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ABSTRACT

In 2009, the regulations for the Formula One World
Championship were amended to allow the use of kinetic
energy recovery systems (KERS). The new regulations
stipulated that the KERS drive shaft be limited to the
rear wheels, that output should be no more than 60 kW,
and that the amount of energy used per lap be no more
than 400 kJ. Honda had been conducting R&D in this
area since the summer of 2007, and had developed a
high engine speed, high output, direct oil-cooled motor,
a water-cooled power control unit (PCU) which
integrated a motor drive inverter unit and voltage control
system, as well as a high power density lithium ion
battery, all based on being small and lightweight enough
for Formula One characteristics.

This system was first used to drive on straight roads
in April 2008, and in May of that year Honda beat out
other teams to conduct the world’s first driving tests in
an actual vehicle at the Silverstone Circuit, where the
technology’s superiority and high level of safety were
proven.
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Table 1 Specifications of KERS

Vehicle code RA1082 RA1089 RA109K
| Shake-down 2008-APR 2008-NOV 2009-JAN
KERS power 60 kW 60 kW 60 kKW
Torque 45 Nm 45 Nm 45 Nm
_|.KERS energy 800 kJ 400 kJ 400 kJ
S Location Transmission Front of engine Front of engine
§ Dimension $100 x 202 $100 x 190 $100 x 190
Max rpm 21000 rpm 21000 rpm 21000 rpm
Weight 7.7 kg 6.9 kg 6.9 kg
Cooling Transmission oil Engine oil Engine oil
Power module Si-IGBT/SiC-diode Si-IGBT/SiC-diode Si-IGBT/SiC-diode
—|__VCU type Boost copper Switched capacitor Switched capacitor
8 Operating voltage] 680 V 560 V 580 V
Weight 11.2 kg 8.0 kg 7.4 kg
Cooling Water Water Water
Type Li-ion Li-ion Li-ion
@| Cell number 114 108 106
g Weight 22.4 kg 21.2 kg 20.8 kg
Cooling Air Air Air
Layout
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Table 3 Testing items on engine dyno bench

Function test -System operation / setting[]
-System outputO

-System efficiency[

-Fail safe action
-Temperature measurement]
-Vibration measurement
-Gear behaviord

-Oil pressure measurement(]
-Tool operation check
-Engine and KERS parts durability test]
-Energy managementd

Durability test
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Fig. 17 Battery simulator and inverter stand

Engineld

Fig. 18 Combination examination of engine and motor
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Table 4 Durability test results of dyno

Event Purpose Mileage
KE-01 [Check environment and first issue parts 238.4 km
KE-01.5 |Check track-1 specification parts 465.4 km

KE-02 Track test s_lmu_latlonD 611.0 km
(for Jerez circuit)

KE-03 [Check track-2 specification parts 748.8 km

KE-04 |Check race specification parts 1351.9 km

KE-05 Check engine gear durability with extreme circuit model] 566.1 km
(test stopped due to schedule)
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Formula One KERS car

Waveforml 11/25/08 18:25:08

16:20:26 41661455

[L1i1/ o /] AL~ i |/ » - Motor speed
WA o Wi Aoy W Al Engine speed

| did W V¥ // g //VV - Assist / Regenerative
j/ v "’1\\ N Throttle opening

// v

/|

|

f [

i

| [

| ! W[/

J W

LT

S B
&

62600 162605

Lapsat
9% R1 9% R1

9%r R1 9%rR1
InEngine rom | rThrottet. i

——

2610 12615 162420 152475 162430 | 1243 162440 162445 162450 162455 162500 162505 182510

2515 162520

Intap

Monza course layout

Fig. 19 Circuit mode test on dyno

0 2250



FIOOOooOoooooooboo

gbobobooobooboobuobdobUd0bOdHRFIDOO RV
gbobogoboooooooboobooboobobobooonog
gbobooboobooboooooooobooboboboono
ogboboooooooobooobomooooood
goooobobooboooooobooboooooooobooboooog
ogboboooboooooooboobooboobobobooog
gbobooboooobooobooooboboboboonog
gbooboooboooooooboobooboobobobooog
gbobobobobobobO0bUObOKERS DOOO
oo0oooOoooooOooos/booooooooooo
gbbooboboboobobobORrAI2UDOOOODOO
ooooooooooOooooOos/bO0O0ooooooo
gbobobooooooobo RO 10b0o0ooooo
KERS D00 ODOODOODOODOODbOObDObOOoboOooDOon
00 s/b 00000000000O000O0OO0OObOOoOg
oboboobooooooobooboobobobobooog
obob KERSOOOOO FAObOOobobooooog
gooooooooooboooooooobbooboooog
gboboooooboobbobboooboobomobog
omoobbooooooboobooboobooboo
OO000000@MFg. 210000000 DOOODDOO
oboboboobooboooob KerRSODOOooooQ
gbobooooooobogo
O0Fg.220000000000C00C0O0O0O0O0ODO 400 kJ
gbooooooooboobobobooooLwtAPODODO
0O o40000000
O0Fig. 23 00000000000 DOOOOOODO
4K00of0ofoooooooooooooo
7km/h000000 78mM1600 000000
godod
gboboobobobobooboooooooooboon
goboobobooboboobbooobooobooobon
gboboboboob KERS DOOO0OOOoOooobooboono
KERSOODOOODODOOOOoOOoooooooooo
goobmobooobooboboobobooboboooo
gboboooboooboobobooboobooboboboboonog

Fig. 21 KERS car and engineers
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Table 5 Track test results of KERS car O0000D00O00D0O0O0O0O0DO0ooooooon
Date Circuit (Cﬁgzg{g Mileage Notes KERS 0000000000000 000000Ooooao
) A WurzD ) e d goooodoDoOOorRAOODDODOODOOOODOODOO
29-A] Santa P ) 2.4 S|
prj =amarod | (ra1082) m |>hake down 00000000000000000000000000
Silverstonel | J. Rossiter[] Shake down
7-May . 250 km |25 kW assist gdoooo0boooo0boooobOooboooooaa
(short course) | (RA1082)
35 kW recharge 0000000000000 0000000000oOooa
Silverstone | M. Conway![l Shake down
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A. DavidsonJ
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A Shake down
28-Nov| Santa Pod A(.RD::E%sgc))n j33.5 km |25 kW assist goog

25 kW recharge

*: Full race track
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Fig. 24 Launch of the RA1089 with KERS system
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