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The Development of a Method for 
Diagnosing Internal Combustion 
Engines Based on Acceleration and 
Rundown Characteristics  
 
The paper proposes applying a precise and low-cost internal combustion 
engine (ICE) diagnostic method based on acceleration and rundown 
characteristics. We developed an engine test stand based on and selected 
diagnostic tools to record acceleration-rundown parameters: a DBD-4 
gasoline engine loader and USB Autoscope 4. We established that the 
injector feed rate significantly affects acceleration time, while the wear of 
the cylinder-piston group (CPG) significantly affects the acceleration time 
of the ICE crankshaft. When CPG wear was 28%, acceleration time 
increased to 15 s, and when the wear was 5% – to 3s. The rundown time 
significantly depends on the outlet resistance and increases with an 
increase in the degree of CPG wear. Applying the developed method 
reduced the fuel consumption of the test engine by 21%. 
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1. INTRODUCTION  
 

The current stage of scientific and technological deve–
lopment provides various methods for diagnosing 
internal combustion engines: based on lubricating oil 
parameters [1–5], the vibration spectrum analysis [6–
11], instantaneous rotation speed analysis, fuel consum-
ption, instantaneous measurement of the angular crank-
shaft acceleration [12, 13], etc. There are numerous 
models, theories, and algorithms [14] for fault diag-
nostics, including neural networks [15, 16], simulation 
modeling [17, 18], wavelet analysis and transform [6, 
19, 20], heredity algorithm [21], fuzzy algorithms [22], 
and more. Researchers primarily focus on the deve-
lopment and implementation of in-place diagnostic 
methods since identifying minor faults can often be 
resource-intensive [23, 24]. 

Notably, there are effective methods of vibro–
acoustic ICE diagnostics. Acoustic diagnostics offer the 
advantage of simple and quick measurements. Diag–
nostic charts based on the measured acoustic spectrum 
[7–11] can be useful for assessing the technical con–
dition of the tested engine. The main disadvantage of 
this method is that background noise and other noise 
sources that do not affect the engine operation must be 
accounted for and removed. 

The continuous wavelet transform method [6, 20] 
and artificial neural networks [16] are proposed to de–
tect signals caused by damaged elements hidden in 
broadband background noise. Artificial neural networks 
are also utilized to predict engine performance and ex–
haust emissions with an accuracy of over 95% [16]. The 

use of neural networks for automated combustion mis–
fire diagnostics in ICE is presented in [22], where the 
authors diagnose the severity and location of damage. 

The instantaneous angular acceleration method of 
diagnosing ICE allows checking the technical condition 
of a group of cylinders but does not provide complete 
information on the engine power. This diagnostic 
method can identify failures related to combustion and 
other issues affecting gas pressure in the cylinders by 
analyzing instantaneous velocity [13, 25]. Measuring 
instantaneous speed requires highly sensitive equipment 
and analysis of large volumes of data. Recent research 
on instantaneous angular velocity has focused on the 
post-processing of instantaneous angular velocity 
signals using wavelet analysis and neural network 
analysis [26-28].  

Frictional diagnostics is an in-site diagnostic method 
that utilizes lubricating oil as a source of information 
about processes and changes in mechanical systems. 
However, the costs of repair often exceed the inves–
tment in preventive maintenance and special equipment 
is required [1, 3]. Selecting the necessary parameters to 
classify wear particles can be laborious and involve 
time-consuming calculations. Despite the labor costs 
associated with this method, it does not guarantee suf–
ficient reliability that the particles belong to the selected 
class. In [2], the authors proposed a classification 
method based on dissimilarity indicators.  

There is no doubt that all the methods for diagnosing 
and assessing the technical condition of internal com–
bustion engines are effective and precise. However, 
operating companies may not always have access to 
specific diagnostic tools. Therefore, the main goal of 
technical diagnostics in automobile engines is to 
provide an easy and accurate method for assessing 
technical conditions.  

The article proposes a universal diagnostic method 
based on acceleration-rundown characteristics. This 
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method is implemented through continuous monitoring 
of the diagnosed systems. To record acceleration-
rundown parameters, a DBD-4 gasoline engine loader 
(to provide test modes) and a USB Autoscope 4 (Posto–
lovsky’s electronic multichannel oscilloscope) [24, 29] 
were selected as diagnostic tools. The output control 
parameters are the time parameters of acceleration-
rundown and the total number of crankshaft revolutions 
before the ICE stops [30]. 

Scientific merits of the paper: 
• the correlation between the acceleration and dece–

leration of the vehicle's ICE and the condition of the 
fuel delivery system has been established; 

• an analytical description of the changes in tech–
nical and economic indicators during the implemen–
tation of the developed diagnostic method is presented; 

• a diagnostic algorithm for the fuel delivery system 
has been developed based on the derived correlations of 
the ICE acceleration and deceleration with the condition 
of the fuel delivery system. 

The contribution to engineering practice includes: 
• justification of the methodology for test diag–

nostics of the ICE fuel delivery system based on moni–
toring the characteristics of acceleration and decele–
ration; 

• development of mode selection and diagnostic par–
ameters that accurately describe the technical condition 
of the fuel delivery system; 

• presentation of experimental data, the comparison 
of which enables the assessment of the technical con–
dition of the ICE fuel delivery system; 

•  development of recommendations for monitoring 
the technical condition of the fuel delivery system, ta–
king into account the influence of the technical condi–
tion of other systems. 

The practical application includes: 
• Development of a method and technology for 

diagnosing the fuel delivery system based on acce–
leration and deceleration characteristics. This allows for 
the timely elimination of failures and malfunctions of 
engine system elements within the service enterprise; 

• Automotive service organizations can utilize the 
research results to determine the technical condition of 
the fuel delivery system. 
 
2. THEORETICAL RESEARCH 

 
We chose the method of free acceleration to establish 
the relationship between the technical condition of the 
ICE and the acceleration-rundown parameters. The 
acceleration condition can be met by an additional fuel 
supply and by providing power exceeding friction 
horsepower. Thus, we can write the equation for 
moment balance for the free acceleration condition: 

 0=−− εMMM ti  (1) 

where Mi is the indicated moment (N·m); Mt is the 
frictional moment (N·m); Mε is the moment connected 
with an increase in the kinetic energy when the fuel 
supply increases (N·m). 

Let us write Mε through separate components; then, 
we will obtain: 

 ti MM
dt
dJ −=
ω  (2) 

where J is the moment of inertia reduced to the axis of 
the ICE crankshaft (N·m2); dt/dω is the instantaneous 
acceleration value of the ICE crankshaft (rad/s2).  

An analysis of (1) and (2) shows that during acce–
leration, the kinetic energy increases due to an increase 
in the indicated power. Depending on certain combi–
nations of factors, the increase in indicated power can 
exceed or fall short of the nominal value, leading to 
faster or slower acceleration. Several significant factors 
influence acceleration speed, including the servicea–
bility of the elements of ignition, fuel supply, gas 
distribution, intake, CPG, and exhaust systems. It is 
worth noting that the introduction of complex exhaust 
systems, such as catalytic converters, has significantly 
increased the occurrence of failures that affect acce–
leration and rundown time. However, not all the afo–
rementioned factors impact the rundown of the ICE 
crankshaft. Previous studies have established that 
rundown is influenced by the condition of the exhaust 
system, CPG, and the gas distribution system – anything 
that can affect the intake and exhaust resistance. Taking 
into account the above provisions, acceleration can be 
represented by the general expression: 

 ( ) ( )isssssssf …654321 ;;;;;=ωε  (3) 

where s1 is the degree of CPG wear; s2 is the technical 
condition of the gas distribution system; s3 is the tech–
nical condition of the ignition system; s4 is the technical 
condition of the intake system; s5 is the technical con–
dition of the exhaust system; and s6 is the technical 
condition of the fuel supply system. 

However, upon examining the weight of each factor 
in equation (3), it becomes evident that individual indi–
cators significantly differ in terms of their degree of 
influence. The limiting value of one parameter has a 
much greater impact on acceleration compared to ot–
hers. Furthermore, analyzing ICE acceleration with all 
cylinders operational or with individual cylinders dis–
abled can significantly enhance the diagnostic process 
by providing more informative data. This is particularly 
important for multi-cylinder ICEs, where the specific 
gravity of each component is smoothed out by the 
influence of other properly functioning objects. 

Several studies have shown that acceleration is 
usually much faster than the rundown process for most 
of the operated ICEs. However, acceleration and run–
down conditions are essential: the speed at which the 
throttle valve opens, the reaction rate of the fuel supply 
system, and other factors. 

Several publications mention the concept of cycle 
time for free acceleration and deceleration. We will 
mainly present the results of acceleration and decele–
ration separately. 

The sum of the acceleration and rundown times is 
determined by the expression: 
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where ta is the point of free acceleration (s); tr is the point 
of free rundown (s); Δω is the increment or the degree of 
reduction of the ICE crankshaft speed (pro–vided that the 
same values of the greatest speeds are being considered 
during acceleration and rundown) (rpm); εa is the 
acceleration value during acceleration (rad/s2); εr is the 
deceleration value during rundown (rad/s2). 

The cycle time can be presented in a graph (Fig. 1) 

 
Figure 1. Cycle time during the evaluation of acceleration 
parameters. 

Let us consider the theory of acceleration and run–
down and the calculation of cycle parameters. If the ICE 
fully complies with the regulations and technical 
documentation, the cycle time can be written as tc0: 
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However, with the appearance of faults in ICE systems 
and parts, the parameters of (5) will change. Taking into 
account changes to technical conditions, let us write 
cycle time as tcα and tcβ. In the first case, the technical 
condition of the ICE systems affected the acceleration 
time, in the second case – the rundown time. The equa–
tions will be as follows: 
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where α characterizes the change in the time compo–
nents of acceleration and β characterizes the change in 
the time components of rundown. 

Let us consider a situation in which the time para–
meters of acceleration have changed during operation, 
not taking into account the rundown because it remained 
in the same time frame. Then, we can write the 
condition in the form of the coefficient Ktc: 
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If failures affecting acceleration and rundown appear 
simultaneously (when α≠1 and β≠1), (8) can be written 
as follows: 
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A disadvantage of utilizing this coefficient to assess 
the technical condition of ICE is the ambiguity that can 
result from the superimposition of several mutually 
exclusive failures. As diagnostic practice shows, it is 
more convenient to evaluate acceleration and rundown 
time separately rather than comparing them with the 
tabular values for new ICEs. 

Let us present an example of applying the method 
with alternating acceleration-rundown cycles for a 
ZMZ-4062 engine (Fig. 2). 

 
Figure 2. The acceleration-rundown characteristic of a 
ZMZ-4062 engine: (1) 1.6 mm2 total CPG wear, 300 kPa fuel 
pressure in the fuel rail; (2) 1.6 mm2 total CPG wear, 250 
kPa fuel pressure in the fuel rail. 

An analysis of the characteristics (Fig. 2) shows that 
a decrease in the fuel supply (when the pressure in the 
fuel rail varies from 300 to 250 kPa) leads to an increase 
in acceleration time by almost 1 second. At the same 
time, the rundown time parameters remain unchanged. 

The characteristics of the acceleration-rundown pro–
cess are also illustrative (Fig. 3) 

 
Figure 3. The acceleration-rundown characteristic of a 
ZMZ-4062 engine with varying combinations of failures: (1) 
0.75 mm2 total CPG wear, 300 kPa fuel pressure in the fuel 
rail; (2) 2.35 mm2 total CPG wear, 250 kPa fuel pressure in 
the fuel rail; (3) 2.35 mm2 total CPG wear, 200 kPa fuel 
pressure in the fuel rail. 

Figure 3 shows that in the first variation of factors, 
acceleration takes at least 2.13 s. In the second case, 
acceleration is extended to 2.34 s. In the third case, 
acceleration takes significantly longer – 2.78 s. The 
disadvantage of the obtained data is that it is difficult to 
relate the fuel rail's pressure to the fuel injector's actual 
flow rate. However, the dynamics of the increase in 
acceleration time clearly characterize the decrease in the 
capacity of the electromagnetic injectors. At the same 
time, the influence of CPG wear on the rundown pro–
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cess is not noticeable. When the rundown starting points 
of all three graphs overlap, the slope and the rundown 
are the same, although previous diagnostic measure–
ments showed that ICE rundown time increases along 
with an increase in CPG wear. 

Acceleration parameters are an important aspect, 
particularly the position of the throttle valve during 
acceleration and subsequent rundown. Let us present 
our results showing four positions of the throttle valve 
(Fig. 4). 

 
Figure 4. Acceleration characteristics at different positions 
of the throttle valve. 

Figure 4 shows that each combination of factors 
results in different acceleration times. The slowest acce–
leration is obtained when the throttle position remains 
unchanged with the flow rate of the electromagnetic 
injector of 5 l/h. Moreover, the number of revolutions is 
increased by an increase in injection duration within the 
greatest possible value limits. However, Figure 4 shows 
that with an increase in the injector flow rate to 6 l/h, 
acceleration time decreases. 

 
3. METHODS 

 
For our studies, we developed an engine test stand, cha–
nged the capacity of fuel injectors using a set of drills 
and pads with calibrated bores, and used a DBD-4 gaso–
line engine loader (for setting test modes) and USB 
Autoscope 4 (Postolovsky's oscilloscope) as diagnostic 
tools [29, 30]. 

We modified the flow section of the nozzles for the 
experimental set of electromagnetic injectors. To inc–
rease the outlet section and, therefore, the feed rate, the 
feed orifice (channel) located behind the injector valve 
was drilled using the selected drill diameters. To reduce 
the outlet section of the electromagnetic injector, we 
installed specially prepared washers with reduced 
orifices.  

A test stand based on the ZMZ-4062 engine was 
used in our study. The ZMZ-4062 engine is a 4-
cylinder, 16-valve injection gasoline engine with fuel 

injection in front of the inlet valve; the piston stroke is 
86 mm, the cylinder diameter is 92 m, the cylinder 
operation mode is 1-3-4-2, the environmental standards 
are Euro-4 (Fig. 5). 

 
Figure 5. Experimental setup: 1– ZMZ-4062 engine; 2– 
stand frame; 3– electric transmission; 4– remote control; 
5– oil hydraulic system for turbocharger power supply. 

Measurement instruments are connected to the 
control points, and all processes are recorded in the 
form of data oscillograms. The obtained oscillograms 
are numbered in accordance with the sequence of 
experimental data processing. They are then processed 
using applied mathematical statistics software packages. 

A USB Autoscope 4 (Postolovsky’s oscilloscope) 
was used to control the acceleration and rundown times 
and the number of revolutions made by the crankshaft 
until the complete stop of the ICE. During our study, the 
ICE speed was set at a certain level. The start of the 
oscillogram display using the USB Autoscope 4 was 
ensured simultaneously with the ongoing operation of 
the engine (Fig. 6). 

After achieving a constant rotational speed of the 
engine crankshaft, the moment was ensured for its 
fixation on the oscillogram (Fig. 6). At the specified re–
porting moment, the fuel injection pulses (spark 
generation) were disabled, and the oscillogram captu–
ring the deceleration process was recorded from the be–
ginning until the complete stoppage of the engine 
crankshaft (Fig. 7). 

During the engine start-up, the oscillogram display 
using the USB Autoscope 4 was initiated simultane–
ously. Afterward, the initial value of the engine crank–
shaft rotational speed was established (Fig. 7). Fol–
lowing this, the recording was started, after which the 
ignition was simultaneously turned off, and the dece–
leration of the engine crankshaft was recorded until its 
complete stoppage (Fig. 8). 

After the complete stoppage of the engine, the 
recording was terminated, and the current time segment 
was saved in the memory of the computer device 
connected to the USB Autoscope 4. As can be seen 
from Fig. 8, the deceleration time amounted to 3.81 
seconds. Additionally, the total number of revolutions 
of the engine crankshaft until its complete stoppage is 
calculated based on the recorded oscillogram. 
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Figure 6. A recorded current sweep of the USB Autoscope 4 oscillogram: (1) The change in signal of the crankshaft position 
sensor at a stable constant speed of the ICE crankshaft; (2) The change in the signal of the primary circuit of the ignition 
system. 

 
Figure 7. A recorded current sweep of the USB Autoscope 4 oscillogram: (1) The change in the signal of the crankshaft 
position sensor until the complete stoppage of the engine; (2) The change in the signal of the primary circuit of the ignition 
system (moment of ignition pulse deactivation). 

 
Figure 8. A recorded current sweep of the USB Autoscope 4 oscillogram: (1) The variation of the signal from the crankshaft 
position sensor until the complete stoppage of the engine; (2) The change in the signal of the primary circuit of the ignition 
system (ignition pulses turned off) 
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4. RESULTS  
 
Let us consider the experimental dependence of accele–
ration time (t) on injector capacity (Δµf) under various 
acceleration conditions (Fig. 9). 

 
Figure 9. The dependence of acceleration time on injector 
capacity. 

The gas pedal is used to set the initial ICE crank–
shaft speed to carry out measurements on an operating 
engine. Upon reaching the given initial ICE crankshaft 
speed, the gas pedal is fixed, and stable readings of the 
ICE crankshaft speed are achieved.  

The greatest difference in the acceleration values 
(Fig. 9) is observed when injector capacity is reduced by 
-6%. However, the slope angle of the acceleration time 
dependencies is somewhat different. For larger initial 
ICE crankshaft speeds, the slope angle is larger. A 
significant increase in acceleration time is observed 
when injector capacity is -6% at high crankshaft speeds. 
This is caused by the depletion of the fuel-air mixture. 
After +6% injector capacity, the slope angle of the 
dependences is increased and coincides for all three 
rundown variants.  

Acceleration time changes linearly within the 
variation range of injector capacity from +3% to -6%. 

The experimental dependence of rundown time on 
CP wear under various rundown starting conditions 
(Fig. 10) can serve as an example of the dependence of 
the rundown time on the technical condition of the ICE 
elements. 

Figure 10 shows that with an increase in CPG wear, 
the rundown time increases significantly, and when the 
critical point of wear (28%) is reached, the ICE does not 
reach the specified crankshaft speed (stalls), which is 
caused by the leakage of the fuel-air mixture. 

 
Figure 10. The dependence of rundown time on CPG wear. 

Let us consider the experimental dependence of the 
rundown time on injector capacity (Fig. 11). 

 
Figure 11. The dependence of the rundown time on injector 
capacity. 

Figure 11 shows that the greatest difference in the 
rundown time values is observed when injector capacity 
is increased by 6%. Within the variation range of 
injector capacity from +6% to -6%, the rundown time 
varies linearly. No critical points were found. Based on 
this assumption, we can conclude that the rundown time 
value does not depend on the change in injector capacity 
within the range from +6% to -6%. 

The experimental dependence of the rundown time t 
on the equivalent diameter of the exhaust pipe (Fig. 12) 
can serve as an example of the dependence of the 
rundown time on the technical condition of the ICE 
elements. 

 
Figure 12. The dependence of the rundown time on the 
equivalent diameter of the exhaust pipe. 

The greatest difference in the values of the rundown 
time (Fig. 12) is observed at the equivalent diameter of 
the outlet pipe d=34 mm. However, the slope angle of 
the rundown time dependences is somewhat different: 
for large initial ICE crankshaft speeds, the slope angle is 
larger. In the range from d=34 mm to 10 mm, the 
rundown time varies linearly. After d=10 mm, the slope 
angle of the dependences sharply increases and coin–
cides for all the three mentioned rundown variations. 
However, at d=10 mm, the critical option of the exhaust 
tract resistance is observed, after which it is impossible 
to set the initial ICE crankshaft speed at 5000, 4000, and 
3000 rpm. The balance point is observed at a lower 
speed. Our experiments have shown that the zone of 
equivalent cross-sections less than 10 mm is critical. 
After this point, ICE operation is complicated or 
impossible. 
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The experimental dependence of rundown time on 
CPG wear (Fig. 13) can serve as an example of the 
dependence of rundown time on the technical condition 
of the ICE elements. 

 
Figure 13. The dependence of rundown time on CPG wear. 

Figure 13 shows that with an increase in CPG wear, 
rundown time increases significantly.  

The dependence of acceleration time on the initial 
ICE crankshaft speed at various values of injector 
capacity is illustrative (Fig. 14). 

 
Figure 14. The dependence of acceleration time on the 
initial ICE crankshaft speed with various changes to fuel 
injector capacity. 

With a decrease in the diameter of the injector spray 
nozzle (Fig. 14), ICE acceleration time increases. The 
increasing dynamics of acceleration time are the most 
significant at the earlier stages of increasing resistance 
(from -3% to -6%). The difference in acceleration time 
between two adjacent dependencies is Δt = 0.3 s with a 
decrease in the equivalent cross-section from 0% to -
3%. As injector capacity decreases below -3%, the 
decrease in the rundown time becomes less noticeable. 
The rundown time difference between two adjacent 
dependencies becomes less Δt = 0.3 s. At + 3% to -6% 
injector capacity at high crankshaft speeds, we observe 
a significant increase in acceleration time caused by the 
depletion of the fuel-air mixture. 

Let us consider the dependence of the rundown time 
on the initial ICE crankshaft speed at various values of 
injector capacity (Δµf) (Fig. 15). 

As Fig. 15 shows, we did not observe the maximum 
difference between the values of the rundown time from 
the initial ICE crankshaft speed at different injector 

capacity values. The actual rundown time varies linearly 
at +6% to -6% injector capacity. No critical points were 
found. Based on this assumption, rundown time does 
not depend on the changes in injector capacity within 
the range from +6% to -6%. 

 
Figure 15. The dependence of the rundown time on the 
initial ICE crankshaft speed at various values of changes in 
injector capacity. 

The experimental dependence of the rundown time 
on the initial ICE crankshaft speed at different values of 
the equivalent diameter of the exhaust pipe (Fig. 16) can 
serve as an example of the dependence of the rundown 
time on the technical condition of ICE elements. 

 
Figure 16. The dependence of the rundown time on the 
initial ICE crankshaft speed at different values of the 
equivalent diameter of the exhaust pipe. 

As exhaust tract resistance increases, ICE rundown 
time decreases (Fig. 16). The decreasing dynamics of 
the rundown time are most significant at the earlier 
stages of increasing resistance. The difference in the 
rundown time between two adjacent dependencies is 
Δt=0.3 s with a decrease in the equivalent cross-section 
from 34 to 25 mm. As the equivalent diameter of the 
outlet pipe decreases below d=20 mm, the decrease in 
the rundown time becomes less noticeable. The 
rundown time difference between two adjacent 
dependencies becomes less Δt=0.1 s. 

An important diagnostic parameter is the total 
number of revolutions before the engine stops (Fig. 17). 

With +6% to -6% injector capacity (Fig. 17), the 
dependence is linear. No critical points were found. 
Based on this assumption, we can conclude that changes 
in injector capacity do not affect the value of the 
rundown time. 
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Figure 17. The dependence of the total number of revolu–
tions before the engine stops on injector capacity provided 
that the rundown begins from 5000 rpm. 

We examined the experimental dependence of the 
total number of revolutions before the engine stops on 
the equivalent diameter of the exhaust pipe, provided 
that the rundown begins from 5000 rpm (Fig. 18). This 
can serve as an example of the dependence of rundown 
time on the technical condition of ICE elements. 

 
Figure 18. The dependence of the total number of 
revolutions before the engine stops on the equivalent 
diameter of the exhaust pipe provided that the rundown 
begins from 5000 rpm. 

Figure 18 shows that in the initial variation range of 
the equivalent diameter of the outlet pipe d=34…15 
mm, the dependence is almost linear. However, below 
d=15 mm, the dependence dynamically bends down–
ward, and at 10 mm, we do not observe the condition 
for the beginning of the rundown from 5000 rpm. In 
other words, the engine no longer picks up such speed. 
As exhaust tract resistance increases, the stable possible 
crankshaft speed at the beginning of the rundown 
decreases. 

 
5. CONCLUSION  

 
For our study, we developed a research methodology 
that involved designing an engine test stand, modifying 
fuel injector capacity, and creating a device to simulate 
exhaust system resistance. 

We discovered that acceleration time can serve as a 
sensitive diagnostic parameter for assessing the tech–
nical condition of the fuel supply system. When 
analyzing the experimental relationship between accele–
ration time on injector capacity (provided that the 
rundown begins from 5000 rpm, 4000 rpm, and 3000 
rpm), the most significant difference in acceleration time 

values was observed at injector capacity ranging from –
3% to –6%. Based on numerous experiments, it was 
determined that –3% injector capacity is the critical point 
beyond which the operation ICE becomes challenging or 
impossible due to a substantial depletion of the fuel-air 
mixture. Changes in the technical condition of the fuel 
system did not affect the rundown time. Additionally, by 
employing this method, we achieved a 21% reduction in 
fuel consumption for the tested engine. 
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NOMENCLATURE 

α [-] characterizes the change in the time 
components of acceleration  

Β [-] characterizes the change in the time 
components of rundown 

CPG cylinder-piston group  
DBD-4 gasoline engine reloader 
d [mm] diameter of the outlet pipe 

dt/dω [rad/s2] instantaneous acceleration value of the 
ICE crankshaft  

εa  [rad/s2] acceleration value during acceleration  
εr [rad/s2] deceleration value during rundown 
ICE internal combustion engine  

J [N·m2] moment of inertia reduced to the axis of 
the ICE crankshaft  

Ktc [-] coefficient 
Mi [N·m] indicated moment 
Mt [N·m] frictional moment 
Mε [N·m] moment connected with an increase in 
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the kinetic energy when the fuel supply 
increases 

n [rpm] crankshaft speed 
N [rev] total number of revolutions 
t [s] acceleration time  
ta [s] point of free acceleration 
tr [s] point of free rundown 
ZMZ-4062 engine 

Δt [s] the difference in the rundown time 
between two adjacent dependencies 

Δω [rpm] 

increment or the degree of reduction of 
the ICE crankshaft speed (provided that 
the same values of the greatest speeds 
are being considered during acceleration 
and rundown) 

 Δµf [%] injector capacity 
 
 

РАЗВОЈ МЕТОДЕ ЗА ДИЈАГНОСТИКОВАЊЕ 
МОТОРА СА УНУТРАШЊИМ 

САГОРЕВАЊЕМ НА ОСНОВУ 
КАРАКТЕРИСТИКА УБРЗАЊА И РАДА 

 
А. Грисенко, В. Шепелев, А. Бурзев, Б.К. Калијев 
 
У раду се предлаже примену прецизне и јефтине 
дијагностичке методе мотора са унутрашњим саго–
ревањем (ИЦЕ) засноване на карактеристикама 
убрзања и рада. Развили смо штанд за тестирање 
мотора заснован на и одабраним дијагностичким 
алатима за снимање параметара убрзања: утова–
ривач бензинског мотора ДБД-4 и УСБ Аутосцопе 4. 
Утврдили смо да брзина протока ињектора значајно 
утиче на време убрзања, док хабање цилиндра- 
клипна група (ЦПГ) значајно утиче на време убрзања 
ИЦЕ радилице. Када је хабање ЦПГ било 28%, време 
убрзања се повећало на 15 с, а када је хабање било 5% 
– на 3 с. Време заустављања значајно зависи од 
излазног отпора и повећава се са повећањем степена 
хабања ЦПГ-а. Примена развијене методе смањила је 
потрошњу горива тест мотора за 21%. 

 




