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Development of Step Drill Geometry for Burr Minimization

Jae-Eun Chang’, Sung-Lim Ko™

ABSTRACT

Drilling tests were carried out using drills with various drill shapes for burr minimization. Final objective of this
study is to develop compatible drill shape for minimization of burr formation. For experiments, general carbide drills,
round drills, chamfered drills and step drills are designed and manufactured. Burrs are formed by various cutting
conditions and in 4 different work materials. Laser sensor is used to measure burr geometries. Cutting forces in drilling
are also measured and compared in every drill. As a result of the experiments, step drills with specific step angle and

step diameter are suggested for burr minimization.
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Fig. 1 Process of step drilling burr formation
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Table 1 Specifications of Drill Geometry

HSS Carbide Drill
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Table 2 Cutting Conditions for Burr Formations in
Drilling
) Material  Speed Feed
Drill . Coolant
(Hardness) (m/min) (mm/min)
HSS Drill 50
Carbide Drill 100
SM45C
Chamfer Drill 150 Dry
(HRC14)
Round Drill 200
Step Drill 250
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Fig. 3 Burr Height by modified Drill in SM45C
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Property S:;lgth S’l;?g;lgl; Elongation Fracture
Workpiecd~.  (kg/mr)  (kg/mi) (%) Stsin
SM45C 40.1 68.1 234 0.62
5400 315 45.6 359 1.05
AI6061-T6  28.1 25.7 17.6 0.65
Al2024-T4 402 55 10.3 0.14
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Table 4 Experiment Conditions with developed Drill in
each material

Speed Feed

Drill Material (m/min) (mm/min) Coolant
HSSDrill o\ 4sc
Carbide Dn.ll $S400
Chamfer D.nll A6061 35 150 Dry
Round Drill A2024
Step Drill
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Fig. 7 Burr Height by Developed Drill in each material
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Fig. 10 Schematic Illustration of Experimental setup and
Data acquisition system
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Table 5 Experiment Conditions of Cutting force with

developed Drill
. . Speed Feed Sampling
D . .
rill Material {m/min) (mm/min) rate

HSS Drill
Carbide Dn'll SMA4SC - S
Chamfer Drill A6061 Ty

Round Drill

Step Drill
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Fig. 11 Cutting force by developed drill in A6061,
SM45C

343 A8 =@olAe HAte ol M|

Fig. 12 £ F#to] A== Ao b &
AEE 2830 IHdHE BAld Jebd adelx
Fig. 13 & o] W& Z g4z =] A¥ol
gl datg dAHeR AA3e 1 ddS vE

W oot ad@edAE 4 39 =N

A

T



3]

FAe - I .

FTALTHEA A19E A 113

Ad dare] XY HE
I BEAAANA v A
BoFm AR -2t
7 <4Add Haow FU3
@He . UGN E A=A
9 Jetigsd Hx AU o qiE
399 region 1~2 7HAlE ¥ 5L 2H
Zto] gla1 A®lgto] YER}E region3 = YA 3
Z7+8 B Ft) Region 4 A= Adbzba} A€z}
oA FAle] 7hgo] WARE REQY 7hE o
7b AolA4E FEa sldEe Iy FUhEHAl
Hed ofRAL iR dE HA @2 =g A}
£ slgleng AR e A5 F oA 445
e AgstA Be wigo] ddelr. e
2 region 5 A= Adhzto] &5 WS EFHSIHEA
o] 3lAdgd wsjN o wWEA T
region 6~7 A& FHEo] vy & &
ER A Bk o] A2 WY Al region 2 A= A
Ho] "ato] AlFEo] Z&E L I region 6
E50 ojn] AdiiE B9gn 2¢gd R
o] 3] F&FE mHA 7] wfFolt} o] RE
ol &584de] L o osfiA AAste ddy- 7}
F3 2gE J1EE 283l ddRdA dalg
& A le AHolth olue A¥Y =)
v 28739 AVl YA AR HT, 2R
o A2 2 A M E PASA o} 2 o|y)
o)
A

=2
-
in)

o X
>
ox N

o &
ol
ek
A

Z

ol
S
rir

N ot fit xO o
u
M ol

= i

-

¥2,
N

otz o B
Wy R aet jo @ 18

ol

L.

L

o % rlo it £ K

Aol 45 & 22 W Aol V€. A

2 2k Fig, 6 ol YERY region 7 oA 9] AF o
2 AARAT Fig. 6 A4 130°9] 28z A= Fe
2ol §9 Wwyoz FAsA A #avt 3
onf 4009 2e e 2¥zte] A9olE WA
A A Barh wASH AP Polyozw

A Aol s drt

o Torque(Ncm) Thrust force( N )
[T R I I S
16 Rl (G O
- \/ < Workpiece
Distance
P 1
Susface

/

(a) Carbide Drill

1%0

Torque(Nem) Theust Foroe( N )
™ » e -1 Ed ™ e 15 "
-1 n 0
™~
5 5 Worpiece
+ I
Distance
fomthe 5 5
Surface
ofdill 10
entrance
(mm) 45 15
» v n
P 5
g k4

(b) Step Drill.(100°/ @8 Step)

Fig. 12 Cutting Thrust and Torque according as distance
from the surface of entrance in drilling process

Entry Process Exit Process
Region Region
1 5
2 6
3 7
4 8

Fig. 13 Drilling Process in each region (100°/@8Step drill)

344 YAYE HAH H3

Fig. 12 o} X9} Zo] o] B H =Y
iAo F3 ARAARE o Fe 8L B
Fu] AASA FrtetA HEd Aol 2 AF
A6061 oA & tho] F REoA Atz o] A
7bekA =i ol2 Q] diRie]l 3ol u
A B¢ B F Atk 283 SM45C oA

fr mu oy & fr



AL - 24Y  FTHLETHYA A A Anz

2" =3} chamfer, round =29 H2}E-g& v
& B dut=2d) Bl A6061 F PRV E
AetA F7FA Hv 2w vig- F2 e R
g5y, F AAY 25X v g d
A AZE B FA T chamfer, round 9| A= &

A¥e) wsh 2 B3R 24 4UE neFg,

ol& W2t Hol7t BS § olAAY =9 o
=7 A9 2 gols e Fuol Be 9P
WA Ak

4, @B
HEgA HLgE T UtezAN =Y FA
o] WA o g Hgect dde FA
il chamfer & 5o 7188 ¥4 chamfer
=3, gd¥o R & & ¥ round = 28X
257t 3} 25 A Ao Foixl APHEHE AR 3
At

1. AAE 3 7hA] gAake
A e =HgA FAH
A HYew o F9A
75001 5ke} 2R Aol g9
Qe TFHFEe] o] FoHh

2. A4 ¥ vigdA 54L& 1y Y8 EAH
7} & 4 71 AR tiste] HAEE A 3
o} 97 HlnF dAdo] E A6061 T SS400 ©
Me dgsA g2 FH wEy d2d g8 od
o] Wyt JehrE oy dutdors B
AAo A 2w zre] 7500]3t9) H|wAH F AF
2734 2t SEoA Wlay ZFe ¥yt 4 EH
grh agjar FHAe] F A2024 A= BE =E
ol A wj¢ & Bt A =Y

3. AAY AgAE Fgol

==

¥aE =9

FUR QHIN B FUB A5 dgon ok

=9 ARAT $9 9P F= a4t doh

28 55 $E9 W Ha%e S0z e
1

TFEAM A 5 g3, =S ANE BE A
Aste H&E WA Bud 2§ =d9] Apgo]
Hlg Aztel 1M o #§8 s A4 €
AT

% 7|

B d7E 27 A3 474 Ade) Nhdez

F3 HAsHh

191

10.

11

12.

13.

Augs

Gillespie,LK.,
Parts," Precision Engineering, Vol. 1, No. 4, pp. 189-
198, 1979.

Gillespie,L.K., “Deburring Technology for Improved
Manufacturing,” SME, Dearborn, MI, 1981.
Gillespie,L.K., “Burr Produced by Drilling,” Bendix
Corporation, Unclassified Topical Report BDX-613-
1248, December 1975.

Pande. S. S., Relekar, H. P, “Investigations on

"Deburring Precision Miniature

Reducing Burr Formation in Drilling,” Int. J.
Machine Tool Design Research, Vol. 26, No. 3,
pp. 339-348, 1986.

Takazawa K. “The Challenge of Burr Technology
and Its Worldwide Trends,” Buu. of Japan Society of
Precision Eng., Vol. 22/3, pp. 165-170, Sept. 1988.
Stein, J. M., “Burr Formation in precision Drilling of
Stainless Steel,” Ph. D. Dissertation, University of
California at Berkeley, 1995.

Sung-Lim Ko, Jing-Koo Lee, “Analysis on Burr
Formation in Drilling with New Concept Drill,” J. of
Materials Processing Technology, Vol. 113, pp. 392-
398, 2001.

Sofronas, A., “The Formation and Control of Drilling
Burrs,” Ph. D. Dissertation, University of Detroit,
1975.

Adachi, K., “A Study on burr in Low Frequency
Vibratory Drilling,” bull. Japan Soc. Of Prec.Eng.,
Vol. 21, No. 4, pp. 258-264, 1987.

Takeyama, K. “Study on Oscillatory Drilling Aiming
at Prevention of Burr,” Journal of Japan Soc. Of Prec.
Eng.,Vol. 59, No. 10, pp. 1719-1724, 1993.

Lee, G.B., “Digital Control for Burr Minimization in
Drilling,” Ph. D. Dissertation, University of
California at Berkeley, 1989.

Sung-Lim Ko, Kun-Bae Jun and Jing-gu Lee,
“Development of the Burr Measurement System
using Laser,” 4th Japan-Korea Joint Technical
Conference on Surface Finishing Burr Technology,
Inchon, pp. 66-76, 1999.

A, AAE, «FHF Al 2PELS o] &
& YA HasE AT A7) IIPLEY
3%, A 174, A 10 Z, pp. 132-140, 2000.



