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Development of Honda Gears for Formula One Gearbox
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ABSTRACT

Development programs were conducted to enable the
development of Honda-made gears that balanced low
weight and compactness with reliability. Development of
a technology for the formulation of gear specifications
using FEM analysis and a method of predicting the
lifespan of the gears based on S-N curves, which formed
the basis for FEM analysis, helped enable continuous
short-term development efforts. As gears would
sometimes fail in actual vehicle tests, a method of
evaluation of lightweight gears optimized for high-load,
short-lifespan race use was established with the plastic
deformation of the gears as an index. The lightweight,
compact, and high-reliability gears developed in this
process were employed in races from 2003, and were
entirely trouble-free.

In addition, a diamond-like carbon (DLC) coating
optimized for race use was applied to al the gear tooth
surfaces to boost the performance of the powertrain,
helping to achieve a transmission efficiency of 97%. The
coating was applied to different gear sets in sequence
from 2007.
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Fig. 1 3D model of Formula One gearbox internals
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Fig. 2 Gear shape comparison
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Fig. 3 Gear meshing condition
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Fig. 4 Change in stress with gear meshing condition
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Fig. 5 Fatigue failure test results

Fig. 6 Broken gear

43.00000000
FIDOOOO0O0O0O0O0O0O00000000000000
00000000000000000000000000
0000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
oooooooooo
FIOOOOOOOOOOOOOO0O000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
0000 2300MPa 0000000000000O0OOO
00000000000000000000000
0000000000000000000000 2300
MPaOOODODD0O0000000000000O0O0OOO
O Fig. 9D
00000000000000000 2300MPa 000
0000000000000000000000
0000000000000000000000000

Reference line

Tooth[
deformation

Fig. 7 Tooth profile data of deformed gear
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Fig. 8 Fatigue failure test result of deformed gear
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Fig. 9 Gear strength test results

gboboooooobooboboobobobobooonog
gbobooooobooobobobobobobooooo
gboboboobooogog
gboobooboboboboooboooooooooboon
gbobobooooogog

gorFi0Ob0bOOoooboooon

51.000000000
gboobooboboboboooboooooooooboon
gbobooooooomooooo™oooooooo
gboboooooboo
gomoooooooogon
gbmoooboobooboobooboooobo
oomoooooogoog
gbmoooooooogon
goboboobooboboboobooooooooooo
gbobooobooooobooboboboboboooboooo
gboboooooooboobobobobooooooo
gbobooooooobobobobobobooboooo
Fig.10 OOOO
goooooooooobboOoobooooobOooe2
goooooooooooooobo

52.000000
ooooooooooooooooooooooooon
oooooooooooooooooooooooooo
ooooooooo
oobooooooooooooOooooooooooon
oomooooooooo
oomoooooooooon
oomoooooooooono
oooooooooOoOOOO0OO0O0OROOOOOOOO

gboboooooooboobobooboboboboonoo
goboooooooobbooomooooooboo
goboomomooooooboobbooboboon
goooooooooo

53.0000000000
000 FIO0000000DO0O0OD0O00000 20m/s
ooooDoo 2GPab0000O0DOO0OOOODDOOO
goboooooooooooboobooooooobobooboooo
gobooooboobooboobooboobogao
gomoooobooboobooobobobobobon
ooo bLC
gomoo pLc obobobobooog bLe
gbobobobobobobobobobobon
gboboboboboboboboboboobogo
gbobooooobooboboboooooboob
go0moooomoooooooooobobo
gomoo
gooboobooboboboobooooooooobooon
gbobooboooobooobooooboboboboog
goobobobooooooog

5400000000000
0oooooooogooooooon Fg 121 0000
0oo0ooooooooDO RFeg. 120000

B Churningl O Seals[® Bearings[JB Gears[J® Pump(l

Non-loaded]] 40%5 6%[H 50%8 2960

Loadedl]

0%0] 20%0  40%0  60%0  80%0  100%

Fig. 10 Effective rate of power loss factors
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Fig. 11 Confirmation of loss reduction effect
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Fig. 12 Surface condition after durability test
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Fig. 13 Final gear condition after 4 races
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