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Multi-objective Optimization of Mixed High-order Fourier
Non-circular Gear-driven Differential Pump
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Abstract: The mixed high-order Fourier non-circular gear-driven differential pump has some performance
indexes such as discharge, flow pulsation and the maximum modulus of non-circular gear undercut which
have many complex influential factors. In order to obtain the best parameters, the basic relations between
the order of Fourier non-circular gear and parameters of vanes were established. The mixed high-order
Fourier non-circular gear transmission model was built. The sub-objective functions of displacement and
flow pulsation, and the maximum modulus of non-circular gear undercut were presented. The target
evaluation function using the efficacy coefficient method was put forward. And then the multi-objective
optimization method was designed based on genetic algorithm to obtain non-inferior solutions when the
mixed high-order Fourier non-circular gear-driven differential pump has the maximum capacity and the
minimum pulsation rate which meets the requirement that the maximum modulus of non-circular gear
undercut was more than 1.5 in the same pump cavity size. The flow pulsation rate of the optimized
differential pump was 22. 04% and the displacement was 3 870. 44 mL. Thus, the flow pulsation rate was
decreased by 11.3% and the displacement was increased by 3% compared with the existed study.
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x1 THESBXNHETFERHNEIE
Tab.1 Influence of section curve parameters

on target of displacement

WEIAIE S PHEIES
I | v v
n, 1 2 3 4
d, 0. 68 0.74 0.8 0. 85
n, 2 3 4
d, 0. 68 0. 65 0.63
a, 23 25 27 29 31
d, 0. 69 0. 68 0. 66 0. 64 0.63
a, 2 4 6 8 10
d, 0.56 0.63 0.71 0.78 0. 84
a, 2 4 6 8 10
d, 0. 67 0. 68 0.68 0.69 0.69
b, 0.01 0.05 0.5 1 2
d, 0. 67 0. 67 0. 66 0. 66 0. 66
b, 0.01 0.05 0.5 1 2
d, 0. 67 0. 67 0.68 0.71 0.74
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Tab.2 Influence of pitch curve parameters

on target of pulse rate
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1 I i} v \
n, 1 2 3 4
d, 0.73 0.76 0.78 0. 80
n, 2 3 4
d, 0.73 0. 69 0. 66
a, 23 25 27 29 31
d, 0.74 0.73 0.72 0.71 0.71
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KXrp p—F Il R R
p.—— Bl e il AR A
i, —E S — B 4
i —— 1L B
A5 1A 8 719 1l £ 1 dee /Dl 32 AR R
Puin =min(p, (¢,),p,(¢,)) (17)
AN A HRUT I FO VA e B B KR m,, B 2R 1
H
. Puinsin’ a
max h%
Moy =20°,h, =1 B, A7 BRI 45 4
%%kﬁﬁmm%

(18)

war = 0- 117p
mmaxﬂﬁmﬁﬁ%ﬁjﬂ
0 (m,,<L5)
3:% (m,, =1.5) (19)

5l 2 2 B0 A8 A R AN AR B g5 KU R R AT
Hir d, sgm L3k 3, d, =0 R &40t
BERRM m,, <LS, KRAESHARY, AidG
R E AR R d, =1 R TIHA SRR
RN m,, =15, %% B4 % R EGE T, 7] L
KMo nyony BIMX dy AF O FE AR R 5§
BMAMMBEOE 1 X 2 Brai Xt 3 B e, 35 0T
dy WERA RN T ) vay by 3K, dy W0, X dy 57
i) AN B i
3.4 ZERBHFFENREREL

HAR PP i gL d B d, d, .dy 3 D IIRLRECR L
[P B05 3 Z 05 A sl — A H AR 22, ] LA



388 & A Bl B ¥ i

2016 4

x3 THESBEXNAIRVIEXRERELH 0
Tab.3 Influence of pitch curve parameters on target

of maximum modulus of non-circular gear undercut
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R AN 24

1 I I v \4
n, 1 2 3 4
dy 1 0 0 0
n, 2 3 4
dy 1 1 0
a, 23 25 27 29 31
d, 0 1 1 1 1
a, 2 4 6 8 10
dy 1 1 1 0 0
a, 2 4 6 8 10
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b, 0.01 0.05 0.5 1 2
d, 1 1 1 1 1
b, 0.01 0.05 0.5 1 2
dy 1 1 0 0 0
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Fig.4 GA optimization software of differential pump
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x4 THESHESHBRIIMOHE SKHEM m,,

Tab.4 Non-inferior solution of section curve parameter and corresponding displacement, pulse rate and m

max

Fr5 g L) @ @ @y by by HEE/mL Jik 5l %/ % M,/ MM
1 34.873 11. 689 4.996 0.011 0. 025 3 870. 44 22.55 1.53
2 35.127 11.531 4.995 0. 025 0.018 3 816. 69 22.18 1.57
3 35.097 11. 690 4.996 0.011 0.010 3 870. 44 22.04 1.55
4 35.114 11. 689 4.999 0.010 0.010 3 870. 44 22.04 1.56
5 | 2 35.129 11. 690 4.996 0.011 0.010 3 870. 44 22.06 1.56
6 35.129 11. 690 4.254 0.011 0.010 3 870. 44 23.79 1. 66
7 35.121 11. 689 4.997 0.022 0.014 3 870. 44 22.10 1.56
8 35.097 11.999 4.996 0.011 0. 025 3 870. 44 22.58 1.52
9 35.122 11. 689 4.254 0.011 0.010 3 870. 44 23.79 1. 66
10 35.097 11.690 4.996 0.011 0.010 3 870. 44 22.04 1.55
11 34.315 10.710 4.975 0. 066 0.012 5321.86 27. 66 1.51
12 34,283 10.713 4.975 0. 066 0.012 5321.86 27.65 1.51
13 34,283 10. 713 4.975 0. 066 0.012 5321.86 27. 65 1.51
14 34.283 10.713 4.967 0.016 0.011 5321.86 27. 60 1.51
15 1 3 34,283 10. 711 4.967 0.016 0.011 5321.86 27.61 1.51
16 34.279 10. 715 4.931 0. 066 0.011 5321.86 27.70 1.52
17 34,311 10. 633 4.975 0. 066 0.012 5321.86 27.67 1.52
18 34.311 10. 720 4.972 0. 067 0.012 5321.86 27. 66 1.51
19 34,338 10. 711 4.975 0. 066 0.012 5321.86 27. 66 1.51
20 34,283 10. 713 4.975 0. 066 0.012 5321.86 27. 65 1.51

x5 TEMMLLEFERRORMIERELR

Tab.5 Comparison of optimal performance of different order Fourier non-circular gear-driven differential pumps

R 1 2 3
B % L 1 Xt 2 By 1 B Xt 3 By 2 Brxt 2 B

«/\ Agaa
af

B

fE/mL 3870.44 5321.86 3757.60

Bk sh 3%/ % 22.04 27.66 24.80
m,../mm 1.55 1.51 0.79
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Fig.5 Optimal instantaneous flow curve
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Fig.7 Optimal distribution of differential
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