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FAULT TREE ANALYSIS OF CLUTCH 

ON A VEHICLE VAZ 2121 
 

Abstract: The paper shows the results of 

implementation of fault tree analysis on clutch on a 

vehicle VAZ 2121. The introduction shows the 

method of fault tree analysis and the basic 

implementation of clutch on the vehicle. The paper 

further shows methodology of fault tree analysis 

itself. After detailed introduction of system 
functioning method, its components and other 

important data about the system, construction of 

fault tree for the described system is started.  The 

conclusion shows the importance of implementation 

of method of fault tree analysis. 
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1. INTRODUCTION  
 

Fault Tree Analysis - FTA is one of 

the basic methods of failure analysis, i.e. 

analysis of safety and reliability of the 

system. FTA is a deductive method which 

determine conditioning events which cause 

failure of defined intermediate event of the 

analysed structural whole or system [1]. 

Basis of fault tree analysis is turning 

physical systems into structural logic 

diagrams. 

The method of fault tree analysis is 
used for forming logically probable grafical 

model of reliability. It enables examination 

of cause-and-effect relationships in element 

fault. Fault tree analysis enables 

simultaneous analysis of reliability and 

safety of functioning and determining proper 

measures for improving those indications in 

all phases of product’s lifetime. 

Fault tree was implemented as a basic 

method of failure analysis with concise 

and logically connected events. Besides 
giving qualitative account of intermediate 

event (qualitative method), this method is 

also responsible for further work i.e. 

qualitative analysis. 

Because of its characteristics FTA is 

implemented in very wide and various 

spectra of technical systems. Its usage is 

very important for analysis of system 
safety and reliability, because its failures 

would bring catastrophic consequences. 

Furthermore, the usage of FTA in analysis 

of a system, which has economically 

unprofitable or physically impossible 

maintenance, is important [2]. 

Usage of internal combustion engine, 

as power operating aggregate of motor 

vehicles, implements usage of special 

mechanism which connects or separates 

engine from transmission elements. 
Mechanism which is tasked to stop, at any 

moment, in case of need, torque transfer 

without stopping the engine, and to start it 

again with as little as possible strikes, 

therefore calmly and slowly, is called a 

clutch.  

Clutch construction has to enable 

simple production, low production price, 

reliable long lifetime, easy adjustments 

during running, simple and fast elimination 

of possible failures, etc. 
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2. METHODOLOGY OF FAULT 

TREE ANALYSIS OF CLUTCH ON A 

VEHICLE VAZ 2121  
 

Methodology of the analysis contains 
several typical phases which can used for 

failure analysis of mechanical systems [3, 

4, 5, 6]: 

 defining the system, 

 defining intermediate event, 

 obtaining an understanding of 

analysed system mode of 

operation, 

 constructing a fault tree, 

 evaluating fault tree, 

 type of analysis, 

 evaluating results, 

 approving results, 

 results and recommendations. 

1) Defining the system. At the very 

beginning of the analysis of 

reliability of mechanical system 

using FTA method, a definition is 

given and limits and aims of the 

system are determined. For 

practical reasons, all 

presumptions, which refer to the 
system and which will be used in 

the paper, are stated. 

In this paper will be analysed a 

frictional clutch on a vehicle 

VAZ 2121 as a part of the system 

for transmission of power on a 

motor vehicle. 

2) Defining intermediate event. 
Intermediate event must be 

completely defined. Intermediate 

event is defined by choosing an 
event which needs to be achieved 

or prevented form occuring. The 

choice of intermediate event is 

very important for the successful 

analysis. 

3) Obtaining an understanding of 

analysed system mode of 

operation. Obtaining an 

understanding of analysed system 

mode of operaton is a very 

important step. Only with 

complete understanding of the 

system, its components and data, 

their correlations and interface, 

logical and complete analysis can 

be done. 

4) Constructing fault tree. After 

defining intermediate event, 
obtaining an understanding of 

system mode of operation and its 

components, fault tree 

construction is started. Fault tree 

is constructed using event 

symbols, logic gates i transfer. 

Strength of simbolism in fault 

tree lies in the fact that event 

symbols, connected by logic 

gates, can easily be converted into 

algebraic expressions. 

Symbols used for forming fault 
tree of clutch on a vehicle VAZ 

2121 are shown in the table 1. 

5) Evaluating fault tree. Aim of 

evaluating fault tree is to 

determine possible lapses and 

errors in the fault tree, 

considering the fact that it has to 

fulfill purpose of the tree, 

functional requirement and logic 

of realising intermediate event. 

6) Analysis type. After evaluating 
fault tree, depending on final aim 

of this method usage, qualitative 

and/or quantitative analysis can 

be done. 

Qualitative fault tree analysis is a 

wide concept which, besides 

forming and logical analysis of 

fault tree, implies assessing 

minimal cut set of event, common 

cause analysis and other analyses. 

Assessing minimal cut set of 
event represents basis for most 

fault tree analyses of quantitaive 

type. Cut of event is a basic event  

or a combination of basic events, 

and their arising causes 

intermediate event in fault tree. 

That cut of event is called cut set 

because it causes failure. Minimal 
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cut set is a cut of basic events 

which cannot be reduced, and still 

cause intermediate event. As 

mentioned above, minimal cut set 

of event is a set which consists of 

all minimal cuts of events for one 

tree and cannot be reduced. 
7) Most used procedures of 

quantitative fault tree analysis are 

ranking (comparing) basic events 

according to structural 

importance, ranking basic events 

according to probability of arising 

and assessing probability of 

intermediate event arising 

depending on probability of basic 
event arising. 

 

 

Table 1 - Symbols used for forming fault tree of clutch on a vehicle VAZ 2121 

Graphic chart Symbol name   Description 

 

 

 

Intermediate event 

Rectangle represents event at the output of 
logic gate (intermediate), which occurs as a 

consequence of logical combination of 

primary events. It contains description of 

events. 

 

 

 

Basic event 

Circle represents basic initating event which 

doesn’t require further development. 

Independent event used only as input in 

logic gate. It represents the end of a tree at 

that point. 

 

 

 

Undeveloped event 

Rhombus represents event which is not 

developed from its own causes because of 

insufficient information, or because of little 

significance of consequences, or because of 

avoiding parallel analysis. 

 
 

+ 

 

OR gate 

 

Logic gate which creates output if one or 

more primary events occur. (External event 

of OR gate occurs if at least one primary 

event occurs.) Graphic symbol contains 

identification sign "+" or OR 

 

Structural importance of basic 

event in fault tree is assessed 

depending on number of its 

arisings in minimal cuts of events 
and number objects in those cuts.  

 It is important to emphasise that 

this measure doesn’t depend on 

probability of event arising. 

Importance of basic event, from 

the standpoint of probability of 

arising, is assessed by measuring 

effect of changing probability of 

its arising on probability of 

intermediate event arising. 

7)  Evaluating results. The results 

need to be examined and 

evaluated to correspond 

requirements from the beginning 

of the analysis according to 
compatibility and completeness. 

8) Approving results. If analyser is 

not satisfied with the results or 

their completeness, in this step he 

makes a decision about taking 

certain corrective actions. These 

corrections are carried out until 

satisfactory results are gotten. 

9) Results and recommendations. 
According to gotten and approved 

results, suggestions for corrective 
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measures are given with the aim 

to eliminate noticed defects or 

suggestions of alternative 

solutions. Analysis results are 

documented using suitable 

pattern, which enables fulfilling 

the suggested measures. 
 

 

3. CLUTCH SYSTEM 
 

Clutch on a motor vehicle has purpose 

to transmit power and torque from motor 

to gearbox.  

Besides transmission of power and 

torque, clutch on a motor vehicle also 
performs series of other important tasks, 

such as [7]: 

 disconnecting engine from 

transmission and reconnecting, 

 enabling smooth movement of the 

vehicle from the position,  

 acceleration of a vehicle and 

enabling gear change during 

motion of the vehicle with 

minimal impacts. 

Well-constructed clutch has these 
features: 

 to completely disengage, or to 

disconnect engine from 

transmission, in order to enable 

optimum torque transfer on front 

wheels when engaging the clutch; 

 to enable balanced engaging, in 

order to enable gradual increasing 

of friction moment; 

 to enable quick heat dissipation, 

since heat occurs on surfaces in 
contact during slipping, when 

engaging the clutch and in case of 

overcharge; 

 that driven members of clutch 

have the least moment of inertia; 

 to enable automatisation of 

engaging and disengaging 

processes. 

Clutches which use mechanical 

friction for torque transfer, are mostly used 

on motor vehicles. 

Figure 1 shows the analysed clutch on 

a vehicle VAZ 2121 with its components 

[8]. 

Nowadays, frictional clutches are 

most widely used, particularly lamellar 

clutches. Operation of lamellar clutch is 

based on usage of friction forces which 
occur between surfaces in contact. 

Surfaces which perform torque transfer 

can be driving or driven. Driving members 

of a clutch are connected to engine 

flywheel and they rotate together. Driven 

members of the clutch are connected to 

clutch drive shaft on gearbox. If driving 

members of a clutch are connected to 

driven members, then torque is transferred 

from engine to gearbox, i.e. to clutch drive 

shaft. Smooth engagement is accomplished 

by sliding driving surfaces and driven parts 
of a clutch, as they gradually move 

towards each other. Between driving and 

driven members, friction which will enable 

torque transfer has to exist. 

Engine flywheel is smoothly 

processed from the inside and is used as a 

surface for fitting middle plate with 

facings (lamella). Clutch lamella 

represents its transfer element. 

Clutch shaft on one side rests in 

bearing which is located in gearbox, and 
on the other side in release or ball bearing, 

which is located in a flywheel. Behind 

lamella there is pressure plate which 

pressures using springs, which are rested 

on pressure plate on one side, and on 

clutch housing on the other side. 

Pressuring these strings, pressure plate 

pressures lamella, a lamella pressures 

flywheel, thus performing torque transfer. 

During driving, pressure plate constantly 

pressures lamella, in other words, clutch is 
constantly engaged. Mechanism for 

disengaging clutch consists of: 

 clutch pedal, 

 breaker with thrust bearing and  

 three or four double-tined levers 

which have screws for adjusting 

gap between those levers and 

pressure bearing. 



 

                                                  8
th
 IQC May, 23 2014                                               665 

Pressuring clutch pedal, which is 

located in vehicle cabin, across 

lever for disengaging, axial thrust 

bearing is pressured. It has the 

same effect on clutch diaphragm 

springs which function as lever 

located in clutch bell. Clutch is 
usually realised with three 

diaphragm springs arranged 

according to its circumference. 

Clutch diaphragm spring is 

connected with pressure plate and 

pulls it when disengaging a 

clutch, balancing force in clutch 

pressure levers, thus releasing 

pressure on friction surfaces. 

Releasing clutch pedal, axial 

force in clutch pressure levers 
pressures pressure plate and 

transmission is reconnected with 

driving aggregate. 

 

 
1 – hydraulic output; 2 – pressure spring; 3 – spring rivet; 4 – pressure plate; 5 – driven plate; 

6 - flywheel- 7 – clutch sump; 8 – screw for fastening brake facing; 9 – primary drive shaft on 

gearbox; 10 – collar for engaging clutch; 11 – lever for disengaging clutch; 12 – lever ball 

bearing; 13 – clutch bearing; 14 – reflecting spring flange; 15 – lever facing; 16 – lever spring; 

17 – ring for synchronising pressure spring; 18 – clutch facing; 19 - suppressor; 20 – 

regulation nut; 21 – lock nut; 22 – cover; 23 – driving cylinder for disengaging clutch; 24 – 

spring for pulling lever; 25 – pulling spring joint 

Picture 1 - Clutch of a vehicle VAZ 2121 with its component 
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4. FAULT TREE OF A CLUTCH 

ON A VEHICLE VAZ 2121 
 

In this case, failure of clutch on a 

vehicle VAZ 2121 is defined as 

intermediate event for constructing fault 

tree, it represents undesired event. When 

clutch failure occurs in power transmission 

system, transmission can be stopped, and 

even power transmission and torque 

transfer can be discontinued. Some failures 

which occur on a clutch can have a 

negative effect on a driver of a motor 

vehicle and on other traffic participants..  
Incomplete clutch engagement, 

jerking during operation and increased 

noise can cause clutch failure. 

Incomplete clutch engagement occurs 

when clutch pulls or slides. These failures 

are consequences of changed neutral gear 

of clutch pedal, changed driven disk 

surface, loosened rivets and joints, blocked 

holes, liquid loss, air in hydraulic system, 

greasing of certain parts etc. 
Jerking during clutch operation is 

caused by greasing or jamming of certain 

parts, wear, loosened or damaged parts. 

Increased noise can occur during 

clutch engagement and disengagement. It 

can occur as a consequence of greasing, 

damage, wear of certain parts and 

weakened joints. 

Fault tree is presented on the figures 2 

and 3. 

 

 

+

Jerking during operation

Jammed 

driven disk 

hub

Jammed drive 

mechanism

Increased 

friction 

sleeves wear

Loosened rivet

Surface 

damage

Buckling
Tilting

Pressure plate failure

+

Greased 

flywheel 

surface

Greased 

friction 

sleeves

Greased 

pressure 

plates

Clutch pedal 

stroke 

dysfunction

A

Figure 2 – Fault tree of a clutch with subtree A 
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+

Clutch “pulls”

Clutch pedal 

stroke 

dysfunction

Driven disk 

warping

Uneven friction 

sleeves surface on 

driven disc

Loosened 

rivets

Jammed 

driven disk 

hub

Air in 

hydraulic 

drive system
Liquid loss

Blocked hole 

on container 

cover

Gasket 

dysfunction

Surface 

damage

Broken joint 

plates

Buckling
Tilting

Broken 

friction 

sleeves on 

driven disc

Pressure disk failure

+

B

+

Clutch “slides”

Clutch 

pedal stroke 

dysfunction

Breaking down of 

friction sleeves on 

driven disc

Incomplete 

returning of 

clutch pedal

Increased 

friction 

sleeves 

wear

Brake drive 

damage

Blocked 

compensating 

hole on master 

cylinder

Greased 

friction 

sleeves

Greased 

flywheel 

surface

Greased 

pressure plate

C

Grease loss 

in joint 

bearing

Front bearing 

wear on 

primary shaft

Joint 

bearing 

damage

Increased noise when 

engaging a clutch
Increased noise when 

disengaging a clutch

+

Insufficient 

neutral gear of 

clutch pedal

Decreased 

flexibility of 

choke spring

+

Broken 

spring choke 

on driven 

disk

Broken spring 

for pulling 

lever for 

disengaging

Decreased 

flexibility of 

spring for 

pulling lever for 

disengaging

Dislocated 

spring for 

pulling lever 

for disengaging

Broken plates 

which connect 

pressure plate 

and facing

D E

Joint 

bearing 

wear

Insufficient 

neutral gear of 

clutch pedal

 
Figure 3 – Subtrees B, C, D i E 
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5. CONCLUSION 
 

The aim of this paper was detection of 

system failure of a clutch on a vehicle 

VAZ 2121 as undesired event, which has 
direct effect on reducing system reliability, 

which causes bad quality.  

Fault tree analysis (FTA) is one of the 

basic and most used methods for analysis 

of failures on technical systems. The paper 

shows construction of fault tree for the 

most common undesired event for the 

analysed mechanical system, “Clutch 

system failure”. 

Fault tree of clutch on a vehicle VAZ 

2121 gives detailed analysis of the system 
from the standpoint of failure arising, 

determines cause-and-effect relationships 

between failures of structural wholes 

which belong to different levels, records 

the biggest number of potential modes of 

components failures, forms block diagram 

of reliability etc. 

Analysis of system failure is 
particularly important for mechanical 

systems, because its failures can jeopardise 

people’s safety. Defining what causes 

failure can be used for defining mechanical 

system maintenance.   

This type of fault tree analysis can be 

used as introduction to qualitative or 

quantitative analysis or for the operation of 

both. 
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