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Dynamic Behavior of Differential Gears

(Torque Variation and Effect of Tooth Bearing)

Hirofumi SENTOKU, Teruaki HIDAKA, Takeshi ISHIDA and Yosifumi EBASHI

Abstract

Differential gears play an importat part in many fields and are widely used. Therefore, it is very

important to know the dynamic behavior of differential gears, In the present paper, the dynamic

behavior of differential gears were investigated by measuring the torque variations of one drive and two

driven shafts under conditions where one driven shaft was rotated at a fixed speed, and the other at a

variable speed by varying the speed of the drive shaft. Furtheremore, under conditions where hypoid gear

was assembled with complete tooth bearing, heel tooth bearing, or hard heel tooth bearing, the dynamic

behavior of differential gears was investigated by measuring the tooth root stresses of hypoid gear was

and the torque variations of each shaft. In comparison with these measured data, the effect of tooth

bearing on the dynamic behavior of differential gears became clear.
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1:Ditferential lor tesling

2:Difterential for power
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3:Kopp lype stepless
speed varlator

4:Gear box |

5~7:Power circulaling gears
8:Torlion bar

9:Drive shafl

10:.0riven shalt |

11:Driven shalt 2

12:Loading coupling
13:Flexible coupling
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V4 :Index disk for rotational signal

15:index disk for pilch signal

16:index disk for rotational signal

17:Index disk for synchronizing
signal

18:Gear \rain for synchronizing

19:Pholo - electric pick up

20:Ship ring

21:3 phase Induction molor

(for dilferential)

23:0il 1ank

24:Pulley

25:Brake disk |

26:Lower-speed geared molor

Power circulating type differential gear testing machine.
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1. Taper roller bearing 0. Dilletenligl pinion
2. Taper roller bearing 1. Dillerential side gear
3.Differential carrier 12. Diflerential pinion shalt
4, 13. Backlash adjusting washer
pacer of ditlere!nial gnrs
5. 0ri inion shalt
ve. pmon 14 . Backiash adjusting washer
6.Drive pinion of differential gears
7.G:adr contact ;:;nern 15 . Taper roller bearing
i er
) usting wa 16 . Driven shaft
0.Ring gear 17 . Driven shalt

9.0Ditferential case

Fig, 2

Coast side

Drive side

Fig, 3

Heel

Differential gears.

strain gage

Toe

Load

Positions of strain gages.
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Table1l Dimensions of differential gears.
Reduction gears|Differentil gears
Pinion | Gear | Pinion |Side gear
Type of gears | Hypoid gears Straight bevel gear
Gear cutting G[eason Gleason
method | (Helix form)
Module om 4.342 4.069
Pressure angle iz | w26 22°33
£h26° | 412
Axial angle 90" 90°
Number of teeth 9 35 10 14
Spiral angle 50°27 | 29°01 -
(Direction) | (Left) | (Right)
Root cone angle | 1344’ | 6715 | 28°20° | 41°31
Face cone angle | 21'19" | 74°13 | 48729 | 61°40°
Pitch cone angle 73°15" | 35°32° | 54°28
Off set mn 25.0 —
Backlash mm 0.1~0.15 0.02~0.08
Material SCM 420H SCM 418H
Heat treatment Carburized
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Pinion height adjusting shim  2.9mm
Speed of driven shatt 2 7i4rpm
Static torque on drive shalt 47.8Nm

Torque on drive shaft
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500Hz
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Fig. 4 Examples of measured torque variations.
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Fig. 5 Frequency spectrum of torque variation of driven shaft 1 (Speed of driven shaft 2="714rpm).
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Fig, 6 Frequency spectrum of torque variation of driven shaft 1 (No differential motion).
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Fig. 8 Tooth hearings.
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Pinion helght adjusting shim  2,9%mwm
Speed ol driven shalt 2 7l4rpm,
Static looth load  J.40KN
Slalic lorque 47.9Nm

Pinion height adjusting shim 2.Lmm.

Pinion heighl adjusling shim 1.9mm

Fig. 9
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Frequency spectrum of torque variations of drive shaft in each shim.
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Pinion height adjusting shim
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Fig. 10 Torque variation rate of drive shaft in
each shim.

Pinion height adjusting shim 2.9mm
Speed of driven shaft 2 Nbrpm
Static tooth load 3.40KN

Tooth No.5
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One pitch - - - -
Mesh frequency 180Hz 500Hz 720Hz 800Hz

Fig. 11 Examples of measured tooth root stresses
(Shim thicness=2.9mm).
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Pinion height adjusting shim  2.4mm
TNbrpm

Speed ol driven shaft 2
Static tooth load 3.40KN

Tooth No.5

Toe

100MPa
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Middte

Heel
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One pitch o]
Mesh frequency 180Hz 500Hz 720Hz 800Hz

Fig, 12 Examples of measured tooth root stresses
(Shim thickness=2.4mm).

Pinion height adjusting shim 1.9mm
Speed of driven shaft 2 Tibrpm

Static tooth load 3.40KN
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Fig. 13 Examples of measured tooth root stresses
(Shim thickness=1.9mm).
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Pinion height adjusting shim 2.9mm
Speed of driven shalt 2 714rpm
Static tooth load 3 40KN

Root stress ratio
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Pinion height adjusting shim 2.9mm
Speed of driven shatt 2 7i4rpm
Static tooth load  3.40KN

—
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Root stress ratio
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Pinion height adjusting shim 2.9mm

Speed of driven shaft 2
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Fig, 14 Root stress ratio(Shim thickness=2.9mm).

Root stress ratio

Root stress ratlo
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Pinion height adjusting shim  1.9mm
Speed of driven shaft 2 714rpm

340KN

Static tooth load
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Mesh frequency of hypoidL gear Hz

0“5 7400 3600 %
Speed of drive shaft rpm
(a) Center
Pinion height adjusting shim  1.9mm

Speed of driven shatt 2
Static tooth load 340KN

T4rpm
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Fig. 15 Root stress ratio
(Shim thickness=1.9mm).
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