International Journal of Scientific and Research Publications, Volume 6, Issue 7, July 2016 582
ISSN 2250-3153

Analysis of Inner Rotor in a Georotor

V.Diwakar™ , K.Venkatesh™

“Assistant Professor, Department of Mechanical Engineering, Dhanekula Institute of Engineering & Technology, Vijayawada-India.
““Assistant Professor, Department of Mechanical Engineering, Geethanjali College of Engineering & Technology, Hyderabad-India.

Abstract— For any gas turbine engines, various systems are Center of outer gear 0 High pressure 1 Low pressure
involved for the safe and reliable operation, in that oil system
plays a vital role for the engine lubrication .Oil pump is the Eccenricity
most significant equipment as a part of engine oil system.

The main function of oil pump in the engine is to supply
lubricating oil to various rotating and sliding parts of an
engine in order to prevent the wear & tear, excessive heat
generated during the engine operation

The oil pump works on the principle of geo rotor (similar to
internal gear arrangement) which is a positive displacement
pump. The oil pump develops required pressure greater than
the bearing chamber pressure and flow for maintaining the
bearing temperature in the engine. The oil pump geo rotor is
driven by the engine power through the gear box and quill
shaft connected to oil pump driven shaft.

In this research we designed the geo rotor with standard
measurements by using pro/e software. Also analysis should
be done by taking different materials of Vonmises Stress,
Strain& Total Deformation

Keywords—Geo Rotor; Design;Vonmises Stress & Strain;
Analysis

I. INTRODUCTION

The geo rotor is a positive displacement pumping unit
compared with external and internal gear pumps; it keeps an
advantage of less components, simple structure, low noise and
low ripple of flow rate. Therefore it is widely used in
applications of lubricating systems of on-road or off-road
engines.

It mainly consists of inner rotor, outer rotor. The inner
rotor lies inside the outer rotor and it positions itself at a fixed
eccentricity from the outer rotor inside the housing.

Input torque is to drive the inner rotor  and outer rotor
rotates with it since they contact each other at less several
points on their geometric profile.Geo rotors may be mounted
directly on an existing shaft.gerotors can handle any flowing
substances from air to hot melt glue. A single geo rotor set
accommodates multiple flow streams operating at different
pressures.
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Il. DESIGN OF GEOROTOR

Georotor was designed using Pro-E software with the
specified dimensions

Fig-3
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TOTAL DEFORMATION OF STEEL
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EQUIVALENT STRAIN VALUES ON STEEL

111 STRUCTURAL ANALYSIS OF GEOROTOR

STRUCTURAL ANALYSIS OF STEEL
The diagrams shows the structural analysis of steel

TOTAL VONMISES | VONMISES

DEFORMATION STRESS STRAIN S
MAXIMUM 2.5122e-6 m 2.2933e6 pa | 1.1467e-5 2co8teb
MINIMUM 0 1779.5 pa 1.3185e-8 1.31850-8 Min

Table-1
.
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THERMO STRUCTURAL ANALYSIS OF STEELS

The diagrams shows the therm
analysis of steel

0 structural

TOTAL EQUIVALENT | EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
MAXIMUM 0.0001677 m 1.7751e8 pa MAXIMUM
MINIMUM 0 3.376165 pa MINIMUM
Table-2

TOTAL DEFORMATION OF STEEL

I Static Structural - steel
Total Defarmation

Twpe: Total Deformatian
Unit: m

Time: 1
10-03-2016 2216

0.0001677 Max
0.00014807
0.00013043
0.0001118
9.316680-5
7.4533e-5
5.5899e-5
3.7266e-5
1.8633e-5

0 Min

0.700 iy

0.350

Fig-5.4

EQUIVALENT STRESS VALUES ON STEEL

I: Static Structural - steel
Equivalent Stress

Tvpe: Equivalent (ron-Mises) Stress
Unit: Pa

Time: 1
10-03-2016 2215

1.7751ed Max
1.5783e8
1.3814e8
1.1845e8
9.8768e7
T.9082e7
5.9396e7
3.871e7
2.0024e7
J.3761e5 Min

0.700 {rm)

Fig-5.5
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EQUIVALENT STRAIN VALUES OF STEEL

I: Static Structural - steel
Equivalent Elastic Strain
Tyne: Eguivalent Elastic Strain
Unit: mfm
Tirme: 1
10-03-2016 22:16

0.00088758 Max
0.00078414
0.00068073
0.0005523
0.00043333
[.00038545
0.00028702
0.0001836
0.00010017
1.74782-6 Min

0.340

Fig-5.6

STRUCTURAL ANALYSIS OF ALUMINIUM

584

The diagrams shows the structural analysis of

aluminum

TOTAL EQUIVALENT

DEFORMATION STRESS

EQUIVALENT
STRAIN

TOTAL
DEFORMATION

MAXIMUM 7.0748e-6 m 2.3893e6 pa

MAXIMUM

MINIMUM 0

2001.9 pa

MINIMUM

Table-3

TOTAL DEFORMATION OF ALUMINIUM

D: Static Structural - aluminium
Total Deformation

Type: Total Deformation

Unity m

Time: 1

242016921 M

1.0748e-6 Max
6.2887-6
5.3026e-6
4.7185e-6
3930e-6

3 13e-6
2.3983¢-6
15722e-6
7.860%-7

0 Min

0300
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EQUIVALENT STRESS VALUES OF ALUMINIUM

D: Static Structural - aluminium
Equivalent Stress

Type: Equivalent (von-Mises) tress
Unit:Pa

Time:1

12008923 PM

2.3803e6 Max
1124166
1858866
1,595e6
1328366
1.06%6
7077765
5325065
16726e5
20019 Min

0300

Geometry A Print Preview)\ Report Preview,

Fig-5.8

EQUIVALENT STRAIN VALUES ON ALUMINIUM

D: Static Structural - aluminium
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: rrim

Time: 1
10-03-2016 22:05

3.3653e-5 Max
2.9918e-5
2.6183e-5
2.2448e-5
1.8714e-5
1.4979e-5
1.1244e-5
7.5091e-6
3.7743e-6
3.9484e-8 Min

0.000 0.700 {m)
[ —
0.350
Fig-5.9
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THERMO STRUCTURAL ANALYSIS OF ALUMINIUM
The diagrams show the thermo structural

analysis of aluminum.

TOTAL EQUIVALENT | EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
MAXIMUM 0.00032319 m 1.2453e8 pa MAXIMUM
MINIMUM 0 2.175€5 pa MINIMUM
Table-4

585

TOTAL DEFORMATION OF ALUMINIUM

K: Static Structural - aluminium
Total Deformation

Type: Total Defarmation

Unit: m

Tirne: 1
10-03-2016 2217

0.00032319 Max
0.00028728
0.00025137
0.00021546
0.00017955
0.00014364
0.00010773
7.1821e-5
3.5911e-5
0 Min

v
0,700 () !
Z/\}{
0350

Fig-5.10

EQUIVALENT STRESS VALUES OF ALUMINIUM

K: Static Structural - aluminium
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1
10-03-2016 2217

1.2453e8 Max
1.1071e8
9.6902e7
8.309e7
6.9278e7
5546627
4165487
2.7842e7
1.403e7
2.175e5 Min

0.700 {rm)

t
ZA ¥

0.350

Fig-5.11

EQUIVALENT STRAIN VALUES OF ALUMINIUM

K: Static Structural - aluminium
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mirm

Time: 1
10-03-2016 2217

0.0017539 Max
0.0015594
0.0013648
0.0011703
0.00097581
0.00078128
000058676
0.00039223
0.0001977
3.1686e-6 Min

0.700 {m)

Fig-5.12
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STRUCTURAL ANALYSIS OF CAST IRON

The diagrams show the structural analysis of cast

iron.
TOTAL EQUIVALENT | EQUIVALENT TOTAL
DEFORMATION |  STRESS STRAIN DEFORMATION
.| -
MAXIMUM 45691e-6m | 2.2355e6 pa MAXIMUM 1.8067e-5
MINIMUM 0 1607.9 pa MINIMUM e
Table-5 11301e-5

TOTAL DEFORMATION OF CAST IRON

4.5691e-6
4.0614e-6
35537e-6
304616
25384e-6
2.0307e-6
1.523e-6
1.0154e-6
5.0765e-7
0 Min

9.04568-6
6.7902e-6
4.53488-6
2.2794e-6
2.3985e-8 Min

0.aoo

0.350

EQUIVALENT STRAIN VALUES ON CAST IRON

0.700 {m)

Fig-5.15
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A

THERMO STRUCTURAL ANALYSIS OF CAST IRON
The diagrams show the thermo structural analysis of cast

iron
y TOTAL EQUIVALENT | EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
0.000 0.700 {m) A
0.350 g g MAXIMUM 0.00015338 8.8447¢7 MAXIMUM
) MINIMUM 0 1.6508¢e5 MINIMUM
Fig-5.13 Table-6

EQUIVALENT STRESS VALUES OF CAST IRON

TOTAL DEFORMATION OF CAST IRON

Bl

: 0.000 ]
1.8873e6

0.00013634

1.7391e6 0.0001193
1.4908¢6 0.00010226
1.24266 8.52148-5
9.9443e5 B.81718-5
7462385 5.11288-5
4980265 3.40858-5
7.4591e5 1.7043e-5
1607.9 Min 0 Min

0.000

0.700{m)

0.350

0.350

Fig-5.14 Fig-5.16
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EQUIVALENT STRESS VALUES OF CAST IRON

0: Static Structural - cast iron
Equivalent Stress

Type: Equivalent (van-Mizes) Stress
Unit: Pa

Time: 1
10-03-2016 22:22

8.8447e7 Max
7 8638e7
f.8829e7
580287
49217
1840187
2859287
1.8783e7
9874286
1.6508e5 Min

I
Z‘/\‘ ¥

0.340

Fig-5.17

EQUIVALENT STRAIN VALUES OF CAST IRON

0: Static Structural - cast iron
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
LUnit: mim

Time: 1
10-03-2016 22:22

0.00080407 Max
0.0007144
0.00062573
0.00053657
0.0004474
0.00035823
0.00026406
0.000174849
3.0716e-5
1.5465e-6 Min

0.700 ()

Z/\)(

0.350

Fig-5.18

STRUCTURAL ANALYSIS OF TITANIUM
The diagrams shows the structural analysis Titanium

TOTAL EQUIVALENT [ EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
MAXIMUM 5.2323e-6 m 2.4993¢e6 pa MAXIMUM
MINIMUM 0 2295.6 pa MINIMUM
Table-7

TOTAL DEFORMATION OF TITANIUM

F: Static Structural - titanium
Total Deformation
Type: Total Deformation
Unit: m

Time: 1

10-03-2016 22:09

5.2323e-6 Max
4 651e-6
4.0696e-6
3.4882e-6
2.9069e-6
2.3255e-6
1.7441e-6
1.1627e-6
5.8137e-7

0 Min

I
ZA){

0.000 0.700 i)
L
0.350

Fig-5.19

EQUIVALENT STRESS VALUES OF TITANIUM

F: Static Structural - titanium
Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unit: Pa

Time: 1
10-03-2016 2210

2.499386 Max
2721986
1.944426

1 EBTek
1.3995e6
1.1121e6
6346385
5571985
2797485
22956 Min

v
0.000 0.700 {m) T
z/\x

0.350

Fig-5.20

EQUIVALENT STRAIN VALUES OF TITANIUM

F: Static Structural - titanium
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit. mim

Time: 1

10-03-2016 22:10
2.6035e-5 Max
2.3146e-5
2.0256e-5
1.72367e-5
1.4478e-5
1.1589e-5
8.6994e-6
58102e-6
2921e-B
3.1757e-8 Min

0.000 0.700 {rm})
1

0.350

Fig-5.21
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THERMO SRTUCTURAL ANALYSIS OF TITANIUM
The diagrams shows the thermo structural analysis of
Titanium

TOTAL EQUIVALENT [ EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
MAXIMUM 0.00013295 m 7.4372¢e7 MAXIMUM
MINIMUM 0 1.09e5 MINIMUM
Table-8

TOTAL DEFORMATION OF TITANIUM

Q: Static Structural -titanium
Total Deformation
Type: Total Defarmation
Unit: m

Time: 1

10-03-2016 22:23

0.00013295 Max
n.00011818
0.00010341
4.8636e-5
7.3863e-5
5.9091e-5
4.4318e-5
2954585
1.4773e-5
0 Min

0.700{m)

I
P

0.350

Fig-5.22

EQUIVALENT STRESS VALUES ON TITANIUM

Q: Static Structural titanium
Equivalent Stress

Type: Eguivalent for-Mises) Strass
Unit: Pa

Time: 1
10-03-2016 22:24

1.4372e7 Max
f.612e7
5.7865eT
4.8617e7
4.1366e7
13116e7
2.4863e7
1.6612e7
8.3604e6
1.09e5 Min

0.350

Fig-5.23
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EQUIVALENT STRAIN VALUES ON TITANIUM

Q: Static Structural titanium
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mitm

Time: 1
10-03-2016 22:24

0.00077471 Max
0.00068876
0.00060281
0.00051686
0.00043091
0.000344496
0.00025501
0.00017306
8.7107e-5
1.157 1e-6 Min

0.700 {rm)

f
Z‘A‘H

Fig-5.24

STRUCTURAL ANALYSIS OF MAGNESIUM
The diagrams shows the thermo structural analysis of
Magnesium

TOTAL
DEFORMATION

EQUIVALENT
STRESS

EQUIVALENT
STRAIN

TOTAL

MAXIMUM 1.1162e-5 m 2.4609e6 pa

MINIMUM 0 2174.4 pa

Table-8

TOTAL DEFORMATION OF MAGNESIUM

G: Static Structural - magnesium
Total Defarmation

Type: Total Defarmation
Unit: m

Titme: 1

10-03-2016 22:31

1.1162e-5 Maz
9.9218e-6
8.6816e-6
7.4414e-6
6.2011e-6
4.9609e-6
3.7207e-6
2.4805e-6
1.24028-6

0 Min

0.000

Y
0.700m) T
z‘/\x
0.3580

Fig-5.25
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EQUIVALENT STRESS VALUES OF MAGNESIUM

G: Static Structural - magnesium
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Tirme: 1
10-03-2016 22:32

2.460986 Max
2.1877eb
1.9145e6
1.6413e6
1.3681 e
1.0944e6
8.2174e5
5.4855e5
2.7636e5
2174.4 Min

I
EAH

0.000 0,700 {m)
[ |
0.350
Fig-5.26

EQUIVALENT STRAIN VALUES OF MAGNESIUM

G: Static Structural - magnesium
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mim

Time: 1
10-03-2016 22:33

5.4687e-5 Max
4861805
425495
1.648e-5
30411e-5
24342e-5
1.8273e-5
1.2204e-5
f.1352e-6
6.6253e-8 Min

!
EAK

0.000 0.700 (m)
C —
0.350
Fig-5.27

THERMO STRUCTURAL ANALYSIS OF MAGNESIUM
The diagrams shows the thermo structural analysis of

Magnesium
TOTAL EQUIVALENT | EQUIVALENT TOTAL
DEFORMATION STRESS STRAIN DEFORMATION
MAXIMUM 0.00036683 m 9.2174¢7 pa MAXIMUM
MINIMUM 0 1.4759¢5 pa MINIMUM
Table-9

TOTAL DEFORMATION OF MAGNESIUM

M: Static Structural - magnesium
Total Deformation

Type: Taotal Deformation
Unit: m

Time: 1

10-03-2016 22119

0.00036683 Max
0.00032607
0.00028532
0.00024456
0.0002038
0.00016304
0.00012228
8.1519e-5
4.0759e-5

0 Min

b4
0.700 () ]
ZAK
0380

Fig-5.28

EQUIVALENT STRESS VALUES OF MAGNESIUM

M: Static Structural - magnesium
Equivalent Stress

Type: Equivalent fvan-Mises) Stress
Unit: Fa

Time: 1
10-03-2016 2219

0.2174e7 Max
8.1949e7
TAT724e7
E.1499e7
5.1273e7
4.1048e7
3.0823e7
2.0598e7
1.0373e7
1.4759e5 Min

0.700 {m)

t
Y

0.350

Fig-5.29

EQUIVALENT STRAIN VALUES OF MAGNESIUM

M: Static Structural - magnesium
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
LInit: rmim

Tirme: 1

10-03-2016 22:20
0.0020483 Max
o.oo1ez11
0.00159349
0.001 3667
0.0011395
0.00091225
0.000BB503
0.00045781
0.000220593
3.3671e-6 Min

0.700 {rm)

Fig-5.30
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STUCTURAL GRAPHS
In structural graphs of georotor we are comparing the

vonmises stresses, vonmises strain, and total deformation& 03
shear stress values for different materials
0.298
Vonmises Stress (Mpa) 0.296
35 0.294
3 0.292
25
0.29
2
0.288
1.5
1
0.5
0
Steel Aluminium Cast Iron Titanium Magnesium
Graph-1
Vonmises Strain
6 200
180
g 160
4 140
120
3 100
80
2 60
10
1
0 0
Steel Aluminium Cast Iron Titanium Magnesium
Graph-2
Displacement (mm)
0012 0.0025
0.01 0.002
0.008
0.0015
0.006
0.001
0.004
0.002 I 0.0005
0 0
Steel Aluminium Cast Iron Titanium Magnesium
Graph-3

590

Shear stress (Mpa)

Steel Cast Iron Titanium

Graph-4

Aluminium Magnesium

THERMO STRUCTURAL GRAPHS

In thermo structural graphs we are comparing the

graphs of vonmises stress, vonmises strain, total deformation&
shear stress values for different materials.

Vonmises Stress (Mpa)

Steel Aluminium Cast Iron Titanium Magnesium
Graph-5
Vonmises Strain
Steel Aluminium Cast Iron Titanium Magnesium
Graph-6
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Displacement (mm)

04
0.35
03
0.25
02
0.15
0.1
0.05
0
Steel Aluminium Cast Iron Titanium Magnesium
Graph-7
Shear Stress(Mpa)
60
50
40
30
20
) I
0
Steel Aluminium Cast Iron Titanium Magnesium
Graph-8

In below three graphs we are comparing both structural
analysis and thermo structural analysis by taking the vonmises
stress vonmises strain total deformation values for different
materials

Vonmises stress(Mpa)

200
180
160
140

120

100

80

60

40

20
o — — C— — —_—

Steal Aluminium Cast lron Titanium Magnesium
® Vonmises Stress (Mpa) = Vonmises Stress (Mpa)
Graph-9
STRAIN
6.00E-03
5.0DE-D3
4.,00E-03
3.00E-03
2.00E-03
1.00E-03 . I I I
0.00E+00 . . .
Steel Aluminium Cast lran Titanium Magnesium
® Vonmises Strain - ® Vonmises Strain
Graph-10

Max DISPLACEMENT
0.4
035

03
0.25
02
0.15
-1 1
0.05
0 S — — — —

Cast Iron

-

Steel Aluminium Titanium Magnesium

M Displacement (mm)

Graph-11

M Displacement (mm)

CONCLUSION

Generally we use steel in design of georotor and we
compared with other materials such as aluminum, cast iron,
titanium and magnesium. Therefore by above results we
observed that VONMISES STRESS & STRAIN, TOTAL
DEFORMATION is less for cast iron than other materials. So
we used to suggest cast iron in design of georotor inner rotor.

Even though from our results we observed titanium
which gives better results after analysis but due to its high cost
and other parameters we can’t use titanium for designing of
inner rotor of georotor.

So we suggest cast iron which shows near results of
stress, strain and deformation results which is almost similar
to titanium.

FUTURE WORK
Harmonic analysis and fluid analysis should be done
for inner rotor of georotor to find how the inner rotor behaves
and how it deforms by using harmonic analysis in workbench
even we should find how the bending stresses in the inner
rotor of georotor varies.
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