. An end shield assembly comsists of twWe tube sheets cemmecthed
t0 each ether with lattice tubes. End shield assembly is suspended im
the vault by henger rods and its horizenial pesitien is cemtrelled by
2 set of pre—compressed sprimgs (Fig.1). Fael is placed in zirealey
pressure tubes which are rolled oen end fiitings. IHmd fitsings exe
supperted en the lattice tubes ef end shield. Zircaley pressure tubes
underge creep which is enhkenced by fast meutron flux. When resuliinmg
elengatien of the pressure tubes exceeds a preset value, its metien )
18 arrested by Sheck absorber device. Foree them produced causes &
rotetion emd limear movement of the end shield (See figure 2). A nume-
rical scheme is described in this paper to determime these forces
and assecciated movement.

The paper alse outlines stress analysis of the end shield. The
tube sheets are comsidered as equivalent solid plates which are discre=
tised into plate elements joined tegether by bean elemenis et latitice
lecations. Pesk stresses are found by using suitable multiplicatien
facters femd by photeelastic and finite element metheds. Seme typical
results of theeretical amalysis are verified by sirein geuge measurements.

Mathematical Medelling
2.1 Creep Iews

Iaws governing creep rate (C. ) and growth rate (&; ) have been
studied on similar materials swd geemegries [1-5] o They are expressed
by the follewing equations.

é= (oo %c;><i> )

b= (heé' i 6) o (2)

Where B, G, G are texture related cemstents; A, T are tremsient material
constantss # is fast neutren flux (B>1 Mev); ¢ is time; o— 4s hoop Stress
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due 4o imternal pressures £ is axiael Poree resuliing frem interaction ef
pressure tube with end shield; a ° is cross secticmel area of pressure fube.

Elemgatien of coolant chammels is measured pericdically at reacter
site. Magerial constents were obteined by fitting the resulis of mumerical
apalysis in these measurements. Materisl constemts published earlier [1]
were used as guidelimes.

2.2 EPEressure Tube and Bnd shield Tsteractien

Pressure tube freely elongates through a preset value (=X ., ).
If creep growih exceeds this value, the pressure tube exerts a force £ em
the end shield mekinmg it retate through an amgle 6. Thus for a givenm
pressure fube

v+ d, = 26 (5)

Where B is the vo-ordinate ef a chanmel with respect o horizemtal axis of
the end shield assembly. X. demotes the pressure tmbe elengation rate.
Subseripis e, ¢, g denote the elastic, eveep and irradiatien imduced growth
components respectively. It may be neted that symmetry of structure sbout
vertical exis pemmits only this retatiom. If tetal Perce acting on the

end shield exceeds pre-compressien impesed em 1%, end shield moves threugh
e distemee { which 18 comtrolled by stiffmess of springs holding end shield
in positiem. Thus for a given pressure tube

T+ X% =2 (5+26) (#)

Set of equatiens (3) and (4) cam be wrigten for each chammel.
They. aleng with equilibrim equations for the end shield define the problem
completely. Eguilibrium equatien may be expressed by

-4 = SKN, + P

~Sf2=KS L6 (5)

Where H, is the number ef $ilt comtrol keys heldimg end shield in position.
K and B are sprimg stiffmess and pre-compressioen om tilt control keys
raspectively. 8 is co-ordinmate of tilt cemtrol key with respect to kori-
zontal axis of end shield. Sumsation on left hemd side of equations (5) is
done fer all chamnels amd on right hemd side for all sprimgs.
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Integration of equations (3) threugh (5) 18 cerried out by fimite
difference method. This scheme is rather simple compared to methods used by
other suthors [1=3] o A small time step is needed for satisfactery results.
Pressupe tubes meke centtct With end shield at differvent times which depends
on fast neutron fiux et their locatiom. It is possible that suck a comtact
is made during a time interval chesen for finite differemce scheme. An
adjustment of time Step may be called, therefere. Hewever, if time Step is
so =mall as to give negligible grewth of pressure fube, such en adjusiment
may not be necessary.

3. Sgress Analysis

Singe foree exerted by the pressure tube is symmsetric aboup vertleal
axis, ene half of the end shield assembly comn be used for st¢ress analysis.
Heminal stresses are foumd by equivalermt plate method. Peak syresses are
obtained by using multiplying factors obtained by experimental and theovetical
analysis.

3.1 Qaleulapion of Weminal Stresses

For the purpose of this analysis the perforated tube sheets are
replaced by equivalent orthotropic plates [4,5]. Blastic constants are
assumed to be seme for both plane stress and bending problems. The equi-
valent plates are discretised into thin plate/shell elements for use With
computer program SAP4 [6]. The lattice tubes are idealised as besm elements.
Pigure 3 shows the discretisation used for analysis. Calendria side tube
sheet, When deformed umder load exerted by pressure tubes, touches the
barfles (sse figurve 1). The support points depend on emownt of deflection.
The enalysis)therefore, done in steps taking proper cognizence of chenge of
suppert points. '

3.2 QCaleulation of Pesk Stresses

Peale stresses can be obtained from nominal stresses by using stress
multipliers. Since tube sheets and lattice tubes are joined by partial
penetration welds, it is not possible to use published date. Stress mulgi-
pliers were determined by a combination of photoelastic technique and Linite
element method [7] - Table 1 shows the stress mulitiplier values, for
in-plene and bending loads.

3.5 Experimental Verification of siresses

Phe method of stzess analysis is based on many assvmpiions. In erder fo
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verify the resulis, a 1310 scale medel was mede. It was subjected o imtermal
pressure and Straim gauges used to menitor defomatien at seme typieal locatiens.
Details ave given im wef. (7] .

4. Results

¥aterial constants and other peremsiers used for enalysis eve given im
Table 2. Erver is limited to + 30 percemt for approximately 80 percemt of obser—
vations. Highest flux channel makes camtct with end shield after appmx:i:ébely
17600 full pewer hours of eperation. BErd shield meves limearly after 19660 full
power hours of eperation. As seen from figure 4, force in a pressure tube
increases yapidly $ill it staris moving, beyond which total force is contrelled
by Stiffness of sprimgs (figure 5). PFiguve 6 shows deflection =md rotation of
end shield. Nominal s¢ress intensity due to arrested movement of pressure tubes
is maximum near the cemtre of end shield end is appreximstely equal to 14.8 Mi/m2,
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Stress ers feor Diff Ioads .
o
) e
N N
O ——— ! —_—
N M
N %
Type of ILoad Pointg Stress Multiplier Determined by
Tension A 406 FEM and photo-
B 0,07 elastieity.
Bending 4 ‘ 563 Photoelasticity
B 461
Pure shear AerB 6,57 Phojoelasticity
Table 2
Censtants used im Analysis
B 0.67 x 10728 % in hours
¢ 0.122 x 10719 g 1in n/ise
¢ 0.56 x 10724 8, in m®
A 0.94 x 10724 o in M Pa
T 0.10 x 10°2
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FIG.1 END SHIELD OF A TYPICAL 200MWe PHWR
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FIG.2 GENERAL LAYOUT OF COOLANT CHANNEL, END FITTING
AND SHOCK ABSORBING DEVICE
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FIG.3. FEM MESH USED FOR FINDING
STRESSES DUE TO CREEP LOAD
(LATTICE TUBES ARE NOT SHOWN HERE)
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FIG. 5. TOTAL FORCE ACTING ON
END SHIELD AS A FUNCTION

OF TIME.
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AS A FUNCTION OF TIME

2:2 b -
20 R - 0-50
18 |- - 0-46 t
16 Ho0-42 _
o
14 Ho0-38 =
x
T 2 H0.34 2
—_ <
£ a
E o +0-30 %
% o8 |- 4026
06 | ~o0-22
04 ~o-18
02 - Ho-14
i I 1 1 i il
196 -216 236 -256 -276 -296 -316
TIME (IN HR. X 15% )=
FIG. 6. DEFLECTION % ROTATION OF
END SHIELD AS A FUNCTION
OF TIME
D 7/3



