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Abstract : Machine operator and quality are affected by chip during cutting process to product machine parts. This
paper presents a study of the influence of cutting conditions on the surface roughness obtained by turning using
Taguchi method for safety of tumning operator. In the machining of titanium alloy, high cutting temperature and
strong chemical affinity between the tool and the work material are generated because of its low thermal conductivity
and chemical reactivity. Therefore titanium alloys are known as difficult-to materials. An orthogonal array, the signal-
fo-noise ratio, the analysis of variance are employed to investigate the cutting characteristics of implant material bars
using tungsten carbide cutting tools of throw away type. Also Experimental results by orthogonal array are compared
with optimal condition to evaluate advanced reliability. Required simulations and experiments are performed, and the

results are investigated.

Key Words : taguchi method, multiple linear regression, difficult-to materials, orthogonal array, signal-to-noise(S/N)

ratio, ANOVA

Wl Aee AT QEREgO 9 44
Qe ElerRe 4
BOFgelo) 2E AT

Fgoler ddojxn, epdet HAfol FEF’# 4

= wlol2o] Q714 Hek 47 g m% u
Fom B 5 gonz otHS Ak YHa

Agaich ebd AL NAeAe S0
sha 2470 e AAstelor S 2 Eekled
fime)S F7H17 WAAS Hojmald, wat Ee
el AAFEE Bol BAEE we e

5 Aol ExfalstA Hygste 7
=L
=)

it 3L

" To whom correspondence should be addressed.
twkjsm(@yuhan.ac.kr

FHobEe 2

VL et 9he B 8 S a—o_
ol 9i A7k pEs. HektE
S5l HOIEHRToAMVOlehL el Qe
At adel S, %8 S0 BAUT U ¥
&3t Gol S SIT R AL 9
GEHEEOE AGHT i ABL A Fig |

of Lhergsict

QBAE A3 F 7)o] B o] vhz 4
ABROICE & U3 AAH B&E Srjsh
s SaIME ke 4S5 Wl 48
stofol 9. ol Bl Ao EAFR of
Y2k A1Ake) QHEE HHAE Fa8 Aol 3
o) ByRDe BEYY U YRzl |
Sy B F9 RS 48 S Yot
HAzgolett WYL Qo e EH Py
B AIRK} AHRS 2usolof 617] uio] vl3
SOl 2 AFoIAE Ao Adshe lEw

C“NF

£

]

—



Fig. 1, Photograph of implant,
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Fig. 2. Schematic diagram of experimental apparatus,
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Table 1. Experiment layout using £2(3") an orthogonal array

Ly test 1 2 3 4 5 6 7 8 9 10 11 12 13
1 11 1 1 1 &L 1 1 111 1°1
2 1 1 1 1 22 22 22222
3 1 1 1 1 3 333 3 3 3 33
4 1222 1 1 1 2223 33
5 1 22 2 2 2 2333 111
6 1222 3 33 1 112 22
7 133 3 1 1 1333222
8 1333222111333
9 13 3 3 3 3 3 2 22 1 11
10 2123 1 23 1 23 1 23
1 21 23 23 1 23 1 231
12 21 23 3 1 23 1 23 12
13 2023 1 1 23 23 1 3 12
14 223123 131 21 23
15 22 313 1 2 1 2 3 2 3 1
16 23 1 2 1 23 3 1 22 3 1
17 23 1 223 1 1 23 3 1 2
18 2 31 2312 23 1123
19 3103 2 13 21 3 21 3 2
20 31 3 2213 21 3 213
21 30103 23 2 1 3 21 3 2 1
2 32013 13 2213 3 21
2 32013 213 3 2 1 1 3 2
24 3213 3 21 13 2 2 13
25 33 21 13 2 3 21 2 1 3
26 3321021 3 1.3 23 2 1
27 33 213 2 1 21 3 1 3 2
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Table 2. Experiment results for surface roughness and S/N
ratio

Test A B C D
no  mm/rev mm m/min  mm

0.097 04 20 05 0899 0923 091 0.82
0.097 04 40 1 0975 0971 097 026
0.097 04 70 2 L110 1.080 110 -0.83
0.097 08 20 1 0648 0678 0.66  3.61
0.097 08 40 2 0776 0.787 078  2.16
0.097 08 70 0.5 0.781 0.828 0.80 1.94
0.097 12 20 2 0.668 0618 064 388
0097 12 40 05 0629 0607 062 415
0.097 12 70 1 0682 068 068 335
10 0193 04 20 1 333 335 334 -1047
11 0.193 04 40 20273 27 271 -866
12 0493 04 70 05 312 311 312 988
13 0.193 08 20 2 176 173 175 -4.86
14 0193 08 40 05 1.7 L71 171 466
15 0.193 08 70 1 L7 117 117 -136
16 0193 1.2 20 05 0845 0892 0.87 1.21
17 0193 12 40 1 096 0988 098 0.18
18 0193 12 70 2 113 122 118 -144
19 0385 04 20 2 111 110 1105 -20.87
200 038 04 40 05 113 1L1 1120 -20.98
21 0385 04 70 1121 121 1210 -21.66
2 038 08 20 05 530 538 534 -1455
23 0385 08 40 1 477 476 476 -1355
240385 08 70 2 773 774 7940 1177
25 038 12 20 1 362 365 363 -11.20
26 0385 12 40 2 324 325 325 -10.24

N ¥2 Ra S/N ratio

=T R = SV~ I o

27 038 12 70 05 330 329 329 -1034
E4700l 9L vAls 44 A=l Widt &
B A o] weAkg 54l dist ks
Aoz AT Table 2= Haldfjdo] 2k 4l
HE vehd Bk 2U7E7] Raghad olof oigt
A% o A8 23S dERd Aol

AofQlAt A%l BE] e A-g3f A9k Co| oA}
42 747t A<BSF AXCE EFFG o e AY

g ouigtch A% of Fu] 27 ‘S K5k,
Table 20f] LFERE Alo]Qlar A9l 79 3ol of
gk S/NH| 2te] zol7h 714 =LA Uekstth whehbA

A A9 SRR S ol A1 2



15 ——
| —+— Roughness
10 | —==8/N Ratio

25 L :
1.3 5 7 9

11 13 15 17 19 21 23 25 27

Experiment Number
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Fig. 4. Photograph of chip shape after turning by test num—
ber (ajtest no 1 (b)test no 8 (c)test no 14 (d)test no 21
(e)test no 27 (foptimal condition{feed rate 0,097mm/
rev, nose radius 1,.2mm, cutting speed 40m/min, depth
of cut 1.0mm),
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Table 3. Analysis of variable

Source Sum of Mean Fo F P
Squares Square 0.05) (%)
A 1463.70 2 731.85 45457 410 8027
B 290.53 2 14527 9023 410 1593
C 2.83 2 142 0.88 410 0.6
D 382 2 1.91 1.19 4.10 0.21
AxB 42.15 4 10.54 6.55 348 231
AxC 428 4 1.07 0.66 3.48 0.23
error 16.13 10 1.61 0.88
Total 1,823.44 26 100.0
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