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Thesis Title The Study of Factors Affecting the Surface Smoothness and Tool

Lathe Wear in Steel Turning
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Abstract

The objectives of this research were to study and compare the influence of vegetable oil and water
solute oil affecting to AISI 4140 steel turning in surface roughness and tool lathe wear, The factors
studied were consisted of coolants, cutting speeds and feed rates. Dependent variables were the
quality of surface turning by measuring surface roughness and tool lathe wear. The instruments used
in the experiment were the center lathe, vernier caliper, surface roughness testing machine, and
scanning electron microscope (SEM). The material used in the turning experiment was AISI 4140
steel. Results revealed that coolants had no affected influence to surface roughness and tool lathe
wear. Cutting speeds were significantly affected to surface roughness at the level of 0.05, and to tool
lathe wear at the level of 0.01. Finally, feed rates were significantly affected to surface roughness

and tool lathe wear at the level of 0.01.

Keyword : Vegcetable Oil / Water Solule Oil / Surface Roughness / Tool Lathe Wear / Feed Rate
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2.3 Qmmwﬁnm (Quality of Machine Surfaces) [6]
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o) (-5 Error Sig Lower Bound | Upper Bound

20 m/min 28 m/min -.7683 49455 138 -1.8073 .2707
36 m/min .5583 49455 274 -.4807 1.5973
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95% Confidence Interval
o o Mean Difference Std.
(1) 8astleu () Sastlou Sig. Lower Upper
(I-3 Error
Bound Bound
0.08 mm/round 0.11 mm/round -2.4983(*) 49455 .000 -3.5373 -1.4593
0.14 mm/round -4.8292(*) 49455 000 -5.8682 -3.7902
0.11 mm/round 0.08 mm/round 2.4983(*) .49455 .000 1.4593 3.5373
0.14 mm/round -2.3308(*) .49455 .000 -3.3698 -1.2918
0.14 mm/round 0.08 mm/round 4.8292(*) 49455 .000 3.7902 5.8682
0.11 mm/round 2.3308(*) 49455 .000 1.2918 3.3698
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Normal Probability Plot
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Type HI Sum of
Source df Mean Square F Sig.
Squares

Anaety 12769 | 1 12.769 038 | 848
AS AR 93041369 | 2 46520.685 | 137386 | .000
das1tlou 61483.534 | 2 30741767 | 90.788 | .000
sndedu * anusda 4443.637| 2 2221.819 6.562 | .007
anaedu * sastleu 228951 | 2 114475 338 | 718
amsada * sastlon 18093.529 | 4 4523382 | 13.359 | .000
msndedu * A e * sasfleu 3316448 | 4 $29.112 2449 | 084
ATHANE 1A 6095.014 | 18 338.612
savanun 919548267 | 36
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28 m/min 20 m/min 86.4992(*) 7.51234 .000 70.7163 102.2820
36 m/min -34.3300(*) 7.51234 .000 -50.1128 -18.5472
36 m/min 20 m/min 120.8292(*) 7.51234 .000 105.0463 136.6120
28 m/min 34.3300(*) 7.51234 .000 18.5472 50.1128

o

a o T i (Y 4 o § T s [
ﬂ']ﬁ'.]mﬁ']ﬁﬁﬂ']ﬂ“ﬂaﬂ“ﬂ@ﬂ58@]Uﬂ31“15?¢]ﬂ%1ﬂﬂ1513ﬁ411 WU'J']ﬂ')']iJlg')ﬁﬂﬁ‘"ﬂU 20 nNu 28

aad a g

WU Nﬂ’ﬂllllﬂﬂﬂ']\iﬂﬂﬂ']’iﬁﬂﬁi'é)“ll'f)ﬂllﬂﬂa\‘i 'EJU'N?JNUET']ﬂﬂWINﬁOWV]iZﬂU 0.01 ﬂ’J']iJLi'WIﬂ

sy 20 gL 36 Wil anuuandsremsdnvsevesliands egndidfaddgmeadah

[ 4 o [ @ [ » 1
SEAU 0.01 ANMSIAATLAU 28 N 36 VAR UANNUANAINABMIANY SOUDIANTT DE1)

[y

HodAgnieadan fisean 001 ueadlBlumsied 4.12 uas 'sﬂ‘w 47




65

?
S [y 1

4 a ' v o 4 o
ﬂ]i]ﬂﬁ 4.12 ﬁzllﬂﬁﬂ’l'i')lﬂ'i'lg'ﬂﬂ']'lllﬁllwuﬁﬂﬂ\?ﬂ?’lﬂl'j?ﬁﬂ'ﬂigﬂﬂﬁ'm 9

armiSadafis 1(20 W/AU) 2 (28 W) (36 WAUTR)
I (20 LU o *ok
2 (28 W) *ok
3 (36 W/UR)

]
= o o g =)

= fupdAynszey 01

srdunavsanudaifidudnasants
Anusayafianiy

250
200

150

nawWlAsns)

100 |

nasdnusanasila

50

20 28 36

ANuiIda (u/uil)

Y

a ' @ o Ada a 1 ] ~ 2
3‘1]7] 4.7 AINUTAIANUUANAIVDITSALANINSIAA NUDNTNDADNITANH IDUDIAUUANT

2. dasrtleuiionswademsdnusevesdiands 1nnsnageuauualssuwy o
[l = o w ] é 1t ] 1A @ z o a CAN=W
AundevesszAvdasitioustniasniisgiuandnnngsy Auiudaihmsimsiginiglaths

o @ =) a a '3
fa19iu Taol935015 A5 18K LSD (Least Significant Difference) Wamsnsizvuaas 131y

f15199 4.9



6¢
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y o o =4 y v
M31aM A1 SAUMSHUKANINAR0IN IMINMsguMsnaasa

M3 1INANTINARBINSIT 1 (MIANUIE BUVDIAIUNES)

No vl A% Feed Ra, Ra, Ra, Ra,
L | smdedusianmn 20 0.11 8.79 8.01 9.26 8.69
> [y 20 0.08 6.38 8.26 6.54 7.06
3 ﬁHWﬂuwﬁméu‘nﬁﬂwﬁnﬂyT 28 0.14 12.36 14.81 12.48 13.23
s | vt 28 0.08 8.09 11.03 8.86 9.33

s | siwfundedurtianmni 36 0.11 9.25 7.13 5.90 7.43

6 | it 36 0.14 7.34 9.99 9.09 8.81

7 | visiundedusianauih 20 0.14 13.23 8.50 10.73 10.82
8 | v 20 0.11 8.33 11.18 12.07 10.53
9 viundedusianauh 28 0.08 6.41 7.73 6.56 6.90
10| v 28 0.11 10.57 10.99 10.66 10.74
0| dhduvdedusianmni 36 0.14 12.79 14.23 13.40 13.47
12| i 36 0.11 5.30 6.70 8.24 6.75
3| umdedurtienauni 20 0.08 7.10 6.48 6.29 6.62
14 | vwiume 20 0.14 12.88 13.27 12.55 12.9/
15 | dhiumdedusiianmuh 28 0.11 9.51 9.42 6.74 8.56
16 | v 28 0.14 11.01 9.67 13.22 11.30
17 | dmdedusianaui 36 0.08 7.67 639 7.14 7.07
18 | e 36 0.08 5.83 6.54 6.21 6.19
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ATNNANINAABIATIN 2 (AN BUVBIRINIUNAY)

No msviaoEu \'% Feed Ra, Ra, Ra, Ra,
| dmdedusiianani 20 0.11 9.34 10.08 10.89 10.10
2 | v 20 0.08 311 433 3.77 3.74
v hundefurianauni 28 0.14 12.28 12.14 14.58 13.00
4 | it 28 0.08 8.57 9.45 8.04 8.69
5 | sinumdedusiianmni 36 0.11 12.44 10.59 12.72 11.92
6 | Vi 36 0.14 8.95 10.29 9.82 9.69
7 | vumdeduiionaui 20 0.14 11.18 12.66 11.25 11.70
8 | viniude 20 0.11 8.33 9.77 9.98 9.36
o | visumdedusiianaui 28 0.08 7.89 731 5.29 6.83
10 | v 28 0.11 10.00 9.06 7.90 8.99
1 | dhumdeduranmniy 36 0.14 12.54 12.00 11.70 12.08
12 | it 36 0.11 7.58 5.92 5.81 6.44
13 | sumdeduianai 20 0.08 6.17 5.45 532 5.65
14 | it 20 0.14 11.34 10.25 11.69 11.09
15 | dhiumdeduiianmnh 28 0.11 10.67 10.13 9.98 10.26
16 | e 28 0.14 10.74 11.07 7.13 9.65
17 | umdedurtionani, 36 0.08 6.24 4.68 7.15 6.02
18 | vhsiude 36 0.08 5.90 5.52 5.65 5.69
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o a P a4
AT NHANTINAADIAIIN 1 (MITTNHIOVDIUANGY)

No mnaafiu v Feed wearl wear2 wear3 weard wears wear,
| 1‘3’1 uv dmﬁwﬁﬂmuﬁq 20 0.11 32.81 57.54 6247 55.99 57.54 53.27
2 1{1 Tuny 20 0.08 41.13 46.06 50.99 0.4 27.95 41.77
3 ﬁyq un dagﬁumﬁﬂnauﬁ1 28 0.14 338.47 146.30 269.62 235.11 102.33 | 21837
4 1{1ﬁuﬁ:§ 28 0.08 105.23 149.60 147.97 121.66 88.78 122.65
5 ﬁyq fuvigoluwhia wﬁm‘iyw 36 0.11 145.15 234.13 150.02 97.29 110.50 147.41
6 ﬁyw Juny 36 0.14 314.07 268.10 355.38 16570 | 310,73 | 282.80
7 ﬁvuT umim?‘nmﬁnwamjy1 20 0.14 49.32 74.00 90.43 90.42 110.15 | 82.86
8 Yo U 20 0.11 26.30 97.42 100.41 69.13 4.42 61.54
9 ﬁv1 “undagaumﬁﬂnﬁu1f1 28 0.08 141.10 149.40 116.44 155.90 151.07 142,77
10 1{1 U 28 0.11 64.20 241,76 202.21 161.25 112.23 156.33
1 ﬁ'qﬁu dagﬁumﬁnnﬁuﬁyq 36 0.14 256.46 282.80 323.87 34195 159.50 272.90
12 1{1 T 36 0.11 240.03 142.49 121.93 249.76 102.61 17137
13 1{1 i UH ﬁmﬁumﬁnuau{] 20 0.08 50.96 57.54 42.74 47.68 29.59 45.70
14 ﬁyq Uy 20 0.14 118.41 110.15 123.31 105.23 103.59 | 112.14

15 1{1 Tun dﬂl?jﬂ‘l{ﬁﬂwﬂut{‘] 28 0.11 149.61 146.40 198.95 215.32 152.90 | 172.64

16 ﬁywﬁuﬁm 28 0.14 203.86 161.25 177.56 149.10 | 12708 | 163.77
17| stundedusiammih 36 0.08 139.83 5435 124.40 70,71 80.62 94.78
18 1f1ﬁuﬁ=v 36 0.08 157.82 194.38 64.12 97.01 105.22 123.71
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v
[%

fi2 (Msdnnseveliania)

M1 NNANTINAADINT I

No a]jwa'agﬂu \% Feed wearl wear2 wear3 weard wears wear,
I ﬁlmumimﬁumﬁﬂwﬁqu 20 0.11 75.62 64.39 61.10 53.85 | 113.79 73.75
2 ﬁyq Uy 20 | 0.08 5466 | 3827 | 4315 | 48.08 | 46.44 46.12
3 ﬁyq ‘”unfim?meyﬁﬂmuﬁq 28 0.14 | 24824 | 20556 | 223.74 | 169.34 | 110.15 191.41
4 ﬁyq TNy 28 0.08 135.64 | 92.88 88.38 74.81 115.99 101.54
5 1{1 “’uwﬁmﬁumﬁﬂwmﬁq 36 | 011 17920 | 19350 | 138.60 | 13978 | 157.82 161.78
6 ﬁyq WL 36 | 0.4 | 343.60 | 18251 | 26322 | 327.16 | 269.64 | 277.23
7 ﬁyqﬁ’umia 1 ‘]jﬁﬂwﬁ‘;n{j 20 0.14 54.28 75.62 80.56 | 115.08 | 98.64 84.84
8 ﬁy1 Ay 20 | o 12230 | 79.54 | 7504 | 61.46 | 102.65 88.20
9 ﬁy]ﬁuﬁfialfju‘]jﬁﬂwﬁnﬂy‘] 28 0.08 14278 | 208.50 | 134.56 | 132.95 | 137.81 151.32
10 ﬁuqﬁuﬁcy 28 0.11 95.66 | 189.24 | 8246 | 93.84 | 9548 131.34
0 | uuvdeduationauhy | 36 | 014 | 45211 | 30250 | 33667 | 36826 | 20621 | 33315
12 1??1 Uy 36 | 0.1 | 20052 | 263.10 | 23509 | 20063 | 21536 | 222.94
13 1‘}‘1 Wuﬁdalgu‘nﬁﬂwﬂnﬁyj 20 0.08 4439 | 4932 | 7729 | 21.44 | 2795 44.08
14 13”1 Uy 20 | 014 | 15425 | 14278 | 154.28 | 147.73 | 14278 148.36
15 1{1ﬁuﬁﬁﬁl[§‘]umiﬂwﬁn1{1 28 011 | 28277 | 12167 | 18577 | 9548 | 18580 174.30
16 151 1Y 28 | 0.4 | 139.78 | 218.68 | 200.59 | 231.83 | 180.87 194.35
17 1{1ﬁuﬂﬁaggumﬁﬂwﬁn1{1 36 0.08 156.18 | 118.37 | 83.84 | 13810 | 64.12 112.12
18 ﬁyq LAY 36 | o008 | 141.47 | 110.15 | 15461 | 75.64 | 180.91 132.56




M3190 1.5 FoYaAURAIANVITELYOIRNINUNAI(Lm)

- o .. - danimsilou (uus/sow)
yiavosmsnaoiiu ANuFIia ani)
0.08 0.11 0.14
6.62 8.69 10.82
20
5.56 10.10 11.70
inundaiusdanduni 6.90 8.56 13.23
28
6.83 10.26 13.00
7.07 7.43 13.47
36
6.02 11.92 12.08
7.07 10.53 12.90
20
3.74 9.36 11.09
¥ 933 10.74 11.30
oo A
Wiy 28
8.69 8.93 9.65
6.19 6.75 8.81
36
5.69 6.44 9.69

M3197 n.6 Joyasundonnudnnsovedaniianag (um)

- . ‘. - snnmsilou uussow)
yHnvesmsnaniiu AMNS A QA
0.08 0.1 0.14
45.70 53.27 82.86
20
44.80 73.75 84.84
inundetusianmni 142.77 172.64 21837
28
15132 17430 191.41
94.78 147.41 272.90
36
112.12 161.78 333.15
41.78 61.54 112.14
20
46.12 88.20 148.36
v . 122.65 156.33 163.77
unuRy 28
101.54 131.34 19435
123.71 171.37 282.80
36
132.56 222.94 27723
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Probability

001 - N

T 1

5 9 13

Roughness
e 8.00157 Anderson-Darling Hormality Test
Sthe. 270574 4-Srared; 0.358
B P-yalue: 0.412

‘=; v S a ]
suUn .1 ﬂiquﬁﬂﬁ"ﬂﬂgﬁﬂ?'mLiU‘lJ‘U'ENN'N'INﬂﬁQ

<

[~ a ]
Wunsuanuawuuilnd A1 P-Value 3100731 0.05

989 -

Probability
H

20 H
05 4
o1 4 °
no1
T ] R T
40 140 240 340
Wear
Ayerape. 142875 Anderson-Dading Normality Test
StDev, 73.0382 A-Squared; 0.507
M 36 P/alue: D188
JUn w2 nnuaasdeyansdnnsevssdiania

< a 1
L“I_]uﬂ'lﬂﬁ]ﬂll‘l]ﬂllﬂﬂﬂﬂﬂ f11 P-Value 411071 0.05
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Type 1T Sum oﬂ T Mean

Source df F Sig.
Squares Square

Corrected Model 193.341(a) 17 11.373 7.750 | .000
Intercept 2975703 | 1| 2975.703 | 2027.797 | .000
AIvaeiu 4.988 1 4.988 3.399 | .082
A3 AR 10.648 | 2 5324 3.628 | .047
Far1lou 139.981 | 2 69.991 47.695 | .000
MIMaau * ANS A 12442 | 2 6.221 4239 | 031
msvasiiu * sasitleu 6492 | 2 3.246 2212 | .138
NS wa * dasitlen 7.273 4 1.818 1239 | .330
aanaeidu * aamusada * sasleu 11518 4 2.879 1962 | .144
Error 26414 | 18 1.467
Total 3195458 | 36
Corrected Total 219.755 35 |

a R Squared = .880 (Adjusted R Squared = .766)

[

! ) Y =4 ica a J Py =
M1 V.2 ANUUANAIIVDITTAUA NS IFA NUBNTWAADANUSEUUBIRINY 1a83T LSD

« o « o Mean Difference Std. 95% Confidence Interval

(D MNsIna  (J) NS IGA Sig.
Error Lower Bound Upper Bound
20 m/min 28 m/min -7683 | .49455 | .138 -1.8073 2707
36 m/min 5583 | 49455 | 274 -.4807 1.5973
28 m/min 20 m/min 7683 | .49455 | .138 -.2707 1.8073
36 m/min 1.3267(*) | .49455 | .01S 2877 2.3657
36 m/min 20 m/min -.5583 49455 | 274 -1.5973 .4807
28 m/min -1.3267(*%) | 49455 | .015 -2.3657 -2877

Based on observed means.

* The mean difference is significant at the .05 level.
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9199 U3 ANNLANAIIYDITEAVIAI 1T oU NIIDNTHAdDANNISsUVDINIIY Tae T LSD

95% Confidence Interval
o o Mean Difference Std.
M opstlon (1) dmilow Sig. Lower
(I-1) Error Upper Bound
Bound
0.08 mm/round 0.11 mm/round -2.4983(*) 49455 | .000 -3.5373 -1.4593
0.14 mm/round -4.8292(*) 49455 | .000 -5.8682 -3.7902
0.1l mm/round  0.08 mm/round 2.4983(*) 49455 | .000 1.4593 3.5373
0.14 mm/round -2.3308(*) 49455 | .000 -3.3698 -1.2918
[~
0.14 mm/round 0.08 mm/round 4.8292(*) 149455 | .000 3.7902 5.8682
0.11 mm/round 23308(*& 49455 | .000 1.2918 3.3698J

Based on observed means.

* The mean difference is significant at the .05 level.

]
Ada o 4

! a o o
VI'ITN?I U4 llﬁ'ﬂQﬂ'li'JLﬂi'lgﬁ:ﬂ"l)ilﬂﬂllﬂﬂﬁWﬁﬁﬂﬂ'liﬁﬂﬁ5@‘1]9\3ﬁﬂﬂﬁ\1

Type !l Sum of
Source df | Mean Square Sig.
Squares

Corrected Model 180620.237(a) | 17 10624.720 31377 .000
Intercept 732833.017 | 1| 732833.017 | 2164227 | .000
Msndedu 12769 | 1 12.769 038 | .848
A dn 93041369 | 2 46520.685 | 137386 | .000
ona 1o 61483.534 | 2 30741.767 90.788 | .000
MsHaBIIN * ANMS A 4443637 | 2 2221.819 6.562 | 007
anaeitu * snsitlou 228951 | 2 114.475 338 718
ANMUMIIAA * VAR00004 18093.529 | 4 4523.382 13.359 | .000
anaeLiu * Anudida * sastlen 3316.448 | 4 829.112 2449 | 084
Error 6095.014 | 18 338.612

Total 919548.267 | 36

Corrected Total 186715.250 | 35

a R Squared = 967 (Adjusted R Squared = .937)
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1A% LSD

(I ANMEa ()RS Mean Difference 95% Confidence Interval

g Std. Error Sig.

10 (I-)) Lower Bound | Upper Bound

20 m/min 28 m/min -86.4992(*) 7.51234 .000 -102.2820 -70.7163
36 m/min -120.8292(*) 7.51234 .000 -136.6120 -105.0463

28 m/min 20 m/min 86.4992(*) 7.51234 000 70.7163 102.2820
36 m/min -34.3300(*) 7.51234 .000 -50.1128 -18.5472

36 m/min 20 m/min 120.8292(*) 7.51234 .000 105.0463 136.6120
28 m/min 34.3300(*) 7.51234 .000 18.5472 50.1128

Based on observed means.

* The mean difference is significant at the .05 level.

15199 V.6 LAAIANUUANAIUDIIEAUSNT 1T oU NI

Taea% LSD

aa

nEnadeMIAnIsuaIlianag

Mean Difference Std. 95% Confidence Interval

(1) dantleu () snsileu Sig.
a-n Error Lower Bound Upper Bound
0.08 mm/round 0.11 mm/round -37.9917(*) | 7.51234 | .000 -53.7745 -22.2088
0.14 mm/round -100.2542(*) | 7.51234 | .000 -116.0370 -84.4713
0.11 mm/round 0.08 mm/round 37.9917(*) | 7.51234 | .000 22.2088 53.7745
0.14 mm/round -62.2625(*) | 7.51234 | .000 -78.0453 -46.4797
0.14 mm/round 0.08 mm/round 100.2542(*) | 7.51234 | .000 84.4713 116.0370
0.11 mm/round 62.2625(*) | 7.51234 | .000 46.4797 78.0453

Based on observed means.

* The mean difference is significant at the .05 level.
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Ilain Effects Plaot - LS Means for Wear

Coolant Cutting Speed Feed Rate
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= '

dl o o . Ao =2 = £
E‘IJTI U.5 LLﬁﬂQﬂiﬁ]UWﬁﬂ(Mam effect) NUDNTNAABNITANY IDUDIUANA
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Interaction Plot - LS Means for Wear
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#doyanellsunsunannimes

Factorial Design

General Factorial Design

Factors: 3
Runs: 36

Factor Levels: 2, 3, 3
Replicates: 2

General Linear Model: Roughness, Wear versus Coolant, Cutting, Feed

Factor Type Levels Values
Coolant fixed 212
Cutting fixed 3123
Feed fixed 3123

Analysis of Variance for Roughnes, using Adjusted SS for Tests

=]
1

Source

Coolant

Cutting

Feed

Coolant*Cutting
Coolant*Feed
Cutting*Feed
Coolant*Cutting*Feed
Error

Total

(G e N IV SN

W R

Seq SS
4.988
10.648
139.981
12.442
6.492
7.273
11.518
26.414
219.755

Unusual Observations for Roughnes

Obs Roughnes Fit
17 7.4300 9.6750
25 11.9200 9.6750

SE Fit Residual

0.8566
0.8566

R denotes an observation with a large standardized residual.

Analysis of Variance for Wear, using Adjusted SS for Tests

=]
1

Source

Coolant

Cutting

Feed

Coolant*Cutting
Coolant*Feed
Cutting*Feed
Coolant*Cutting*Feed
Error

Total

Ul oo b DN

w =

Unusual Observations for Wear

Obs
14
34

Fit
303.025
303.025

Wear
272.900
333.150

Seq SS
13
93063
61486
4441
228
18092
3319
6091
186733

SE Fit
13.007
13.007

Adj SS Adj Ms
4.988 4.988
10.648 5.324
139.981 69.991
12.442 6.221
6.492 3.246
7.273 1.818
11.518 2.879
26.414 1.467
St Resid
-2.2450 -2.62R
2.2450 2.62R
Adj SS Adj MS
13 13
93063 46532
61486 30743
4441 2220
228 114
18092 4523
3319 830
6091 338
Residual St Resid
-30.125 -2.32R
30.125 2.32R

P ENDAIWW

137.
S0.

13.

F

.40
.63
.70
.24
.21
.24
.96

F

.04

52
86

.56
.34

37

.45

[eNelNeNeNolNolNel

[eNeolNeNeNolNelNe)

P

.082
.047
.000
.031
.138
.330
. 144

P

. 849
.000
.000
.007
.719
.000
.083



R denotes an observation with a large standardized residual.

Least Squares Means

Roughnes .. .... Wear
Coolant Mean SE Mean Mean SE
1 9.464 0.2855 142.081 4
2 8.719 0.2855 143.263 4
Cutting
1 9.022 0.3497 73.553 5.
2 3.790 0.3497 160.066 5
3 8.463 0.3497 194 .396 5
Feed
1 6.649 0.3497 96.594 5
2 9.148 0.3497 134.573 5
3 11.478 0.3497 196.848 5
Coolant*Cutting
1 1 8.930 0.4945 64.083 7
1 2 9.797 0.4945 175.135 7
1 3 9.665 0.4945 187.023 7
2 1 9.113 0.4945 83.023 7
2 2 3.783 0.4945 144.997 7
2 3 7.262 0.4945 201.768 7
Coolant*Feed
1 1 6.515 0.4945 98.462 7
1 2 9.493 0.4945 130.525 7
1 3 12.383 0.4945 197.255 7
2 1 6.783 0.4945 94.727 7
2 2 8.802 0.4945 138.620 7
2 3 10.573 0.4945 196.442 7
Cutting*Feed
1 1 5.768 0.6057 44.420 9
1 2 9.670 0.6057 69.190 9
1 3 11.628 0.6057 107.050 9
2 1 7.938 0.6057 129.570 9
2 2 9.638 0.6057 158.653 9
2 3 11.795 0.6057 191.975 9
3 1 6.243 0.6057 115.793 9
3 2 8.135 0.6057 175.875 9
3 3 11.012 0.6057 281.520 9
Coolant*Cutting*Feed
1 1 1 6.135 0.8566 44.890 13.
1 1 2 9.395 0.8566 63.510 13.
1 1 3 11.260 0.8566 83.850 13.
1 2 1 6.865 0.8566 147.045 13
1 2 2 9.410 0.8566 173.470 13
1 2 3 13.115 0.8566 204.890 13
1 3 1 6.545 0.8566 103.450 13
1 3 2 9.675 0.8566 154.595 13
1 3 3 12.775 0.8566 303.025 13
2 1 1 5.400 0.8566 43.950 13
2 1 2 9.945 0.8566 74.870 13.
2 1 3 11.995 0.8566 130.250 13.
2 2 1 9.010 0.8566 112.095 13.
2 2 2 9.865 0.8566 143.835 13.
2 2 3 10.475 0.8566 179.060 13.
2 3 1 5.940 0.8566 128.135 13.
2 3 2 6.595 0.8566 197.155 13
2 3 3 9.250 0.8566 280.015 13.

Mean

.3357
.3357

3102

.3102
.3102

.3102
.3102
.3102

.5097
.5097
.5097
.5087
.5087
.5097

.5097
.5097
.5097
.5097
.5097
.5097

.1875
.1975
.1975
.1975
.1975
.1975
.1975
.1975
.1975

0072
0072
0072

.0072
.0072
.0072
.0072
.0072
.0072
.0072

0072
0072
0072
0072
0072
0072

.0072

0072
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