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HeobXiaHICTb BUAINEHHA HEYITKMX iHTepBanNiB OLiHKK, @ TaKOX XapaKTepusy-
IOTbCA PiBHEM BMNEBHEHOCTI eKcnepTa B 3p0b6aeHMX BUCHOBKaxX. OTXKe, O4HUM 3
HaMbGinbW NPUAATHUX ANsS No6YA0BM MOAENi OLiHKN PiBHA A4ONYCTMMOCTI NOric-
TUYHUX PU3UKIB NpoLEeCYy TPAHCNOPTYBAHHA WBUAKONCYBHOI arapHOI NPoAYKLUiiT €
HEYITKO-MHOXWHHWI niaxia,
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AHoTauisa. Y poboTi 4oCNiaKyETLCA BNINB OLIHOYHOTO MiAXoAy A0 PO3PaxXyHKY aBTOMO-
6inbHOI NiABICKM Ha 3aranbHy 6e3neKy AO0POXKHBbOro pyxy. Po3rnaHyTo ¢pakTopu, WO BUHMKA-
IOTb NPU NOPYLUEHHI CTaHAAPTHUX METOAiIB NPOEKTYBAHHA, @ TAaKOX 3anponOHOBAHO MeTOoJ,
AOKYMEHTa/IbHOMO aHaNi3y TEXHIYHOrO CTaHy NiABICKM 32 YMOB 0OMEKEHOrO iHXeHepPHOoro 3a-
6e3neyeHHA A5 BUBYAHHA Y OCBITHIX KOMMOHEHTaX cnewiafibHOCTi.

Knrouosi cnosa: 6e3neka 00poxcHL020 pyxy, Niosicka asmomobins, HeghopmasnbHuli po-
3PAXYHOK, OOKYMeHMAsAbHUL aHAsI3, MEXAHIKG mpaHcrnopmHux 3acobis, D3A memoduka, 8i-
bpoduHamika, yugpposi 0aHi MpPaHcrnopmHo20 3acoby, NopieHAAbHUU aHANI3, KIHeEMamuUuKa ri-
dsicKu, amamopcbKull mroHiHe, aHAAIMuKa aemomobins, iHweHepHUli KOHMpPoss.
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Abstract. The paper investigates the impact of an estimated (informal) approach to ve-
hicle suspension calculations on overall traffic safety. It considers factors emerging from vio-
lations of standard design methodologies and proposes a method of documentation analysis
for assessing the technical condition of vehicle suspension systems under conditions of limited
engineering support. This method is also proposed for integration into educational compo-
nents of technical specialties.
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Introduction. Nowadays, it is difficult to imagine the work of an engineer
being limited only to the design and calculation of products, as well as preparing
them for production. The aesthetic component plays an important role today.
That is, each product must be developed not only from the perspective of func-
tionality, but also considering design and ergonomics.

The suspension system of a car plays a critical role in ensuring safety and
comfort during motion. It is responsible for absorbing road irregularities, main-
taining vehicle stability, and optimizing tire grip on the road surface. Studies
show that suspension failures or inadequate design can lead to serious conse-
guences, including loss of control and increased risk of traffic accidents (Fig. 1)

[1].
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Figure 1 — Examples of suspension system damage related to vehicle op-
eration

Purpose of the study. The purpose of this work is to investigate the impact
of an informal (evaluative) approach to calculating vehicle suspension on road
safety, and to explore the possibility of proposing a method of documentary
analysis as a tool for monitoring the technical condition of the suspension under
conditions of limited engineering support.

Materials and research results. The study is based on classical principles of
mechanics, in particular Hooke’s Law, which describes the behavior of elastic
suspension elements. According to this law, the spring force is defined as [2]:

Fs=—k x (1)

where Fs — spring force, k — spring stiffness (spring constant), x — displacement
of the spring from its equilibrium position.

This formula makes it possible to evaluate the impact of spring stiffness
on the damping properties of the suspension.

It is also important to take into account the damping force generated in
shock absorbers, which suppresses excessive oscillations. This force is described
by the equation [3]:

Fd=-cwv (2)
where Fd — damping force, c — damping coefficient, v — velocity of the shock ab-
sorber's displacement.

To analyze the suspension dynamics, we will use the classical "quarter-car
model," which considers the body mass m;, wheel mass m,, spring stiffnesses k;
and k; (for the suspension and tire respectively), and the damping coggf;icient
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ccc. The equations of motion for this system are as follows—for the body mass
(3) and for the wheel mass (4):

my-Zy+c(Zy—2Z)+ky- (2, —2) =0 (3)
Mmy-Zy+c (2, —2)) +ky (2, —2z1) +ky -2z, = f(1) (4)

where z; , z,— vertical displacements of the body and wheels respectively,
Z4,Z, — their speeds, Z1, Zo—acceleration, f(t)—external disturbing force,
for example, a bump in the road.

These equations make it possible to assess how design parameters affect
vehicle dynamics. In particular, the spring stiffness k; influences ride stiffness
and body roll; the damping coefficient ccc determines the rate at which oscilla-
tions are damped; and tire stiffness k, affects the suspension’s initial response
to road irregularities [4].

Let us consider the influence of suspension parameters on vehicle behavior.
The spring stiffness k; affects the body height and its oscillations — an increase in
stiffness reduces body roll but may compromise ride comfort. The damping co-
efficient ccc determines the speed of oscillation decay. Excessive damping makes
the suspension feel "harsh," while insufficient damping leads to prolonged oscil-
lations.

Tire stiffness k;, in turn, affects road grip and the transmission of minor ir-
regularities to the vehicle body. Understanding these parameters and their in-
teractionsis critical for engineers when developing a suspension system that bal-
ances comfort and safety.

Informal calculation refers to methods that do not comply with engineering
standards (such as ISO, SAE...), and are based on subjective assessments, simpli-
fied models, or empirical approaches without sufficient verification. Simple en-
gineering calculators are often used for such tasks.

Informal calculations can lead to:

e distortion of chassis geometry;

e reduced damping efficiency;

e changes in the center of mass;

e compromised tire-road traction;

e increased wear on tires and steering components.

To address problems related to informal calculation approaches, the follow-
ing measures are proposed:

Developing simplified mathematical models — such as the basic quarter-car
model — to assess the effects of parameter changes.
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Using software tools (CAD/CAE), such as SolidWorks Simulation, MATLAB
Simulink, and Adams Car, for preliminary modeling.

Incorporating certified data-using manufacturer specifications or ISO/SAE
standards (e.g., SAE J670 for suspension kinematics).

Promoting a culture of technical literacy through educational and scientific
projects, technical courses, instructional materials, and state initiatives for safe
vehicle modifications.

Enforcing control at the vehicle inspection level-modifications should be re-
flected in registration documents only with proper engineering justification.

The concept of "informal calculation" should not be confused with engi-
neering creativity. In the context of vehicle safety, the term has a clearly negative
connotation, as the lack of justification in technical decisions often leads to re-
duced reliability and controllability. Therefore, even "home" tuning should be
carried out using at least basic calculation models and fundamental verification
procedures.

Let us now turn to the method of documentary analysis, which involves the
examination of:

e technical documentation (manuals, drawings, calculations);
e modification history;

e photo and video materials of vehicle operation;

e results of technical inspections and diagnostics.

This approach allows us to assess how well-founded and safe a modification
is. A new approach to road safety documentation analysis is proposed, which is
based not only on classical principles of technical documentation verification but
also on the integration of digital tools, machine data analysis, and the formaliza-
tion of informal experience.

In this context, documentary analysis is a systematic study of available tech-
nical, instructional, and operational documentation (both official and user-gen-
erated) to identify potential risks, inconsistencies, or undocumented changes in
the vehicle’s suspension design. A methodology is proposed-referred to as D3A
analysis-which includes:

Documentation Layer (analysis of technical documentation),

Data Layer (analysis of digital data), and

Delta Analysis (comparative discrepancy analysis).

Documentation Layer refers to the collection of initial technical documen-
tation for the vehicle (passport, manual, service history).

For example, the object of study is a Volkswagen Golf V, 1.9 TDI, model year
2006.

The goal is to identify deviations in front suspension components following in-
formal modifications, compared to factory baseline parameters (Tables 1-3).
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Table 1 — Collection of initial technical information
Component Factory equipment
Front springs OEM code: 1K0411105CE
Front shock absorbers | Sachs 312 732 (gas)

Source of information
ETKA, VW spare parts catalog
Service book, Partscatalog

Ground clearance | 140 mm Operating instructions
height
Table 2 — Identified changes
Component Actually installed | Installation source
Front Springs From Audi A4 B6 | Car owner, service photo
Shock Absorbers Bilstein B4 Parts sticker, service sheet
Ground Clearance | 158 mm Measurement with tape measure

Table 3 — Compliance analysis

Parameter Expected value | Detected value | Deviation
Spring stiffness 17.5 N/mm 22.0 N/mm +25.7%
Damping Standard Increased Not OEM
Clearance 140 mm 158 mm +18 mm

After gathering the information, conclusions from the Documentation
Layer are recorded.

Example: The installed springs and shock absorbers do not comply with
the manufacturer's recommendations. The ground clearance has been altered
without recalibrating the suspension geometry. There is a high likelihood of a
shift in the roll center position, which may affect cornering stability. It is neces-
sary to conduct the Data Layer and Delta Analysis to assess the impact on vehicle
dynamics.

The second stage, Data Layer (digital data analysis), involves obtaining
data from onboard recorders (if available), analyzing photo/video materials from
inspections or test drives (video analysis of suspension behavior), and incorpo-
rating driver feedback from publicly accessible sources, etc.

Below, Tables 4-5 provide an example of the Data Layer stage from the
proposed D3A-analysis methodology, which pertains to the collection and inter-
pretation of digital data on the condition of the vehicle's suspension. This stage
allows for evaluating the actual effects of informal modifications using available
digital tools.

Object of study — Volkswagen Golf V after replacement of front springs
with models from an Audi A4.

Interpretation of results. The oscillation damping time has significantly in-
creased, indicating that the damping system is not properly matched to the stiff-
ness of the new springs. The change in natural frequency suggests a shift in the
dynamic characteristics toward a more "sporty" setup, but without adequate
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compensation from the shock absorbers.

Table 4 — Sources of digital data
Source Description Tool
OBD-ll reading Data from speed, acceleration, body | Torque Pro (Android)
angle sensors
Video analysis of suspen- | Slow motion video of driving over | iPhone Slow-Mo (240 fps)
sion behavior bumps

Variation amplitude telem- | Body vibration damping rate Sensor Kinetics Pro
etry
Movement dynamics Video + frame analysis Tracker Video Analysis Tool

Table 5 — Results processing. Example of analysis of oscillations after pass-
ing a speed bump (values are normalized)

Parameter Factory set- | After replace- | Deviation
ting ment (%)
Damping time (t1/2) 1.8s 2.9s +61.1%
Natural frequency 1.7 Hz 2.4 Hz +41.2%
Maximum acceleration of the body 3.1 m/s? 4.8 m/s? +54.8%
Body tilt angle during braking 5.3° 7.6° +43.4%

Let us now consider the Delta Analysis (comparative discrepancy analysis).
This involves identifying deviations between the design and actual parameters
(based on simulation or compatibility tables), and analyzing the impact of these
changes on key factors such as stiffness, damping, and natural frequency. The
next step is to generate a digital risk map, which highlights zones of critical influ-
ence.

Example. The goal of the analysis is to determine the criticality of suspen-
sion parameter changes after informal component replacement, using a
Volkswagen Golf V fitted with non-original front springs as a case study.

Actual digital values from the Data Layer are compared with nominal val-
ues from the Documentation Layer. To assess the impact, we will use a Criticality
Index (Cl):

Cl = |Fact—Norm| W (5)
Norm
where W — parameter criticality weighting factor (from 1 to 3), C/ > 0.3 — critical
deviation.

As a result, the Delta Analysis demonstrated that the methodology covers
the entire analysis cycle-from documentation review to the comparison of digital
deviations. This enables a comprehensive assessment of the impact of changes.
The proposed approach ensures a logical sequence, reducing the risk of over-
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looking critical safety aspects. The use of mobile apps, OBD scanners, video anal-
ysis, and sensors allows for the collection of objective and measurable data with-
out the need for expensive equipment.

Table 6 — Calculation of the criticality index

Parameter Norm | Fact | Weighting factor W | ClI Criticality
Damping time (t1/2) 1.8c [29c |2 1.22 | @ High
Natural frequency 17Ty | 24Ty | 1.5 0.62 | € Moderate
Maximum acceleration | 3.1 4.8 3 1.64 | @ High
Braking angle 5.3° 7.6° 1 0.43 Low

Table 7 — Visualization of risk areas

Cl value Risk Category
Cl21.0 @ Critical Risk (requires immediate response)
0.5<Cl<1.0 . Moderate Risk (check recommended)
Cl<0.5 Low Risk (does not require immediate intervention)

The methodology not only identifies changes but evaluates their impact in
terms of safety-handling, stability, comfort, and braking efficiency. This is espe-
cially important for vehicle modifications that lack formal certification. The
methodology can be applied to the analysis of any passenger vehicle, regardless
of brand or year of manufacture. Its structure is suitable for vehicle owners, au-
tomotive service providers, or technical auditors alike.

The analysis showed that the informal replacement of springs without ac-
counting for their parameters resulted in critical deviations in amplitude-fre-
qguency characteristics and body dynamics. The increased body acceleration (Cl
= 1.64) and damping time (Cl = 1.22) may lead to loss of traction during emer-
gency braking and dangerous body roll in corners. Therefore, it is recommended
to either match the shock absorbers to the new springs or revert to the original
components.

Conclusions. This study applied the author’s “D3A” methodology to a pas-
senger vehicle with an informal spring replacement. The documentation analysis
revealed that springs from an SUV with a different stiffness rating (+45%) were
installed. Telemetry data from the Torque Pro app confirmed excessive stiffness
over road irregularities and increased oscillation frequency. The Delta Analysis
indicated a 17% increase in the risk of traction loss compared to nominal param-
eters. Based on these findings, a return to near-original suspension specifications
was recommended.
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AHoTau,if. B pob0Ti po3rnsaHyTo 0cobAnBOCTI riGpMAHOT eHEeProyCTaHOBKM, AKA NOEAHYE
B cobi [1B3 Ta enekTpmnYHYy CMNOBY YCTAHOBKY. MpoBeAeHO aHani3 eHepreTMYHOT epeKTUBHOCTI
ribpmMaHoOi eHeproycTaHoOBKMU.

Kno4yoesi cnosa: nopwiHeBUIA ABUTYH, TibpMaHa eHeproycTaHoBKa, eHeproepeKTUBHICTb,
eKoNoriYyHe HaBaHTaXKeHHs.
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Abstract. The paper examines the features of a hybrid power unit that combines an in-
ternal combustion engine and an electric power unit. An analysis of the energy efficiency of
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