Journal of the Korean Society of Manufacturing Technology Engineers Vol.21 No.5 2012. 10. pp. 755~760

http://dx.doi.org/10.7735/ksmte.2012.21.5.755

SSN 2233-6036

_t_4

3} Fre) shgzde] WA
17)e] w)A g BA

ZdI*

(Manuscript received: Apr, 17, 2012 / Revised: Jul, 26, 2012 / Accepted: Aug, 6, 2012)

Analysis of the Effects of Cutting Force and Surface Roughness in the
Cutting Conditions of Plasma Source Ion Implantation Tools
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In this study, three dimensional cutting force components and surface roughness appeared in high speed cutting by using
tungsten carbide endmill tools implanted ion or not found mutual relations through several analysis of statistical dispersion.
It is showed that cutting force(Fx) is affect with spindle speed and feed rate, cutting force(Fy) is affect with spindle speed
and ion implantation time and cutting force(Fz) is affect with feed rate in interaction through the statistical method of

ANOVA of cutting force and surface roughness, it is analyzed that it is affected of spindle speed and feed rate in surface
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Table 1 Chemical composition of tungsten carbide endmill
material for high speed cutting
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Grain size: 0.6-0.8 micro grain
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Fig. 1 Schematic illustration of the developed PSII equipment
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Fig. 2 Plasma source ion implanted tungsten carbide endmill

Table 2 Experimental conditions of machining

Spindle speed(rpm) | Feed rate(mm/min) | Depth of cut(mm)

10,000

2000
17,000 3500 0.2
25,000 5000

Fig. 3 Experimental equipment of measurement cutting force by
tool dynamometer
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a4 3 ol vehgion, Fig. =0 Table 4 Analysis of variance for cutting force Fy
Source DF SS MS F P
Table 3 Analysis of variance for cutting force Fx Spindle speed 2 | 5623528.118 | 5.81 | 0.005
Source DF SS MS F P Feed rate 2 | 28,127 14,064 | 2.91 | 0.064
Spindle speed 2| 39,636 19,818 7.95 | 0.001 Voltage 2 8,586 | 4,293 | 0.89 | 0.418
Feed rate 2| 75,049 37,524 | 15.05 | 0.000 Time 2| 37,729 | 18,865 | 3.90 | 0.027
Voltage 2| 10,655| 5327| 2.14 | 0.129 Spindle speedxfeed rate | 4 | 15,010 | 3,752 | 0.78 | 0.546
Time 2| 14569 | 7,284| 2.92 | 0.063 Spindle speedxvoltage 4| 19,678 | 4,920 | 1.02 | 0.408
Spindle speedxfeed rate | 4 | 221,900 |55,475| 22.25 | 0.000 Spindle speedxtime 4 | 63,751 15,938 | 3.30 | 0.018
Spindle speedxvoltage 4 8,168 | 2,042 0.82 | 0.519 Feed ratexvoltage 4 | 13,019| 3,255| 0.67 | 0.614
Spindle speedxtime 4| 13,939 | 3,485| 1.40 | 0.249 Feed ratextime 4 | 22,099 | 5,525 | 1.14 | 0.348
Feed ratexvoltage 4 4549 | 1,137| 046 | 0.767 Voltagextime 4 14,843 | 3,711 | 0.77 | 0.552
Feed ratextime 4 7,763 | 1,941| 0.78 | 0.545 Residual error 48 232,130 | 4,836
Voltagextime 4| 19296 | 4,824 1.94 | 0.120 Total 80 | 511,207
Residual error 48 | 119,661 | 2,493
Total 80 535,184 Spindle speed(rpm)| Feed rate(mm/min)
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Fig. 4 Main effects plot and interaction plot of average data by
cutting forces Fx
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Fig. 5 Main effects plot and interaction plot of average data by
cutting forces Fy
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Table S Analysis of variance for cutting force Fz
Source DF SS MS F P
Spindle speed 2 10,018 | 5,009 | 0.52 | 0.598
Feed rate 2| 111,071 | 55,536 | 5.76 | 0.006
Voltage 2| 27,324 | 13,662 | 1.42 | 0.253
Time 2 1,878 939 | 0.10 | 0.907
Spindle speedxfeed rate| 4 | 52,300 | 13,075 | 1.36 | 0.263
Spindle speedxvoltage 4| 53,0064 | 13,266 | 1.38 | 0.257
Spindle speedxtime 4| 11,189 | 2,797 | 0.29 | 0.883
Feed ratexvoltage 41 27,578 | 6,895 | 0.71 | 0.586
Feed ratextime 4 4986 | 1,247 | 0.13 | 0.971
Voltagextime 41 63934 | 15983 | 1.66 | 0.176
Residual error 48 | 463,055 | 9,647
Total 80 | 826,398
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Fig. 6 Main effects plot and interaction plot of average data by
cutting forces Fz
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Table 6 A sample of measurement parameters

Evaluate Condion List Measurement Condition
< Profile =PLS Section=[1]>
Standard OLDMIX | Measurement | s o0
Length
Kind of Profile PLS Column Escape 5.0mm
Sampling Length(le) | 2.5mm | Auto-Leveling Off
No of Sampling(nle) 1 Speed 0.0mm/s
Le 0.008mm | Over Range Abort
Kind of Filter | <oPust Pitch 1.0/m
Spline
Evlth Length(Im) 12.5mm Machine SV-C3000H4
Detecto
Pre-Travel 4 D
re-Trave 0.4mm etector (0.75mN)
Smooth Connection Off . Off
Compensation
Mean Line Off | Auto-Notch(+) off
Compensation
Compensation
Method Off

The second measure surface

g
irection of machining

he first measure surface

Fig. 7 Measuring direction of the machined surface
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Table 7 Surface roughness results of 10,000rpm (analysis of variance: ANOVA)Z AJ31] 2} 2.](source)of
g A9 =(DF), AIFEHSS), * MS), EAH|(F), G-2l8t
Spindle speed 10,000rpm/Depth of cut(0.2mm) et }—; (DE), EﬂH OHL( )_ &3 MS), Fl( )L ;rr—J
/Surface roughness unit(¢am) E(P)9] oA S4S L4 2} Table 10"’} A2 W& e
Feed rate(mm/min) 2,000 3,500 5,000 ot #5340 o] E W F53Hp0) o] $45 20| 1l
Measure surface 1 2 1 2 1 2 SAgo] =4 1o o3t IS F+= AoE BMEI
27kV-2hr | 0.826 | 0.986 | 1.545 [ 2.129 | 2.580 | 3.242
27kV-4hr | 1387 | 1.574 | 1.071 | 1.011 | 3.290 | 3.066
27kV-6hr | 2.462 | 2.333 | 1.043 [ 0.986 | 1.701 | 1.570 Table 10 ANOVA for the first measure surface
35kV-2hr | 0.906 | 0.794 | 0.801 | 0.621 | 0.981 | 0.769 Source DF| SS | MS | F P
, Il"ntd 35kV-4hr | 0.963 | 0.820 | 1.097 | 1.502 | 4.882 | 3.844 Spindle speed 2 | 5.3341|2.6671| 7.76 | 0.001
implante
conditions 35kV-6hr | 2.542 | 1.564 | 1.564 | 1.550 | 1.393 | 1.111 Feed rate 2 110.4681|5.2340 | 15.22 | 0.000
43kV-2hr | 0.393 | 0.420 | 0.737 | 0.675 | 3.073 | 2.847 Voltage 2 | 0.6635/0.3317| 0.96 | 0.388
43kV-4hr | 0.950 | 1.232 | 1.813 | 1.540 | 3.105 | 2.808 Time 2 | 0.6564]03282| 095 |0.392
43kV-6hr | 0.818 | 0.841 | 1.539 | 1.451 | 3.553 | 3.008 Spindle speed x feed rate| 4 | 4.0773|1.0193| 2.96 | 0.029
WC-Co | 1.167|1.059 | 1.595 | 1.674 | 3.720 | 3.055 Spindle speed x voltage | 4 | 1.1167|0.2792| 0.81 | 0.524
Spindle speed x time 4 | 1.3901/0.3475| 1.01 |0.411
Table 8 Surface roughness results of 17,000rpm Feed rate x voltage 4 | 1415103538 1.03 | 0.402
Spindle speed 10,000rpm/Depth of cut(0.2mm) Feed rate x time 4 | 0.0973]0.0243| 0.07 | 0.991
/Surface roughness unit(xm) Voltage » time 4| 08583]02146| 0.62]0.648
Feed rate(mm/min) | 2,000 3,500 5,000 Residual error 48 [16.5056/0.3439
Measure surface 1 2 1 2 1 2 Total 30 1425804
27kV-2hr | 1.583 | 1.799 | 1.596 | 1.623 | 1.93 | 1.709
27kV-4hr | 1.030 | 1.849 | 1.202 | 1.480 | 1.969 | 2.378
27kV-6hr | 0.552 | 0.469 | 1.561 ] 1.239 | 2.337 [ 2.782 Spindle speed(rpm) Feed rate(mm/min)
35KV-2hr | 0.639 | 0.616 | 1444 | 1.788 | 1.335 | 1.473 e \
Cdon Tasviane [ 0.727 0578 [ 1193 [ 1574 [ 0975 | 1.073 L4
implanted :
.. | 35kV-6hr | 0.291 | 0.475 | 2.289 | 2.063 | 2.295 | 2.749 1.2
conditions T 104
43kV-2hr | 0.607 | 0.575 | 1.076 | 1.175 | 3.395 | 2.733 = 1
= 10000 17000 25000 2000 3500 5000
43kV-4hr | 0.813 | 0.836 | 1.953 | 1.516 | 1.230 | 0.982 o
2 Voltage(kV) Time(hr)
43kV-6hr | 1.095 | 1.215 | 1.456 [ 1.729 [ 1.397 | 1.715 a
WC-Co | 1.181] 1.052 | 2.104 | 1.852] 1.849 | 1.831 ol
1-4 F— "
Table 9 Surface roughness results of 25,000rpm 1.2+
1.0—
Spindle speed 10,000rpm/Depth of cut(0.2mm) ZLI 3‘5 4‘3 ‘2 4I (l
/Surface roughness unit(xm)
Feed rate(mm/min) 2,000 3,500 5,000 3.0
| Spindle speed
Measure surface 1 2 1 2 1 2 LlO(}]}OO
27kV-2hr | 1.168 | 0.926 | 0.426 | 0.447 | 1.184 | 1.067 259 .
27kV-4hr | 0.891 | 0.740 | 0.804 | 0.781 | 1.203 | 1.156 O ’
27kV-6hr [ 0.919 | 0.857 | 1.184 | 1.301 | 1.150 | 1.323 >
35kV-2hr | 1.065 | 1.068 | 1.036 | 0.955 | 1.500 | 1.376 :
o Fagviane [0.992[0.987 | 1.460 | 1395 | 0.976 | 0.946
implanted
.. | 35kV-6hr | 0.797 [ 0.720 | 0.802 | 1.316 | 1.353 | 1.307
conditions
43kV-2hr | 0.875 | 0.768 | 0.830 | 0.890 | 0.678 | 0.629 2000 3500 3000
43kV-4hr | 0.835|1.226 | 1.150 [ 0.851 | 1.065 | 0.943 Feed rate(immm/min)
43kV-6hr | 0.653 | 0.865 | 1.161 | 1.277 | 1.864 | 1.864 Fig. 8 Main effects plot and interaction plot of average data by
WC-Co | 1.221 [1.132]1.217 | 1.347 | 1.408 | 1.662 the first measure surface
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Table 11 ANOVA for the second measure surface
Source DF SS MS F P
Spindle speed 2 6.6860 | 3.3430 | 8.02 | 0.001
Feed rate 2 112.9679 | 6.4839 | 15.55 | 0.000
Voltage 2 | 0.1086 | 0.0543| 0.13 | 0.878
Time 2 | 0.6752|0.3376| 0.81|0.451
Spindle speed x feed rate| 4 | 5.9096 | 1.4774| 3.54 | 0.013
Spindle speed X voltage | 4 | 0.4008 | 0.1002 | 0.24 | 0.914
Spindle speed X time 4 | 24631 [0.6158 | 1.48 |0.224
Feed rate x voltage 4 1.5547 | 0.3887 | 0.93 | 0.453
Feed rate x time 4 | 04145 (0.1036| 0.25 | 0.909
Voltage x time 4 | 04812 ]0.1203| 0.29 | 0.884
Residual error 48 | 20.0133 | 0.4169
Total 80 | 51.6749
Spindle speed(rpm)|Feed rate(mm/min)
1.8
16 "
1.4 7
12+ \ -
% 1.0~ T T T T T
2 10000 17000 25000 2000 3500 5000
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164 .
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Fig. 9 Main effects plot and interaction plot of average data by
the second measure surface
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