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Influences of Helix Directions and Helix Angles of Planetary Gear Set
Designs on Thrust Bearing Power Losses in an Automotive Gear Train
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Automatic transmissions, which have the advantages of compact structure and smooth shifting, are installed in various
vehicles with engines and hybrid power sources. Research and development are continuously being conducted to improve
power and fuel efficiency. In this study, the influence of helix direction and helix angle of the planetary gear set on thrust-
bearing power loss in an automatic transmission was analyzed. A sample automatic transmission model was constructed to
analyze the axial load and bearing relative rotation speed, which are the main factors in thrust-bearing power loss. The
relative rotation speed of the bearing was analyzed using the sample model, and the thrust-bearing load in the axial
direction was analyzed according to the helix direction of the planetary gear set constituting the model and the helix angle
of the planetary gear set. The power loss occurring in thrust-bearing was derived using the analysis results of relative
rotational speed and load, and the influence of the helix direction and helix angle of the planetary gear set was analyzed.
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Table 1 Designs of 1st-3rd planetary gear sets

PG1&2 PG3
S P R S P R
z 48 24 96 60 18 96
m 122 126
[mm]
PA
18 20
[deg]
HA
2 18
[deg.]
€D 482 523
[mm]
FwW 2 2 2 17 17 17
[mm]
D,
668 346 1262 830 268 1263
[mm]
D,
613 292 1315 774 211 1318
[mm]
T 907 200 207 187 228 187
[mm]
TTD s 301 1285 805 241 1287
[mm]

Table 2 Designs of 4th planetary gear sets

PG4
S P R
V4 25 33 91
m [mm] [1.45, 1.48]
PA [deg.] 20
HA [deg.] [18,22]
CD [mm] 454
FW [mm] 24 24 24
D, [mm] [42.0, 42.1] [54.5, 54.6] [140.0,140.1]
D, [mm] [35.8, 35.9] [48.3, 48.5] [145.6,145.7]
TT [mm] [2.66, 2.66] [2.17,2.18] [2.66, 2.66]
TTD [mm] 39.1 51.6 142.4

=7 (Tooth Thickness, TT)Q] Z /A z}o]= 0.001 mmo]|c}.
S 710l AlEE YA Zh2 AR U A] Alde] & 2t
o7} Y= A LT Aldolztal & = Stk 149 {44 7]0]
AlEo|| Z3e= A 7]o], | 7]0], JMOJ 710 2] #9] A7)
= % SY3ltt. TTD (Diameter at Measured Tooth
Thickness)}= % FA7} 544 HZH AlE= 9ulgt.
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T1 T2 T3 T4 T5T6 T7 T8 T9 T10 T11l T12(B1)

(b)

Fig. 1 (a) 3D model and (b) cross section of a sample automatic
transmission model
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(a) (b) ()
Fig. 2 (a) Spur gear, (b) left, and (c) right hand helical gears
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Fig. 3 Total amount of maximum axial loads of all thrust bearings
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Fig. 4 Differences of axial loads on thrust bearings for 18 and 22
degree of helix angle

~o—1st =e=2nd —+—3rd 4th —e=5th

~o—6th —e=7th —e—=8th —e—REV.

6000
5000
4000
3000
2000
1000

Speed (RPM)

1 2 3 4 5 6 7 8 9 10 11 12

Bearing number

Fig. 5 Rotational speeds of thrust bearings

Table 3 Pitch diameters of thrust bearings

Bearing number Diameter [mm]

T1-T8 65.0
T9-T11 40.0
T12 45.0
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Fig. 6 Total amount of power losses of all thrust bearings
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Fig. 7 Differences of power losses of thrust bearings for 18 and 22
degree of helix angle
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Fig. 8 Max. axial loads acting on thrust bearings of RRLL helix
angle directions for 18-22 degree of helix angles of PG4
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Fig. 9 Power losses of thrust bearings of RRLL case

mHA18 mHA19 mHA20 HA 21 mHA?22

25000
20000
15000

10000

Axial load (N)

5000
o Ml IIII

8 9 10 11 12

Bearing number

Fig. 10 Max. axial loads acting on thrust bearings of LRLL helix
angle directions for 18-22 degree of helix angles of PG4
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Fig. 11 Power losses of thrust bearings of LRLL case
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Fig. 12 Differences of thrust bearing power losses at 18 and 22
degree of helix angle for forward speed ratios
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Fig. 13 Thrust loads of LRLL helix directions for (a) 18, (b) 19, (c)
20, (d) 21, and (e) 22 degree of helix angles of PG4
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Fig. 14 Thrust loads for 18-22 degree of helix angles of PG4 at 5th
speed ratio
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