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Abstract The lightweight design of diaphragm pump base structure has an important impact on the processing and
production of diaphragm pump. Based on the research of the frame structure of a certain type of diaphragm pump, the equivalent
model was established for the actual working environment and the finite element analysis was carried out. The design variables
were defined according to analysis results to improve the calculation efficiency. The uniform test design method was adopted for
the test design, and the relationship between the design variables and the siress and deformation was calculated through
simulation fitting. The lightweight optimization mathematical model was established for the diaphragm pump base structure by
using the multi-objective optimization algorithm. On the premise of meeting the performance requirements, some materials were

reasonably configured, and the stress, deformation and natural frequency of the diaphragm pump base structure were as small as
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possible. The frame structure after the lightweight optimization design was simulated and analyzed, and compared with the

structure before optimization. The results show that the structural properties of the engine base remain unchanged after

lightweight, and the weight is reduced from 25 372 kg to 24 582 kg, with a weight reduction of 790 kg. The weight reduction

effect is good, the maximum stress value is reduced by 45. 1%, and the maximum deformation is reduced by 12.3%. The

optimization effect is remarkable, which provides a basic support for the finite element analysis and lightweight optimization

design of the new diaphragm pump structure.
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Fig. 1 ~ Physical model of a certain type of diaphragm pump
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Fig. 2 Simplified three-dimensional model of the overall structure of a

certain type of diaphragm pump base
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Fig. 5 Finite element model of integral parts of diaphragm pump base
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Fig. 8 Stress nephogram of the first and third cranks
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Tab.2 Test scheme

Sample number ~ Parameter x;, Parameter x,/ mm Parameter x,/ mm
1 5 130 590
2 3 130 580
3 3 100 580
4 4 100 580
5 5 165 590
6 4 130 580
7 4 165 600
8 3 165 580
9 4 130 600
10 5 165 600
11 3 130 600
12 5 130 600
13 5 100 590
14 3 165 590
15 4 165 590
16 3 165 600
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Fig. 14 Relationship between mass and stress
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Tab.3 Partial individual results of non dominated ranking I

e R 28 28 FitR Hizr
Order Parameter Parameter  Parameter Target Target
number x, x,/mm x3/mm y,/MPa ¥,/mm
1 3 114.5 593.2 78.542 0.190

2 3 109.6 593.6 80.457 0.189

3 3 129 593.9 75.006 0.197

4 3 116 593.1 78.150 0.190

5 3 129 593.9 75.006 0.197

6 3 120.7 593.3 77.023 0.192

7 4 105.8 583.8 75.809 0.192

8 4 105.8 583.9 75.093 0.192

9 4 105.8 583.8 75.809 0.192
10 4 107.2 584 75.055 0.192

R4 PFER 10 ANMEHR
Tab. 4 Individual data of top 10 groups of congestion degree

P ZH ZHP 280 P
Order Parameter arameter Parameter Crowding
number % x,/mm xy/mm degree
1 4 107.2 584 0.248
2 3 126.3 593.2 0.239
3 3 129 593.9 0.185
4 3 126.8 593.4 0.121
5 3 129 593.9 0.119
6 3 120.7 593.3 0.103
7 4 105.8 583.8 0.088
8 4 105.8 583.9 0.061
9 4 105.8 583.8 0.054
10 3 114.5 593.2 0.041
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