BaEe e X H 273 13 pp. 3340

Japuary 2010/ 33

Journal of the Korean Society for Precision Engineering Vol. 27, No. 1, pp. 33-40

£Ct20r o250 o EH HHd zF51Y JHE5Y

Cutting Characteristics of Plasma Source lon Implanted Tungsten Carbide Tool
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In this research, the effects for surface Improvement of plasma ion implanted carbide endmill tools
were observed by measuring cutting forces and fools wear affecting surface roughness in high
speed cutting. From the 2nd ion mass analysis, the oxidation layer was found to be built up by
sputtering. The residual gas contamination of oxygen was found to be contained impurities in
nitrogen gas. The plasma impfanted ion was found to be spreaded, especially the nitrogen was
implanted up to 150nm depth as impressed voltage and ion implanting time. It is analyzed as bring
surface improvement by spreading deeply forming oxidation on surface. The factors in Analysis of
Variance(ANOVA} about mutuality cause reference of cutting force. The cutting force Fx is affected
by the interaction of spindle rpm and federate, the cutting force Fy is influenced by spindle rpm
and time injected ion, and cutting force Fz is affected by the interaction of impressed voltage and
feedrate, Also, it was found that the cutling forces of implanted tools become lower and the
surface roughness is improved by the effect of nitrogen according to the implantation.

Key Words: Plasma Source lon Implantation (PSH, E2tZ0F 0/2%9), Tungsten Carbide Tools (ZZESET),
Secondary lon Mass Spectroscopy (SIMS, 2 &t Ol 2 H 25 4), ANOVA (BAHEY
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Fig. 1 Schematic illustration of the developed plasma

source ion implantation equipment
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Fig. 2 Schematic illustration of system control for the
PSII equipment

N

g 3 & AE ool 23424 3
719 9@ o
gr Fehzot
3 A4 QA Amel YA FUE
PELS

dee ARd FR02 AN

.
AL ¢ %

Table 1 The conditions of plasma source ion implantation
for tungsten carbide tools
High voltage pulse Power (kV) | lon implanted time (hr)
27,35,43 2,4,6

N

Fig. 3 Plasma source ion implanted tungsten carbide

endmill
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Table 2 The experimental conditions of high speed

cutting process
Spindle speed Feed rate Depth of cut
(rpm) (mm/min) (mm)
10000,17000,25000 | 2000,3500,5000 0.2
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Fig. 4 Tool path simulation for high speed machining
with CATIA software



BB U ZSe A M 27 # 13 pp. 3340

January 2010 / 36

£tz ol FUY 2AHAEE T 7Y HF
45 487 fste] %718 71(0KADA GM
544, Japan)% A= %-XM*%!% 75T A&
Fig. 5 o Yepiiglen, ¢d 238 37 594
(Kistler 9257BAYE o] &3t Fig. 6 ol A FEbA u}
o} 7ol 7t HatAle] wlX & Hab 3 E8(Fx,
Fy, Fz )& A3t 4oz A4g Ase vAd
ZZ718 B3 DAQ EENI AL, AT-MIO-16EyE A
 WadE AD ¥EVdA 74 Ade A5E HF
Ejol] AFeEE st

Fig. 5 Schematic illustration of high speed machining
process with data acquisition of cutting forces
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Fig. 6 Three dimensional cutting force components in
Endmilling
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Fig. 8 SIMS depth profile of the specimen

32 ALZIJLB0] ot A 24

FEIAF, o|FEE, o] FY °17P<4?} g
o] & %—?3*17&4 F74d g Ay 31e 544
el AgAEEY 424 (Analysis of variance:
ANOVA)Il A 2¢1(Source)ell HEHd  R-HE(DF),
AFEESS), AFHFMS), FA0FE), F2 &5@)
o A3 @A BAL sfebssit

2309 #A } g BAA A Fx &
Table 3 o] AFzte Ve, T84, o4
&%, FFIAFY ojFFEA F FHEo
0.000 A 0.001 ©]c}.

et fre] FEL o= 005 E J1FE0F 9
F9 8ol a=0.05 Bt} FH7] wjZo] FH3A
o} olf&ne WHE-Fol HaE Fx o ﬂwlf&

g T+ Aoz EAHL,
Fig. 9 & A2 Fx 9 #gol & d2a&e
vetd A
Table 3 ANOVA for cutting forces of Fx
Source DF | SS MS F P
Spindle speed 2 139,636]19,818] 7.95 | 0.001
Feed rate 2 |75,049(37,5241 15.05 { 0.000
Voltage 2 110,655] 5327 | 2.14 }0.129
Time 2 14,569 7,284 | 2.92 [0.063
Spindle speedxfeed rate] 4 [221,900| 55,475 22.25 | 0.000
Spindle speedxvoltage| 4 | 8,168 | 2,042 | 0.82 1 0.519
Spindle speedxtime 4 113,939| 3485 | 1.40 |0.249
Feed ratexvoltage 4 | 4,549 | 1,137 | 0.46 | 0.767
Feed ratextime 4 7,763 | 1,941 | 0.78 |{0.545
Voltagextime 4 119,296 4,824 | 1.94 {0.120
Residual error 48 1119,661| 2,493
Total 80 (535,184
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Table 4 ANOVA for cutting forces of Fy
Source DF| S8 MS F P
Spindle speed 2 156,235 (28,118 5.81 {0.005
Feed rate 2 128,127 | 14,064 | 291 {0.064
Voltage 2 | 8,586 | 4,293 | 0.89 {0418
Time 2 137,729 118,865 | 3.90 {0.027
Spindle speed<feed rate] 4 | 15,010 3,752 | 0.78 |0.546
Spindle speedxvoltage | 4 119,678 | 4,920 | 1.02 10.408
Spindle speedxtime 4 163,751 [ 15,938 | 3.30 {0.018
Feed ratexvoltage 4 113,019 3,255 | 0.67 10.614
Feed ratextime 4 122,099 5,525 | 1.14 [0.348
Voltagextime 4 114,843 | 3,711 | 0.77 [0.552
Residual error 48 1232,130] 4,836
Total 80 511,207
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Fig. 10 Interaction plot for cutting forces of Fy

Table 5 ANOVA for cutting forces of Fz

Source < | DF | 8§ MS F P
Spindle speed 2 {10,018 5,009 | 0.52 |0.598
Feed rate 2 {111,071] 55,536 | 5.76 |0.000
Voltage 2 127,324 13,662 | 2.14 | 0.006
Time 2 | 1,878 | 939 | 0.10 {0.907
Spindle speedxfeed rate| 4 |52,300 | 13,075| 1.36 | 0.263
Spindle speedxvoltage | 4 |53,064 | 13,266 1.38 |0.257
Spindle speedxtime 4 {11,189] 2,797 | 0.29 |0.883
Feed ratexvoltage 4 127,578) 6,895 | 0.71 |0.586
Feed ratextime 4 14986 | 1,247 | 0.13 | 0971
Voltagextime 4 16393415983 1.66 {0.176
Residual error 48 1463,055] 9,647
Total 80 |826,398
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Fig. 11 Interaction plot for cutting forces of Fz
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Table 6 Cutting force results according to cutting

condition
spindle speed | feed rate | supply voltage axis
(rpm) (mm/min) / time Fx Fy Fz
10000 2000 35kv/4h -212.4N| -389N |-180.8N
17000 2000 27kv/6h -85.IN | -27N |-307.9N
25000 2000 43kv/6hr 54N |-19.7N | -84.2N
25000 2000 WC-Co 272N | -15.8N | -8N
50 1
—  -50 -
Z
8 150 -
o
8’ -250 4 —— Fx axis
’Jg ~a Fy axis
S -350 —a Fz axis
-450 v
35KkY/4h  27kV/Bh  43kv/Bh WC-Co
Supply voltage and ion implantation time

Fig. 12 Cutting forces results at feed rate of 2,000mm/min
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Table 7 Measure surface roughness of workpiece and

Wear tools
£
jon implantation suriace gfl;nes)s results spindle speed(rpm)
m
condition Workpicce Wear tool /feed rate(mm/min)
27kV-6hr 2.398 3.686
35kV-4hr 0.892 2.352
35kV-6hr 3.259 4.559 1000072000
43kV-2hr 0.407 4.365
27kV-2hr 1.691 3.814
27kV-6hr 0.511 1.713 17000/2000
35kV-6hr 0.383 3.811
27kV-2hr 1.047 4.140
35kV-6hr 0.759 4.733
43kV-6hr 0.759 2.360 250002000
WC-Co 1.177 3.827
35kV-2hr 0.711 4.296
35kV-6hr 1.557 3.184
43kV-2hr 0.706 4.040 10000/3500
WC-Co 1.635 4.492
27kV-2hr 1.610 3.483
35kV-6hr 2.176 2.873
43KV-ohr 1.126 4225 1700013500
WC-Co 1.205 3.831
27kV-2hr 0.437 2.626
WC-Co 1.282 2.959 2500013500
27kV-2hr 2.911 4.114
35kV-2hr 0.875 3.438
35kV-4hr 4.363 4,114 10000/5000
43kV-6hr 3.281 3.537
27kV-6hr 2.560 5.142
35kV-4hr 1.024 2.962
43kV-2hr 3.064 4.335 17000/5000
WC-Co 1.840 3.794
43kV-2hr 0.654 3.832
43kV-6hr 1.864 3.769 2500075000
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