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A study on the basic design of bypass valve using CAE technology
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Abstract: This paper introduces the concept of the computer-aided engineering(CAE) design method for a bypass valve in a
system that is used for the safe lifting of mineral resources in deep-seabed mining. Although the bypass valve has a simple
mechanism, its design is very difficult because of various influencing factors. This equipment, which has a complex design
process, should be developed by CAE-based design method. The method can perform the design, design verification, and virtual
experiment at the same time. In this study, the CAE-based method for the design of the bypass valve has been developed us-
ing fluid dynamics, multi-body dynamics, and optimization method.
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Figure 2: Check valve: (a) Swing check valve, (b) Dual
plate check valve, (c) Axial flow check valve
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Figure 3: Conceptual diagram of bypass valve
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Figure 4: Design dra\;ving of bypass valve
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Table 3: Design formular of bypass valve
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Table 1: Fixed design parameters of bypass valve

Parameter Unit Valve
Block mass [ke] 8.0
Duct diameter [mm] 39.0
Duct length [mm] 154.8
Area of fluid force [mm?] 2932.6
Spring diameter [mm] 26.0
Spring installation [mm] 143.0
length
Flow rate for [ton/hr] 100.0
operation

Table 2: Variable design parameters of bypass valve

Parameter Unit Valve
Spring free length [mm)] 150.0
Spring No. wire [-] 10.0

Spring wire [mm] 3.0

diameter
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Parameter Unit Min. Value Max. Valve

Spring free length [mm)] 143.0 286.0

Design variables Spring No. wire [-] 5 15
Spring wire diameter [mm)] 2.2 5.0

Object function Max. descending velocity of block [mm/s] - -

. Spring index [-] 4 12

1! t! .
Constraints Block distance [mm] 55.15 55.15
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Figure 5: Design schematic of bypass valve
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Figure 6: CFD calculator in Excel

1

2 Material: ASTM A227

3

4 Symbcl Description Value | Uni

5 d Wire diameter 16 [mm]

6 D Coll diameter 64872 | [mm]

7 N, | Number of active coils | 20 | [tums]

8 p Density

9 G Shear modulus

10 F Force (Fluid force *2)

n N, Total number of coils

1 ¢ Spring index L
13 K Shear modulus

“ T shear stress

15 M Mass

16 k Stiffness

7 .
18 a
19 Spring stiffness. Spring index

0 4
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5 Mass of spring Shear modulus & Shear stress
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Figure 7: Spring kinematic design tool in Excel
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sign and the CAE-based design for optimization design
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Figure 12: CAE-based integrated design model of bypass valve
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Table 4: Design result of bypass valve

Parameter Unit Ini. Value Opt. Valve
Spring free length [mm)] 150.0 143.0
Design variables Spring No. wire [-] 10.0 11.37
Spring wire diameter [mm] 3.0 2.22
Object function Max. descending velocity of block [mm/s] - 1142.8
. Spring index [-] 8.67 11.69
Constraints Block distance [mm] 11.09 55.15
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Table 5: Spring design result of bypass valve

Figure 17: Design result of spring index

Parameter Unit Valve
Spring diameter [mm] 26.0
Spr.ing wire [mm] 22
diameter
Spring no. wire [-] 13.37
[Effective .spring no. ] 1137
wire
Spring mass [kg] 0.03318
Material [-] Steel
Spring free length [mm)] 143.0
Spring compressive [mm] 5515
length
Spring stiffness [N/mm] 1.12543
Shear stress [MPa] 630.973
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