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Abstract:

Due to the effects of excitations of road micro-roughness and the
powertrain as well as due to the conditions of movement (acceleration,
braking, curvilinear movement), the weights of commercial vehicles
perform complex spatial oscillations. The negative impact of these
movements or dynamic loads caused by them and transmitted fo the
supporting system of the vehicle can be reduced by a proper selection of
the position and characteristics of the powertrain mounts. Elastic and
damping forces in mounts perform mechanical work that turns into heat
energy. Theoretical, experimental and combined methods can be used for
the analysis of thermal loads of mounts. In this paper, research was
carried out with theoretical methods using a mechanical model of the
powertrain. Vibrations were observed on a freight vehicle powertrain of
FAP 1314 middle-class vehicles. Bearing in mind the presence of classical
(rubbermetal) and hydraulic mounts in modern commercial vehicles, the
authors analysed the thermal loads of the mentioned vehicle type using a
mathematical model.
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Introduction

The powertrain vibrations are transmitted over the mounts to the
vehicle frame, while noise is transferred to the vehicle frame (structural)
through the environment (air) as well. In order to reduce this effect to a sa-
tisfactory measure, the powertrain is elastically bound to the vehicle carrier
system. At the same time, this system absorbs vibration excitations which
are transferred to the powertrain from the road surface through the vehicle
suspension system. Due to the kinetic energy of the powertrain resulting
from vibrations, mechanical work is converted to heat in the mounts
(Mitschke & Wallentowitz, 2004).

In practice, the characteristics of the powertrain system are chosen
from the conditions of minimizing noise and vibration. The task can be
solved using analytical (theoretical) methods, using mathematical models,
or experimentally. The progress of computer technology has contributed to
greater application of mathematical models, while experimental methods,
due to high costs, are rarely used. In doing so, the thermal loads which
powertrain mounts are exposed to are usually ignored, which, in cases of
poorly solved heat removal, can cause distortion of mount characteristics.
Therefore, it is considered appropriate to analyze their thermal loads.

Research has shown that mechanical work due to powertrain vibrations
turns into heat energy that is transmitted, in a wider sense, to the
environment (Boji¢, 2011), (lli¢ et al, 1996), (Moran, 2010), (Fermi, 2011),
(Demi¢ & Diligenski, 2016), (Mitschke & Wallentowitz, 2004):

A=Q +Q, +Q,, (1)
where A is a mechanical operation (equivalent to the amount of heat), J; Q
part of the heat surrendering to the mount body, J; Q part of the heat
surrendering to the fluid (for hydraulic mounts), J; and Q, part of the heat
surrendering to the environment, J.

The work of elastic and damping forces in mounts is important for the
analysis of heat loads, and it can be measured and experimentally measu-
red (Mitschke & Wallentowitz, 2004) with more difficulty. Due to the distri-
bution of heat inside the mount, as well as around it, the problem becomes
significantly more complex.

It is noted that most of the heat is transferred by convection (the
phenomenon that occurs when the fluid convection material exchanges
heat within itself). A slightly smaller part of the heat is transferred by
conduction (molecules of solids that vibrate at a higher temperature vibrate
more rapidly over the equilibrium position and in collision with molecules
having a lower temperature cause an energy impulse that accelerates the
vibrations of these molecules and increases the temperature) and radiation
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(occurs between any two objects at different temperatures, whether vacu-
um is between them or not) (Boji¢, 2011), (Mitschke & Wallentowitz, 2004).

Converting mechanical work into heat largely depends on the
construction of mounts. Therefore, during the design of the powertrain
system, consideration should be given to creating the conditions for the
good transfer of heat to the environment. It should be noted that the aim of
this paper is not to investigate the transfer of heat to the environment from
powertrain mounts, but to determine the amount of heat generated by
vibrations in mounts.

As it is known, classic mounts consist of rubber-metal elements, with a
dampening of the hysteresis of the tire, while hydraulic mounts have
additional damping due to oil which they contain. Bearing in mind the presence
of classical (rubber-metal) and hydraulic mounts in modern freight vehicles, the
authors analysed the thermal loads of a FAP 1314 vehicle.

Motor vehicles represent complex oscillation systems with a large number of
masses of interconnected elasto-damping elements, of most often non-linear
characteristics. When traveling on uneven roads, the exitations from road
roughness are transferred through the wheels and the elastic suspension system
to the frame and further on to the powertrain (through the powertrain suspension
system). In addition, the drive unit additionally oscillates the movable mass of the
vehicle. The negative impact of vibrations on the characteristics of motor vehicles
can be reduced by a correct selection of the position and characteristics of the
elastodamping elements. This can be done using theoretical-experimental, theo-
retical or experimental methods (Frolov & Furman, 1990).

In the literature (Demi¢, 1990), (Demié, 1997a), (Demi¢, 1997b),
(Demic¢, 2002), (Demic, 2013), (Simi¢, 1988), (Simi¢ & Demic¢, 1992), (Ben-
dat, 1998), (Igami et al, 2008), (Genta, 2003), (Shanguan et al, 2016) there
are a number of mathematical-experimental methods for modeling the beha-
vior of the powertrain. In this paper, a freight vehicle from the FAP 1314 pro-
duction program, (whose scheme of the suspension of the powertrain is
shown in Figure 1) was observed and the modeling process was applied ba-
sed on the principles of classical mechanics (Atkins, 2010), (Pars, 1981).

The aim of the research is to begin theoretical analyzes of the
problem of thermal loads of powertrain mounts, and the verification of the
obtained results will be performed at a later stage in experimental
research. It is expected that the results obtained will be used in designing
new vehicles from the FAP production program.

Model of a powertrain

Depending on the task being worked out, various mechanical models
of powertrains and vehicles can be found. From (Demi¢, 1990), (Demig¢,
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1997), (Rotenberg, 1972), (Genta, 2003), (Gillespie, 1992), (Miliken & Milliken,
1995), (Simi¢ & Demic¢, 1992), (Kennings et al, 2014), (Shanguanet al, 2016), it is
known that during the analysis of the problem of transferring dynamic loads from
the powertrain to the frame (chassis) of the vehicle, the oscillations of the cabin
and the carriage compartment can be ignored. More precisely, the analysis inclu-
des only the oscillatory movements of the powertrain of the vehicle and the
corresponding exitations from the vehicle frame.

The structure of the vehicle model and the powertrain should
therefore be chosen to enable the analysis of the desired parameters. This
indicates the need to use as simple mathematical models as possible,
because due to the absence of precise inertial and geometric parameters
of the powertrain and the vehicle itself, as well as the characteristics of the
mounts, more complex models can lead to major errors (Demi¢, 1990),
(Frolov & Furman, 1990).

The powertrain, as a rigid body in space, has six degrees of freedom
(three translations and three rotations), so, to describe its movement, it is
necessary to use six independent generalized coordinates (Demi¢, 1990),
(Frolov & Furman, 1990), (Genta, 2003), (Pars, 1981), (Gillespie, 1992),
(Milliken & Milliken, 1995). Here are adopted geometric gravity axes for
observing the movement of the powertrains, starting at an equilibrium
position, which will be discussed later. It is worth mentioning that the use of
the geometric gravity axis leads to the need of using centrifugal moments
of inertia, but, for the sake of the ease of analysis, the assumption that
they are also the principal axes of inertia is introduced. The powertrain
performs spatial vibrations under the action of excitations it receives from
the frame (originating from the road roughness, vibrations of the frame as
an elastic system, inertial forces of braking, inertial force of acceleration,
centrifugal forces in curvilinear movement and Coriolis forces due to the
complex movement of the vehicle), as well as from the inertial forces and
torque of the engine and the rotating masses.

Six generalized coordinates should be introduced to describe the
spatial movement of the powertrain: three translations and three rotations
(Demi¢, 1990), (Frolov & Furman, 1990), (Genta, 2003), (Pars, 1981),
(Gillespie, 1992), (Milliken & Milliken, 1995). Two coordinate systems will
be adopted (Demic¢, 1990), Figure 2:

* immobile (OXYZ), with the origin at the center of gravity of the
powertrain (defined in relation to its equilibrium position). The axes of
this system coincide with the geometric axes of the powertrain
symmetry (it is at the same time the global coordinate system),

« movable (C<&n¢ ), which is firmly attached to the powertrain and
rotates with it. The transformation of the coordinate system from
(Cénd) to (OXYZ) and vice versa can be made using three
independent angles (Euler angles - which lead to coupled differential
equations), or angles of rolling, galloping and winding that lead to a
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scattered system of differential equations. Since the model used had
only one angle— the rotation around the X axis for the angle ¢, it was
not necessary to use three angles.

2 4
Lk u
Dlrectl_gg 1 y 3
of movement Z

Figure 1 — Scheme of the powertrain mounts of a freight motor vehicle
Puc. 1 — Cxema onopbi curiogozo npueoda epy308020 agmomoburisi
Cnuka 1 — Lllema ocnatrbarba Mo20HCKe 2pyre rnocMampaHo2 mepemHo2 MOmMOopHOe2 803ura

Direction of
movement

i-th mounts

Figure 2 — Introduced coordinate systems to describe the movement of the powertrain
Puc. 2 — BHedpeHbI cucmemMbl koopduHam 05151 ornucaHusi O8UXeEHUS CU/108020 rpugoda
Cnuka — 2 YeedeHu koopOuHamHu cucmemu 3a orucusar-e Kpemarba rno2oHcKe apyrne

Since the aim of the research is to determine the thermal loads of the
powertrain mounts, it was considered necessary to analyze only the bouncing
and rolling of the powertrain, and in this case the translatory movement of the
powertrain gravity center in space is defined by the coordinate Z and the rota-
tion of the powertrain (as a rigid body ) around the axis &is defined by the rolling
angle o (these generalized coordinates create the conditions to include the ver-
tical exitation from the vehicle frame and the resulting inertial force, as well as
the engine torque into the analysis, while respecting the recommendation to
apply as simple mathematical models as possible). The elastic-viscous forces
perform mechanical work in the mounts (which is converted into heat energy)
due to the relative movement of the powertrain relative to the vehicle frame (de-
formation of the mounts). The adopted mathematical model enables the
analysis of the influence of the powertrain mounts on their thermal loads.
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in — the resulting inertial force of the
piston group

— engine torque

— an attack point of the resulting
inertial force and its coordinates
in relaton to the moving
coordinate system

— the angle of installation of the

E(apbEcp) powertrain (in this case it is 0°)

Me(0,-M,,0)

Fin (-Fi“sin'?’_. 0, F;,cos?)

Figure 3 — Excitation due to inertia force and engine torque
Puc. 3 — Bo3byxdeHue om UHEPUUOHHOU curbi U Kpymsiuje2o MoMeHma 08ueamersi
Cnuka 3 — Mobyde 00 uHepyujanHe cune u 06pmHoe MOMeHmMa Momopa

Bearing in mind the above and using the Newton-Euler principle,
differential equations can be written to describe the observed oscillatory
movements of the powertrain in the form:

M-Zc=>Z7, )

=DM ©)
In the literature (Igami et al, 2008), (Kennings et al, 2014), (Shanguan
et al, 2016), (Simi¢ & Demi¢, 1992) there are a large number of
mathematical models of powertrain mounts, more or less complex. Since
the goal of this paper was to compare the thermal loads of the mounts, it
was considered necessary to simplify the expressions for the
approximation of force in the mounts (for the projections in the direction of
X, Y and Z axes). As far as reactive forces are concerned, they are
opposed to movement.
The forces in elastic mounts are assumed in the form (Demi¢, 1990):

Fci :Cil‘Ai+Ci2’A2+Ci3'A3’ (4)

where ¢, ¢j1, o, and c;3 are the stiffness coefficients, and A is the relative
deformation of the mount.
The viscous forces in the mounts are assumed in the form (Demic,
1990):
2

F.=k, -A+k,-A -sign(A) (®)

where ki, k; are the damping coefficients, the relative deformation speed
of the mount, and sign the corresponding mathematical function.

887

Demié¢, M. et al, Contribution to research of thermal loads in commercial vehicles powertrain mounts, pp.882-903



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

The deformation and deformation projections of the powertrain mount
in the Z direction are defined by the terms (Figure 2):

A =2 ~2y-b(p~95): (6)

AZ =Z-Zo-b(p-po). ()

The vibrations of the powertrain also depend on the unbalance of the
engine (torque and inertial forces).

In this particular case, a four-stroke four-cylinder regular diesel engine
with a crankshaft, whose knees were at the same level (angle 180°), was
used. The piston mechanisms present forces (Mihalec et al, 2015), which
are driven by a piston (the forces of gases and the inertial forces of the
piston group), and on the movable bearing of the crankshaft of the
centrifugal and tangential force of the crankshaft. In balancing the inertial
forces of the mass of the piston group (ideally, if the force develops into
the Fourier series), there remain unbalanced inertial forces of the second
and higher orders. It is noted that when there are differences in the
masses of piston groups per cylinders, unbalanced first-order forces occur
(in this case, the case where the masses have been equal to each other).

Assuming that high-order harmonics can be neglected, the
unbalanced inertial force of the observed engine can be expressed in the
form (Frolov & Furman, 1990), (Milliken & Milliken, 1995), (Rotenberg,
1972), (Genta, 2003), (Simi¢, 1988):

|:in:4mr-a)2-/1-6082a)t, (8)

where m, is the reduced mass of the piston group, r is the radius of the
crankshaft knee, o is the angular speed of the engine crankshaft, A is the
ratio of the radius of the crankshaft and the length of the piston engine,
and tis time.

Based on elementary knowledge from the vector theory, statics, and
Figures 2 and 3, the moment from the resulting inertial force defined by
term (8) (Demi¢, 1990) is:

U T
M, =| ac be Ce | 9)
—-F, siny 0 F, cosy
where the expressions in (9) are in accordance with Figure 3.

Centrifugal forces are partially counterbalanced by counter-strategies, or
by other methods, for which readers are referred to (Mahalec et al, 2015).
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The tangential force causes the torque of the engine, which due to its
change has a variable value (unevenness is partially reduced by the
flywheel) (Mahalec et al, 2015).

In the absence of precise data, we assume that the torque that affects
the powertrain can be described by the term (Demi¢, 1990):

M =—M, -i, -i.,(0,95+0,1-rnd), (10)

where M, is the engine torque, and i, is the transmission ratio in the
differential, iy, is the transmission ratio in the transmission, and rnd
random numbers are evenly distributed in the interval [0,1].

The vibrations of the powertrain are also influenced by the vibrations
of the vehicle frame, which are incidental (Demi¢, 1997a), (Demi¢, 1997b),
(Shanguan et al, 2016). Since the complexity of the vehicle spatial model
exceeds the scope of this paper, it was considered appropriate not to use
frame excitations obtained based on a model but to adopt broadband
functions of the exitation in the following form:

exitation = max(rnd — 0.5), (11)

where max = 0.01 m, is work, and rnd has the same meaning as with the
torque of the engine.

The projections of the generalized forces include all the components
of the force and momentum of the corresponding mounts in the direction of
the observed axis (for mounts 1 to 4), the inertial forces and torque
moments of the engine, or the unbalanced inertial forces, as well as the
force of the active suspension which, due to the assumption that it opera-
tes at the powertrain center, has no moment.

Heat loads of the powertrain mounts

Due to the relative movement of the powertrain and the vehicle frame,
work is carried out in the mounts, which is equivalent to the amount of heat
Q (Boji¢, 2011), (lli¢c et al, 1996), (Moran, 2010), (Fermi, 2011), (Demic¢,
2001), (Demi¢, 2013), (Demi¢ & Diligenski, 2016), (Mitschke & Wallento-
witz, 2004). Mechanical work in mounts is defined by the expression
(Mitschke & Wallentowitz, 2004):

Aszm-dzrel =]Fm-'zre.-dt, (12)
0 0
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where F, is the elasto-damping force in the mount, z,,, ,Zre| is the relative

deformation and the deformation rate of the mount (respectively), and t is
the time of deformation.
The mean mechanical strength is given by the expression:

A kb
P:?z?lzm.-dt. (13)
As the effective value of the relative deformation speed of the mount is:
2 T
Zrelef =?.([Zrel dt (14)

then the mean strength can be written in the form;
2
P=K- Zreler ]
It turns into heat, with dominant convection:
P=a-S-Ar, (16)
where P is the power (heat flux), W; ais the coefficient of heat transfer,

W/(m?.°C); S is the convection surface in m% and Az is the temperature

difference between the mounts and the ambient air in °C.
Since « and S are of unknown values and require very complicated
research in order to be defined, they are not discussed in this paper.
Bearing in mind that all four mounts had the same characteristics, we
considered appropriate to carry out an analysis of total heat loads.

(15)

Numerical simulation and analysis of results

From expressions (2-11), it can be established that the differential
equations are non-linear and of second order. Since the Runge-Kutta
method requires them to be reduced to differential equations of the first
order before solving them, they are transformed into this form. In
differential equations 20 parameters were used to describe the
characteristics of the mounts, two inertial parameters, three parameters
describing translatory motion and three parameters describing angular
motion (movement, velocity, acceleration), 12 coordinates of the mounts
and three coordinates of the attack point of the resulting inertial force.
Differential equations were solved using the software that Demi¢, M. had
developed in Pascal. The integration was performed with a time step of
0.0001 s at 524288 points. This enabled a reliable analysis in the range
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0.019-5000 Hz. Obviously, this range is considerably broader than the exi-
tation range of engine motions and the complete powertrain of vehicles.
The integration of differential equations was performed for the case of
classical and hydraulic mounts.

The parameters of the vehicle and its powertrain are given in Table 1, and
the coordinates of the connecting points (mounts) in Table 2 (FAP, 2017).

The mechanical and hydraulic mounts had identical stiffness values in the
direction of the X, Y and Z axes, which were determined in FAP (FAP, 2017),
and shown in Table 3.

Table 1— Typical parameters of FAP1314 and its powertrain
Tabnuua 1— TunuyHble napamempsl ®Al11314 u e2o cunosozo npusoda
Tabena 1 — KapakmepucmuyHu napamempu go3uria ®Al11314 u keaose ro2oHcke epyrne

Maximum engine power, kW 100
Maximum engine speed, min™ 2600
Maximum engine torque, Nm 428
Speed at maximum torque, min”’ 1300
Vehicle mass, kg 12000
Mass of the powertrain, kg 1680
Moments of inertia I,/1,/1,, kgm? 85/35/72
Transmission ratio in the main gearbox, - 3.83
Transmission ratio in direct transmission, - 1

Table 2 — The coordinates of the connection points of mounts
Tabnuua 2 — KoopduHambl mo4yek coeOuHeHUs1 Oropab!
Tabena 2 — KoopduHame 8e3HUX mavaka oc/ioHaya

Position of mounts — a,m b, m c,m
Mount 1 0.5 0.4 0.1
Mount2 0.5 -04 0.1
Mount3 -0.5 04 0.1
Mount4 -0.5 -0.4 0.1

Table 3 — Stiffness of the used conventional and hydraulic mounts

Tabnuya 3 — XKecmkocmb ucrnonb3yemMbix cmaHAapmHbIX U 2uGpasnu4yeckux ornop

Tabena 3 — Kpymocmu KopuwheHUx Kiacu4yHUX u xuopaynudkux oc/ioHaua

cir N/m cio. N/'m? cis, N/m*
X 1200000 250000 60000
Y 1200000 250000 60000
Z 1200000 250000 60000
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In the absence of more precise data, the damping characteristics of the
mounts are approximately defined based on the stiffness of the mounts and
the weight they carry (Genta, 2003), (Simi¢, 1988), and given in Table 4.

Table 4 — Assumed damping characteristics of the mounts
Tabnuua 4 — lNpednonazaembie demnchupyrowue xapakmepucmuku ornopb!
Tabena 4 — lNpemnocmasrbeHe npuaywiHe Kapakmepucmuke ocrioHaua

ki1 (mechanical/hydraulic), Ns/m ki(mechanical/hydraulic), Ns*m?
X 620/62000 1/100
Y 620/62000 1/100
z 620/62000 1/100

For the sake of illustration, the vertical oscillatory exitations of the
powertrain derived from the frame exitations are shown in Figure 4. It is
obvious that the exitations are time-varying and high thermal loads of the
powertrain mounts are to be expected. A similar commentary also applies
when it comes to frame rolling exitations that are not shown here.

0.006 —
0.004 4
0.002
0.000

-0.002

Vertical exitation of frame, m

-0.004

-0.006

[+14] o1 0.2 03 0.4 (18]
Time, s

Figure 4 — lllustration of the vertical excitations of the frame
Puc. 4 — nnrocmpayus eepmukarnbHo20 8030y0eHusi pambl
Cnuka 4 — Uinycmpauuja eepmukarnHux nobyda oksupa

The total heat loads of the four-point system possessing elastic and
damping properties (for all components of force and momentum) are
calculated using expressions (2-15), and the results are shown in Figure 5,
where the values for the heat amount are given in the logarithmic proportions.

By analyzing the numerical data and Figure 5, it can be found that the
mechanical mounts suffer about 49 times less thermal load than the hydra-
ulic ones (for a time period of 52 s, the classical is about 4.85 x 108 J, and
the hydraulic one is 2.37 x 1010 J). This is understandable if one takes
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into account that the hydraulic mount, in addition to the hysteresis in the ti-
re, also has additional movement of the fluid within the mounts. Figure 5
shows that the amount of heat grows over time, and that, if thermal energy
were not conducted from the mounts, they would face distortion of the sha-
pe and characteristics.

—B

1E10

1E9 o

Mechanical work: B-classical, C-hydr., J
g
aal

T T T T 1
0 10 20 0 40 50 &0

Time, s

Figure 5 — Heat amount (mechanical energy) depending on the type of mounts
Puc. 5 — Konuyecmeo menna (MexaHuU4eckolaHepauu) 8 3agucumMocmu om muria ornopbl
Cniuka 5 — lMpomeHa Konu4uHe morsiome (MexaHu4ykoe pada) y OCrIoHyuMa,
3asucHo 00 murna ocrioHaua

350E+009 4

3.00E+009

2 50E+009 -

200E+009

1.50E+009 o

1.00E+009

Heat flux:Hydraulic, W

5.00E+008 <

0.00E+000 ~

Time, s
Figure 6 — The heat flux for hydraulic mounts
Puc. 6 — Tennosol nomok 0r1s1 2udpassiu4ecKuUx ornop

Cnuka 6 — lNpomeHa mornomHoe hrykca Kod xudpayiudkux ocrioHaua

As noted, the heat flux for both types of mounts is calculated, and the
flux for the hydraulic mounts is shown in Figure 6 for illustration. It is
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obvious that it changes stochastically with time, so it is useful to calculate
the effective values for both types of mounts, given in Table 5.

Table 5 — Statistical data on heat flux
Tabnuua 5 — Cmamucmu4yeckue daHHbIE O Mersio8OM MOMOKe
Tabena 5 - Cmamucmuyku nodayu 0 MoriomHoOM ryKcy

Mounts Effective value of heat flux, W
Classic 8.261 10°
Hydraulic 3.639 10°

The analysis of the data in Table 5 indicates that the heat flux is much
higher in hydraulic mounts than in the conventional (rubber-metal) mounts
of the powertrain. This indicates a higher possibility of disrupting the
characteristics of hydraulic mounts than those of conventional ones. That
is why they are larger than the classic ones. It points to the fact that such
high values are the product of rigorous exitations from the vehicle frame
used in the simulation. In practice, they are significantly lower and so are
the actual heat loads of the powertrain mounts. However, the research
carried out aimed to determine the ratio of the thermal loads of classic and
hydraulic mounts, with the help of models, so the results can be adopted
as orientational, which is acceptable in the freight vehicle design phase. It
should be noted that the amplitudes of vibrations of the powertrains in the
case of hydraulic mounts are significantly lower than in the case of
conventional mounts (Demi¢, 1990), (Simi¢ & Demi¢, 1992), (FAP, 2017).

As the aim of the research was to determine which component of the
exitation (including the exitation forces of the inertial force and the torque
of the engine) had the greatest impact on the thermal loads of the
powertrain mount, it was judged appropriate to clarify this problem further
on. It is known that a dynamic system with multiple input quantities and
one output quantity can be shown as in Figure 7. If there is a connection
between the input quantities, the system must first be decoupled (Bendat
& Piersol, 1993), (Bendat & Piersol, 2010). As the oscillatory model of the
powertrain had 4 oscillatory exitations (2 shifts and two exitations from
resulting inertial forces and the torque of the engine), we will summarize
the theory that enables the analysis of the influence of each individual
exitation on the thermal load of the powertrain mounts,heat fluxin
particular. Figure 8 shows the distribution pattern (Bendat & Piersol, 1993),
(Bendat & Piersol, 2010).
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Powertrain
suspension
system

Zn-h
?’ﬂ"‘

Fin —
—
Me

Figure 7 — Block diag

Q — amount of heat or heat flux,
Z, - vertical exitation from the vehicle frame (x1),

Oy~ exitation from rolling the vehicle frame (x2),

Fin — second-order inertial force (x3),
Me — engine torque (x4)

ram of the suspension system of the powertrain

Puc. 7 — brnok-cxema cucmembl no08ecKU curiogozo aegpeeama

Cnuka 7 — briok-Ouja

%3

epamM cucmema 3a oCliaHbake No20HCKe epyrie

3|

—
%21

1
E)
Xy Xaz
T T
E Zr

Xy

X4z
& e &)

Figure 8 — Decoupling scheme
Puc. 8 — Pasesi3bigarowjasi cxema
Cnuka 8 — lllema pacnpe3ara

Bearing in mind the theory from (Demi¢, 1990), (Bendat & Piersol,
1993), (Bendat & Piersol, 2010) and Figure 8, it can be written (all
quantities are given in the complex plane-Fourier or Laplace

transformation):
Xy =X
Xoq :Xl_L:lZ "X
(17)
X321 :Xs_l-13'X1_L23'X241!’
Xpgr =Xy — L1-4 X - |2-1-X2.4! - L3.4 Ky

where x4, X, X3, X4 are the

input quantities,

Xo110 X301 X3 -S€CONd conditional input with the eliminated influence of

the first input; the third co

nditional input with the elimination effect of the
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first and second conditional inputs; the fourth conditional input with the
elimination of the influence of the first and the conditional second and the
third conditional inputs, respectively.

The transfer functions between the input ports can be displayed as
follows:

X X X
L12:_2 |-13:_3 |-14:_41
X X X (18)

X2-1! X2-1!

where Lip, L3, Ly, Ly, Lyy are the corresponding transfer functions
between the conditional input quantities.

Note that portable functions indicate how much the output quantity is
increased or decreased in relation to the input quantity and how big is the
phase delay between them.

On the basis of expressions (17) and (18), partial coherence functions
can be calculated, and they indicate the coupling between the input and
output signals (Demi¢, 1990), (Bendat, 1998), (Bendat & Piersol, 1993),
(Bendat & Piersol, 2010).

2
Yio(iv l2 = [SiQ(H)!—] y (19)
s Soqi-n!

where Siqi.1y is the cross-spectra (the power cross-spectra is a complex
quantity that represents the boundary value of the mathematical expecta-
tion of the products of the conjugated-complex amplitude of one signal
and the complex amplitude of the second signal — it enables the analysis
of the spectral content of the interdependencies of the two signals) and
Sty and Sqq1y  are the corresponding autospectra (the power auto-
spectrum is a real quantity that makes the limit value of the mathematical
expectation of the products of the conjugated-complex and complex am-
plitude of the observed signal- it enables the analysis of the spectral con-
tent of a single signal). The function of ordinary coherence shows
whether there is a connection between the input and output quantities of
the system, and the partial coherence functions are used to analyze the
interconnections of the input and output quantities in the case when there
is a connection between the input quantities (Demi¢, 2001), (Bendat &
Piersol, 1993), (Bendat & Piersol, 2010).

xx(i-1)!
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Figure 9 — Partial coherence functions for hydraulic mounts: B-vertical excitation from the
frame, C-excitation from the rolling of the frame with excluded influence of the vertical
excitation, D-inertial force with excluded influence of the vertical excitation and rolling of
the vehicle frame and E-motor torque with excluded influence of vertical excitation and
rolling of the vehicle frame and the inertial forces of the engine
Puc. 9 — YacmuyHble ¢hyHKYUU KO2epeHmMHocmu 2udpaesiudeckux ornop:
B-sepmukanbHoe 8036yx0eHue om pambl, C-8036yx0eHuUe om KadyeHusi pambi 6e3
803MOXHOCMU 8MUSIHUST 8epMUKasibHO20 8030yxdeHusi, D-uHepyuoHHas cuna bes
B03MOXXHOCMU BIUSIHUST 8€PMUKaTbHO20 8036YXXOEHUS U KaYeHUs1 pambl
mpaHcropmHozo cpedcmea u E- momenm dsuzamerisi 663 803MOXHOCMU 8ITUSHUS
8epmuKarnibHo20 8036yX0eHUS U Ka4yeHUs1 paMbl MpaHCcropmHoeo cpedcmea
u cust uHepyuu 0suzamernsi
Cnuka 9 — MapyujanHe byHKUUje KoxepeHyu 3a xudpayru4ke ocrioHue: B — eepmukarnHe
rnobyde 00 oksupa, C — nobyda 00 sarbarba 0OK8upa ca UCK/bYYeHUM ymuuajem
sepmukasnHux nobyda, D — uHepyujanHa cuna ca Uck/by4YeHuUM ymuuajem nobyda od
8epmuKasiHuUX U 8asbaHba OK8upa 8o3una u E — MomeHm mMomopa ca UcK/by4YeHUM
ymuuajem sepmukarnHux rnobyda u sarbaqba oksuUpa 80o3ura U UHepuyujariHe cusie Momopa

For a more detailed analysis, the partial coherence functions
(expression 19) are calculated using the programs developed by the
author in Pascal (Demié, 2001). For the illustration purposes, Figure 9
shows the calculated values for hydraulic mounts. The data analysis for
the mechanical hydraulic mounts shown in Figure 9 shows that the
coherent partial functions depend on the frequency and type of exitations.
It is considered appropriate to carry out a more detailed analysis of the
data of the partial coherence functions. In that sense, the minimum and
maximum values of the coherent partial functions are calculated and given
in Tables 6 and 7.
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Table 6 — Minimum and maximum values of the partial coherence functions for mechanical mounts
Tabrnuya 6 —MuHUMarnbHbIe U MaKcuMaribHble 3HaYEHUSI napuuarnbHbIX ¢hyHKUUL
Ko2epeHmHocmu 0711 MexXaHUHYECKUX Orop
Tabena 6 — MuHuMariHe u MakcumasiHe peOHOCMU rapuujariHux gyHKUUja KOXepeHUU 3a

MexaHUYKe OC/IOHUe

min max
B 0.308 0.843
C 0.230 0.869
D 0.661 1.000
E 0.541 0.956

Table 7 — Minimum and maximum values of the partial coherence functions for hydraulic mounts
Tabnuya 7 — MuHuMarnbsHbie U MakcuMalsibHble 3Ha4yeHus napyuasnbHbiX hyHKUUU
Ko2epeHmHocmu Or1s 2u0pasiu4ecKux ornop
Tabena 7 — MuHumarnHe u MakcumasiHe epedHocmu napyujanHux yHKUuUja KoXepeHuu
3a xudpayrnu4ke oclioHye

min max
B 0.252 0.741
C 0.216 0.897
D 0.721 1.000
E 0.600 0.839

The analysis of the data from the given tables shows that the type of mo-
unts has an effect on the partial coherence functions, and that their values are
in the interval of 0.216 to 1, indicating that there is a connection between the
input quantities (the exitation from the vehicle frame and the resulting inertial
force and the engine torque) and heat flux (Bendat & Piersol, 1993), (Bendat
& Piersol, 2010). The resulting inertial force and the engine torque have a gre-
ater impact on the thermal loads of the powertrain mounts.

The realized research was aimed at determining the relation between
the thermal loads of the classical (rubber-metal) mounts and hydraulic mo-
unts, with the help of a model, so that the obtained results can be adopted
as a guide, which is necessary during the design phase of the conceptual
design of a freight motor vehicle. It should be noted that hydraulic mounts
have significantly better powertrain vibration damping parameters than the
classical ones (Demic, 1990), (Simi¢ & Demic, 1992).

Conclusion

Based on the research carried out, it can be concluded that with the
help of mechanical models, the influence of the characteristics of the
powertrain mounts on their thermal loads can be analyzed. The analyzes
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have shown that hydraulic mounts are more thermally loaded than the
conventional ones. Due to their heat loads and a complex construction, it
is understandable why they are more rarely applied in freight motor
vehicles. In order to verify the results,experimental research should also
be carried out.
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MPUNOXXEHWE K MCCNEQOBAHUIO TEMJIOBOW
HAIPY3KMOMOPBLI CMNNOBOIO NMPMBOMOA NrPY30BOIO
ABTOMOBUITA

Mupocnae [J. Qemny, HcHa [0. Tnuwosmy

YHuepcuTeT B r. Kparyesau, VIHXeHepHbIN dakynbTeT,

[enaptameHT aBTOTpaHCNOPTHLIX CPeACcTB 1 ABuratenen, r. Kparyesald,
Pecny6nuka Cepbus
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OBNACTb: MalMHOCTpOeHNe, aBToOMOOMNM 1 asuraTenm
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

lMod  delicmeuem  8030yKOeHUU,  BOSHUKAIOWUX 8  pe3yribmame
MUKpowiepoxogamocmu 0opoe, MpaHCMUCCUU, @ makke ycrioguli 08LMKeHUSsT
(YCKOpeHUE, MOPMOXKEHUE, KPUBOITUHEUHOE OBLDKEHUE), MacChl KOMMEPYECKUX
MPaHCIIOPMHLIX CPEOCIM8 COBEPLLIAKOM CIIOXKHbIE KoriebamersibHbIe O8UXKEHUS.
HeeamueHoe e030elicmeue amux nepeMewieHull, a CoomeemcmeeHHo U
OUHaMUYECKUX Hagpy30K Ha OMOPHYIO CUCIEMY MPaHCIIOPMHO20 chedcmea,
MOoXem Obimb CHLKEHO MpU COOmMeemcmeyroueM 6bIbope MoSoKeHUsT U
XapaKmepuCmUK Oropbl CUo8o20 agpeeama. Kak rokasbieaem npakmuka,
Mpu coariaco8aHuU XapakmepucmuK Oropbl CUI08020 npusoda Haue 8cez0
ydUmbIBatomcs makue GbaKmopbl, Kak MUHUMaIbHBIO WyM U eubpayuu
mpaHCropmHoe2o cpedcmea, 8 Mo 8peMsi KaK rpobrieme meriosbix Hagpy30K,
KOmMOopbIM  OHU  11008EP2atomcesi  npu  aKcriyamauuu,  Mpakmu4yecku  He
yoernsemcsi HUKaKo2o 8HUMaHUs. Heobxodumo yyumbigams mom ¢hakm, 4mo
M0BbILUEHHBIE MErTIoBble HagpPy3KU HEeU3bexXHO rpueodsim K MOSPEXOEHUIo
oropb! U yXyOWeHUto ee xapakmepucmuk. CrieQyem ommemums, 4mo Cusibl
Yrpy20-0eMrighepHbIX Oriop BbIrONHSIFOM MeXaHUYeCKyro pabomy, npeobpasysi
MEXaHUYECKYIO SHEP2UIO 8 METTIOBYr0. AHaU3 MEriosbIX Hagpy30K Ha Oropb!
MOxem Bbimb 8bIMOHEH C MOMOUWBIO MEOPEMUYECKUX, SKCIEPUMEHMA TbHBIX
U KOMOUHUpOBaHHbIX Memodos. B Hacmosiuel pabome rnpedcmassieHbl
pe3yrnbmams! Ucciie008aHusl, MOSTyYEHHbIE Ha OCHOBaHUU MEOPEmUYECKUX
mMemodo8 U YrpoueHHOU MexaHuYeckol modesiu mpaHcmuccud. B xode
uccriedogaHusi  UCrbimaHbl — eubpayuu  curiogo2o  npusoda  2py308020
asmomoburia cpedHezo Kriacca rpoussodcmeeHHol nuHetku @Al 1314. C
Y4EMOM IMO20, YMO COBPEMEHHbIE 2pYy308ble asmoMObUIU OCHaLUEHb! Kak
CmMaHOaPMHbIMU  MeXaHUYECKUMU, maK U eudpaeruqeckumu oropamu Obin
rpoeedeH aHaru3 Mmerviogol Hagpy3ku C MOMOWbLI MameMamu4ecko2o
MOOesIUpPOBaHUS, MPUMEHSIEMO20 8 060UX Criydasix. MiccriedogaHusi rnpogedeHb|
C uerblo ornpedesieHuUsi COOMHOLIEHUST Meryiogoll Hagpy3Ku CmaHOapmHbIX
MEXaHUYECKUX U 2UOpasIUYecKUux Orop C MOMOWbI0 MamemMamuYecKux
modesieli, makum 06pasoM, MOsTydeHHbIE PE3yrbmambl MOo2ym CYUmamiCsl
OpUEHMUPOBOYHLIMU, 4YMO  SIBISIEMCST  8aXKHbIM  (haKImopoM Ha  amarie
MPOEKMUPOBaHUST KOMMEPYECKO20 asmompaHCIiopmHo20 cpedcmea. AHarus
roKasasi, Ymo Ko/u4ecmeo mervia, ebipabambieaeMoz0 rpu MPUMEHEHUU
2udpaeruYeCcKUX Oriop, 3HaYUMEsIbHO 8bille, YeM 8 Crlydae IPUMEHEHUST
cmaHOapPMHbIX MexaHU4YecKux oriop. Kpome moeo, pacyem napuuaribHbIX
QOYHKUULI KO2EpeHMHOCMU meryiogoeo Momoka roKasas, Ymo UX 3HayYeHUst
Haxo0amcs 6 OQuarnasoHe om 0216 do 1, 4mo ykasbleaem Ha
83aUMO3a8UCUMOCTIb MEXOY 8XOOHBIMU 3HaYeHUSIMU U MErIo8bIM MOMOKOM.
Kpome moeo, OokazaHO, 4mO UHEPUUOHHasT cuna U Kpymsiyut MoMeHm
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OKasblearom boribliee rlusIHUE Ha MENTiosyro Hagpy3Ky CUIMOBbIX agpezsarmos,
YeM subpalioHHoe 8036y K0eHUE paMbl MPAaHCIIOPMHOZ0 cpedcmea.

Kntouesble criosa: 8036yx0eHUE, KOMMEPYECKULU asmompaHcriopm,
ornopbl, ModenuposaHue, cuoeoll Npusod, mernsioma.

MPUNOI NCTPAXMNBAKY TOMNOTHUX ONTEPEREHA
OCJOHALIA TTOIrOHCKE I'PYTE TEPETHOIr MOTOPHOI BO3WIA

Mupocnae 0. Oemuh, JacHa [. muwosumh
YHuBepautet y Kparyjesuy, ®akynteT nHxewepckux Hayka, Kategpa 3a
MOTOpHa Bo3una u motope, Kparyjerau, Penybnuka Cpbuja

OBJIACT: mawmnHCTBO, MOTOPHa BO3WMa 1 MOTOpH
BPCTAUJIAHKA: opyrmHanHun Hay4yHV YnaHak
JE3VKUYJTAHKA: eHrneckn

Caxemak:

lMod dejcmeom robyda 00 MUKpPOHepasHUHa rymeea, NMo20HCKe epyrie,
Kao u 00 ycrioea Kpemarba (ybp3asaH-e, KOYeHse, KPUBOUHUJCKO
Kpemare) Mace mepemHux eo3usia epuwie CrioKeHa [pOoCmopHa
ocyunamopHa kpemarba. HezamusaH ymuuaj mux kpemarsa, 0OHOCHO
OuHamuykux onmepehera Koje oHa u3a3ueajy u npeHoce Ha Hocehu
cucmeM 803uria, MOXe ce CMarUumu rpasusiHumM u3bopom rosoxaja u
Kapakmepucmuka OCcrioHaua rogoHCKe epyrie.

Y npakcu ce ycaenaluagarbe KapakmepucmuKka ocrioHaua ro2oHCKe apyrie,
Haj4ewhe, epwiu U3 ycriosa MuHUMariHe byke u subpavuja eosusa, npu Yemy
ce, yenasHoM, 3aHemMapyjy moriomHa onmepeherba Kojuma cy OHU U3STOXKEHU
y eKcrrioamauuju, a 3Ha ce 0a oHa HEMUHOBHO 00800e 00 owimehersa camux
ocrioHaya U Hapywiaeakha HUX08UX Kapakmepucmuka.

Tpeba HarnomeHymu Oa efiacmo-fipugyuwHe curne y OC/IoHUuuMa epuie
MexaHU4YKU pad Koju ce npemeapa y morniaomHy eHepeujy. AHanu3a mo-
nnomHux onmepehera ocrioHaua Moxe ce spwumu Kopuwherem meo-
PemcKuX, ekcriepuMeHmarnHux u KombuHosaHux memoda. Y oeom pady
ucmpauearba Cy epuieHa rnpuUMeHOM meopujckux memoda y3 Kopuwhe-
He yrnpowheHoe MexaHu4ko2 Modesia no2oHcke epyne. [Npu mome cy rno-
cMampaHe eubpayuje Mo2OHCKe epyre mepemHo2 MOIMOPHO2 8o3uria
cpedre Krace u3 npousgodHoe npospama DAl 1314. Umajyhu y eudy
3acmynybeHOCM KIacu4yHUX (2yMeHO-MemarsiHux) u xudpaysnudkux ocsio-
Haua ro2oHCKe epyre KOO caspeMeHUX mepemHUX MOMmMOpPHUX 803una, y
pady cy usepuwieHe aHanu3e mMorIomHux ornmepeherba MnomeHymoa 6o-
3una, y3 Kopuwhere mamemamudkoz moderna.

PeanusoeaHa ucmparuearba umara cy 3a yusb 0a ce ymepdu 00HOC mo-
nraomHuUx onmepehera KnacuqyHUX u xudpayrnu4ykux ocrioHaua, y3 rnomoh
molena, na ce OobujeHU pesynmamu Mo2y yceojumu  Kao
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opujeHmMayuoHuU, Wmo je HeornxodHo y ¢ha3u uspade udejHoz rpojekma
mepemHo2 MOmMOopHoe 8o3urna. AHanu3sa je nokasarna 0a je pasgujeHa Ko-
nuquHa moriome Ko0 xudpayruykux ocrioHaua euwecmpyko eeha Heeo
y criyyajy Kopuwhera Kracu4HUX ocrioHaua.

lNoped moea, uspadyHame napyujanHe byHKUUje KOXepeHyu moriom-
Hoz briykca cy rokasane 0a cy muxose epedHocmu y uHmepesary 0,216
0o 1, wmo yka3syje Ha mo da riocmoju eesa uamel}y ynasHux eenuquHa u
mornnom+oe ¢hriykca. lpu mome, gehu ymuuaj Ha moraomHa onmepe-
hersa ocrioHaua rMo2oHCKe gpyre umajy uHepuujanHa cumna u o6pmHu Mo-
MeHm Momopa Heao ocyunamopHe nobyde okeupa eo3ura.

KmmyuyHe  peyu: nobyda, KoMmepyujarHa  eo3usia,  OC/IOHUU,
Modenuparse, No2oHcKa epyna, mornsaoma.
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