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Problems in designing hydraulic brake systems of cars have been analyzed. The study of the braking process has conducted
considering the distribution of forces on the axles during braking. The general support model research and support geometric
characteristics are developed. The calculation of the car brake system has been conducted that enables to determine the load on
the caliper during the braking process and using graphic dependencies, and to determine the concentration of maximum stresses
in the mounting areas of the support. Based on analytical studies in the Autodesk Fusion 360 3D Modeling program, a design
has been implemented that features a smaller metal capacity at the expense of rational design and providing uniform strength
across the entire surface. Adaptive technologies also significantly accelerate the production of new parts due to the lack of need
for the production of auxiliary equipment, such as molds.
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JOCIIIKEHHA MINHICHUX XAPAKTEPUCTHUK CYIIOPTA
T'AJBMIBHOI CUCTEMUM ABTOMOBLIS, IO BUTOTOBJIEHUM
HJIAXOM A AUTUBHUX TEXHOJIOI'TU
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IpoananizoBaHo NpobIeMH, [0 BUHUKAIOTH IPH MPOSKTYBaHHI TipaBIiyHMAX TalbMiBHHX CHCTEM aBTOMOO1IIB. 3anpono-
HOBAHO 3a JIONIOMOTO0 aAUTUBHUX TEXHOJIOTH BUTOTOBHUTH JIETali TaJIbMiBHOI CHCTEMH CKJIaIHOI KOH(DIryparii, 4oro He-
MOJKJIHBO JIOCSTTH IHIIMMHU CIIOCOOAMH, HANPUKIAZ BHTOTOBJISTH AETalli, 1[0 MAlOTh BHYTPILIHI KaHaIH, HOPOXHHHH,
OTBOPH cKiagHOoi GopMH i T. II. Y JIEAKHMX BHIIAJKAX 3aBJISKH [[bOMY MOXKHA JOCSITH 3MCHILIECHHS KUIBKOCTI CKIIaJabHUX
BY3IIB, KPIIUICHb Ta BIANOBIAHO 3MEHIIHUTH PO3MIpH 1 Macy By3JiB. BUKOHaHO aHAIITHYHI JOCHIIKEHHS IPOIECY TAIBMY-
BaHHS 3 ypaxyBaHHSAM PO3MOJIIY CHJI IO OCSX aBTOMOOLIS i yac ranbMyBaHHs. OCKiJIbKY IIMHA aBTOMOOIISI € €MUHUM
CIIOJIyYHUM €JIEMEHTOM MDK aBTOMOOLIEM Ta JOPOKHBOIO OBEPXHEIO, Y PO3PAXYHKOBIH CXeMi pO3IMOiay CHil, KpiM Hei,
MPE/ICTaBICHO CYMOPT i ranbMiBHHI aAuck. Ha mpukiazi cynopra raipMiBHOI CHCTEMH aBTOMOOLIS po3po0iieHo 3araabHy
MOJIeNb JOCIIDKCHHS MILHICHUX Ta F€OMETPHYHHX XapaKTepUCTHK AeTani. HaBeqeHO po3paxyHOK raJlbMiBHOI CHCTEMH
aBTOMOOLIS, SIKUiT 103BOJISIE BU3HAYUTH HABAHTAXKCHHS Ha CYIIOPT Yy MPOLEC] ralbMyBaHHs i 3a 1ONOMOror rpadidHux
3aJIOKHOCTEH BH3HAYMTH KOHIICHTPALIF0 MAaKCHMAJIbHHUX HAIPY)KCHb Y MICISX KpilUICHHs cymopra. basyrounch Ha aHai-
TUYHUX JOCIHIDKEHHSX, y mporpami s 3D-monemoBanas Autodesk Fusion 360 peanizoBaHO MPOEKT KOHCTPYKIIT CyIHO-
pTa, SIKKi BiIPI3HAETHCS THM, 110 Ma€ MEHIIY METATOEMHICTb 38 PaXyHOK PalliOHaIBHOTO [M3aiiHy Ta 3a0e3IeUeHHs O/IHA-
KOBOT0 KOoedillieHTa MIIIHOCTI 1O Bciil OBepxHi. 3alpONOHOBAHO BUTOTOBJICHHS TaKol AETali 3a JOIOMOIOI0 aAuTHBHHX
TEXHOJIOTiH, 1110 J03BOJISIE TOCSTTH 3HAUYHOI €KOHOMIT MaTepiany 3aBIsiKK OaraTomrapoBOMy HaHECEHHIO Marepiany i BU-
KJIFOYCHHIO PS/y TEXHOJIOTIYHHX orepaiiii 3 00po6iTKy 3aroToBKH. AJAWTHBHI TEXHOJOTI TaKOXK 3a0e3Medyi0Th BUCOKY
TEXHOJIOTYHICTh BUPOOHHIITBA T4 3HAYHO NPUCKOPIOIOTH BUTOTOBJICHHS HOBHUX JIETaleH uepe3 BiJICYTHICTb IOTPeOH y BU-
POOHHULITBI JOMOMIXXHOTO 00JIaiHAHHS, HATIPUKJIa Hpec-Gopm.

KurouoBi ci1oBa: rapMiBHA cHCTEMa aBTOMOOLIIS, aIMTHBHI TEXHOJIOT11, CYHOPT.
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Introduction

This publication topicality is based on the fact that it
addresses the additive technologies use issue for the car
parts manufacture. These technologies make it possible
to produce parts with material rational distribution in
the product volume. It reduces the mass of individual
parts, and as a consequence, the mass of nodes and the
whole vehicle.

Adaptive technologies enable to fabricate details of a
complex configuration that cannot be achieved in other
ways. For example, it becomes real to produce parts
that have internal channels, cavities, holes of a complex
shape, etc. In some cases, it is possible to achieve re-
duction in the number of assembly units, fasteners, and,
accordingly, to reduce its dimensions and mass.

The research is aimed to improve the efficiency of the
car by reducing its mass and to ensure its management
safety. For detailed processing, the brake system of the
car is chosen as such one that during the operation takes
considerable load, and its serviceability and reliability
influence the driving safety.

Review of research sources and publications

In the modern world, the complexity of hydraulic sys-
tems is quite high and constantly increasing (Fig. 1)
[7 — 8]. The problem is that the usual methods of man-
ufacturing parts cannot provide the manufacturing of
those technical solutions that bring the given system to
anew level. Due to manufacturing problems, engineers
cannot implement innovative solutions for individual
systems and components.

Nowadays, the parts used in hydraulic systems have
a lot of weight. And there are concepts with innovative
solutions that enable to make a breakthrough in the in-
dustry. The problem with designing the braking sys-
tems is that the braking system details have a complex
structure of the internal channels where hydraulic
losses occur. Due to existing manufacturing methods,
the channels have a curvilinear shape, increasing the
fluid resistance.

Figure 1 — BMW mechatronics

The additive manufacturing technologies develop-
ment current level gives engineers freedom in design-
ing parts and systems. With the help of additive tech-
nologies, any form of part and its internal structure can
be made with high accuracy virtually (Fig. 2).

Figure 2 — An example of a component
made by additive technology

Thus, by applying additive technology, it can be sig-
nificantly reduced the weight of the brake system com-
ponent and hydraulic losses throughout the system.

Definition of unsolved aspects of the problem

In modern braking systems of cars parts are used that
have a significant metal content and an inflated strength
across the entire surface. It is due to the lack of preci-
sion in the calculation of loads on the part and the or-
ganization of the technological process of their produc-
tion, based on traditional foundry processes and metal
cutting operations. In order to reduce the metal content
of the car brake systems, today more precise calcula-
tions of loads on the part should be carried out and
when designing modern graphic 3D simulation pro-
grams should be applied. It is expedient to produce de-
tails of the braking system of a complex configuration
with the help of additive technologies that are difficult
to obtain in other ways, for example, to produce parts
having internal channels, cavities, holes of complex
shape and so on.

Problem statement

The purpose of this article is to analyze the problems
that arise during the design of cars hydraulic brake sys-
tems, the development of proposals for the calculation,
3D modeling and the application of modern additive
technology in the system parts manufacture.

Basic material and results

Investigation of the braking the car process in most
cases is an investigation of emergency braking and is
reduced to determining the car speed and the brake path
[1, 2, 3]. The tire is the only connecting element be-
tween the car and the road surface. Tire engagement is
a decisive factor in road safety. So, in the distribution
scheme, the support, the brake disk and the tire are de-
picted. In the process of braking the car instead of the
torque, the braking torque is applied to the vehicle driv-
ing wheels, and instead of the traction effort, the brak-
ing force directed towards the reverse movement is sub-
stituted (Fig. 3).

The equation of motion in braking has the form

—Pe=Ps+ Pyt Pi—P;. (1)

The amount of braking force is determined from ex-
pression
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where 7. — coefficient of specific braking force equal to
the ratio of the braking forces sum occurring on all
brake wheels to the weight of the vehicle (.= 0.9) [1];
g — free fall acceleration.

Equation of Negative Acceleration Motion j
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Figure 3 — Diagram of the distribution
of forces during braking:
M, — torque; P, — braking force; M, — braking torque;
G\ — the mass of the car falling on the wheel.

In modern cars with brakes on all wheels during
emergency braking, the limiting value y; equals the co-
efficient of tire adhesion with the cover ¢ when driving
on a road straight line and ¢; — when moving along the
curve.

Since during braking the car speed is sharply reduced,
the air resistance can be neglected, then at =1 (direct
transmission)

i=(pxi+f). (4)

Also, the value of the braking distance on which the
driver can stop a car that moves at the rated speed is
normalized. The path of complete braking can be found
in the formula of the equilibrium motion

v=42aS$,, , (5)
where a — absolute negative acceleration, m/s?
a=g-j=glp*i+r). (6)

Thus, the braking distance at v in m / s is according
to the formula
S, = V'K, ,
2g(p*i+ f)
where K, — the braking efficiency coefficient, consider-
ing that brakes state operation is equal to 1.2 for cars
and 1.3 to 1.4 for trucks [1].

When braking a car on a horizontal road, an inertia
force is formed P;, applied to the center of gravity and
equal to the sum of braking forces [1]. In this case, there
is a redistribution of normal loads on the axes: the front
loaded, and the rear axle is unloaded. In the static state
of the vehicle, the load on the axle is determined by the

(7

distances a and b of the center of mass O from the front
and rear axles.

b
G, = Gz , (8)
The normal reaction of the road acting on the front
and rear wheels during braking is defined as

R, —G2reh _ech
L L

a

R,=1

)

Normal reactions R.; and R are perceived by the
wheels during braking, differ from the loads that fall on
the wheels in the static state. Redistribution of axial
weights is estimated by the coefficients of variation of
the responses m,1, m,» that are equal to the horizontal
road

-h -h
mpl:1+‘”xb , omy=1-2 (10)
Then the normal road responses are of the form
R, :mpl'Gls R, :mpz'Gz-- (11)

When braking, the limit values of the reaction change
coefficients are 1,5+2,0 front wheels and 0,5+0,7 — for
the rear. The highest inhibition of the wvehicle is
achieved with the full use of clutch on all wheels, which
is possible only on the road with optimum clutch ratio
¢opt = 04 . 05 [5]
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Figure 4 — Simplified support scheme

The carrier car accepts different types of loads, so it
is necessary to examine it tension and compression.
During the car parking on a sloping road, the caliper
perceives static loads, and in the case of emergency
braking — dynamic. The static load on the support is
considered. For calculations, a simplified model of the
support is suggested (Fig. 4).

When braking, the pads transmit the braking force
F from the brake disc to the servomotor at the point of
contact. An equilibrium braking force and the reaction
of the support in the force diagram are depicted (Fig. 5).

L R —
= = L 5

Figure S — Scheme of forces acting
on the caliper and the axes A and B
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During normal stretching and compression in the
cross sections of the support, normal stresses are dis-
tributed uniformly in the section [4]. They are calcu-
lated by the formula

N
o =— b
A
where N — the longitudinal force;
A — cross-sectional area.

Obviously, for tension and compression, the shape of
the cross section does not affect the voltage value.

In the sections close to the places of forces applica-
tion, the law of stresses distribution is more compli-
cated, but using the boundary conditions mitigation
principle, these deviations are neglected and it is con-
sidered that all cross sections of the cable voltage are
evenly distributed and that in the section where along
the axis concentrated force is applied to the beam, the
values of the longitudinal force and stresses vary jump-
like.

Since, the concentrated force and forces of the sup-
port reaction do not act on one axis, it is necessary to
solve the equation of moments. Due to the fact that our
model has a window in the middle, the equation relative
to the two axes A and B is solved (Fig. 5).

Consequently, the equations of moments is:

> M, =0,

(12)

—F(bl+bZ]+Rl£bl+b2j+R2£bl+b2j (13)
2 2 2 2
:Nl;
b +b,
> M, =0,
—F(ﬁ+ﬁ)+Rlb—2+R2ﬁ (14)
2 2 2 2 _y
=N,.
b +b,

After calculations, we substitute the greatest moment
obtained into (12) and find the stress.

This figure should not exceed the permissible stresses
for the particular material from which the caliper is
made

o</[d].

(15)

The cutoff forces also appear in the caliper, because
the offsetting force transmitted from the brake disk is
applied at a distance from the mounting points of the
support.

It is believed that the tension stresses are distributed
over the support section evenly. Then their value is
equal, Pa,

T, =—,
3p A (16)

where A4,, — the cross-sectional area of the cut;
N — longitudinal force.

The resulting stresses should not exceed the permis-
sible stresses on the cut for the selected material

<[, (17)

For static loads, the permissible stresses on the cut are
assumed to be approximately 70% of the permissible

stresses on tension or compression for the same mate-
rial

[4=0.7[d]. (18)

For further calculations the prototype of the vehicle
with the average Indicators — Daewoo Lanos 1.6 16V
2000 year of production is accepted.

Required technical specifications for calculations:

— allowable load on the front axle — 890 kg (445 kg
per wheel);

— the size of tires — 175/50R13;

— the size of the brake disk — 236 mm.

It is suggested the following dimensions of the sim-
plified model of the support for checking the strength
characteristics (Figure 3-4).
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Figure 6 — Dimensions simplified model for calcu-
lating

Above-mentioned permissible load on the front wheel
and the value of the coefficient of grip, are
substituted in the formula (2) and the braking force
is found that occurs on the front wheel
P.=0.9-445.9.81=3929 H

Braking force acting on the P.. caliper, by the ratio
shoulders (Fig. 7) is found. The size 175/50R13 has an
external diameter of 500 mm, so the braking force to
the tire is 250 mm. And the force acting on the support
is applied in the center of the pads and has a shoulder
to the center of the wheel 218 mm.

Thus, the effort on the support P.. is equal to

P,.=3929-250/218 =4505 H.

Depending on the dependencies (1), (2), (3), (8), (9),
(10), (11), longitudinal forces are found, and from the
equations of the moments (13) and (14) relative to the
two axes A and B, respectively, Ny =901.13 H,
N»=-901.13 H.

Driving direction

Broke disk //:*:._:;\
/// P

Figure 7 — Scheme of the ratio of the forces of the
application of the arms
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It is found the maximum stresses in the section by
substituting the maximum value of the force in the de-
pendence (12)

oo 90113
2-0.025-0.035

The stresses found are 0.51 MPs, but do not exceed
the permissible stresses, which for aluminum are
30-80 MPa.

The distribution of the stresses along the X, Y, Z axes
is reduced to build a graph (Fig. 8).

According graphical dependencies stress distribution
in cross section, their concentration in the area of mount
is shown

=514931 Pa.

.......

Figure 8 — Distribution of stresses along
the axes X, Y, Z

To ensure regular geometric characteristics, it is nec-
essary to study the scheme displacement stress concen-
trators in their respective sections. The given data are
summarized reducing to build a graph (Figure 9).

Figure 9 — Moving relative to the axes

Next, the tensile stresses in the section Pa are found
and the cross section for the cut is calculated.
The maximum calculated longitudinal force into for-
mula IS substituted (16)

L 901.13
0.04-0.035

The result is converted into MPa, 0.18 MPa is got.

=180200.

By formula (18) the permissible voltages for alumi-
num on the cut, MPa is found

[d=0,7-30=21.

Based on the results of analytical studies, the support
design is suggested, which is based on the above-calcu-
lated overall dimensions, but with a significantly re-
duced metal capacity, which reduces its mass.
This model of support is implemented in the program
for 3D modeling Autodesk Fusion 360 (Figure 10).

Figure 10 — The proposed design of the support

Conclusions

Execution of support proposed design strength re-
search, which was made by means of additive technol-
ogies, enables to achieve the following results:

— the calculated section has an excess factor of
strength, which adversely affects its mass; therefore, to
reduce metal strength and weight, a rational design of
the support is proposed;

— due to layered construction, considerable material
savings are achieved in the manufacture and further
processing of parts;

— adaptive technologies can significantly accelerate
the production of new parts due to the fact that there is
no need for the production of auxiliary equipment (e.g.,
molds etc.). Due to this, the speed of the entire produc-
tion cycle increases significantly;

— it is possible to make details of complex configura-
tions that cannot be made by other known methods.
Due to this, parts with less weight without losing their
durability can be made.
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