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Annotation. Problem. The influence of the damping coefficient of a semi-active suspension on vehicle
acceleration during starting can be determined experimentally. The experimental research method is the
most accurate for obtaining real data, as it accounts for vehicle parameters and the specific operation of
the suspension system. This study conducted an experimental investigation of the acceleration process of a
vehicle equipped with a semi-active suspension. The effect of the suspension damping coefficient on vehicle
acceleration was determined for the first and second gears. The vehicle selected for the study was a Land
Rover Evoque equipped with a CVSA suspension system from Tenneco. Speed, acceleration, and distance
parameters of the vehicle were measured under conditions of low and high suspension damping. For a
clear representation of the research results, graphical dependencies of speed, acceleration, and distance
on time were constructed using MATLAB software. The results were analyzed, and corresponding
conclusions were drawn. Goal. The purpose of the study is to validate the theoretical research on the
influence of the damping coefficient of a semi-active suspension on vehicle acceleration during starting
under road conditions. Methodology. The approaches adopted in this study to achieve the objective are
based on the principles of vehicle theory. Results. It has been established that a vehicle with a high
suspension damping coefficient has a greater impact on acceleration in first and second gears compared to
a vehicle with a low damping coefficient. It was determined that the acceleration of a vehicle with high
suspension damping during first-gear acceleration is higher than that of a vehicle with low damping.
During the shift from first to second gear, the suspension settings do not affect vehicle acceleration. In
second-gear acceleration, the vehicle with high suspension damping also exhibits higher acceleration than
with low damping. Corresponding data were obtained showing different acceleration distances for vehicles
with high and low suspension damping over the same period of time. Originality. The results of the study
provided an insight into the impact of suspension on vehicle acceleration when using different gears.
Practical value. The results of the experimental study enable a comparative analysis of the theoretical
research on the influence of the damping coefficient on vehicle acceleration. Moreover, the obtained data
can be utilized in the design of new vehicles or in the improvement of sports cars, such as dragsters.
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Introduction Analysis of publications

The design of a suspension system is influenced
by numerous factors, particularly the dynamic
characteristics of the wvehicle, ride comfort,
handling, and durability. In the global automotive
industry, it is common practice to "customize™ or
adjust suspension parameters to make the vehicle
more suitable for a different customer base and
adaptable to various driving environments.
Therefore, determining the influence of the
suspension damping coefficient on vehicle
acceleration parameters is a relevant task that
requires comprehensive review and investigation.

Today, vehicle modeling is a crucial tool for
various applications in the automotive industry.
Models are used for the design and integration of
vehicle subsystems, as well as for assessing their
characteristics, such as noise, vibration, stiffness,
efficiency, and fuel consumption. Road transport
engineers focus on improving vehicle active
safety, while motorsport engineers work on
enhancing performance, particularly in vehicle
dynamics and lap times [1]. Virtual models and
simulations are becoming increasingly important
in motorsport as well [2].
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Racing cars aim to achieve optimal
performance by focusing on aerodynamics and
suspension settings. Parameters such as vertical
suspension, rolling stiffness, and damping are
essential for optimal configurations. However,
research often centers on passenger comfort in
road vehicles [3].

Developing new or improving existing
mathematical models for suspension dynamics
is vital for the advancement of automotive
technology [4,5,6]. Several studies analyze
different suspension models and their impact
on vehicle dynamics, particularly on stability
during maneuvering or driving on curved road
sections [7].

There are also studies investigating the
effect of suspension settings on braking
distance. Certain approaches allow for a
reduction in braking distance by altering the
vertical dynamics of the vehicle [8].

However, there is still insufficient research
examining the impact of suspension damping
on vehicle acceleration. This study could help
improve the accuracy of virtual models and
assist engineers in more precisely tuning
suspension  systems to achieve better
performance on the road [9].

Purpose and Tasks

The purpose of the study is to validate the
theoretical research on the influence of the
damping coefficient of a semi-active suspension
on vehicle acceleration during start under road
conditions.

To achieve this objective, it is necessary to
perform an analysis of the suspension
characteristics, vehicle acceleration, distance,
speed, and time, and determine the effect of the
suspension damping coefficient on vehicle
acceleration.

Description of the equipment, methodology,
and results of the experimental studies

The vehicle selected for the study was a Land
Rover Evoque equipped with a CVSA
suspension system from Tenneco. The overall
view of the vehicle is shown in Figure 1.

The control and registration system was
installed in the trunk of the vehicle, allowing
for convenient and secure placement within
the vehicle. This approach enables all
necessary system components to be stored in
one location, ensuring easy access when
needed.

Fig. 1. The overall view of the installed external
equipment on the experimental vehicle

Figure 2 shows the precise location of this
system in the trunk, helping to understand how
the space is organized and how the system
components interact with each other within the
vehicle. Placing the system in the trunk is an
important element for ensuring the system's
uninterrupted operation and for making efficient
use of the available space in the vehicle.

Fig. 2. The overall view of the control and
registration system

The control and registration system consists
of several important components, each
performing its function to ensure the effective
operation of the system. The components of the
system include:

1. RapidPro digital signal amplifier, which
ensures stable signal transmission at a high level
without quality loss.

2. dSPACE SCALEXIO AutoBox system,
used for simulation and testing processes,
providing the ability to connect various devices
for conducting tests.

3. TELTONIKA RUTX11 router, which
ensures uninterrupted communication and stable
network access, crucial for data exchange.
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4. Race Logic VBOX 3i data recording
device, used for collecting and storing
information about the wvehicle's operational
characteristics.

5. Lithium-ion battery, which powers all of
the above components, allowing the system to
operate autonomously under limited power
supply conditions.

These components are shown in Figure 3,
where their placement and interaction within the
control and registration system are depicted.

3 4 2 ] 5

Fig. 3. The placement of devices in the control
and registration system

The overall view of the location where the
experimental studies were conducted is shown
in Figure 4. It illustrates how the vehicle
performs the acceleration run in first and second
gears. This allowed for the assessment of the
vehicle's acceleration dynamics under real
operating conditions.

Fig. 4. Test vehicle on the test site (Range Rover
EVOQUE)

The parameters studied during the
experimental research were recorded using the
ControlDesk dSPACE software, as shown in
Figure 5.This program allows for real-time
monitoring and data recording, ensuring an
accurate display of all necessary indicators such
as speed, acceleration, dynamic vehicle
characteristics, and other important parameters
during testing.

The analysis of the results of the
experimental study conducted to assess the
impact of suspension damping on the
acceleration and braking of the vehicle revealed
significant differences in the vehicle's dynamics
depending on the damping level.
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Fig. 5. The working window of the ControlDesk dSPACE software.
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During the acceleration of the vehicle in the
first gear, when the suspension had high
damping, the vehicle reached a speed of 26.5
km/h in 5.2 seconds. This is 7.5% more than
with low damping, as seen from the results
shown in the graph in Figure 6. This difference
in figures indicates that increased suspension
damping contributes to more efficient
acceleration, providing greater stability and
control over the vehicle.

Further, when the vehicle shifted to second
gear (5.2 — 6 seconds), coasting, the speed was
also higher with high suspension damping,
reaching 24.5 km/h. This indicates that the
efficiency of suspension damping also positively
affects the transition between gears, ensuring a
smoother and quicker shifting process, as well
as maintaining speed in the next phase of
motion.

Moreover, when the vehicle reached a speed
of 40.4 km/h at 8.5 seconds, the difference
between the vehicle with high suspension
damping and low suspension damping reached
8%. This shows that a high level of damping
allows the vehicle to accelerate faster, which is
an important factor in road performance. Such
an improvement in acceleration dynamics allows
the vehicle to effectively cover various sections
of the track with less time spent.

In the phase when the vehicle was moving on a
flat section of the road (8.6 — 11.8 seconds), with
the speed stabilizing at 40.4 km/h, the vehicle with
high suspension damping maintained a higher
speed than the one with low damping. This is
further proof that a high damping coefficient
provides better stability and greater efficiency at
higher speeds, which is especially important for
long trips or situations where high speed is
required to reach the final destination.

Finally, in the last stage, when the vehicle
began the braking process (12 — 15.2 seconds),
the result was even more convincing: the vehicle
with high suspension damping reduced its speed
3% faster than the vehicle with soft suspension.
This shows that high suspension damping not
only improves acceleration and motion stability
but also enhances braking efficiency, allowing
the vehicle to stop faster and improving its
safety on the road.

Thus, the study demonstrated the importance
of adjusting the suspension damping to achieve
optimal vehicle characteristics. The research
results, in the form of graphs and diagrams, are
presented in Figure 6, providing a visual
representation of the impact of different
damping parameters on the vehicle's dynamics,

confirming the effectiveness of high damping in
improving acceleration, motion stability, and
braking speed.
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Fig. 6. The graph of the dependence of the car's
speed on time with different suspension
settings

The analysis of the results obtained from the
experimental study showed that the acceleration
of the car with high suspension damping during
acceleration in first gear is significantly higher
than with low damping, reaching 4 m/s2. This
indicates that suspension settings have a major
impact on the car's acceleration, especially in
first gear, when the engine operates at low revs.
When shifting from first to second gear, it is
important to note that the suspension settings do
not have a significant impact on the car's
acceleration. This could be due to the fact that
during gear shifting, the main factors
determining acceleration are the engine power
and the gear, not the suspension characteristics.
However, when accelerating in second gear, the
car's acceleration with high suspension damping
is again higher than with low damping, reaching
3.4 m/s2. This confirms that suspension damping
indeed has a significant influence on the car's
dynamics, especially at higher speeds. When the
car moves at a constant speed of 40.4 km/h, the
car's acceleration approaches zero, as there is no
significant increase or decrease in speed at such
a cruising speed. At the same time, with high
suspension damping, this effect is more
pronounced, as the high damping reduces body
oscillations and stabilizes the car's motion,
leading to a lower acceleration at such a speed.

Figure 7 shows the pattern of change in the
car's acceleration during its acceleration in first
and second gears.

With a stiff suspension, a uniform speed is
established faster than with a soft suspension.
Between 8.5 to 12 seconds, the vehicle with a
stiff suspension reaches a more consistent speed
compared to the one with a soft suspension.
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Fig. 7. The graph of the car's acceleration as a

function of time with different

suspension settings

This is because a stiffer suspension reduces
the amount of body roll and oscillations
during acceleration, allowing the tires to
maintain better contact with the road surface
and ensuring more efficient power transfer
from the engine to the wheels. In contrast,
with a soft suspension, the vehicle experiences
greater body movement and less stability,
which can lead to energy loss and slower
establishment of a uniform speed. The
difference in performance becomes evident in
the time period between 8.5 and 12 seconds,
where the car with a stiffer suspension
maintains a more stable and higher speed than
the one with a softer suspension.

In first gear, when acceleration occurs, the
wheels may start to slip because a large torque
is applied to them from the engine. At this
moment, the traction force is limited by the
grip of the wheels on the road. If the traction
force on the wheels exceeds the grip, wheel
slip begins.

In second gear, the car accelerates with a
lower torque on the wheels compared to first
gear. Since the engine torque is limited in
higher gears, acceleration in second gear is
not dependent on the grip of the wheels, but
instead is limited by the engine's torgue.

Thus, in first gear, speed is limited by the
grip of the wheels on the road, while in second
gear, this limitation disappears because the
engine torque becomes the main factor.

Experimental studies have also confirmed
the theoretical justifications regarding the
influence of suspension characteristics on the
acceleration distance of a car. As seen in the
graph in Figure 8, there is a noticeable
difference in acceleration distance between
cars with high and low suspension damping,
even with the same time. This clearly

demonstrates the importance of suspension
damping for the overall dynamics of the
vehicle, as a car with high suspension
damping can achieve a higher speed over a
shorter distance compared to a car with low
damping.
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Fig. 8. The graph of the dependence of the
distance traveled by the car on time
with different suspension settings

High suspension damping provides better
stability during motion and allows more
efficient power transfer to the wheels, leading to
faster acceleration and, consequently, a shorter
acceleration distance. This is crucial for vehicles
used in high-speed conditions or for achieving
maximum performance on tracks, where a short
acceleration distance is an important factor.

On the other hand, cars with low suspension
damping may exhibit a greater distance to reach
the same speed in the same amount of time, as
they experience larger oscillations that can
reduce the effectiveness of force transmission to
the road. This can also lead to less stable motion
and higher energy losses, which, in turn,
increases the acceleration distance.

Thus, the research results clearly demonstrate
that suspension damping settings are critically
important for optimizing the acceleration
characteristics of a vehicle and enhancing its
dynamic efficiency. Therefore, it is essential to
consider these factors when designing
automotive systems, especially for vehicles
where a short acceleration distance is vital for
achieving maximum results.

In particular, when accelerating to 40 km/h in
second gear at 8.5 seconds, the car with high
suspension damping covers a distance of
42 meters, while the car with low suspension
damping covers a shorter distance of only 38
meters. This means that the difference in
acceleration distance between the two cars is 4
meters, which is 10%. This difference indicates
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that the car with high suspension damping is
able to more effectively utilize its power for
acceleration, allowing it to reach a higher speed
over a shorter distance.

On the section with uniform motion, at
12 seconds, the distance traveled by the car with
high suspension damping is also greater,
measuring 82 meters, while the car with low
suspension damping travels less — 78 meters.
The difference in distance is 4 meters, which is
5% of the total distance. This difference further
confirms that high damping suspension settings
contribute to more stable motion and more
efficient power transmission to the wheels,
reducing energy losses and allowing the car to
move faster in the same amount of time.

Conclusion

The work presents experimental studies on the
impact of the damping coefficient of a semi-
active suspension on the acceleration of a car
during acceleration. The obtained results allow
the following conclusions to be made:

A car with a high suspension damping
coefficient has a greater impact on acceleration
during movement in first and second gears
compared to a car with a low damping
coefficient. The difference in speed for the car in
first gear is 7.5%, and in second gear — 8%.

The acceleration of a car with high suspension
damping during acceleration in first gear is higher
than with low damping, reaching 4 m/s2. During
the shift from first to second gear, suspension
settings do not affect the car's acceleration. When
accelerating in second gear, the acceleration of
the car with high suspension damping is higher
than with low damping and amounts to 3.4 m/s?.
When the car moves uniformly at a speed of 40.4
km/h, the acceleration of the car approaches zero,
with the high damping suspension resulting in a
lower value.

Cars with high and low suspension damping
have different acceleration distances over the
same time. When accelerating to 40 km/h in
second gear at 8.5 seconds, the car with high
suspension damping covers a greater distance
than the car with low damping. The difference in
acceleration distance is 4 meters, or 10%. On the
section with uniform motion at 12 seconds, the
car with high suspension damping also travels a
greater distance than the car with low damping,
with the difference being 4 meters (5%).

It should also be noted that the obtained
research results can be used to calculate the
effect of the suspension damping coefficient on
the acceleration of a dragster.
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of the scientific research topics of the
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ExcnepuMeHTa/IbHE J0CTiIZKeHHS BIIUBY
KoedimieHTy 1eMnyBaHHA HANIBAKTHUBHOI
NiABICKH HA PHCKOPEHHs ABTOMOOiNA npu
po3roui

Anomauin.  Ipoonema.  Bnaus  koeghiyicumy
Odemnysanns HanigakxmueHoi  niosicKu Ha
NPUCKOPEHHSL  a8MOMOOINSL  NPU  PO32OHI  MOICHA
BUBHAYUMU  EeKCNEPUMEHMATbHUM ULIAXOM. Memoo
eKCNepUMEeHMANbHUX — 00CHI0JCeHb €  HaubLIbW
MOYHUM OISl OMPUMAHHSL PEAbHUX OAHUX, OCKLIbKU
8PAX08YE NOKA3HUKU AGMOMOOIISL mMa Cneyupixy
pobomu niogicku. B Oawiti pobomi nposedero
EKCNEPUMEHMANbHE OOCTIONCEHHS. NPOYECYy DPO32OHY
asmomooins 3 HanieaxKmueHoIo niosickoro.
Busnaueno  enaue  roegiyicnmy  demngysanis
niogicku Ha po32iH agmomobina Ha nepuiiii ma opyai
nepeoauax. B saxocmi docnioacysanoeo agmomobins
6yno eudpano Lande Rover Evoque 3 écmanosnenoio
niogickoio CVSA 6i0 komnanii Tenneco. Busnaueno
NOKA3HUKU  WBUOKOCTHI, NPUCKOPEHHS Md  WLIAXY
agmomoOiia  npu  HU3bKOMY — Md  GUCOKOMY
OoemngysanHi niosicku. s HAa2A0H020
npeocmaegientss pe3yivmamie O00CHIONCeHHs Oyau
nobyoosani  epaiyni  3aneHCHOCMI  WBUOKOCHII,
NPUCKOPEHHs, WXy 6i0 uacy 3a OO0NOMO2OI0
npoepamu  Matlab. Ilposedenuti ix awnaniz ma

3pobneni 8i0N0BIOHI BUCHOBKU. Mema.
ITiomeepooicennss meopemuunux O0CHONCeHb GNIUBY
Koe@iyienmy OemMn@yeanHs Hani6aKMueHoi NiOBICKU HA
NPUCKOPEHHST A8MOMOOLNISL NPU PO320HI 68 OOPOICHIX
ymoeax. Memooonozia. I1ioxoou, npuiinsimi 6 pobomi
07151 Q0CAHEHH A Yiel Memu 0A3VImMbCst HA NONOHCEHHSX
meopii  agmomobing.  O6'ekm: npoyec  poseoHy
aemomobina 3 HanieakmugHor niogickor. Ilpeomem
oocnioycenna: enaus  Koegiyicnmy Oemng)y8anHs
niogicku  HA  NOKA3HUKU — PO320HY  ABMOMOOLIA.
Pesynomamu. Bcmanosneno, wo asmomobinze 3
Koeghiyienmom 8Ucoko2o demn@ysanis niogicku nio
uyac pyxy Ha nepwili ma Opyeili nepedauax Mae
Oinbwull 6NIUE HA PO32IH, YUM 3 KoepiyieHmom
HU3bK020 Oemnysanns niosicku. Busnaueno, wo
NPUCKOPEHHS ABMOMODLISL 3 GUCOKUM OeMNPYBAHHIM
niogicku npu poszeoni Ha 1 nepeodaui euuje, HidNC 3
Huzbkum Oemn@ysanusm. I1i0 wac nepemuxanus 3
neputoi’ Ha Opyey nepeoavy HAIAumy8aHHs NiOGIiCKU
He 6NIUBAE HA NPUCKOpeHHA asmomobimno. I[lpu
po320Hi Ha 2 nepedaui NPUCKOPEHHsT ABMOMOOINL 3
BUCOKUM OeMN@DY8aHHAM NIOBICKU Gulye, HINC 3
HUuzbkuM  Oemnysanuam. Ompumano BiON0GIOHI
NOKA3HUKYU AKI NOKA3YIOMb PIZHULL ULTAX PO32OHY 3d
00HaKoBULl ~ 4ac — asmomobino 3 BUCOKUM
oemnpysannsm  nidgicku  ma 3 HUSbKUM
oemnpysanmnsm. Ilpaxmuune 3nauenns. Ompumani
Ppe3ybmamu  eKCNEPUMEHMANbHO20 — OOCTIONHCEHHS
0aoms MONCIUBICMb NPOSECMU NOPIGHSIbHULL AHATI3
meopemuyHux — OOCHIONCEHb  BNIUGY  KOeqhiyieHmy
Ooemnghysannsi Ha pos2in  aGmMomoOils, a MaKodiC
OMPUMAHE NOKAZHUKU MOJICYMb OYMU UKOPUCAHT NPU

NPOeKMyBaHHI ~ HOBUX — asmomoObinie  abo  npu
VOOCKOHAIEHHI  CNOPMUBHUX — A8MOMODINie  muny
Opeecmep.

Knwwuosi  cnosa:  xoegiyienm — demngysanns,

NPUCKOPEHHs, a8moMobinb, po32iH, HANIBAKMUBHA
niosicka.
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