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ABSTRACT

All road vehicles require a coupling for connecting two coaxial shafts of an automobile powertrain which is
commonly known as clutch, it is one of the main components in an automobile. It has more influence on the life of
entire transmission system, so failure of the clutch may lead to serious damage of the vehicle transmission. In this
work such a kind of failure on tractor clutch system is investigated and found that the failure is due to the unfilled
rivet holes. To solve this problem the squeeze force involved in the riveting process is considered as the main
parameter that influences the fatigue life of riveted joints. The exact squeeze force required for riveting, can be
obtained by conducting an empirical study on riveting process with different squeeze pressure ranging from
20K gflcm2-60Kgf/cm? were conducted on heat treated and without heat treated plate samples to have better
understanding of the riveting process. As a result of experimental study on riveting process and a photographic
study of the selected riveted samples revealed that the acting pressure of about 40Kgf/cm? has a better hole filling
which will in turn improve the fatigue life of the clutch.
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INTRODUCTION

Clutch is one of the complex systems which is 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, 2010) 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 sriveted hole, and finally the results were
experimentally validated. (J.J.M.derijck, 2007) 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.

FUTUR ANALYSIS

In this work a failed tractor clutch system is identified, it is a single plate clutch system which is capable of
transmitting 735 N-m torque shown in Fig.1 is analyzed in various aspects to find the root cause of the failure as
shown in Fig.2. The main failure occurred in this clutch system is the failure of rivets used to mate the drive plate
and the hub. There were totally 8 rivets which were riveted at the PCD value of 75mm from the center of hub.
From the observation it is clear that the rivets were got sheared off and made the entire clutch system fail.

Observation from the failure: The pure shear failure occurred less than 1,00,000 cycles which is not acceptable,
the driven head of the rivet was found safe but the parent head of the rivet which will be on the drive plate side got
sheared off. This is mainly due to the fatigue effect of drive plate on the rivet because of unfilled rivet hole.

Finite element analysis: As an initial step of the case study FEA simulations was carried out for the present clutch
system, the drive plate and the hub were modeled and the analysis were carried out for maximum tensile,
compressive and Von Mises stress. The loading and the boundary conditions are as follows.

Rigid pilot contact is defined between the rivet modeled and the drive plate.

The created pilot node is locked in all D.O.F

Rigid pilot contact is defined between bolt modeled as rigid surface and drive plate.
The created pilot node is locked in all D.O.F except ROTZ

The toque value of about 735 N-m is applied as moment about axial direction.
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From the FEA simulation study as shown in Fig.3, 4, 5 it is clear that the model is safe to transfer the torque value
of 735 N-m.
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Figure.l.Failed clutch sample Figure.2.Root cause analysis
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Figure.3.Tensile stress analysis

Cut section study: The failed clutch is taken for the postmortem study and the exact cause of the failure was
found. 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.6 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.

EXPERIMENTAL STUDY

Experimental study on riveting process was carried out for better understanding of the squeeze force on
riveting process. Two main experimental approaches were carried out to finalize the driven head diameter to be
achieved during the actual riveting process, they include empirical study on riveting process with different riveting
pressures on non-heat-treated plate samples and heat-treated plate samples.
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Figure.5.Von Mises stress analysis

Empirical study on riveting process: This empirical study was conducted under two conditions; the first stage
includes riveting study on plate samples without heat-treatment. Taking two plates one is of 6mm thickness and the
other is of Imm with rivet hole value of 10.2mm , and the actual rivets used in the clutch which will have shank
diameter of 10mm were used in the study. A specially designed punch and die as shown in Fig.7 were used for the
riveting process; the riveting machine is a hydraulic operated controlled riveting machine were the riveting process
carried with 5 different pressures with an increment of 10 Kg/cm2.

Exactly 45 samples as shown in Fig.8 were riveted in the study in which for each acting pressure 10
samples were riveted to take an average value of them. First 4 pressure studies were done with 10 samples each and
the last acting pressure was studied with 5 samples. The second set of empirical study was conducted on the heat-
treated plate samples to understand the actual condition. In this study there were totally 15 samples riveted as
shown in Fig.9 in 3 different acting pressures of about 20Kgf/cm? to 40Kgf/cm? with an increment of 10Kgf/cm?.

Graphical expression of results: As a result of empirical study the values of formed rivet head dimensions were
noted and the values were graphically represented. The measured dimension of the formed rivet head at different
acting pressures were consolidated and taken average for different acting pressure. Fig.10 shows the formed
diameter and height verses applied pressure, from the graph it is clear that the diameter which is formed for various
applied pressures followed a linearly increasing trend but the height which is formed for various applied pressures
followed a linearly decreasing trend till 50 Kgf/cm2, but for last pressure 60 Kgf/cm2 the decrease in height was so
minimum. A consolidated result of various dimensional ratios like diameter ratio, height ratio, and volume ratio
were also graphically presented in Fig.11 from which it is clear that the diameter ratio which is calculated
theoretically followed the increasing trend because of formed diameter were as the height ratio which is calculated
theoretically followed the same trend as the formed height. As a final the volume ratio which is calculated followed
more or less same trend as the height ratio, from this it can conclude that volume formation is highly influenced by
height formation.
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Figure.6.Cut section study

Figure.8.First set of samples
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Figure.10.Formed dimension vs Applied pressure

RESULTS AND DISCUSSION

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.9. The overall dimensional ratios of the formed head were also compared to show the dimension

change which is graphically presented in Fig.10.

To ensure hole filling 8 sample out of 60 samples were selected based on the average values of the formed

-

Figure.7.Components used in the study

Figure.9.Second set of samples
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dimensions of each acting pressure and get to the micro photographic study.

Table.1 Selected sample of 1 for micro

Figure.11.Dimensional ratios vs Applied pressure

Table.2 Selected sample of 2™ for micro study

study
Without heat-treatment
SNo | Acting Pr Consolidated values Selected values Sample
(Kgflem?) No
Dmm) | Himm) | D{mm) | H(mm)
1 20 10.98 344 10.94 351 3
2 30 12.21 238 12.18 23 7
3 40 13.38 1.40 13.31 1.28 2
4 50 14.57 0.65 14.59 0.43 8
B 60 1538 0.4 15.45 0.46 2
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With heat-treatment
SNo | ActingPr | Consolidated values Selected Values Sample
(Kgfiem?) No
Dimm) | H{mm) | D(mm) | H(mm)
| 20 112 35 111 35 3
2 30 124 26 124 257 2
3 40 134 2 13.39 1.93 |
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The above Table.1 shows the sample selected for micro study from the first set of riveting i.e, the riveted
samples without heat-treated plate. Similarly Table.2 shows the selected sample details of second set riveting in
which the heat-treated plates were used.

These 8 samples which is shown in Fig.12 was made cut into two half and viewed in microscope to have a
better view of the hole filling. Since the clearance is just 0.2mm the remaining gap is too hard to quantify.

Figure.14.Macro study of 2" set sample
Photographic micro study: Micro study of 1% set riveted samples revealed that riveting on non-heat-treated plates
will have considerable amount of hole expansion which is not advisable. The hole expansion will lead to plate
failure when load is applied, as it is very clear to see from Fig.13 the last two samples (4&5) riveted with acting
pressure of about 50Kgf/cm? and 60Kgf/cm? will have very high D/H it was not considered for the next set of
riveting study.

Micro study of 2™ set riveted samples revealed that riveting on heat-treated plates will have zero or
negligible amount of hole expansion which is acceptable. This effect of negligible hole expansion will contribute
lot on fatigue behavior of the riveted joint, as it is very clear to see from Fig.14 that the last samples (8) riveted
with acting pressure of about 40Kgf/cm? is having perfect hole filling and acceptable D/H ratio.

CONCLUSION

As an inference from the experimental work it is clear that the system got failed mainly because of fatigue
effect by the 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/cm? 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/cm? 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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