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Dynamic Driving/Braking Force Distribution in Electric Vehicle
with Independently Driven Four Wheels

Sakai Shin-ichiro, Member (University of Tokyo), Sado Hideo, Member (Toshiba Corp.), Hori Yoichi,
Member (University of Tokyo)

Novel algorithm of the dynamic driving/braking force distribution is proposed for electric vehicle (EV)
with four in-wheel motors. In such EV, the vehicle lateral motion can be controlled by yaw moment, gener-
ated with torque difference between wheels. This method is known as DYC (Direct Yaw moment Control)
in normal engine vehicle engineering, however, the torque difference can be generated more directly with
in-wheel motors. One problem of DYC is its instability on the slippery road, such as wet or snowy as-
phalt. To achieve high stability, the loads of wheels are preferable to be equal. The load of each wheel can
be evaluated with root sum square of driving/braking force and side force. Therefore, the driving/braking
forces, or motor torques, should be distributed depending on the side forces of wheels, to minimize the load
imbalance between the wheels. The proposed algorithm can solve this optimization problem approximately
with a few calculation cost, thus this method can be applied for real-time calculation within a control period.
The approximate solutions with proposed method are evaluated by comparison with numerical solutions that
require long calculation time. Difference between these solutions is negligible one, and this indicates the
effectiveness of proposed method.

oo0ooooOoooOoEVOODOOOUOOOOOOOOOOO0OODDOOooOODYCOOOODODODOOOODODOOOoOOoDOO
000000000oooOooABSOOOOOOOOOOOOOOOODOOOTCSO

00o00oo00ooooo EVOOODooooooooooon
0ooooooooooooooono EVvOooooooo
00 100000000000000ooo ®g

doodooodoooooooIcvoooooood
Jo0000000oooooDoooDooOooooOooDbYC
O Direct Yaw Moment Control0 0 00O D0OOOO0O
0 W®® 000LSDO Limited Slip Differential Gear(
goooobooooooooobooobooooooao
goooobodooouoooobooobooooooao
Oooooooooooooooooboboboboboboboono
godoo0obodoooooooboooobooooooao
go0o0obO0dooooooooooooooon

000 DbYCUOUOOOOOOODODODODOOOOO
gobooooboobboobooboobobooboo
gdoboooboobboobooboobobooboo

1. 0O 0

ooooooEvOoOoOoOoOoOOOOODOOODODOOOO
O0000O00OO0OUOOHEVOODOOOOOOFCEVOOO
EvOoOooOoooooooooooooooooooooo
000000 EVOOOOOOOOOOOO0ODOO0OO00OO
Ooo0o0oOooEVOOOOOOOOOOOOOOOOO
cooboooobooooboooooooOooobooooo

oobooooooooooboocooboocoooboooooon
oobooobooooooooooooobooooooooo
0000000000000 ®Yoooooooooooo
O0IZA® 00 40000000000®00000 2
Oo0o0o0o0ooooooooOoooboOoooboobooooo
cooboooobooooooocoooooooooooon
cooboooobooooooocoooooooooooon

cooooooboooooooboooooooobcooaon
00000000o000o0o0ooOoooOooooo®wooo

oooDbbO1200 60000 120

ooboooooOooobOooobooOoooooooon
0o0EVOOOO0OO0OO0O0O0O0O0O000000000000



In-Wheel Motors

Main Batteries

(18 Units, 216V) Inverter unit

Electric Power Steering
Electrical

Wire Harnesses 4
Inverter Unit o

12V

Motion Sensors
(Yaw Rate Sensor,
Accerelation Sensors)

DC-DC PC for Control

Converter

Motors

Ol ODOCOOEV@OOD30O0Irroo
Fig.1. Configuration of “UOT March-II".
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Fig.2. Block diagram of vehicle motion control for
our new EV.
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Fig.3. Coordinate for vehicle motion equations.
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Fig.4. Typical side force and friction circle.
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