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eVS 27 Introduction
- In-wheel electric vehicle

» Equips drive motor to each
wheel with brake and
suspension systems

» Propels the vehicle only by
the electric energy using
in- wheel independent motors
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eVS 97 Introduction
- Advantages

v" No transmission, engine, shaft and axle v More space
Cornering Vehicle Drivin Cornering Vehicle
T * TRAgC — Driving

Vehicle Control Areas
e All functions are operated seamlessly
i unison with each other

- Vehicle Control Areas
e Each function has 1ts own control
area and 1s operated independently

Cornering o s s Cornering
* VSC Braking i s 2TTCH144

Braking i ]

* ABS with EBD VDIM

v Independent control of each wheel (Extended vehicle control area)
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Introduction
- Advantages

v High power transmission efficiency

v Improved fuel economy by regenerative braking at

each wheel

In-wheel system

| _
Electric Vehicle Hybrid Vehicle Fuel Cell Vehicle
In-whesl mobor
Fuel cell stack

Engine/Generator 48

lIII

.--'-"-.'-Ilq. iy
g I.l Fural tank

" Fueltank
Inverter ." {Ga.,ullne; ; (hydrogen)

v’ Possibilities of application on various x-EVs platforms
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eVS 9f Purpose of study

» Develop an in-wheel motor torque control algorithm

- Slip control based on pand A

> Develop ABS experiment environment and ABS simulator
» Develop CarSim-MATLAB/Simulink co-simulator

» Compare the braking performance of in-wheel motor torque control
with that of ABS
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eVS 97 In-wheel motor torque control
- Structure of in-wheel electric vehicle

- Sprung mass : 1700 kg

110U
[@aym-u|

In-wheel

- Front in-wheel motor power : 35 kW

reduction gear ratio : 8.45

Accel pedal Brake pedal : o b

MCU Battery

maximum torque : 75 Nm

maximum speed : 11000 rpm

e hBEL Main - Rear in-wheel motor power : 16 kW
i eyl ‘Cantroller :

iy

reduction gear ratio : 4

maximum torque : 123 Nm

--------------------------------------------

maximum speed : 5000 rpm

In-wheel
motor
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eVS 27 In-wheel motor torque control
- Estimated vertical force
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< Vehicle dynamics model > w

- Using equation (1), (2), (3), nomal forces at each wheel are obtained
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Friction coefficient(p)
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< Friction circle >
=lcy = Snowy ==-Rainy === Dry
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Slip ratio(i)
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In-wheel motor torque control
- Motor torque control

- Feed forwardterm: 7, ., =RxF_, .
= Rx puF,

= Feed baCk term . Tx_limit = Kslip control (ﬂ’d - ﬂ’) X (ﬂ’ > ﬂ’d)

- Limited motor torque:

Tlimit = RFx_limit + Kslip control(ld - /1) X (A > Ad)

In collaboration with Supported by

European
Commission




eVS ‘ 07 ABS experiment and simulator
- Structure of ABS

1}

MC2 MC1 '@b

K1
NE
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eVS ‘ 27 ABS experiment and simulator

- ABS experiment environment - ABS simulator

Solenoid valve,
motor-pump

modeliig

Verification!
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eVS 07 ABS experiment and simulator
- Solenoid valve modeling

- Traction control valve (TCV) modeling
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eVS 07 ABS experiment and simulator
- Solenoid valve modeling

- Outlet valve (OV) modeling - on/off valve

Pov_init =Pline

- Verification

100 ;
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eVS ‘ 27 ABS experiment and simulator

- Model (default)
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eVS ‘ 27 ABS experiment and simulator

- Mode2 (maintaining pressure)
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eVS | 07 ABS experiment and simulator
- Mode3 (decreasing pressure)

HEV2 @ oV & s
Q

T T An T
Ml r 7] " 7]

>
. ki T i RvA2 4 T VA z i ¥ T
v ; - r ; Al <> ;
<(>)Pe IoZed P © § . §
| 2 cnov [ RRAOV
s 4 p o = 4 4
“ o ) ( ] *4 w ) ( —7 ™ ) ( 7]

& ©

Organized by Hosted by In collaboration with Supported by
Wz qQvole : . == b
s = AVERE F¥eW™ EVAA® EDT™A ‘®E -,




eVS | 07 ABS experiment and simulator
- Mode4 (increasing pressure)
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eVS 07 ABS experiment and simulator
- Mode control — MATLAB state flow
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CEVS 27

ABS experiment and simulator
- ABS simulator
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ABS experiment and simulator
- Experiment and simulation results

cVS 27
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eVS ‘ 27 Simulation results
- MATLAB — CarSim co-simulator
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- In-wheel motor torque control

Simulation results
- 60 kph full braking, p=0.2
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cVola7

- In-wheel motor torque control

Simulation results

- 60 kph full braking, p=0.2
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SVb 27 Simulation results
- 60 kph full braking, p=0.2

- In-wheel motor torque control
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Vehicle velocity

Vehicle velocity

cVola7

Simulation results

- 60 kph full braking, p = 0.4
- In-wheel motor torque control
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Simulation results
Vo |27

- 60 kph full braking, p = 0.4

Motor torque
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VS 27 Simulation results
- 60 kph full braking, p = 0.4

- In-wheel motor torque control
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eVS 2/{ Conclusions

- An in-wheel motor torque control algorithm was developed for an in-wheel
electric vehicle

- To implement the ABS operation environment, ABS simulator was
developed based on the ABS test results

It was found from the simulation results (60kph full braking, p=0.2) that the
in-wheel motor torque control showed better performance with a smaller
slip ratio and a shorter braking distance compared with the ABS

- The in-wheel motor torque control may have the problem of insufficient
braking force due to the torque limit of the motor, which requires
cooperative control with the friction brake
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