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3-D Finite Element StressAnalysisfor Fatigue Design and Evaluation:
A Parametric Study of MOV (M otor Oper ated Valve)

Hyeong-Keun Kim, Sang-Min Lee, Yoon-Suk Chang, Jae-Boong Choi, Young-Jin Kim
and Yun-Jae Kim
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Abstract

In this paper, a new procedure is proposed to accomplish the primary plus secondary stress(P+Q) at the
‘structural element’ instead of ‘transition element’. For the P+Q evaluation, the calculated stresses by FEA
are linearized along a stress classification line to extract the stress category, then the stress intensity is
calculated to compare with the 3S, limit. Also, in this paper, the ‘design by analysis criteria, adopted
fundamental concepts and a new approach to calculate K, factors are explained. The new procedure combined
with 3-D FEA has been applied to motor operated valve in order to the over conservatism and the rack of
margin. The evaluation results show a good applicability and can be utilized for fatigue life evaluation by
using P+Q.

Btz FEdd. J2ddN gt dee =

7lzEy Boe 3 (loca stress intensity)E A&7 ¢l

| . PrQrFst Pe SRS wF aelshl s,
Pm:GeneraI.pnmary membrmear@|ntg1sty WRFEAAg s F2 A9e prQutS wels)
P.: Local primary membrane stress intensity A " o] WS Ed pzEo wziwms)
Py : Bending stress intensity = 9 E F=2, i (finite eement
P : Primary stressintensity andysi9 S FaEA H o A%E dA 2 o
Q : secondary stress intensity 7} 7o g #8357 9 ASME Code Sec. I,
F : Peak stressintensity NB-3200 ‘84 ¢ A 7(design by anaysis)' <t
Sn: Allowable design stress intensity AAT = Aok®. webd 93827 % (peak stress
Ke: Stress concentration factor, SCF intensity) & Aste] 2 ENA BIHE 5
7l el BARse g feswel A7)

1. M & W] w2 w7 #ie] Wasith A 3

o] et 3xkql WY TREO B9, f¥as

VEpggrhe ARddNA B ARAdA0d e B9 9a$gdEs A4 7] EA
T/H_EJ_‘L}EHB‘]—_/ olubg|arel 7] A A 7 sk} T‘?‘ 7o ’\]_ﬂj} H|g-o] 4~ Q¥ O]Oﬂ WP‘T/}
E-mail : faithkim99@safe.skku.ac.kr H rsleel o9k 470 (design by codey & -85
TEL : (031)299-6621 FAX : (031)290-5276 = B AMgH A Yk &, A4S £ P, Q

* 3], Addista 7] A g of & ?i"?ﬂ(structural stress)% ka1, #AAH

#3)g, ar el 7] A& k-

142



2004

sEAsAT
= A 71 el uhe}
Hyds ¢hstetr] 918k A9 7F et 18y

otk 1980t FHHLE Holligerst Hechmer®
= 3 FEEA Y TIEs AASEL T x2S H
gk Mds Aok 28 1990 d Y] FukE
E] Donge 4w E3hek 728 daks A
ot &R FARZAEA B Hrlel| #I A=
a3k vp O, x| nk ol et P28
sk I 2AA 9 FTtel] #ek A= kg
Rdont Zgkeo] AP om vhgFet
sl A&3t7] feiAe Be A A3
&3 HEHAA ] ot

wepa 2 ERolAE RE TS HE (motor
operated vave: MOV)E o= Ftaia|dS

al

1

S8 akal Bl S (transition eement)-oll A 9] =45
23} 39 A (structural element) -l A o] 3282
Abolel #AE qtskal FRgH V13 3k
984 7S gt g E3 olE §
3 9IS HREE AAsla ASME Sec. ll19] 7] %
& V2FYHtE Fstaxt o,
2. 3% wete Aol A
21 sHAf e
Fig. 12> €ausly] Movel dA-e Yehd Fo
o fEesde AAEAS EdE |-DeasE

Aot fehasnyd AGA AMEA 84E
Abgatg o, dA wjEZAZS Table 10 A8t
ATt

2.2 A=A

2% HeAde] e Movel d-58 &4 A
Ax71E Fig. 29t Zo] WHS yAHS ALt
BE FES g E P elTh w3k bl
ok ARG SAAl AAZAL Fig. 2(b)olA]
B kel 3ol Zb diel tisiA o & (symmetric)
A 20& AR 5 Movel st Edtel] £
Wow & s &8t

23 MzE2M

Aol AbgE AHS SA217 Cl2E24], =9
w2 Y 8EA = Table2o] Awlsldt).

exysgle od $e Fr)v)e dak g

143

Table 1 Finite element analysis matrix

Element | No. of No. of No. .Of SOI.VI ng

Length Nodes | Elements Radia Time
g dir. Nodes | [min]

20mm 3,845 14,957 4 25

18mm 4,759 18,920 4 40

FE 15mm 7,070 30,139 5 215
Model 12mm 12,204 52,670 6 300
10mm 19,358 86,311 7 420

8mm 32,626 | 149,496 9 600
6mm 64,446 | 304,198 1 3000

unit: cm
4 R, t

12.1 | 32.4 | 13.2

Fig. 1 Dimensional parameters used in FEA

(a) Thermal boundary condition

7

1 Point : ¥-direction Constraint

Z—d\rectbn Constraint X-direction Constraint

(b) Mechanica boundary condition
Fig. 2 Schematic illustrations of boundary conditions for
stress analysis
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Table 2 Material properties of SA217 C12

Density E K G a(x10°

Temp. v
[kg/m)] [GPa] | [WimT] | [Jkg ] | [V/T]

[

211 213.7 221 427.0 1.04

65.6 208.2 23.5 446.7 1.06

121.1 205.5 24.9 467.6 1.10

176.7 200.6 26.0 490.8 112

232.2 197.9 26.6 513.7 113

287.8 | 7850 03 | 1937 27.3 541.9 117

3433 188.9 217 569.3 119

398.9 184.8 27.9 600.4 121

454.4 180.6 28.0 646.5 1.22

510.0 175.1 27.9 690.9 124

565.6 168.9 217 750.8 1.26
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(a) Pressure
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(b) Temperature

Fig. 3 Idealization of cold start-up transient
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Fig. 4 Sensitivity analysis for optimum finite element
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Fig. 5 Interesting points in FE model with SCLs
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Table 3 Six stresses components at SCLs

Radial Hoop | Axial | Shear Shear | Shear
':lfge (11) 33 | @ | @ 13) | @2
’ MPa MPa MPa MPa MPa | MPa

scL 6683 -11.9 60.5 -1.1 0.2 -1.9 -0.4

1 4321 0.03 10.4 -9.9 -1.6 -55 -0.2
17 1.1 -26.9 -24.6 -1.5 -1.3 -1.1

scL 6684 115 85.4 -7.8 -0.1 -0.6 -0.6

2 3314 0.9 20.2 -7.9 -0.9 0.8 -0.1
24 15 -24.6 -12.6 -1.7 0.3 -0.3

scL 5468 -10.7 108 -5.6 0.9 0.3 0.7

3 243 2.4 30.8 -6.0 -1.2 2.2 -0.2
12 1.3 24.2 -11.9 -2.1 -0.1 0.1

scL 3241 -3.9 62.6 -115 -05 -29 -1.1

4 1414 -15.8 19.6 -0.9 05 -8.2 1.1
147 -34.4 21.7 1.3 -05 -2.2 2.2

scL 3811 -19.9 63.1 -11.1 1.2 -1.5 -2.1

5 810 -12.4 314 -0.6 0.4 -3.7 1.0
170 -15.3 -7.6 0.8 -0.3 -0.8 14

scL 4073 -19.2 66.3 -12.7 1.0 -1.0 1.0

6 1041 -9.3 35.8 -1.4 0.2 -1.8 0.2
210 -8.5 2.6 0.3 -0.1 -0.3 1.3
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Fig. 8 Vdidity check for SCLs
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Table 4 Determination of SCF at the interesting
points

Stress Stress Intensity Allowable Limit Remarks
Category MPa MPa OK / Invalid
SCL P 26.1 276 OK
1 P+Q 65.3 818 OK
SCL P 31.6 276 OK
2 P+Q 775 818 OK
SCL P 39.9 276 OK
3 P+Q 85.8 818 OK
SCL P 40.6 276 OK
4 P+Q 77.2 818 OK
SCL Pn 45.1 276 OK
5 P+Q 84 818 OK
SCL P 44.9 276 OK
6 P+Q 78.6 818 OK
S=273MPaat 675C
Pn< §=273MPaat 675C
P+Q< 3S,=828MPaat 675C
Point Lot_:d Stress K Structural Stress Intensity
Intensity, S,, MPa e P+Q, MPa
(A) 120 1.84
(B) 119 1.82 atSCL 1 65.3
(© 88.8 1.36
(A) 120 1.43
(B) 119 1.42 atSCL 5 84
(©) 88.8 1.13
32
2 Design Fatigue Curve for 3XX High Alloy Steels
Range of K, x (P+Q)= 17.3 ks{120MPa)
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Fig. 9 Fatigue evaluation
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