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1. Introduction

The need for inter-wheel differentials (IWD) arose im-
mediately after the appearance of the first two-wheel drive
cars. Most notably, this need was manifested during turning
and driving on rough roads. The absence of IWD in such
transmissions caused power circulation, unreasonably large
additional loads on the drive axle and wheels, increased fuel
consumption and high tire wear. With the invention of the
traditional symmetric bevel gear IWD, these problems were
solved. However, there were other problems associated with
the phenomenon of slipping in difficult road conditions.
Naturally, this challenge has found a large number of techni-
cal solutions that somehow smoothed out the problem, but
did not solve it comprehensively.

The simplest and chronologically first solution to combat
slipping of one of drive wheels was the complete lock of the
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IWD on demand (manual control). As a rule, locking is car-
ried out by the gear or jaw coupling. In this case, the process
of engaging or disengaging the coupling requires a full stop
of the car. In heavy road conditions, this requires the driver
to pre-engage the described device. Such a lock ensures the
maximum traction power of the wheel drive, since it allows
transmitting up to 100% of power to any of wheels that can
take it under conditions of adhesion to the support surface. If
structurally engagement or disengagement of full lock is made
by means of friction coupling, this does not require stopping
the vehicle to change the mode. Such a design is relatively
easy to automate, but usually entails an increase in the size
and weight of the differential and main gear, as well as a de-
crease in clearance (road clearance). The complete IWD lock
must be switched off after getting on a paved or dry dirt road.

The second solution to the problem with slipping was
the invention of a whole group of self-locking limited-slip



differentials (SLLSD). Depending on design, these can be
differentials with an additional torque depending on a load,
difference in angular velocities or squared difference in angu-
lar velocities of the semiaxles.

In recent decades, design solutions have emerged in
which the differential lock is controlled electronically by
a given algorithm, as well as drives in which the traction
control system directly controls the input torque of the drive
wheel. These solutions are especially effective for electric or
hydrostatic motor wheels.

However, despite the abundance of technical solutions in
the field of differential wheel drive [1-8], there is no effective
IWD design for military wheeled and multi-purpose four-wheel
drive vehicles. The existing designs either still use complete
manual lock, or are based on SLLSD that are not able to provide
high cross-country ability and good handling at the same time.

Therefore, despite the rapid development of electronic
control systems and individual electric drives, the develop-
ment of an efficient, internally automated IWD is topical for
military wheeled and multi-purpose four-wheel drive vehicles.

2. Literature review and problem statement

The issues of power distribution between wheels and
axles in modern cars are given much attention in scientific
and technical literature. There is a large number of mono-
graphs and educational literature, for example [1-3], de-
scribing standard structures of differentials and approaches
to their design. Newer design solutions can be found in the
review publications [4—7] and fundamental monograph [8].
If in [4-7] practical information is presented on the design
of differentials, their advantages and drawbacks, sometimes
about the elements of calculation of locking coefficients,
applicability in cars, in [8] the scientific approach to the
problem is fully developed. In [8], aspects of influence of the
front, rear or four-wheel drive and, as a consequence, insuf-
ficient, redundant or neutral handling on the applicability of
differentials are discussed in detail.

In the series of papers [9-14], an attempt was made to
systematize methods and approaches to power distribution
between drive wheels in four-wheel drive cars. Thus, in
the similar works [9, 11, 13, 14], the efficiency of the basic
methods of power distribution between the drive wheels of
four-wheel drive vehicles is evaluated: disconnection of drive
axles, locking of IWD and inter-axle differentials, braking of
the slipping wheel. The main approaches were changes in the
transmission structure (possibility to disconnect drive axles)
in different road conditions and slowing down of the slipping
wheel. However, the change in the transmission structure due
to the disconnection of axles leads to a significant change in
handling, and slowing down of the slipping wheel by braking
off-road leads to additional power losses and intense heating
and wear of braking mechanisms. Similar papers [10, 12]
consider similar issues, but only in terms of power consump-
tion, without taking into account vehicle handling.

In [15, 16], the options for improving the car dynamics
due to various semi-active differentials [15] or freewheel
clutches [16] with controlled lock are considered. However,
such technical solutions complicate the design and reduce
transmission reliability as a whole.

In many works devoted to hybrid and electric transmis-
sion cars, for example [17, 18], the issues of power distribu-
tion between drive wheels are efficiently solved, but only for

an individual electric drive. Unfortunately, it is not possible
to apply these techniques to mechanical transmissions.

A fairly large number of publications [19-22] are devot-
ed to the influence of various IWD designs on car handling
and stability, as well as methods of modeling this problem.
However, for example in [20], the effect of the abstract
locking factor on the car stability when going into turn is
investigated without reference to the IWD structure. And
the majority of other publications, for example, absolutely
identical [19, 21, 22], investigate not so much the possibility
of reducing the IWD influence on handling, as the effective-
ness of combining conventional ABS and ASR active safety
systems with controlled SLLSD.

In [23], the author came closest to the problem considered
in the proposed work. The author considered the possibility
of constructing an IWD based on hydrostatic lock with the
dependence of the locking torque on the squared difference
in angular velocities of the wheels. However, the author con-
ducted this analysis only for the rear non-steerable axle and
improperly simplified the design scheme. This is confirmed by
the quote from [23]: «In view of the fact that the actual circu-
lar path curvature was set without regard to the steering angle,
side reactions and wheel slip angles were not determined».

The considered method was described in [24], but it was
focused on the use of piston pumps, which inadequately in-
creased design complexity and cost. The solution described
in [25] assumed joint operation of a simple and compact gero-
tor pump and clutch plate pack closed by pressure generated
by this pump. However, the underdeveloped technology for
manufacturing cycloidal gear sets and relatively rapid wear of
frictional surfaces somewhat worsen the performance of this
rather effective technical solution.

The authors of the presented work in [26—28] began a se-
ries of publications on scientific support for the development
of IWD with hydrostatic locking without friction discs for
military and multipurpose four-wheel drive vehicles. Thus,
kinematic [26] and power requirements [27] to IWD based
on SLLSD are considered, taking into account the operation
peculiarities of these vehicles. In [28], the analysis of im-
plementability of the obtained requirements on the basis of
standard internal gear pumps was made.

For the final choice of IWD design and parameters, an
assessment of their impact on the efficiency and handling of
the four-wheel drive vehicle during curved motion is required,
which was not found in the desired statement in the literature.

3. The aim and objectives of the study

The aim of the work is to study the influence of IWD de-
sign on the curved motion resistance of the four-wheel drive
car on paved roads.

To achieve the aim, the following objectives were set:

— to form criteria for assessing the curved motion resis-
tance of the four-wheel drive car by the parameters of fuel
consumption and increase in the actual turning radius;

— to develop a mathematical model for registration of the
stated criteria of estimation by numerical experiment;

—to obtain numerical dependences of relative power
consumption and increase in the actual turning radius due to
the locking torque of self-locking IWD of various designs and
with different proportionality factors of the locking torque;

— to work out recommendations for further optimization
of the search for effective IWD designs.



4. Formation of criteria and formulation of the problem
of numerical simulation of the curved motion of
the four-wheel drive vehicle

In the process of problem statement, the following crite-
ria were used:

1) To determine the power losses caused by the locking
torque in the curved motion, the power required for the mo-
tion with a given constant velocity and theoretical turning
radius was used. In this case, the theoretical turning radius
was determined by the average steering angle, and motion
was considered on a horizontal, even and dry asphalt road.
Further, the relative excess of this power in comparison with
the power necessary for the linear vehicle motion under simi-
lar conditions was used.

2) To determine the effect of the locking torque on the
actual turning radius, the calculated value of the actual turn-
ing radius of the vehicle was used, taking into account the
tire slip in the contact spot when moving in the same modes.
Further, the relative excess of this radius for SLLSD relative
to the theoretical turning radius,

resistance in the radial, lateral and longitudinal directions.
Redistribution of support reactions under the wheels took into
account the action of longitudinal and lateral forces of inertia
in the curved motion. The wheel tilt in the vertical plane from
the suspension, steering and roll of the vehicle was not consi-
dered in the analysis of its contact with the road. All shafts and
gears were assumed to be absolutely rigid and high-frequency
torsional oscillations in the transmission were not considered.

For calculations, the necessary data were taken on the ex-
ample of the BTR-4 wheeled armored personnel carrier, namely:

— vehicle weight m=24 t;

— static wheel radius at normal tire pressure R,=0.525 m;

— moment of inertia of the wheel with the wheel reduc-
tion gear and semiaxle, reduced to the axle shaft gear of IWD
I](r) =254 kg~m2;

— coefficient of wheel adhesion to asphalt concrete pave-
ment in the longitudinal and transverse directions ¢,,=0.8;

—average coefficient of resistance to the motion on
asphalt concrete pavement for all-terrain vehicle tires at
a nominal pressure f,,=0.02.

calculated without the wheel slip, O
was used for comparison.
For research and comparison,

OO

the following were chosen: .
— open standard symmetric C__Q,Ju )
bevel gear IWD;
— completely locked IWD; My
— IWD, in which locking tor- Il 1 ql
que is proportional to the load 7 (_/ T
(torque transmitted by the dif- ®
ferential); Eﬂi ! &
— IWD, in which locking tor- :C j Y | :C
que is proportional to the differ-
ence in angular velocities of the O OO

semiaxles;

— IWD, in which locking tor-
que is proportional to the squared
difference in angular velocities of
the semiaxles.

The research was conducted for the BTR-4 8x8 wheeled
armored personnel carrier with the constant four-wheel dif-
ferential drive.

To solve the problem, provisions of the theory of car
motion using the mathematical apparatus of numerical inte-
gration of the system of second-order differential equations
by the Runge-Kutta method with a constant step were used.

Under the conditions of the numerical experiment, the
vehicle in the linear motion was accelerated to a given speed
due to a smooth increase in the power input. After that, the
steering wheels rotated to a certain angle for 2 seconds, and
then the vehicle moved along a circular trajectory, taking into
account the wheel slip. Provided that the vehicle reached
a constant speed of the curved motion, fixing of the power in-
put and actual turning radius was made taking into account
the wheel slip. Stable motion at a given speed was reached by
gradually increasing the power at the input of the interaxle
differential in the transfer case (Fig. 1). Acceleration thus oc-
curred continuously while maintaining a constant four-wheel
differential drive. The interaxle differential in the transfer
case and through axles were the standard symmetric bevel
gear differentials without any locking devices.

The tire in contact with the road was modeled taking into
account the coefficients of elastic and inelastic deformation

O O OO O

Fig. 1. Kinematic diagram of the BTR-4 wheeled armored personnel

carrier transmission

5. Structure of the mathematical model of the curved
motion of the four-wheel drive vehicle

The mathematical model was developed on the basis of
the D’Alembert principle (Newton’s second law), consisting
of 39 differential equations with 29 generalized coordinates
and 10 generalized velocities (Fig. 1,2). The generalized
velocities were chosen instead of coordinates when there was
no need for motion calculations.




List of generalized coordinates and velocities:

1) Vxu — vehicle speed along the longitudinal axle asso-
ciated with the moving coordinate system with the origin in
the vehicle center of gravity (+forward);

2) Vym — vehicle speed along the transverse axle associ-
ated with the moving coordinate system with the origin in
the vehicle center of gravity (+left);

3) ¢ — steering angle (azimuth) of the vehicle relative to
the vertical axle (+counterclockwise);

4) Awyy 34 — difference in angular velocities of the front
and rear axles at the output of the interaxle differential in the
transfer case (+front axles are faster);

5) Awq_, — difference in angular velocities of the first and
second axles at the output of the interaxle differential in the
second through axle (+first axle is faster);

6) Aws_4 — difference in angular velocities of the third
and fourth axles at the output of the interaxle differential in
the third through axle (+third axle is faster);

7) Awy 1, — difference in angular velocities of the left and
right semiaxles of the first axle at the IWD output in the first
axle (+left semiaxle is faster);

8) Awy o, — difference in angular velocity of the left and
right semiaxles of the second axle at the IWD output in the
second axle (+left semiaxle is faster);

9) Aws; 3, — difference in angular velocities of the left and
right semiaxles of the third axle at the IWD output in the
third axle (+left semiaxle is faster);

10) Awy 4 — difference in angular velocities of the left
and right semiaxles of the fourth axle at the IWD output in
the fourth axle (+left semiaxle is faster);

11) ;, — speed of the input link of the interaxle differen-
tial in the transfer case;

12)-19) Ax; — longitudinal deformations of all tires
(+wheel hub lags behind);

20)-27) Ay; — lateral deformations of all tires (+wheel
hub to the right);

28)-35) Az; — deformation of all suspensions (+com-
pression);

36) oy, — trim angle of the vehicle body relative to the
horizontal surface (+nose down);

37) Bu — roll angle of the vehicle body relative to the
horizontal surface (+right side down);

38) X — vehicle motion along the x-axis of the fixed co-
ordinate system;

39) Y — vehicle motion along the y-axis of the fixed co-
ordinate system.

The differential equations describing the accelerated mo-
tion of these masses:
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dVXM 21‘ Rlix R
dr m '

(1)

where m is the vehicle weight; R, is the air resistance
Ry=koF(Vxu)? Ryx is the projection of the resulting force
of wheel-road interaction on the longitudinal axle of the
vehicle Rjix=(Ppy—Pj)cosy;—Pyysinywhere in turn Pp; is
the wheel traction power, calculated as a function of the
longitudinal tire deformation on each of the wheels and the
maximum adhesion coefficient Pp;=f(Ax;;, ¢); Pyjis the force
of wheel rolling resistance, calculated as a product of the mo-
tion resistance coefficient f and normal reaction of the road
under the wheel Rz Pjy is the wheel lateral force; v;; is the
steering angle (for nonsteerable wheels v;;=0).

8
R.
d‘/YM _ 21‘ " (2)
dt m
where Rjjy is the projection of the resulting force of wheel-
road interaction on the transverse axle of the vehicle Rjjy=
= (PDij—Pﬁj)Sin’Yij"'PiijOS'Yij.
8
7o > Ry (£b/2)+ Ry, 1)

— 1
de* I, ' ®)

where £b/2 is half the wheel gauge with «+» for the right side
wheels and with «—» for the left side wheels; /; is the distance
from the vehicle center of gravity to each of the axles taking
into account the sign; I is the vehicle moment of inertia
when turning relative to the vertical axle.

dAw,, 4 _ (M12 _M:M)nig
dt L, +1,

; (4)

where My, M3, are the torques on the output cardan shafts of
the front and rear axles, respectively, I1s, I34 are the moments
of inertia of the front and rear axles, respectively, reduced
to the output differential gears, 1y, is bevel gear efficiency
Npe=0.95...0.96.

dA(D1_2 _ (M1 _M2)nig

’ 5
dt I +1, )

where My, M, are the torques on the output cardan shafts of
the first and second axles, respectively, I, I, are the moments
of inertia of the first and second axles, respectively, reduced
to the output gears of the interaxle differential on the second
through axle.

dAw, , _ (M, —M,)n;,
dt I,+1,

: (6)

where M3, M are torques on the output cardan shafts of the

third and fourth axles, respectively, I3, I; are the moments

of inertia of the third and fourth axles, respectively, reduced

to the output gears of the interaxle differential on the third

through axle.

dA(Di _ (Mil _Mir)nig _Mifr (7)
dt I,+1, '

where My, M;, are the torques on the semiaxles of the left and
right wheels of the i-th axle; I, I, are the moments of inertia
of the left and right wheels of the i-th axle, respectively, along
with the wheel reduction gears; M;/, is the additional locking
torque, the value of which depends on IWD type and design.
Equation (7) with a change of i from 1 to 4 describes opera-
tion with 7 to 10 generalized velocities.

For the IWD, whose locking degree depends on the load:

szr =M/r0 +kM (Mil ""Aln)y
where My is the initial, constant value of the additional
locking torque, k), is the proportionality factor.

For the TWD, whose locking degree depends on the
difference or squared difference in angular velocities of the
semiaxles Mj;=koA® or M; +=ko2(Am)?%, depending on IWD



type, where kg, and k2 are the corresponding proportionality
factors.

d(’)m :Mm_M12_M34 (8)
e I+I1,+1,

where M, is the input (drive) torque on the interaxle dif-
ferential housing in the transfer case, calculated through the
specified constant drive power M;,=N;,/®;,.

dix,
=V,

TR

Xij

cosy; — Vyl_.f

siny,, )
where V,,; is the linear velocity of the tire at the center of
contact with the road, calculated by the formula Vi,;= iy,
where in turn w; is the angular velocity of the wheel,
Twij is the actual rolling radius of the corresponding wheel;
Vi, Vyij are the linear velocities of the corresponding wheel
hub with the vehicle in projections on the longitudinal and
lateral axes, taking into account vehicle rotation relative
to the vertical axle. Equation (9) with a change of i from 1
to 4 and j from 1 to 2 describes operation with 12 to 19
generalized displacements (deformations).

Longitudinal deformations of all tires Ax; allow, with
a known tire elasticity in the longitudinal direction, de-
termining the traction power Pp; limiting its value to the
corresponding maximum force of wheel adhesion to the road.

dAy; _v

dt s V.

Xij

siny; =V,

; COS Y, (10)

where Vi p; is the velocity of the side wheel slip without
slipping, due to rolling in the lateral tire deformation Ayj;.
Equation (10) with a change of i from 1 to 4 and j from 1
to 2 describes operation with 20 to 27 generalized displace-
ments (deformations).

d’Az. R. —P.
R an
m

w

where Ry, is the vertical force acting on the wheel hub from
the tire side and calculated by the formula:

Rijz = (rzwofrwij)cnwaxij kcm,*fAyij kcyzm

where in turn ry, 7 are free and actual wheel radii; ¢, is
the radial tire stiffness; k. and kg are the coefficients of
influence of the longitudinal and lateral tire deformation on
the rolling radius; Py, is the reduced vertical force acting on
the wheel hub from the suspension side and calculated by
the formula:

Pje=Azje+(dAzy/do)k,

where in turn ¢ is the reduced suspension stiffness; k; is the
reduced suspension damping factor; m,, is the wheel mass
with the wheel reduction gear and part of independent
suspension. Equation (11) with a change of i from 1 to 4
and j from 1 to 2 describes operation with 28 to 35 genera-
lized displacements (deformations).

N (12)

where Iy is the vehicle moment of inertia relative to the
transverse axle passing through the center of gravity.

— (13)

8
dQB Z(ipyzb / 2)
de* .
where I is the vehicle moment of inertia relative to the lon-
gitudinal axle passing through the center of gravity; «+» for
left suspensions, «—» for right suspensions.

dax
dt

=V cos@—Vy,, sing,

(14)

where @ is the azimuth of vehicle motion in the fixed coordi-
nate system, calculated by integrating the equation (3).

dy

a (15)

=V cos@+Vy,, sing.

The described mathematical model is implemented in the
Borland Delphi environment.

6. Results of the comparative analysis of the influence
of the design and parameters of the inter-wheel
differential on handling

The numerical experiment was carried out using the
described model, which allowed obtaining the following
information array:

— power consumption in the curved motion with a given
speed and theoretical turning radius;

— actual turning radius of the vehicle, taking into ac-
count the wheel slip, associated with the turning resistance
of differentials of various designs.

Fig. 3 shows the graphical dependencies of the relative
increase in power consumption of the armored personnel
carrier. They are constructed with the average steering angle
of 5° (Fig. 3, a), 15° (Fig. 3, b) and 25° (Fig. 3, ¢) depending
on speed for different IWD. Relative power losses were cal-
culated in relation to power losses in the linear motion of the
armored personnel carrier at a similar speed.

Fig. 4 shows the graphical dependences of the relative
increase in the actual turning radius of the armored personnel
carrier. They are constructed with the average steering angle
of 5° (Fig. 4, a), 15° (Fig. 4, b) and 25° (Fig. 4, ¢) depending
on speed for the selected IWD. The relative increase in the
actual turning radius was calculated in relation to the theore-
tical turning radius of the armored personnel carrier without
taking into account the wheel slip in contact with the road.

In Fig. 3, 4, the corresponding colors and abbreviations
indicate:

— open — standard bevel gear IWD without any positive
locking means;

— w10, w20, w40 — IWD, in which locking degree de-
pends on the wheel speed difference with the proportionality
factors kg, of 10, 20 and 40;

— qw05, qw10, qw15 and qw20 — IWD, in which locking
degree depends on the squared wheel speed difference with
the proportionality factors k42 of 5, 10, 15 and 20;

- MO02, M04, M06 —IWD, in which locking degree
depends on the load with the proportionality factors &y, of
0.2,0.4 and 0.6.
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Fig. 4. Dependence of the relative increase in the actual turning
radius on speed for the average steering angle:

a—5° b—15° c— 25°

Due to the fact that the indicators of the locked
IWD are substantially higher than those of other
IWD types, this does not allow them to be displayed
on a single graph, so these indicators are not shown
in Fig. 3, 4.

7. Discussion of the results of the comparative
analysis of the effect of the inter-wheel
differentials design on the resistance of the car
curved motion

Functional requirements to IWD of military and
multi-purpose four-wheel drive vehicles are contra-
dictory. On the one hand, IWD must ensure safe and
dynamic vehicle motion off-road with a significant dif-
ference between the coefficients of wheel adhesion to
the ground along the sides. On the other hand, IWD
should not interfere with the curved motion increas-
ing costs and actual turning radius. This problem can
be solved in two ways. The first is that when moving
under different road conditions, we change the IWD
structure or significantly change control parameters
within the constant structure. For example, in heavy
road conditions, we engage the IWD lock manually
or by means of automation. The second method is to
attempt to appropriately select the proportionality
factor for the locking torque by means of parametric
optimization within the selected IWD structure.

When solving the problem in the second way, it
should be remembered that to ensure the cross-coun-
try ability, the completely locked TWD has the best
performance. However, in the curved motion on paved
roads, such an IWD without unlocking has poor
power and handling parameters. Therefore, for the
analysis of the influence of the considered IWD on the
curved motion resistance, the values of proportiona-
lity factors were selected, which provide the working
area of the main functional parameter — cross-country
ability. At the same time, the minimum values of the
factors provide the minimum allowable parameters of
dynamics and cross-country ability, and the maximum
— high level of dynamics and cross-country ability,
respectively, for military equipment.

Unlocked standard (open) bevel gear differentials
and completely locked differentials were considered
only to determine the boundaries of the best and worst
handling indicators.

The graphs in Fig. 3 illustrate power consumption
in the curved motion of the 8x8 armored personnel
carrier relative to consumption in the linear motion
under the same conditions. Depending on the steering
angle, even for the standard (open) IWD, this con-
sumption is increased from 1.5 % to 43 %. The corre-
sponding increase in power losses for the completely
locked IWD with a maximum steering angle is 4.61
times on paved roads.

From the calculations of the relative increase in
the actual turning radius (Fig. 4), it can be seen that
even for the standard (open) ITWD when moving
on dry asphalt concrete, the theoretical turning ra-
dius is increased from 4.5 % to 8.2 %. Depending
on the steering angle, this is due to the wheel slip
even without the use of additional locking torque.



The corresponding increase in the turning radius for the com-
pletely locked IWD with the steering angle of 5° is 25 times.
Such a large increase in the turning radius is characteris-
tic only for small steering angles, when the eight-wheeled
vehicle due to the locked IWD to the steering angle of
5-8° continues the almost linear motion.

With the selected proportionality factors for small steer-
ing angles (up to 8°), in the first three quarters of the speed
range, IWD have the advantage, in which locking degree
depends on the squared velocity difference of the semiaxles.
This advantage can be traced also energetically by the degree
of turning resistance and actual turning radius increase.

For large steering angles in the first half of the safe speed
range, IWD also have an advantage, in which locking degree
depends on the squared velocity difference of the semiaxles.
But at near breakdown speeds, for any steering angles, IWD
are ahead, in which locking degree depends on the load.

According to the results of the analysis, the following
recommendations can be formulated for further optimization
of the search for effective IWD designs:

— for military vehicles whose task is to overcome artificial
and natural obstacles, due to the possibility of bottom-out
of one or more drive wheels, it is necessary to use either
complete-locking TWD, or IWD, in which locking degree
depends on the squared velocity difference of the semiaxles;

— for multi-purpose four-wheel drive vehicles, IWD can
be considered, in which locking degree depends on the load,
provided that it ensures good manufacturability, service life
and reliability;

— for civil trucks and cars with increased cross-country
ability, it is expedient to use standard (open) bevel gear IWD
with automatic slip regulation, based on partial braking of
the slipping wheel;

— when performing parametric optimization for any type
of IWD, it is necessary to focus not only on a specific model
of a car or military wheeled vehicle, but also on features of the
foreseen operation conditions.

The research did not affect such an aspect as the effect of
IWD design and parameters on car stability during acceler-

ation and curved motion on a slippery road. This direction is
planned as a task for further research.

7. Conclusions

1. For the analysis of the curved motion resistance of the
four-wheel drive car, the following criteria are sufficiently
informative:

— relative increase in power consumption in the motion
with a predetermined constant speed and theoretical turning
radius, in comparison with power consumption in the linear
motion;

— relative increase in the actual turning radius of the
vehicle, taking into account the tire slip in the contact spot,
in comparison with the theoretical turning radius, calculated
without taking into account the slip.

2. The developed mathematical model was verified by
comparing the results of the calculations and earlier tests
performed by the developers of the BTR-4 armored person-
nel carrier. By the parameter of the actual turning radius on
the asphalt concrete pavement, the discrepancy between the
calculation and experiment in the entire range did not exceed
7 %. This allows predicting the effective use of the developed
mathematical model with the parametric optimization neces-
sary for the synthesis of IWD with the required characteristics.

3. By the degree of influence on the curved motion resis-
tance, the most rational among the three considered SLLSD
are the dependences characterizing the operation of IWD,
in which locking degree depends on the squared difference in
angular velocities of the semiaxles and on the load. However,
IWD, in which locking degree depends on the load, are not
able to provide vehicle motion in case of the bottom-out of
one or more drive wheels.

4. On the basis of IWD, in which locking degree depends
on the squared difference in angular velocities of the semiax-
les, it is possible to create the required internally automated
IWD based on the technological gear pump without the use
of friction discs.
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