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ABSTRACT 

 Riveting is a process of joining two parts permanently, it has a wide range of applications like ships, steel 

structures, automobiles, machine members etc. The most commonly used rivet materials for the engineering 

application is SAE 1010 steel which is used to mate the sub-components of powertrain as an automotive 

application. One such application is clutch; the sub assembly of clutches will be assembled by riveting process, so 

failure of riveted joints will lead to failure of transmission system. To improve the life of the clutch the quality of 

the riveted joint should be improved, which can be ensured by proper hole filling of the rivet hole by rivet 

materials. In order to ensure hole filling an experimental study on riveting process was conducted to have better 

understanding of the riveting process. Riveting is done on heat-treated and non-heat-treated plate samples with the 

acting pressure in the range of 20Kgf/cm2-60Kgf/cm2 with the step by step increment of about 10Kgf/cm2 by using 

the rivets which is actually used in automotive clutches. As a result of the experimental study and a photographic 

study of the selected samples it was found that the acting pressure value of about 40Kgf/cm2 and the formed 

diameter value of about 13.5mm will give proper hole filling which will improve the quality of the riveted joints. 
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INTRODUCTION 

Clutch is one of the complex systems which are designed to act as a fuse between the engine and the 

transmission of an automobile. It will be subjected to engine’s maximum torque during the drive mode and when 

the vehicle is driven by the wheels in the slope. The major mode of connecting all the sub components of the clutch 

is made by riveting, since its low cost and effective way of joining the clutch hub to the drive plate, drive plate to 

the cushion disc and the friction materials on the cushion disc will be simply riveted. The main parameter which 

has to be considered on the riveted joints is their fatigue strength which has influence on the fatigue life of the joint. 

Many researches were carried out by lot of people on fatigue life estimation of a rivet joints. Fabio Vigano et al. 

done a study using FE models of the rivet forming operation, and the effect of the squeeze force on fatigue life of 

the joint is investigated. The author has also used Different multiaxial fatigue criteria for fatigue evaluations in 

order to consider the complete stress state of the riveted hole, and finally the results were experimentally validated. 

J.J.M. de Rijck et al. has done a research on five different aluminum alloy rivets which are used in aircraft; as a 

result they formed a correlation between the squeeze force and the formed rivet dimensions. Also the material 

constants K and n were obtained for the five different aluminium alloys, and it is found that the correlation is not 

best suitable for smaller rivets. M. Skorupa et al. has done a experimental research on the influence of several 

production related factors on the fatigue life of simple riveted lap joint under constant amplitude loading 

conditions. The variables considered during the study are the rivet type and material, the sheet material and the 

squeeze force. The author conducted fatigue test on the riveted joints with different squeeze force and concludes 

that squeeze stress than the formed rivet head dimension will influence more on fatigue life of the joint, better hole 

filling using compensator will also improves the fatigue life of the joint. J. Schijve had done a doctoral thesis on 

riveting process to form a relation between squeeze force and the formed rivet head dimensions. The experiment 

was carried out with different rivet material, different rivet type, different diameter and height, different sheet 

material and its thickness. As a conclusion the author concludes that the relation between driven rivet head 

dimension D and H and the squeeze force is wholly depends on the type of rivet material used, the parameter D/H 

can be used as a useful parameter in the determination of squeeze force. From all these studies it is clear that the 

fatigue life of a riveted joint mainly depends on the squeeze force required during riveting process and the hole 

filling of the rivet hole. 

FAILURE ANALYSIS 

 A failed tractor clutch system shown in Fig.2 is analyzed in various aspects to find the root cause of the 

failure as shown in Fig.1. As an initial stage the failed clutch system is observed that the system failed because of 

rivet shear due to fating effect on rivet by the drive plate. The clutch system was initially designed with higher FOS 

to withstand the engine torque value of about 735N-m and it is tested in the lab for its fatigue failure which resulted 
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in failure of system within 1,00,000 cycles. The failed clutch is taken for the postmortem study find the exact cause 

of the failure. Second sample of the same clutch system with same formed rivet head dimension was taken for 

photo graphic study, the sample was cut down exactly at the mating of drive plate and hub area since the failure 

occurred there. Then the cut down sample was viewed in a micro photograph as shown in Fig.2 and found that 

there is an improper riveting between the parts. To quantify it the gap was observed in a profile projector and found 

that the gap between the drive plate and rivet was 0.37mm and the gap between hub and rivet was about 0.44mm. 

As a final inference form the photographic study it was concluded that the gap of about 0.37mm between the drive 

plate and the rivet which made the drive plate to play between the gaps and caused the fating effect which is 

responsible for the shearing of rivets. 

    

 

 

  

Fig.1 Root cause analysis Fig.2 Failed clutch sample and its Photographic study 

EXPERIMENTAL STUDY ON RIVETING PROCESS 

 The experimental study was conducted to understand how SAE 1010 as a rivet material reacts during actual 

riveting process. The riveting process was carried out with totally 60 samples in which 45 samples as shown in 

Fig.4 were non heat-treated and the remaining 15 samples as shown in Fig.5 were heat-treated to the actual 

hardness values of the clutch components. The rivet hole dimension is fixed to 10.2mm were as the rivet was with 

the shank diameter of about 10mm so the overall clearance between the  rivet and the hole is exactly 0.2mm. to 

maintain this accuracy all the plate samples were machined by wire cut EDM process.    
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Fig.3 Components used in Trail Fig.4 Non heat-treated samples Fig.5 Heat-treated samples 

During the experiment acting pressure in the riveting process was the only varying parameter throughout 

the experiment; the pressure was varied from 20Kgf/cm2-60Kgf/cm2 with an increment of about 10Kgf/cm2. Each 

sample’s formed head dimensions were noted and their dimensional ratios were also calculated to show their 

dimensional changes. 

  

Fig.6 Formed dimension vs Applied pressure Fig.7 Dimensional ratios vs Applied pressure 

 

In the above experiment there were totally 60 samples were riveted with different condition and in different 

acting pressures, all the values were consolidated to have an average value dimensional changes of the rivet 

material (SAE 1010). It is clear that the formed diameter curve was linearly increasing than the formed height value 

as shown in Fig.6. The overall dimensional ratios of the formed head were also compared to show the dimension 

change which is graphically presented in Fig.7. 

PHOTOGRAPHIC STUDY 

 To ensure hole filling 8 sample out of 60 samples were selected based on the average value for each acting 

pressure and get to the macro photographic study. 

 

 

Fig.8 Cut section of the non-heat-treated plate 

riveted sample 

Fig.9 Cut section of heat-treated plate riveted sample 

The final photographic study on the selected samples gave a clear idea of the existing system and the 

proposed system, Fig.8 shows the results of non-heat-treated plate sample study which eventually had rivet shifting 

and hole expansion. But the riveted samples as shown in Fig.9 of heat-treated plate were very much similar to the 

actual condition since the hardness values are exactly same as clutch components. 

CONCLUSION 

 As an inference from the experimental work it is clear that the system got failed due to farting effect of 

drive plate on the rivet due to unfilled rivet hole, which is due to low acting pressure. In the present clutch system 

the formed head diameter of rivet is 11.5mm which is similar to the 1st heat-treated sample i.e., acting pressure 

value of about 20Kgf/cm2 it is not advisable.  

 If the formed diameter value is 11.5mm then the gap will be observed between the drive plate and rivet in 

the range of 0.3-0.35mm which will make the drive plate to play in that gap. 

 To avoid this failure the rivet should be riveted with an acting pressure value of 40Kgf/cm2 which will 

form the diameter of about 13.5mm.  

 By forming a rivet diameter of 13.5mm for the given configuration perfect riveting is observed. 
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