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On the Cutting Resistance in Drilling Operation

Kim Yoon-Jeh

In relation to the machinability of drilling operation, experiments were made .
to investigate the effect of cutting condition on static as well as dynamic cutt-
ing resistances in cutting plane carbon steel (SM 45 C) with H.S.S. twist drills.

The results were as follows,

1) The static cutting resistances on carbon steel can practically be calcu-
lated by the following equations which were derived from experimental result.
The deviation from the experimental values was less than 8% and 13% for cutting
torque and thrust respectively.

For cutting torque M:

M = 0.019 Hs 0-6841.68

For thrust T:

_ 0.6 .0.68 2 o
T = 0.400406 " "d + 0.1835 HsC {where Hs : Brinnel hardness)

2) The static components of cutting resistance are increased exponentially
with increasing drill diameter and feed rate. On the effect of drill diameter,
the dynamic components of torque are decreased with increasing drill diameter
because of rigidity, the dynamic components of thrust being not effected with
the changes.

3) As feed rates increase, the dynamic components of torque rather de-
crease although its changes on thrust components are unstable.

4) The static components of cutting resistance and dynamic component of
torque are slightly decreased in accordance with the increase of spindle speed
although its dynamic thrust components are not effected by the spindie speed.
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Fig. 5. Distribution of strains ot thrust
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Fig. 6. Distribution of strains of torque
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fig. 7. Distribution data of strains(Low cutting resistance; Drill is high in rigidity)
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Fig. 8. Distribution data of strains (High cutting resistance; Drill is low in rigidity)
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Table. 3. Reduced data—Static components of cutting

resistance

(Feed 0.22 mm/rev. Constant. Drill dia. varied. Depth of cut 25mm)

Drill Spindle speed 430 (rpm) Spindle speed 1000 (xpm;
Di(:u;l)d Measuring | Value of | Calculated | Measuring | Value of | Calculated
] Force M.T Factor Value M.T | Force M.T Factor Value M.T
31.24 r=0.9948 30.06 27.65 r=0.9964 26.71
Torgque 58.79 a=0,3570 63.88 56.10 a=0.2118 60.45
(kng-cm) b=1.6038 b=1.7381
12 127.98 122.40 127.33 122.32
Thrust 5 122.13 r=0.9997 121.46 112.71 r=0,9723 106.64
T 8 183.60 a=1,4524 185.79 150. 36 a=1.3393 169.44
(kgf) 12 269.79 | b=0.9043 | 268.08 | 269.38 |b=0.9852 | 252.64
5~ ; Spindle speed
430 rpm
S —m.— ; Spindle speed
1000 rpm
6ol
Y
3
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o
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oo
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ERt o
O
p
10p=
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Fig. 12. Dynamic components of torque M (Kgf-cm) vs Drill diameter(Spindle speed 430rpm., 1000rpm.
Depth of cut 25mm. Drill diameter varied.)
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Table. 4. Reduced data—Static components of cutting resistance-Drilling operation

Feed varied Drill diameter varied
F:ed Dril; dia Me::;;tuieng V:::ioi £ Cal‘;::ll‘f\:ed D:i :1 F?d Me;c’sr\;x:.eng V;;\;;f Cal‘;: :11::e a
{mm/rev) (mm) (Kgf£-Cm) M (mm) |{(mm/rev}} (Kgf-Cm)

S 18.77 |r=0,9720 20.74 0.11 18.77 |r=0,9843 18.18
0.11 8 59.10 |a=0.0806 47.63 5 0.22 26.68 |a=1.9013 28.91
12 86,90 (b=1.7687 97.57 0.35 41,39 |b=0.6695 39.45
5 26.68 |r=0.9994 26.32 0.11 41.31 {r=0,9940 40.58
0.22 8 59.10 a=0.1734 60.87 8 0.22 59.10 fa=2.1898 61,79
12 127.46 [b=1.7839 125.46 0.35 84.10 }b=0,6066 81.89
5 46.38 |r=0.9986 40.54 0.11 86.90 |r=0.9982 86.05
0.35 8 84.10 |a=0.4562 87.94 12 0.22 127.62 {a=2.5136 130.78
12 175.66 |b=1.6477 171.52 0.35 175.66 [b=0.6039 173.11

K14 Exponent a & o7 §3ted, Drill
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o shed, Fig.23& Drill Bl Ba Al pd
;I‘orque—"—l Bﬂ%—ai Rtttk oA7A deial 100k /’ /
2t EEge] b+t log-log BEEE b4 &% exp. L > 3
0633 exp. L739% ¥steh zdmzmn  § [ S 97
A4 ae e £& 0373 0270%,09 ¥ 5 5¢ y
BIe A, a o FL 03298 & + Ak g r /‘
2%, 2ok f.do EMQE volsl Hdel R o | R
BEASI 9 o3} ek g
5 20}
T=U, (165 2+ 0 (50t = 2N 2
ceevosacereesres ...............(2) :
S 10p Drill
o 7jol} 4 F—L‘: Effective Specific Energy°lvh f A diameter 5 e
2, Ux f.d(Feed x Drill Diameter ) ©| i O diameter Ban
EH 2 el 2 g ch Fig.23°i] A ‘ﬁ‘ o} L O diameter 12 =n
f.d el tstol E&Z vebd Zol®, Data e [
Table.5 2 et = l()J.l T 05 o8
A7\ A, abe ERMFE KBZA & Feed rate f(ens rou)
& YA 71 €715, r& HBARCIH, r=
-0.8359, b=-0.35% K& 4 212_21’ Q}ol| 4 Fig. 22. Cutting torque vs. Feed rate.
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Fig. 23. Cutting Torque vs. Drill diameter.
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BES Bk uheF US Feed 9t HHE
WRstY, ERdho] doix| v Feed ¥ B
Zibol g Felghe & %8 -2 2 epy
4 ook webd Rl KE Torque o EEB
X ohg o

M/da‘HB= K. fo 68/d1.32 ............ (3)

K#BE Rsko] skl 00 /d-920] g M/
d&* B & BREPH Fig.233% 7+m, Data = Table
63 Fig .24 4 HMAGHE r = 09324
2 —EH 7 727 b=0019¢S <&
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Table. 5. Reduced data—Static components of cutting resistance -Drilling operation (T vs f.d)

Feed. f D.rill Torgue Effecti've value of Calculated
(mm/rev) dia. 4| £x4d M Spe_ciflc Factor Value
(mm) (Kgf-Cm) | Energy W (8M/£d2) T

0.11 0.55 | 18.77 54.60 51.94
0.22 S 1.10 26.68 38.80 40.76
0.35 1.75 26,58 24,30 r=-0.8359 34.65
0.11 0.88 41.31 46.94 44.07
0,22 8 1.76 59.10 33.58 a=1.6247 34,58
0.35 2.80 84.10 30.04 29.39
0.11 1.32 86.90 43.89 b=-0.3498 38.24
0.22 12 2.64 127.62 32,23 30.00
0.35 4,20 | 175.66 27.88 25.51
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Table. 6. Reduced data-Drilling operation (M/d’H, Vs. " /d"")

: s Torque
Drill dia | Feed. £ M M/a3 Hg £0.68,41.32 Value of | Calculated
d (mm) (mm/rev) (KgE - cm) Factor Value
gt-c (M/d3 Hg)
0.11 18.77 0.0008 0.0266 0.0007
5 0.22 26.68 0.0012 0.0427 0.0010
0.35 26.58 0.0011 0.0585 r=0,9325 0.0013
0.11 41.31 0.0004 0.0143 0.0004
8 0.22 59.10 0.0006 0.0295 a=0.0002 0.0007
0.35 84,10 0.0009 0.0315 0.0008
0.11 86.90 0.0003 0.0084 b=0.0187 0.0003
12 0.22 127.62 0.0004 0.0134 0.0004
0.35 175.66 0.0005 0.0184 0.0005
100
b
o
o
508
L [
o ®
~
=
s o
20
N
N
§
>
ol
1= 10
o
S
9
5
i S S U VS W W 'l L A 1 LA
0.5 1 2 5 10

f.d Cmm/ rev. X mm )
Fig. 24. Plot of Effective Specific energy vs. Feed x Drill diameter
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0.1835(—;')2 “rereesan s (6)

MR 2 K ol 4 T8 #ER RES SM
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T/ Hg = 0.400406 {068 ~4!-32 4
o.uzas(—f;‘—)2

A ERA B|EE Torqued A% 8%, Thrust
o ARl 13%olHel RE flEglo) nbs=
Ag gurth

x107* 20
15 =
M/ d*Hs = 0.019 f°- %8 ¢! %2
< 10p=
I
%
N
=
5 -
19y
L 1 1 1 1
5 15 25 35 45 60
fO.bB/dI.RZ X10—3

Fig. 25. Plot of M/d® Hg vs %% /d!-32
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Table. 7. Reduced data-Drilling operation (T/d*Hy v.s. fo-68 /dt-32)

Drill Calculated
: T . v
dia. d hf;:s:) T T/42 Hp f0-68/d1'32 Feed :;zzoif Value
(mm) 9 (T/a2 Hp)
72.69 0.0147 0.0266 0.11 0.0146
5 110.53 [ 0.0233 - 0.0427 0.22 0.0210
128.79 0.0260 0.0585 | 0.35| x=0.9862 0.0273
120.78 0.0095 0.0143 0.11 0.0096
8 173.42 0.0137 0.0229 0.22 | a=0.0039 0.0131
196.81 0.0155 0.0315 0.35 0.0165
172.94 0.0066 0.0084 0.11 | b=0.4004 0.0072
12 269,46 0.0095 0.0134 0.22 0.0093
340.82 0.0195 0.0184 0.35 0.0113
30
x10?
254
20}
.
=
15
N
[
1o
5
T,/ d? 1l =0.400406 (°-** ~d'-** + 391199 x 10~
1 | 1 1
5 10 40 60
fO.SS /dI.JZ 1% IOAJ

Fig. 26. Plot of T/d*Hg vs. %% /d"**
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