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Abstract: Multi-axle driving vehicles that are used in special environments require high driving performance, steering performance,
and stability. Among these vehicles, 6WS/6WD vehicles with middle wheels have structural safety by distributing the load and
reducing the pitch angle during rapid acceleration and braking. 6WS/6WD vehicles are favored for military use in off road operations
because of their high maneuverability and mobility on extreme terrains and obstacles. 6WD vehicles that using in-wheel motor can
generate the independent wheel torque without other mechanical parts. Conventional vehicles, however, cannot generate an opposite
driving force at each side wheel. Using an independent steering and driving system, six-wheel vehicles can show better performance
than conventional vehicles. Using of independent steering and driving system, the 6 wheel vehicle can improve a performance better
than conventional vehicle. This vehicle enhances the maneuverability under low speed and the stability at high speed. This paper
describes an independent 6WS/6WD vehicle, consists of three parts; Vehicle Model, Control Algorithm for 6WS/6WD and
Simulation. First, vehicle model is application of TruckSim software for 6WS and 6WD. Second, control algorithm describes the
optimum tire force distribution method in view of energy saving. Last is simulation and verification.

Keywords: 6 wheel steering, 6 wheel drive, 6X6 vehicle, TruckSim, virtual steering angle, optimum tire force distribution method,

energy minimization

NOMENCLATURE
O, Virtual Steering Angle
Oy Steering Wheel Angle
o Tire Wheel Angle of Each Wheel (i=1~6)
wz;(V) Steering Angle Gain according to Vehicle Velocity
n Gear ratio
T, Driving Shaft Torque of Each Wheel (i=1~6)
F, Longitudinal Force of Each Wheel (i=1~6)
F, Lateral Force of Each Wheel (i=1~6)
F, Vertical Force of Each Wheel (i=1~6)
Fy Longitudinal Force of Right Side Wheels
F Longitudinal Force of Left Side Wheels
F,,  Desired Longitudinal Force
F4e  Desired Lateral Force
M,  Desired Yaw Moment
B, Actual Sideslip Angle from TruckSim

Ve Actual Yaw Rate from TruckSim
¥ des Desired Yaw Rate
Bies Desired Sideslip Angle
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Ve Actual Vehicle Velocity from TruckSim
Cy Cornering Stiffhess at Front Wheels
C,. Cornering Stiffhess at Middle Wheels
C, Cornering Stiffness at Rear Wheels
I Distance from Center of Gravity to Front Axle
I Distance from Center of Gravity to Rear Axle
K, Understeer Gradient
a, Lateral Acceleration
m Vehicle Mass
Y7, Friction Coefticient
J Cost Function
r Tire Radius
R Turning Radius
t Tread
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Fig. 1. TruckSim vehicle model & 6X6 vehicle.
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Table1. Consist of 6X6 TruckSim vehicle model.

Parameter or Selection
237 ARZEE 8 ton, wheelbase 3100mm, tread 2104mm
A Independent type
Jounce stop: 200mm, Rebound stop: 150mm
Z3F No steering

3000kg Rating, 500mm Radius in TruckSim

Mechanical Brake

STL file
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6X6 Vehicle Model

19 3. TruckSim AFFELL] 5= A7
Fig. 3. Relationship of input and output of TruckSim model.
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Table2. Input and output of TruckSim vehicle model.
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Fig. 4. Performance curve of Wheel Torque & RPM for TruckSim
vehicle model.
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Enhance Active Safety

Motor Torque | Exact Torque | Independent
Generation Value Wheel Control
- Fast and accurate - Estimate driving/braking - Install in each rear and
foree in real time front tire

- Motor’s torque Response
Time shorter than ICV - Know the condition of the
(10~100 times) road surface

ﬁ

a9 s BE T A 54,
Fig. 5. Characteristic of motor driven vehicle.

- Control the traction and
braking forces independently
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