SR YA 4218 A 135 20043 1Y)
Journal of the Korean Society of Precision Engineering Vol. 21, No. 1. January 2004.

Hatw gidol g Mavlg HASH
gstd, oz’

Cutting Characteristics Depending on Coolant Level
in Turning Process

Seung-Han Yang”® and Young-Moon Lee’

ABSTRACT

With the increasing demand of environmentally clean machining in recent years, the use of coolants has been
restricted extensively. In this paper, a multiple comparison method(Tukey's HSD method) is proposed to choose
the optimum level of coolant necessary for an efficient and environmentally clean machining. The cutting
temperature, specific cutting energy, and surface roughness in turning process are analysed by ANOVA(Analysis
Of Variance) and Tukey's HSD method. From the experimental results and statistical analysis, it is found that the
optimum condition of coolant level is 10 ml/min with 6% mix ratio, which is almost half of the commonly used

level.

Key Words : Coolant(d2), Cutting Temperature("d4}-2 %), Specific Cutting Energy(¥]d 4o\ A]), Surface
Roughness(2H 7 & 7]), Analysis of Variance(:=4HE2], ANOVA), Tukey's Honestly Significant
Difference Method(Tukey$] HSDY)

7|34y 1. Mg
d ; depth of cut
f; feed rate H FAHez 2WFHFEE=(Green round)E
F, ; main cutting force 3= e FHTAE AZGA7A HLo] Hxu
n ; repeating number Aoy, Azxd F 53] NANEEEY B¢ A
g (a :t, v} ; studentized range abfo] o3t BFed 2 AP A 1A=
R, ; arithmetic mean surface roughness fralldel 23 HQ EAZE dFH ).
S? ; mean square of error A e 43717 AMgste] RAEAY, A
AT, temperature rise 2 74F Al A HakA 2 I3 FaEv)e)
u ; specific cutting energy o} s}arzg-, &8F EA T s AGHA AL
V ; cutting velocity fo] o]FA IA ¥ 7)stdo} 3}, HPAGE=

a ; confidence level

Aed: 200319 698249Y; AAFAY: 20033 119 14
# &Nz}, At 7] AR

Email syang@knu.ac.kr Tel. (053} 950-6569

ZAEeta 7|4 Ty



AT A Azl A 1%

Aeletr) oele B A7) A AR BAL
o) f1200] I Tk, olsh Re Wag Apol
o gelo] B3 Ak ofsh e AAF Agol u
£ 87409 2 QA U F3Y BEol Hgol
AE olvl ol BT WEE ARe ARz
a2 A8e Folm Yot

4859 A8e AAMY FRANE A=
BgAs 2ot SelA +98 ATRIA

of o3ty AN AAYrE F AaFe Fujulg
£ 75%, FARFHEL 7% olz==u 43}

o} FT9 &L 4%l B}’

£ AFdqAME 2R ARES Folr] st
= dgtor Hahgo A&y EgH) o
Aew, AANRAY 84S YelE Vé_“
AU 2 FaEe ¥d EYE B9 ®
A7) " xE G ) siAdsdct

IR o= MPAP A HAer B4y
of AMgE tFHIRPS AFEEAeH, Mty
Al g A9 Zé*—}"%k 2 g e ¥
25, Ay @ gEARY] 544 wag
A ahoich,

=l o
19

d

2. 7|xo0l2

2.1 FASMIX};

£ dAFdAae AAEAAE Hehlle JAIAEA
TTEE, v iy 2@ FHAAYE dAHS)
Aot FTEE AT Zo] A £ szt A
Fe Ao 2= HAAY 259 2 F, A
F 5z T Asd T 2ENsE AHE359
o}

AT=T;— T, (1)

A7lM A TE Asd & Ts—t— HAak 5%
5 2% a3 T, = Ha £ YEhih

Hl%éé%oilﬁx}r a4 a9 xﬂ@ aat Al &
SEHE Uz A2)¢ 2ol Fohrt. ujdate
A= gz e dA54H7E Hst
o 713 dutd o A= gavgen!

=¥3E,
H2x

FV _F
“STdV = @

81

A71A uwe BlAAAUA, Fe FHALEEN), ¥
v H24 % (m/min), /= ©lFmm/irev), dE A7
o}(mm)°| c}.

THEY YW F9E AAse xUAAYE
Yel7] st ditdoz Aedd FEAAY
Ru(arithmetic mean surface roughness. i m)7} 9 e]

AHEH I Qlew, 43)3 Zo] Fejdn.

3

A
)
R
flo

2 i
<
X
i
Al
A
o

N
o
i

AN
o
i)
o

N
o
1
El

=
A
AEE 4
E}-E

N

B3A doxE AEL 1) BE

EE 2) Holk e B B
£3 gade A 39 ol
:LaM Itto 2= JAETS 2oy i
AA st & F gtk olEd W AMEHE F
A4 Wol ohFH|EYE (multiple comparison
methods) ©]t}h’ thEu]HbYelE Fisher's LSD,
Newman-Keuls test, Tukey's HSD, Scheff's method,
Duncan's Method 5°] 1t}

o] FellA HAYE 2FHE&ES HE3:e Tukey-°4
HSD®(honestly significant difference method)> ¥
# WE5st SAsTHe 7HE solA vﬂﬂﬁq
SE AHFE vE ZE LA FAF(mean square
of error)e| ™ EUZ WIE,E polglz 1A HSD

= @t Zol Fo3o.

HSD(W,) = q(a ¢, v)\/ %z

A714 qlat,v)s ARE vE ZEE
9o ~2FHESY 9 (studentized range)2] ¥ X
A9l 100(1-a) H EH5(100%7) B)ojTk, ek
F 37 29 HdAs HDEY 2W F Aede
atolzk gltka AE WA

ML o N, mfo
2 f‘-”rJL

rL "U

4

e BF



83| %] 4219 A 135

3.4 8

3.1 A=A Y AHER

HAAE e Muboal AMANYL S3)3}
g}t AAIFZITEE= CNMGI20404 MC TT 15008
ARSI oY, F7EEEE PCLNR2020 KI2E
Abg3lgnh. HaAggE VATERE gadd
SM45CE A3}

Fig. 1 & 433X /Mg vepd 3ot
AAAF Y AlgdH AA{E= 58K 2B

(soluble)B 2.2 W2F (&)X, F20r ¢EH784
X10°PaZ T FHE HEW AFoA Hiy
a3ttt

A HEgxdeor WA Hafe EHES
Table 10 VFERE ub9} Zo] 2%, 6%, 10%9] 3%

=

Az, A2aFEFL none, 0.5, 10, 20 ml/ming 4%
AZ YAk 71270 F B4FHoz A8HE
20 ml/min©] o},

HALG AL 2L 10%-

1 Experiment set up
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Multiplexer A/D
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Fig. 2 Schematic diagram of cutting temperature
measurement
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Table 1 Cutting conditions
Cutting parameter 1 2 13]4
Mix ratio (%) 2 6 | 10
Coolant (ml/min) none| 0.5 10 | 20
Cutting speed, ¥ (m/min)| 80 | 140|200
Feed rate, f (mm/rev) | 0.1510.20(0.25
Depth of cut, d (mm) 05 (1.0}15
32 A¥dn & 0
321 372
60 - Dry-Side
= Dry-Top
- Wet{D. Sul/rin, 2%)-Side
50 5 © WelL5alain2X)-Top
8- Wel(10m\/min, 2%)-Side
= ~- Well10wl/min, 2%)-Top
a 40 " ; 5 Wel(20l/uin,2X)-Site
°v . B - Wet{20ml/min, 2% )-Top
Ly 3 : & Wet{0.50i/nin, 6%)-Side
(]_ kY -+ Helt S, 65 Top
3 ' s ~- Wel{1Onl/nin6X)-Side
- ~o- Wet(10ul/min, 6%)-Top
o Ll - Wel(2nl/ain,6%)-Side
E - Wel(20m\/nin,6%)-Top
0] -5 Wel(0.5al/in, 10%)-Side
=10 - Wet{0. 5al/min, 10%)-Top
~&- ¥et{10ml/min, 10%)-Side
0 -4~ Wet{ 10nl/ain, 10%)-Top
~£3~ Wel{20ml/min, 10%)-Side
0.1 02 026 |, o VellUai (0%} Top
Feed rate, f (mm/rev)

(a)Depth of cut (0.5mm)
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Temp.rise, AT(C)
[F]
(=7

-Dry-Side
& Dry-Top
= Wel{0,5ml/min, 2% )-Side
-~ Wet{0.50/min, 2%)-Top
~&- Wet(10n/ain, 2% )-Side
~— Wel{100/nin, 2%)-Top
~5- Wet{20m/min, 2%)-Side
~o- Wet{20w/nin, 2%)-Top

¥ Wet{0.50l/min, 6%)-Side
~4-Wet{0.5al/min, 6% )-Top
~&- Wel{ 1ul/ain, BX)-Side
~4~ Wel{ 10mi/min, 6% )-Top
~B- Wet(20ml/ain,6%)-Side

0.15

0.2
Feed rate, f (mm/rev)

4 in.5%)-Top
-+ Wet(0.5al/ain, 10X)-Side
-2 Wel{0L5a1/min, 10%)-Top
&~ Wel( 10wL/min, 10%)-Side
~—Wet{ 10mi/nin, 10%)-Top
~g We{20mV/min, 10%)-Side
~i- Wel{20ml/nin, 10%)-Top

(b)Depth of cut (1.0mm)

- Dry-Side

s Dny-Top

+ Wel(0.5al/min, 2%)-Side
- Wet{0. 5al/min, 2%)-Top
~&- Wet{10ni/min, 2% )-Side

~o-Wet{10ml/nin, 2%)-Top

=

o
b=

£

- in, 2% )-Side
o~ Wel(20ml/win, 2%)-Top
¥ Wet(0.5a1/min, 6%)-Side
- Wet{0.5al/nin, §%)-Top
~5- Wei{10nl/nin, 6%)-Side
~6~ Wel{10ml/nin,6%)-Top
B 6%)-Side

Temp.rise, AT(TC)

0.2
Feed rate, f (mm/rev)

—%~Wet{20al/min, 10%)-Tap

-4~ Wet(2oml/min,%)-Tep
- Wet{0.5al/min, 10X )-Slde
-6 Wel{0,Sel/min, 10%)-Top
-~ Wet(10nl/win, [0%)-Side
—- Het((0n/uin, (0% )-Tap
—- Wet(20ul/min, 16%}-Side

(c)Depth of cut (1.5mm)

Fig. 3 Temperature rise(AT) at cutting speed

140 m/min

Fig. 3 & HA44% 140 m/min 3$ 25 A%
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Table 2 ANOVA - Test
(a) Temperature at side of the insert (V=140 m/min)
S D.O.F v Fo  |F(0.05)
Coolant[18999.421 9 12111.046(58.80965] 2.04
Error || 2871.7 | 80 {35.89626
Total [21871.12| 89

(b) Temperature at top of the insert (V=140 m/min)
S D.OF v Fo  }F(0.05)
Coolant{17202.83F 9 {1911.42653.28247} 2.04

Error {2869.875{ 89 |35.87344
Total [20072.71{ 89
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Table 3 Tukey's HSD method(a =0.01)
(a) Temperature at side of the insert (V=140 m/min)

Dry |2%,05] 2%,10] 22,20 | 5%,05] 6%10 ] 6%.20 l10%, 0.9 10%, 10] 102,20
oy | ol 4] -] a7 3n.3 -aad] -43.8] -36.2 s0.6] 524
2%,05 of -5.7%8] 650 s.e7al 1,983 -0637] n.ese1| -7.48] 8
2,10 o -0ms] 1167 4538 5.1013] 13.69] -1.682] 3501
%20 0 12.4] 52506] 5.6771] 14.42] 0.9 277
5%,05 o 31 651 20z -13.4] 152
§5%,10 0] 0.5685] 9.1591] -6.217] -8.039
§%,20 0] .5008] -6.789] 8607
10%,0 bso | 10784 0 -15.4) -17.9
102%,10 0 1819
10%,20]
(b) Temperature at top of the insert (V=140 m/min)
Dry | 2%,05] 2%,10 | 2,20 | 52,051 6% 10| 6%,20 |10%,09 10%,10] 105,20
by | o0 |-308]-a7]-507]-327]41.2] 463 -37.6 | -45.2| -18.8
%,05 0 |-4m]-10.8] 6.10% | 1398 | -6.422| 2001 | 5381 | -85
210 0 | -6 |10.98) 300 -1.588] 7.0 | -0507] 101
%20 0 | 16.94] 94801 | a.412 | 13.07 | 5.5 | 1.090
§%,05 0|70 | -12.8] 2867 -11.5] -15
9%,10 0 | -5.00m| 26347 -3988| 750
§%,20 0 |866m) 105 2513
10%,0.3 Hsp | 10,781 0 |62 112
10%, 10 0 |-35¢
10%,200 0
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Fig. 4 Specific cutting energy at depth of cut
1.5mm
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Table 4 ANOVA result of coolant at each velocity
(Specific cutting energy at DOC [.5mm)

S D.OF v Fo  |F(0.05)
Coolant) 168842 1 9 |18760.2]0.39393 | 2.04
Error |3809863| 80 |47623.3
Total 3978705| 89
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Fig. 5 Surface roughness (Ra) at depth of cut
1.5mm
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A=

S D.OF v Fo F(0.05)
Coolant || 15.90306 9 1.767007 | 13.16972 | 2.04
Error 110.73376 | 80 |0.134172
Total |26.63682{ 89

Table 5 ANOVA result of a coolant at each
velocity (Surface roughness at DOC
1.5mm)
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Table 6 Tukey's HSD method(a =0.01) of coolant
at each velocity (Surface roughness at 140

m/min)

Dry_12%,0.5) 2%,10 ] 29,20 | 6%,0.5] 6%, 10 | £%,20 [10%,0.5] 10%, 10 10%,20)
Dry of -0217] -0.23] o.oa7] —0.85] -0.94] —1.03] -0.65] -0.99]
2%,0.5 o) -0.017) 0.2636) -B.6al . . .
29,10 o] 0.2808] -0.624 . . .
2%,20| ol -o.8 . . . .
£%,0.5 0 ] . . .
8%, 10 o] -0.098 -0.233} -0.01} -0.13¢]
6%, 70 o] -0.183] 0.0807] -0.045
10%,0.5 HsD | 0.553 o] 0.2032] 0.0973)
10%,10 ol -g.126!
10%, 20 [ '_6!
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