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Optimal Wear Design for a Hypotrochoidal Gear Pump
without Hydrodynamic Effect
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Abstract

A disadvantage in the design of a hypotrochoidal gear pump as in a gerotor pump is a lack of parts
that can be adjusted to compensate for wear in the rotor set, and as a consequence, it causes a sharp
reduction of volumetric efficiency. In this paper, an attempt has been made to reduce the wear rate
between the rotors of a hypotrochoidal gear pump. Using the knowledge of shape design on the rotors,
the contact stresses without hydrodynamic effect between the rotors' teeth are evaluated through the
calculation of the Hertzian contact stress. Based on the above result and the sliding velocity between
the rotors, a genetic algorithm (GA) is used as an optimization technique for minimizing the wear rate
proportional factor (WRPF). The result shows that the wear rate or the WRPF can be reduced
considerably, e.g. approximately 12.8% in this paper, throughout the optimization using GA.
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Fig. 1 Real product of Duocentric®-IC
(TPV, Germany)
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Table 3 Analysis results of Table 1

Analysis parameters Results

Theoretical displacement, 1}, 12.62 (cc/rev)

Max. contact force, £, 105.52 (N)

Max. Hertzian stress, ( pg) .« 376.73 (MPa)

Max. sliding velocity, ( V).« | 7.11 (mm/rad)

( WRPF) .. 1709.11 (N/mm/rad)

Table 4 GA options

Options Setting values
Population size 500
Maximum generation 500
Crossover probability 0.80
Mutation probability 0.02
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Table 5 Parameter searching ranges for GA

Parameters Searching ranges
R 29 ~ 46
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A WSl ulek o]k g
l%i‘ﬂg] 7];}3”’ ER¥ EZFolm ul()dl

& “74] 11]9J(Table IDE H]ﬂé}oq Rﬂ f:f}ﬁ] &k
< AAste] rel WHAE 2

H= Table 19] A& =7 HiOMXl = c.%
ol A AFg st 3l et

w
&}

200 i @

71 9 (self-intersection) 2}
EmsiolE H(u)¢ (R)y., L8l
Al T8 aEAERD o]E EEFE(V,)E
T8,

o (2

o,

[l
X

k1
A
o
s
vl
dlo
i)
i
rlo
i3
o
oot
&
i

2
~N
X
SR
HJH

24 7tEA BE BT 12 A
Aok Al 7HA] FERAE

3 0 .V, = 1262 "
B=1 | vy —1262] , V, = 1262 a7

9]

W2~ (smaller-the-better) 5742 2t
2 Fa 2

LA ()= (WRPF/100)O. 2 A%
H
=

i

oL
Of

(14)e] BHZgFE =gete], T &4l
e A=E Hrtele 14,‘:01 Xqﬂ‘:(ﬁtness) 3



1390

Setting the constraint specification
and determining the fitness function

]

Generating the initial population
and evaluating the fitness value

|
Reproduction
Crossover

Constructing the new population
(Alternation of generation)

i

Evaluating the fitness value
for the offspring chromosomes

Maximum
generation is
reached ?

Fig. 13 GA flow chart

. K 1700
Fit = f'+~vP  (WRPF/100)+ P (18)

AF2A Table 39

(WRPF),, ° ZAHAIQ] 170007 A4kt &=

& BAAG i 419l GhE Fojste] WS

7F AAWE AFETt FactEs AA )
3|

o
Fig. 132 & d7olA 2E3 GA E5=S Ho

ANA  KE AYE
o

53 40t 4
Fig. 14914 5004t &<t A3 44S F
gk T Zp Aol AFEe FHAF
WA WstE =ASHTE AAl 5004 )
|2F A F oF 220AT) H2HE AY

491.012 F= ¥ At}

Figs. 16~19% UIR2E 3 AA ()l A
o HEY, HAESY, vy £E 2 WRPFY
A3 8 A-Fo] AxES UHZEH A
e} A3 TS|t

(o
M
e
>
-
oo
ot

ol
it}
r;
of
}0{-

Fitness
Penalty

" | | | | .
0 100 200 300 400 500

Generation

Fig. 14 History of fitness and penalty function

120 2000

— 1900

— 1800

— 1700

— 1600

WRPF , p,, V,/ w; (N/mm/rad)

fffffff —{ 1500

80 ‘ ‘ ‘ ‘ 1400
0 100 200 300 400 500

Generation

Fig. 15 History of fitness and WRPF

24 RESAL ey g AW avHE
HE2e Fig 16904 B vpel Po] HAAs

FoIstoieh, ol A4l

e
(e]
oy
B o
2
N
(o,
ro
°

p
J

V.Y
P
o Wi
9‘_4_4
N lo 4
5 ol o 2
- N
e —
o|\
'3
o o
9 32

&3
uUQ
=~
rlo
Ni
_l_IN_, ﬂ OE
ot 2
ol X
o,
olo
o 1
o
2o N
AR
L
oot
2
=
i)

ke WojFa gln. 2
vz 2 WstE 1ol

)
X

el W
3 g ru AF
o}

rlr
5
NS



ol EZmol= s)o) Pze] A4 v A=A 1391

Table 6 Comparison of geometric and performance
] parameters before and after optimization
Optimized
777777 Non-optimized — before after
s 4 N 8 8
£ N R (mm) 32| 3191
g Design
: ] = R, (mm) 40 | 655
parameters
_ E (mm) 3.5 3.03
| H (mm) 9.25 9.99
. ‘ ‘ F.. (N) 105.52 | 116.50
0 90 180 270 360
Inner-rotor rotation angle, 0, (deg) (pH)max (MPa) 376.73 283.02
. C e Analysis
Fig. 16 Contact force before and after optimization (V) ey (mm/rad) 7.11 6.97
parameters
V,, (cc/rev) 12.62 12.62
400
( WRPF),,,, (N/mm/rad)| 1709.11 | 1491.01
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Fig. 19 WRPF before and after optimization
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