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Development of Lightweight and Compact Differential for Formula One Car
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ABSTRACT

The differentials used in Formula One vehicles
comprise a differential mechanism and a differential
restriction device (LSD), which together form a bias-
adjusting mechanism, and a final reduction gear set.
Because the differential is positioned close to the rear
end of the vehicle, it contributes to dynamic
performance. Reducing the weight of the differential
helps to centralize the mass of the vehicle, and
increasing its compactness boosts aerodynamic
performance. Development efforts were concentrated on
the achievement of a lightweight and compact
differential, with the focus in the initial stage on the
centralization of mass. Previously mounted on the final
driven shaft, the bias-adjusting mechanism was
positioned on the final drive shaft, helping to reduce the
center of gravity and the yaw moment of inertia. A full
pinion engagement planetary gear was employed as the
differential gear. A study of the merits and drawbacks
of the mechanism resulted in the development of an
ultra-short differential (USD) employing a full pinion
engagement double pinion planetary gear positioned on
the final driven shaft as the differential gear. It was
predicted that this would increase the compactness of the
unit and reduce its weight by 1.2 kg.
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Fig. 1 Method of achievement of low center gravity
and low yaw moment
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Fig. 2 Bias-adjusting mechanism on final drive shaft

Forward: 100 mm

Downward: 83 mm

Fig. 3 Image of movement of weight
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Fig. 4 Standard differential
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Fig. 7 USD
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Fig. 8 Torque response time
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Fig. 9 Modification of root shape

0 1260



Honda R&D Technical Review 2009 F1 Special (The Third Era Activities)

S-NO
3500
L:’ + Frequencyl
% ook o - S-N without shot peeningll
a L
= 256011
4
8 i WL
é 2000t SIRENED i
g . ARG )
S 1Oo0UUL] \
? Ak St f it RO AL
) TOOULT "oy X " O ]
= . ull 3 o []e
0 caaml (S|l Sy e o
S [T SRR XN
2, * KEEA
A 2R 2 I R
o
1.E-0301.E-0200 1.E-0101.E+00001.E+0101.E+0201.E+0301.E+0401.E+0501.E+06
N [Cycle]O
Fig. 10 Until fatigue destruction
SEANS) S_ND
W + Frequency(d
O +15% with(J S-N without shot peening[]
& shot peeningl] K\_S'ﬂv'th shot peening
g A
3]
° . HAnA—
2 2000 %] ¥
< o
£ 500y
@ ‘. P lo
(9] (A ” .’ \
3 000 &," e
= o o9
N canml 251 ENT el i
00T, BIRE T M
RPN ol
A A RS BN
o
1.E-0301.E-020 1.E-0101.E+00001.E+0101. E+02001 E+03(11. E+04001.E+0501.E+06

N [Cycle]O

Fig. 11 4 races with large root R and shot peening
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