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ABSTRACT

This paper describes the calculative verification of the
effect of the right-and-left torque vectoring system in
various types of drivetrain, namely, the front wheels only,
the rear wheels only, and both front and rear wheels in
FWD, RWD, and AWD vehicles. The effect is evaluated
by calculating the vehicle dynamics limit; maximum
acceleration and cornering ability. The right-and-left
vectoring torque, which is needed for expanding the
vehicle dynamics limit, is also calculated. And finally, the
paper evaluates the suitable wheels for which the
system should be applied in each drivetrain. The
application to the front wheels is more effective for FWD
vehicles. On the other hand, the application to the rear
wheels is more effective for RWD and AWD vehicles.

INTRODUCTION

Various technologies for vehicle dynamic control have
been developed since the 1980s. The yaw control is
effective in order to realize the active safety philosophy
that makes occurrence probability of an accident small,
and the yaw control technology by using brake systems
has progressed and become common. As a next step,
the direct yaw control by using the right-and-left torque
vectoring system is in the limelight. This system can
directly control the yaw moment act on a vehicle by
vectoring torque between wheels on either side with
minimum energy loss. Therefore, the strong point of this
system is to be able to improve vehicle driving stability
from the usual driving condition to the high marginal
driving condition seamlessly .

The authors applied the right-and-left torque vectoring
system to the rear wheels of AWD (All Wheel Drive)
vehicles @ in 1996. This is the first application of the
vectoring system to production vehicles in the world, and
is still the only one today as well. Other production
applications of this system had existed only for the front
wheels of a FWD (Front Wheel Drive) vehicle ® in the
past. The effect of this system is discussed in the latest
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research report @) in case of applying to the rear
wheels of an AWD vehicle or a RWD (Rear Wheel Drive)
vehicle, however, there is no report discussing the effect
in the application to the front wheels of AWD vehicles or
the rear wheels of FWD vehicles.

This paper describes the calculative verification of the
effect of the right-and-left torque vectoring system in
various types of drivetrain, namely, the front wheels only,
the rear wheels only, and both front and rear wheels in
FWD, RWD, and AWD vehicles. At first, the right-and-left
torque vectoring system is defined, and the applicability
of this system to non driving wheels such as the rear
wheels of FWD vehicle is described. The second, the
principle about the influence on a vehicle dynamics
performance by this system is shown. The numerical
analysis evaluation method of the vehicles dynamics
limit with consideration of this system, and the
calculation results of the effect of this system in various
types of drivetrain are shown. The maximum vectoring
torque, which is needed for expanding the vehicle
dynamics limit, is also described. And finally, the paper
evaluates the suitable wheels for which the system
should be applied in each drivetrain.

DEFINITION OF RIGHT-AND-LEFT TORQUE
VECTORING

The authors define a right-and-left torque vectoring
system as a device that can control both the torque flow
amount and its direction between right and left wheels
(these are defined as vectoring torque), so that it can
make one side of the driving forces small, and another
side of the driving forces large. Consequently, the
system generates longitudinal force difference between
right and left wheels, and can control yaw moment that
acts on vehicles. This concept is shown in Fig. 1. Even if
the engine torque changes or breaking force is applied,
this system can control the same longitudinal force
difference between right and left wheels, and the same
yaw moment, which works on vehicles at any time using
the same vectoring torque. Moreover, the feature, that
vectoring torque can be controlled without influence of
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Engine

T Mg : Total Yaw Moment
e

Dy

»

T, : Vectoring Torque

—
| AD : Driving Force Difference

Dy =(Te/2 + T\)/R

D =(Te/2-T))/R
AD=D;-D;=2T,/R
Mg=WT,/R
Where,

R : Tire Radius

W : Tread

Fig.1 Definition of Right-and-left Torque Vectoring

the driving torque supplied by the engine, mean that this
system can be applied also to the non-driving wheels
instead of driving wheels of a vehicle.

PRINCIPLE OF RIGHT-AND-LEFT TORQUE
VECTORING EFFECT FOR VEHICLE DYNAMICS

A right-and-left torque vectoring system has two effects
on vehicle dynamics. The first is that the total maximum
cornering force of the right and left wheels increases.
This occurs because the system optimizes the driving
force assignment between the right and left wheels. The
second effect on vehicle dynamics is that the cornering
force assignment between the front and the rear wheels
is optimized. This occurs because the system generates
a yaw moment. In both cases, the vehicle dynamics limit
improves.

Figure 2 shows the relation between the tire maximum
friction force, the driving force, and the maximum
cornering force of the right and left wheels during
cornering. While the vehicle is cornering left, a lateral
acceleration causes the left tire maximum friction force
R (that is shown as a radius of the tire maximum friction

Tire Maximum Friction Circle
R : Radius

(A) Without Torque Vectoring

Driving Force

circle) to decrease and the right tire maximum friction
force R, to increase. Therefore R, is smaller than R;. The
left tire maximum friction force same R, and the left
driving force D assume an equal state in case of a
vehicle without torque vectoring shown in Fig. 2 (A). In
this state, the right wheel can only generate the
maximum cornering force Cy,; in (A), because the right
tire maximum friction force R; is bigger than the right
driving force D. On the other hand, in case of a vehicle
with torque vectoring in Fig. 2 (B), the left driving force is
D - AD/2 and the right driving force is D + AD/2, so that
the left wheel can generate the maximum cornering
force Cp’ and the right wheel can generate the
maximum cornering force C,’. Denoting the right and
left wheels total maximum cornering force difference
between a vehicle with torque vectoring and a without
torque vectoring by AC,,, it is expressed by the following
formula,

ACm = le, + Cmr, - Cmr

= {R|22_ (D2-11421D/2)2}1/2+ {R2-(D + AD/2)2}1/2
-(R°-D)™.

Maximum Cornering Force

(B) With Torque Vectoring

Fig.2 Effect of Torque Vectoring #1
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In this formula, when 4D is increasing from zero, ACp,
becomes maximum value at

AD =D(R, - D)/ 2(D +Ry).

Thus, it is shown that a torque vectoring increases the
total maximum cornering force.

Figure 3 shows bicycle models of vehicles during steady
state cornering. Assuming the cornering state (lateral
acceleration: Gy) where the front cornering force Ct
consumes the front tire maximum friction force R
altogether in case of a vehicle without right-and-left
torque vectoring shown in Fig. 3 (A), the vehicle’s
cornering limit (that is maximum lateral acceleration) of
(A) is Gy. Where m is the vehicle mass, L¢ is the
distance between front wheels and a gravity center, L, is
the distance between rear wheels and the gravity center,
and C, is the rear cornering force. On the other hand,
denoting the front cornering force by Cf, the rear
cornering force by C,’, and the yaw moment by torque
vectoring by My in case of a vehicle with torque vectoring
in Fig. 3 (B), the following formulas are obtained form the
vehicle dynamics equations of (A) and (B) vehicles in
Fig.3.

G =Ci—Mg/(Ls+Ls)

C’'=C+ Mg/ (Le+ L))
From this expression, it may be concluded that when the
positive (the same as cornering direction) yaw moment
is added on vehicles by torque vectoring, the needed
front cornering force becomes small, and the vehicle’s
cornering limit improves.

ANALYSIS METHOD OF VEHICLE DYNAMICS
LIMIT

In order to numerically analyze the improvement of

Cornering Force

m :Vehicle Mass
L:

Tire Maximum Friction Circle

(A) Without Torque Vectoring

Cr'

vehicle’s cornering limit made by the right-and-left torque
vectoring, the authors used the torque vectoring effect
formula shown above. This formula was installed into the
four-wheel model of dynamic square method ®) that Kato
et al. proposed. The authors used this calculation
method to obtain the optimal values for the front-and-
rear distribution torque, the right-and-left vectoring
torque between front wheels, and the right-and-left
vectoring torque between rear wheels. The calculation
was used to determine the vehicle’s cornering limit
during acceleration/deceleration.

The calculation vehicle model is shown in Fig. 4.
Assuming that a vehicle is accelerating with longitudinal
acceleration Gx, a load transfer (weight sift) occurs
between front and rear wheels. The load transfer
between front and rear wheels is denoted as AWy. Since
AW, is proportional to vehicle mass, longitudinal
acceleration, height of gravity center, and inversely
proportional to wheelbase, we can find the following
equation,

AW, =m Gy Hg/ L

Assuming a vehicle is cornering at lateral acceleration
Gy, a load transfer occurs between right and left wheels.
Since the load transfer between right and left wheels is
proportional to vehicle mass, lateral acceleration, roll
arm length (obtained from the roll stiffness balance
between front and rear wheels), and inversely
proportional to tread, the two equations below are
generated. Denoting the load transfer between right and
left front wheels by AWy, and the load transfer between
right and left rear wheels by AW,

AWyt = mGy{(Hs/ (1 + K./ K¢ - mHg / Kg) + L He/ L) / Wy

AWy = MGy {(He/ (1 + K¢/ Ky - mHg / Kp) + LeH, /L) / W,

Equation (A)

CiL¢- G L=0
Ci+Cr=m Gy

Equation (B)

Cf L -C/' L +Mg=0
Cf G/’ =m Gy

(B) With Torque Vectoring

Fig.3 Effect of Torque Vectoring #2
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Tire Maximum Friction Circle

Gx :Longitudinal G
Gymax :Maximum Lateral G
Gyfmax ; Gyrmax :Maximum Front / Rear Lateral G
T, T, :Front / Rear Distribution Torque
Tve, Twr :Front/ Rear Vectoring Torque
M:, M; :Yaw Moment Generated by Front/ Rear Torque Vectoring
R; :Tire Maximum Friction Force of i
D; :Driving Force of i
Cmi :Maximum Cornering Force of i
i =fl, fr, rl, rr :\Wheel Position

(Front Left, Front Right, Rear Left, Rear Right)

ms, m. :Front / Rear Vehicle Mass

L :Wheel Base

Hq :Height of Gravity Center

W:, W, :Front / Rear Tread

Ks, K; :Front / Rear Vehicle Roll Stiffness
H¢, H; :Height of Front / Rear Roll Center

Hs :Distance between Gravity Center and Roll Axis

Fig.4 Four Wheel Vehicle Model

Thus, we can obtain the load of each four wheel.

When the load is multiplied by the road surface friction
coefficient, the maximum tire friction force of each four
wheel, which is expressed as the friction circle radius R;,
can be calculated.

Next, the driving force of each wheel D; is obtained from
the engine torque that is required for Gy, front and rear
distribution torque, front wheel’s right-and-left vectoring
torque, and rear wheel’s right-and-left vectoring torque.
D; and R; limit a cornering force as shown in Fig. 4.
Therefore, the maximum cornering force of each four
wheel Cp is,

Crmi = (R?- D?)"

When the yaw moment influence described in previous
section (namely, a yaw moment influence on the
cornering force which each of front and rear wheels
should share) is taken into consideration, the maximum
lateral acceleration, Gymmax and Gyrmax, Can be generated
at each of front and rear wheels, shown below,

Gytmax = (Cr + Cir + Mg/ L) / m¢

c':‘Yrmax = (Crl + Crr = Mg/ L) / me
In the case that the both of these values exceed the
assumed lateral acceleration Gy, where the inequalities
below are both satisfied, the vehicle can corner at Gy.
On the contrary, in the case that these values don't

satisfy either of the following inequalities, the vehicle
cannot corner at Gy.

GYfmax g GY

GYrmax ; GY

Satisfying the above inequalities, the lateral acceleration
GY s increased, then its maximum, which limits the
cornering, is determined.

ANALYSIS RESULTS IN VARIOUS TYPES OF
DRIVETRAIN

By using the analysis method described in previous
section, authors calculated the effect of the right-and-left
torque vectoring system in various type of drivetrain,
namely, FWD vehicles, RWD vehicles, and AWD
vehicles with the dimensions shown in Table 1. These
are the dimensions of a typical C-segment sedan. For
the AWD vehicles, their optimal front-and-rear torque
distribution was calculated.

FWD VEHICLES

Figure 5 shows the calculation results of the vehicle
dynamics limit of the FWD vehicle and the results of the

Table 1 Vehicle Dimensions

Front Vehicle Mass (m;) 900 kg
Rear Vehicle Mass (m;) 600 kg
Wheel Base (L) 2.6m
Height of Gravity Center (Hg) 0.5m
Front Tread (W) 1.5m
Rear Tread (W) 1.5m

70000 Nm/rad
60000 Nm/rad

Front Vehicle Roll Stiffness (K¢
Rear Vehicle Roll Stiffness (K,

~

~

Height of Front Roll Center (H) 0.05m

Height of Rear Roll Center (H;) 0.12m

Tire Radius (R) 0.32m
JTEKT Corporation Ex. 1009, pg.6
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vehicle dynamics improvement effect by right-and-left
torque vectoring system. At that time, Fig. 6-8 are
generated. The front wheel right-and-left vectoring
torque of the vehicle with the right-and-left torque
vectoring for the front wheels only is shown in Fig. 6, the
rear wheel right-and-left vectoring of the vehicle with
right-and-left torque vectoring for the rear wheels only is
shown in Fig. 7, and the front and rear wheels right-and-
left vectoring torque of the vehicle with right-and-left
torque vectoring for both front and rear wheels are
shown in Fig. 8.

In the FWD vehicles with the gravity center near the front
wheels, the maximum friction force of the front wheels is
bigger than that of the rear wheels. However, since all
driving force is transferred to the front wheels, in the
longitudinal acceleration domain of 0 to 3 m/s®, the
maximum front lateral acceleration reaches the limit
faster than the rear wheels. Addition of positive yaw
moment by a right-and-left torque vectoring increases
the maximum front lateral acceleration in this domain.
Therefore, as we can see in Fig. 5, the right-and-left
torque vectoring for both front and rear wheels can
improve the vehicle’s cornering limit. In both cases, the
required maximum vectoring torque is about 500 Nm
shown in Fig. 6 and 7.

In the domain of longitudinal acceleration larger than 3
m/s?, the vehicle’s cornering limit is restricted because
the friction force of a cornering inner side wheels
becomes small by the load transfer between the right
and left wheels and the front inner wheel reaches the
friction force limit by the driving force only. In this case,
right-and-left torque vectoring applied to the rear wheels
does not have a significant effect on the vehicle’s
cornering limit because this configuration does not have
the effect of decreasing the driving force of the front
wheel of a cornering inner side. The effect of right-and-
left torque vectoring applied to the front wheel is large.
Although application to both front and rear wheels is also
further effective, the maximum vectoring torque of a
required rear wheels amounts to about 800 Nm in this
case shown in Fig. 8. Therefore, considering the
complexity of a system configuration, the application to
both of front and rear wheels is not an efficient system.

Next, in the longitudinal acceleration domain of 0 to -4
m/sz, the maximum rear lateral acceleration reaches the
limit faster than the front wheels. Addition of negative
yaw moment by a right-and-left torque vectoring can
increase the maximum rear lateral acceleration in this
domain. However, when torque vectoring is applied to
the rear wheels, the friction force of the rear wheels will
be consumed as driving/braking force in order to
generate yaw moment. Therefore, only a small amount
of torque can be vectored, giving only minor
improvements of the vehicle’s cornering limit. On the
other hand, when a torque vectoring is applied to front
wheels, the maximum front lateral acceleration improves
according to the rationalization effect of the braking force
assignment between right and left front wheels, and the
maximum rear lateral acceleration is improved by the

With Front
and Rear TV

Without TV
With Rear TV
With Front TV

TV : Right-and-left
Torque Vectoring System

1 1 1 1 0O
\>2

-10 -8 -6 -4 -2 0 2 4 6 8 10
Gx (m/s?)
Fig.5 Vehicle Dynamics Limit of FWD
806
’g 600
£ 400 |
IE 200
T B\ 4 _20d 2 4 6 8 1P
Gx (m/s
400 | x (m/s%)
-600
8636

Fig.6 Front Wheel Right-and-left Vectoring Torque

Gx (m/s?)

Tvf Tvr

Gx (m/s?)

Fig.8 Front and Rear Wheel
Right-and-left Vectoring Torque
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negative yaw moment. Therefore, when compared with a
domain positive in acceleration, there is a big
improvement of vehicle’s cornering limit with small
vectoring torque.

In the domain lower than —4 m/s® where longitudinal
deceleration is still bigger, the front wheel of a cornering
inner side reaches the friction force limit by the braking
force only, and the vehicle’s cornering limit is restricted.
Therefore, the torque vectoring application to the rear
wheels is completely ineffective. When the torque
vectoring is applied to front wheels, the maximum front
lateral acceleration is improved by rationalization of a
right and left braking force assignment, and the
maximum lateral acceleration of the vehicles also
improves. Moreover, when the torque vectoring is
applied to the rear wheels in addition to the front wheels,
according to the reason positive yaw moment generated
by the rear wheels negates negative yaw moment
generated by the front wheels, the maximum front lateral
acceleration can be improved further. Although the
improvement is small, there is the combined use effect
of both front and rear wheels’ torque vectoring in this
domain.

Form the above result, in the case of a FWD vehicle, the
torque vectoring application to the front wheels is the
most effective, and the maximum vectoring torque
required for this system is about 500 Nm.

RWD VEHICLES
The calculation results about the RWD vehicle are

shown in Figs. 9-12. In the longitudinal acceleration
domain of 0 to 0.5 m/s®, the maximum front lateral

acceleration reaches the limit faster than the rear wheels.

Therefore, even when the torque vectoring is applied to
the front wheels, the vehicle’s cornering limit improves
slightly according to the effect of positive yaw moment.
But, in the domain higher than 0.5 m/sz, since the rear
wheel of a cornering inner side reaches the friction force
limit only in the driving force and the vehicle’s cornering
limit is restricted, the torque vectoring application to the
front wheels is completely ineffective. However, the
effect of torque vectoring application to the rear wheels
is large. At that time, the required maximum vectoring
torque at the rear wheels is about 400 Nm shown in Fig.
11. Furthermore, when the torque vectoring is applied
also to the front wheels in addition to the rear wheels,
the phenomenon in which the maximum rear lateral
acceleration decreases by positive yaw moment
generated by the rear wheels is compensated by
negative yaw moment generated by the front wheels,
and the cornering force assignment between front and
rear wheel is improved. Therefore, the vehicle’s
cornering limit improves further. However, at that time,
the maximum vectoring torque of the front wheels
required amounts to about 800 Nm shown in Fig. 12.

Next, in the longitudinal acceleration domain of 0 to —-0.5
m/sz, the maximum rear lateral acceleration reaches the
limit faster than the front wheels. Therefore, both front

With Front TV Without TV

With Front
and Rear TV

With Rear TV

TV : Right-and-left
Torque Vectoring System

g
6

-10 -8 -6 -4 -2 0 2 4 6 8 10
Gx (m/s?)

Fig.9 Vehicle Dynamics Limit of RWD

Tvi (Nm)
N
8

D

-0 -8 -6 4 -2 2 4 6 8 10

G /s?
200 | x (m/s%)

-600

[eYaYal
\"AvJ

Fig.10 Front Wheel Right-and-left Vectoring Torque

T 600 |
Z 400 |
200 F
0 -8 -6 4| 2040 2 4 6 8 1P
Gx m/s?
0 L ( )
-600 |

600 Tvr

Gx (m/s?)

Fig.12 Front and Rear Wheel
Right-and-left Vectoring Torque
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and rear wheels’ right-and-left torque vectoring improves
the vehicle’s cornering limit. However, in the domain
lower than —0.5 m/sz, the rear wheel of a cornering inner
side reaches the friction force limit by the braking force
only, and the vehicle’s cornering limit is restricted.
Therefore, the torque vectoring application to the front
wheels is completely ineffective. Only the application to
the rear wheels is effective. When the torque vectoring is
applied to both front and rear wheels, the vehicle’s
cornering limit improves further, but the maximum
vectoring torque required is also increases.

Form the above result, in the case of a RWD vehicle, the
torque vectoring application to the rear wheels is the
most effective, and the maximum vectoring torque
required for this system is about 400 Nm.

AWD VEHICLES

The calculation results about the AWD vehicle are
shown in Figs. 13-16. Regarding the front and rear
torque distribution of AWD vehicle, the torque
distribution that makes the vehicle’s cornering limit the
highest in each application is obtained at same time. The
front and rear torque distribution is shown in Fig. 17.

In the acceleration domain positive in the case of an
AWD vehicle, since both front and rear maximum lateral
acceleration always reaches the friction force limit
simultaneously due to optimization of torque distribution
between front and rear wheels, the vehicle’s cornering
limit line draws a smooth curve shown in Fig. 13. Also
both front and rear wheels’ right-and-left torque vectoring
has the similar improvement effect on the vehicle’s
cornering limit in all domain, but the application to the
rear wheels is slightly more effective than the application
to the front wheels with assumed vehicle dimension.
Moreover, in the case of the front wheel application, the
required maximum vectoring torque is about 500 Nm
shown in Fig. 14. In the case of the rear wheel
application, it is about 400 Nm shown in Fig. 15.
Therefore, application of torque vectoring to the rear
wheels can improve the vehicle’s cornering limit more
effectively. Additionally, in the case of an AWD vehicle
compared with a FWD vehicle or a RWD vehicle, the
improvement by application to both wheels is large. At
that time, the optimal driving force distribution between
front and rear draws the curve proportional to the

dynamic front and rear load assignment shown in Fig. 17.

Next, in the longitudinal acceleration domain of 0 to -5
m/s’ negative i.e. deceleration, the maximum rear lateral
acceleration reaches the limit faster than the front
wheels in case of the vehicle without torque vectoring.
And in the domain lower than -5 m/sz, both of front and
rear maximum lateral acceleration always reaches limit
simultaneously because of the same reason as positive
acceleration domain. Therefore, both of front and rear
wheels’ right-and-left torque vectoring has the
improvement effect of a vehicle’s cornering limit in all
domain, and the improvement effect by application to
both wheels is also large.

10

With Front TV With Front

and Rear TV

8t
With Rear TV

6 without TV

O
TV :Right-and-left 2 |
Torque Vectoring System

-10 -8 -6 -4 -2 0 2 4 6 8 10

Fig.13 Vehicle Dynamics Limit of AWD
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\=Avivy

600
400
200
-10\ -8 -6 -4 -2 0@ 2 4 6 8 10
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-400 |
-600 |

[eYaTal
geAvivy

Fig.14 Front Wheel Right-and-left Vectoring Torque
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Fig.15 Rear Wheel Right-and-left Vectoring Torque
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Without TV

With Rear TV . 3000 } With Front TV

2 2000 \

1000 With Front
and Rear TV

T

' 1 1 1

-4000 3600 -2000 = 1000 2000 3000 4000
-1000 | T: (Nm)

-2000

TV : Right-and-left -3000 1
Torque Vectoring System

4000
mivAvAY)

Fig.17 Front and Rear Torque Distribution

Form the above result, in the case of an AWD vehicle,
the torque vectoring application to the both of front and
rear wheels is effective. However, in order to avoid
complication of a system, when applying the torque
vectoring only to one of front or rear wheels, since the
same improvement can be realized with smaller
maximum vectoring torque, application to the rear
wheels is better.

CONCLUSION

The applicability of right-and-left torque vectoring system
to non driving wheels was described with the equation of
a longitudinal force and yaw moment, which works on
vehicles with the described system.

The principle of the influence of this system on a vehicle
dynamics performance was shown.

The numerical analysis evaluation method of the
vehicles dynamics limit with consideration of this system
was shown.

The calculation results of the effect of this system in
various types of drivetrain were shown. The application

to the front wheels is the most effective for FWD vehicles.

On the other hand, the application to the rear wheels is
the most effective for RWD and AWD vehicles. The
maximum vectoring torque, which is needed for
expanding the vehicle dynamics limit, is also described
in each case.
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DEFINITIONS

C; , C; = Front / Rear Cornering Force
Cmi = Maximum Cornering Force of i
i =fl, fr, rl, rr = Wheel Position (Front Left, Front Right,
Rear Left, Rear Right)
Cimr Cmi = Right / Left Maximum Cornering Force
ACr = Right and left Wheels Total Maximum Cornering
Force Difference between Vehicle with Torque
Vectoring and without Torque Vectoring
D = Driving Force
D; = Driving Force of i
D., D, = Right / Left Driving Force
AD = Driving Force Difference
Gx = Longitudinal G
Gymax = Maximum Lateral G
Gyimax,» Gyrmax = Maximum Front / Rear Lateral G
Hg = Height of Gravity Center
H;, H; = Height of Front / Rear Roll Center
Hs = Distance between Gravity Center and Roll Axis
K:, K = Front / Rear Vehicle Roll Stiffness
L = Wheel Base
Ls, L, = Distance between Gravity Center and Front /
Rear Wheels
m = Vehicle Mass
ms, m, = Front / Rear Vehicle Mass
M, = Total Yaw Moment
M;, M; = Yaw Moment Generated by Front / Rear Torque
Vectoring
R = Tire Radius
R:, R, = Right / Left Tire Maximum Friction Force
R; = Tire Maximum Friction Force of i
Te = Engine Torque
Ts, T; = Front / Rear Distribution Torque
Ty = Vectoring Torque
T, Tyr = Front / Rear Vectoring Torque
W = Tread
Ws, W; = Front / Rear Tread
AW, = Load Transfer between Front and Rear Wheels
AWy, AW, = Front / Rear Load Transfer between Right
and Left Wheels

JTEKT Corporation Ex. 1009, pg.10
JTEKT v. GKN
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