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Fault analysis of steering control of the car

Abstract: The article deals with the most characteristic faults of steering and their relationship

with the quality of the road surface.

Steering is one of the most important systems of any car, ensuring road safety. Only professionals

should be trusted with repair and adjustment.

With the development of the automotive industry, the design of the steering drive has become

more complicated. It began to introduce amplifiers. In the course of the proposed study, statistical

materials collected at one of the car service enterprises in Karaganda. The list of the most typical

faults and their causes given in the table.

The study conducted a survey of car owners, which was asked to assess the quality of roads in the

city of residence, as well as the period of manifestation of the first operational faults of steering.
Keywords: steering, technical operation of cars, reliability, backlash, tie rods, power steering,

steering wheel.

DOI: https://doi.org/10.32523/2616-68-36-2020-131-2-45-51

Steering is one of the most important systems that affect the reliability of the road. Improving
steering reliability is an important task. In the proposed study, the most characteristic steering failures
and their relationship are considered with the quality of the road surface.

Steering is one of the most important systems of any car, ensuring road safety. The first designs of
a steering drive were simple and reliable enough; they included rubber or leather belts, metal steering
rods and a steering wheel. This design made it possible to transfer the driver’s efforts to the controlled
axle directly, immediately and with clear feedback.

The main reason is the unsatisfactory condition of roads. The suspension of the car smoothes
the bulk of the blows that fall on the wheels, but some of them are still transmitted to the steering
nodes. It is worth noting that fans of low-profile rubber risk much more than adherents of the use of
standard wheels-low tires are not able to smooth out the blows, and this significantly reduces the life
of both the suspension and the steering [1].

But car owners should remember that even with extremely accurate driving on perfectly flat
roads still have to change the individual elements of the steering. Their service life is limited, and
some parts do belong to consumables.

The main faults of the steering are quite easy to determine-the car noticeably loses control, there
are extraneous sounds in the front of the car, there is a backlash of the steering wheel. Backlash is
the idle motion of the steering wheel, in which the rotation of the wheels are not carried out. Traffic
rules set the maximum value of backlash for passenger cars no more than 10 degrees - if it exceeds the
operation of the car is impossible.

Backlash can occur for several reasons:

- increased the gap in the broken tie rods;

- the output of the steering rods;
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Fault analysis of steering...

- severe wear of the steering rack;

- failure of the steering shaft cross;

- wear of the bearing located on the steering shaft;

- breakage of EUR or Gur.

Strong backlash is fraught with a significant loss of controllability of the car. The matter is that
at backlash front wheels of the car lose stability, and begin to “dangle” within the limits equal to
backlash of a steering wheel. When driving at high speed, the car will noticeably “float” on the road,
and the driver will have to constantly steer to keep the car in its lane. In conditions of ice backlash
wheels fraught with a complete loss of control of the car, with all the ensuing consequences [3].

Every car owner should know the typical steering faults and how to fix them. After all, this
directly affects the safety of both him and other road users.

Figure 1. The dynamometer luttmer

It should be borne in mind that the steering rails have a special adjusting bolt that allows you
to tighten it, thereby eliminating the backlash in the event of wear. However, excessive tightening of
the rack leads to heavier control and, in some cases, to its wedging, which when driving a car can be
deadly.

Since the safety of the driver and passengers depends on the serviceability of the steering, only
professionals should be trusted with the repair and adjustment. Otherwise, there is a high risk at a
critical moment not to cope with the management, which will entail a serious accident.

Unstable operation of the control system, according to experts, is a serious factor destabilizing
traffic. Indeed, such a state of the car thoroughly “beats” the safety on the road. The driver is deprived
of the opportunity to adequately control the trajectory of his vehicle, which can lead to the loss of its
controllability and, as a consequence, to disastrous consequences [4].

This determines the effect of the following legal norm, prescribed in the traffic rules: the driver
is strictly prohibited from driving with such malfunctions. If they occur, it is necessary to stop
immediately, trying to eliminate them on the spot. In the event that this is not possible, you should
abandon the operation of the car.

The specified malfunctions of steering are provided by the special normative-legal act- «the Basic
provisions on the admission of the vehicle to operation...».

- The total backlash in the steering of the car exceeds the established values: for cars-10 degrees;
for buses, trucks-20, and 25 (respectively).

- There are movements of units and parts of the system, not provided by the design of the car.

There is an unfixed threaded connection.

The power steering provided by the design is missing or in a faulty condition.

Even a cursory analysis of this list of faults will allow drawing a conclusion about their extremely
negative role in ensuring safety on the road. Serious administrative sanctions for driving a faulty
vehicle are also justified.

With the development of the automotive industry, the design of the steering drive has become
more complicated. It began to introduce amplifiers - first hydraulic, then electric and electrohydraulic,
it was possible to change the transfer force, as well as additional steering wheels driven axles.
Currently, manufacturers are actively working on a steering design that completely eliminates the
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mechanical connection between the steering wheel and the control rail (steer-by-wire or steering by
wire) .

This would open up opportunities for Autonomous driving. In the proposed study, the steering
of a particular brand of foreign-made car is considered. This passenger car is equipped with a fairly
simple steering system, with a steering mechanism of the “gear-rail” type. The steering column of the
investigated car is injury-proof.

It is equipped with an energy-absorbing device that increases the passive safety of the car, and
an anti-theft device in the ignition lock that blocks the steering wheel shaft from turning. The steering
column also has controls for headlights, direction indicators, horn, washer and window cleaner.[5]

Depending on the year of manufacture, the design of the power steering of this brand of car is
different (hydraulic or electric). The pressure of the working fluid in the hydraulic booster is created
by a pump of the blade type, which is installed on the engine and is rotated by a V-belt. If the power
steering fails, the ability to control the car is maintained, but the effort on the steering wheel increases.

The electric power amplifier monitors all steering controls and increases the torque transmitted
through the steering wheel according to a specific algorithm, specially selected for this model of car,
depending on the speed of its movement.[6]

The electric power amplifier actively supports the return of the controlled wheels to the middle
position (active self-installation of the wheels). Thanks to this, the driver feels the middle position of
the steering wheel better, it is easier to drive the car in a straight line when exposed to various external
forces. Due to the simplicity of the design, the steering of the cars of the brand in question is a very
reliable node, but faults still occur. In the course of the proposed study, statistical materials were
collected at one of the car service enterprises in Karaganda. The list of the most typical malfunctions
and their causes is given in the table.

According to the collected statistical materials, steering malfunctions are manifested mainly
after a run of 80 thousand km. at the same time, some of them arise as a result of the operation of the
car in difficult road conditions.

In the current study, a survey of owners of cars of this brand, using the resources of the Internet,
was carried out, in which it was proposed to assess the quality of roads in the city of residence, as well
as the period of manifestation of the first operational faults of steering.

Table 1 - Steering malfunctions and their causes

Fault The cause of the malfunction

Loosening of tightening of nuts
of fastening of ball fingers of
Increased stroke (backlash) of the steering wheel and | steering rods

knocks in the steering

Loosening the steering gear

Increased clearance in steering rod
ball joints

Steering shaft joint wear

Damage to the upper support of the shock strut

Difficulty turning the steering wheel Damage to steering rod ball joints

Presence of air plugs in the hydraulic system

Mechanical damage to the elements of the steering

Vibration on the steering wheel gear

Unsatisfactory condition of tires
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Ambient noise during amplifier operation

Low fluid level in the system

The negative pressure in the system

The fluid discharge through the relief valve

Reverse force on the steering wheel

Weak tension on the timing pump belt

‘Wear on the drive belt

Increased looseness in the steering rack,
the biting the steering mechanism upon rotation

Wear of bushings and ball joints of the mechanism

Mechanical damage of elements

Leakage of working fluid

Leakage of the steering gear (wear dust boot tie rod)

Loosening the attachment or damaging the hoses

For rice. 1 the results of the survey on the assessment of the quality of the road surface are
presented. For convenience, the survey used the concept of maintenance (TI-1, TI-2, TI-3, etc.). At the
same time, the interval between planned technical services for the cars in question is 15 thousand km.
In addition, the survey did not take into account the production defect of steering elements, as well

as recall companies.[2]

10
8
b Dbest of he
mad
i Bwurst roads
2
0 Horth Somh Mlewobregion Abngymegion  Eoctauy Hamggind dtyran Htahe Mingistn  Eyylords
Kamdhetw,  Kuzdhatm Teghn
Tegin Tegin

Figure 1. The quality of roads in the cities of Kazakhstan (subjective scores)

Comparison of the data presented in Fig. 1 and Fig. 2, shows that the degree of manifestation of
steering faults of the studied cars depends significantly on the quality of the road surface in the region

where the car is operated.

O B MW R o s W0

North  Akmola region Kostanay
Kazakhstan
region

Atyrau Mangistau

Figure 2. Timing of the first operational faults of steering
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Due to the subjectivity of road quality assessment at this stage of the study, it is impossible to say
definitely about the nature of the dependence.

At the same time, it can be noted that the early manifestation of faults is typical for regions
with a sharply continental climate. Changes in temperature, especially in winter time, contribute to
increased wear of the rubber-metal steering components.

The obtained results are the basis for a further, more detailed study, which assumes a specific
assessment of the degree of influence of individual operational factors on the reliability of steering
elements. In particular, the city of Karaganda has a number of features that can affect the reliability
indicators: sharply continental climate, long length of the city, low quality of the road surface and
others.

Table 2 - Malfunctions of a steering with the hydraulic booster and methods of their elimination

Fault symptom

The cause of the malfunction

Methods of elimination

Unstable movement of the car on the
road (required

regular adjustment of the specified
direction of motion by the steering
wheel)

and a thud in the steering gear

1. The presence of a gap in the
engagement “» nut-piston —

gear sector shaft Pitman arm”

2. Play in the splined joint of the
bipod with the bipod shaft.

3. Loosening the steering mechanism
to the spar.

1. Adjust the gearing gaps.

2. Tighten the nut attaching the
Pitman arm.

3. Tighten the fastening parts.

Increased effort on the steering wheel

1. Insufficient tension of the pump
drive belt.
2. The faulty pump.

1. Tighten the belt.
2. To replace the pump.

Abrupt change of effort on a steering
wheel at
its rotation or jamming of the steering
wheel when changing the direction of
rotation.

1. The presence of air in the hydraulic
system (turbid oil, foam in

tank) steering amplifier.

2. Clogging of the pump valves.

1. Pump the hydraulic system.
2. Flush valve.

Increased noise in the
amplifier hydraulic system.

steering

1. Insufficient oil level in the tank
2. The presence of air in the hydraulic

1. Add the oil.
2. Pump the hydraulic system.

system.
Increase the noise of the hydraulic | The pump has partially lost | To replace the pump.
system in extreme performance (lifted
position of the steering wheel when | working ends of parts of the pumping
the stops on the bipod touch the | set)
spars.
Jamming the pump or a decrease in the | 1.Ingress of abrasive or metallic particles | Drain  contaminated oil  from

efficiency of power steering (constant
increased force on the steering wheel).

into the pump.
2. Destruction of the filter element

hydraulic system, replace pump
and the tank, fill and pump the
hydraulic system.
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Fault analysis of steering...

A.T. Xyma6exos, A.H. ArigapxaHosa
Kapazarovr memaexemmix mexnuxarox ynusepcumemi, Kapazandol, Kasaxcman

JKenia aBTOMOONABAIH peajik Oackapy akayaapblH Taajaay

Angarna. Makasaga peagik OackapyAblH aKayABIKTapbl JKoHe OAapAbIH KO >KaOBIHBIHBIH caIlachbIMeH
e3apa DallaaHBICHI KapacThIphLAFaH.

Peagaix Oackapy >0 KO3FaABICHI KayillCi3AiriH KaMTaMachl3 eTeTiH Ke3 KeATeH aBTOMOOMAbAIH MaHBbI3AbI
>KylieAepiHiH Oipi 604bI TaObL1a4bl. ABTOKOAIKTiH aKayapblH JKOHAEY MeH peTTeyAi TeK KociOn MaMaHAapFa
FaHa CEHiII TaIICBIPY KepeK.

ABTOOHEPKICIIT JaMybIMeH POAAIK >KeTeKTiH KOHCTPYKLVICH KypdeaeHe OacTtaabl. OraH KyIIeHTKiITep
eHrise Oacraapl. YCbIHBIAFaH 3epTTey OaprichiHAa KaparaHAbl KadachIHAAFBI KoCIIIOpPLIHAAPBIHBIH OipiHge
CTaTICTUKAABIK MaTepuasjap kKuHaaabl. EH GacTel akayAbIKTap MeH oJapAblH ceOelTepiHiH TizOeci kecrege
KeATipiareH.

Kyprisiaren seprreyge aBTOKOAIK MeAepiHiH Cyparbl KapacTLIPBIAABL, Kadada TYpaTblH >KOAAApABIH
carlachlH, COHJal-aK, peaaik OacKapyAblH aAfalllKhl IalijadaHy aKayJapbIHBIH I1aliza 004y Ke3eHiH Oarazay
YCBIHBIAABIL.

Tyiia cesaep: peagix Oackapy, aBToMOOMAbAEPAl TEXHUKAABIK IalijadaHy, ceHiMAiaiK, 210dT, peasik
TapTKBIIITap , TUAPOYCUANTEAD, POAAIK IITYpBaA.

A.T. Xymab6ekos, A.H. Arigapxanosa
Karaganda state technical university, Karaganda, Kazakhstan

Anaans HeI/ICHpaBHOCTeﬁ PYyA4aeBOro yripasAeHNsI 1eTKOBOTO aBTOMOOMASI

Annoramus. B cratbe paccMoTpensl HanOoAee XapaKTepHble HeUCIIPaBHOCTU PyA€BOTO yIIpaBAeHMs M UX
B3aMMOCBSI3b C KAUeCTBOM AOPOYKHOTO ITOKPBITHS.

Pyaesoe ynpasaeHue sIBAS€TCS OAHOM U3 Ba’KHEMIIMX CHUCTEM AI0OOTO aBTOMOOMAA, OOecreunBarommxX
0e3011acHOCTh AOPOKHOTO ABVKeHM:. JOBepsATh PEeMOHT U PeTyAMPOBKY CAeayeT TOABKO ITpodeccuoHalaM.

C passuTyeM apTOIPOMBIILAEHHOCTY KOHCTPYKIIUs PyA€BOrO IPUBOJA CTala yCAOXKHAThCs. B Heé nHavaan
BHeApPsTh ycuauteau. B xoae mpegaaraemoro nccaeioBanns ObLau cOOpaHBI CTaTUCTUYECKMe MaTepualbl Ha
O0AHOM U3 IpeanpusTuii aprocepsuca B r. Kaparanga. [lepeuens Hanboee xapakTepHLIX HeUCIIPaBHOCTEM 1
VX IPUYMH IIPUBeAEHBI B TaOAMIIe.

B mposoanmoM nccae0BaHMM BRITIOAHSACS OIIPOC BAaJeAbLIeB aBTOMOOM AT, B KOTOPOM ObLA0 ITPeAA0KEHO
OIIeHUTh KayecTBO 4OPOr B TOpOJe HPOXMBaHUsI, a TaKXKe Iepuo/ IPOSBACHIUs ITePBBIX DKCILAyaTal[IOHHbIX
HeUCIIPaBHOCTell PyAeBOIO YIIpaBAeHNsL.

Karodesnie caoBa: pyaesoe yIipaBAeHIe, TeXHIIecKas 9KCIAyaTallus aBTOMOONAEH, HaAeKHOCTD, AI0PT,
pyAeBble TATU, TUAPOYCUAUTEAD, PYAEBOI IITypBad.

References

1. Obshhie neispravnosti issleduemogo avtomobilja [General faults of the investigated vehicle]. [Electronic
resource] - Available at: http://eur-lex.europa.eu/legal-content (Accessed: 05.11.2019).

2. Oprosy online [Surveys online]. [Electronic resource] - Available at: http://www.strawpoll.me/ (Accessed:
07.11.2019).

3. Baubek A. Tehnicheskoe obsluzhivanie i diagnostika avtomobilej: ucheb. posobie [Maintenance and
diagnostics of cars: studies. Handbook] (Folio, Astana, 2010, 248 p).

4. Gudkov V. A,, Komarov Yu. Ya., Ryabchinsky A. I., Fedotov V. N. Bezopasnost’ transportnyh sredstv
(avtomobili) [Safety of vehicles (cars)] (Hotline-Telecom, Moscow, 2010, 431 p).

5. Konoplyanko V. I. Osnovy upravlenija i bezopasnost” dvizhenija [Fundamentals of management and
traffic safety] (Vys-Shaya SHKOLA, Moscow, 2005, 271 p).

50 Ne2(131)/2020  A.H.Iymures amondazer Eypasus yammux ynusepcumemiriity XABAPIIBICBI. Textuxarvik; eoiAbmoap Kare
mexrorozusrap cepuscol. ISSN: 2616-6844, eISSN:2663-1318



Zhumabekov A.T., Aidarkhanova A.N.

6. Rabchinsky A. I. Reglamentacija aktivnoj i passivnoj bezopasnosti avtotransportnyh sredstv [Regulation
of active and passive safety of motor vehicles] (Akademiya, Moscow, 2006, 493 p).

Csegenns 00 aBTOpax:

Kymabexos A.T. — «KeaiKTik TexHUKa >KoHe AOTMCTUKAABIK Kyliedep» KadeapacbIHbIH afa OKBITYIIIBICH,
Kaparanapr MeMaekeTTik TexHMKaAblK, yHUBepcuteTi, Kaparanasr, Kaszakcran.

Aiidapxanosa A.H. — Kaparanabl MeM/AEKeTTIK TeXHUKAABIK YHUBepcuTeTiHiH «KeaikTik TexHmuka >KoHe
AOTUCTUKAABIK Kylteaep» KadeapacbiublH MaructpanTsl, Kaparanasl, Kazakcram.

Zhumabekov A.T. — Senior Lecturer of The Department «Transport engineering and logistic systems» of the
Karaganda state technical university, Nursultan Nazarbayev Ave. 56, Karaganda, Kazakhstan.

Aidarkhanova A.N. — Master Student of the Department «Transport engineering and logistic systems» of the
Karaganda state technical university, Nursultan Nazarbayev Ave. 56, Karaganda, Kazakhstan.

Pedaxuyusea 23.12.19 xabvirdanool.

BECTHWMK EHY umenu A.H. Tymunesa. Cepus Texnuueckue HAyKi u mexHOAOU. Ne 2(131)/2020 51
BULLETIN of L.N. Gumilyov Eurasian National University. technical sciencs and technology Series



