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Cutting Torque Control in Drilling

Part 2 : Drilling Torque Control Using Spindle Motor Current and
Its Effect on Drill Flank Wear

Young Tak Oh*, Gi Dae Kim** and Chong Nam Chu***

ABSTRACT

Drilling torque was measured indirectly using the spindle motor current and controlled in real time through feedrate

manipulation in a machining center. The PID controller designed in the previous paper was applied to drilling torque

control. A series of cutting experiments were performed for various cutting conditions. Experimental results showed that

the drilling torque was well regulated at a given reference level by feedrate manipulation in all cutting conditions. The

increase in the cutting torque and temperature according to the increase in machining depth was suppressed and the risk

of the drill failure and the drill flank wear were reduced remarkably through cutting torque control. Moreover, the

suggested cutting torque control system doesn’t disturb the cutting process and is practical for industrial environment.

Therefore, the proposed cutting torque control system will contribute to productivity improvement in drilling process.

Key Words : Drill flank wear (=8 £33 v}X), Drilling torque (=¥ A2} E ), Feedrate manipulation (] %
£ Z7), Spindle motor current (53 EE A FH)

L ME
EE EAXE 3527 mYe dort A%
e 5 uf elsiql 7 ThE A HF{E Aoz
aHA Ao =3 7Y 7k ek AA 3

v o]l B¢ H wiEs 3] du ¥4E
ZkA717] $13ted # =H¥H(peck drilling)g A Al3}
2 A o iy @ =Yg s 3

20014 34 8Y HF

* MEatn FAAMATED 2
th-r &R gt v A2 s A g
AMgistn 7| Algtg g o

107

dets 8 ol Frie) we Ay wad 4%
& ERHoz AAY 4 fov FE A4 &
2% e A 2EZ st FF whEst 23
g1 FF wee) Agel 4Ew wad =Y
o £we] AL FH HE ol 37}
We 44 3% hE 2R A4S AR
dvhd B7 chEs 5 wee) YL Y
glon Yigel F4E /g 5 ok =9



c AN FE3) A A 18E A 83

FAH A FF a2 FF gEe] ALE
71Ee] A AEL S Zoh
Fujishima Ve =g nro HE d4 F
Ao, gl HFA ANHe AA 215 &
53 ® 33 71A e AEsth. 1d
T JHE =F A FEo Aeg AdAte
Azsln AAEE FHE MM = £33
Ke 59¢ #2 % 2g A7 d39 A%
2331 HAA =2l(fuzzy logic)ll 7123 &5
7](observer)® ©l-83te] =dE¥Y EAE FA3n
Aojstnz}l itk 22t AA A} EZ9 A
oo & ol2 X E3}Gt}. Fumess 37 FAA =9
H(form tool drilling) FAQAA +F ZE FH7
F% IAd 258 EH3 A EagE FAHEL
gl A8 Aol 2 Fujx J1HE AEste] "
EAE At 2y AojHe da EAs
7l 44 East 2 #xE HYrh Lin 392
Klim 572 A5 A3E =¥ FH HE3te] =
Py F old £xE AYde FZ Wl
Z4 ET Hexitbur)?t =Y npRE fMElE A
& st 28y skE ezt Zeld A
Sl Hgslr] Tad gHo] Qo olF &k
o] Wizl P& HAGZ A} SAE AAEHA
ke,

3 7149 F& qF
alan AR Y o)) &
1 [ T Sl A P ] A= S

, AaRe] FE A5, F
E}"kﬂ b 2o 3t
01%6}04 A4 E3E MY atar
A 1 WA AAE PID A7 E o] &
459 zdg F3 ¥a Eag 4Hr
Aojstgeh AMAlE A 23 Ao W
o7} =4 A9 5 u) oA FHE 7}
71&e #HF FA4A vste T SE
Folu L‘% Z¥3 nrE Fyr1¥ez
F AL HYozZa B dA7oA A A
A B 21101 Az=glo] =& FAe Wik T
718 4 &8 AASAT

mym;m_pﬂﬁ

1r

-

A AT A8

1y 3 g
o

il
=
=

¢
miir
0

l .

é

e &

o

i_ﬁ‘ =

3

g
e

HE

—r—'-HN'
ko

10 at My Al oY ook
O _]>"
e
fu o N

o e

..84 (-1:1—

4 7}

)
o

o o of
-\QOHIO
R
lﬂoﬁiﬁi}ﬂl_&r{ﬂi

o

‘B

oo
oA

Fx|

e

ok

2. 4 =A

AFe) AL2g F3 7]4= FANUC 3 A 17
SE BEE F& RHE QUG £33 AFA

108

H(H 5 ACE-H40)o|t}, & ZEHe9 U 4
2 v A A EHE s FAIA Aow
F& 2y AY FFA EAA(hall senson)E A
zZEth Y FF AF AEY FEE AA
3171 93t 300 Hz & &g FHFE 717 o d
21 FdHE *}%6}"*14 g2k B9 Ao off
E #3871 A8 A 7 5 A(Kistler 9123B
type)s A3t HAF Eag SR o oA
Y A% XA 7)(multi-channel signal conditioner,
Kistler 5223A type)& AH&3te] M} EFo &3
A71H AEE 2Pt 5HH A3 EL AD
Ho & A Ad8 AFHA Hddrh olF &
T ZEE HF Alojrle &85 AD HE
DIO X E¢} QlElHo]l~ BREE AR & 7|4z
Addch F2 VAL A olf &% eweto]
Z(override) AlEE WolEd 4= Jq=F F3 7|4
o] PMC Ez e WA Ade) Algd
F2 71Ae o)lF & ewjtlolm M Epin: 4
HEo|u My detuleo] WAg B3 § HjER
gAgozN NC 2= d3d old £ 0%
oA 255%7+x] ZHo] Zheslgith AY FA 9
MFEE Fig. 1 o) YeERAT

ol
=2

Rotating cutting force

Stator
dynamometer
Hall
sensor
spindle —€
N
motor
-
Srre————
y PMC |4
1.,
Interface board
!
TELELLE I
)
—4 IBM PC
| m—
Hit] oar
| A/D board

E

Signal conditioner

Feedrate

Fig. 1 Schematic diagram of the experimental set up
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Fig. 2 Static sensitivity of the spindle motor current to
the cutting torque
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Table 2 Plant gain and tuned controller gain

Drill

Plant Controll
diameter  Workpiece an on .o o
gain gain
{mm]
6 SCM4 8.968 0.087
8 KP4M 22.848 0.034
10 SM45C 26.935 0.029
c.14
0121 . it
E 0167 A SCM4
> 008 v SM4sC
2 @ KP4M
£ 0.064
§ 0.04:
E 0.02
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T T T T L
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Plant gain me

Fig. 4 Plant gain vs. tuned controller gain
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Fig. 5(a) Cutting torque and the spindle motor current
variations in standard drilling (SCM4, 6 mm
diameter drill, 42 mm hole depth, dry cutting)
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Fig. 5(b) Cutting torque and the spindle motor current
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Fig. 5(c) Cutting torque and the spindle motor current

variations in controlled drilling (SCM4, 6 mm

diameter drill, 42 mm hole depth, dry cutting)
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Fig. 5(d) Feedrate variation in controlled drilling (SCM4,
6 mm diameter drill, 42 mm hole depth, dry
cutting)
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Fig. 6(a) Cutting torque and the spindle motor current
variations in standard drilling (KP4M, 8 mm
diameter drill, 48 mm hole depth, dry cutting)
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Fig. 6(b) Cutting torque and the spindle motor current
variations in peck drilling (KP4M, 8 mm
diameter drill, 48 mm hole depth, dry cutting)
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Fig. 6(d) Feedrate variation in controlled drilling (KP4M, 8
mm diameter drill, 48 mm hole depth, dry cutting)
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Fig. 7(a) Cutting torque variation in standard drilling
(SM45C, 10 mm diameter drill, 80 mm hole
depth, wet cutting)
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Fig. 7(b) Cutting torque variation in peck drilling
(SM45C, 10 mm diameter drill, 80 mm hole
depth, wet cutting)
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Fig. 7(c) Cutting torque variation in controlled drilling
(SM45C, 10 mm diameter drill, 80 mm hole
depth, wet cutting)
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Fig. 7(d) Feedrate variation in controlled drilling
(SM45C, 10 mm diameter drill, 80 mm hole
depth, wet cutting)
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