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Development of an Automated Design System for Oil Pumps with Ellipse Lobe Profile
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An internal lobe pump is suitable for oil hydraulics of machine tools, automotive engines,
compressors, constructions and other various applications. In particular, the pump is an essential
machine element of an automotive engine to feed lubricant oil. The subject of this paper is the
theoretical analysis of internal lobe pump whose the main components are the rotors: usually the
outer one is characterized by lobes with elliptical shape, while the inner rotor profile is determined
as conjugate to the other. And the integrated system which is composed of three main modules
has been developed through AutoLISP under AutoCAD circumstance. It generates new lobe
profile and calculates automatically the flow rate and flow rate irregularity according to the lobe
profile generated. Results obtained from the analysis enable the designer and manufacturer of oil
pump to be more efficient in this field,
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A = inner and outer rotor contact point

b = rotor width

C = the curvature center of the outer rotor lobe

C* = the curvature center of involute gear

C” =rotation point of C’ after rotation of outer rotor

d = distance between the curvature center of the outer

rotor lobe and its center along polar reference axis

e = distance between the centers of the inner rotor and the
outer rotor

i = Flow rate irregularity

O, = Center point of the inner rotor

O, = center point of the outer rotor

P = locus point of the inner rotor

R = specific flow rate

r, = radius of curvature of the outer rotor lobe along
polar reference axis

r, = pitch radius of the inner rotor

r, = pitch radius of the outer rotor

s, = distance of inner rotor moving

s, = distance of outer rotor moving

z; = number of the inner rotor teeth

7, = number of the outer rotor teeth

o = rotational angle of the outer rotor

o = angle between contact point and inner rotor point

8 = Axial velocity = punch velocity(mm/sec)

p = Distance from the center of the ellipse to the contact
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point
¢ = rotational angle of the inner rotor
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Fig. 2 Conjugated profile tracing for ellipse shape
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Fig. 3 Center of curvature in the rotated position
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Fig. 4 Inner rotor profile tracing
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(b) Algorithm for flow rate and irregularity

(c) Algorithm for specific slipping
Fig. 9 Flowchart for carrying out the automated system
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Fig. 10 The inner rotor profile according to the ellipse
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Fig. 12 The specific slipping in case of "k=1.4" in Fig. 10
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Table 1 The vatues of flowrate and irregularity auto-
matically calculated by the system according to
the values of the design parameters.

Outer B¢
A | pm s REEE R
@ ﬂﬁltf)k% ’5}‘%(1':‘;*“1 % | (ecirev) | nd&

0.6 75648 | 09998 | 1.53
0.7 81412 | 1.001 1.63
0.8 8.6746 | 1.002 1.72
0.9 91890 | 1.0028 | 1.83
B123) 73 1 96891 | 1.0034 | 195
1.1 10.178 | 1.0036 | 2.1
1.2 10.655 | 10037 | 229
13 111125 | 1.0035 | 254
0.6 767 | 10002 | 154
0.7 82692 | 1.0014 | 165
Fig. 13 The results carried out at the rotation simulation gz §§§; iggi‘: izz
submodule of the design module 25.625 8 1 08677 | 10036 >
1.1 103663 | 1.0037 | 217
42 NAHOY HE U 1A ’ 12 | 10.8489 | 1.0037 | 239
FL4AZ ojYolHA HAH FL FIJ A 1.3 113176 | 1.0034 | 2,67
94 e WANA FARFE FFA {3 06 | 78715 | 1001 | 157
£& 4 2 3 Fol 0 99 FE b5 T oosss 1o | 1l
tlnggs AN 26625 09 | 9.6556 | 1.0035 | 195
2o YRR 2H 9FE 45 NE 7HAH 1 10.1926 | 1.0038 | 212
B2 e HAZE e=3.8mm, &, w=18.0mm, &3 & L 10715 | 10038 | 2.33
ssmm o|Th. Fig. 14 9} Zo] 92 2E9 A AT 1.2 112154 | 1.0036 | 261
AAA ALole AE 375mm £ AAA F48 13 111125 | 1.0035 | 2.98
N e 2 ks A 0.6 80619 | 1.0016 | 161
F Y52 HAA3F AAASFA gde FEWHH (), 0.7 2743 | 1.0026 | 174
ZEunAARA AZ@e =5Lde FEEu|KES 0.8 93576 | 1.0034 | 1.88
RSAZ Table 1 9] AAESF %g AT BAF 2mes) 10 05 | 994 | 10038 | 2%
36 T PRI He UndE FEoT e e | 2
o 12 | 115412 | 1.0034 | 2385
13 12.0306 | 1.0029 | 334
0.6 8237 | 1.0022 | 165
0.7 89542 | 10031 | L79
0.8 95962 | 1.0037 | 195
09 10.1986 | 1.004 | 2.14
28623 1 1 10.7743 | 1.0039 | 238
1.1 113248 | 10037 | 27
1.2 11.8456 | 1.0032 | 3.14
1.3 123334 | 10026 | 3.77
0.6 84069 | 1.0027 | 1.69
0.7 91595 | 1.0034 | 1.84
0.8 98253 | 1.0039 | 202
soes| 12 0.9 10447 | 1004 | 224
1 11.0356 | 1.0039 | 252
. . 1.1 11.5916 | 10035 | 2.9
Fig. 14 The distance between the outer diameter and base 12 121213 | 1.0029 3.46
circle of the outer rotor 13 12.6183 | 1.0022 43
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Fig. 15 Results carried out in the system according to the variable parameters
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Fig. 16 Comparison of irregularity and flow rate
according to the factor, k : (a) flow rate, (b)
flow rate irregularity, (c) specific slipping
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