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A Study on the Selection of Helix Angle Directions of Planetary Gear Sets of
an Automatic Transmission for Considering Thrust Bearing Power Losses
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Abstract : A study was performed on thrust bearing power loss that occurred by the directions of helix angles of the planetary
gear sets constructing an automatic transmission. A sample transmission structure was built as a three-dimensional model,
and analyses of axial load and bearing power losses of thrust bearings in the transmission system were conducted for all
speed ratios, considering various combinations of helix angle directions. The total bearing load and total power loss results
for each helix direction were examined, and the bearing load and power losses were analyzed for a few cases of helix angle
directions that yielded the minimum power loss for each speed ratio. Furthermore, the power losses at each speed ratio were
analyzed, and the gear helix angle directions advantageous for low or high-speed ratios were examined for thrust bearing

power losses.
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| Bearing power loss analysis |

Fig. 1 A flowchart presenting the processes
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Table 1 Clutch actuation scheme for yielding 8 forward and

1 reverse speed ratios of the transmission'”'®

Speed Brake Clutch .
. Gear ratio
ratio BR1 | BR2 | CL1 | CL2 | CL3
Ist [ ] [ ] (] 4.714
2nd [ ] [ ] L J 3.143
3rd @ [ ] @ 2.106
4th [ [ ] @ 1.667
Sth [ ] [ ] [ ] 1.285
6th [ ] [ ] [ ] 1.000
7th [ ] [ ] [ ] 0.839
8th [ ] [ [ 0.667
REV. [ J [ J [ J -3.295
BR1 BR2
7//|4// 7
CL2
R1 R2 R3 CL3 I | ra
LT N
arijer GL “r
L ] L 1 L ] L 1
S1 s2 s3 S4
cuifyT
— —>
Input Output

Fig. 2 Schematic diagram of a conceptual design of 8HP45

automatic transmission'”'®
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Table 4 Designs of planetary gear sets consisting of the
transmission

PG1&2 PG3 PG4
S P R S P R S P R
z 48 | 24 | 96 | 60 | 18 | 96 | 28 | 38 | 104

1.22 1.26 1.26
Table 2 Results of rotation speed ratios of sun, carrier and (mm)
ring members of the example planetary transmission PA 18 20 18
(deg.)
Speed PGl PG2 PG3 PG4 HA
ratio | s1| c1| r1| s2| c2| R2| s3] 3| R3] s4] 4| R4 (deg) 22 18 2
Ist 0| 0| 1.0] 1.5| 1.5| 1.2| 1.0] 1.0] 0.2 CD
48.2 52.3 454
2nd 0| 0| 1.0] 1.5] 1.5 1.5| 1.5| 1.5| 0.3 (mm)
3rd | 1.0] 0.3] 0| 1.0| 1.0{ 1.0| 1.0| 1.0| 1.0| 1.0 0.5| 0.3 \W% »lm ol 7 |17 17 7 |17
4th | 1.8/ 0.6] 0 1.8 1.0 0.6 0.6 0.6/ 0.6| 0.6 0.6 0.6 (mm)
D
Sth | 22)07) 0 22] 1.0] 04] 04 08) 1.0) 1.0} 0.8] 0.7 © | 66.8|34.6|126.2( 83.0 | 26.8 |1263| 41.0 | 54.7 |140.5
6th | 1.0| 1.0| 1.0[ 1.0 1.0 1.0| 1.0| 1.0| 1.0| 1.0| 1.0 1.0 (mm)
Dr
7th 0] 12/ 19 0] 10/ 15 1.5/ 1.2] 1.0] 1.0| 1.1| 1.2 (mm) 61.3 129.2 |131.5| 77.4 | 21.1 |131.8] 35.4 | 49.3 |146.1
mm
8th 0| 1.5] 2.3] 0| 1.0] 1.5] 1.5| 1.5/ 1.5| 1.5| 1.5 1.5 T
REV.| 0| 0| 0| 0| 1.0/ 1.5| 1.5/-0.3/-1.4 -1.4 -0.3] 0 (mm) 2.07 12.07 |2.07 | 1.87 | 228 | 1.87 | 2.13 | 2.13 | 2.13
mm
TTD
. . . 64.3 | 32.1 [128.5]| 80.5 | 24.1 |128.7| 38.5 | 52.3 |143.1
Table 3 Results of torque ratios of sun, carrier and ring (mm)
members of the example planetary transmission o, 3937 - 2456 - 5425 -
(MPa) | - 2738 - 3255 - 2719
Torque PGl PG2 PG3 PG4
ratio | SI|C1|R1|S2|C2|R2|S3|C3|R3|S4|C4|R4
Ist [12[37(25/ 0| 00| 0| 0| 0|1.0/-4737 @ @ O @ B © @ & Gr @0 @ m
2nd | 0.8]-2.5/1.7(-0.3] 1.0|-0.7/ 0 | O | 0 |0.7|-3.1|2.4
3rd | 0.5|-1.6/ 1.1|-0.5| 1.6|-1.1f 0 | O | O [0.5]-2.1| 1.6

4th |0.3]-1.0/0.7|-0.3| 1.0|-0.7| 0.2|-0.4{ 0.2] 0.3 |-1.3| 1.0
5th | 0.1/-0.4/ 0.3]-0.1| 0.4 -0.3] 0.3]-0.7| 0.4 | 0.1 [-0.5| 0.4
6th 0/0[{0]| 0] 0] 0|04|-1.0(06| 0| O
7th 0] 0| 0]-0205[03/03(-08/05/ 0] 0
8th 0] 0| 0]-0310(-0.7/03|-0.7/04| 0| 0
REV. |-1.3]3.9]-2.6/-0.3| 1.0|-0.7 0.6|-1.7| 1.1 |-1.1| 5.0|-3.9

886 BAASABeAE =2 A2A H11E, 2024

Fig. 3 Cross-section of the automatic transmission model

with bearing installations'”'®
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Table 5 Pitch diameters of bearings supporting thrust loads
in the transmission

Bearing
#
d

P | 55| 55| 55| 55| 60| 60| 60| 60| 39| 39| 38| 45
[mm]

300
250
200
150
100

Load (kN)

==

RRRL

RRLR jms

RRLL

RLRR

RLRL

Iy

Fig. 4 Total bearing thrust loads of the transmission of all
combinations of helix angle directions

RLLR st

RLLL

LLLL o |

LRRR
LRLR
LLRR

Power Loss (kW)
N w £~y wv )]

LRRR
LRLR

[ g
— O
Jur
|

Fig. 5 Total power losses of thrust bearings of the transmission
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