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Abstract 
 
A method for estimating the power characteristics of the car engine in various driving regimes is proposed. It is determined that the vol-
ume of the free power (engine power reserve) allows the driver to implement the turning parameters and the time of its completion, 
which are set by the steering parameters, position and the speed of the steering wheels rotation. The engine power reserve is necessary to 
provide the required maneuverability indicators. The engine power during maneuvering is spent on overcoming the resistance to move-

ment and on providing the impact controlled by the maneuver. The first component of the engine power can be called connected, and the 
second one can be called the free one or a controlled component. The received analytical expressions allow carrying out at the design 
stage a rational choice of capacity of the engine by the condition of maintenance of demanded properties of maneuverability. The devel-
oped method for constructing the refined acceleration characteristics of the engine makes it possible to determine the dynamic capabili-
ties of the car, taking into account its design features and operating conditions. 
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1. Introduction 

Currently, there is an increase in engine power in relation to the 
total mass of the car (the specific power of cars). The noted 
growth can be explained by an increase in the maximum design 
speed of vehicles, improved comfort (an increase in the number of 
motor energy users, providing functions that are not directly relat-

ed to the movement of cars).  
To evaluate the power indicators developed by the engine during 
operation, high-speed, load, adjusting, and multiparametric char-
acteristics are determined, as well as the characteristics of optimal 
control, idling and toxicity. Increasing the accuracy of the engine 
power rating will in turn make it possible to increase the accuracy 
of determining the indicators of the functional and technical effi-
ciency of the car, as well as its dynamic properties. 

2. Analysis of the Literature Data and the 

Formulation of the Problem 

A number of works by domestic and foreign scientists deal with 
the determination of engine power parameters [1-3]. In patent [4] 
they propose a method for determining the engine power of the 
car, depending on the parameters of its movement, taking into 
account the operating conditions. The power is proposed to be 
determined after preliminary run-out, using accelerometers, by 
simultaneous measurement of all types of drag of the car, that is, 
the moments of resistance occurring in the vehicle transmission, as 

well as the total road and aerodynamic drag. This method requires 
high accuracy when processing the run-out parameters to elimi-
nate errors. The authors of work [5] proposed algorithms for the 
experimental determination of the engine power of a mobile ma-
chine, which is implemented during the execution of technological 

operations, using the method of partial accelerations. These algo-
rithms allow determining the realizable power of the engine when 
the mobile machine is operating with trailed or mounted imple-
ments and on the power take-off shaft. This allows, in turn, pro-
ceeding to the determination of the effective torque and the effec-

tive power of the wheeled car engine under operating conditions. 
To implement this method, it is necessary to differentiate the an-
gular velocity and determine the effective torque with the use of 
the results of the previous run-out. Increasing the power of an 
automobile engine can affect its strength characteristics. In [6-7], 
the influence of the regimes of strengthening combined treatment 
as well as quenching on the change in the properties of the surface 
layer of steel parts was investigated. Optimization of energy con-

sumption of engines is dealt with in works [8-10]. The energy 
optimization strategy for solving the energy management problem 
in hybrid electric vehicles with high power is formulated in work 
[8], and in work [9, 10] the energy costs of vehicles of individual 
fleets are investigated and their growth is forecasted. The schemes 
of onboard monitoring of the technical condition of power units of 
wheeled and tracked vehicles are analyzed in work [11]. The eco-
logical analysis of simple and combined thermal and power inter-

nal combustion engines was carried out in works [12, 13].  
The author of work [14] proposed a technique for carrying out the 
qualimetry of vehicles based on the kinetic energy used for the 
movement of cargo, taking into account the design features of the 
vehicle. However, this technique does not take into account the 
dynamic properties of cars, which are manifested during accelera-
tion. Estimation of the potential dynamic properties of cars is pos-
sible by determining the acceleration characteristics of the engine 
[15], i.e. the dependence of power and torque on the angular ve-

locity of the crankshaft. Thus, the problem of increasing the accu-
racy of estimating the power parameters of the automobile engine 
with the help of engine acceleration characteristics requires addi-
tional study. 

http://creativecommons.org/licenses/by/3.0/
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3. Purpose and Objectives of the Study 

The purpose of the study is to develop a method for estimating the 
power ratings of the automobile engine in various driving regimes. 
To achieve this goal, it is necessary to solve the following tasks: 
– determine the realizable engine power in driving; 

– to develop a refined method for building the acceleration charac-
teristics of the automobile engine; 
– carry out an experimental evaluation of the automobile engine 
power characteristics. 

4. Determination of the Realizable Power of 

the Engine When the Car is Turning 

Additional power input to provide the turning of the car is an indi-
cator of ease of steering, controllability and maneuverability of the 
car. The engine power reserve determines the dynamic properties 
(dynamism) of the car and is its qualimetric characteristic. In 

works [5, 15] the engine power reserve was associated with the 
acceleration (dynamics of acceleration) of the car. 
When designing cars, it is necessary to create a reserve of engine 
power, not only to create the possibility of engine acceleration, but 
also for the possibility of making a turn. Both are different types 
of vehicle maneuver, which requires additional engine power. 
The additional power of the engine is also used to ensure the sta-
bility of steady translational motion with a sharp increase in re-

sistance to vehicle movement. 
In work [15], they determined the tangential reactions on the driv-
ing wheels of the car during cornering. The dependence for deter-
mining the sum of the tangential reactions on the laterally rigid 
front and rear wheels has the form of 
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where 
12

; KK RR are the tangential reactions of the road on the 

front and rear wheels of the car; 

  is the average angle of rotation of the steering wheels; 

L  is the wheelbase of the car, 

b  is the distance from the rear axle to the projection of the car 

center of mass on the plane passing through the axes of the front 
and rear wheels; 

Z
i  is the radius of inertia of the vehicle relative to the vertical 

axis; 

h  is the height of the center of mass; 

f  is the coefficient of the rolling resistance of wheels; 

Z ; 
dt

d Z
 is the angular velocity and angular acceleration of the 

car in the plane of the road. 
In work [4], they have clarified the distribution of normal reac-

tions on the wheels of the front and rear axles, taking into account 
the action of torque moments. With due consideration of the re-
sults of the study [4], let’s transform expression (1) in the form of 
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where rd is the dynamic radius of the wheels (adopted the same for 
all the wheels of the car). 
Dependence (2) is universal and allows determining the total tan-
gential reaction 
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for vehicles with an all-wheel drive, only to the rear or only to the 
front wheels. This relationship is valid in the case when the tan-
gential reactions, together with the lateral ones, do not exceed the 

limiting forces on the front and rear axles, respectively, i.e. 
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where 
1l

R ; 
2l

R  are the total lateral forces on the wheels of the 

front and rear axles, which arise when the car turns; 

1cfР ; 
2cfР  are the total limiting forces on the clutch on the 

wheels of the front and rear axles, respectively; 

  is the coefficient of wheels traction with the road; 

1ZR ; 
2ZR  are the total normal reactions on the wheels of the 

front and rear axles. 
If conditions (9) and (10) are not fulfilled, the wheels of either the 
front or rear axle are laterally slid. The behavior of cars in this 
case will be the topic of a separate study. 

Regardless of the drive scheme of the driving wheels of the car 
(full, front or rear drive), the relationship between the total tangen-

tial reaction KR  and the total tractive force KP  is determined by 

the following relationship 
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where fР  is the total rolling resistance of the vehicle; 

g is acceleration of gravity, g = 9.81 m/s2. 
In work [15], in determining the forces acting in the contact of the 
wheels with the road, the force of the aerodynamic resistance to 
the movement of the car was not taken into account, since it was 
assumed that the motion occurs at the speed of Va ≤ 60 km/h . 
Applying the principle of superposition in mechanics, we’ll de-
termine the total tractive power of the car when cornering, taking 

into account the air resistance 
 

2
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where Fk   is the factor of air resistance (the coefficient of air 

resistance, F is the frontal area of the car or the midsection). 
Substituting (2) and (7) into (6), we obtain 
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where R is the turning radius of the car; for cars with laterally 
rigid wheels 
 

 ctgLR .                                                                                (9) 

 
The engine power, expended on the movement of the car when 
turning 
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Analysis of the control structure (10) shows that the component of 

the engine power is  
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It is used to ensure the steady rectilinear movement of the car, and 
the additional component of power 
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is used to ensure a steady cornering of the car with angular veloci-
ty of ωz and the linear speed of Va. 
The power component 
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is the power necessary to maintain the created by steering the 

required steering action 
dt

d Z
 when cornering. 

Fig. 1 shows the definition of the realizable power of the engine 

during cornering. Modeling of the movement of a three-axle truck 
on a turn was carried out according to the method proposed in 
work [4]. 
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Fig. 1: Determination of the realized power of the engine during cornering 

 

The component of the engine power 
1eN , which is used to ensure 

a steady rectilinear motion of the car, is 16.07 kW. The time de-

pendence of the power component 
2eN  to ensure a steady rota-

tion of the car is not more than 35 W. The engine power expended 
on the movement of the car when turning, is not more than 
180 kW, while the maximum power developed by the engine of 
the car, according to the manufacturer, can reach 234 kW. 
At the initial movement along the straight line, the component 

1eN  does not depend on the driver’s decision. It is determined by 

the total mass of the car, the rolling resistance coefficient f, the air 

resistance factor Fk   and the specified driving speed (if the driv-

ing speed is set by external factors independent of the driver). The 

same reasoning is valid in case of a steady rotation of the car, in 

which Va and Z  are determined by the external conditions of 

motion. 

The power component 
3eN  is the free power, redundant or con-

trol power, the value of which must be sufficient so that, given the 

turning radius R and the linear speed Va, the car could provide the 

angular acceleration 
dt

d Z  specified by steering. The component 

3eN  can be used as a reserve to ensure the stability of steady 

motion. 

5. Method for Building the Acceleration 

Characteristics of the Car Engine 

To estimate the dynamics of vehicle acceleration, the acceleration 
characteristic of the engine is shown in work [15], indicating the 
change in the effective power Ne and the effective torque Me of the 
engine, depending on the angular velocity of the crankshaft during 
acceleration of the car. 
The effective torque of the engine is determined by the following 
relationship [15] 
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where uтр is the total transmission ratio; 
ηtr is the transmission efficiency; 
rd is the dynamic radius of the wheel; 

ma is the gross vehicle weight; g is acceleration of gravity; 
φ is the coefficient of traction of wheels with the road; 
Кtr is the coefficient of coupling weight use; 
k·F is the air resistance factor; 
δ is the coefficient of accounting for rotating masses of the engine 
and transmission; 
Sx is relative slipping; 
n is the angular velocity of the engine crankshaft; 

ψ is the total coefficient of road resistance. 
Effective engine power [15] 
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Expressions (14) and (15) do not take into account the change in 
the coefficient of adhesion depending on the linear speed of the 
car. In work [5], a number of approximating dependences for the 

determination of  (V) are proposed; some of them are given in 

Table. 1. One can take into account the dependence of  (V) in the 

construction of the engine acceleration characteristics by means of 
the following expression 
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To build the acceleration characteristics of the car engine, it is 
necessary to know the value of the coupling weight utilization 
factor Ktr. 
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Table 1: Results of approximation of the experimental dependence of the 

traction coefficient of wheels with the road φ on the speed of the vehicle V 

in km/h and m/s
2
 

 
Power-law model 

(V, km/h) 

Power-law model 

(V, m/s) 

 V
dry
max  

113.09953.0

1449.0





V
 

112.08672.0

1386.0





V
 

 V
dry
min  

616.00312.0

8494.0

V


 

616.00687.0

8494.0

V


 

 Vwet
max  348.01082.0

9865.0

V


 

348.01689.0

9865.0

V


 

 Vwet
min  311.01063.0

6614.0

V


 

310.01596.0

6628.0

V


 

For an all-wheel drive vehicle with the implementation of the 
limiting tangential reactions on the driving wheels Ktr = 1, and for 
rear-wheel and front-wheel drive vehicles, respectively 
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Finally, the expressions for constructing the refined characteristics 
of the car engine will take the form of: 
– for a rear-wheel drive car 
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– for a front-wheel drive vehicle 
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– for a 4WD vehicle 
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6. Experimental Evaluation of the Car Engine 

Performance 

The V-tech VT-2 loading dynamometer was used as a measuring 

equipment. Cars Opel Vectra and Mercedes C200 were used as 
objects of the study. The main characteristics of VT-2 are summa-
rized in Table 2. 
At the first stage of experimental research, four measurements of 
the engine characteristics of the Opel Vectra car – two with super-
charging and two without supercharging were made. The maxi-
mum values of the effective power Ne max and the engine shaft 
rotation speed at the maximum power nN were recorded. Based on 

the measurement results, the discrepancy between the values of 
the maximum power ΔNe max and the values of the maximum 
torque ΔMe max was determined.  
 
 
 

Table 2: Characteristics of the used load dynamometer VT-2 

Parameter Value of parameter 

Dimensions (length × width), mm 1300×3500 

Maximum pressure per axle, kg 3000 3000 

Number of axles, pcs.  1 

Brake, power, kW Telma 1×350 

Dimensions of rotating shafts, mm 323, 660 

Maximum speed on shafts, km/h 300 

Maximum thrust force on wheels, H 6000 

Accuracy of power measurement in the inertial 

mode,% 
0.25 

Accuracy of power measurement applying the 

brake,% 
±1,0 

kerb weight, kg 1350 

At the second stage of the experimental studies, four measure-
ments of the characteristics of the engine of Mercedes C200 were 
performed. 

The determination of engine characteristics was carried out in 
accordance with the requirements of international normative doc-
uments DIN 70020, EWG 80/1269, ISO 1585, JIS D1001 and 
SAE J1349. 

 
a          b 

 

Fastening the car to the foundation 

 
c 

Fig. 2: Installation of the vehicle on the load dynamometer VT–2: 

a – cooling the car engine during the tests; b – the method of fastening the 

car; c – fixing the front-wheel-drive vehicle to the foundation 

 
The values of pressure and ambient temperature during the tests 
were taken according to the VT-2 stand sensors. The Telma brake 
was used to simulate road tests (in particular, when simulating air 
resistance while driving, as well as raising and lowering the car 

from slopes up to 45°). Before the measurements, the condition of 
the tires and the pressure in the wheels were checked. 
To prevent the vehicle from coming down from the stand during 
the tests, its anchoring to the foundation was used with the help of 
hooks, belts and fastening clamps (see Fig. 2b, c). To simulate the 
airflow of the car with an oncoming airflow, a fan of 5.5 kW is 
used, creating a flow with a flow rate of 9360 m3/h (see Fig. 2a). 
To take readings during testing, they used software, fixing 2500 

values per second. After the launch of the software, the status of 
the devices connected to the stand was determined. In the process 
of testing, the wheels of the car were accelerated before the trans-
mission was engaged on which the measurements were to betaken, 
then the gas pedal was pushed to the stop, allowing the engine to 
gain maximum revolutions. 
Then the clutch pedal was depressed, while releasing the accelera-
tion pedal and waiting until the car wheels stopped. For testing 
cars without a turbocharger the inertial braking mode was used, 

and with the turbocharger the braking mode with loading was 
used. The results of bench tests on example of the engine perfor-
mance of the Opel Vectra car are shown in Table 3. 
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Table 3: Results of the bench test of the Opel Vectra car 

Metering Boost Ne max, h,p. Ne max, kW nN, rev/min Мe max, Н·м 
nM, 

rev/min 

1 – 279.5 205.6 6758 291.4 6716 

2 – 287.8 211.7 7000 289.6 6903 

3 + 368.8 271.3 6521 425.3 4951 

4 + 325.3 239.3 5994 427.9 4979 

Analysis of Table 3 shows that according to the results of bench 

tests, the difference ΔNe max does not exceed 2.9%; and ΔMe max 
does not exceed 0.6%. 
To assess the adequacy of the proposed method, let’s compare the 
theoretical characteristics of the Opel Vectra car engine with the 
experimental Ne bench (n). As the theoretical characteristics, we use 
the refined acceleration characteristics Ne accel (n) and the external 
velocity characteristic of the engine Ne escm (n). The results of the 
comparison are shown in Fig. 3. 

Ne escm

Ne accel

Ne bench

Ne, 

kW

200

150

100

50

0
               1000       2000      3000      4000      5000    n, rev/min  

Fig. 3: Characteristics of the Opel Vectra engine 

 
Similarly, the theoretical and experimental characteristics of the 
engine of the Mercedes C200 car are compared. 

7. Discussion of the Results of Study of Power 

Characteristics of the Car Engine 

The volume of free power (engine power reserve) allows the driv-
er to implement the steering parameters, the position and speed of 
the steering wheel rotation, the turning parameters and the time of 
its performance.  

Analysis of the results of experimental studies shows that the 
maximum discrepancy between Ne escm and Ne accel is 31 ± 1%, and 
the difference Ne bench and Ne accel does not exceed 11 ± 1%. This 
indicates a significant reduction of the error in the theoretical 
evaluation of the effective power of the car engine with the help of 
acceleration characteristics in comparison with the traditional 
method of constructing the external high-speed characteristic of 
the engine. 

8. Conclusions 

The engine power reserve is necessary to provide the required 
maneuverability indicators. The engine power during maneuvering 
is spent on overcoming the resistance to movement and on provid-
ing the impact controlled by the maneuver. The first component of 

the engine power can be called a connected one, and the second 
can be called the free one or a control component. The received 
analytical expressions allow carrying out at a design stage a ra-
tional choice of the engine capacity by a condition of maintenance 
of demanded properties of maneuverability. 
The developed method for constructing the refined acceleration 
characteristics of the engine makes it possible to determine the 
dynamic capabilities of the car, taking into account its design fea-
tures and operating conditions. 

When performing bench tests, the discrepancy between the maxi-
mum power values does not exceed 2.9%, and the maximum 
torque values do not exceed 0.6%. The maximum discrepancy 
between the values of the engine power, determined experimental-
ly and using the classic traction calculation, is 31 ± 1%. The error 

obtained in the construction of the acceleration characteristics 
does not exceed 11 ± 1%. This indicates the adequacy of the pro-
posed method of theoretical evaluation of the effective power of 
the car engine. 
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