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The subject of mouing sources of heat has an extensive application in metal cutting,
sliding friction, intewnal ballastics and numerous metal Dreatments such as welding, f(lame
hardening ete, 1n this paper it is attempted 2o bring out a mthematical model and iis
numenical solution to determine the temperature at a point in the plane of contact of two
sliding solids viz,, an obliquely moving sounce of heat and a semi-infinite solid, unden
steady state conditions, Equations have been derived 2o obtain the temperature distribu-
Lon on a rectangubar heat source moving on a semi~infinite solid, the direction of motion
being anbitrary, The nesulting equation is solved numerically and the nesults are pre-
dented for various aspect ratios of heat dounce, various velocities and various directions,
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coordinates of any point at
time t

coordinates of a specific point
at specific time t°

dimensions of a rectangular
source

aspect ratio of the rectangular
source

velocity of the heat source
thermal diffusivity = K/pc
thermal conductivity

density

specific heat e

vx/2a, Y= vy/2a
angle of obliquity

temperature rise

quantity of heat 1iberated by
heat source per unit area per
unit time

non-d imensional tanpehature rise
on the heat saurce at a point

P(x,¥)
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G = non-dimensional average temperature
rise on the heat source
INTRODUCTION

The analysis of temperature field in
the vicinity of two sliding surfaces in
contact, has important applications in many
fields such as metal cutting, welding, flame
hardening, internal ballastics etc.

In metal cutting process (Fig, 1) the
temperature determination became essential
to investigate cutting tool 1ife characteri-
stics, Temperature can influence the oxi-
dation rate at the chip-toolinterface, the
characteristics of the coolants, the mecha-
nical properties of surface layers of tne
cut metal, the absorption of gases and lubri-
cants etc,

A1l the problems such as metal cutting,
welding etc,, can be mathematically analysed
as moving heat source problems. In the
mathamatica]Imodel, the heat source is con-
sidered to be plane and to move with constant



velocity on plane surface of a semi-infinite
solid with no loss of heat from the surface.
The temperatures attained in the plane of
the sources, when the movement of* source has
gons on infinitely long i.e., 'quasi-steady
state' has been attained, have been discus-
sed, for various types of sources by Carslaw
and Jaeger [1] and Jaeger [2].

In metal cutting process the cutting
edge of the cutting tool can be simulated
to a rectangular heat source and the metal
that is being cut, becomes the semi-infinite
solid., The aspect ratio has great influence
on the temperature level of the moving rect-
angular heat sources, The aspect ratio when
equal to unity reduces the problem to a
square source, MWhen m/1 >> 1, the problem
results in a band source (Fig.2) and when

m/1 < 1, it results in a wide source,
THEORETICAL ANALYSIS

Rectangular heat sources have been
analysed for orthogonal cutting (Fig.3) by
Carslaw and Jaeger [1] thecretically., The
steady state temperature rise for a rectan-
gular source (2€ x 2 m) of aspect ratio m/1,
moving with a velocity v along a direction
parallel to dimension 2£, on the surface
of a semi-infinite solid, is obtained as

average temperatures over the source area
for various values of the aspect ratios (m/1)

and sliding velocities of orthogonal move-
ment .

0Obliquely moving heat source

Oblique movement of rectangular heat
sources has become necessary in recent years
as metal cutting operation is not exactly
orthogonal, The movement of rectangular heat
source is necessarily oblique which means
that the velocity vector is inclined to the
edge of the rectangular heat source, as

shown in Fig. 4.
Analysis of obliquely moving source

Let a rectangular source of dimensions
(22 x 2m) as in Fig. 4, move on the plane
z = 0, the plane of contact between the moving
source and semi-infinite solid (z<0) with a
uniform velocity v, along a direction making
an angle 8 with the x-axis (i.e.) with the
122' - edge of the rectangular source. It
is assumed that there is no loss of heat
from the plane Z = 0, except into the solid
(z<0) by conduction. ;

Let a small two dimensional element dx'
dy' be at P(x', y') at time t' initially,

At time t, the source must have moved a

2
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Later, Jaeger [2] utilised the above analy-
sis and obtained numerical results for a
1imited range of values of velocity v.

He concentrated on band sources (m/1 large)
and square sources, in particular and ob-
tained the average and maximum temperatures
over the above sources,

Using numerical methods for obtaining
solution for (1) for specific aspect ratios
and sliding velocities, Reddy [3] has made
extensive calculations on the same Tines and
obtained a universal chart to qive the

distance of v (t-t') from the initial posi-
tion (x', y') in g-direction, that is,
vy (t-t') along x-direction and vy(t-t')
along y - direction, where v, =v c0s 8 and

¥ =R
-

Since the co-ordinate system is assumed
to be moving along with the source, the new
coordinates of the elementary source at time
t, would become

[X' v, (t=t'), y' = v, (t-t")]

v
¥
Then temperature-rise at any point
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(X,¥) at time t, due to the above source (dx:,
dy') is given by [1] as

divided into 441 equal parts by dividing the

length and width into 21 parts each, The
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Hence temperature-rise at any point
(x,y) at time t due to the rectangular
source (2 £ x 2m) is given by

non-dimensional temperature G(x,y) =KV{2r
A0 [from (5)] was calculated at the centre
of each of these bits using the integral in

Qa t dt" +£ +m
ﬁe=—-=—-—-—37-2.- f"‘"‘g‘z‘ L G s dy'
4 K(ra) t* (t-tY) - n

F Ry e L 7 12
= {i-x‘-vx (t=t")31° + {y - _E.Y (t-t")}
. &P [~ ] (3)
4a (t-t')
As time t + = |, a steady state solution is (4). The average of all these values, G
arrived as was calculated, which denotes the average
- e Qa ;[erf x+L+h’2cgss‘erfx-L+w2cgs]
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Qa '
ur A8 = 73 « G (x,¥) (8)
kv (2 x)1/

Where G(x,y) stands for the integral in (4).

The above eqation (4) arrived by the
authors reduces to (1) when g = 0, i.e., the
case of orthogonal cutting 1},

SOLUTION

Since explicit mathematical solution is
not possible for the integral in (4), numeri-
cal methods are adopted, So as to find the
temperature-rise at any chosen point on the
rectangular source, the integral is to be
computed between the 1imits 0 to o, As the
expression consists of error functions which
are fast converging, Gauss-Laguerre method
[4] 1is adopted. Tha rectangular source was
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non-dimensional temperature-rise on the
rectangular source, Solutions were obtained fo
for the following range of variables,
Aspect ratio (m/1): 0.1 to 20.0
Non-dimensional velocity L(=v1/2¢) : 0.1 to
100 and
Angle of obliquity (g): 0 to 90

RESULTS AND DISCUSSION

The average temperature G on the rect-
angular source is calculated for the various
values of m/1, g and L, The variation of
this average temperature as a function of
these parameters for some specific values is
discussed below,



Influence of aspect ratio (m/1)

Figs.5(a) and 5(b) show the variation
of G with velocity L for two values of B.
The aspect ratios vary from 0.1 to 20 j.e.
from a wide source to a band source, The
trend of the variation for other values of
g is similar,

It is seen that & increases with L as
well as with m/1 for any given vaiue of g,
For higher aspect ratios and large L (L>1.0)
there is a linear relationship between G
and L (on log-log scale), For g = 0, the
relationship is

G = 3.77 /L, which is the same as for
orthogonal band sources [2]. However for
different angles of g, the equation is appro-
ximated by

2
G =3.77 /cos z

for large m/1 (m/1 > 20). At lower speeds
(L <1.0), m/1 has a large influence on G,
However at higher speeds the influence of
m/1 is small and all the curves converge to
a straight 1ine (on log-log scale) G=3,77/L.
As 8 increases, the spread at higher speeds
for different values of m/1, becomes large,

Influence of obliquity (Angle g)

The effect of moving a rectangular
source at various angles 8, is shown in Fig.6.
There are 3 sets of graphs for 3 different
values of m/1, 0.1, 1,0 and 5.0, It is seen
that at Tower m/1 (wide source) an increase
in B reduces the average temperature G for a
given value of L. However for a square
source (m/1 = 1) the angle 8 has no effect
which is obvious.

However, for m/1 > 1 (tending to a band
source) the effect of increase in g is to
increase the average temperature G for a
given value of L,

But the effect of g is not significant
at Tower speeds,
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Influence of m/1 and g

Fig. 7(a) and (b) show the variation of

G as a function of g with m/1 as parameter,
At all speeds, G is independent of 8 for a
square source, For m/1 < 1 (wide source),

G decreases with increase in g and for m/1>1,
a reverse trend is noticed. This can also

be concluded by careful observation of Fig. 6,
But, it is more clearly shown in Fig. 7.

CONCLUSIONS

(1) A1l the results and the three families
of curves give a wide range of technical
data as regards to determination of G
for any specific values of L, m/1 and B8,

(2) The plots show the use of attaining very
high temperatures by using band sources
moving at an angle of 90° or wide sour-
ces at an angle 0° , with a special
reference to modern metal cutting methods
1ike rotary cutting, hot machining etc,
wherein higher rise in temperature is an
advantage in easing the cutting process,

(3) The charts give us data for selected
variables m/1, L, g8 for optimum tempe-
rature of cutting in ordinary cutting
methods .
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