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Abstract

Core zhroud iz fabricated by thin steel plates to minimire athermal effect due to neutron
irradiation., By reazon of thiz, the weld deformation occurred during manufacturing has
been raized zeriously zince Palo Verde nuclear power p lant.

In thiz study, a meathod to minimize the weld deformation iz inwvestigated by application of
the optimization technigue to core ghroud dezign, For thiz purpoze, varistion of welding
area and zhift of reinforcement location are utilized to demonztrate the changes bhefore and
siter optimization. The resultz zhow that the welding area on core ghroud can he

refmarlcab Iy reduced by dezign optimnization 2o that the weld deformation will be minimized

1. Introduction

The core ghroud [Fig., 1) ig called for tight manufacturing tolerance in order to avoid the
damage on fuel bundle and minimize the bypaszz flow in core region[l]. Bince, however, the
core shroud iz fabricated by relatively thin and long wertical plates to minimize the thermal
dfect and made of stainlezz steel to prevent corrozion and embrittlement due to neutron
irradiation, thiz structure iz apt to be diztorted often due to the weld ddormation and
therefore regquires a gufficient manufacturing time to properly correct gtructural distortion
occurred,

In thiz ztudy, ah application of optimization technigueto core ghroud iz initially atternpted
to minimize the weld deformation, Moreover, the locations of core ghroud reinforcement are
optimized to ensure the structural integrity or ite poszeibility of improvement, For the
purpoge of thiz, 2-D awigymmetric model iz developed and optimization procedure iz then
egtablizhed by employving variousz parameters in ANSTS[Z], Laztly, comparative studieg are
performed to zhow the optimization effectz for Korean Standard Nuclear Power Flant [KSHEF)

atd Korean Next Generation Feactor [KNGE], resp ectively.



2. Application of Optimization Technique [2,3,4]
2.1 Beection of Objective Component

To chooge the component to be optimized, namely objective component, gome candidates
are congidered with rezpect to the feazibility of degign modification and svailability of rezult
and itz impact on interfaces, ete, The core shroud congistz of many components such as
panel, top & bottom platez, rib & brace, ring and guide lug, Varousz discuszzions are carried

out for theze components sz follows |
Fanei & Ring

Core gshroud panel ig thin wertical stracture which ig encircled by ring, Because the ring
forme gap baween core zhroud and core zupport barrel a2 a path for bypasz flow, the
dezign change of these components may zignificantly sffect the reactor veseel and thermal
hydraulic dezign, Therefore it ig reazonable that modification of these components are not

sppropriate in this study,
Brace & Rib

The brace and rib are reinforcement insztalled at the annuluz sgpace between panel and
ring, Theze are eazier to attempt the modification relatively than the components mentioned
shove, In addition, it iz expected that deszign modification of these components has a wealk
influence on the other core ghroud componentz or the intetfaces and then they are uzeful to
clearly demonstrate the optimization effect. For thiz reagon, it iz concluded that these are

euitah le for thiz study az a objective component.

2.2  Deavelopment of Optimization Model

Developing an appropriate model iz very important toward realizing an deszign optimization,

Hence, the model must represent reality in a zitmple but meaningful manner,

Modeal Genaration

It iz natural that the analyziz resulte of exizted 3-D model have higher accuracy than 2-D
model's, On the other hand, it iz alzo true that 3-D model has difficulty in being spplied to
thiz analyziz due to zome inconwvenienciez including model modification. In thiz study,
accordingly the 2-D asizymmetric model i developed for KENP and KNGE az shown in Fig,
Gla] and Fig, T[a), regpectively although ite limitation: on geometrical ecpreszzion and
cotnp utational accuracy. The uze of 2-D axizymmetric model can greatly reduce the
modeling and analysiz time comp ared to egquivalent 3-D model,

The detailed analyeziz result for the exizted KENF 3-D model[S] wag uzed to as=zeze the

adeguacy of 2-D model dewveloped. In comparizon with the critical strezzez hetween two



modelz, the ztresze walues of 2-D model ghow zlightly higher than thoge of 3-D model
Howewer, in congideration of the stregs dizgtrib ution and deformed zhape, the 2-D model wasz

found to be appropriate for the purpoze of this study,

Geometrionl Featires

Az zhown in Fig, 1, the model iz generated on the baziz of a2 middle zection of core zhroud
which iz 27" height including ring, Although it iz azzumed that all ribe are asttached to the
ring with fully welded along the whole intetfacez and uniform depth, in the real world it i=
not true az ehown in Fig, 2(a), Therdore, the beam element hawing a different height iz uzed
for rihz &t theze areas |

The corner gection of core ghroud panel hasz a thinner thiclmesze [0.5"] than the other
gection [0.875"] hecause thiz iz dezigned to minimize thermal effect and alzo to be eazy for
mechanically bending during fabrication az zhown in Fig, Z(b). The heam element with a
different thiclmesze iz alzo uzed for the corner arems to accommodate this geometrical

teat ure,
Logding Condition

From the experiences for the exizted core shroud analyezizg[S B], bhoth the pregzure and
thermal loade are ley factores for dominating the magnitude of ztresz. In thiz study, the
pregzure load iz only conzidered to awoid complication of optimization study. For actual core
ghroud, internal pregzure on the core ghroud panel iz linearly increazed from the top to the
bottom. In this study, it iz agzumed that internal prezzure of 35 pei iz uniformly distributed
ofn the panel zurface,

Thermal loading alzo may zignificantly affect the core zhroud ztrezs analyziz and then this
caze haz to be included for the better answer. However, thiz requires additional
szzumptione and comp licated calculation procedure for itz app lication, and therefore, it i=

concluded that thermal load caze iz not taken into account in thiz study.

2.3  Design Optimization using ANSYS

Optimization Farametears

Optimization parameters uzed for thiz gstudy are shown in Fig, 3, The ANSTS optimization
method employe three types of variables that characterize the design problem. Design
variables are independent wariahles and are zubject to upper and lower limitz which
gommetitnes referred to ag geometric congtraints, The objective function and ztate variables
are both dependent variables, State wariahlez are alzo constrained by upper and lower
lirnitz, =zometitnes referred to a2 behawioral conetrainte, Following equations [1] thru [5)

rep rezent a optimization parameters uzed in thiz study



Ohject Function @ f=2zum [hbrala hbralh, hbrale, hbhraSa, hbhraSh, hbradc) (1]
Dezign VWariahle @ 0 = nZv < 7.5 for KNP (2]
#2 = ndy o= 20
22 = nGy = 35
22 = nlOy = 33
54 = n3lx = 58

0 = nZy = 7.5 for KNGE [3]
2 = ndy = 25

33 = nGy = 45

33 = nloy = 45

625 = n3lx = &7

ctate Variable ¢ -10000 = Strese Bound = 10000 for KENP []
-15000 = Streze Bound = +15000  for KNGE 5]

Width of bhraces [hbra¥a, hhralh, hbralc, hbhrada, hbradh, hbradc] and location of ribe
(02w, n3y, nBy] and bracez [nl0y, n31x] are zelected to the design variable, The former are
to derive the variation of welding area while the latter areto meet the loading condition az a
constraint on thiz analyziz, The state varish les, £10000 pei for KENP and £ 13000 pei for
ENGER, are determined according to the exizted analyziz resultz[558] and engineering
judgement. Sum of each brace width iz zelected to the objective function to find the

variation of welding area by optimization,

Ontimization Tools

The firet order method ig uzed for thiz design optimization, First-order method uzes
derivative information, ie., gradientz of the dep endent varish leg with respect to the design
varighlesz, For each iteration, gradient calculations are performed to determine a zearch
direction, Each iteration iz composzed of zub-iterations that include search direction and
gradient computationsz, In other words, one first order optimization iteration will carry out

geveral analyeis loops,

3. Results & Discussion
Fig, 4{a] and [b] ghow convergence process of objective function and sztate wariables,
rezpectively, Optimization resulte for KSNF and KNGE are zsummarized in Table 1. The

initial wvaluesz of dezign wariablez provided in Table 1 are determined on the bagiz of the core
ghroud drawinges for KSNF[T] and KNGER[E].

Variation of Welding Area

By the application of desgign optimization, it iz shown that the welding area of core zhroud

can he reduced spproximate $0% and 30% comparing with their initial degigne for KNGE,



rezpectively, Bazed on theze rezulte, it can be expected that the structural diztotion can be
minimized by proper modification of brace zhape. Ezpecially for hbra2a in Table 1, the
result showe the distinguizhed width reduction after optimization for both ESNP and KENGE.
Thiz impliez that current zize of hbhrafa iz too conzetrvative and hence thiz area has

relatively a zufficient room for shape mod fication.

Shift of Reinforcement

The zhift of reinforcement location before and after optimization i zhown in Fig, 5. The
optimized resulte for KENP are very cloze to thoze of initial dezign at every rib locations,
whereaz KNGE cage zhows zome of initial locations are grestly zhifted after optimization,
From these result, it iz proved that the eristed core ghroud for KSENP hasz a stable and

cotop act dezign with rezp ect to gtructural integrity az zhown in Fig, &,

On the other hand | it iz expected that the prezent KNGE core zhroud has a pozeibility of
the dezign improverment by relocation of rib or brace Theze optimization effecte for KNGE
are wvigually shown in Fig, 7. In particular for the ribe &t 03y and 09y, the resultez zhow that
their mearimum strezees can be zignificantly lowered by relocation of only these two ribe as

ghown in Fig, 4(b].

4. Conclusions

In thiz paper, comparative studies on wvariation of the welding area and zhift of the
reinforcement wete catried out by applying the optimization technique to core ghroud for
ESNF and KENGE, respectively, For the purpoge of thiz study, 1] Optimization procedures

were establizhed uzing parameters in ANSTE, 2] 2-D scizymmetric modelz were developed.

Fromthe results by application of optimization technigue, it iz expected |

o Weld defortnation occurred during core ghroud manufacturing can be minimized by
modifying the brace shape for the both KSNF and KNGE.,

s Structural integrity of core ghroud can be improved by relocating the rib and brace for
ENGE., In the caze of EKSNP, howewer, theze relocationsz ey not affect ite structural

integrity,

It iz & fact that the 2-D model haz a rather restrictive ingufficiency zuch az analytical
uncertainties, exp regzion in longitudinal or detail and thermal load caze ag already pointed
out. Fegardlezs of the inzufficiency, it 12 =till believed that the desgign optimization technigue
spplied haz proved to be wvery effective for a broad range of design modification on
cotmp licated structure ag an initial approach method, The experience achieved here can be
spplied to the other structures by sppropriate changes in the optimization procedure or

modeling,
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Tahle l. Optitnization FEeszulte for KENEP & KNGE Core Shroude

Optimization o KENP FMGR
Parameters D efinition
Initial Optirized [nitial Optimized
Rib n2y B0 5.9 7.1 74
I ) n3y 160 17 .6 17 .3 214
Location
n3y 278 26.4 |2 333
Design Brace n1dy 318 311 43.0 42.3
“Yariables Location N3l x a7 8 a7.7 65 .5 B5.3
(inch) hbraZa 258 0.5 1.5 02
hbrazhb 30 2.2 25 18
Brace hbraZc 47 31 5.0 358
Width hbrada a0 2.1 3.0 18
hbra3b 40 2.1 3.0 159
hbra3c B0 4.5 5.0 358
Objective 5 ¢
Function Hm e 232 14.4 200 141
) Brace YWidth
finch)
State stress Bound +10000 +15000
Wariahles {Constraint)
(psi) Max. 2.0, (Smax) 9337 0865 24425 16075
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Figure 2. Geometrical Features of Core Shroud
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Before Optimization for Core Shroud Using the 2D Beam3 Element

[z] Initial Dezign

Optimization for Core Shroud Using the 2D Beam3 Element

(k] Optimized Deszign

Figure . Geometrical Change by Optimization for KEENP
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Figure 7. Geometrical Change by Optimization for KNGE
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