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Abstract

Aiming at the clamping problem of four-way valve copper pipe in the chamfering operation, a series
of copper pipe clamping fixture with cylindrical positioning is designed to realize the non-damaging
positioning clamping of the inner tube surface of the series copper pipe. After the preliminary de-
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sign of the fixture structure, the static analysis of the clamping copper pipe is carried out. It is ve-
rified that the deformation of the copper pipe does not exceed the technological requirements,
which proves the feasibility of the fixture structure. Then the sensitivity analysis of each design
parameter is carried out, and the response surface method is used to optimize the design para-
meters to ensure that the static deformation and the maximum equivalent stress of the copper
tube are minimized without increasing the overall mass of the fixture. The results show that the
maximum deformation of the copper pipe is reduced by 24.4% and the maximum equivalent
stress is reduced by 28.5% when the whole quality of the fixture is guaranteed.
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Figure 1. Refrigeration four-way valve
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Figure 2. Clamping diagram
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Figure 3. Schematic diagram of copper pipe positioning
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Figure 4. Series copper pipe fixture structure diagram
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Figure S. Detailed grid division
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Figure 6. Schematic diagram of load application
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Figure 7. Static deformation diagram
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Figure 8. Equivalent stress cloud map
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Figure 9. Histogram of sensitivity
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Table 1. Design parameters and variation range
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Figure 10. Design point predicted values
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Figure 11. Response surface model diagram

B 11, MR E A
54. ZERBRERLEZEMRK

FEF R AR R UARIN AR G0 i 7 A6 i 1z T 20k s B AR 2 vh, IR MOGA £ H bt
et FERAT UL, SRR — MR, ZEM TAMES R ERN 2 HirfuibiE, 7
Wi AT LIRS A BAR B AU AR T, SR AL — 4L [10]. AEREATIUALRT, A5 ATiafiit e BN

100, FIGEA 100 MREA, BKRvFEERECH 20 R, &2 BirigeEiE S5 8 kit JE,
BRI 3 Fros i 3 MEILERE

Table 3. Candidate solutions of design points

3. It RRiERE

55 D1/mm D2/mm D3/mm A E/am KSR J/MPa
I 30 20.2 17 66 3342
11 30.5 20 16.5 66.3 335.5

111 30 20.5 16.7 66.5 335.9

HI3% 3 AT, 3 23 AR A die RS 08 0 A i K AR T B A A R L PR ) 22 AV Bl o (EA AL Y
T R AR AR R B FF AR S MU TR SR T T BE 0 AT 2R S B 14 5 R 58 2O g A e K AR T
o ZRE T, WRIEM 1 AT B AN SR RN S #N T AR PNk g, PRI IR 1 LB R R &
ALS B KFAR T &N 66 pm, B KSERUN J17 334.2 MPa. I RALJE IS4, (45408 12 T 2 %
HAEASG R BEARAARITRIIE T, Iz e KSR I FEAIR T 28.5%, s KA 1 24.4%.

DOI: 10.12677/mos.2023.125409 4497 jé

e

ST H


https://doi.org/10.12677/mos.2023.125409

KERE 4

6. B4,

1) A BRIV E R B T 2B I T BT 0T, L5675 18 &P Je oy Uk, If
SiE BN TER, KA TAMRMRE IR AT E R I e hr . R T e e 2 AR 41, X
THHE—F R E IR

2) FIFA BRCE A0 2 e A2 o R A HEAT B D055 0, PTG, 4R R BRI AR T R B K A5 3K
IS 77 R AR AR A e S A A e (BN FLAL , BB FRAEBR & 2 436 ], B0 1 e BB AR S5 M Bt 1 vl AT
P, EHBUEmRAR, 7ErERL B — Bk

3) fE ANSYS A BRICH A B BT B 1% B R b, SR N A g SR B S H AR 8]
PR, B8 & BT S EON B K FR AR T A i K SE RS e AR 2, JF R H 2 H bRigi A% 592 MOGA 3K
i t, G TR RIVERE IR R, S@RNERRRKERERD T 24.4%, &K%
RS TREA T 28.5%6

&5k

(1] W, At RN, R, S IDEREHE LZSH0cL i E R gt ()], fliEk A3hik, 2021, 43(11): 5-8.

]
[2] &8, T, k&K, & BEXCKFEPEE R ANIESR RGBI]. FURSHE, 2020, 48(8): 98-101.
[3] EFH. BEATEEERSSEAR ) B AN L], B &I, 2022(4): 41-45+50.
[4] Zu, EfPd, &S, HAK. T Kriging 5 FPA HEREME BAR R WH[I]. MiSHIEEAR, 2020, 63(18):

95-101.

[5] ZFE5R. HUbR CAREEARIM]. 28 2 B dbat: FUBRCTOl ARk, 2008.

[6] A, BREfS, Bak, XU, WEAE. TP2 M L OB 42 5E K R HLERE 75 [1]. #1531k, 2021,
43(12): 182-184+205.

[7] &%, XM, ECE. BT mRmENERASEMBE T2MRA0]. #InT T, 2020, 49(11): 97-100.

[8] Jin, H., Zhang, Y.S., Wu, G.G., et al. (2022) Optimization via Response Surface Methodology of the Synthesis of a Dust
Suppressant and Its Performance Characterization for Use in Open Cut Coal Mines. Journal of Environmental Sciences,
121, 211-223. https://doi.org/10.1016/j.jes.2021.12.006

[9]1 HE4E, #Hi5. £F ANSYS Workbench (15632 H LA BETHI]. TR, 2020, 38(1): 267-270.

[10] Chen, L.F., Su, W.J., Li, M., et al. (2021) A Population Randomization-Based Multi-Objective Genetic Algorithm for
Gesture Adaptation in Human-Robot Interaction. Science China (Information Sciences), 64, 188-200.
https://doi.org/10.1007/s11432-019-2749-0

DOI: 10.12677/mos.2023.125409 4498 jé

m

5 H


https://doi.org/10.12677/mos.2023.125409
https://doi.org/10.1016/j.jes.2021.12.006
https://doi.org/10.1007/s11432-019-2749-0

	基于ANSYS的系列铜管夹具优化设计
	摘  要
	关键词
	Optimization Design of Series Copper Pipe Fixture Based on ANSYS
	Abstract
	Keywords
	1. 引言
	2. 四通阀铜管装夹方案
	3. 夹具结构设计
	4. 夹具装夹静力学分析
	4.1. 模型导入及材料添加
	4.2. 网格划分
	4.3. 载荷和约束施加
	4.4. 计算结果分析

	5. 夹具响应面优化设计
	5.1. 设计参数的选择
	5.2. 试验点的选取
	5.3. 响应面模型构建
	5.4. 多目标遗传优化算法优化

	6. 总结
	参考文献

