A9t 7) 7| Bets =8 ISSN 1738-8333
A19A #2355 20239 12€ pp. 140-145 http://dx.doi.org/10.20466/KPVP.202.19.2.140

Methodology to Determine Sign for the Most Conservative
3-D Nozzle Loads

Kyoung Chan Yoo, Ki Wan Seo, Hyun Seok Song, and Yun Jae Kim'

(Received 16 November 2023, Revised 20 December 2023, Accepted 22 December 2023)

ABSTRACT

When performing stress analysis for a nozzle in nuclear power plants, the nozzle loads should be determined
conservatively. Existing stress analysis report of 3-D nozzle loads in nuclear power plants often provide only load
magnitude not the sign (direction). Since calculated stress distribution depends on load direction, determining critical
load directions for conservative stress analysis is crucial. In this study, an efficient method for determining critical
load directions in nozzle loads is proposed. In the proposed method, stresses are firstly calculated using elastic
finite element (FE) analysis for the uni-axial load in each direction. Then stress distributions for the multi-axial
loads are analytically calculated using the principle of superposition. The calculated stress values are verified by
comparing with FE analysis results under multi-axial loading. By using this method, the complex task of determining
conservative load directions can be simplified.

Key Words : 3-D Nozzle load (3% =Z2E), Load direction or sign (3+% *3F), Elastic finite element analysis
(B f3+84 3ll4)), Principle of superposition (F3 2] &)

7|5MH ool o3 wZEC AAke 2o Edd
AW 38 =& HotE AAshe WA E Ahtol

F = applied force to nozzle load =, gukdog o] WFdo] 1HEHA e
M = applied moment to nozzle load &4 3} (Allowable load)2] Z7]1gk%F A BT,
S = calculated stress tensor SHA T A 58 ALt Al shF Bl ot $-E
FopRel Z717F DepA7] wiZel, 8 HIF Al =

.M B E2r9| 53 AA o] Fasitt ol wet =& &

g W e wEe] To 67 33

AzE A A 28 7)7)dE B HjFdo] 245} (Fy, Fy, F., My, My, M.)°] 3ol thgh ohekst st

o, oju] 717] bl AZH Wi HIIE Y8 &2 T2 g e ssS st 29 5 )
2 38 A=t 2 #eE 9 AAAYY

TA&A, 39, adsta 714w W o] M2 theFet stEgxfel td fees

?ﬁnﬁ?ﬂ(:olz(;%%%gi%lfoéiaxm;k202)9299-1718 A& Aste] 8 Awh 2 XS RE T

* ntn AT 2 2A e ge Akt ugg 28 NS &



3R =EF2C BHEA &E 24

Favl, mebd 3349 wBE

LE2E =
Aeke B2H 5 ¥3 247 e Bast
=

=
e SFE o83 b Aok 3T BB A
e He AAET Ades BHEe e
U5 shol mE S8 FAAL ol Avska
49 9918 B9 0F 85 5 58 P o
2 gepEE Mo s PPEeR A
shExtel A9l St AMER 6, 37 Ao
A% % 19270e) FHs 4] BaSHAT, & PES
o185 6719 NS Bl FHe) YAEF ol
88 Al $38 4% 71w ke 1Y 24 P

2.1 BF9 HEIE ol8e Ff si=Ue 2
71y

A Al S skFe] A7l ¥ Ao 7

3k, T3 g B3l o= ok 8 892 )
H o5 obF 3 899 23S Bl ALt rhssith
2 =7 T duE o83 AL st wdF A
A 71"8< 913l okl Flow chartol] A|AIE 2714] v
2oz ePsl et

A FHe dEE o] &% v 3kF 3 58 A
2He fel &= sk 8 fretedsiy 9 & &Y
A ()F F=sdth 183 6 A=l tE A
HalE 55 23e ne ofs W §Y ARE
A4kttt AlskE Y g ol

ol
o8 o
B
=
oo
18

%4

22 Mo ZHES 28 Retessis ZEH

ARM Y AEE A Ftesdy ZEd=E AT
29| Reactor Structure Assembly (RSA)7} ARE-E| R
o), 3142 -8 ke 2730 ANSYS®
£ o] &3t FYP3AT

3|44 o= Outlet nozzle & Small nozzle Z 2 o]
AR O, =& F442 Fig. 29 Atk a8 A
A melo] @4 Solid 84 (Solid185)E AH8-8+S1
om, 649,158719] 84F o] &k 1Elal FET
o] 49| T=slE 13l Node merge 1S A&
stod &34 o] s E STk RSA gl thgh A)

e AT o 5 2 e 141

{ z80 galg 0182 = 01 OF
S A A WHE A

S e

= 2 [15 015 010l S UM AN
(QBRAUA 2W)
SHS SUOE0E SH UM
LREREES

1 =

7N

g

12

k=]

off

oz

0o

Y

0

N~

12

1k}
W,

olo
-}
re
=
= oM
it

=PRI
o o1E Wy 2

Fig. 1 Flow chart showing general procedure of
determination the most conservative 3-D nozzle
load selection.

Table 1 Material properties for nozzle

Material Elastic Modulus Densit}y POiSS(.)n’S
[GPa] [kg/m’] Ratio
A_?};Ap]z 38&23 0 200 8,030 0.3
z
y

nozzle

Fig. 2 Typical FE mesh of Reactor Structure Assembly
(RSA) nozzles.
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Fig. 3 Nozzle positions along the axis of action.
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Table 2 Nozzle loads for RSA

Nozzle | Level Fx £ £ M. M, M
N | N) | AN) | Nm) | (Nm) | (Nm)
A | 7,003 | 7,911 {39,100|26,796| 15,422 2,947
Ogtllet B/C |13,792|15,679|74,955(52,827(29,627| 5,856
D |32,120(33,032|86,708|59,866|33,578| 18,745
A | 6963 | 7,907 |39,075|26,775| 15,429/ 2,952
Ogtzlet B/C |13,752|15,675|74,930(52,805(29,635 5,862
D [32,001]32,823|86,678|59,852(33,607| 18,690
A 107 ] 36 | 34 | 7 | 2] 18
S‘;’fll BIC [ 218 | 74 | 34 | 7 | 22| 36
D | 328 | 234 | 233 | 41 | 100 | 55
A | 107 |36 | 34| 7 | 22| 18
Sg‘;“ BIC [216 | 74 | 34 | 7 | 22| 36
D | 328 | 234 | 233 | 41 | 100 | 55

Load Point

(b)
Fig. 4 Schematic of application of the load to the
nozzle: (a) single load and (b) multiple loads.
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Fig. 5 Stress intensity results for RSA outlet 01
nozzle under single load.
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Fig. 6 Stress intensity results for RSA outlet 01
nozzle under multiple loads.
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Fig. 7 Schematic of the path to extract variables for
RSA outlet 01 nozzle.
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Fig. 8 Comparison of single (uni-axial) nozzle load
stress superposition with multiple (multi-axial)
nozzle load results for RSA outlet 01 nozzle.
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Fig. 9 Stress intensity for all cases considering load
directions (signs) of RSA outlet 01 nozzle.
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Fig. 10 Rank sorted by the stress intensity magnitude
of RSA outlet 01 nozzle.

Table 3 Determined the most conservative nozzle
load combination of RSA

Nozzle | Level F. F, F. M, M, M.
A + + - - + +
Outlet
B + + - - + +
ol /C
D + + - - + +
A + - + + + +
Outlet
B/ + + + - + -
02 ¢
D + + + - + -
A + - + - - -
Small
- - + + + +
o1 B/C
D - + - + + +
A - - - - + -
Small
- + + - + -
02 B/C
D - - - - + -
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