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Abstract

Introduction: The movement smoothness of transport and handling machines (THM) (excavators, cranes, road
maintenance equipment, etc.) on a vehicle chassis significantly affects their durability as a result of the large weight of
equipment and uneven load distribution along the axes of the base chassis, which causes heavy dynamic loads when
moving along roads with imperfect pavement. However, THM often have to move along those very roads. Purpose of
the study: We aimed to increase the movement smoothness of THM on a vehicle chassis by using a shock absorber of
new design as the main vehicle undercarriage suspension element. Methods: The hydropneumatic shock absorber is
considered the most common. The principle of its operation is based on hydraulic resistance that occurs when the piston
with the rod move in a space filled with oil, while the gas in the closed part is compacted, compensating for changes in the
internal volume. Most often, the main disadvantage related to the operation of hydropneumatic shock absorbers (HPSA)
is the probability of bottoming when hitting a barrier (obstacle), which results in dynamic loads reducing the service life
of the vehicle and the parts of the shock absorber. Results: The paper describes a new shock absorber design ruling
out bottoming, provides a mathematical model of its elastic response, and presents the results of modeling in Mathcad,

confirming the operability of the device.
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Introduction

The movement smoothness of transport and
handling machines (THM) (excavators, cranes,
road maintenance equipment, etc.) on a vehicle
chassis significantly affects their durability as a result
of the large weight of equipment and uneven load
distribution along the axes of the base chassis, which
causes heavy dynamic loads when moving along
roads with imperfect pavement. However, THM often
have to move along those very roads. Particularly
heavy dynamic loads occur when they move over
large irregularities causing shock absorber bottoming.
Often, after relocation, it may be required to repair
mechanical damage to the operating equipment.

The movement smoothness of THM is
guaranteed by a system of devices ensuring elastic
connection between the wheels and the body, called
suspension. The suspension absorbs energy from
bumps and shocks that occur while moving along the
road. The suspension includes both damping and
elastic components. The latter reduce the dynamic
load that occurs during suspension operation when
moving over rough roads. The elements of the
damping components dampen the vibrations of the
body. In standard suspensions, damping and elastic
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components are usually separated and operate
in parallel (Carway.info, 2017), Dobromirov et al.,
2006; Rotenberg, 1972).

The hydropneumatic shock absorber is
considered the most common. The principle of
its operation is based on hydraulic resistance that
occurs when the piston with the rod move in a space
filled with oil, while the gas in the closed part is
compacted, compensating for changes in the internal
volume. Most often, the main disadvantage related
to the operation of hydropneumatic shock absorbers
(HPSA) is the probability of bottoming when hitting
a barrier (obstacle), which results in dynamic loads
reducing the service life of the vehicle and the parts
of the shock absorber.

Recently, an elastic component has been
introduced into this type of suspension, which makes
it possible to change the stiffness and clearance of
the suspension. The operation of this component
is based on a pneumatic cylinder (Akopyan, 1979;
Chelomey, V. N.,1981; Lukin, P. P. et al.,, 1984;
Techautoport.ru, 2022). This scheme significantly
reduces the probability of shock absorber operation
in bottoming when it is compressed. Besides, it has
a complex design because its parts are made in the
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form of individual components. These components
require other attachment points for full operation, as
well as space for placement and connection with the
linkage system.

Widely distributed HPSA meet the requirements
for the functionality of suspensions: the combination
of a hydro cylinder and a pneumatic cylinder makes
it possible to achieve the effect of a “gas spring”
(Audi, 2001; Zaitsev, A. V.,2007; Zhileykin, M. M. et
al., 2012; Repin et al., 2019; Repin et al., 2020).
The specifics of their operation is in reducing the
risk of HPSA bottoming during compression, but
at rebound the probability of bottoming remains
quite high. Thus, as a result of studies and HPSA
modeling, a new scheme of HPSA operation with
two hydraulic and pneumatic cylinders installed both
above and below was proposed, which significantly
reduced the probability of HPSA bottoming both
during compression and rebound.

During the studies, we simulated the operation of
the modified HPSA equipped with two gas springs
placed above and below the hydraulic part of the
shock absorber and ruling out its bottoming during
compression and rebound.

Shock absorber operation

Fig. 1 presents a new shock absorber design
(Repin, 2022).

Places of rigid connection are shown with
crosses.

Chambers G1 and G3 act as an elastic element
(gas springs) and rule out shock absorber bottoming
during compression (G1) and rebound (G3). The
clearance can be adjusted on account of the
difference in the values of pumping pressure in
chambers G1 and G3.

Geometric parameters of the HPSA

The geometric parameters of the HPSA are
determined based on the technical characteristics of
the machines and shown in Fig. 2.

S,,--S,, — extra stroke of the shock absorber
elements;

Sy comp S ep — dynamic compression and rebound
stroke, respectively;

Sfull = Sd_comp + Sd_reb
absorber;

sz — stroke of the pneumatic piston at full stroke of
the hydraulic piston;

h,, — height of the hydraulic piston;

hp2 — height of the pneumatic piston;

d, L, — diameter and length of the hydraulic
cylinder;

d, L, — diameter and length of the pneumatic
cylinder;

0, — thickness of the cylinder walls;
ch — gap between the cylinders;
L_,L _— maximum and minimum length of the

'max’ —min

HPSA;

— full stroke of the shock

L,, — average length of the HPSA, which is
comparable with the length at the resultant load P__;

L, Ly 10y — distance from the pneumatic cylinder
to the center of the upper and lower mounting bracket,
respectively.

Analysis of the elastic response of the HPSA

We investigated the extreme indicators of the
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Fig. 1. Shock absorber design: 1 — a pneumohydraulic
shock absorber (filled with gas under pressure — chambers
G1, G2, G3); 2 — an operating cylinder (filled with liquid);
3 — a hydraulic piston; 4, 6 — arod; 5, 7 — a rod eye;

8 — a pneumatic piston; 9, 10 — a nipple; 11, 12 — safety
valves; 13 — a pipe; 14, 15 — a sealing guide bushing;
G1 — an upper gas chamber; G2 — a compensation gas
chamber; G3 — a lower gas chamber; L1 — an upper
hydraulic chamber; L2 — a lower hydraulic chamber
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movement. First of all, we analyzed its indicators
determining the elastic component of the suspension
and acting on the wheel during movement of the
suspension elements (Fig. 3) according to a particular
method (Dobromirov et al., 2006; Rotenberg, 1972):
— at curb weight — P_
— static HPSA deflection — S_;
— displacement during compression — S
— displacement during rebound — S
— forces P on the HPSAat S,

d_comp

— forces P, , onthe HPSAat S, .

The algorithm for the analysis of the elastic
response is as follows:

1.At the selected static deflection S, and load
P_,, on the shock absorber (with curb weight), gas
pressure in chambers G1, G2 and G3 is selected;

2. Calculation of pressure in chambers G1, G2
and G3 during shock absorber stroke from 0 to full
stroke Sfull = Sdicomp +Sd7reb'

3. Plotting of the elastic response.

Calculation of gas pressure in chambers G1,
G2, G3 at THM curb weight

The shock absorber rod force is determined by
the difference in the values of pressure in chambers
G1and G3: p, and p,:

P=(p—p3)F,
where F, — the cross-sectional area of the inner
surface of cylinder 1 (Fig. 1).

F = (dy~d,)* /4,
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where d, and d — the diameter of cylinder 1 and the
diameter of the rod, respectively.

Then pressure p, . in chamber G1 under load at
curb weight P_  can be found based on the following
relations:

Peurt
Apcurb = c;’r » Pleurb = Apcurb = P3curb-
1

where p, . — the selected pressure in chamber G3
under load at curb weight P_ ..

Restrictive conditions when selecting pressure:

— the minimum pressure in chamber G3 shall
exceed atmospheric pressure;

— the maximum pressure in the gas chambers
shall not exceed 4 MPa (Dobromirov, 2006). It is
expedient to adopt pressure in chamber G2 to be
equaltop, ..

Changes in pressure during compression

The volume of chamber G1 during compression
varies from the average value V,_ at the average
length L_ of the shock absorber, corresponding to
static deformation S_, to the minimum value V, _ at
the length of the shock absorber L__, corresponding
to dynamic compression deformation S

Nav = F '(Sd_comp +8e1),
Mmin = F 'Sel'

Then pressure in chamber G1 during dynamic

compression will be as follows:

n
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Fig. 2. Design scheme of the geometric parameters at the maximum (a) and minimum (b) length of the shock absorber
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Fig. 3. Shock absorber parameters

where nis the polytropicindex (n=1.26) (Dobromirov
et al., 2006; Rotenberg, 1972).

The volume of chamber G3 during compression
varies from the average value V,  at the average
length L_ of the shock absorber, corresponding to
static deformation S, to the maximum value V, _ at
the length of the shock absorber L ., corresponding
to dynamic compression deformation S

Viay = F '(Sd_reb +8e5),

Vimax = F1 '(Sfull +SS)'
Then pressure in chamber G1 during dynamic
compression will be as follows:
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Fig. 4. Results of indicators for the elastic
response of the shock absorber in Mathcad

Changes in pressure during rebound

The volume of chamber G1 during rebound
varies from the average value V,_ at the average
length L_ of the shock absorber, corresponding to
static deformation S_, to the maximum value V, _ at
the length of the shock absorber L__, corresponding
to dynamic rebound deformation S, .

Mmax = F '(Sfull +Sel)
Then pressure in chamber G1 during dynamic
rebound will be as follows:

n
_ Mav

Pid_reb = Plcurb % :
Imax

The volume of chamber G3 during rebound
varies from the average value V,  at the average
length L_ of the shock absorber, corresponding to
static deformation S_, to the minimum value V,  at
the length of the shock absorber L __ , corresponding
to dynamic rebound deformation S

Vimin = £ 'SeS

Then pressure in chamber G3 during dynamic

rebound will be as follows:

d_reb”

n
£

P3d_reb = P3curb [ % “ J :

3min

Elastic response in the HSA rod stroke
function

The HPSA stroke varies from L to L __ (Fig. 2).
In this case, the volumes V, and V, and pressures p,
and p, in the stroke function S of the rod (S=0...S
are as follows:

(S) = F (S +8), V3() = Fi (o5 + Sy =),
Vl(Sdcomp)Jn’

full )

pl(S):pld_camp'( (S)

()

Now we can determine the perpendicular load on
the wheel from the HPSA deformation:

P(S)=Fi [ p1(S)- p3(8) -

Fig. 4 shows a potential model of the relationship
under consideration for the KAMAZ-43502 chassis,
developed in the Mathcad environment. It should
be noted that in some cases S, , meet the stated
HPSA indicators, and then the Ioad P, ., is different
from the rest, or at least from other, HPSA The load
P, ., Will be negative, which has not been previously
observed in the theory of shock absorbers. As a
result, a separate group of stated HPSA indicators
at the S, , graph section bends in the direction
opposite to the standard one. The main result is an
indication of the fact that the HPSA compression force
is directly proportional to the forces acting during
HPSA rebound as deformation S, , increases.
This phenomenon is due to the following: during

full rebound, gas is heavily compressed in chamber

V3(Sa comp) ) .
p3(S)= P3d _comp '(i
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G3, and pressure in chamber G1 is minimal (see the
equation above).

It is the presented relationship that provides
conditions for zero HPSA bottoming during rebound.

Discussion

The modeling in Mathcad shows the probability
of a wide range of changes in the characteristics by
modifying the initial HPSA configuration: diameter,
indicator of auxiliary displacements in chamber G3
vs. the actual forces.

Conclusions

1. The considered design scheme of the shock
absorber makes it possible to increase the movement
smoothness of THM due to the new scheme for

the installation of gas springs, which significantly
reduces the probability of HPSA bottoming in all
modes of operation.

2. The efficiency of performance of the new HPSA
design is confirmed by mathematical modeling in the
Mathcad environment.

Acknowledgments

The authors express their gratitude to Viktor
Nikolayevich  Dobromirov, Professor at the
Department of Land Transport and Technological
Machines of the Saint Petersburg State University of
Architecture and Civil Engineering, for his help and
support in developing a new device and writing this
paper.

References

Audi (2001). Pneumatic suspension systems. Part 1. Clearance regulation in Audi A6. Design and operation. Self-training
program 242. [online] Available at: http://rep-air.ru/ssp242.pdf [Date accessed 20.10.2022].

Akopyan, R. A. (1979). Pneumatic suspension of transport vehicles. Lvov: Vishcha Shkola, 218 p.

Carway.info (2017). ALCA®: Ridigity — an issue of measure. [online] Available at: https://carway.info/ru/content/alcar-
zhestkost-vopros-mery [Date accessed 20.10.2022].

Chelomey, V. N. (ed.) (1981). Vibration in engineering. Reference book in 6 volumes. Vol. 1. Moscow: Mashinostroyenie,
352 p.

Dobromirov, V. N., Gusey, Ye. N., Karunin, M. A., and Khavkhanov, V. P. (2006). Shock absorbers. Design. Calculation.
Testing. Moscow: Moscow State Technical University “MAMI”, 184 p.

Repin, S. V. (2022). Pneumohydraulic shock absorber. Patent RU208894U1.

Repin, S. V., Dobromirov, V. N., Orlov, D. S., and Kapustin, A. A. (2019). The study of the elastic characteristics of the new
hydro-pneumatic shock absorber. Bulletin of Civil Engineers, No. 5 (76). pp. 260-269. DOI: 10.23968/1999-5571-2019-
16-5-260-269.

Repin, S., Bukirov, R., and Vasilieva, P. (2020). Study on effects of damping characteristics of base chassis suspension
on operational safety of transport and handling machinery. Transportation Research Procedia, Vol. 50, pp. 574-581.
DOI: 10.1016/j.trpro.2020.10.069.

Rotenberg, R. V. (1972). Motor vehicle suspension. Vibrations and running smoothness. 3 edition. Moscow:
Mashinostroyenie, 392 p.

Techautoport.ru (2022). Design and operation of pneumatic suspension. [online] Available at: https://techautoport.ru/
hodovaya-chast/podveska/pnevmaticheskaya-podveska.html [Date accessed 20.10.2022].

Zaitsev, A. V. (2007). Calculation of vehicle suspension parameters. Kurgan: Kurgan State University, 16 p.

Zhileykin, M. M., Kotiev, G. O., and Sarach, Ye. B. (2012). Method for calculating characteristics of pneumatic-hydraulic
controlled suspension with two-level damping in multi-axle vehicles. Science & Education, No. 1, 77-30569/346660. [online]
Available at: http://technomag.edu.ru/doc/346660.html. [Date accessed 20.10.2022].

Lukin, P. P., Gasparyants, G. A., and Rodionov, V. F. (1984). Design and analysis of vehicles. Moscow: Mashinostroyenie,
376 p.

86



Sergey Repin, Ivan Vorontsov, Denis Orlov, Roman Litvin — Pages 82-87
STUDYING THE OPERATION OF THE PNEUMOHYDRAULIC SHOCK ABSORBER WITH ZERO BOTTOMING
IN THE SUSPENSION OF A TRANSPORT AND HANDLING MACHINE

WCCNEOOBAHUE PAEOTbI BECIMTPOEOUHOIO
NMHEBMOI'MgPABJIMYECKOI'O AMOPTU3ATOPA B NOABECKE
TPAHCMOPTHO-TEXHOIOM'MYECKON MALLVHbI

Ceprewn Bacunbesud Penun®, ViBaH MiBaHoBWnY BopoHuos, feHuc Cepreesny Opnos,
PomaH AHgpeeBund JIMTBUH

CaHkT-lNeTepbyprcknii rocyaapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHBIN YHUBEPCUTET
CaHkT-lNeTepbypr, Poccus

*E-mail: repinserge@mail.ru

AHHOTauunA

BeepeHue: [NaBHOCTb Xxo0Oa TpaHCNOPTHO-TexHonornyeckux mawwuH (TTM) (skckaBaTopoB, kpaHoOB, 060pyaoBaHWSA ANg
COAEepXXaHWst AOPOr U T.M.) Ha aBTOMOOUITBHOM LLACCK 3HAYUTENBHO CKa3bIBAETCH Ha UX JOMNTOBEYHOCTU B CUITY BOMbLUOWN
macchl 060pya0BaHNS U HEPaBHOMEPHOCTU pacnpefeneHnst Harpy3ok no ocaMm 6asoBoro LWaccu, YTo Bbi3biBaeT bonbLune
OUHaMMyeckre Harpysku npu nepeMeLleHmm no 4oporaM ¢ HECOBEPLLUEHHBIM NOKPbITMEM. 3a4acTyto, UMEHHO MO TakMM J0-
poram npuxoguTtcst nepemeltatecs TTM. Llenb nccneaoBaHusi: nNoBbilLeHWe NnaBHOCTM xoda TTM Ha aBTOMOOUITbHOM
LLIACCU Ha OCHOBE MCMOMb30BaHMA HOBON KOHCTPYKLMM amMopTn3aTopa, Kak rnaBHOro afemMeHTa NoaBeckn XOA0BOW YacTu
MaLwwmHbl. MeToabl: KOHCTPYKLMSA amopTusaTopa ¢ ruaponHeBMaTU4eckon cxemon cumtaeTcsa 6onee pacnpocTpaHeHHOW.
MpuHUMN Mx paboTbl OCHOBAH Ha MMAPaBINYECKOM COMPOTUBIIEHUW, BO3HUKAKOLLEM MPU OBMXEHUN MOPLLHSA CO LUTOKOM
B 0ObeM 3anorHEHHOM MacroMm, Npu 3TOM ra3 B 3aKpbITOM YacTu YNIOTHAETCSA, KOMMEHCUPYS] U3MEHEHUSA BHYTPEHHETO
obbema. MMaBHbIM OTpULaTENbHBIM NoKa3aTtenem rmgponHeBmaTtuyeckoro amoptuaartopa (ITA) yale Bcero GbiBaeT Be-
pOsiTHOCTb NPo60s Npu 3KcnyaTauum B MOMEHT Hae3aa Ha 6apbep (MpensaTcTBue), YTO BReYeT 3a cobon AuHaMmnyeckme
Harpysku, ymeHbLUaoLWmMe pecypc MallvHbl 1 AeTanen camoro amopTtusatopa. PesynbraTthkl: B ctatbe onvcbiBaeTcs Ho-
Basi KOHCTPYKLMS aMmopTuaaTopa, UCKyaroLwero npobon, NpuBoanTCs MateMaTnyeckass MoAenb ero ynpyrowm xapakrepu-
CTUKM 1 pe3ynbTaTbl MoaenupoBaHus B Mathcad, noaTeepxaatome paboTocnocobHOCTb YCTPONCTBA.

KnioueBble crioBa: NaBHOCTb X04a, aMopPTU3aTOP, YNpyrasi XxapakTepucTuka.
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