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A Study On the Machinability of Steels by Drilling

Nam Hoon Kim*, Yung Sung Lee**

Abstract

In order to predict analytically torque, thrust force, tool life and chip formation in drilling,
cutting models for chisel edge with various tool-chip contact length were developed in this type.
Also, the experimental tests are run with various pilot holes.

The following conclusions were obtained from the analysis,

@ It’s also found experimentally that thrust force(Fz) decreases as pilot hole diameter increases.

@ Surface roughness for material(G) is larger that for material(J). The difference over two
materials in roughness value about 0.54m.

@ Flank wear of the drill in cutting material of G less than any other kinds of materials(F, G,

H I, 3.

@ In drilling a deep hole on a workpiece over SM45C either twist drill. The chip was conical
helix type at the fist suspensely change the two segment type and than two a long pitch
helix style.
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zigzag type caip smaller type chip

S <

segment tvpe cnip cutting-off type cnlp

Fig. 1 Formation of chips
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Fig. 2 Cutting component of drill
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M= 0.082Hg f**D '3

TGP +a2(§)] (3)

T = 0.15Hgf%® pos

[ 1-C/D

q+CiD? +2.2(%)°'8] + 0.068C% (4)

71l M : Torge(in-lbs)
T : Thrust(lbs)

D : drill9 A% (in)
C : chisel point¥ Zo](in)
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3-1. AEEX

3-1-1. AEE|

& Aol AH2E 71AI7bE AulE Table 1o AAE
ute} Zro] Upright drilling M/C& A3ty A
Age =dY L FT FYAS ol 8az, sleng
AR71e %324 W AAZA(SE-30H)E o] &3}
ZAeA .

Table 1 List of machine tool and
measurement appartus.

TArticle Name | Company | Model Standard

Max table 750 X270 x450
Spindle speed 68-1760 rpm
Main force © 500 ker
Radil force @ 500ker

Upright drilling

machine Kiwa | VF -

o

Tool dynamometer | Kyowa |tsm-zm

Roughness tester | Kosaka |SE-30H |Rmax : 0.002~600m

3-1-2. 37 ¥ DAY

Yol A8 HA4ETE 012 H.S.S8 A9 n,
A (D=5~50mm, L=10~200mm)e|c}. A
£ E¥(Normalizing)¥ SM45C$ SCM4400] . 7
Ee FAF FARAN 1/3R(R: A FA)HE
T2, FAldA 2/3RYE, BAREoR Uy AxE
238

¢, 484 A4E JaAe P94 S, Cad
Fol wet F, G, H 1 2 J2 PRagen, 3jad
8L Table 2 & 2},

Table 2 Chemical component of the steel

TEST Chemical composition (Wt. %)

MATERIAL| ¢ Tsi[Mn] S [CrlMo] Al | Ca
SM45C [0.44]0.23(0.69] 0.0020.07] 0.02]0.032] 0.0001
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Table 3 Chemical component of the steel

SCM Chemical composition (wt. %)

440 C | Si |[Mn| P § | Cr{Cu|Mo|Ni| Al Ca
F{0.44[0.28]0.67(0.025] 0.004]1.070.21]0.15]0.2210.060} 0.00024
G 10.4010.3010.6510.016{ 0.005]1.1010.22]0.2110.42]0.017 | 0.00107
H 0.3910.15]0.50{0.013] 0.00710.97{0.1910.19|0.20{0.010| 0.00113
I 10.3810.1810.62(0.033| 0.01 |1.03]0.28]0.21}0.22|0.045| 0.00117
J 10‘38 0.23]0.64(0.019 0.01810.99|0.17[0.16[0.08 {0.000| 0.0217

3-2. Ay

B A% E =89 kA A4 FE) 9
s Table 3% o] 7h2ZAE WA FPohE, B
W AL7], chipAeld 2 A4 AYE SPasch

Table 4 Cutting condition in drilling

Condition Number of
onition) S el_ ¥ Feed | Depth of cut
revolution (mm/cev) )
Working Valuation item {rpm)
Toolwear,Rough
. Oonear. TOUBTESS 061000 | 0.01-1
Drilling Chip breakability 10~30mm
) ) pm mm/rev
Cutting resistance

3-2-1. EMNE 53

AR g 3219 Strain gauge tool dynamometer
(2F5EA)E AMgsle Azl uel Wslate ¢
& 248 gon, 2de TSM-ZME & AH&3Htt.

Fig. 3 9d¥ Tool dynamometer? H4rd 44
system®] BEtjojola#lE EAEH T

Tool
Dynangmeter
Dynamic strain
er
prilling
machine

amplifi

Fig. 3 Block diagram of the tool dynamometer
‘experimental system

Z7EAANN FEeE BAHE strain gauge®
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Oscilloscope
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3-2-2. B9 HaJ| 83

Table. 3 o & 27ACE diillingd A4tAle W
A7) 34 HEFUAANAR FFsda, ol
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Recorder chartel ol$&5e
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AAA 33 Z2FHsle] Rmax Hages EH AA7
e skt
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&
T

X
-
T 20| 40+
: g .
e
. 35h
h ~®—F, N=S00pm
—e— M, S=0.3mm/rev
150 |- 30F T-C contact length(h)=0.6mm
Material: SCM440 dry .
zs 1 " 1 i 1 A 1 A 1 i 1
0 5 10 15 20 P
Rake angle «a,
1 S S 1
10 & Gontar 7R 7R Surtace (b) Torque and Thrust force V.S Rake angle

Fig. 5 Variation of torque and thrust force
with pilot hole diameter

Fig.4 Brinell hardness of the steel(SCM 440)

—8— M, twist ang.=15"
—@— M, :twist ang.=30"
~—Aa— F, :twist ang. =15

Fig. 6& SCM4409 =8 F48¢ FAT. 79
Tl W A4y Alole AX Yb o=z AY

B e 2 79 AZol mhe BAEe 2 Aol e Aoz
d=25mm NeS00rpm s=0.3mm/rev. AZyE o}

- Material: SCM440 dry o0
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S=0.5mm/rev

] 50 |-

S
T

Torque(M, kN.cm), Thrust force(F, kN)
®
T  aama
l/

0 5 10 15 2 -] 0
Pilot hole diameter(d mm)

T dT t f V.S Rak . . | Veios .
(2) Torque and Thrust force Rake angle Fig. 6 Relationship between cutting force and

materials
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(a) In case of N=800rpm, d=10mm
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(b) In case of N=1000rpm, d=30mm
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Fig. 10 Variations of tool wear in drilling

A Zol(re] TEE o 7AR)E Uehd Reoz 2t
zke] B gellA] o] (Aol 71R) A\ Fto]
ZA¥. 7 8ol AlgHE oFHA(F 0.05~
0.lmm/rev)ellM F%9 3A¢7} 2448 Halzo
7} ARtk Fig. 109} =89 o§W vjdd ma
Torque® Thrust force® #AIGT}H @] SCM440
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4-5. =39 chip HziM

SCM440€ AF =¥3& 9, Conical helix B}
A& dA%Ho2 Segment EYoZ uiFm, =@
Long-pitch helixelY #eo] €r}. o] £ SM45C
o At A9 2L A%E 7¥d. Long-pitch
helixéty] 9] A& Flutedt @t z8jez off
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2] 71% dol7t Aolx F& =8 FHdA fdsH vl
24t

1 : Conical helix type 2. Segment type

3. : Smaller type 4. Long pitch
80
70
£ &0
=
2 0
]
s 40 —
=
5 30 -
20 —
10

0.05 0.1 02 0.3
Feed rate ( mm/rev ) SCM440

D=25mm,S=0.3mm/rev N=700rpm

Fig. 11 Distribution of various types of chip
by new type drill
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% 27] DA Smaller size ol FAH 1 st}

Fig. 120 =83d)A chip RG& A2z o
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]PM

scw G

[

70mm/rev

S0mm/rev

25mm/Tev 3

.
.

FEED
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SOomm/rev
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seM

70mm/rev

50mm/rev

25mm/rev

FEED
500RPM 600RPM 7O0RPM

RPM

sen |

70mm/rev

Somm/xev

25mm/rev

FEED
600RPM JOORPM
apM 500RPM

Fig. 12 Chip thickness at drilling(SCM440)
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A HZZo)7t 0.6mm¥ W, Thrust force(Fz)e
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