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Recently, electric vehicles are becoming widespread throughout the world, so the research is relevant. The results of per-
formed researches of dynamics electric car on the basis of ZAZ-1102 are presented. The calculation method of dynamic loads
in electric and mechanical systems of electric cars is developed. The technique considers the electromagnetic processes in the
engine, the elasticity of the elastic parts, the oscillatory processes, and damping in the elastic links. On the basis of the devel-
oped mathematical model and using the mathematical software apparatus MathCAD, calculations of transients in the electric
and mechanical systems have been obtained, based on the obtained results of the research, the constructed graphs.
The obtained results of the study of the electric motor drive mechanism can be used for designing, calculating and determin-
ing the dynamic loads of electric cars and their hybrids.

Keywords: mathematical model, electric car, drive, mechanical and electrical systems, dynamic loads, flexibility,
electromechanical processes, oscillatory phenomena.

JlocaigxeHHs ITUHAMIKH eJIEeKTPOMOoOiIs

Jhotenxo B.€."*, Hecrepenxo M.IL% Jlypauenko I'.d.>, Hecrepenko M.M.*

1234 TonTaBchkuil HaIliOHATBHNMI TeXHIUHMH yHIBepcuTeT iMeni FOpis Koumparoka
*Anpeca misa muctyBanHsa E-mail: E-mail: viutik@ukr.net

OcraHHIM 9acoM eleKTpoMoOiii HaOyBaroTh IOIIMPEHHS B YChOMY CBiTi, TOMY HMPOBEIEHI NOCII/UKEHHS € aKTyaJbHUMU.
HaBezneHo pe3ynbTaTé BUKOHaHUX JOCITIDKEHb IMHAMIKH elekTpoMoOinst Ha 6a3i 3A3-1102. 3anpornoHoBaHa MeTOMKA PO3-
paxyHKy JUHaMIYHUX HaBaHTaXEHb B EJIEKTPHUYHIH Ta MeXaHiUHIH cucremax eyekTpomoOunss Ha ©6a3i 3A3-1102.
VYV Meronuii BpaxoBaHO €JIEKTPOMArHiTHI MPOLECH y IBHTYHI, MOJATIIMBICT MPYKHUX JTaHOK, KOJUBAIBHI MPOLECH, AEMII-
¢dbyBaHHS y TMPYKXHHX JaHKaX. Po3po0iieHO HOBY MaTeMaTHYHy MOJENb MU JOCHIIKCHHS TUHAMIKH EJIEeKTPOMOOLNS.
Po3paxyHKOBy cxeMmy eJeKTpOMOOLIS 3 MPUBOJIOM HABEAEHO Y BUIJIAAI JBOMACOBOI NMPY)KHOI CHCTEMH 0e3 ypaxyBaHHS I10-
JATIMBOCTI HEPYXOMOI HaCTHHH €JIEKTPOMOOLIA, BBaXKalOuH, 1[0 BOHA Ma€ BENUKY XOpCTKicTh. [IpuBin enexrpomolbinsg 3a-
0e3meuyeThes 3a JOTOMOTOI0 OIHOTO eNEeKTPOABUryHa. [Ipy po3risaai JMHAMIYHMX HABAaHTAXCEHb, SIKI BUHUKAIOTh Y MEXaHi3-
Mi IIpHBOJIa €IEKTPOMOOIIS M 9ac HOoro IMycKy, sIK OCHOBHUH KPHUTEPi yMOB HABAHTAXKEHHS CHCTEMH HPHHHATO IIOBOPOT
BEIy4Oro KoJjieca 3 MAKCUMaJIbHUM HOTO HaBaHTA)KEHHSM, TOMY IMPUBEECHHS BCIX Mac IMPUBOJA, XKOPCTKOCTEH NPYKHUX JIa-
HOK, a TaK0X CHJI 3/1iiCHEHO JI0 oci 0OepTaHHs Beaydoro koyeca. EnemeHTn 06epTOBMX YaCTHH NMPUBOAA, BeAydi (PUBIIHI)
KoJieca SIKI MAlOTh 3HAYHI KOPCTKOCTI IIPH HEBEIUKHUX PO3Mipax IO JOBXKHHI, IPUHHATO SK JIAHKH 13 30CepeIKEHIMH Maca-
MH. 32 JIOTIOMOTOI0 PO3pO0JIeHO] MaTeMaTW4yHOi MOJENi 3 BHKOPHUCTAHHSAM MaT€MaTHYHOTO MPOTrPaMHOro 3abe3neyeHHs
MathCAD pocrnikeHo AMHAMIKY MYCKY MPUBOJIA SICKTPOMOOLIS Ta OTPUMAHO CHITH, MOMEHTH, IPHCKOPEHHS, 110 BUHHKA-
I0Th y MPYXHUX JIAHKaX €IeKTPOMEXaHIYHOI JUHAMIYHOI CHCTEMH. 3a JOTIOMOT0I0 po3pobIeHoi MaTeMaTHYHOI MOJIeIi po3-
paxoBaHO Mepexi/iHi NpoLecH B eNeKTPHYHIN Ta MeXaHiYHil cHcTeMax, Mo0yaoBaHO rpadiky 3aJe}HOCTeH KyTOBUX Mepe-
MIIIIeHb, IIBUKOCTEH 1 IPUCKOPEHb Mac, 3MIHM MOMEHTY €JICKTPO/IBUTYHA ITPUBOJA €IEKTPOMOOLIS BiJ] Hacy, sKi HaBeIeHO
B I1i} HayKOBiH po6oTi. OTpHMaHi pe3ynbTaTH JOCIIHKEHb MOXKe OYTH BHKOPHCTAHO IPH MPOEKTYBAaHHI, pO3paXyHKaX Ta BH-
3HAUEHHI JUHAMIYHUX HaBaHTaXXEHb y IPUBOJAX EJIEKTPOMOOLIIB.

KnrouoBi ciioBa: MaTeMaTHyHa MOJIETIb, €IEKTPOMOOLIb, IPHUBIJ, MEXaHIUHA i €JIEKTPHYHA CUCTEMH, TUHAMI4H1
HaBaHTaKEHHS, TOIATINBICTh, €IEKTPOMEXaHI4Hi POLIECH, KOJIUBAIbHI SIBHUIIA.
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Introduction

The market for electric cars in the world is gaining
momentum. Today, it can be state with confidence,
that the future is precisely in the electrified cars.
Countries with advanced high-tech industries are
interested in environmentally friendly transport and
stimulate its development. Large manufacturers of
cars and technology companies in China, Sweden,
France, the United States, Germany, etc., are planning
to expand and improve their products based on state
support. Thus, the prospects in the near future of
electric cars become wider and more realistic.

If compare an electric car with an ordinary car,
where the internal combustion engine is used, it is
characterized by a simpler scheme, the minimum
number of moving elements. Therefore, the electric
car is a more reliable design. The main components of
an electric car are as follows: electric motor;
rechargeable batteries; simplified transmission;
inverter charger on board; electronic control system
for structural elements; transformer. Therefore, the
electric car components study, including its drive, is
relevant.

Review of research sources and publications

Such scientists as Bakhmutov S.V., Karunin A.L.,
Krutashov A.V., Kapustin A.A., Rakova V.A,,
Umyashkin V.A., Filkin N.M., Muzafarov R.S.,
Bazhynov 0O.V., Smyrnov O.P., Syerikov S.A.,
Hnatov A.V., Kolyesnikov A.V. and so on devoted
their work to the research and analysis of electro and
hybrid cars, including their drives to determine the
frequency of oscillations. In these works, electric and
hybrid cars were described by various calculation
schemes and their dynamical systems were considered
as one and two mass oscillatory systems that enabled
to determine the frequency of oscillations [1 — 4].
The work of foreign scientists Collatc L. [5] and
Tondl A.[6], Kluchev V.I., Jagadish H.P., Kodad S.F.
[8], Kaplan D. [9] are also devoted to the mechanical
systems oscillations frequency determination.

When designing an electric car, the question arises
about the evaluation of its run by selecting the design
parameters of the traction drive, which includes the
parameters of the electric motor, transmission and
power supplies [10 — 17].

The developed methods of choosing the design pa-
rameters of a traction drive of an electric car to
achieve a predetermined mileage are based on well-
studied characteristics of batteries (lead-acid, nickel-
cadmium and others). Manufacturers of modern trac-
tion batteries (nickel-metal hydride, lithium-ion, etc.)
at the request of the batteries capacity and other char-
acteristics indicate different conditions of temperature,
time and discharge current, which impedes their com-
parative analysis and leads to ambiguous evaluation of
charge-discharge characteristics, which is significantly
affected run on electric.

In addition, the previously developed techniques use
the simplification of the motion equation of an electric
car at constant speed or in cycles that do not corre-
spond to the real conditions of motion.

Therefore, improvement of the calculation methods
and choice of structural parameters of an electric car,
considering the process of discharging modern trac-
tion batteries and a full-scale model of car movement
in modern urban conditions, is an actual direction of
development of electric car performance characteris-
tics improving during its design.

Definition of unsolved aspects of the problem

An electric car drive can be considered as a
oscillational system, in which during the start-up and
braking periods there are significant dynamic loads.
The requirements for the calculation accuracy of such
oscillatory systems need to consider both the
individual oscillations of the individual elements and
the system as a whole due to the fact that as a result of
the own and forced oscillations frequencies coinci-
dence there may be resonance phenomena that cause
significant dynamic loads and, as consequence, reduce
the durability of structures.

At this time, when calculating electric cars for static
and tired strength, their own design oscillations are
not considered. However, the carrying capacity of
electric car designs can be increased if their design in
the calculations considers their oscillations amplitude-
frequency characteristics.

Thus, the frequencies and electric car forms designs
elements proper oscillations determination enables to
compare these frequencies with forced frequencies, as
well as to obtain data on the loading of the dynamic
system, and thus to ensure the normal operation of car
all oscillation parts in modes that are far removed
from the resonance.

When designing forming posts and the choice of
technological equipment for consolidating the
concrete mixtures in the manufacture of reinforced
concrete products, the technological capabilities
assessment of all varieties of vibration tables with
spatial oscillations of the moving frame is required.

Problem statement

The purpose of the article is to highlight the results
of the mathematical modeling of oscillatory processes
in the electric vehicle drive using mathematical soft-
ware MathCAD and to determine the dynamic loads
on its elements during transient processes in the elec-
tric vehicle drive.

Basic material and results

Considering the foregoing, the research of dynamic
loads of electric vehicles on the basis of ZAZ-1102 car
is conducted at the Department of Building Machines
and Equipment Poltava National Technical University
Yuri Kondratyuk. The transition processes taking
place in the operation of the driving mechanisms of
electric cars, largely determine the dynamic load in the
elements of the systems are considered. The dynamics
of the electric car starting and stopping mechanism
processes are significantly influenced by the inertial
and rigid parameters of the elements. Start and stop of
the electric drive is performed at full load.
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When considering the dynamic phenomena that arise
during the startup of the electric car drive, in the main
case of the system load conditions take the turn of the
drive wheel with its maximum load. The calculation
scheme of the electric motor drive mechanism
loadduring the startup of the car driving mechanism is
shown in Figure 1.

Jr

Me (\

Y

( M(t)

Yp

Figure 1 — calculation scheme of the electric
motor drive mechanism loading during the
startup of the car driving mechanism:
Jp — the electric motor rotor inertia moment, reduced to
the axis of drive wheel rotation, considering the masses
of rotating mechanisms;
Jx — total moment of inertia of rotating masses relative
to the driving wheel rotation axis;
Yp, Yix — coordinates of the concentrated masses (angles
of reference) motion;
Sy, — stiffness of the drive elements are brought

Bringing all the masses of the drive, the stiffness of the
elastic parts, and also the forces, the driving wheel rotation
axis are made.

The equation of motion is:

JpYp" + Cu(Yp—Yi) +Jg (Yp'" = Y') =vM(1); (1)
JYK" = Cu(Yp—Yi) = Ik (Yo" = Y¢') = -vM,.,  (2)

where M(t) — the moment of an electric motor, which
is expressed by differential dependence [7]

M(t) = Agu + A,M' (1) + vA Y p(t) 3)

Ay, A1, A, — constant electric motor, defined by the
expressions:

A():ZMK/SK, A1: 1/(,0()SK, A2:2MK/(D()SK (4)

My — critical moment of the engine;
M,.— moment that creates the total resistance of the
electric motor and is brought to the the driving wheel
rotation axis
Sk — critical slider of the rotor;
@, — synchronous angular speed of the engine;
v — coefficient characterizing oscillation attenuation;
u — gear ratio of the drive mechanism;
¢t — time.

For the convenience of solving the equations (1) and
(2) system, using the MathCAD software, it is de-
noted:

Yp=2z(1); Yx=q();
Yo' =d@); Yy = n(t); ®)
Z'M)=d);,q'(t) =n'(1).

Then it is got

C % C
d'(t)=——Lz(t) -—d () +—Lgq(t) +
Iy Iy Iy

v 1
+J—n(t) +J—M(f),

P P

AL VLN AL O VI
iﬂﬂ—JkZ@+JkdU) h:ﬂﬂ (6)
v 1

—Zl’l(t)—zM”,,

o At oL A
M'(t) = ) z(t)+AlM(t) ™=

Initial conditions are presented in the form
70=0; Yro=0; Ypo=0; Mg=0. (7

Generalized technical characteristics of the electric
motor and estimated parameters electric driven of the
electric vehicles on the basis of ZAZ-1102 car are pre-
sented in the table 1.

Table 1 — Generalized technical characteristics of
the electric motor and electric driven of the electric
vehicles on the basis of ZAZ-1102 car

Parameter Values of pa-
rameters

Siemens IP

V5135-4WS14

Power of the electric motor, kBt 30

Frequency of the electric motor ro- 3000

tation, r/min

Angle speed rotor of the electric

motor, rad / s

Constant Ay

electric motor’s A,

Type of electric motor

314.2

39470
03183
A, 502.5

Moment of the electric motor rotor 0.475
inertia Jp N-m

Total moment of rotating masses 0.082
inertia relative to the driving wheel
rotation axis Jx, kg'm?

Moment that creates the total
resistance of the electric motor and
is brought to driving wheel rotation
axis M, N-m

Gear ratio of the drive 3.5
mechanism u

274.8

Stiffness of the drive elements are 15150

brought Sy, N-m/rad

Coefficient characterizing oscilla- 823150

tion attenuation v, m™!

Substituting generalized technical characteristics of
the electric motor and estimated parameters electric
driven of the electric car (Table 1) it is got
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Z'() = d(v);
d'(1) = 0.098M(1) — 1488z(1) — 80860d(t) +

+ 14884(1) + 80860n(1) ; (8)
q'() = n();

n'(1) = 184800z(2) + 10038000d(z) — 184800¢(1) —
—10038000n() — 3351 ;
M (1) = —1670M(1) — 20160d(t) + 453600.

As a result of the equations solution (8), the electric
motor moment values are obtained, the angular
displacement and speed of its rotor and the rotating
masses of the drive and their angular accelerations for
a given time t (Figures 2 — 7).

Mt Nm
éf’f‘,!ma’ S : T
M
=7 ] \ 2&9
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1 I I
g a5 / I Z2Is

Figure 2 — The change dependences graphs
of the angular displacement of the masses brought
to the drive wheel rotation axis Y» = z(?) and
the momentary change of the electric car motor
drive of the car M(?) as functions of time ¢
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Figure 3 — The dependences graphs of the angular
displacement change of the masses brought
to the rotation axis of the drive wheel ¥p =z() and
the angular velocity change of the car electric
motor drive Y.’ =z'(z) = D(t) as functions of time ¢
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Figure 4 — Changing the angular displacement
of the masses brought to the axis of rotation
of the driven wheel Q(?) = Y, and their angular
velocity L(1) = Q'(¢) = Y,' as functions of time #
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Figure 5 — Graphs of the change dependences of
the angular displacement Z(z) = Y,, angular
velocity D(®) = Z'(t) = Y,' and the moment
of the car electric motor drive M(?)
as functions of time ¢

To determine the accelerations in the system of dif-
ferential equations (8) two equations of acceleration
K(t) of mass Z(t) = Y, and W(t) of mass Q(t) = Y, are
added

K(1) =2.105M(1) — 31899z(1) + 31899¢(1) ; )
W(t) = 184780z(1) — 184780q(1) — 3351.

By solving the problem with the software program
MathCAD, the system of equations (8) with the added
equations (9), the values of accelerations change of the
electric motor of the car electric motor drive D(?) from
time ¢ are obtained.

As a result of the equations solutions(8 — 9), the val-
ues of acceleration of the rotor of the electric motor
K(t) (Figure 6) and the rotating masses of the drive
W(t) (Figure 7) are obtained.
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According to the calculations, the built-up graph of
the moment of an electric motor in the function of
time (Figure 2) shows that the acceleration of the
electric motor drive lasts about 0,8 seconds from the
beginning of its motion. The maximum value of
moment reaches at ¢ = 0,4 s from the beginning of
motion.
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Figure 6 — Graphs of the dependences of
the change of the angular acceleration of
the electric motor K(?) rotor and
the electric motor drive mechanism
moment M(z) as functions of time ¢
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Figure 7 — Graphs of the dependences of
the change of the rotating masses W(?) and
the moment of the electric motor of
the electric motor drive mechanism M(?)
as functions of time ¢

Conclusions

1. The use of numerical methods for the integration
of complex differential equations enables to use the
proposed method for calculating dynamic loads in
electric and mechanical systems of electric vehicles
and their hybrids. In this case, the angular oscilational
motion of the rotor of the electric motor becomes
stable. Numerical calculations for researches of dy-
namics electric car on the basis of ZAZ-1102 have
shown that considering the coefficient of oscillation
attenuation v almost does not affect the results of cal-
culations.

2. The constructed graphs (Figures 2 — 7) of the
dependencies of angular displacements, speeds and
accelerations, the moment on the shaft of the electric
motor rotor as functions of time indicate that since the
car starting in its electric drive there are dynamic loads
that are oscillatory in nature. By changing the moment
of the electric motor and accelerating it is possible to
determine the nature of the motion: constant (static) or
oscillating (dynamic).

3. Graphs (Figure 2) of the dependences of the
change of the masses angular displacement brought to
the axis of rotation of the drive wheel Yp=z(t) and the
momentary change of the electric motor of the electric
motor drive of the car M(t) as functions of time t in
0,4 s show that after the car start, the moment of the
electric motor driving the electric vehicle takes the
maximum value, and after 0,8 s the angular vibrational
motion of the electric motor rotor becomes steady.

4. Graphs (Figure 5) of the change dependences of
the angular displacement Z(t) = Yr, angular velocity
D(t) = Z'(t) = Yr' and the moment of the electric motor
of the car electric motor drive M(t) as functions of
time t show that after 0.8 — 1.0 seconds the moment of
the electric motor M(t) of the electric motor drive
becomes equal to the static and the motion becomes
even in character.

5. The study obtained results of the electric car drive
mechanism, using the mathematical software envi-
ronment MathCAD, can be used for designing, calcu-
lating and determining the dynamic loads of electric
cars and their hybrids.
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