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ABSTRACT

The complex effects of the machining parameters make it is difficult to control and predict surface roughness.
The theoretical surface roughness observed during mechanical machining with a round tool is determined by the
tool radius and pitch. However, it was revealed that other parameters, such as the depth of cut and cutting
speed, also affect surface roughness. This study adapted the Taguchi method, which can analyze the effects of
cutting parameters quantitatively with an efficient number of experiments, to optimize the parameters for better
surface roughness. Experiments were designed based on an orthogonal array, and the quantitative effects on the
surface roughness were analyzed using the S/N ratio. The surface roughness was affected by all parameters,
especially the tool radius. The optimum cutting parameter values obtained in this study showed better surface
roughness than the other combinations of the parameters.
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Table 1 Design of experiments by taguchi method

Tool Pitch Depth  Cutting  Ideal
No. Radius (um) of Cut Speed Rinax
(mm) (um) (mm/sec) (nm)
1 10 32 1 200 12.80
2 10 44 3 150 24.20
3 10 70 5 250 61.25
4 50 32 3 250 2.56
5 50 44 5 200 4.84
6 50 70 1 150 12.25
7 25 32 5 150 5.12
8 25 44 1 250 9.68
9 25 70 3 200 24.50
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Fig. 3 Comparison of ideal and real surface

roughness with cutting parameters
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Fig. 4 Photos of tool tips after machining

°l@

-20 -20

-22 -22

24 24

S/N Ratio
S/N Ratio

-26 -26

-28 -28

@

S/N Ratio

N
3

]
53

©

-20

(d

N
=)

N
N

-22

o—o\

N
&

24

S/N Ratio

.’—\

-26

-28

50 30 40 50 60 70

Pitch (pm)

10 20 30 40

Tool Radius (mm)

150 175 200 225 250

Cutting Speed (mm/sec)

1 2 3 4 5
Depth of Cut (um)

Fig. 5 S/N ratios of (a) tool radius, (b) pitch, (c) depth of cut and (d) cutting speed

— 95 —



A A AGHEE 283 Bt TFsolAe] 2H ARG e Aazd 9% B - A57AVEEEA Aled, Ak

4. 43t & 1FE

Anxe] 2 wet 7hFe & =
ARANE o =W AR wimd T
Fig. 39 Yelglah 2 ()& T3l A4kg o
B A7 249 AA FH1 AR Abol 9
zlolE UAATE o] TH AT FEAS
o A ZW A= FUete AFe 5Yd
E} T PRE AUP 9 &

.-

o W0
o

Flg 4°ﬂ L]'EHH o. 7tE ¥
bol BRHA RRoTE F

B rlo

XN of
Bl AL ot

T 2 I 2o b
J

FAot.

i o
of H
£
B

4.1 37 YHX|& (Tool Radius)

T HAEe Wl mWE AT o %
Fig. 5(a)° YERAI O™, I ¥R Fo] &
o) zl°u]7} Z7kske] 50mmell A 7k
o FHE YT & 37
=

ore WY ADIE B8 4+ 3

,d
oo
z

+

Wi

E o
1S o e i
O rlo

#r&i;&—ﬂr&&ﬁm{o_}iiﬂrumrzrzmlm

¢

o X2

W a7 BAED B AE o gl i};
4 27 Wl B AL7el AuA G
A 2
3

—

e

q
i

L Ao wudt 98 ITE o8 3
A olgHoR ABHE AT 4 ()%
W ALAE B WAB] W] B

N
ot
9
o|N
Nk
et
5=
g
3R
o8 n
=51
o L =
EL_\I_\(
1 ﬂlﬁ?
2 o\
SUEn s
3N L o
P'ﬁnnjlo%
el
to rjr 2 OH_Hm}L

2
L O
| X
ﬁ
i‘
:I:‘4
Hm
i
o
olN
N
Nk
o}
ok
&
N
N
o
>
™
offt

= "E 5 37 o
449 2719 o:I‘L WA g Aese Ao ]
"ok olol B Aol ;g WLl F
FolA HH 20e somm= ﬁazgé}%{c}_

F
. 1
e

3

o

rEr
A

4.2 0|& Azl (pitch)
ol Az Wil e A5 o FLHE Fig

x&\? /

Fig. 6 Effect of pitch to sharpness of peak by

machining with round nose tool

5yl YEFAR O™ 44umoll A 7+ L A5 o)
ZAeHlE Byt ol Adle FAEFE A A
A77F ST dEA JAT, HEH =719
dume A3 1 F 3 FF0 dPsiy of
50umo] ko] olF Al ZHA Hl=T FFES
EA ARVIE BA. ol Aoz rtEEE AS
2l ()3 Fig. 6914 RE HIS} o] W 7 A7)
ol Al ATl wEste dFe F=r}
A olgt AR, AAZRE o)F AT
Ao M2 BH A9 WHIE o|2RT) ek
| Yebgtt) ol AA 7HFdAE Fig 69 A
Aoz FAIE F9e] mMEFg 4k Fio] o]F A

27} Aobol wet ooz YAHE Zo| of

1 T o

ERS
X,

Yzt 553t ] FAEHEA o]F Agd w2 F3F
o] %015% o2 FdFHTh Table 19 A3 =
49 55 HuSIHS o o2& X AFHYY

o Zpol= QF 28] A=XTE A zkol= ¢F 2nm
2 e ZAgow FHAHE AA 89 AF7Y A
ol= ¢ 0 ImAEE SAEIAT. welA  oF
50umelste] o] % A Zxlolld ol At 3
A% wWE AR Aol wie 2] w
ol & =39 FFol HuF AAE Ho=E

AZha,

4.3 A4 Z10| (Depth of Cut)

2k Zole] Wl wE ANs o FouE
Fig. 5(c)oll UERAlom A W9 5 7 &

22 3umol A M =e AE O FeHlE 1Y
o} A2 Zol7t E7betd e W ®W AA7F U
wg o 3umoldte] MAh ZoloA daFo] Aw
7b ZopRE Ao g ‘OJEJ%M a2k Zol7t =
Zbatd FTeb g7t HEshE WHo]l A =
W A7) 7F vkd Aolgk AztEo] ™Ak o]zt
He42 Wl ALY 958 Aoy ek

— 96 —



AFE, A, A9A, H&A, A

=3

2 ST AV E S A A204, A8E

, @J’” o & o|o} GAEF S UFERA QYT

Zol 1umst 3pmolA B¥lE 3] =

il 74%4713 By, ol 44 mme TT W

A2 A umFEe] A2 Zolvt asd M)zt

o] FA3 7rAs] HlEHo) Zy)slH A2 Zo)
ZHao o8k g3Fo] Folx= Ao 2 AZbHT)

4.4 A £ T (Cutting Speed)

A2 £ ¥ge] M2 435 o FSHlE Fig
5@l JetRien da &L z‘ﬂﬂ zhe
150mm/sece| T, = A2} £xoA 43 EH
AAZIE D& F Aoy, B AFA 1%
a7 A AAZzA = A Fe 9ge ux= Ao
2 g5 dazdd we sty F 3T A
Wl BUEZ} @A™ ol & sfAdsts WHog A

2 5 Z7MVE ol dwbHelth Ty
B oATolAE MR wE At Sxoli EW
AR duHh ole A &
gk J1A bR RS b
o2 ZAH) A% oAby xé};]— 459
= Z7}e] @E BUES| %
7tz s whe A *EOH A Ed AR U
WAs @abo] WAF Ao E BHATE

45 HH HAZA MY 2 D
B QTN PR 4PALRE Bed 14

40 L} L} L] L] L] L] L] L] L] L]
= B ® RI10mm (Real) _-
E 35 ° = R50mm (Real) i
vso 4  R25mm (Real)

% B ©  Optimum Condition T
=25} -
=

.%DZO e A T
S hd A 4 ]
& 15 | -
8 E
< 10 F -
ks = = " SR
= - -
[ 0] 5 i

0 L L 1 1 1 1 1 1 1 1

#1 #2 #3 #4 #5 #6 #7T #8 #9 #10
Track Number

Fig. 7 Comparison of surface roughness with the
optimum parameters of cutting condition

g HA AANz7de F7 9AE 50mm, olF A
2] 44um, A2t Zo] 3um, A2 &= 150mm/sec©]
H, Hd 21& HAF7] fa HH 2002 H
2 7hEE AAEET HAd 203 & =149
Aol =8 ARAZE Fig. 79 JdEhSlow, 3
ZAA 71ERS W ®AH A7 AXNFHY
b EAE ute}; o] FT WA Fo] UMt A
o] Zu=® HA xxo] obd 10mmet 25mm FT
WX 2 270 wls] T8 AR A Aol
HAomw, FF WA Eo] HAH 279 4, 5 6W
ZANAE dF NAEE AL Gt olE
Tl oA AFAGHES 83t T A
2tz A beds sk

B AT E oA AFANRES BE
B FHFlAe ER AL FFS
AzASe ttel AHon BAsle, e
e A%E Aok

1.

2. olF AgY —4;‘4 Z:Zﬂﬁ 44um°]ft], oF 50um°]3]'
9 o]F Al =3 FF] A=r} mokstdTt
Z1Eo &H X o] 2ol Hlste] o] Hrr} mlek
SHAl YERs T

3. A2t Zolo] HA 232 3umolH, A2}k Zlo)r}
gl whet & 74 A717F it ole &
T-oF A2 3he] HEsh= AR wstel &gk Ao
2 gddd

4. A2 £59 HF 2712 150mmysece]™, 1
Haz7A ZF ux= Fako] 71 Akt “d4E

g 291 ALVE @S F AMeH, o= Hat
S5 %7]'01] /]3]' BUE 9] Z:Lii‘:]' 7l 259

%611 G AEAY
=3 AA3%E @ 5 9

B

- 97 —



oA AE AEEE 283 G2 Tl B AT tigk Atz 9 4 - dETIAVEEEE A A0, A8E
§_ 7| surface roughness during lathe dry turning
process," Computers & Industrial Engineering,
o] RO AA BB A7 eI o Vol. 31, No. 3-4, pp. 637-644. 1996.
gol «ZAJM T4 Y EEPSHE 2 HJA 8. Hua, Y., and Liu, Z. "Effects of cutting
T 2E 78 ®No. 20011084)°3} 20219 = A (L5 parameters and tool nose radius on surface
o] QAo AR AP ol F3PH roughness and work hardening during dry turning
7124 FAFA(No. 2019R1T1A3A01054545)2] XL ol Inconel 718," International Journal of Advanced
°]3F AYYth Manufacturing Technology, Vol. 96, No. 5, pp.
2421-2430, 2018.
REFERENCES 9. Patel, V. D., and Gandhi, A. H., "Analysis and
modeling of surface roughness based on cutting
1. Je, T. J, Choi, D. S, Jeon, E. C.,, Park, E. S., parameters and tool nose radius in turning of
and Choi, H. J., "Trends of flat mold machining AISI D2 steel using CBN tool," Measurement,
technology ~with micro pattern," Journal of Vol. 138, pp. 34-38, 2019.
Korean  Society of Manufacturing Process 10. Nalbant, M. Gokkaya, H., and Sur, G,

Engineers, Vol. 11, No. 2, pp. 1-6, 2012.
2. Korkut, I, and Donertas, M. A.,

of feed rate and cutting speed on the -cutting

"The influence

forces, surface roughness and tool-chip contact
length during face milling," Materials & Design,
Vol. 28, No. 1, pp. 308-312, 2007.

3. Zhang, J. Z., Chen, J. C., and Kirby, E. D,
"Surface roughness optimization in an end-
milling
method,"
Technology,
2007.

4. Seo, N. S., Engineering of Machining,
Myeong Publishers, pp. 191-217, 2002.

5. Cheung, C. F., and Lee, W. B,

of nanosurface generation in single-point diamond

operation using the Taguchi design

Journal of  Materials
Vol. 184, No.

Processing
1-3, pp. 233-239,

Dong

"Characterisation

turning," International Journal of Machine Tools

& Manufacture, Vol. 41, No. 6, pp. 851-875,
2001.

6. Asiltirk, 1, and Akkus, H., "Determining the
effect of cutting parameters on surface roughness
in hard turning using the Taguchi method,"
Measurement, Vol. 44, No. 9, pp. 1697-1704.
2011.

7. Thomas, M., Beauchamp, Y., Youssef, A. Y., and
Masounave, J., "Effect of tool vibrations on

11.

— 98 —

method in the
optimization of cutting parameters for surface

"Application of Taguchi
roughness in turning," Materials & Design, Vol.
28, No. 4, pp. 1379-1385, 2007.

Airao, J.,, Chaudhary, B., V., and

Khanna, N., "An experimental study of surface

Bajpai,
roughness variation in end milling of super
duplex 2507 stainless steel," Materials Today:
Proceedings, Vol. 5, No. 2, pp. 3682-3689,

2018.





