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ABSTRACT:

In contact tractions, the coefficient of friction (COF) is a key factor and it alters as the contact temperature rises.
Therefore, it is crucial to pay attention to how the COF and the increase in contact temperature are related. Since
fracture propagation is caused by the existence of the majority load, which can be determined by observing the
contact temperature, and crack initiation is caused by the presence of high contact adhesive friction, the transition
from full slip circumstances to partial slip conditions is crucial. Using K-type thermocouples adhered close to the
contact points along the vertical axis of the cylindrical pad, the contact temperature can be inferred from the
measured temperatures. In the current work, the frictional heat flow in the pad is examined during sliding. Finite
element analysis (FEA) was used to compare the heat flow in a cylindrical pad with and without insulation. The 1-D
heat flow study of the cylindrical pad was carried out using C programming, and the accuracy of the findings was
checked against those from the 2-D ANSY'S finite element analysis.
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1. INTRODUCTION
Failure of aerospace structures, offshore structures and nuclear power plant components result in loss of life,
disruption of functioning and significant economic losses. Mechanical failure of these structural components is an
outcome of material failure due to wear, fatigue and fretting. The riveted joints of aircraft skin structure, gas turbine
blades-disk attachment, bolted joints of offshore platforms and steam tubes in nuclear power plants are often
subjected to cyclic loads in their normal functioning.
In some of the tightly clamped components which are subjected to cyclic loads, sliding amplitudes of oscillation are
very small. This particular phenomenon is known as fretting (Berthier et al., 1989). Fretting effect could initiate
cracks at the interface of the sliding bodies. Crack initiation is mainly due to very high stresses near the contact
region and propagation of cracks is mainly due to bulk stresses acting on the components. Finally, they lead to
failure of the components at levels well below the fatigue limit of the components. This phenomenon is known as
fretting fatigue. Following are examples of some practical situations where fretting influences the life of
components: gear contacts, bolted and riveted joints, key-way shaft, couplings and blade-dovetail contact regions of
turbine engines.
This paper concentrates on frictional heat transfer analysis in cylindrical pad. A detailed steady state heat transfer
analysis is performed to study the effect of boundary conditions on the heat flow through cylindrical pad. This study
will be used to observe variation of temperature along the cylindrical pad to determine locations of thermocouples to
be pasted on the cylindrical pad to observe the frictional heat at the tip of the pad.

2. MATERIALS AND METHODS
Al6061-T6 material was used for the cylindrical pad specimens as shown in Fig. 1. The cylindrical pad is a square
rod with cross-section of 6 mm x 6 mm, length 30 mm and with cylindrical edge of 6 mm diameter. Thermal
conductivity of Al 6061-T6 was considered as 0.167 W/mm°C for the analysis. The experiments would be
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conducted at room temperature with natural convection of the pad. So the convection coefficient of 0.000022
W/mm?C and the ambient temperature of 28 °C were considered for the analysis from literature (Pulkit Sagar et al.,
2016).
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Fig. 1:cylindrical pad (a) without insulation (b) with four side insulation (c) Fully insulation

The one-dimensional conduction steady state analysis was performed by writing code in C-programing language for
the fully insulated cylindrical pad. The two-dimensional steady state analysis was performed using ANSYS with
different insulation boundary conditions.

3. FINITE ELEMENT ANALYSIS
3.1 One dimensional finite element analysis:
The one-dimensional pure conduction along the pad is considered to develop C program from the basic heat
conduction equation (eq. 1) for the 1-D finite element analysis of the insulated pin. The governing equation and
boundary conditions of the simple 1D heat flow problem is as follows:

d dT(x)
dx ( x4 d(x)
Essential (Dirichlet) boundary conditions:

T = Temperature applied at x = X and/or x = X,

Non-essential (Neumann) boundary conditions:
daT q

)+ Q(X)A =0; xo< x < x (1)

L 0, if specified at bottom end (x = Xo)
?TZ - kiA =0, if specified at the top end (x = x.)

Where kyx = thermal conductivity, A = area of cross section perpendicular to the direction of heat flow, q = heat flux
and Q = internal heat generation per unit volume.

The finite element solution is formed by solving eq. (1) using Galerkin’s method. The finite element solutions are
used to develop C program for 1-D conduction steady state heat transfer. The results obtained from the 1-D C
program are given in Fig. 3.
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3.2 Two-dimensional finite element analysis:

ANSYS software was used to carry out the finite element analysis in two dimensions. For all cylinder pad
combinations, the PLANE55 element was employed. For the conduction and convection analyses of two-
dimensional issues, PLANES55 is a four-nodded plane element having a single degree of freedom (Temperature) at
each node.
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Fig. 2: PLANES55 Element

4. RESULTS AND DISCUSSION

The one-dimensional conductive heat flow analysis was performed on a pad of uniform cross-sectional area and
length of 30 mm. The C-programming results of heat flow along the length of the pad are shown in Fig.3. The
temperature was linearly decreasing till 20 mm from the pad tip and maintained almost constant temperature till the
end of the pad. The variation in temperature is very less in insulated pad.
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Fig. 3: The heat flow along the length of the pad from 1D-analysis
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Fig. 4: 2D model of cylindrical pad

Initial studies were focused on effect of insulation on temperature distribution along the cylindrical pad. Fig.4 shows
the cylindrical pad with face numbers used for the two-dimensional analysis. The temperature of 50°C was given at
pad tip and analysed for the different insulated boundary conditions. A steady state heat transfer analysis was
conducted and the results are given in Table 1. The pad without insulation has resulted 1°C variation between the
pad tip to pad end temperatures. The fully insulated pad has resulted almost same temperature at the end of the pad
compared to the temperature at tip of the pad. The temperature variation along the length of the pad for different
insulated boundary conditions is shown from Fig. 5 to Fig. 9.

ANODAL SOLUTION

SIEP=1

SUB =1 JAN 27 2018
TIME=1 15:57:25
TEMP (RVG)

49.0811 49.2853 49,4895 49.6937 49.8979
49.1832 49.3874 49.5916 49.7958 50

Fig. 5:Temperature distribution in the pin without insulation
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49.448
49.5093

Fig. 7:Temperature distribution in the pin with insulation on side 3
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wNC‘DAL SOLUTION

STEP=1

49.9081 49.9449 49.9816
49.8897 49.9265 49.9632 50

Fig. 8:Temperature distribution in the pin with insulation on side 2 and side 3

Fig. 9:Temperature distribution in the pin with insulation on side 1, side 2 and side 3

Table 1: The temperature at end of the cylindrical pad for different insulated boundary.

Insulated Side Temperature at pad
end (°C)

Without insulation 49.08
1 49.19
2 49.45
3 49.45
land2 49.57
land 3 49.57
2and 3 49.83
1,2and 3 49.95
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The variation of applied temperature at pad tip to the temperature observed at pad end is less but it depends on the
insulation boundary conditions. The second stage of the analysis concentrated on the effect of tip temperature on the
temperature at pad end. The applied temperature at pad tip was increased from 30°C to 50°C for pad without
insulation and pad with insulation on side 2 and side 3, boundary condition. The variation between the tip
temperatures to the pad end temperature is observed with and without insulation on the pad surfaces. It was observed
that the variation in temperature is increasing linearly with the increase in temperature applied at pad tip for both
insulated and un-insulated pads. The variation in temperature is more when the applied temperature is varying from
the ambient temperature in case of un-insulated pad. The pad insulated on side 2 and side 3 gave linear increment in
temperature with increase in tip temperature but the variation in the temperature is nearly 1 in 5.5 of the variation in

temperature of un-insulated pad. The variation in pad tip to pad end temperature with increase in applied pad tip
temperature is given in Fig. 10.
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Fig. 10: The temperature variation between pad tip to pad end of un-insulated pad and pad with insulation on
side 2 and side 3
Comparison of the 1D heat transfer analysis and 2D heat transfer analysis of fully insulated cylindrical pad gave
good agreement of results in both the cases.

5. CONCLUSIONS
The following conclusions have been drawn from the present analysis:

e The temperature at the end side of the pad mainly depends on insulation boundary conditions and
temperature at pad tip.

e The temperature variation between pad tip and pad end increases linearly with temperature at pad tip for
both insulated and un-insulated pad configurations.

e The temperature variation between pad tip and pad end is always more for un-insulated pad than that for
insulated pad.

e The temperature variation between pad tip and pad end of un-insulated pad is 5.5 times than that of the
insulated pad.
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