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ABSTRACT

Differential gear backlash and drive shaft backlash are considered important items affecting vehicle
performance because they directly affect the vehicle tip-in shock and drivability. However, they are
not usually standardized and correctly managed. Thus, new differential gear backlash measuring
equipment that could quantify the total differential gear backlash, including drive shaft, need to be
developed. From an analysis of 600 test results, it was found that the total differential gear backlash
changed according to the gear size, contact position of the side gear and pinion gear tooth, and
thickness of the shim. Additionally, the total differential gear backlash was smaller than the drive
shaft backlash in driveline. Using a correlation check of the design specifications and experimental
values, the total differential gear backlash that can generate tip-in shock in the vehicle could be pre-
dicted during the early design stage. This design prediction can also be used for a new reducer for

the electric vehicle.
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Fig.1 A engine and driveline system
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Fig.2 An automatic transmission total backlash data
before and after removal of the differential
gear shim
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Fig. 5 Differential side gear and pinion gear backlash
measurement system

Table1 Results of the differential side gear and
pinion gear total backlash data range

Item Pinion Min Max AVG STD
o 2 0.63° 0.86° 0.74° 0.075°
A 4 0.68° 0.88° 0.79° 0.067°
o, 2 0.63° 0.86° 0.8° 0.084°
B 4 0.70° 0.90° 0.79° 0.056°
‘C 4 0.72° 0.92° 0.76° 0.088°
‘D’ 4 0.58° 0.90° 0.82° 0.06°
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Fig. 6 Differential side gear and pinion gear total backlash measurement data (with and without drive shaft)

Table 2 The drive shaft backlashes

Table 3 Differential side gear and pinion gear total
backlash data without and with drive shaft

Items Min Max
‘A’ type 1.12° 1.54°
‘B’ type 1.07° 1.26°
‘C’ type 1.05° 1.21°
‘D’ type 0.89° 1.19°
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Fig. 8 Side and pinion gear design

Table4 ‘A’ differential gear backlash comparison
between the design and experimental data

Item Axis blacklash | Rotation backlash
Design value 0.418 mm Max 0.478°
Experimental value 0.4 mm Max 0.46°
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