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In this study, the flash temperature of the classical Geneva mechanism has been studied using the numer-
ical method. An excessive sliding motion between the wheel and pin leads to the generation of heat at the
contact surfaces, which raises the surface temperature of the two contacting bodies. The flash tempera-
ture has been anticipated for different loading cases and coefficients of friction. The analytical Blok equa-
tion results are compared with the finite element results, and the results are satisfactory for maximum
temperature. Based on the simulation results, the maximum contact temperature occurred in the driving
crankpin within 10-15� and 70–75� of the angular position, and as the load increased the contact temper-
ature also increases. In addition, the angular velocity increment produced higher temperatures than the
torque load increments.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Third International Con-
ference on Aspects of Materials Science and Engineering. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Geneva mechanisms are commonly used as an indexing mech-
anism where intermittent motion is required by transforming
rotary motion into intermittent motion. The rotating drive crank-
pin is usually equipped with a pin that reaches into a slot located
in the driven wheel that advances it in one step at a time. The Gen-
eva mechanism is extensively used in high [1,2] - and low-speed
[3] automatic machinery. It is employed for counting mechanisms,
indexing [4–6], sequencing, motion-picture mechanisms, feed
mechanisms, and mechanical watches, and others with smooth
operation limitations due to discontinuity in the acceleration at
the start and end of the intermittent motion.

The performance and life of the Geneva mechanism are
adversely affected by discontinuity at the beginning and end con-
tact points and the high contact stress between the wheel slots and
the drive crankpin. The constant acceleration of the rotating crank-
pin is transmitted to the Geneva wheel with an impact due to the
engagement and inertial force, this leads to jerks and undesirable
vibrations in the mechanism. A lot of research has been conducted
and proposed several methods to decrease the wheel acceleration
in order to reduce the inertial forces and consequent wear. The
curved slot is one way to reduce the acceleration, but it increases
the deceleration and the wear on the slot [7,8]. The other
approaches involve substantial changes in the slot design, such
as using different radii of curvature of the entry and exit curves,
using spring elements between the driving pin and the slot, and
using grooved cams to drive the crankpin in a specific path [7,9].
Previous works have been conducted to minimize the jerk and
undesirable vibration; however, limited studies are reported on
the flash temperature that can be produced due to excessive slid-
ing motion between the Geneva wheel and the driving pin.

The determination of the flash temperature of the contacting
body will pave the way to anticipate how and where the wear will
occur. The temperature affects the performance and the life of the
Geneva wheel. Pearson et al. [10] investigated that temperature
affects the wear rate and distribution. Surface conjunction temper-
ature is the temperature at the interface of two contact and mutu-
ally sliding solid objects. For any specific part of the sliding surface,
frictional temperature rises are very short duration, and the tem-
perature generated is called flash temperature, it was originally
formulated by Blok in 1937 and developed further by Jaeger
1944 and Archard in 1958 [11]. Most surface temperature analyses
of contacting bodies have been based on the pioneering work of
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Fig. 1. 3D Geneva mechanism model.

Table 1
Design parameter of external Geneva
mechanism.

Parameter Value

Crankpin,r1 75 mm
Thickness of wheel, t 4 mm
Number of slots, n 4
Drive pin radius, R1 4 mm

Fig. 2. Scheme diagram for determining angular position and speed.
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Blok [12] and Jaeger [13]. They formulate different equations based
on the value of a non-dimensional number, which is called pecelet.
This non-dimensional number is a function of surface velocity, con-
tact width, and thermal diffusivity. The finite element and analyt-
ical (Block equations) are the two common methods used
extensively to determine the flash and contacting temperature of
different contacting bodies when there is a relative motion in
between them. Chang et al. [14] use the finite element method
to determine the surface temperature of the spur gear. Taburdagi-
tan and Akkok [15] use finite element and analytical methods to
determine the flash temperature of the gear, and they found that
the results are satisfactory with the experimental results specifi-
cally within the highest point of single tooth contact found by Tobe
and his colleagues. Patrir and Cheng [13] also use the finite ele-
ment method to determine the temperature distribution of spur
gear.

A finite element program is one of the commonly used methods
which can very efficiently and accurately predict surface tempera-
tures and temperature distributions in sliding systems. Kennedy
[16] used a finite element program for the analysis temperature
of the sliding objects. The method was applied to two different
sliding systems: dry or boundary lubricated sleeve bearings and
rubbing between rotating and stationary components of a labyr-
inth gas path seal. Comparisons between predicted and experi-
mentally measured temperatures showed that very good
agreement was obtained in both cases. Temperature predictions
were significantly influenced by the velocity of the moving compo-
nent, even when that velocity was not maximum. The radius of
curvature of the gears and cylinders has finite so that the equiva-
lent or reduced radius of curvature can be determined directly.
But the Geneva wheel slot surface has a flat surface and its radius
of curvature is infinite, while the radius of curvature of the driving
crankpin is finite, therefore the equivalent radius is equaled with
the radius of curvature of the pin. The contact exhibited in the Gen-
eva mechanism can be modeled as the contact between the cylin-
drical object with the flat surfaces with an infinite radius of
curvature. There is some literature that works on the determina-
tion of the flash temperature of cylindrical and flat body interac-
tion. For example, Qin et al. [17] studied that the effect of local
roughness on the friction and flash temperature distribution using
the finite element method of cylinder-on-flat surface
configuration.

In this paper, both finite element and analytical methods are
employed to determine the contact temperature distribution.
There are three loading cases to analyze the effects on the surface
temperature value at the instant of contact. The analytical analysis
is done for load case 1 and compared with the finite element
results, and the results have been compared and it found that they
are in good agreement. Finally, the prediction of maximum contact
temperature has been done using finite element methods.

2. Design and modeling of Geneva wheel mechanism

There are different kinds of Geneva mechanisms such as exter-
nal, internal and spherical Geneva mechanisms are some of them.
A 3D model of the external Geneva mechanism is presented in
Fig. 1. The basic modeling parameters, taken from published mate-
rials [18], are given in Table 1.

The Geneva wheel is not in motion when the pin is not in the
slot and it will rotate when the pin and slot engage and we call this
active phase as presented in Fig. 2. Using sine law, the following
relations is obtained:

r1
sin h2

¼ c
sin p� h1 þ h2ð Þ½ � ð1Þ
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For n number of slots, the active phase angle of the wheel (h2) is
in the interval ± p=2. The angular position of the crankpin (h1) and
Geneva wheel (h2) in terms of the Cartesian coordinates (xp; ypÞ are
given in Eq. (2) (a) and (b) respectively.

h1 ¼ p� tan�1 yp
xp

� �
and h2 ¼ tan�1 yp

c þ xp

� �
ð2Þ

From Fig. 2, the length of instant contact point P from center of
wheel and angular position is given by Eqs. 3 (a) and (b)
respectively.

x ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21 þ c2 � 2r1ccosh1

q
ð3aÞ

h2 ¼ sin�1 r1
x
sinh1

� �
ð3bÞ

The surface velocity of the Geneva wheel and driving crankpin
was obtained from the above equations, and this enable to calcu-
late the sliding velocity. Using elementary kinematics, the velocity
of pin P is given by:
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vP ¼ x1 � rP=o1 ð4Þ
The same vector vP may be obtained upon the driven wheel and

expressed as

vP ¼ v 0
P þ VP=W ð5Þ

where v 0
P ¼ x2 � rP=O2 is the velocity of the point of Geneva wheel

body which is instantaneously coincident with the pinpoint P, while
VP=W ¼ vP=W dup=o2 is the velocity of point P relative to the wheel, rP=o2
is the vector pointed from O2 to point P,vP=W ¼ jVP=Wj, and duP=o2 is a
unit vector pointed from P to O1. This, equating Eq. (4) with Eq. (5)
yields

x1 � rP=o1 ¼ x2 � rP=o2 þ V
0 0 duP=o2 ð6Þ

It is straightforward to show that the above expression leads to
a linear system of two equations in the unknowns x2 and VP=W.
Solving such a system, one obtains the general expressions

x2 ¼ x1r1 cos h1 þ h2ð Þ=x and VP=W ¼ x1r1 sin h1 þ h2ð Þ ð7Þ
3. Analytical modeling of contact parameters

There are three load cases in this paper used to examine the
contact temperature of the wheel and crankpin, these are: load
case 1 is the torque load is 7000 Nmm and 5.34 rad=s angular
velocity, load case 2 is double torque load with the previous angu-
lar velocity, and load case 3 is double the angular velocity with the
7000 Nmm torque load. For the above three loading conditions the
analysis is conducted, and it has been also analyzed which load
case has a strong effect on the maximum contact temperature of
the Geneva mechanism. The angular velocity of the wheel and
the sliding or relative velocity of the pin with respect to the wheel
are shown in Fig. 3.

The maximum angular velocity has occurred when the pin is
engaged with the end of the slot at 45� for the four slot Geneva
wheel as shown in Fig. 3 (a). The angular velocity is very small at
the beginning and end of the interaction of the pin and the wheel
slot. The sliding velocity of the pin with respect to the wheel slot is
shown in Fig. 3 (b), and the surface velocity of the Geneva wheel is
zero at 45� of the active phase of the angular position. The maxi-
mum sliding velocity is occurred at the beginning and end of the
contact of the pin and wheel, in addition, the surface velocity of
Fig. 3. a) Angular velocity of Geneva wh
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the wheel is varied throughout the angular position due to the
variation of the angular speed and the instantaneous point of con-
tact radius.

The normal load is varied with the angular position of the con-
tact point. The torque load at the contact point is decomposed into
tangential (WT), radial (WR), and normal load (WN) as shown in
Fig. 4. The normal contact load is given by Eq. (8), and the load dis-
tribution for 7000 Nmm with the angular position is shown in
Fig. 5. The maximum load is obtained at half of the angular position
of the active phase, the minimum load for load case 1 is about 35 N.

WN ¼ T
r1

cos h1 þ h2ð Þ ð8Þ

The contact area between two parallel cylinders is circum-
scribed by a narrow rectangle. The contact width and the maxi-
mum contact pressure are given in Eq. (9) (a), and (b)
respectively. The contact pressure is the ratio of the normal load
to the true contact area.

b ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4WNR

0

plE0

s
; Pmax ¼ WN

pbl
ð9Þ

The above formula also is used for cylindrical and flat surface
contact bodies with the infinite radius of curvature of the flat sur-
face (wheel slotted surface). The radius of curvatures for the Gen-
eva mechanism is expressed as R1X ¼ 1;R1Y ¼ R1;R2X ¼ R2Y ¼ 1.
The reduced radius of curvature of the Geneva mechanism is equal
with the radius of the pin and it is given in Eq. (10) (a), while the
reduced elastic of modules is given in Eq. (10) (b).

1
R1

¼ 1
RX

þ 1
RY

¼ 1
R1

þ 1
1þ 1

1þ 1
1 and

1
E

0

¼ 1
2

1� m21
E1

þ 1� m22
E2

� �
ð10Þ

The contact width and maximum contact pressure are shown in
Fig. 6 (a) and (b) respectively. The maximum contact width and the
contact pressure are found at 45� of the angular position of the
active phase. The material and physical properties of the wheel
and crankpin are given in Table 2.

There is no single algebraic equation giving the flash tempera-
ture for the whole range of surface velocities. Peclet number is a
non-dimensional measure of the speed at which the heat source
moves across the surface, and it has been introduced as a criterion
eel, and b) sliding linear velocities.



Fig. 4. Scheme diagram for force decomposition.

Fig. 5. Normal load distribution for load case 1.

Table 2
Material properties of the steel SAE-AISI 1045 at 20 �C [15].

Parameter Value

Mass density, q 7:86� 10�6 kg=mm3

Modulus of elasticity, E1 & E2 207� 103 N=mm2

Poisson ration, m 0:3
Specific heat, Cp 485� 103 Nmmð Þ=kg�C
Thermal conductivity, j 42:3 Nmmð Þ=mm�C
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allowing the differentiation between various speed regimes. The
Peclet number is an indicator of the heat penetration into the bulk
of the contacting solid bodies, which means it describes whether
there is sufficient time for the surface temperature distribution
of the contact to diffuse into the stationary solid.

Le ¼ bU1;2

2v1;2
ð11Þ
Fig. 6. (a) Half contact width, and (
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The value of half heat sources width (b) has been determined
previously. Thermal diffusivity of the pinion and gear material is
calculated using v1;2 ¼ j=qCP1;2, it gives 11:0962� 10�6 m2/s.

Sliding friction is the dominant mechanism for heat generation.
Heat is generated by sliding friction between the pin and slot sur-
faces. The temperature distribution is proportional to the distribu-
tion of contact pressure and sliding velocity. The flash temperature
of the pin and wheel slot contact during an active phase is calcu-
lated by Blok’s contact temperature theory. The contact tempera-
ture is the sum of the maximum flash temperature and bulk
temperature of the contacting bodies before it enters the contact
zone. The amount of heat generation is given by Eq. (12), and it
shows that the heat generation is proportional to the friction coef-
ficient, normal load and the sliding velocity of contacting bodies.
Q ¼ lWN V1 � V2j j ð12Þ
Fig. 7 (a) shows that the peclet number of the pin is increased

slowly from 0.35 m/s at the beginning of the interaction of wheel
slot to a maximum value of 0.58 m/s and after that, it decreased
gently until the last point of the active phase its value to the initial
pecelet number value. While the peclet number of the wheel
increases gradually from the point of contact till it reaches to 35�
of the angular position and automatically increases to 0 at 45� of
angular position. When the angular position increases further the
pecelet number start to increase again to 0.15 pecelet number
and then it decreased to 0.5 at the last point of the active phase.

Fig. 7 (b) shows that the heat generation is increased from
3.8 W to a maximum value of 5.6 W at the 23� of angular position
and decreased sharply to zero at 45� and when angular position
increases, the amount of heat generation is also increased to the
maximum value and gain it decreases. It clearly is shown that
the maximum heat generation has occurred at the 23 and 63� of
b) maximum contact pressure.



Fig. 7. a) Pecelet number, and b) Generated heat due to friction for load case 1.
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the active phase. In addition to this as the coefficient of friction
increases the amount of heat generation will also increase.

Flash temperature formula for line contacts for various velocity
ranges is determined by using different equations depending on
the value pecelet number [19]. The maximum pecelet number
found in Fig. 7 (a) is around 0.58, therefore, for 0:1 < Le < 5, the
flash temperature is given by Eq. (13) as:

Tf ¼ 0:159C4lWN V1 � V2j j
KL

v
U1;2b

� �
ð13Þ

The value constant C4 of is determined from Fig. 8 as 2.5. There-
fore, the value flash temperature can be determined for different
loading and coefficient of friction.
4. Numerical analysis of the maximum contact temperature

The maximum contact temperature of the Geneva mechanism
has been determined using a coupled temperature displacement
analysis of quarter model of wheel and the driving crankpin as
shown in Fig. 9 using ABAQUS software. Both contacting bodies
Fig. 8. Diagram for evaluation of constants ‘C’ required in flash temperature
calculations for the intermediate velocity range [13].
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are free to rotate about the rotational direction at the center. There
are two steps created for setting the boundary and loading condi-
tions, and in the first step the wheel is subjected to a torque based
on the load case, and the speed will be granted in the second step.
The initial temperature or operating temperature is added in the
initial step as an initial condition.

The analysis contains a coupled thermal displacement element
type C3D8T (8-node thermally coupled brick, trilinear displace-
ment, and temperature) element type has been used for coupled
temperature analysis and it has 23,645 number of elements and
40,427 number of nodes. A fine mesh is deployed at the contacting
surfaces with 0.5 mm mesh size, this will enhance the results and
the running cost.

The simulation results are shown in Fig. 10 (a) and (b) for wheel
and crankpin respectively under load case 1 with 0.15 coefficient of
friction, it indicates that the maximum contact conjunction tem-
perature occurred at a flat surface around the circular curved faces
of the wheel. The maximum temperature is observed in the crank-
pin as shown in Fig. 10 (b). For 0.3 coefficient of friction, the max-
imum contact temperature is shown in Fig. 11 (a) and (b). In both
situations, the maximum contact temperature is found at the bot-
tom edge of the wheel slot and pin portions.
Fig. 9. Quarter Geneva mechanism model for load and boundary conditions.



Fig. 10. Maximum contact nodal temperatures contour view with: ¼ 0:15TGw ¼ 7000 Nmm; and x ¼ 5:34 rad=s: a) Geneva wheel, and b) crankpin.

Fig. 11. Maximum contact nodal temperatures contour view with:l ¼ 0:3;TGw ¼ 7000 Nmm; and x ¼ 5:34 rad=s: a) Geneva wheel, and b) crankpin.
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Fig. 12 depicted the finite element and analytical Block equation
maximum contact temperature results. The figure shows that the
contact temperature is minimum at 45� of the angular position,
while the maximum contact temperature is occurred at within
10–15 and 70–75� of the angular position. The two methods are
in good agreement within 46 to 70� of angular position, in other
positions there is a variation, and however, both methods show
the same angular position where the maximum temperature will
occur. The coefficient of friction increases the contact temperature.
The flash temperature is zero at 45� of angular position in the ana-
lytical method, but not for the finite element method. This may
result from, the two contacting bodies become confined to each
other so that the contact area will increase and this, in turn,
increases the friction.

The finite element analysis results are shown in Figs. 13–15 (a)
and (b). The simulation results show that with the load 7000 Nmm
and 5.34 m/s loading conditions the maximum contact tempera-
ture is found on the crankpin. Fig. 13 (a) - (b) shows the contact
temperature of 0.15 and 0.3 coefficient of friction. The contact tem-
perature is doubled and tripled of the operating temperature of the
Fig. 12. Comparison of contact temperatures
with:TGw ¼ 7000 Nmm; and x ¼ 5:34rad=s.
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Fig. 13. Contact temperatures with : TGw ¼ 7000 Nmm; and x ¼ 5:34 rad=s: a)l ¼ 0:15, and b) l ¼ 0:3.

Fig. 14. Contact temperatures with : TGw ¼ 14000 Nmm; and x ¼ 5:34 rad=s: a) l ¼ 0:15, and b) l ¼ 0:3.

Fig. 15. Contact temperatures with : TGw ¼ 7000 Nmm; and x ¼ 10:68 rad=s: a) l ¼ 0:15, and b) l ¼ 0:3.
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Geneva mechanism for 0.15 and 0.3 coefficient of friction
respectively.

When the torque load is increased by 100% with 5.34 rad/s
angular velocity, the maximum contact temperature is almost
tripled the operating temperature for 0.15 coefficient of friction
as shown in Fig. 14 (a). The contact temperature is increased to
95

�
C for 0.3 coefficient of friction as shown in Fig. 14 (b). The Gen-

eva wheel has a lower contact temperature than the crankpin.
Fig. 14 (a) – (b) shows the contact temperature distribution for a
100% increment of the angular velocity of the driving pin and
700 Nmm torque load. Fig. 14 (a) shows that the contact tempera-
ture slightly varies from 100% increment torque load and 5.34 rad/s
angular velocity of the crankpin. In addition, the temperature dis-
tribution profile is slightly varying from Fig. 14 (a) and (b). The
same phenomenon is shown in for 0.3 coefficient of friction.

Generally, the simulation results show as the load increases the
contact temperature will increase dramatically. The increment of
angular velocity is highly responsible for the increment of contact
temperature than the torque load. This indicates that the sliding
velocity has a high influence on the flash temperature.

5. Conclusions

The quarter model of the Geneva mechanism has been mod-
elled and analyzed for maximum contact temperature distribution
for three loading cases. The analysis encompasses the analytical
and finite element method and compared them for a single loading
condition and the results show that the analytical and finite ele-
ment is in good agreement for determining the maximum contact
temperature. From the simulation results the following points are
deduced as follows:

� The contact temperature of the Geneva mechanism is maxi-
mum due to a substantial sliding velocity between the wheels
and pin. If the mechanism is subjected to a maximum loading
its contact and flash temperature will increase drastically, and
this will lead to a severe change of the mechanical property of
the material.

� The maximum flash temperature is found in the crankpin at an
angular position of 10–15� and 70–75�. In addition, the maxi-
mum contact temperature is maximum at the lower portion
of the slot and pin. The wheel has a maximum temperature
around the end of the slot of the circle.

� The angular speed of the driving pin is produced at a higher
temperature than the torque load. In addition, the Geneva
mechanism should be employed for a low load and slow-
motion required mechanisms due to temperature rise because
of a substantial sliding.
552
The simulation results are compared with the analytical results,
and they are in good agreement, while the experimental validation
will be carried on for future study.
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