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Abstract - In this study, the lightweight design of butterfly vave disc component for power plant based
on topology optimization was performed. Here, commercid finite eement (FE) andysis software was used.
The externd shape of the basic disc modd was not deformed, and the internd dement density was removed
to make it lightweight. Optima design was performed each other after the disc plate and two brackets
attached on the surface of the disc were separated. Once the optimal shapes were sdlected, they were
assembled to build up the 3-D lightweight valve disc modd. After gpplying pressure to this modd, FE
andysis was performed to confirm the structural safety.

Key wards : Butterfly Vave Disc, 3-D Printing, Topology Optimization, Finite Element Analysis, Lightweight
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Fig. 1. Butterfly valve disc

Fig. 2. Definition of internal element density for lightweight design of valve disc
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Fig. 3. Optimal shapes of the disc after FE analysis based on topology optimization
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Fig. 4. First optima shape of the disc thickness after FE analysis based on topology optimization
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Fig. 5. Second optimal shape of the disc plane after FE analysis based on topology optimization
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Fig. 6. Third optima shape of the disc plane after FE analysis with topology optimization

HE PR Mol $¢ REE weiEd. ARel ol 33MPalui & HYHAT 40 o4 2
YRR 225 MPag 7202 & 0 A RES & A% PHS B8 AAE FEE 44T 5 9

OlX|5r HM27d HM4= 2018



LT
- =

(8 FE modd and boundary conditions

25 9% AN S Y HA 17

+2.468e+00
42 2620400
+2.057e+00
+1.851e+00
+1.6452+00
+1.4402+00
+1.2342400
+1.0282+00
+8.227e-0
+&.1 /8-0
+4.113e-0
+2.0572-0
+2.082¢-0

fr gttt

(b) Didribution of effective stress

Fig. 7. Third optima shape of the disc plane after FE analysis with topology optimization

&g o S Atk EF HelA AA PFHe TR
2 oF 30%9] ©E gadAR s Asirt 7
5 151
@E 2o BHg 7zoz o] &
do] were] o3t AR A3) AL Y 2%
YR e molir) o] wlg v)Eow v
ROl AE 7kt 3 mmy 7S A AR
L HZ 9 S-S AE 27 5 mmy 1hAL
ANk 24 FHRLE AT fHeLe B
de Ysha 229 494 AAHE gy @
49 CPHARE AHgatglon], (g ey 4S
olgsle] 40 Ha A7]7k oF 1 M7t HEs
feas g pAsArt Beple] WA wo s
el obsl W bl 74 2|(Ux=Uy=0) 319,
7o9lo] olR wEo AA Y 4 kglom’ (04
MPa)& F-eiateieh. Fig. 79 (D) 9142 42 3
4 Bol aaurst A" s fEgYe
BTt A 70| FEAE 225 MPag 7| E 0w
o) g-2lo] 25 MPao| 2 F83] HHE FETt F
A5 oF 30%9] ThelH el ofF FeAA L
7Feate 2l

4, Z|Mo| 3xta HH A3 D g XXM
OFXIA]
OO

4-1, X1 WE C|AT7 QsieA oY

A AofA giaz Y 2 Belzlo] RO Q4
A3} el & d2 Ao HF dHES BF =
gtsto] Fig. 83} o] & 9] 3zt viEZgto] ¥
B gAiag ndS skt o] A3 mEle A
4 A} Zo] ¥ A2 FAH I 9loH,
gt e AUE7E A vl F7to] x3HE &
A zh=tt Fig. 82 Ui 37 @7)et YAE
gholgh = QIEE B ML Zot Y
[AaUET AA"E 3 SRS IAZ
nAEE BE a9 A ste] A3 ndS
=

>l

Fig. 8. Optima three dimensional lightweight model
after topology optimization

1‘: Symmetry

Fig. 9. FE model for structural analysis of the opti-
mal valve disc and boundary conditions

Journal of Energy Engineering, Vol. 27, No. 4 (2018)



18 e

5, Mises

(Avg: 75%0)
+6.653e+01
+6.09%e+01
+5.545e+01
+4.990e+01
+4.436e401
+3.881e+01
+3.327e+01
+2.773e+01
+2.218e+01
+1.664e+01
+1.110e+01
+5.552e+00
+7.836e-03

(8 Maximum effective stress

U, Magnitude
+2.256e-02
+2.068¢-02
+1.880e-02
+1.692e-02
+1.504e-02
+1.216e-02
+1.128e-02
+9.402e-03
+7.521e-03
+5.641e-03
+3.761e-03
+1.680e-03
+0.000e+00

(b) Maximum deformation

Fig. 10. Effective stress and deformation after FE
analysis of optima 3-D valve disc model

Fig. 11. Optima butterfly valve disc printed by 3D
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