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Abstract : The load sharing and teeth deflection of helical gear system are analyzed to investigate the deformation
overlap. The deformation overlap, which is calculated by the results of displacement analysis, is suggested as the basis
for the tooth profile modification. Helical gear systems are formulated as contact problems, and solved by elastic
contact theory and FEM. The developed computer program, which offers gear teeth deflection and deformation
overlap, will be of much help to the improved design of manual transmissions for automobiles.
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Fig. 1 Contact between two bodies
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Fig. 3 Node and element in contact boundary
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Fig. 4 Compatibility conditions for contact

Table 1 Data of helical gear system

Mdel | 1 [ 2 [ 3] a]s]6] 7
Number || 1015 | 38123 | 33123 | 26130 | 2140 |24/ 14
of teeth 35/24] 24/14
Nomal | ) &1 50 | 225 | 225 | 20 2.5
module
Normal
pressure || 22.5 | 17.5 | 20.0 | 17.5 | 17.5 22.5
angle(®)
Helix
o I 23.0 128.26(26.33|26.33|28.26 23.0
angle(®)
Torque 24340.0 kgs- mm
Young's 9
modulus 21000.0 kgf/mm
P01ss‘0ns 03
ratio
Table 2 Data of finite element modet
Gear Driving gear Driven gear
Node 4594 4594
Element 17640 17640
Initial displacement boundary
Boundary condition on the rim( mm )
condition Radial 0.0 Radial 0.0
Circumferential | 0.0354 | Circumferential | 0.0
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Fig. 7 Contact positions and deformation overlap search
point of driven gear

Table 3 Tooth load sharing in Model 4

Contact Position in body1
... | Contact -
Contact | position Radial | whole | face
Model . . force | . 3
tooth pair| in ( kef) distance| depth | width
Fig. 7 (mm)] (%) | (%)
a 3.67 | 35.12 | 7037 | 0.0
@ b 245.16 | 34.24 | 55.55 | 20.0
¢ 14430 | 33.75 | 47.18 | 40.0
4 d 139.83 | 33.25 | 38.82 | 60.0
e 79.87 | 36.87 | 100.0 | 40.0
@ f 130.03 | 35.12 | 70.37 | 80.0
g 116.67 | 34.24 | 55.55 | 100.0
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Table 4 Gear tooth deformation overlap

Model Deformation overlap( um)

1 18.34

2 24.61

3 20.90

4 21.25

5 21.55

6 17.54

7 22.68
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Model 1 ~3, Model 5~79j
= b3} P,

Table Al Tooth load sharing in Model 1

Table A4 Tooth load sharing in Model 5

Contact Position in body1
Contact |Node in ontac Radial | Whole | Face

Model tooth pair | bodyl (f(])e?) distance| depth | width
(mm)| %) | (%)

Contact Position in bodyl
Contact |Node in Radial | Whole | Face

Model tooth pair | body1 (f(;ze) distance| depth | width
(mm) | (%) | (%)

3145 | 103.22 | 21.27 [ 7037 | 0.0
2812 | 274.54 | 2036 | 55.55 | 20.0
@ 2501 | 300.23 | 20.36 | 55.55 | 40.0
1 1834 | 189.73 | 19.31 | 38.35 | 60.0
1561 | 153.25 | 19.31 | 38.35 | 80.0
3312 | 24495 23.08 | 100.0 | 60.0
3011 | 160.04 | 22.17 | 85.18 | 80.0

Table A2 Tooth load sharing in Model 2

Contact Position in body1
Contact |Node in on Radial | Whole | Face

Model | ot pair | bodyl (fzrgcfe) distance| depth | width
(mm) | %) | (W)

3145 | 641 | 26.12 | 7037 | 0.0

3146 | 27.15 | 2541 | 5555 0.0

@ 2812 | 256.26 | 25.41 | 55.55 | 20.0

2136 | 500.50 | 24.49 | 38.71 | 40.0

1834 | 123.60 | 23.79 | 25.82 | 60.0

3612 |} 17540 | 27.02 | 85.18 | 40.0

@ 2955 | 255.59 | 26.21 | 70.37 | 60.0

2647 | 18423 | 25.40 | 55.55 | 80.0

Table AS Tooth load sharing in Model 6

Contact Position in body1

Contact |Node in Radial | Whole | Face

Model tooth pair | bodyl (f::f) distance| depth | width
(mm) | (%) | (%)

3145 | 28.55 | 28.56 | 7038 | 0.0
2812 | 194.68 | 27.76 | 55.56 | 20.0
@ 2136 | 26129 | 26.88 | 39.37 | 40.0
1834 | 43.15 | 26.54 | 32.15 | 60.0
1837 | 26.04 | 26.17 | 26.26 | 60.0
3612 | 157.52 | 2937 | 85.19 { 40.0
@ 2955 | 230.91 | 28.56 | 70.38 | 60.0
2647 | 167.82 | 27.76 | 55.56 | 80.0

Table A3 Tooth load sharing in Model 3
Position in body1
Contact

Contact |Node in Radial | Whole | Face

Model | 1 soth pair | bodyl (f:rgf) distance| depth | width
(mm)| (%) | ()

3145 | 6528 | 3349 | 7036 | 0.0

2812 | 167.51 | 32.59 | 55.55 | 20.0

@ 2501 | 150.03 | 32.59 | 55.55 | 40.0

6 1834 | 122.20 ] 31.59 | 39.23 § 60.0

1561 | 112.36 | 31.59 | 39.23 | 80.0

3312 | 144.31 { 3530 | 100.0 | 60.0

3011 | 116.83 | 34.40 | 85.18 | 80.0

Table A6 Tooth load sharing in Model 7

Contact Position in body1
Contact |Node in Radial | Whole | Face

Model tooth pair | bodyl (f(;;(;f) distance| depth | width
(mm) | (%) | (%)

3145 | 36.26 | 31.16 | 7038 | 0.0
2812 | 22291 | 30.29 | 55.56 | 20.0

@ 2136 | 147.81 | 29.32 | 39.29 | 40.0

1564 {13231 ] 28.61 | 27.29 | 80.0

3 3609 | 99.34 | 32.92 | 100.0 | 40.0
® 3315 | 14531 | 32.04 | 85.20 | 60.0

2644 | 11799 | 31.16 | 70.38 | 80.0
2343 | 94.19 | 30.29 | 55.56 | 100.0
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3145 | 136.69 | 1991 | 7037 | 0.0

2812 {23424 | 19.01 | 55.55 | 200

@ 2501 | 436.86 | 19.01 | 55.55 | 40.0

7 1834 |427.70 ) 17.93 | 37.89 | 60.0

1561 | 0.331 | 17.93 | 37.89 | 80.0

3312 | 11612} 21.72 | 100.0 | 60.0

3008 | 147.08 | 21.72 | 100.0 | 80.0




