GERELRE  OT4HK RELWKREHTE pp.79~84

0ol22 Y Ji3

So M ol 28 AR

A Study on the Thermal Behavior during Micro Hole Drilling
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ABSTRACT

The thermal analysis method containing micro drilling characteristic is proposed for the first time. There are such problems in

thermal analysis of micro hole drilling as the thermal modeling complexity of drilling process and the undesirable micro

drilling characteristic. Especially, the undesirable micro drilling characteristic prevents our using conventional thermal

modeling. To model the thermal behavior of the micro drilling process, the finite different method, where heat source vectors

are distributed by the measured thrust and torque, is proposed. This method agrees with thermal behavior of the real system.

And, it enables to predict the temperature field near the drill during drilling. The validity of this method is verified in

comparing with experimental results.
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Fig. 1 Main body of the micro drilling system

: Micro stepping motor

2 : Air spindle

3 : Ball screw

4 : Fiber optic sensor

5 : Torque sensor

6 : Load washer
(Thrust sensor)

: Limit switch

8 : Drill & workpiece
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Fig. 2 A schematic diagram of the cutting force data

acquisition system.
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Fig. 3 The workpiece used to measure the temperature
distribution
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q" : Heat source vector (W/m?)
k : Thermal conductivity (W/m- K )
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~——: Temperature gradient normal to a surface (K /m)
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Fig. 4 Temperature changes in the points where are 2 mm, 3
mm & 4 mm away from the center of drilled hole
(Drill diameter : 0.5 mm, Frequency : 545 Hz, Feed Rate :
1.67 mm/sec, Workpiece : SS40 Iron)
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Fig. 5 The magnitude of the heat source vectors & their
fitting curve (Drill diameter : 0.5 mm, Frequency : 545 Hz,
Feed Rate : 1.67 mm/sec, Workpiece : SS40 Iron)

Fig. 5© 919 22 WHo = dojzl 4 Hee 3
19} 2 3 ® 7] B (Fitting Curve)Z& Al 7ol wet a8 ¥
2 a™oltt o]F My By vlo|Az =EYA A F
Fo] o] ¥ (Transient Region)oll E9& & 4 o}
I E2A% EfAET A% Fr1gdoz <l
e o} 37| ubetr] AlgsiA A7) wEo)t).

N

N

¢

[*3

=%
Lo
[e]

=R



W
=1}
ro
2
Mo
jic
o
k=)
0o
o
o
H
oA
gl__l_
ikl

plo]mz =dye AubEd =Y e G o
717 BEAL ARk 2 F gdold wit A F7hsh
Eo=g EY2E, #5549 799 479 7 7HE
R 7 71 (Bur)7} A7lE @ae] BAE, 2] o](Smear)9
Bl So] AA AT BEE Aotk o] F & AT
o AlE Zolo wel A% Flste EQAY EYLAE

o
=
o
[y

2 A9l Bo) £ 2 29y A B
@ %s o F ALste AR LS A

I, A (Workpiece)doll Al €5 RE = F4YE o
o}

5 &9 ZA oz WAWI(r-direction) T Z o] W (z-
direction) 2.2 9] dx &gt EAjstaL g = ol
dAGe EA6HA F=

3. =EEA ddE FARMH

—

Fig. 6 The Coordinate used in FDM
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Fig. 8 Boundary Conditions at the workpiece & drill
(@ : Adiabatic, @ : Natural Convective, @ : Heat Source)
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Fig. 9 Comparison FDM result with measurement data
(depth : 2.5 mm, drill diameter : 0.5 mm)
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Fig. 11 Temperature variation with respect to drill
diameter(2.5 mm deep from the drill surface)
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Fig. 13 Temperature distribution at the center region of the
workpiece
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