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Abstract:

Hydrodynamic torque converters (hereinafter referred to as HDTC) are
becoming increasingly widespread in motor vehicles. The internal
combustion engine (ICE) and the HDTC system can be viewed as one
aggregate the output characteristics of which are uniquely defined by the
characteristics of the engine and the corresponding HDTC. Namely, the
engine and the hydro-converter can be considered as one system, with a
precisely defined output torque and output angular velocity. This creates a
possibility that the drive force can be calculated as if it is a mechanical
transmission, in which the output torque of the hydro-converter is the input
into the planetary gears train (if any). Harmonizing the joint work of the
ICE-HDTC is a complex process. An attempt has been made in this paper
to make a model of the aforementioned system in order to harmonize
more easily the characteristics of the combined operation of the internal
combustion engine and the HDTC.
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Introduction

The hydrodynamic torque converter (hereinafter referred to as
HDTC) is a turbo machine consisting of three or more blade wheels
(pump, stator and turbine) and transferring mechanical energy through
the working fluid in it (Burciu, 2004), (Keli¢, 1985), (Kirchner, 2007),
(Laptev, 1973), (Milidrag, 1987), (Demi¢ & Luki¢, 2011). For illustration,
the scheme of an HDTC on which (1) indicates a pump wheel, (2) is a
turbine wheel and (3) is a stator (Laptev, 1973) is shown in Figure 1. The
propulsion engine turns the pump wheel so that its blades force the fluid
to perform a complex movement. The liquid turns along with the pump
wheel and flows from the input to the exit from the blade channels. Due
to the energy transfer to the turbine wheel, the speed of the liquid
decreases. During its flow through the stator, the fluid changes direction,
causing appearance of a reactive torque. In the first approximation, it can
be argued that the total energy has not changed (if losses are neglected),
but that only redistribution between the kinetic and potential energy of the
liquid has occurred. If the redistribution of the kinetic energy is greater,
the torque of the turbine is higher than the torque of the pump and vice
versa, which depends on the HDTC operation mode. As the mode
change is continuous, such is the change in the torque and the angular
velocity of the output shaft.

In the application of the HDTC for motor vehicles, in order to achieve
harmonization of the characteristics of the combined operation of the
internal combustion engine (hereinafter ICE) and the HDTC, an additional
mechanical single-speed gearbox is often applied, before the pump wheel.
In addition, due to a low transmission ratio, the HDTC is usually combined
with a planetary mechanical gearbox installed before the final drive.

The analyses carried out in (Burciu, 2004), (Laptev, 1973), (Demi¢ &
Luki¢, 2011) showed that the ICE-HDTC systems can be viewed as one
aggregate whose output characteristics are uniquely defined by the
characteristics of the engine and the corresponding HDTC, which will be
discussed below. Namely, the engine and the hydro torque-converter can
be considered as one system, with an exactly defined output torque and
output angular velocity. In doing so, the driving force of a vehicle can be
calculated as if it is a mechanical transmission whose output torque of
the HDTC is actually the input to the planetary gearset (if any). It is
emphasized that the harmonization of the combined operation of the ICE
and the HDTC is a complex task (Milidrag, 1987).
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Figure 1 — Scheme of one HDTC
Puc. 1 — Cxema o0Hozo '[JTKM
Cnuka 1 - LLlema jedHoe X TOM-a

Therefore, an attempt is made in this paper to simplify the task by
using a mathematical model. Furthermore, in the following text, the
behaviour of vehicles equipped with HDTCs will be observed in variable
modes of motion, which required the definition of a system model that
includes non-stationary and stationary operations of the ICE-HDTC
system. This problem is very important for traffic in a wider sense
because it enables the calculation of performances of motor vehicles.

Modelling the combined operation of the ICE-HDTC

In order to better understand the model forming process, the
definition of the most important parameters of the HDTC is briefly given,
(Burciu, 2004), (Demi¢ & Luki¢, 2011).

The hydraulic transmission ratio of the converter:

j=—t=—L. (1)

i=—l==, 2)




where

@y , @y, Ny, N - angular velocities and revolutions per minute (rpm) of
the pump and the turbine wheel, respectively.

Slip:

— 1
:np ny =1—l'=1—.—. (3)

np I,

S

The hydrodynamic torque of the pump and the turbine wheel.
M, = 2,pD°n; )
M, =2, pD°ny,

where

}bp,ﬂT - torque coefficient of the pump and the turbine wheels,

respectively,
P - density of the operating fluid, and

D - active diameter of the converter.

The torque Transformation Coefficient:

AR (5)

The hydraulic efficiency represents the power ratio of the turbine to
the pump:
P Mo M, ) 1
:_T: r=r = P T:k]:k— (6)
PP MP(OP MP(OP Ly
For illustration purposes, Figure 2 shows the transmission diagram
of a vehicle with the HDTC (Burciu, 2004), (Laptev, 1973), (Demi¢ &
Luki¢, 2011).

m

Me ,Ne IVIP 0 M. RO
M
Engine S:(?L%Z); Pl HDTC |T Transmission ?O-
o}
LI P Ny Nyl

Figure 2 — Scheme of the vehicle transmission with the HDTC
Puc. 2 — Cxema mpaHcmuccuu asmomobuns ¢ [TKM
Cnuka 2 — lllema mpaHcmucuje so3una ca X4TOM
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In the case of the straight-line motion, the vehicle overcomes the
same resistance forces as in the case of mechanical transmission, so the
differential equation of motion of the vehicle can be written (Demié¢ &
Luki¢, 2011), (Genta, 2003), (Gillespie, 1992), (Jankovi¢ & Todorovi¢,
2001), (Milliken & Milliken, 1995):

R =F,—R,~R-R =F-3 R, (7)
where
R;j - inertial resistance (resistance of inertial forces),
Rz - rolling resistance,

R, - aerodynamic resistance, and
R, - gradient resistance.

Based on (7), it follows:

dv F,-> R
= (8)
dt mo,

where

oy - rotational mass coefficient which takes into account the mechanical

and hydraulic elements, 6,=3,,% 0.

Vehicle speed is given by the expression:
2zn 1
V= e'd

. 9)
L1

where

ne - engine speed-rpm,

iy - the final drive ratio, and

im- the planetary gearset ratio.

The torque on the drive wheels, according to the power and torque
transmission scheme shown in Figure 2, is given by the expression:

M =M,iinn,, (10)

T0"m

where
.1, - efficiency of the final drive and the planetary gearset, respectively.

The tractive force on the drive wheels is (Demi¢ & Luki¢, 2011):
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M M.ii
F;: o _ Tomnonm. (11)

Ly T

The torque on the HDTC turbine’s output shaft is (Burciu, 2004),
(Keli¢, 1985), (Kirchner, 2007), (Laptev, 1973), (Milidrag, 1987), (Demi¢
& Luki¢, 2011):

M, = kMP . (12)
Based on (11) and (12):

i ..
F =M il .
T

The system shown in Figure 2 can be seen as two subsystems, i.e.
two equivalent masses rotating (1, II) (Demi¢ & Luki¢, 2011):

- one subsystem includes the masses of the rotational parts, the
mass of the shaft and the part of the pump before the converter, all parts
being reduced to the pump’s shaft, and

- the other subsystem that includes the masses of the rotational and
translational moving parts behind the hydrodynamic converter, whereby
all parts are reduced to the turbine’s output shaft.

Subsystems | and Il are shown in Figures 3 and 4.

The first subsystem
By applying Newton's law to subsystem | (Figure 3), it is obtained:

da,
J——=M —-M,, 14

where
J1- equivalent moment of inertia of the first subsystem, and
M; - torque of the gearbox reducer given by:

M =Min., (15)

where
M: - engine torque,
iy - transmission ratio of the additional mechanical gearbox, and

n). - efficiency of the additional mechanical gearbox.

Therefore, differential equation (14) takes the form:
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do
P .
J; " =Min —-M,. (16)
M M M
Engine |—>{ Gearbox | 7t f pymyy [
0e Reducer o, Op
Ny

Figure 3 — Subsystem |
Puc. 3 —lNodcucmema |
Cnuka 3 — Nodcucmem |

The inertial moment of subsystem | can be determined as the sum of
the hydraulic M,,” and the mechanical M,," moments of inertia:
Milrz:Mii_'_Mi]:[’ (17)
where
MinM - moment of inertia of the mechanical part: M f,‘f =J. o
Minp- moment of inertia of the hydraulic part:
M)=MYin =J.o.in,,

in in

z

ir- transmission ratio of the reducer: i, =— and
)
P

@, - angular acceleration of the flywheel: & . = @ i, ,
Jz - moment of inertia of the flywheel.
The moment of inertia of the hydraulic part of subsystem | is:

Mii: = Jza)Pirirnr = Jza.)Pirznr . (18)

The summary moment of inertia of subsystem | is:
Mzit :(Jp+Jzi}’277r)a)P :Jld)P' (19)

The equivalent moment of inertia of part | is:
J,=J,+J.i’n,. (20)
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Second subsystem

My F
Motr Planetary M "
H 0
Turbine gearset ®, . G PM
0) ] o
T nm,l - Fol

Figure 4 — Subsystem Il
Puc. 4 — Nodcucmema Il
Cnuka 4 — Nodcucmem Il

Based on the distribution scheme of the torque and the tractive force
of the vehicle, the resistant moment of the vehicle can be determined,
Figure 4.

Er,

M —,
lﬂ’l l() 77m 77()

OTR = (21)
where
Fo=Fu+Fy - tractive force on the drive wheels, equal to the sum of the
tractive forces on the left, Fi,; and right wheels Fy,

By applying the Newton’s law to subsystem I, shown in Figure 4, it
is obtained:

59%

p —M, (22)

where
J> - equivalent moment of inertia of the second subsystem.

If expression (21) is taken into account:

d Fr
S =My (23)
dt iimnm,
The moment of inertia of the wheels is:
Mntockova = ZJtoca.)toc ! (24)

where

Jioc and Wwe - Moment of inertia and the angular acceleration of the
wheels, respectively.
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If it reduces to a turbine wheel, it follows:
J o
MT z toc " toc (25)

in  tockova ;7
lmloﬂmno

where angular acceleration is:

a>t0c = oL (26)

m-o

The final form of equation (25) becomes:

J
T Z toc .
intockova = 2.2 a)T ' (27)
lmlonmno
The moment of inertia of the mechanical transmission is:
in _ .
M transm Jtransma)transm ! (28)
where the angular acceleration of transmission is:
. o,
a)tmnsm = l_ ' (29)

m

The moment of inertia of the transmission reduced to a turbine
wheel:

J o Or I,

T _ Y transm . __ Y transm transm
Mintmnsm - . a)trunsm - . .2 a)T . (30)
The total moment of inertia is:
T T T
Mi” u Min trans + Mm toc ! (31)
namely:
I, e . .
Miyr; u = wp + z e a)T + Jturba)T (32)

l:z 77m ! l(? lri nm 770
The moment of inertia of subsystem Il is, (Figure 3):

J >J
o=t (33)
lm’]m lolmnonm
The total resistance of the inertial forces is equal to the sum of the
resistance of the inertial forces due to the accelerated movement of the
vehicle and the accelerated movement of the rotating parts:
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R/ — R;raml + R;ot ] (3 4)

The inertial force due to the accelerated translation movement of the
vehicle is:

rans. dv
R™ =m—. (35)
dt
The inertial force generated by the accelerated rotational movement
of the vehicle parts can be presented as the sum of the inertial forces of
the rotational parts of the wheels and the transmission parts:

R;m — R;ransm + R;(Jc ’ (36)
that is,
ii do
R{mnsm =7 77m770 mio T ’ 37
g <, Bl do 37)
where

- the inertial force due to the accelerated rotational movement of the
transmission elements and

Y, dw
Rt'OC — =T toc
J r, dt ! (38 )

- the inertial force that occurs due to the accelerated rotational
movement of the wheels.

The angular velocity at the exit of the turbine wheel is:

.. V..
a)T :a)toclolm :_lolm ' (39)
Ta
The angular acceleration of the turbine wheel is:

do, _ Lyl dv

e r, dt’ (40)
The angular acceleration of the wheel is given by the expression:
do, _Ldv )
d rdt

After arranging, the final expression for the resistance of inertial
forces is obtained:
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2.2
R =|m+ Zjd;w +J, ’mlor’:zm”” %, (42)
O
or
. m(1+ 2, i,iifﬂmﬂo)ﬂ | (43)
/ mr? P omr? ) dt

If (according to 42 and 43) the total resistance of the inertial forces is
defined as: R ;=m o0, j ,the mechanical rotational masses coefficient,

O, iS:

2.2
5, =1+ s +£lml”772"177” : (44)

2
mr;,  m 7

The angular velocity of the pump wheel is:

. ...V
Wp =L,0, =1, I —. (45)
T
The angular acceleration of the pump wheel is:

do, di,..v .. . 1ladv
- = _lmlo —+ lhlmlo T (46)
dt dt v, r, dt
di, di, dv

If a shift is introduced: g 4y 4z, the angular acceleration of the
pump wheel is:
% :%(vﬁﬂ'},jﬂ . (47)
da r, \_ dv dt
The torque that is transferred from the engine to the gearbox
reducer according to Figure 1 is:

Mf :Aleirnr ! (48)
further:
i1 di dv
Jomoely— i | —=M -M,. 49
1 Vd ( dv hjdt r P ( )
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Bearing in mind the traction balance of the vehicle, and after the
corresponding transformations:

m 5m+£J2+le(v%+ihj & _ bk, 3R, (50)
m dv dt
where
Il i1
C="n p_"m0 51
" C (51)

Based on expression (51), the equation for the rotational masses
coefficient of the hydraulic part of the transmission is:

5, =2 {Jz +k11(vﬂ+ihﬂ . (52)
m dv

The analysis of expression (52) shows that the rotational masses
coefficient, in the case of the HDTC, depends on the inertial parameters
of the mechanical part of the transmission, and also on the
transformation of the fluid energy in the HDTC.

Now the traction balance equation can finally be written (Demié¢ &
Luki¢, 2011):

m(§m+5h)d—‘;:%Mr—ZR. (53)
Lnlo
or
m(gm +5h)ﬂ — Mekzmlolrnmnonr —YR.
dt 7,

(54)

A system of differential equations that describes the motion of a
hydrodynamic transmission system is:

dw
J, dtP =M, -M,,
dw
S =M, -M,,, (55)
(5, +5,) % = Malllak 5
dt i
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Dynamic simulation

In order to research the reliability of the applied mathematical model
of the combined operation of the ICE-HDTC, it was considered
appropriate to apply it to the example of a Florida diesel engine prototype
(Wong, 2001). In this case, the engine and the HDTC were used and
their experimental characteristics are shown in Figures 5-7 (indicated by

B).

[

(=1

o
L

Engine torque: B-expon. C-model, Nm

T T LA LEa ER S S|
20 40 60 80 100
rpm, o/s

Figure 5 — Torque of the applied engine
Puc. 5 — Kpymsauwjuli momeHm ucrisimyemozo 0guzamersi
Cnuka 5 — O6pmHuU MoMeHmM riocMampaHo2 Mmomopa

o
L

=]
@
1

Torque Transformation Coefficient, B-expon. C-model, -

T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Transmission ratio of converter, i, -

Figure 6 — Torque Transformation Coefficient
Puc. 6 — KoaghgpuyueHm mpaHcghopmayuu Kpymsiue2o MomeHma
Cnuka 6 — KoeguyujeHm mpaHcghopmayuje o6pmHo2 MoMeHma
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Figure 7 — Pump Torque Coefficient
Puc. 7 — KoagbgpuyueHm Kpymsiuie2o MoOMeHma Hacoca
Cnuka 7 — KoeguyujeHm momeHma rymMrHoe Kona

For the purpose of easier dynamic simulation, the experimental data
in Figures 5-7 were approximated by polynomials. Bearing in mind that
the observed engine has regulated characteristics, its torque could not be
more precisely modelled with the second-degree polynomial (Simi¢,
1988), so the minimum of the sum of squared errors was satisfied by
using the fifth-degree polynomial. The HDTC data were approximated by
the third-degree polynomial. The calculation of the unknown coefficients
of polynomials was carried out using the program in Pascal, based on
optimization methods.

The coefficients are shown in Tables 1-3.

Table 1 — Engine torque
Tabnuua 1 — Kpymsawud momeHm dguzamerisi
Tabena 1 — O6pmHuU MoMeHmM mMomopa

ao 4.337*10'
a 5.064*10°
ar 4.351*102
as 7.163*10™"
as 6.173*107
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Table 2 — Torque Transformation Coefficient
Tabnuya 2 — KoaghghuyueHm mpaHcghopmayuu Kpymsu,eao MoMeHma
Tabena 2 — KoeguyujeHm mpaHcghopmayuje o6pmHoz MoMeHma

ao 1.167*10°
a 1.161*10™
as 9.779*10*

Table 3 — Coefficient of the pump torque
Tabnuuya 3 — KoaghgpuyueHm kpymsuwe2so MOMeHma Hacoca
Tabena 3 — KoeguuyujeHm momeHma rymrHoe Kona

ao 9.720*10™
a 5.073*10™"
ar 3.313*10°

The vehicle and the HDTC used in the dynamic simulation are given
in Table 4 (Zastava automobili, 2008).
Table 4 — Basic data on the used vehicle and the HDTC
Tabnuuya 4 — OcHogHble daHHble 06 6/y asmomobune u ITKM
Tabena 4 — OcHogHuU rnodayu o KopuwheHom so3urny u X TOM-y

m 1200, kg

ry 0.273, m

i 1;1,5, -

I, 8.5, -

i 0.35, -

o 0.7, -

o 0.98, -

n 0.96, -

o 0.98, -

f 0.02, -
K*4 0.525, Ns%/s?

1y 25 m

J, 0.92,kgm’

J, 0.90, kgm?
Siransm 1, kgm?
Juoc 5,kgm”

J. 0.1, kgm®

D 0.11, m
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It is noted that the harmonization of the engine and the HDTC
characteristics is achieved by changing the active diameter D of the
pump wheel or the gear ratio, i;, of the gearbox reducer, which is installed
between the engine and the HDTC (Laptev, 1973), (Demi¢ & Lukic,

2011):
5 2
ir =3 M (56)
\ M.,
where

D - active diameter of the HDTC,

Mp - torque on the pump wheel,

Ap - torque coefficient of the pump, and
wp - angular velocity of the pump wheel.

In practice, the HDTC transmission ratio is chosen from the
requirements for ensuring the best traction and speed characteristics of
the vehicle and fuel consumption. If j; is calculated from the conditions of
the vehicle starting from a standstill, then Ap has the value for i, = 0. In
addition, w=(0.75+0.85)*w, for motor vehicles with diesel engines, where
wp, is the angular velocity at the maximum engine power.

In this case study, the calculated value for i; is 0.35, which means
that instead of the reducer, it is necessary to use a speed multiplier
gearbox.

Due to non-linearity, differential equations (55) were solved
numerically using the Kutta-Merson method in the program realized in
Pascal. The initial integration step was 0.001, s, and the integration was
carried out at 500,000 points, which ensured the reliability of the results
in the area 0.002-500, Hz (Bendat & Piersol, 2010). Bearing in mind that
the aim of the simulation was to calculate the performance of a vehicle
with an HDTC, this frequency range is acceptable.

It was considered appropriate to analyse the performance of the
motor vehicle, and therefore a dynamic factor is calculated (Simi¢, 1988)
according to the formula:

DV:FE)_RV
m

= fcos(u) +sin(u) +% Jj. (57)

where the labels from the preceding text, that is, the usual labels from

(Simi¢, 1988), were used, so here they will not be specifically explained.
It was concluded by the analysis that only the results of a dynamic

factor simulation in the case of 100% fuel injection in the engine and a
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transmission ratio of the planetary gearset 1, i.e. 75% of the fuel injection
in the engine and the transmission ratio of the planetary gearset 1.5,
should be shown here in Figures 8 and 9 (and not the performance of the
HDTC, which is treated as a black box).

0.14+

0.12

0.10

0.08]

0.067

Dynamic Factor,

0.04-

0.02+

O e e A E e ey o pe

0 10 20 30 40 50 60 70 80
Vehicle Speed, m/s

Figure 8 — Dynamic factor for 100% fuel injection in the engine and transmission ratio of
the planetary gearbox equal 1
Puc. 8 — funHamuyeckuli koaghcbuyueHm 0ns1 100% enpbicka monnusa 8 dguzamerib U
rnepedamo4yHO20 Yucsia 8 rniiaHemapHoU Kopobke nepeday paseH 1
Cnuka 8 — [JuHamuyku ¢cbakmop 3a 100% doso0a eopusa y MOMOpP U MPEHOCHU 0OHOC Y
rnaHemapHoOM rPeHOCHUKY jedHak 1

) O
() w
L ]

Dynamic Factor, -
o
|

0
(=}

5 I i’ I b I
0 20 40 60
Vehicle Speed, m/s

Figure 9 — Dynamic factor for 75% fuel injection into the engine and transmission ratio of
the planetary gearbox equal 1.5
Puc. 9 — fuHamuyeckuli koagpgbuyueHm 0nsi 75% enpbicka mornnusa 8 0guzamerbs U
nepedamoyHo20 Yucrna 8 rnaHemapHoul Kopobke nepeday paseH 1.5
Cnuka 9 — [QuHamuyku ghakmop 3a 75% 0osola 2opusa y MOMOP U NPeHOCHU 0OHOC y
rnnaHemapHOM MPeHOCHUKY jeOHak 1,5
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Results and analysis

Using all the calculated values of the dynamic factor, which are
partially shown in Figures 8 and 9, and the procedures described in detail
in the references (Demi¢ & Luki¢, 2011), (Jankovi¢ & Todorovi¢, 2001),
(Simi¢, 1988), the maximum values of the dynamic factor and the speed
at which it occurs (Dmax and Vpmax), the maximum vehicle speed (Viax),
the maximum vehicle acceleration (jnmax) and the maximum slope the
vehicle can climb (umax)are calculated. The values were calculated using
a program developed in Pascal, and the data are shown in Table 5.

Table 5 — Maximum values
Tabnuua 5 — MakcumarbHble 3Ha4YeHUsl
Tabena 5 — MakcumarHe epedHocmu

Fuel im, = | DumaxVoumax, -/m/s Vimax, M/S Jmax, M/S” | Umax, %
supply,%

100 1 ]0.129/30.97 62.47 0413 10.9
50 1 | 0.088/26.54 53.34 0.257 6.8
100 1.5 | 0.292/25.73 54.71 0.775 272
75 1.5 | 0.212/24.59 51.76 0.547 19.2
50 1.5 | 0.133/22.61 46.98 0.322 113

Based on the data in Table 5, it can be determined that a better
performance is achieved in the case of the maximum fuel supply for both
transmission ratios in the planetary gearbox. With the reduction in the
amount of fuel brought into the engine, the performance of the vehicle
also drops. It should be noted that with the transmission ratio in the
planetary gearbox equal 1, it was impossible to move the vehicle (the
calculated speed of the vehicle had values below 0).

By analysing the effect of the transmission ratio in a planetary
gearbox, it was found that all performance parameters are better in the
case of a reduction in it, except for the maximum speed which in this
case is lower. This is understandable when taking into account the facts
in (Demi¢ & Luki¢, 2011), (Jankovi¢ & Todorovi¢, 2001), (Simi¢, 1988),
which relate to the theory of the movement of motor vehicles with
classical-mechanical gears.

It should be noted that some data whose values had to be
approximately determined were used in this paper, such as: moments of
inertia, masses of individual parts of the aggregate, etc., which inevitably
leads to errors in the simulation results. Therefore, it is necessary to pay
more attention in the following period to the experimental determination
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of the inertial parameters of the vehicle and its aggregates as a whole, or
of the constituent elements. The used model vehicle (engine)-passenger
makes it easier to harmonize their combine operation.

Conclusion

The developed ICE-HDTC model makes it easy to calculate and
analyse the performance of motor vehicles. In the following period,
attention should be paid to the experimental determination of the
necessary parameters in order to improve the reliability of the simulation
results. The used model makes it easier to harmonize the combined ICE
- HDTC operation in variable vehicle regimes.
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MPUNOXEHNE K AHAIIUTUYECKOMY PACYHETY
QPPEKTVMBHOCTU ABTOMOBUNA C TMOPABNNYECKNM
TPAHCO®OPMATOPOM KPYTALWENO MOMEHTA

Mupocnas [. Oemundy®, ScHa [. Mnuwosuny®
@ AkaemMus MHXeHepHbIX Hayk, r. Benrpaa, Pecny6nuka Cepbust
6YHvuaepCMTeT B r. Kparyesau, VIHxxeHepHbIA hakynbTerT,
[enapTameHT aBTOTPaHCMNOPTHLIX CPEACTB 1 ABUraTenen,
r. Kparyesau, Pecnybnuka Cepbus

PYBPUKW: 55.43.00 ABTOMOGUECTPOEHME
BWO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickmin

Pe3some:

ludpoduHamuyeckue mpaHcopmMamopbl Kpymsuwjeao MOMeHma
(Ganee  umeHyembie  TKM)  cmaHossmcsi  ece  bornee
pacrnpocmpaHeHHbIMU 8  aBmoMObUNIbHOU  MPOMbIWIEHHOCMU.
Cucmema TATKM u OJdsuzamenb 6HympeHHe20 ceopaHus (ABC)
paccMampugaromces Kak agpezam, 8bIXOOHble XapakKmepucmuKku
Komopo2o  OOHO3Ha4YHO  ofpeldeniAlmesa  xapakmepucmukamu
Osuzamensi u coomgemcmesyowum ITKM. A umeHHo, dsuezamernb u
audpompaHcgopmamop MOXHO paccMampusame Kak eOUHYH

cucmemMy ¢ MoYHO oripedesieHHbIM 8bIXOOHbLIM KPYyMSAUWUM MOMEHMOM
u yernoeoli ckopocmbio Ha ebixolde. Takum obpasom co3zdaemcs
B803MOXHOCMb pacyema 0suxywel cusbl mak, Kak amo denaemcs
npu pacdeme MexaHuU4Yeckol mpaHcMuccuu, 6xOo0HoU cuzsHan 8
nnaHemapHyto Kopobky rnepedady komopol (ecriu ecmsb) serissemcs
8bIXOOHBbIM ~ KpymMsSWUM  MOMEHmoOM  2udpompaHcgopmamopa.
CoenacosaHue cosmecmHol pabombi [JBC — TOTKM sensemcsi
8ecbMa CIriOXHbIM rpoueccoMm. B daHHOU cmambe bbina cOenaHa
rnonbimka ripedcmasume MOOesiupo8aHUe 8bILIEONUCaHHOU CUCMEMBI,
C Uernbio yrpowleHUs rpoyecca coeafacogaHusi Xapakmepucmuk
cosmecmHoUl pabomel 0suzamernsi BHympeHHe20 czopaHusi u I [TKM.

Knrouessie criosa: mpaHcriopmHble cpedcmea, 0suzamernu,
eudpoduHamudeckul, 2uépompaHcghopmamop,
npou3eodumesibHOCMb.

NMPUNOr AHAIIMTNYKOM N3PAYYHABAHY NMEPO®OPMAHCHK
MOTOPHOI" BO3UINA CA YITPABEHUM XNOPAYITNYKUM
TPAHC®OPMATOPOM OBPTHOIr MOMEHTA

Mupocnas [. Demuh?®, JacHa . Imwosmh®

@ Akagemuja nHxermepckux Hayka, beorpaa, Peny6nuvka Cpbuja
YHusepautet y Kparyjesuy, ®akynteT nHxeHwepckmx Hayka, Kategpa 3a
MOTOpHa Bo3una u motope, Kparyjeau, Penybnvka Cpbuja
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OBJIACT: mawnHCTBO, MOTOPHA BO3WMa 1 MOTOpH
BPCTA YJTAHKA: cTpy4Hu paa
JE3VWK YJTAHKA: eHrnecku

Caxemak:

XudpoduHamuyku mpaHcghopmamopu obpmHoe momeHma (X TOM)
Hanase cee wupy npumeHy K00 MoOmopHuUx go3una. Cucmem mMomop ca
yHympawbum cazopesarem (MCYC)-XATOM moxe ce nocmampamu
Kao jedaH aepezam, 4uje cy u3nasHe Kapakmepucmuke jedHO3HayHO
OegbuHucaHe Kapakmepucmukama momopa u odzosapajyhez XTOM-a.
Haume, momop u xudpompaHcghopmamop Moey ce rnocmampamu Kao
jedaH cucmem, ca mayHO OecbuHUCaHUM U31a3HUM MOMEHMOM U
usnasHoMm yeaoHom 6psuHom. To cmeapa moeyhHocm Oa ce ro2oHcka
cuma Moxe uspadyHamu kao Oa ce padu O MexaHU4YKoj mpaHCcMUucUju,
quju je yna3s y nnaHemapHU rPEeHOCHUK (aKko rnocmoju) usnasHu MOMeHm
xudpompaHcgopmamopa. Ycaznawasar-e 3ajedHu4Ko2 pada
MCYC-XJTOM npedcmasrba crioxeH npouec. Y ogom pady HacmojaHo
Je Oa ce nomeHymu cucmem Modlenupa, kako bu ce wmo jeOHocmasHuje
Moarie ycazriacumu Kapakmepucmuke 3aje0Hu4koz pada Momopa ca
YHympauwrum cazopesarem u X4TOM-a.

KrbyuHe peyu: eosusa, Momopu, XudpoduHaMuyku, mpaHcghopmamop
0b6pmHoe MoMeHma, nepghopmaHce.
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