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Analysis of Thermal Behavior and
Temperature Estimation by using an Observer in Drilling Processes
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Abstract

Physical importance of cutting temperatures has long been recognized. Cutting temperatures have strongly
influenced both the tool life and the metailurgical state of machined surfaces. Temperatures in drilling processes
are particularly important, because chips remain in contact with the tool for a relatively long time in a hole. Tool
temperatures tend to be higher in drilling processes than in other machining processes. This paper concerns with
modeling of thermal behaviors in drilling processes as well as estimation of the cutting temperature distribution
based on remote temperature measurements. One- and two-dimensional estimation problems are proposed to
analyze drilling temperatures. The proposed thermal models are compared with solutions of finite element methods.
Observer algorithms are developed to solve inverse heat conduction problems. In order to apply the estimation of
cutting temperatures, approximation methods are proposed by using the solution of the finite element method. In
two-dimensional analysis, a moving heat source according to feedrate of the drilling process is regarded as a fixed
heat source with respect to the drilling location. Simulation results confirm the application of the proposed
methods.
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Fig. 1 Distributed heat source
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Table 1 Simulation conditions: test case 1

Material Pure aluninum

Drill diameter a, | 10mm

Workpicce radius R | 80mm

Workpiece width w | 5Smm

Heat conductivity k1204 WmT

Thermal diffusivity a | 84x10%mYs
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Table 2 Simulation conditions: test case 2

Material

Pure aluminum

Waorkpiece radius

Workpiece height

Heat source

Heat conductivity

Thermal diffusivity

C=

module &

Fig. 12 Finite element model of test case 2
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Fig. 15 Application of a moving heat source in the finite
element method

Fig. 16 Simulation resuits of the moving heat source by
the finite element method

w@@h
LeRdl slofrt

f

o] : 1,
?}m”;’ 91 :g SI)”" “ﬂ Lﬂ o ’:}
, g 17
ﬂfmlsﬂ 234
dol ol e ¢ a2
L8 vy Ay A&
& & & sh A2
of 7H T8 . 3l

ES‘

Cordoal R
{3 X

Fig. 17 Temperature distribution for moving heat source
at 10s

Fig. 18 Temperature distribution for fixed heat source at

10s

O Nening source ¢ : T
00 o HOROKMNG SOUICH © - : /
@ ; //

//.,
y(/
e
/
C ///
10 F //
G 3 2 3 4 5 & ? & 2

Tierwz {8}

Fig. 19 Temperature rise of heat source

,%

ad Bk L] /‘3 o 2

A1 2hglel A e

Hqee ¢ o, ofRRE

FAAA ddel a7t
7hg e,

SR F T



5.712

1 Ash 2 Ao
Fel Al E

() =99 55 9

B2y !:;ﬂ u] ,3)}. 31

m o] o{] l )} ";g] L N

‘~” R (u 7r ,

(7) IHP nl x’?» ;;E n}

ne

& olgotel

SN ‘ S
{g) 0]:;3:‘»1 g{:] 2o 2l oam
M At =9 F48 A
rrel 7k q}l "4 Al g 1A ot
571 2&

13 =y gAd Agqh e
g el zbubd el w2 4-a

LR E A
Bardlglel v eh Hahel

(1) Stephenson, D.A. and Agapiou, J.S. 1997, Metal
Cutting Theory and Practice, Marcel Dekker, INC. pp.
491~527.

{2) DeVires, M.F. and Wu, SM,,
the Effects of Design Variables on Dnll Temperature
Responses.” Trans. ASME, J. Eng. Ind., pp. 699~705.

(3) Agapioy, J8. and Stephenson, D.A., 1994,
“Analytical and Experimental Studies of Drill
Temperatures,” Trans. ASME, J. Eng. Ind., Vol. 116, pp.
54~60.

(4) Saxena, UK., DeVries, MF. and Wu, S.M,, 1971,
“Drill  Temperatre Distribution by  Numerical
Solutions,” Trans. ASME, J. Eng. Ind., pp. 1057-1066.

(5} Agapiou, LS. and DeVries, M.F, 1990, “On The
Determination  of Thermal Phenomena During
Drilling,” Jut. J. Mach. Tools Manufuct., Vol. 30, pp.
203~215.

1970, “Evaluation of

1507

(6) S.-H., Ryu, D.-W,
Thermal Behavior during Micro Hole Drilling,” Proc.
of the KSPE 1997 Autumn Meeting, pp. 7984,

Cho, 1997, “A Study on the

(7y J-Y., Ahn, Y-M., Park, $.-C., Chung, 2001, *Real
Time Estimation in  1-Dimensional Temperature
Distribution Using Modal Analysis and Observer,”
Transaction of the KSME, B, Vol. 25, No. 2, pp.
195~204,

{8) 1-Y, Ahn, T-H,, Kim, 8.-C., Chung, 2001, “Real
Time Estimation of Temperature Distribution of a Ball
Screw System Using Modal Analysis and Observer,”
Transaction of the KSME, A4, Vol. 25, No. 1, pp.
145~152.
9y J-Y, Ahn, T-H., Kim, 8.-C,, Chung, 2000, “Real-
time Estimation of Temperature Distribution in a Ball
Screw  System  Using  Observer and  Adaptive
Algorithn,” Proc. of the 15% Annual Mecting ASPE, pp.
304~307.

(10} Tandy. D.F, Trajillo, D.M. and Busby, H.R, 1986,
“Solution of Inverse Heat Conduction Problems Using
an Eigenvalue Reduction Technique,” Numerical Heat
Transfer, Vol. 10, pp. 597~617.

(11) Stephenson, D.A., 1991, “An Inverse Method for
Investigating Deformation Zone Temperatures in Metal
Cutting,” Trans. ASME, J. Eng. Ind, Vol. 113, pp.
129~136.

(12) Joachim Blum and Wolfgang Marquardi, 1997,
“An Optimal Solution to Inverse Heat Conduction
Problems Based on Frequency-Domain Interpretation
and Observers,” Numerical Heat Transfer, Part B, 32,
pp. 453478,

(13) Jen, T.C. and Lavine, A.S., 1995, “A Variable Heat
Flux Model of Heat Transfer in Grinding : Model
Development,” Trans. ASME, J. Heat Transfer, Vol, 117,
pp. 473~478.



