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COMPARATIVE ANALYSYS OF THE POSSIBILITIES TO EVALUATE
THE DYNAMIC PERFORMANCES FOR INTERNAL COMBUSTION,
ELECTRIC AND HYBRID VEHICLES BY MATHEMATICAL MODELING
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Abstract: The paper evaluates mathematically the performance of the vehicles by identifying the
possibilities of evaluating their driving performances in different considered operating situations. The
forces at the wheels, forward resistance forces and the forces and powers required to overcome them, for
different driving conditions, are achieved by developing a numerical calculation model in the MathCad
program, which provides comparative results, with graphical interpretation, on the characteristics of
traction and power of the vehicles under study, taking into account the propulsion system, the construction
parameters, the used gears, different tilt angles of the road, etc. Thus, it is possible to identify the influence
of the vehicle's construction parameters and the driving conditions, on the dynamic performances, with
reference to the traction and acceleration possibilities of the considered vehicles, but also to identify the
gears that can be used in different operating conditions.
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1. INTRODUCTION

Given the statistical data [16] from recent
years, it has been shown that with the increase in
the number of vehicles, fuel consumption has
also increased, with significant decreases in
natural resources, thus increasing the pollution
of the urban environment. The automotive
industry has created new alternative fuel
systems, but also alternative propulsion systems
[2, 4, 11, 14], trying to reduce the resource
consumption and urban  environmental
pollution.

The continuous increase in the number of
vehicles each year brings with it an increase in
fuel consumption and environmental pollution
due to pollutant emissions from vehicles
powered by internal combustion engines. Thus,
according to studies [1, 2, 4, 5, 6, 11, 15] in the
field of the car industry, numerous comparisons
have been made between vehiches equipped
with internal combustion propulsion systems
and those with electric and hybrid propulsion
systems, mainly focused on fuel consumption
and pollutant emissions in different operating

conditions. The obtained results are mostly
favorable for hybrid and electric vehicles [11].

Studies to date [1, 3, 4, 5, 6, 11, 14, 15] show
that the strategy of dynamic energy management
of electric and hybrid vehicles is much more
economical for these vehicles' users, being
beneficial as well as in terms of pollution
reduction. The transmission systems of the
alternative propulsion vehicles offer better
control of the power transmitted to the drive
wheels, through faster acceleration and braking
with energy recovery.

In this paper, a study was performed on three
vehicles equipped with: internal combustion,
electric and hybrid propulsion systems,
comparable in terms of performance, obtaining
the dynamic parameters of each vehicle under
study, by numerical modeling in the MathCad
program, taking into account the technical data
provided by the manufacturers. Following the
numerical modeling, results were obtained in
graphical form of the dynamic performance of
the vehicles considered, in terms of their traction
and power characteristics, taking into account
different driving conditions.
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2. NUMERICAL EVALUATION METHOD

2.1. Notations used in the numerical calculation
model

In order to develop the numerical calculation
algorithm in the MathCAD program, the
construction parameters of the vehicles and the
different driving conditions are taken into
account - longitudinal inclination, nature and
condition of the road, etc.

Table 1 [8] shows the meanings of the units
used in the numerical model.

minimum vehicle speed for
gear j

maximum vehicle speed
for gear k

maximum possible vehicle
speed

engine idle speed

speed corresponding to the
maximum effective torque
(Mmay) of the engine

speed corresponding to the
maximum power (Pmax) of
the engine

angular speed and
rotational speed of the
electric motor, specific to

np

nmp
Wmp

km/h

km/h

km/h

pm

rpm
rad/s

Table 1
The main notations used in the calculation algorithm
Unit Notation Measur-e ment
unit
O maximum engine power Prax kW
Q power at the wheel PR].’S kW
O maximum engine torque Mmax daN-m
Q torque corresponding to the| Mp daN-m
maximum engine power
Q torque at the wheel MRi] daN-m
Q wheel force FRVj,s daN
Q the rolling resistance force Rep daN, kW
and the power necessary to P,
overcome it vop
O the resistance force due to Rpp daN, kW
the longitudinal inclination | p
of the road and the power Pvbp
necessary to overcome it
O the total resistance force of Rq;p daN, kW
the road and the power P
necessary to overcome it ¥vop
0O the air resistance force and Raup daN, kW
the power pecessary to Pavn,p
overcome 1t
Q the sum of external extypp daN, kW
resistances and powers,
which do not depend on
the character of the
movement
Q vehicle weight Ga daN
Q wheel's rolling radius Id m
Q wheel's free radius To m
Q wheel's nominal radius In m
Q gravitational acceleration g m/s?
Q cross-section area of the St m?
vehicle
Q vehicle travel speed v km/h
O aerodynamic coefficient Ka daN-s%m?*
Q number of forward gears in k -
the gearbox
Q a certain gear (j = 1+k) ] -
a minimum vehicle speed for . km/h
the first gear

the start-up mode of the
electric motor operation at
its maximum power and the
final operating mode at the
maximum torque
O maximum engine speed Nmax rpm
O rolling resistance f -
coefficient
Q the transmission ratio from i, -
the gearbox, which is
engaged in gear j

Q the transmission ratio of io -
the main transmission
Q the total transmission ratio i -

of the transmission, the
gearbox being engaged in
gear j

Q the coefficient of total road U] -
resistance or the total
specific resistance of the
road

Q total mechanical Ne -
transmission efficiency
Q tire deformation coefficient A -

2.2. Numerical modeling

In order to develop the numerical calculation
model, the following steps were carried out:
* Calculation of the dynamic rolling radius of
the vehicle wheels. The marking of the tires is
identified, and their main dimensions are
determined for each vehicle under study, and
based on the numerical calculation algorithm the
free radius of the wheel is obtained rq = 1y, in
m, at an air pressure inside the tire of
pi=0.22 MPa. Thus, the dynamic radius rq of the
wheels can be determined according to the
relation [7, 10, 12, 13]:
rq = A1y, inm, (D)



in which, A = 0.945+0.950 [7, 10, 12, 13].

The technical specifications [17, 18, 19] of
the vehicles under study (Vehicle 1 - internal
combustion:  Mitsubishi Lancer; Vehicle
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2 - Electric: Volkswagen e-Golf; Vehicle
3 - Hybrid: Hyundai Ioniq) are listed in Table 2.
It is mentioned that all the vehicles considered
have the same year of manufacture, this being
2017.

Table 2
Technical specifications of the vehicles under study
. Yehlcle Vehicle Vehicle Measurement
Parameter Notation 1 - internal . 7 ;
. 2 - electric 3 - hybrid unit
combustion
O maximum power P1.2.3 max 109 101 105 kW
2 Ospeed at maximum power nip3p 6000 3000 5700 rpm
go Omaximum torque M 2.3 max 19.7 29.0 14.7 daN-m
= | Ospeed at the maximum torque ni23m 4200 3000 4000 rpm
Omaximum speed v1,2,3max 194 150 185 km/h
Qgearbox type Manual CVT Automatic -
o
‘% QOnumber of gears k1,2,3 5 1 6 -
E
§ Omarking of the tires - 205/60 R16 205/55 R16 195/65 R16 -
-
= — :
Elthe.transmlss.‘,lop ratio of the i1.2.30 304 361 361 )
main transmission
» | Qown vehicle mass ml,2,30 1310 1540 1370 kg
<
= Omaximum permissible mass ml,2,34 1800 2020 1870 kg

* Calculation of the transmission ratios in
the gearbox of each vehicle studied. The
technical specifications of the vehicles under
consideration shall be identified, with reference
to: engine characteristics - maximum power Pmax
at the speed np corresponding to it; maximum
torque Mmax at speed nm corresponding to it;
transmission characteristics - number of gears,
transmission ratio of the main transmission io,
transmission ratios from the gearbox icvj;

specific masses - maximum permissible mass
my.. The transmission ratio i, in the first gear
of the gearbox shall be determined according to
the relation [7, 10, 12, 13]:
. mrq-nm
rw— (2)
in which, v, is the critical speed in the first gear

of the vehicle's gearbox, and is calculated with
the relation [7, 10, 12, 13]:

Ne'Pm .
Vep, = ——, Inm/s, 3
r Ga'WUmax ( )

where: 1 - is the total transmission efficiency;
U nax - coefficient of total road resistance:
Wmax = f* €OS Qpay + SIN Ay, 4)

1 = -
Y1 304igVery

f - rolling resistance coefficient, which is
determined with the relation [7, 10, 12, 13]:

2.5
f=0.0125 + 0.0085 - (VImW) . (5)

Omax - the angle of longitudinal road inclination
(apax= 12-+15° - for single-axle motor vehicles)
[7, 10, 13];

Pwm - the power corresponding to the maximum
torque, is obtained from the relation [7, 10, 12,
13]:

__ Mpax''ny

Py = =35 ,in W. 6)
Transmission ratio lev;s corresponding to the

gears, for each vehicle, it is determined with the
relation [7, 10, 12, 13]:

. k-2 /. k—1—j
ley) = ’lcvl( ! ]), (7

where: k - is the number of forward gears in the
gearbox, j - the considered gear.

* Calculation of extreme speeds corresponding
to gears. In order to determine the total
transmission ratio i, corresponding to each

gear, the following relation was used [4, 7, 10,
12, 13, 14]:
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®)

Minimum vehicle travel velocities Vmin, and

lt]' =lp- ICV]"

maximum Vmax;» in km/h, are determined for
each gear in a situation where gear change is
optimal, thus [7, 8, 9, 10, 12, 13]:

0.377 - 2minTd ifj =1

i

]
Vinin: = K , 9
B 0.377 - M1 ifj > 2 ®)
t;
]
(0.377-@,&1 <(k-2)
| Y
DMmaxTd .c. 1
Vmax, = 40.377 mad e =k—1_(10)

Iko.377-@,ifj =k
Y

in which: the speed limit ny;y,, is calculated with
the relation [7, 8, 9, 10]:
Vmaxc'itk

0.377'rq

Njjm = (11

, in rpm,

Prax * [0(' (:_;) +B- (:_;)2 Y- (:_;)3] ,ifn; < npeq
Phax - [al ' (:_:)) + BI : (:_;)2 'Yl : (:—;)3] ,ifny > npeq

nj

in which: n; are the engine speeds in the range of
[Nmin = Nmax], Which can be determined at its
different operating modes, thus [7, 8, 9, 10]:

_ Nmax—Nmin _
N = Ny + 99 = -, (14)
with npyi, = 0.2 - np, Npax = 1.1-np,i =0+ 99;
. ny+np
Nmed - average engine speed (Nmeq = = —);

a, B, v, o', B, v'- unitless form coefficients that
depend on the elasticity of the engine and the
width of its stability zone, the condition of which
exists between them [7, 8, 9, 10, 12, 13]:
a+B—-y=1

The power transmitted to the wheel, at
different speeds of the crankshaft of the engine,
is given by the relation [4, 7, 8, 9, 10, 12, 13]:

5)

Prn; = Nt * Py iIn kWL (16)
V]',S'itj Vj,s'it]-
0.377-1, 0.377'r
P lo - —2777d + . 277 d
max nP B nP
P].s = J . )
V]"S'lt]. V]"S'lt].
0.377-r 03771
P, o BT 4 g [ 2377ra
np np

where iy,  is  the  transmission  ratio

corresponding to the last gear.

* Determination of the power transmitted to the
driving wheels. After identifying the necessary
data from the technical specifications of the
motor vehicles, namely: maximum power Pmax
of the engine, in kW, at speed np, in rpm,
respectively the maximum torque Mmax of the
engine, in daN-m, at speed nm, in rpm, the
moment developed by the engine can be
determined at its maximum power Mp, in
daN-m, according to the relation [7, 10, 12, 13]:

Mp = 955.4 - -max, (12)
np

Engine power at different operating modes of
the engine, i.e. at different engine speeds, can be
determined according to the relation [7, 10, 12,

13]:

,in kW, (13)

For the determination of the engine power
and the power transmitted to the wheels
according to the vehicle travel velocity, the
following are established: a variable s,
(s = 0+ 77), and intermediate velocities v; s of

each gear, in the range of [Vmin,- +vmaxj], for
each type of transmission [7, 8, 9, 10]:
Vmax; ~Vmin;
# 's. (A7)
The engine power, depending on the speed
gears corresponding to the gears, is determined
from the relation (13), in which the engine speed
is expressed function of the vehicle velocity, in

Vis = Vminj

V-1 . ..
the form of: n = L in rpm, obtaining [7, 8,
0.377'rq
9, 10]:
V]',S'itj
0.377-T4 .
-v- - , lij‘S < Vmed]-
P
) _ ,in kW, (18)
Vj,s‘lt]'
. 0.377-T4 .
Y , Vs > Vineq,
P



for the situation where intermediate vehicle

speeds vj 5, in km/h, of each gear, varies between

limits Vmin, and Vmas;» calculated with the

relations (9) and (10), using a relation of the

form (17), and the travel speed Vmed; Can be

determined according to the relation [7, 8,9, 10]:
rq-n

Vmed; = 0.377 - —md inkm/h, (19)

i
|

- fas ()
s () &

i

and the torque transmitted to the wheel, for each
gear, depending on the engine speed, it is
determined according to the relation [7, 8, 9, 10,
12, 13, 14]:
MRi,j =M - it]., in daN-m. (22)
The engine torque, depending on the gear
speeds corresponding to the gears, for each type
of vehicle under study can be determined from
the relation (21), in which the engine speed is
expressed according to the speed of the vehicle,

in the form of: n = —— , in rpm, or according
0.377-rq
to the relation [7, 8, 9, 10]:
M = 955.4 - =2 in daN-m, (23)

< Vjs 1t )’
0.377Tq
and for the determination of the torque
transmitted to the wheel, for each gear,
depending on the speed of travel, can be used the
relation [7, 8, 9, 10, 12, 13, 14]:
Mgy, s = Mjs " ne -y, indaN-m. (24)
In the case of an electric motor vehicle, for
determination of the torque and power at the
wheel, the speed required is nyp specific to the
start-up mode of operation of the electric motor
at its full power Ppax, (wip) and the final

operating mode at the maximum torque
M pax . The angular speed wpyp of the
el(nymp)

electric motor can be defined according to the
relation [10]:

OmMp = in rad/s, (25)
Ma%el(nyp)
but various other angular speed can be
determined by the following relations:

\2
—') ],ifni < Nped
np

N2
_1) ],ifni > Nped
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and the power transmitted to the wheel, with the
relation [4, 7, 8, 9, 10, 12, 13]:

PR].’S =1 B, inkW. (20)
* Determination of the torque transmitted to
the driving wheels. Engine torque, depending on
the crankshaft speeds of the engine, can be
determined according to the relation [7, 10, 12,
13]:

, in daN-m, 21

P

WelA “WelAnj .
melAmin + M ' (lel - 1)’ (26)

+ bmac bl iy — 1), (27)

where: weia ;. = 05 Weia,,,, = WMp: Velp,,;, = OMp:
WelB 0y = g =1+88 Wy, - the
maximum possible angular rotation speed of the
electric motor.

Thus, the torque and power of the electric
motor can be expressed according to the
different angular speeds of the motor, using
relations of the form:

me]Aiel =

welBiel = welein

Wmaxg s

elai, = Mmaxel(nMP)’ (28)
PelAiel = MelAiel ' 0‘)elAi‘sl’ (29)
PelBiel = Pmaxel(nMP), (30)

PelBiel
Meig, , = prom (31

lel

The relations (28)-+(31) can be adapted so that
they are written according to the speed of the
electric vehicle, by expressing the angular speed
of the electric motor according to the vehicle
speed, as follows:

VD-itel .

, in rad/s, (32)
3.6rq
with vp = 0+Vmax, in km/h, and rq, in m.

The torque and the power at the wheel shall
be determined similarly to those mentioned
above, also in the case of an electric-powered
vehicle, the computing equations being adapted
to the quantities which characterise such
propulsion.

* Calculation of the force transmitted to the
driving wheels. The force transmitted to the
driving wheels, for each gear, depending on the

We) =
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travel speed, can be determined by means of the
relation [7, 8, 9, 10, 12, 13]:
MRy,
Fro,, = ':d"s, in daN. (33)

2.3. Evaluation of the vehicle performance at
driving on roads with different longitudinal
inclinations

The steps for determining the performance of
the studied vehicles are as follows:
» The realization of the dynamic model for each
type of studied vehicle (Fig. 1) [10]. The
notations used in the dynamic model captured in
Figure 1 are as follows: A - wheelbase;
a, b - horizontal distance along the longitudinal
axis of the vehicle from the centre of gravity
(Ci) on the front and rear axles, respectively;

11, 12 - rolling radius (dynamic radius - rq) of the
front and rear axle wheels, respectively;
Fr - traction force at the wheel; R; - rolling
resistance force; R, - resistance force due to
ramp/slope; R. - air resistance force;
Ry - resistance force to acceleration or start-up;
Ga. - the total weight of the vehicle; hg - height of
the gravity centre; h, - the height of the pressure
centre in which the air force is considered to be
applied, in the front centre of pressure Cp;
M;1, Mp, - rolling-resistant moments, at the front
and rear axles; Z1, Z> - normal road reactions to
wheels/axles (front and rear); O - the inclination
angle of the road in the longitudinal plane.

Fig. 1. Forces acting on a vehicle (organized 4x2, with front-wheel drive),
in the situation of ascent on a road with longitudinal inclination.

* Determination of vehicle forward resistance
[7, 8,9, 10, 12, 13]. The characteristics of the
road are established, so an average value of the
coefficient of rolling resistance is chosen
(f = 0.018), specific to an asphalt or concrete
road in good condition, and various situations of
longitudinal inclination of the road are
considered aj,, captured by using the variable
p=1+3 (0p1=0°, 0p2=5°, ap3=10°).
The rolling resistance force Rrp, is
determined by the relation [7, 8, 9, 10, 12, 13]:
Rrp =f-G,- cos(ap), in daN. (34)

The resistance force of the longitudinal
inclination of the road Rpp, is determined by the
relation [7, 8, 9, 10, 12, 13]:

Rp, = Gg " sin(ay), in daN. 35)

The determination of the total resistance force
of the road, for the ascent situation, is made by
the relation [7, 8, 9, 10, 12, 13]:

Rqu = RrID + Rpp, in daN. (36)

Resistance force due to air R, , is determined
according to the relation [7, 8, 9, 10, 12, 13]:

2
Ra,, = Ka - St (g) ,indaN,  (37)



where: k, - aerodynamic coefficient, in
daN-s*m*: S¢ - cross-sectional areca of the
passenger cars, in m?% vD - speed range
[0+Vmax], in km/h.

The sum of all external resistance forces Ry,
is determined by the relation [7, 8, 9, 10, 12, 13]:

Rextvo,p = R% + R,, . indaN.  (38)

The variable vD, which characterises the
variation of the speed of the vehicle [0+Vmax], is
also used to evaluate the powers necessary to
overcome the forces of resistance to the vehicles
forward.

The power necessary to overcome the rolling
resistance force P, is calculated as follows [7, 8,
9,10, 12, 13]:

Ry,,'vD

P, =—=—,inkW. (39)

vD,p 360
The power necessary to overcome the
resistance force of the longitudinal inclination of
the road, Py, is calculated as follows [7, 8, 9, 10,

12, 13]:

. Rpp -vD

Povny = —— in KW. (40)

The power needed to overcome the total
resistance force of the road Py, is calculated with

the relation [7, 8, 9, 10, 12, 13]:

pr'VD .
Pyopp = 260 > 1D kW. (41)
The power required to overcome the air
resistance force Py, is calculated with the relation
[7,8,9,10, 12, 13]:

_ RavD -vD

ey = 2, in kW. (42)

The power needed to overcome the sum of all
external resistance forces P..;, is calculated with
the relation [7, 8, 9, 10, 12, 13]:

REXtVD -vD
— P :
PextvD,p = e 1D kW.

(43)

3. OBTAINED RESULTS

The developed working algorithm allows to
obtain the results in graphical form. Thus, the
performance of the studied vehicles can be
identified by means of the traction
characteristics, captured in figures 2, 3 and 4, or
by means of power characteristics, captured in
figures 5, 6 and 7.

Wheel force curves (Fig. 2) FlRVlj,s’ which

are above the curve R1 characterises the

extypp’
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fact that these gears can be used in those
operating conditions of the internal combustion
-powered vehicle and the wheel force curves

below the curve Ry, »» may not be used under

the same conditions.
Thus, from the intersections of the force
curves to the wheel FRv]- , corresponding to each

gear, and to all external resistance forces
Rlextva, results in the maximum speeds,

specific to the considered situations, marked
with: V1lmax0, Vlmaxs and v1maxio, which the
vehicle can reach at each of the three
longitudinal inclinations of the road, and the

availability of gears in each case (Fig. 2).
600, T T T

so0f- ~ -

Force, [daN]

0 1 H 1
0 50 W00 WM 150 Y200

viy s.v1p g, V13 g,vlg g, V15 g, VD1
Vehicle speed, [km/h]

Fig. 2. The traction characteristic for the situation of
various longitudinal inclinations of the road and the
maximum speed of the vehicle with internal combustion
engine, corresponding to each inclination.

Force available for acceleration, capable of
overcoming  vehicle starting resistance,
whatever the engine operating mode, is given by
the area between the curves of the forces at the
wheel and those of the external resistances
(Rd,- = Fg, — Rext), thus being able to identify the
vehicle acceleration availability at each gear.

Figure 3 shows the curves of the forces at the
wheel FZszl-,s of the electric-powered vehicle



258

and the curves of the external resistance forces

RextvD,p» determined by the three situations of

longitudinal inclination of the road.
700

600

Force, [daN]

'

1
50

H
100>+
vD24 " .vD2y 2 ,vD2

! 1,

1
250 N2

Vehicle speed, [km/h]

Fig. 3. Traction characteristic for the situation of the
different longitudinal inclinations of the road and the
maximum speed of the electric-powered vehicle at each
considered road tilt.

For this vehicle, having a transmission
system with a variable automatic gearbox (CVT)
with a single gear and a single gear ratio, Figure
3 shows the availability of the gear.

Thus, as the longitudinal inclination of the
road increases, the availability of the gear
decreases, and the vehicle speed is inversely
proportional to the increase of the ramp.
Projections of the intersection points of the
wheel force curves FZRVZLS with those of the

outer resistance forces R2 on the speed

extyp,p’
axis, determines the maximum travel speeds
obtained by the electric car, at each longitudinal
inclination of the road, these being identified in
Figure 3, by the notations: v2max0, V2maxs and
V2max1o. The portion between the wheel force
curves and those of the external resistances
characterises  the  vehicle's  accelerating
availability (Rq = Fg — Reyy)-

From the results captured in Figure 4, the
curves of the forces at the wheel can be
identified F3gy3;.. of the hybrid-powered

],S

vehicle, and the three curves of the external
resistance forces R3extva, corresponding to

each longitudinal inclination of the road.

F3VR1|3 i

FanRya, |

= 600
F3VR1;3
Fahgs, |

F3VR1|3.3 500

FahRya, |

F3vR1|3 i

Force, [daN]

vD3y | .v3hy .vD3y . .vahy i .vD3y

100 NEL 150 RE
‘3.v3h; ‘.vD31|3‘J.v3h4,..vD31|3.5.v3h5 "VD31n3v6’V3h6 i.vD3

200

Vehicle speed, [km/h]

Fig. 4. The traction characteristic of the hybrid propulsion vehicle, for the situation of different longitudinal inclinations
of the road and the maximum travel speed corresponding to each road inclination.



Above each curve of the external resistance
of the three cases of

forces R3extva,
longitudinal inclination of the road, the
availability of the gears can be noticed in each

situation. By intersecting the forces at the wheels
with the external resistance forces due to the
three longitudinal inclinations of the road, the
maximum travel speeds of the hybrid vehicle are
obtained, denoted as follows: V3max0, V3maxs and

v3maxi0 (Fig. 4), for every tilt angle of the road,
and the difference between the wheel forces and

resistances  indicates

the

Vehicle speed, [km/h]

Fig. 5. The power characteristic of the vehicle with
internal combustion, for the situation of different
longitudinal inclinations of the road and its maximum
travel speed at each inclination.

Wheel power curves (Fig. 5) PlR].,S, which are

above the curve Plextvbp, characterise the fact
that these gears can be used in the operating
conditions of the internal combustion vehicle,
and the wheel power curves below the curve
Pext,p,» May not be used under the same

p
conditions. From the intersection of power
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curves to the wheel PlR]. .» corresponding to each
gear, and the curves of powers necessary to
overcome the external resistances P1 the
maximum possible travel speeds are shown,
under the conditions considered, marked with:
Vlmax(), VlmaxS and Vlmaxlo (Flg 5), Wthh the
vehicle can reach at each of the three
longitudinal inclinations of the road, and the
availability of gears in each driving situation.
Figure 6 shows the wheel power curves PZR]. .
of the electric-powered vehicle and the external
resistance power curves P2extva, determined

by the three cases of longitudinal inclination of

extvD,p s

the  external
accelerating possibilities of the vehicle,
corresponding to each gear.
the road.
100 T i T 7
/ : / 100 T T T
] 1 ‘/
/| R LR e
/i /
sof ’ I - f
(“ I / | 80 ‘
iR"S (f //
P1Rl.s 5 / |
i ¥ ‘C‘g
> e0f i/ - P2VR1,, {
T PiR, 4 r ; 7
Z 4,8 /i —_ szRZuZ
? P1R5 . f / : ...... /
§ P [ ,/ - Pzex'“’m»‘
AL e | / ' )
~ . *\D1,1 o : / | g Pzex\m .
e 2 ‘ / R [
_ o1, / y P2ext,p, 5 401 |
Pledoy 3 [ / ‘
o | 4 |
] / :
| / ; J /
el p 3 /
&/ 20k i
/
'/
!
5 /
0 L - 1 _ “s
0 50 100 WM+ 1508 00 f :
vig s.vly 5.v13 5.V14 5, V15 5, VD1 00 ;0 110:3\-1 g Ky ~;|50q1 o
vD24 > .\/DZZ‘2 .vD2

Vehicle speed, [km/h]

Fig. 6. The power characteristic of the electric-powered
vehicle for the situation of the different longitudinal
inclinations of the road and the maximum travel speed

corresponding to each inclination.

For the electric-powered vehicle with a
transmission system with a variable automatic
gearbox (CVT) and a single gear, the availability
of the gear can be identified from the results
obtained in graphic form in Figure 6. Thus, with
the increase of the longitudinal inclination of the
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road, the availability of the gear decreases and
the vehicle speed is inversely proportional to the
increasing of the ramp.

From the intersection of the power curve to
the wheel (Fig. 6) PZR]_'S with those of external

resistance powers P2 , the maximum travel

extyp,p
speeds obtained by the electric-powered
passenger car at each longitudinal inclination of
the road shall be determined and noted as
follows: v2max0, V2maxs and v2max10.

From the results captured in Figure 7, the
wheel power curves P3Rj,s can be identified for

the hybrid-powered vehicle and the three curves

of the external resistance power P3extva,

corresponding to each longitudinal inclination of
the road. Above each curve of the exterior
resistance powers (Fig. 7) P3extva, of the three

situations of longitudinal inclination of the road,
the availability of the gears in each case can be
noted. Through the intersections of the wheel
powers with the external resistance powers due
to the three longitudinal inclinations of the road,
the maximum travel speeds of the hybrid vehicle
are obtained, denoted as follows: V3max0, V3maxs
and v3maxi0 (Fig. 7), corresponding to each
inclination of the road.
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Fig. 7. The power characteristic of the hybrid vehicle for the situation of the different longitudinal inclinations of the
road and the maximum travel speed corresponding to each inclination.

4. CONCLUSIONS

Depending on the propulsion system of each
vehicle, in this case three vehicles with internal
combustion, electric and hybrid propulsion
systems are captured, and the numerical
calculation model developed provides data to
capitalize the vehicles performance on roads
with different longitudinal inclinations.

Based on the obtained results, a comparative
study can be carried out to show the maximum
travel speeds that can be achieved by the
vehicles at each of the three longitudinal bends
of the road, as well as the gears available to
achieve these speeds.

The design parameters of each studied
vehicle have a significant influence on the
forward resistance forces, but also on the



external resistance powers. Peculiarities
captured in this study shows that the maximum
design speed of vehicles is obtained only when
they are driven on a horizontal road, and at the
maximum longitudinal inclination of the road,
each vehicle is influenced by the following
parameters: dynamic radius of the wheels,
engine performance, propulsion system, type of
transmission, number of gears, weight of the
vehicle, etc.

The numerical calculation model developed
can be adapted to any type of vehicle,
considering any operating situation, thus
allowing comparative studies to be carried out
between different vehicles. In this numerical
calculation model, different natures of the road
can also be captured, as well as different loading
situations of the vehicles, thus identifying the
influence of the vehicle’s weight on their
performance, respectively on the propulsion
capacity in different operating conditions. The
numerical calculation model can also be
developed in such a way as to allow the
identification of the vehicle's performance
parameters and by means of the force or excess
power and their characteristic, or by means of
the dynamic characteristic.

5. REFERENCES

[1] Charadsuksawat, A.; Laoonual, Y.; Chollacoop,
N., Comparative Study of Hybrid Electric
Vehicle and Conventional Vehicle Under New
European Driving Cycle and Bangkok Driving
Cycle. 2018 IEEE Transportation Electrification
Conference and Expo, Asia-Pacific (ITEC Asia-
Pacific), pp. 1-6, 2018, DOI: 10.1109/ITEC-
AP.2018.8432599,
https://ieeexplore.ieee.org/document/8432599.

[2] Evangelou, S.A.; Shabbir, W., Dynamic
modeling platform for series hybrid electric
vehicles. IFAC-PapersOnLine, Volume 49, Issue
11, 2016, Pages 533-540, ISSN: 2405-8963,
https://doi.org/10.1016/j.ifacol.2016.  08.078,
https://www.sciencedirect.com/
science/article/pii/S2405896316314197.

[3] Li, X.; Lin, W.; Jin, Y.; Chen, D.; Chen, T.,
Dynamic Energy Management Strategy of
Hybrid Electric Vehicles based on Velocity
Prediction. IFAC-PapersOnLine, Volume 54,
Issue 10, 2021, Pages 363-369, ISSN: 2405-

261

8963,
https://doi.org/10.1016/j.ifacol.2021.10.189,
https://www.sciencedirect.com/science/article/
pii/S2405896321015913.

[4] Macarie, T.N.; Vieru, I, Badarau-Suster,
Helene, Transmisii automate, automatizate §i
continue pentru automobile. lasi, Editura PIM,
2018.

[5] Paykani, A.; Shervani-Tabar, M.T., A
comparative study of hybrid electric vehicle fuel
consumption over diverse driving cycles.
Theoretical and Applied Mechanics Letters,
Volume 1, Issue 5, 2011, 052005, ISSN: 2095-
0349, https://doi.org/10.1063/2.1105205,
https://www.sciencedirect.com/science/article/
pii/S209503491530088X.

[6] Singh, K.V.; Bansal, H.O.; Singh, D., A
comprehensive review on hybrid electric
vehicles: architectures and components. Journal
of Modern Transportation (J. Mod. Transport.),
Volume 27, Issue 2, Pages: 77-107 (2019),
ISSN:  2095-087X. e-ISSN:  2196-0577,
https://doi.org/10.1007/s40534-019-0184-3,
https://link.springer.com/
article/10.1007/s40534-019-0184-3.

[7] Todorut, A., Bazele dinamicii autovehiculelor:
Algoritmi de calcul, teste, aplicatii. Cluj-
Napoca, Editura Sincron, 2005.

[8] Todorut, A.; Cordos, N.; Barabds, 1.; Bilcau,
Monica, Algorithm for Plotting the Power and
Traction Characteristics of the Motor Vehicles.
Cluj-Napoca, Acta Technica Napocensis,
Series: Applied Mathematics, Mechanics, and
Engineering, Vol. 60, Issue I, March, 2017, pg.
83-90, Editura U.T.PRESS, ISSN 1221-5872,
http://www.atna-
mam.utclyj.ro/index.php/Acta/article/view/837.

[9] Todorut, 1.-A., Modelarea, simularea si
experimentarea comportamentului dinamic al
autovehiculelor in sistemul circulatiei rutiere -
Tezd de abilitare. Cluj-Napoca, Universitatea
Tehnica din Cluj-Napoca, 2020,
http://iosud.utcluj.ro/files/Dosare%
20abilitare/Todorut%20loan%20Adrian/m-
Teza-abilitare_ Adrian-Todorut_ DART-
FARMM-UTCN.pdf.

[10] Todorut, A.; Cordos, N.; Barabds, 1., Elemente
de dinamica autovehiculelor. Cluj-Napoca,
Editura U.T.Press, 2021.

[11]Tran, D.-D.; Vafaeipour, M.; El Baghdadi, M.;
Barrero, R.; Van Mierlo J.; Hegazy, O.,
Thorough state-of-the-art analysis of electric
and hybrid vehicle powertrains: Topologies and



262

integrated energy management strategies.
Renewable and Sustainable Energy Reviews,
Volume 119, 2020, 109596, ISSN: 1364-0321,
https://doi.org/10.1016/j.rser.2019.109596,
https://www.sciencedirect.com/science/article/
pii/S1364032119308044.

[12] Untaru, M.; Potincu, Gh.; Stoicescu, A.; Peres,
Gh.; Tabacu, 1., Dinamica autovehiculelor pe
roti. Bucuresti, Editura Didactica si Pedagogica,
1981.

[13]Untaru, M.; Campian, V.; Ionescu, E.; Peres,
Gh.; Ciolan, Gh.; Todor, I.; Filip, Natalia;
Campian, O., Dinamica autovehiculelor.
Brasov, Universitatea Transilvania din Brasov,
Sectorul Reprografie U02, 1988.

[14]Zhang, H.; Cao, D.; Du, H., Modeling,
Dynamics, and Control of Electrified Vehicles.
Duxford, Woodhead Publishing, Elsevier Inc.,
2018.

(Kurfess, T. - Series Editor), Chichester, John
Wiley & Sons Ltd, 2018.

[16]***, Fuel types of new cars: electric 10.5%,
hybrid 11.9%, petrol 47.5% market share full-
year 2020, https://www.acea.auto/fuel-pc/fuel-
types-of-new-cars-electric-10-5-hybrid-11-9-
petrol-47-5-market-share-full-year-2020/.

[17]***  Hyundai IONIQ Hybrid 2017 Blue
Hatchback, https://www.driverside.com/
specs/hyundai-ioniq_hybrid-2017-1969860-
5285685-07style_id=14287782.

[18]***  Mitsubishi Lancer 2017 ES 2.0 FWD
Manual, https://www.driverside.com/specs/
mitsubishi-lancer-2017-1756028-4698632-
0?style_id=12703952.

[19]***, Volkswagen e-Golf 2017 Limited Edition,
https://www.driverside.com/specs/
volkswagen-egolf-2017-2061448-5544833-
07?style_id=14986250.

Power
Series

C., Automotive
Automotive

[15]Zhang, Y., Mi,
Transmission Systems.

POSIBILITATI DE EVALUARE COMPARATIVA A PERFORMANTELOR DINAMICE
ALE AUTOVEHICULELOR CU PROPULSIE CLASICA, ELECTRICA ST HIBRIDA,
PRIN MODELARE NUMERICA

Rezumat: [n lucrare se evalueazd din punct de vedere matematic performantele autovehiculelor prin identificarea

rezistentd la inaintare si puterile necesare invigerii lor, pentru diferite conditii de deplasare, se valorifica prin
dezvoltarea unui model de calcul numeric in programul MathCad, cu ajutorul caruia se obtin rezultate comparative, cu
interpretare grafica, referitoare la caracteristicile de tractiune si de putere ale autovehiculelor luate in studiu, in care se
tine cont de sistemul de propulsie, parametrii constructivi, treptele de viteza utilizate, diferite inclindri longitudinale ale
drumului etc. Astfel, se poate identifica influenfa parametrilor constructivi ai autovehiculelor si a conditiilor de

considerate, dar i identificarea treptelor de vitezd care pot fi utilizate in diferitele conditii de exploatare.
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