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MODELING THE STRENGTH OF THE REAR SUSPENSION OF THE SPECIALIZED
ARMORED VEHICLE “NOVATOR”

The problem of ensuring the strength of the rear suspension of a specialized armored vehicle during tests is
considered. To solve it, a method of calculating the suspension for strength at maximum loads was developed and the
modeling of the structure on the main modes of operation of the vehicle was performed. Mathematical modeling of the
vehicle at maximum loads to determine the critical forces and maximum stresses in the structural element, as well as its
analysis for the absence of residual deformations is made. The performed calculations, mathematical and simulation
modeling proved that the necessary strength conditions are met for all elements of the suspension at its maximum load
in the most severe modes of operation of the vehicle.
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Introduction. Tests play an important role in the lifecycle of modern armament and military
equipment. They are an integral part of the technological process of manufacturing and
modernization of technical facilities, including military equipment and special equipment.

The purpose of the tests is to determine and evaluate the combat, technical and operational
characteristics of the samples of equipment submitted for testing.

The use of simulation in tests is a modern method that allows you to partially transfer real
tests to a virtual environment. At the same time, you can significantly expand the number of
modeling parameters and set different models of impact on the object. This can significantly reduce
the time of testing and reduce the total cost of testing [1].

Tests of a specialized armored vehicle “NOVATOR” were carried out in the State Scientific
Research Institute of Armament and Military Equipment Testing and Certification. The general
view of the vehicle is shown in Figure 1.

During the factory tests when the vehicle climbed the sloping hill at an angle of 30°) there
was an accident — damage (destruction) of the longitudinal levers of the rear-wheel drive. The
investigation of the accident showed that the strength of the longitudinal rods of the rear axle is
insufficient, and the material used does not meet the requirements of technical conditions.

Therefore, the task of increasing the strength of the rear suspension elements has arisen. To
solve this problem, it is necessary to calculate the strength and make the necessary changes in the
design of the vehicle’s rear suspension.

Presenting main material. Note the design features of the rear suspension “NOVATOR”.
The specialized armored vehicle is assembled on the chassis of a FORD car. However, instead of
the standard rear suspension spring suspension is used, without the installation of shock absorbers,
which can reduce vehicle’s smoothness and reduce its life.

In the design of the rear suspension of the specialized armored vehicle “NOVATOR” a
scheme with longitudinal side levers that absorb bending stress is used.

© Chupryna V.M., Dmytriiev V.A., 2022



36ipHuk Haykosux npaub Hepicasinozo Hayko80-00CHiOH020 IHCIUMYmY
sunpobysans i cepmudhixauii 036poenns ma giticokogoi mexuiku. 2022. Bun. Ne 1(11)
ISSN 2706-7386

Fig.1. General view of the specialized armored vehicle “NOVATOR”

The amount of bending force for the above structure depends on the amount of traction
during the movement of the vehicle and the amount of braking torque realized during braking.

A significant difference of the suspension is the effect of multidirectional vertical travel of
the suspension on its guiding properties. This issue is constructively resolved by attaching the rear
limb of the longitudinal suspension lever to the drive axle with two silent blocks.

The specialized armored vehicle “NOVATOR” uses a scheme with longitudinal on-board
levers that receive different loads from forces and moments, which are due to the values of traction
during movement and braking torque during braking.

The general design of the rear suspension is shown in Figure 2.
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1 - the lever is longitudinal
2 -rear crossbar
3 - traction transverse Panara
-4 - front lever support
5 - support of a spring element top
6 - front suspension bracket

-

7 - silent block

Fig.2. Design of the rear suspension of the specialized armored vehicle “NOVATOR”

The magnitude of the bending force for the above lever design depends on the magnitude of
the traction force during the movement of the vehicle and the magnitude of the braking torque
realized during braking or climbing up a sloping hill (Figure 3).

Rnm

Fig.3. Scheme of forces impacting the specialized armored vehicle
during braking and on a sloping hill

The forces and moments impacting the rear suspension of the vehicle “NOVATOR” are
calculated in [2]. Let's take them as a basis for calculating the model of the rear suspension for
strength.
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The calculation of the main modes of suspension of the specialized armored vehicle
“NOVATOR” showed that the maximum load is taken by the longitudinal levers of the suspension
during braking and when climbing up (a sloping hill 30°). They represent the following values:

— during braking, the maximum torque M = 39715.5 Nm = 40000 Nm;

— at the beginning of the movement on a sloping hill with a slope of 30 ° M = 60150.3
Nm = 60000 Nm;

— force impacting the rear suspension (part of the load from the weight of the vehicle)
P = 66700N.

Given that the maximum torque is distributed approximately equally on both wheels, it is
advisable to accept the following options for applying the load:

—option 1 — P =66700N (on the suspension);

— option 2 — M = 30,000 Nm (per wheel).

Based on the provided drawings, a detailed continuous 3D model of the rear suspension of
the specialized armored vehicle “NOVATOR” in the SolidWorks system was developed [3, 4]. In
accordance with the above load modes, the design scheme of the rear suspension of the specialized
armored vehicle is made. The general view of the calculation scheme is shown in Figure 4.

Fig.4. Calculation scheme of the specialized armored vehicle “NOVATOR”

In the 3D model, the rear suspension is mounted on a fragment of the vehicle frame
according to the actual design. At the same time exact geometrical models of each detail received
from the corresponding drawings are used.

The material and properties of the individual structural elements of the rear suspension were
set from the drawings in accordance with the standards. Materials’ mechanical properties which are
necessary to test for the strength are summarized in Table 1.

Table 1
Mechanical properties of the materials used
No Name Permissible stresses, MPa
Om Os
1 Steel 10XCHJZI GOST 4543-71 410 540
2 Steel 40X GOST 4543-71 1420 1580
3 Spring steel GOST 9398-75 1320 1320
Welding wire
4 SW-307Si ISO 14343-A 350 500
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In the design of the rear suspension of the “NOVATOR” most welded parts are made of
steel 10 XCHJ] GOST 4543-71. Axles, bolts, nuts and screws are made of 40X steel. Springs are
made of spring steel according to ISO 14343-A.

The design of the rear suspension contains both small elements (bolts, washers, nuts, etc.)
and large elements (wheels, frames, rods, etc.). Also, many elements are used here with a large
number of holes of different sizes, radii and roundings.

To build a finite element network of such a complex assembly model, it is advisable to use a
combined network of tetraidal finite elements and sizes that are adapted to the size of the element.
This allows you to more accurately describe the properties of structures with different sizes of
elements, which include the design of the rear suspension of the specialized armored vehicle
“NOVATOR”.

At the preparatory stage of the calculation, a heterogeneous finite element network of the
rear suspension structure was formed, which contained 6730923 degrees of freedom, 1390942 finite
elements and 2249906 nodes (Figure 5).

Fig.5. Finite element network of the rear suspension

After construction of finite element network of a rear suspension bracket static calculation of
a design on durability was carried out. The protocol for calculating the system of equations of this
model is shown in Figure 6.

Waer pewetme:

Mpowno spemetu: th: 1m:21s
Bceraa oTofpaxaTs CTATYC pewaioweil nporpamms!
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Crenerm csoboabi:6,730,923
Konnuectso y3nos: 2,249,906
Konu4ecTso anemeHTos: 1,390,942
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Tun:

Mpeaynpexa ’

Naysa Otmera MeHble<<

Fig.6. Protocol for calculating the rear suspension model
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Figure 7 shows the maps of the stress-strain state for different design options of loads.
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Fig.7. Simulation of the elastically deformed state of the rear suspension

To establish the maximum point stresses, the critical zones of the structure were probed, in
which the stress values approach the allowable values. In Figure 8, these areas are marked with
footnotes.
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Fig.8. Probing of the rear suspension elements

Figure 9 shows an example of the pattern of deformations (movements) of the structural
elements of the rear suspension under the impact of specified loads. The biggest movements here
are due to the compression of the suspension springs.
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Fig. 9. Plot deformations (displacements) of the rear suspension elements
As a result of calculations of the stress-strain state of the rear suspension, the following is
determined:

— in the first variant of loads (force P) stresses in the nodes are not significant, because all
the loads are taken by the nodes of the springs;
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— the highest stresses in the elements of the rear suspension correspond to the second variant
of loads (moment M);

— the maximum stresses that are in the units of traction, working on the bend (the axis of
attachment of the lever, screw, lever, axis of the silent blocks), do not exceed the allowable values;

— safety factors of these elements are (1,085-1.2) units.

For example, for the axis of attachment of the lever, the maximum stresses (Fig. 8) are
1456 MPa, which is less than the allowable value (1456 MPa < [1580] MPa). The safety margin is
1580: 1456 = 1,085 units (8.5%). That is, in general, the design of the rear suspension provides the
necessary strength. However, the margins for individual elements are small.

To increase the strength and coefficients of safety (as well as the service life of these
elements), it is advisable to take design and technological measures to strengthen the design of the
rear suspension. For example, increasing the diameter of the lever mounting axis from 18 mm to
22 mm provides a margin of strength of 1.5 units (i.e. 50% instead of 8.5%).

Conclusions and recommendations.

As a result of the calculation of the strength of the rear axle subsystem, it is recommended to
increase the wall thickness and replace the material of the longitudinal rods, which provided the
necessary strength under the most difficult conditions of vehicle’s operation.

Based on the results of simulation modeling of the “NOVATOR” rear suspension at certain
maximum loads, it can be stated that the design of the rear suspension as a whole provides
sufficient strength. However, the margins for the most loaded structural elements are small.

Recommendations for increasing the strength of the rear suspension are as follows:

— it is expedient to carry out constructive changes of some of the most loaded elements
towards their strengthening;

— it is recommended to ensure the value of the coefficients of safety of the structure at the
level of not less than 1.5-2 units.

The manufacturer is invited to take into account and implement the recommendations
provided in the manufacture of a serial model of the vehicle.
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MOJIEJTIOBAHHS MIITHOCTI 3ATHBOI MIJIBICKA CIEIIAJII3OBAHOT O
BPOHBOBAHOI'O ABTOMOBLJIA “HOBATOP”
B. Yynpuna, B. /Imutpien

Poszenanyma npobnema 3abesneuennss MmiyHocmi 3a0HbOI  MIOGICKU  Cheyianizoeamnoco  OPOHbLOBAHOZO
aemomobing “HOBATOP”.

IIpu nonepeomix uNpoOYBAHHAX 6CMAHOBAEHO, WO MIYHICMb NOB3008XHCHIX MAe 3A0HLO20 MOCMA €
HedocmamHuvow. [ eupiuienHs npoOremu 3abe3nedenHs MIYHOCMI OYIU  GHECeHi KOHCMPYKMUBHI 3MIHU 8
KOHCMPYKYII0 NOG3008HCHIX Msie, SKi HeOOXIOHO nepesipumu npu po3PaxyHKax MiyHOCmI 3a0HbOI NIOBICKU.

Cmeopena mpusumipHa mooenb 3a0HbOi Ni0GICKU A8MoMO0iNe ma po3podieHa MemoouKd ii po3paxyHKy Hd
MIYHICMb 30 MemoOoM CKiHueHux enemenmis. I[Ipoeedeno imimayitine MOOeNO8AHHI KOHCMPYKYIT 3a0HbOI NIOGICKU HA
OCHOGHUX PedHCUMAX eKCNLyamayii agmomooins. /[na GUsHAUeHHA MAKCUMATbHUX HANPYIICEHb 8 eleMeHMax KOHCMPYKYIi
BUKOHAHO MameMamuine MOOENI08AHH AGMOMODINA NPU MAKCUMANbHUX (KPUMUYHUX) HABAHMAICEHHAX HA 3A0HIO
niOBICKY 8 pedcumax 2anvMy8anus i pyxy (niouomy) na xocoeopi. llpu yvomy npoeedenuil ananiz KOHCMpYKyii, saKkui
3ac8i0uUB 8I0CYMHICMb 3ANUUKOBUX Oehopmayitl 8 HADLIbIL HABAHMAMCEHUX Oemaiax Ni0GiCKuL.

Bukxonanumu pospaxynkamu, mamemamuyHum i IMIMayiiHum MOOe08aHHIM 008€0eHO, W0 HeOOXIOHI YMOsU
MIYHOCMI BUKOHYIOMbCA O1A YCIX eleMeHmi8 3a0Hboi niogicKu npu ii MAKCUMATLHOMY HABAHMAJCEHHI 8 Haubiibl
8adicKUX pesicumax pobomu asmomobina. Oouak, 3anacu MiyHoOCmi ONsl OKPEMUX eleMeHmie KOHCMpPYKYil €
HEe3HAYHUMU.

s niosuwenns miynocmi i 30invuienns Koeghiyienmie 3anacy miyHocmi (a makodic i pecypcy pobomu
3A3HAYEHUX eNeMeHMi8) 3anponoHO8aHo UPOOHUKAM 30TLICHUMU KOHCMPYKMUBHO-TNEXHON0TUHT 3aX00U 3 NiOCUNEeHHS
KOHCMPYKYii 3a0Hb01 niO8ICKU, AKI O0YLIbHO peanizysamu npu 8U20MoGIeHHI CepiliH020 3pa3Ka agmomoois.

Knrouosi cnosa: bponeasmomobins, 3a0Hs niogicka, 6unpoOy8aHHs, HABAHMANCEHHS, MIYHICIb, PO3PAXYHOK,
MOOEIOBAHHSL.
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