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An Experimental Study on the Machinability Influenced by Coated

and Uncoated Tips, and Damping Device in Turning

Joon-Woo Nam, Yong-Seong Lee

ABSTRACT

An experimental investigation of the machining characteristics such as cutt-
ing resistance, surface roughness and tool wear in turning the test pieces of
SM45C steel witn both coated und uncoated carbide tool tips under various
cutting conditions was conductu: .

Also a specially designed -.impie vibration damping device was experimentally
evaluated for its effectiveness on machined surface roughness and a vibration
test was conducted to confirm its ability to reduce the amplitude.

Based on these tests finding, the following conclusions are made ;
|. The cutting resistance{P|} increases as the depth of cutl{d) increases at tixed

feed ratel(f) over the cutting speed{v) range of 43-226 m/min and p decre-
ses about 18% average when V is increased for fixed d and f. At V=226m/

min, P| for A,C tips are about the same level but P vor B otip is 15%
less than A,C tips.

2. The specific cutting resistance{Ks) at V=226 m/min was derived for A,B,C
tips respectively and the value of Ks for B tip is about 20% less than AC
tips.

3. The surface roughness(Ra) improves significantly as the cutting speed(V) is
increased and this effect was greater when V>100 m/min.

On the other hand, Ra deteriorates as the feed rate(f) is increased and

this trend was accelerated when {>0.3 mm/rev.
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With regard to the difference of Ra values among A,B,C tips, at V=226m/min,
d=0.4mm, and f=0.31-0.6lmm/rev, Ra values for B.C tips are about 17%

less than tip A.
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4. The experimental tool wear equations were derived for A,B,Ctips and from
these equations, the tool life (TL) based on the [.5.0. criteria was calcu-
lated to be T <TLB LC for both flank wear(VB) and boundary wear(VN).
Hence, the coated tips are superior to the uncoated tip and tip C is con-
sidered to be the best.
5. The cutting resistance may be slightly reduced and the surface roughness
improved when the damper is used especially when V>100 m/min.
Therefore this damping device is considered to be effective and practical.
The experimental surface roughness equations were also derived.
Based on the vibration test, it is established that the surface roughness
improvement was the result of amplitude reduction made possible by the
damper.
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Fig, 2 — 4 Block diagram for damper test

vl &55 aelalA 2 HEBRe dav 122 7 g3, sensoro] #iiFeoll 2led 4= digital height
A A} 7 o, gauge & (#ifslo] TS MR w) &R
¢} calibration curve®} --%¢3s}ked o},
2-3-3. IREIEY VMRS A E¥ 0 2 4] V= 158 m/min (1050
Fig, 2 — S += ¥REyES ol MEEQ] vl sensor RPM, ¢48mm), f— 0. 15mm/rev, d = 0. 1mm ©|}
5 y-el e} B RS gap detector & 7} H FFT Azl AfPRLE o) b ol H = WDl o
analyzerol 4] 5rkisled T E datay P& 2 A0 S A2 E GElelg ol mo] Qlupi g7l
$£5) 7, X-Y recorderE @3l A gapo| wE{LEE ol 1 oled gk (LEMEMA-T Halalct olelgh f&H
4 9l curve & mbE-2 ofl 4 damper & il 8 wio} (FH =] S
¥ B B o Q;z""i fifﬁ%} sensor & [ Ak w o} pEEf o) fREhe 7 DS B 2} sensor
ﬁ?‘)” il “‘1 o (TidEEel ThE Aol o] 7k7 (gap) ) WISl LS Mo
- R (fixture) B 0 BUE Sbel vl ol 2ol 4 sensors] MR 2.05mm |
7 8 9

. Head stock

. Chuck

. Workpiece

. Damper

. Cutting tool
. Sensor

. Gap detector
. FFT analyzer
. X-Y recorder

Lﬂ

g

,

|

¥

1

|

!

1
BN DU A LN —

Fig. 2 — 5 Block diagram for vibration test

67



MR LREIE w3, 29, 1986, 6

e I, #EIHY] hlol B T HiA
o7 REHY AL HBMENA GIHIFT gapo] KB
1mm7t 5] 5 & sensorZ REFEA] 7o},

ae}s, olule] gap& EFES| TSI YIHI
W gap o] B{LE HIE L] FFToN A gape] B
< oHEhd BA, REY g 3 slEd o
714 A el EEM-E »lwd o] Aol HEIH el o
H % Hrie] iREhol siwtsoh

M. MEERER 3 JE

3 -1. UJHIME WES
3-1-1. YIBIHESHT

FEEEP T Bl d¥ip, o VP o BEE
Wo g fsRskd Fig. 3 —1 = Fig. 3 — 2 9F
o o] 257 datag SHTEkel vob o BipnEl
wj P,o] AT A B CE 4tha diEol 18
% (F8) ®gtel. 2l o v = 226 m/min of] 4

2

A CH o ditfbol] =& P2 KK 16.5, 30. 2,

51.8, 97.1kgf = 17.2, 31.0, 55.0, 99. Okef
24 W=k ko By ol A 13,5, 27.0

49.2, 85 5kef2 A ol THc} Fiy 1593 o},

A.B.CH &Kol sl A d¥P,, (5P, & MR
B BB FoRsbd Fig. 3 — 3, Fig. 3 — 49}
e o] aglog¥eE P d,f ol EMRG
ot RArg S o o+ U3,

o] Faglez e MHRXS T3l Fig, 3-
3288 f=0.31mm/rev,V= 226, 19m/nmin<}
o] A B, CH H&ol ¥I TIKIHESL P, P, Py
= g K(3-1)02 FRE 4 o}

Py = 58.97d 092
Pe=69.61d - 87

P..— 67.97d O- 88 J

1B il Fig. 3 — 4 2 HE d=— 0, 4mm, V= 226
1I9m/mine) wie] A B C &g % &Kol ¥ Iy
‘ﬁﬁ PlAvplﬂvPlC—‘_L__ -S‘i{:(3—2)_9.i }%7]?5(]_
o},

P = 80, 43f 0-72 :l

P =49, 95¢ 0-57
Pe=67.911 0-64

1ol
. A tip 40
100 L A 3 rip \:
. *
s: Cup \\ N
s0f- NN -
o >
30 k- A X 30+
3 AN -
¥ AN NN o
v— 7O /\\/ 2
K AL g
3 650k /((;\.‘h\ ‘// "n
3 ; AN 2 20
2 NN B F
3 “Of' [<t\/ 20
o <( Y <
a0 hN e -
= 40k PANN E
H ! SeN Y Q
& 3
RIS /<\l~/
NN 10} . .
N e A tip
20k [N .
; 5/ 4A:Bup
O+ ® : C tip
5
{ . . . ‘
0.3 X 1.0 ] 30 100 150 200 250
Deatit of cur d mm ) Curtting speed V(m/min)
Fig. 3 ~ 1 Depth of cut vs cutting resistance Fig. 3 — 2 Cutting speed vs . cutting resistance

Feed . 0.31mm/rev
range for A B, C tips

Cutting speed . 226.19 — 42, 88mm/min

68

range for A B, C tips
Feed : 0.31mm/rev
Depth of cut | 0,4 mm



Journal of the Korean Society of Precision Engineering, Vol. 3 No. 2, jun,, 1986

100

70

50

%
X 30 i
o |
2 20 ‘
S i
S 15
@ i ]
2 ! i |
o 10 | ;
= |
= 1 ® . A tip !
3 | . i
o ; a : B tip I
5 i s - Cip \[
! ro [
2 3 4 6 8 10 15 20

1

Depth of cut d{ mmxi0 )

Fig. 3 — 3 Depth of cut vs, cutting resistance
for A, B, C tips
feed . 0. 31mm/rev
Cutting speed . 226.19m/min

Fig. 3 ~ 3 2 Fig, 3 — 4 22|31 data 2 Y-
AY 2 CH o] YIS w528k KHEo| L Fig.
3 — 304 BH O P2 A, CE 2] 2F8390]n]
Fig. 3 — 4ol 4] BE S A CH 2] oFgoyel uro
e 2 UHRPiHEl A& syl o] 7kt $4sict
B g odeh

=3k data® HeE] AB.CYH &Kol ohal4
HITHIRE A (fxd) o} HEYDHIHEHT Ksobe] BEGR S e
Ve M R %ol Fig. 3 — 5 9F 7o)

Fig. 3 — 5 & 2 HEBRAS 354 v=226.19
m/min Sl o] A B, CH o] FEUJHIHEHT Koy, Ksa, K
Kse = ob8 K (3 -3)o2 Ame 5 9ot

(. _ _163.04
SA vos /o
120. 68

KgB — T‘/K ............ (3 —3)
148. 56

Fig. 3—-52 %8 A B CHAIS KgZk& A9

80 ‘![
60 }
40
gﬂ 30
o
° 20
Q
=
2
| |
- 10 ‘ -
2 | :
= |
E | 1 ®* A tip
© 5 . ' | a @ Boip :
! } ‘ s : Ctip |
| i | !
3 . | —
| i
| ‘ i F i 1
6 8 10 15 30 50 70

Feed f(mm/revxi0

Fig. 3 — 4 Feed vs, cutting resistance
for A B, C tips
Depth of cut : 0. 4mm
Cutting speed | 226.19m/min

of whe} 2 R} Moz —EA FovBy
ol A,CH Rt of 204 = Mot # 5 Ak

w3

Specific cutting resistance Kl

. e A tip
50 a: B cip
’ | I w: Ctip !
| J I
i | ! .
30 - .
‘ N | |
i | | !
3 5 7 10 20 40 60
2 2

x107%)

Chip area A{ mm

Fig. 3 — 5 Chip area vs_specific cutting
resistance for A B, C tips
Cutting speed . 226. 19 m/min



MEBME LANIE 3%, W2 1986, 6

3-1-2. REHE

Fig. 3 -6, Fig.3 -72 &% A,B,.Cgol A
gk vl Razbe] BRERIEIQ] wl Vv #hnol) =& Ra
BAERE 2} (8ol o8 Ra M fMEHE-S B
W —HIh 2l A B CcHRY #E
HHES 2ERE  FE} =22 god,
Fig. 3 —62c2 Xg V= 90m/min T3]0
Al BRSO E Raol S Holzm Qe A
< M 4 WEQdAR 7L s Aslgke v
=25m/min¥ ot A GIBGREZF 27 wE
o WEQjolx o] HEA MBS LAY &
glot Vv=100m/min Ll EQ o] EFEHES @
EEREL 2vkan & 4 9ok

LER ol o sk e SCM ~- 4 9] A9 V=
50 m/minol| 4 {EEF A o2 Wl E ol x| fHiK ol
Alzbsle Ao g @|Esha i, Milie s45C
o 739, Bk (o] 270l utel WESINA
e o] EEFEME] @3l V= 100 ~ 50 m/min

fop-
E
=1
T
o
3
LY
c
=
[
=3
o 5~
]
Q
[
ke
a
"
. A tip
a B tip
s C tip
L A 1 1 A
50 100 150 200 250
Cutting speed V(m/min)
Fig. 3 — 6 Cutting speed vs, surface roughness

range for A, B, C tips
Feed : 0. 31 mm/rev
Depth of cut ; 0.4mm

70

ol A} Raz} AAol zcia @ o] & K
SBRAERE frile] KR HKE = Ko =
elddl Blo 2 ¥HEhch

Fig. 3 — 72 Y€ 7} 0. 3mm/revll Eol| X &
HHE BB mEk 2& ¢ 3=
f=0.3mm/revLlF o] ffFol Aol YIHle] ulata
s

x5, A B,CH 7] Ragte] 2RE HErsi
data® YE v,= 226m/min = 0. 31mm/rev ¢
739, d #beol o2 AY 9] RaZl2 4.0, 4.0,
4,5, 4.04m BY 2 4.0, 4.5, 4.0, 4, 5um
F CYE 5.0,5.5,5.0,5,5umezA & &£
BEe glen] v,=226m/min,d= 0. 4mm {&E#
of 4o f kol B A 2] Ragt 3.5, 4.0,
7.5,21umoly, BEY-Z 3.5,3.5,6.0, 18um
°olmj, CHL 3.5,3.5,5.5, 18maez A f—
0.31 3 f=0.6lmm/revy ol B % CH & A E
¥t By 2 17% Aot

Ra{ um )

Surface roughness

1 \ 1 L 1 L 1 1
9.1 0.2 0.3 0.4 0.5 065 07 038
Feed f{ mm/rev )

Feed vs, surface roughness range
for A B, C tips

Depth of cut . 0.4 mm

Cutting speed : 226.19 — 42. 88m/min

Fig. 3 -7



Journal of the Korean Society of Precision Engineering, Vol. 3, No. 2, jun_,

1986

3-1-3. TEE#E

EERERE JESRES MYBUEES RnslwFig
3-8 = Fig. 3 — 99 o] HRe 2 el
o, g3 e THEHEFETERCR Ry &+
ek BN, Vv =CT"Vy=CT" {B, n& TEMHK,
BllFrol whe} Hels BBREBMEA REEER
@ 419 EHiRS 71&7]elw, C& GIHIERE, T
BRreie] B, YRS otet W= K’
BEEE A MYEBRREA Ao & o] A 3o sl
Iiias

Fig. 3 — 8 2 X-¢] f=0, 21 mm/rev,d= 0. Smm,
V=226.19~122.5Sm/min? wWe] A B CH 2]
ZelA wlE Va,, Ve, Vac® B K(3-4)=2
F A =,

Vga=0.11 T, 0- 14
0.17

Vea=0.09 Tg " -7 -oeeeneee (3 — 4)
Vec=0.07 T, 0.19
B, T\, Te.TcE AB,CH ] FIHIEFR (min)
40
30
20

N

°

»

E

£

™

>

=

=

£

= 5

o

* 4 e : A tip

= 3 a: B tip

= w: C tip

fa

2
5 10 15 20 30 40
Cutting time T ( min )

Fig, 3 — 8 Cutting iime vs, flank wear width

Feed . 0. 21mm/rev
Depth of cut . 0.5mm
Cutting speed . 226.19 — 122, Sm/min

71

2

Fig. 3 — 9 2 ¥E] A B,CY2 HAIE Vas,

Vi, Vie = o8 XK (3 - 5)2 xRy 4 Ut
Var = 0.10 T, & 31
Vyg = 0.07 T, 0.33) .l (3-15)
Vye = 0.07 T, 027
1.S.0. TEEMHERE v,=0.3,Vy=1.0% &l

gy o] TABEERX (3 -4) (3-5)d

Ast 2 "o TE#HM Tool AlArsich

Eel Aot vpoll s A B CYHol THEE
& Tia, Top, Toc® &% 1314, 1586, 2932530
2 FtE o] 492 H{Z= A<KBLKCIHESZ C
r—/l_,] Dio] 7}-7<L 711:]-

ZAELR vyoll #3 AB,CHe TEAEE®
# & 1725, 3967, 1860853 2.2 4 V2] 3=
o4 AB,C® o2 AgNTBYol BYHC}
Cy ol o] At weld FHEY L IFHEY
o) v} Am, mEilolele CH ol
ol p At

flo

[e]
e

40
o 30 4
“ 20
S
£
z
>
=
2
[y
[1]
)
2
&0
A= e : A tip
->
§ 3 4 : B tip
© s . Ctip
2 L L[]
5 10 15 20 30 40
Cutting time T { min )
Fig. 3 — 9 Cutting time vs, grooving wear width

Feed . 0.21 mm/rev
Depth : of cut 0. 5mm
Cutting speed . 226,19 — 122, Sm/min
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Fig. 3 — 10 Cutting speed vs, surface roughness
Feed . 0. 61mm/rev
Depth of cut . 0. 2mm
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Table 3 — 1 Results of vibration test
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538 Ao 2 frigcl o 1/3 WA gl

(f=0.15mm/rev,d= 0. Imm, V= 150m/min, SCM 4 )

Maximum displacement of workpiece (mm )
Le:'t Turning wit hout damper Turning with damper
Backward forward Backward Forward
1 0.106 0.084 0.032 0.089
2 0.110 0.091 0.035 0.082
3 0.107 0.087 0.037 0.083
Average 0.108 0.087 0.035 0.085

FAHARE A= A(3 -7)2 frs
logRa== 1,3 —0.2 X 1072V «teeeeerrue. (3 -7)

Fig. 3 — 11 & H¥] f=0.08mm/rev,d= 1. Smm
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