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Abstract—The article conducts the study of the circulation of
power in the diagnosis of the car on the brake stand that is
kinematically connected with the supporting rollers.Case study.
It is suggested that the longitudinal displacement of the wheel
operating in braking mode on two kinematically connected
support rollers leads to kinematical misalignment, resulting in
circulation of the parasitic power of the N: in a closed loop "tyre
- front support roller - chain transmission - rear support roller -
tyre". Research resultThe conditions of the circulating power
flow are revealed experimentally, which are explained by the fact
that during the braking of the wheel with an elastic tire on the
kinematically connected support rollers of the stand, as a result
of kinematical misalignment, there is circulation of the parasitic
power of the N; in a closed loop "tire - front support roller -
chain transmission - rear support roller - tire". Conclusion. It is
found that the circulation of parasitic power is formed regardless
of the presence of the displacement of the wheel, but varies
depending on the variation of the displacement value a and the
normal load G on the wheel. The occurrence of circulating
parasitic power N occurs in the driven mode of rolling the wheel,
when S=0 it increases to a value S=0,1, upon reaching which it
falls. The magnitude of spurious circulating power N takes a
minimum value when the slippage is #,7. It is established that
the circulating power values N can be commensurate with the
value of the braking power N.

Keywads— diagnosis, power, wheel radius, wheel slip, the
coefficient of friction, normal reaction, tangential response,
kinematic misalignment, the bearing rollers of the diagnostic stand,
elastic tire, the circulating power.

|. INTRODUCTION

method is the realization of the principle of reversibility of
motion [6, 7]. The results of bench testing do not always give
reliable information about the technical condition of the car
brake system [1, 5]. This is largely due to the peculiarities of
the mechanics of elastic tire interaction with the cylindrical
support surfaces of the rollers, as well as the peculiarities of
the test modes of control of the technical condition of the car
brake systems on the stands.

First, the initial braking speed of the vehicle in bench
conditions is much lower than in operating conditions.
Secondly, when setting the car on the rollers of the stand, there
is a non-parallelism of the axes of its wheels and the axis of
the stand. Third, in road conditions, the vehicle's tyres are in
contact with the flat bearing surface and have one contact spot
each. For bench control in each of the wheels of the car
contact two, and, moreover, with the cylindrical surfaces of
the rollers of the stand. Fourth, when braking the wheels on
the stand, under the influence of braking forces occurs
longitudinal displacement of the wheel center of rotation
relative to the axis of symmetry of the support rollers.

Since the longitudinal displacement of the braking wheel
affects the shape and size of the spots of its contacts and
changes in the kinematic and power parameters of the tires,
this significantly affects the results of bench control of the
braking systems of cars. Therefore, the study of the mechanics
of the interaction of elastic tire braking car wheel with
cylindrical surfaces of two kinematically connected, support
rollers of the stand should be considered relevant.

Currently, as a rule, the control of the technical condition
of the car brake systems under operating conditions is carried
out by the bench method. One of the advantages of the bench
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Il. ANALYSIS OF PROBLEM The normal reaction on the front and rear roller stand equal
Let us consider the process of braking the car wheel tire of? €ach other:
two kinematically connected support rollers stand by the R, = Ry

example of the scheme shown in Fig. 1. In addition, the power radii of the wheel (rolling radii of
the wheel in the slave mode) are equal to the elastic tire on the

Wheel tyre2, mounted on two kinematically connected byfront and rear roller of the stand:

chain transmissiord support rollers3 and 4, touches the
treadmill surface rollers, forming two identical contact spots. Mo =T koz-

With the fixed wheeP and the support rolle&and4, normal At the initial braking torque, the slip increases>(Q).
reactionsRz; and Rz, occur in the tire contact spots. In the There is a displacement of the treadmill to the side of the rear
course of braking the wheel, under the action of the brakeupport roller and the growth of reactions on it, as well as a
torque My in the tire contact spots with the support rolldrs decrease in reactions on the front support roller. The power
ard 4, there are tangential reactioRg andRx.. And since the  radius of the wheely, on the front rolled becomes greater
support rollers3 and4 are connected to each other by chainthan the power radius, on the rear rolle8.

transmissiorb, a closed loop is formettire — rear support ) ) ) ) )
roller — chain transmission — front support roller — tirf2]. _ The inequality of power radiuses, r:; leads to kinematic
misalignment in a closed lodiire-rear support roller-chain

transmission-front support roller-tire"resulting in a slip
1 L differenceAS tires in the spots of contact with the front and
rear rollers, which affects the amount of the realized
coefficient of adhesiof (Fig. 2).

<
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Fig. 1. Diagram of the braking process, the wheel is kinematically connecte | ] S

to the two support rollers of the diagnostic stand:

Fig. 2. A graph of coefficients of adhesi¢d on the front roller$2 on the

1 - the axis of symmetry of the support roll2r; wheel;3 rear roller and the average valpgvg on the magnitude of slip S

- rear support rolle# - the front support rolle - chain
transfer, a is the offset of the whesel; — is the angular
frequency of rotation of the wheel; — is the angular The inequality of power radiic; # I« is accompanied by a
frequency of rotation of roller§ - normal load applied to  difference in the values of the forces of pressing the treadmill
the wheelr, - the radius of the free wheek, - rolling radius  to the surface of the fromt or rear3 support rollers (Fig. 1),
of wheel on the front roller. - rolling radius of wheel on the resulting from the support rollers are unequal values for
rear roller;Mr - braking torqueR;; is a normal reaction at the normal reactiorR,; # Ry.. Inequality normal reactionB,; #
normal reaction on the rear rolldR, - tangential reaction on inequality of implemented reactiom®.#Ry,, which leads to
the rear roller\c - parasitic power circulating in a closed loop strength, circulating in a closed contoliire — rear roller —
“tire - rear support roller II cha}in transmission - front sUPpoOrt -n4in drive — front roller bearing — tiref2].
roller-tire".
Kinematic misalignment leads to the fact that in a closed
Before the start of braking, the wheel operates in the slaJ@op “tire-rear support roller-chain  transmission-front
mode, the tyre slip is absei®=0), the tangential reactior®,  support roller-tire" (Fig. 1) the flow of the parasitic power of
and Ry, are approximately equal to each other and (if youhe Nc begins to circulate, affecting the values of the realized
neglect the rolling resistance force) are zero: coupling coefficientsh: on the front roller ang- on the rear

“R.=0 roller (Fig. 2).
1= X2 — .
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The value of this power can be defined as: For an objective assessment of the circulating pdNgdet

N, =AR 0V/; (1) us determine the power consumed by the braking prdéess

whereARy is the force circulating in a closed loop, [N]; N, = F [V,; ©6)

V7 is the portable surface speed of the treadmill, [m/s]. whereF; is the realized braking force, [N]
T ’ .

The value of the force circulating in the closed loop can be

determined on the basis of the expression: To assess the value of circulating pow&y in relation to

the maximum power required for the braking procBlsgax

AR, = R, [Ap; (2)  deermine the percentags::
whereRz,,4is the mean of the normal reaction, [N];
A¢ - the difference between the realized coefficients of A = Ny '100; @)
adhesion. N .
The average value of the normal reacti®.g is where Nrmax is the maximum power consumed by the
determined by the formula: braking process, [W].
= RZl + RZZ . (3)
chp 2 ’ IV. THE RESULTS OF THESTUDY AND THEIR ANALYSIS
whereR;; and Ry, are normal reactions on the front and  The results of the study of the circulating power of lthe
rear support rollers of the stand, [N]. depending on the displacement of a whaedre presented in
Fig. 3-5.

The difference between the coupling coefficierté,
arising from kinematic misalignment, is calculated by the Analysis of the graphs shown in Fig. 3-5 allows to draw
formula: the following conclusions. When braking a wheel with an

Ag = ¢avgn _¢avgn-1; (4) _elastic tire on kinematically closed roIIe_rs of the stand when it
- is loaded with a normal loa@« =3250 Nin a closed circuit -
where 9., — the average value of the coefficient Of »jre_rear support roller-chain transmission-front support
adhesion (Fig. 2). roller-tire" there is a circulation of powd. regardless of the

Determination of the average value of the coefficient off@nitude and direction of displacement a wheel.
friction ¢..q (Fig. 2) is carried out according to the formula:

+ 4500 25
By =220z ©) | 1
2 4000 T/
where¢, — the value of the coefficient of friction of the 35]30 R L 20
tire with the front roller; | {\ . o X
¢, — the value of the coefficient of friction of the tire with ~ 3000 - E =
arear rollere. z | \ ! 15 € J
o 2500 82
c | 3 [
. 2000 g
[ll. RESEARCHMETHODS = : 10 % [+
To plot the dependence of the circulating power ofMge @ 1500—— \ = §
on the slip S, experimental studies were carried out at the g 10||:]0 : — ©
beginning without the initial displacement of the wheel a, anc £ | |, 2 \ 8
then with the displacemena$15 mn) of the wheel towards 500 i N
the front, and with the displacemem=5 mn) towards the LO I' N S e o 0
rear support roller (Fig. 1). 010 01020304050,6070809 1 1,1
The Amtel 175/75-R13-82Hyre, the tread wear wasb, Slippage, S

the air pressur_e V\.Ias monitored throuQEOUt the eXpe”mentETIg. 3. Schedule changes the circulating power NC, the power required for the
study and maintained at the level pf =0.21 MPa_ The braking process W and percentage of circulating pow&N of the average
normal load on the wheel was setGp =3250 N The initial  slip S at normal load GK =3250 N without displacement of the wheel (a=0):

braking speedvr was set in the same way as the speed at

which the brake system is carried out control car bench 1 - power required for the braking procégs 2 -
method, and i¥; =1,1 m/s circulating poweiNc; 3 - the percentage of the circulating
_ . _ power to the maximum value of the power required for
The research was carried out on a specially designed and brakingAy

manufactured unique stand [3, 4], which implements the o ) o
principle of measuring the force parameters of the elastic tire In the case where the wheel is installed without the initial
interaction with the support rollers based on the measuremef@isplacement, the circulating powerNg =712.2 Wwith an

of the elementary normalR, and tangentiahR, reactions average slipS=0.044 (Fig. 3). The maximum value of the

distributed over the lengths of the contact spotd the tested ~percentage of circulating powek to the maximum value of
tire with surfaces of cylindrical support rollers. the power required for the inhibition of; is Ay =19.02% in

the value of the average si§30.044.
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the power required for the inhibition & is Ay=23.05% in
the value of the average s30.033

The flow of the circulating power of thic in all three
cases decreases with an increase in slippage and approaches
zero at an average slippageSsf.7.

V. CONCLUSION

The braking of the wheel on two kinematically connected
support rollers is accompanied by the circulation of e
power in a closed looptyre — rear support roller — chain
transmission — front support roller — tyre'The flow of
circulating powemc occurs regardless of the displacement of
the wheel relative to the support rollers of the stand. The
occurrence of circulating poweNc occurs at the time of
rolling of the wheels in slave mode. As the braking torque

Fig. 4. Schedule changes the circulating power NC, the power required for th@creases and the slip increasesSt®.05 the value of the

braking process W and percentage of circulating powe of the average
slip S at normal load GK =3250 N offset wheels in the front roller (a=15 mm)

1 - power required for the braking procégs 2 -
circulating poweiNc; 3 - the percentage of the circulating
power to the maximum value of the power required for
brakingAy

The maximum value of Nc=1014.1 W at wheel
displacement=15 mmin the direction of the front support
roller circulating power reaches an average SHp.058 (Fig.
4). The maximum value of the percentage of circulating pow

Nc to the maximum value of the power required for the

inhibition of Ny is Ay=25.51% when the value of the average
dip S=0.058
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Fig. 5. Schedule changes the circulating power NC, the power required for the

braking process W and percentage of circulating poweN of the average
slip S at normal load GK =3250 N offset wheels in the rear roller (a=15 mm):

1 - power required for the braking procégs 2 -
circulating poweiNc; 3 - the percentage of the circulating
power to the maximum value of the power required for
brakingAy

The displacement of the wheels towards the rear of th
roller, the value of circulating powe\c is Nc=863.4 Wwith
the average slip $:033(Fig. 5). The maximum value of the
percentage of circulating powél: to the maximum value of

circulating power of thé&lc grows rapidly. To achieve the slip
‘5=0.05 and is a smooth drop in circulating powd&. Then it
decreases with increasing slip and approaches zero with
slipping S=0.7, which is close to the critical slip of the
stationary coupling characteristics of the tire with the
cylindrical rollers of the stand. When braking the wheel with
no initial bias, the percentage of circulating povw&r and
maximum power expended on brakiMdgmax is An=19.02% in

the value of the average sz0.044

When an offset wheel and change values of circulating

ower Nc. The displacement of the wheel toward the front
castors, the percentage of circulating powgrand maximum
power expended on brakini;max is An=25.51% when the
value of the average slip $0.058 The displacement of the
wheel in the direction of rear support roller, the percentage of
circulating powerNc and maximum power expended on
braking, Nr is Ay=23.05% in the value of the average slip
S=0.033 High percentagedy and Aymax indicate that at the
beginning of braking, when the mean slois approximately
zero, the circulating power of thé: in more than a quarter
may exceed the value of the braking powgr
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