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SHAPE DESIGN FOR DISC OF A DOUBLE-ECCENTRIC BUTTERFLY VALVE
USING THE TOPOLOGY OPTIMIZATION TECHNIQUE

S.M. Yang, S.H. Baek and S. Kang’
Dept. of Mechanical Engineering, Dong-A Univ.

In this paper, the shape design process is briefly discussed emphasizing the use of topology optimization in
the conceptual design stage. The basic idea is to view feasible domains for sensitivity region concepts. In this
method, the main process consists of two steps: as the design moves further inside the feasible domain using
Taguchi method, and thus becoming more successful topology optimization, the sensitivity region becomes larger. In
designing a double-eccentric butterfly valve, related to hydrodynamic performance and disc structure, are discussed
where the use of topology optimization has proven to dramatically improve an existing design and significantly
decrease the development time of a shape design. CFD analysis results demonstrate the validity of this approach.
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HA4 wWEfZ o] W H (double-eccentric butterfly valve), 71343 7l(conceptual design),
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Table 1 Main specifications of the double-eccentric
butterfly valve

Type Face to face : ISO 5752
Operation conditions
Valve size 100A
Design pressure (kgficm’) 10
Operating temperature (°C) 20
Operating fluid Water
Material properties
Body and disc CF8M steel
Shaft and bush SUS 316L

Outlet

; /I? paim

Detail A

Fig. 2 Flow domain and the computational grid system
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Fig. 3 CFD results of valve disc at 20° opening; (a) pressure, (b) velocity magnitude
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Definition of a design space for the initial shape

<L

Selection of design variables and objective

JC
CFD analysis using orthogonal array

JC
Design sensitivity analysis using ANOVA (analysis of
variance) and SN (signal-to—noise) ratio

JC

Exploring the design domain for disc layout

<L
Topology optimization for sensitivity region of disc

<L
Determination of disc shape using pseudo density
distribution and element reactivate method

<5

Verification of the optimal shape using CFD analysis

Fig. 4 Flowchart of the valve disc optimization procedure
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Table 2 Design variables and their levels
Design

e Unit | Level 1| Level 2 | Level 3 | Level 4 | Level 5

X1 mm 0 1.25 25 3.75 5

X2 Deg. 80 76.5 73 69.5 66

X3 mm 55 7 85 10 115

X4 mm | 145 155 16.5 175 185

Xs mm 51 42.5 34 25.5 17

Section m-n

Fig. 5 Design variables of a double-eccentric butterfly valve
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Fig. 7 (a) Design domain and boundary conditions for the disc, (b)-(e) density distributions for volume reduction (Vr) at topology
optimization result. The material constants are E=196 GPa, »=0.29 and the pressure is p=1 MPa
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Fig. 8 Representative drawings for sketch tasks using topology optimization
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Table 5 Design variables affecting the hydrodynamic torque

2Ha) 98 2] WAl B

Effect -

D.V. Levell|Level2|Level3|Level4|Level5 Deviation 5’/3 Rank
X1 |-33.99]-33.71|-33.8 |-34.05|-33.38| 0.67 |179 | 2
X, |-33.88| -34 |-33.77|-33.58|-33.71| 042 |112| 5
X3 |-32.78|-33.4 (-339|-34.4 |-34.46| 168 |448 | 1
X4 |-33.71]-33.75(-33.64|-34.07|-33.76| 043 |115| 4
Xs | -34 |-33.76(-33.81|-33.94|-33.42| 058 |155| 3

Total 378 100
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Fig. 9 Convergence history of the compliance objective function
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Table 6 Initial design vs. optimal design

AP Torque Volume

S8y [kPa] [N-m] [mm’]
Initial design 172 475 95679
Optimal design 159 45.2 85507

Fig. 10 Comparison of disc shape between (a) the initial
design and (b) the optimal design
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Fig. 11 CFD results of velocity magnitude for valve disc at 20° opening; (a) initial design (b) optimal design
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