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ANALYTIC CALCULATION OF TEMPERATURES DURING GRINDING
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The problem of determining the quasi~steady temperature field in a

part during grinding is examined allowing for periodic thermal effects;

the differential heat-conduction equation is analyzed with boundary
layer theory.

The reliability and lifetime of machines and tools
are determined mainly by the structure and finish of

the component working surfaces, which in turn depend

on the thermal conditions during the final operation of
fabrication, i.e., grinding. The question of a theo-
retical investigation of the temperature field during
grinding is receiving a good deal of attention.

References {1, 2] suggest an analytical method of
solving this problem; it is based on the solution of the
heat-conduction equation with natural boundary con~
ditions of the fourth kind: the one-dimensional heat-
conduction equation was considered without allowing
for the intermittent nature of the heat source. The
present paper considers the problem of determining
the temperatures of a rotating component, with ac-
count taken of the periodic thermal effect.

The guasi-steady temperature state of a rotating
body in a fixed system of coordinates can be de-
scribed by the heat-conduction equation
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where T is finite.
Transforming to dimensionless form, we obtain
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where 8 = aR/A, and the parameter N, correspond-
ing to the Peclet number Pe, lies in the rangé [103—
10%) for the majority of practical cases of grinding.

Thus, in an equation of the second order, we have a
large parameter N for the first derivative. This in-
dicates the presence of a "certain thermal boundary™
layer in which a noticeable temperature change oc-
curs. As we move out from the boundary layer, as
Eq. {4) indicates,
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i.e., T =const.

We assume that the dimensionless thickness of the
"houndary" layer is §; we estimate the order of mag-
nitude of the guantities appearing in Eq. (4)
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For Eq. (4) not to degenerate into an equation of
the form 8U/8¢ =0, we must have the orders of mag-
nitude of the quantities (3U/9 )N and 8*U/80 equal,
i.e., UN/2r = U2, Then the vraers of magnitude of
the terms of Eq. (4) will be
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It can be seen from Eq. (4b) that only a) and b) will be
quantities of the first order for large N, while c) and
d) are negligibly small, for example, for N = 104,
Dividing expression a) by N, we see that 8U/8¢ ~ 1;
(1/N)(8°U/9p%) will also be ~ 1. We shall multiply by
o1, and obtain
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Thus, we see that in the "boundary" layer the
quantities ¢) and d) are negligibly small in compari-
son with a) and b). Then in Eq. (4), retaining quanti-
ties of the first order, we obtain an equation of the
form
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The majority of cases involves grinding of bodies
whose dimensions are considerably larger than the
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thermal boundary layer thickness. Thus, for example,
the boundary layer during grinding is usually 1 to 2
mm, while the thicknegs of components being ground
is usually 30 to 100 mm. For this reason, instead of
the condition T = const, for y = §, we can apply the
condition 8T/8yl y—o " 0to the boundary-layer thick-
ness, which corresponds to the so-called asymptotic
boundary layer.

Calculated Values of Contact
and Ré<idual Temperatures

L% ' Tmax’ °C Tmin- °c
0.35 1380 75
0.87 1131 51
0.43 1580 93

1.29 1260 | 60

The solution of Eq. (4), obtained with the help of
the Green's function, has the form

Pa

Ulp, @)= j[f(cp’) + QQ(—?]{H

—Qo

\Y Bexplim (e —¢') —(@Nmi)/pl |,
+§ B + (2Nmiy } e

For the temperature at the surface, we obtain the in-
tegral equation
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Because of the small angle of contact (0.5-3%, we
can assume that
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Herey = g(N) —1/2. We can find the constant C from
the condition at the boundaryp = 0,
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The series in Eq. (5) converges slowly; thus to ob-
tain an accuracy of 0.001, we must take 4.- 10 terms
of the series. Therefore, we should separate out and
sum up the slowly convergent parts of the series.
Then Eq. (6) is written in the form
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The convergence of the remainder after separating out
the singularity will be of order O(1/m?), and the con-
stant is

C= ﬂ%%[ 22 sinfm gy X

m=1

1 Y Y

X |- — —_
[ md 2me + 4m’/=

_ 2yt m'/z 4 §° -1

8m’/z + 8y m* +4yim'/: )

In grinding practice, most often the parameter y =

= 0.03 to 1.3, and the angle of contact ¢y = 0.5 to 3°.
For these ranges of variation of v and ¢;, we can con-
sider that
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and C =qy/27e, since the discarded terms give an
error of ~ 19 for+y < 1, and for v > 1 the error is 4 to
5% in calculating T the maximum temperature in
the contact zone.

We should also take account of the fact that we as-
sumed o = 0 in condition (4); if we assume ¢y, ac-
cording to [1, 2], then calculations show that the dif-
ference is less than 1.5% because of the smallness
of the contact angle. Therefore, if 0 = oy = o, we can
take oy = . Then C = qy/2m, also for oy = 0. The
slowly convergent series of the form
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can be calculated using the integral representation of

[5]:
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Table 1 gives results of calculation of component
surface temperatures for various values of the par-
ameters v, corresponding to the case of grinding of
type 45 carbon steel and heat-resistant EI 437 alloy
under the initial conditions of [2,4].

A determination of the amount of heat passing into
the component was made by the ETA method {3] on an
EGDA 9/60 electronic integrator. The maximum con~
tact temperature was evaluated also by means of elec-
trical modeling. The discrepancy from the calculated
data was 7 to 9%.

The discrepancy from the calculated data of [2] was
9 to 15% in calculating the maximum temperature in
the contact zone, and 300 to 400% in calculating Ty, iy
i.e., the temperatures remaining at the component
surface at the end of the cycle (the beginning of tran-
sition to the cutting zone). In addition, the above cal-
culation makes it possible to determine Ty, = ge¢ /am,
the average residual temperature, i.e., the steady
temperature of the component.
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NOTATION

T is the temperature; w is the angular velocity;
r, ¢y are coordinate variables; a is the thermal dif-
fusivity; A is the thermal conductivity; R is the com~
ponent radius; 2¢; is the contact angle; ay is the heat~
transfer coefficient in the contact zone; o is the heat
transfer in the out-of-contact zone: I' (v) is the gamma
function.
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