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Minimizing piston mass of Neuman Esser reciprocating compressors using
genetic algorithm
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Article Information Abstract
Original Research Paper Double action horizontal Neuman Esser reciprocating compressors are utilized during three steps of
Received: 27 April 2021 compressing hydrogen in gasoline production section of many refineries including Esfahan refinery. Since

First Decision: 21 May 2021

lication of any lubricant during compression process are not permitted in these compressors, Teflon ridder
Accepted: 12 June 2021 applica y 9 p p p p

rings are placed between piston and cylinders to act as a lubricant and prevent any direct contact between

pistons and cylinders. The wearing rate of the ridder rings in these three stages are not equal and consequently

g:c);\évﬁnrciiing Compressor the time for their maintenance is not the same. In this research it is intended to increase the life of ridders by
Piston reducing the weight of pistons. After studying the effects of replacing the cast iron material of pistons by
Aluminum Alloys 7075 aluminum alloy, genetic algorithm is implemented to optimize the design of these pistons. Maximum
Optimization von-Misses stress and minimum allowable thickness of various sections of piston are the constraints

Genetic Algorithm considered during optimization process and Abaqus finite element technique using Python script are utilized

during optimization. Replacement of the material reduces the piston weight from 780 kg down to 271 kg and
by optimizing the piston design, it was further reduced down to 261 kg which totally could considerably
reduce the wearing rate of riders by reducing the total normal force on riders.
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Fig. 2 Piston and piston rod
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Fig.5 Piston rod model

Fig. 6 Rider rings model
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Fig. 9 Rear piston model and its variables
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Fig. 12 Geometry of the front piston before the implementation of
genetic algorithm
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Fig. 13 Geometry of the rear
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Fig. 14 Geometry of the front piston after the implementatl‘:)n of
genetic algorithm
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Table 4 Von Mises stresses determined during dynamic analysis
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Table 5 The results of fatigue
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Fig. 16 Fatigue analysis
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Fig. 18 The most appropriate point A in the range
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Table 6 Genetic algorithm results
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e A B C E F s o3 S
1 86/54 59/86 58/32 61/95 82/81 305/093 261/618 0/814
2 86/42 59/86 58/51 61/95 82/81 297/766 261/65 0/809
3 86/68 59/86 58/32 61/61 82/81 311/871 261/654 0/809
4 86/64 59/86 58162 61/87 82/83 311/998 261/678 0/805
5 84/65 59/86 58/35 61/95 82/81 213/439 261/685 0/804
6 85/56 60/02 58/32 61/92 82/81 244[75 261/71 0/800
7 86/77 59/86 58/32 60/88 82/81 311/211 261/734 01796
8 86/48 59/86 59/16 61/95 82/81 302/973 261/745 0794
9 84/61 59/86 58/32 61/35 82/81 211/524 261/748 0794
10 84/48 59/86 58/32 61/60 82/81 208/269 261/759 01792
11 84/31 59/86 58/61 61/88 82/81 205/368 261/795 01786
12 84/83 60/10 58/49 61/95 82/81 219/446 261/795 01786
13 86/21 59/86 59/84 61/95 82/81 286/557 261/888 0771
14 86/75 59/86 59/09 60/35 82/81 311/986 261/894 0770
15 86/56 59/86 60/69 61/89 82/81 312 261/96 0/760
16 86/49 59/86 60/67 61/95 82/81 306/366 261/967 0/759
17 85/24 59/86 58/70 60/06 82/81 230/467 261/974 0/758
18 84/31 60/95 58/33 61/95 82/81 236/745 261/979 01757
19 87/04 59/86 58/41 58/73 82/84 309/205 261/998 0/754
20 86/46 59/86 60/72 61/34 82/81 306/141 262/053 0/745
21 86/55 59/86 60/25 60/52 82/81 309/897 262/058 0744
22 86/68 59/86 58/32 58/73 83/05 287/055 262/083 0/740
23 87/39 60/46 58/72 60/04 82/81 312 262/1177 0/725
24 84/31 59/86 58/70 58/73 82/81 210/978 262/189 0724
25 86/65 59/86 60/08 58/73 82/81 311/988 262/226 0/718
26 84/31 60/17 59/80 61/95 82/81 211/385 2621292 01707
27 84/50 59/86 59/58 58/73 82/81 226/875 262/456 0/681
28 87165 61/14 60/32 61/95 82/81 306/685 262/587 0/660
29 86/84 60/40 61/68 59/60 82/81 312 262/68 0/646

30 87104 60/60 61/68 59/32 82/81 312 262181 0/625
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