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The Structural Design for Nonlinear Hyperelastic Materials
Based on CFD

Young-Chul Park, Dae-seok Jung, Ji-young Kim and Jong-moon Lee

Key Wonrds: Hyper-Elastic Material(2¥43 #18), Computer Fluid Dynamic(AAHf-A]), Butterfly
Valve(H E] & 2}o] ¥ H), Finite Element Method(+F 8 2.4 %), Optimization(H 2] 3})

Abstract

The hyper-elastic material has been used gradually and its range was extended all over the industry.
The performance prediction of hyper-elastic material was required not only experimental methods but
also numerical methods. In this study, we presented the process how to use numerical method for
hyper-elastic material and applied it to seat-ring of butterfly valve. The finite element analysis was
executed to evaluate the mechanical characteristics of hyper-elastic material. And the optimum model
considered conditions and features. According to that model, the load conditions were obtained by using
CFD analysis.
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Fig. 1 Design process for the hyperelastic material
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Fig. 2 Strain-stress curve of hyper-elastic materials
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Fig. 4 Uniaxial tension test results
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Fig. 5 Results of adhesive strength test for the
rubber to the metal

60
50 4
—
£
=
2
< 304
2
2
& 20
Curvefit
104 - -~ Test
0 T T T Y T T
20 40 (1) 80 100 120 140

Strain (%)

Fig. 6 Curve fitting for the uniaxial tension test results

Table 1 5-term Mooney-Rivlin constants

Constants Value RMS (%)
Ceo 1.79023x10°
Gy, -2.67743x10°
Cio 5.20970x10° 8.815
Cy -7.03804x10™
Co -4.47499x10°
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Fig. 7 Finite element model and Boundary condition

Table 2 The results of initial analysis

Step 1 Step 2

von-Mises stress (MPa) 4.16 3.068
Contact |[Max (MPa) 6.972 6.237

Pressure |Min (MPa) -0.34 -0.344
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Fig. 8 (a) The constraint by the disc rotating, (b)
The pressure distribution on valve surface (15°)
and application of CFD results to the
structure model

Table 3 The results of CFD analysis

Opening Angle | Max Pressure | Max Velocity
(9 (Pa) (m’s)
15 43.80x10* 56.34
30 7.47x10* 26.00
45 2.95x10* 16.01
90 1.08x10* 7.76
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Table 4 Analysis results of the initial condition and two types of loads

Initial states Contact analysis due Analysis based
(step 2) to disc rotating on CFD analysis
Parts Seat ring Seat Seat ring Seat Seat ring Seat
von-Mises stress (MPa) 27.764 3.068 30.162 3.101 27.678 3.068
Contract | Disc-Seat (MPa) - 1.121 -
pressure | Rubber-metal (MPa) 0.444 0.209 0.337
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Table 5 The design range for design factor

(units : mm)

varl var2 var3

Initial value 36.4 5.6 8

Design range| 36.0 38.0 | 5.6~ 6.6 779
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Table 6 Results of optimization

Initial | Subproblem approximation | First order |experiment| Safety
model method method |value(MPa)| factor (S)
Design varl(mm) 36.4 37.746 37.655 - -
var2(mm) 5.6 5.9624 5.9907 - -
parameter ™2 3 (mm) 8.0 8.0570 7.8801 - -
Stress (MPa) 3.101 3.7444 4.1331 20 4.83
Contact pressure (MPa) 1.121 4.1212 3.5132 10.27 2.92
Reaction moment (><105N—m) 7150.3 9230.4 7362.7 - -
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