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ABSTRACT

Recently, there is a great deal of using cutting fluid in shearing posing danger to
environment and laborers’ health. Accordingly, many alternative solutions have been sought to
minimize the use of cutting fluid in shearing such as minimum quantity lubrication (MQL), air jet
cooling, and dry cooling.

This study aimed to compare three cooling methods: cool air from vortex, cutting fluid,
and dry cooling. The effectiveness of cooling methods was experimented in stainless lathe SUS316
using cermet cutting tool. The factors of shearing in the experiment were cutting speed (50, 65, and
80 meter per minute) and feed rate (0.085, 0.13 and 0.18 millimeter per time). The depth of shaping
was 1 millimeter. The effectiveness of those 3 methods was investigated by surface roughness,
cutting tool erosion, and cutting force.

The results showed that the values of surface roughness and cutting tool erosion from

using cool air from vortex were the values between cutting fluid and dry cooling.

Keywords:SUS 3 1 6, CNC lathe machine, surface roughness, cutting tool erosion, cutting force,

cooling method
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N.1 WaNIIIAVHIAMIANHINNANANAY

DLO
=264 628 um

d931110U 0.085 mm/rev LUV

DLO
=288 685um

a = B A = = A 2 o A .
31]7] N2. NTANYIDUDUNANANAININNITNAINT LN 1,000 mm ANNLTIAAN 50 m/min

991311101 0.13 mm/rev HULLHA
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DLO
L=601.427 um

“lJﬁ n3. ﬂﬁﬁﬂﬁiﬂ“llf]\iL‘JJﬂlIﬂﬂﬁ\‘]iﬂﬂﬂﬁﬂﬁQﬂﬁ YN OOOmmﬂ’JHJLi”J@ﬂVI 50 m/min

991311101 0.18 mm/rev LA

DLO
L=170.109 um

“lJﬁ n4. f‘lﬁﬁ'ﬂ‘ﬁﬁ’t’)‘ll?NL‘JJﬂNﬂﬂaQﬂWﬂﬂﬁﬂaQﬂﬁuﬂ““ﬂN 1,000 mm ﬂ’ﬂm’i’l@ﬂ“ﬂ 50 m/min

9031 11U 0.085 mm/rev tuUh
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DLO
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“lJﬁ ns. ﬂﬁﬁﬂ‘ﬁiﬂ“l}@\iL‘lJﬂ‘JJﬂﬂﬁx‘lﬁnﬂﬂﬁﬂﬁQﬂﬁ YN 1 OOOmmﬂ’JHJLi’W]ﬂVI 50 m/min

9931110U 0.13 mm/rev Luuth
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Tjﬁ ne. ﬂTi’dﬂ‘Hi'f)eUENLﬂJ@NﬂﬂaﬁiﬂﬂﬂTﬁﬂﬁ\‘]ﬂﬁ”ﬂ‘“ﬂN 1,000 mm ﬂ’ﬂllli’)@]ﬂ‘ﬂ 50 m/min

oa 51179 0.18 mm/rev tuuith
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DLO
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DLO
L=192.457 um

“lJﬁ 9. ﬂﬁﬁﬂﬁi@“llﬁ]\imﬂllﬂﬂ’d\‘]ﬂ?ﬂﬂﬁﬂﬁ\?‘ﬂi gNN 1,000 mm mmmmw 50 m/min

99311101 0.18 mm/rev uUAleN
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L=230.585 um

(s 1)
[ i

Tjﬁ n10. fﬂi’ﬁﬂ’l’iifJSUENLiJ@NﬂﬂﬁﬁﬂWﬂﬂTﬁﬂﬁ\?ﬂﬁ‘“U‘“ﬂN 1,000 mm ﬂ’ﬂlllﬁ’)ﬁﬂ‘ﬂ 65 m/min

901911791 0.085 mm/reviUULTA
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L=240.571 um

“lJﬁ nll. ﬂﬁﬁﬂﬁiﬂ"llﬁ]\uilﬂuﬂﬂﬁ\‘]fﬂ?f‘lfﬂiﬂa\i‘ﬂi gNN 1,000 mm mmm@wm 65 m/min

993110U 0.13 mm/revi UL
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L=264.628 um

‘Ijﬁ n12. ﬂﬁﬁﬂﬁi@ﬂlﬂﬁlﬂﬂﬂﬂﬂﬁ@‘mﬂﬂﬁﬂfN‘VIi geNN 1,000 mm ﬂ’ﬂm’i’l@ﬂ‘ﬂ 65 m/min

991311101 0.18 mm/rev UL
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DLO
L=144.343 um
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1=96.228 um

“lJﬁ nl7. ﬂﬁﬁﬂﬁi@ﬂ]ﬂ\imﬂuﬂﬂﬁ\i%?ﬂfﬂiﬂaﬁ/]i YN 1,000 mm mmwmw 65 m/min

99311101 0.13 mm/rev uuuAlen
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Tjﬁ N18. ﬂTiﬁﬂ‘I’TiEJGUENLllﬂllﬂﬂﬁ\ﬁ]1ﬂﬂ1§ﬂﬁ\‘l‘1/]i°’8°"1/ﬂﬂ 1,000 mm ﬂ’ﬂllli’)@lﬂ‘ﬂ 65 m/min

90911791 0.18 mm/rev tuvilon
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DLO
L=192.457 um

99131101 0.085 mm/rev UL

DLO
L=216.514 um

~ = S = =2 A 2 o A .
ETJ‘VI N20. NIANUIDVDIUNANUANAIVINNITNAINTSILNIY 1,000 mm AULTINAN 80 m/min

@ Y
fJGIiTﬂE]u 0.13 mm/rev LUDLN
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DLO
[=120.285 um

Tjﬁ n22. ﬂTi’dﬂ‘ﬂi'ﬁ]ﬂlfl\im@ﬂﬂﬂa\ﬁ]'lﬂﬂTiﬂa\W]i“’EJ“’VH\i 1,000 mm ﬂ’ﬂlllj’w]ﬂ‘ﬂ 80 m/min
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DLO
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L=96.228 um
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9931110U 0.18 mm/rev HUVITlN
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<

Tjﬁ .28 fﬂi’ﬁﬂ’l’iiﬂﬂlﬂﬁluﬂﬂﬂﬂaﬁiﬂﬂﬂ1iﬂﬁ\1‘1/1§°’8°"1/n\1 1,000 mm 1159AUAY 4 Bar ﬂ’ﬂllli’)

éi’ﬂ 50 m/min 9311101 0.18 mm/rev ( Test wuuvaw)
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~ = 2~ = =2 = o 3
31]7] N.29 NTANUITDUDUNANANAIVINNITNAINTZYSNIY 1,000 mm LIIAUAY 6 Bar ALY

]
v A

#aN 50 m/min 6731110 0.18 mm/rev ( Test LL‘]J”]J!,ﬂm‘JJ)

pLoTF N
L=240.571 um-

a = 2 A = =2 A ) 3
E‘]J‘Vl N.30 NITANUIDVDIUNANANAIVINNITNAINTLIZ NN 1,000 mm LIIAUAN 8 Bar ATULID

'
v A

A 50 m/min 80311101 0.18 mm/rev ( Test wuuvaw)
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DLO
L=264.628 um

!y,

~ = 2 A = =2 A o 3
31]7] N.31 NTANUTOVDUNAUANAIVINNITNAINTZIZNI 1,000 mm LL5IAUAN 4 Bar AITULTD

]
v A

@AM 65 m/min 611701 0.18 mm/rev ( Test LL‘]J”]JLﬂWmJ)

DLO
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e

a = 2 A = = A o 2
ETJ‘VI N.32 NITANHIDVOUNANANAIIINNITNAINTSIETNI 1,000 mm LIIAUAN 6 Bar AU

(Z

#AN 65 m/min ©A31110U 0.18 mm/rev ( Test uuunaw)
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L=192.154 um

~ = ] A = =2 A o 3
31]7] N.33 NITANUIDVDUNANUANAIVINNITNAINITZIZNI 1,000 mm LL5IAUAN 8 Bar AITULTD

]
v A

@A 65 m/min 6311701 0.18 mm/rev ( Test L!,‘]J‘U!,ﬂmiJ)

DLO
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a = 2 A = =2 A ) 3
ETJ‘VI N.34 NTANUIDVDUNANANAIVINNITNAINTLIZNI 1,000 mm LIIAUAN 4 Bar A1ULID

'
v A

A 80 m/min 80311101 0.18 mm/rev ( Test wuuvaw)
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DLO
L=170.109 um

>

o ! ) 3
n.35 ﬂ”l'iﬁ'ﬂ‘ﬁﬁ’f)“lJfNL3Jﬂﬁﬂﬂﬁx‘]mﬂﬂﬁﬂaﬂﬁizﬂzﬂﬁ 1,000 mm L33AUAY 6 Bar AL

=).

51

]
v A

@AM 80 m/min 6751170 0.18 mm/rev ( Test LL‘]J”U!,ﬂmiJ)

DLO
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a = ] A = =2 A ) 3
ETJ‘VI N.36 NITEANYIDVOUNANANAIIINNITNAINTEIETNI 1,000 mm LIIAUAN 8§ Bar AU

'
v A

A 80 m/min 80311101 0.18 mm/rev ( Test wuuvaw)
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1.2 HaMIIAMANINHENVA?

v Y
15197 A1 LEAINAMTIAMANUHITUAITUIIU

ANUITHVAINY NAITZHZNIA (L=1,000mm)

Fn (6A51M51l01) 0.085 0.13 0.18
DRY (VC50) 1.005 1312 1.987
AIR (VC50) 0.901 1.284 1.45
WET (VC50) 0.764 1.012 1.42
DRY (VC65) 0.931 1.288 1.612
AIR (VC65) 0.824 0.952 1.45
WET (VC65) 0.607 0.924 1.285
DRY (VC80) 0.8 1.089 1.503
AIR (VC80) 0.725 0.943 1.303
WET (VC80) 0.562 0.681 1.121
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.4 IFAIHAAN

51 n.40 wrwadilaINnINEaiANEIAR 50 m/min 8@3511701 0.085 mm/rev (Dry)

51 n.41 wwadlnnsnasinmiEada 65 m/min 803511701 0.085 mm/rev (Dry)
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51l n.42 wwadlannsnasinmiEaAa 80 m/min 8a3170U 0.085 mm/rev (Dry)

51 .43 wwadtlannsnasinmEIda 50 m/min 8031701 0.13 mm/rev (Dry)
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51 .44 1wuadlaINNINAIRnNLEIAR 65 mmin 503111 0.13 mm/rev (Dry)

51 n.45 wwadlann1snasianmGE AR 80 m/min 803511701 0.13 mm/rev (Dry)
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51 n.46 wuadINNINEITANEIAR 50 m/min 8A3511I01 0.18 mm/rev (Dry)

H a y < o @ [
51U n.47 wpadUaINNINAINANNGIRA 65 m/min 03101 0.18 mm/rev H3IAUAN (Dry)
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51 n.48 wwAdINNINEITAMNIZIAR 80 m/min 8A511T0U 0.18 mm/rev (Dry)

51 n.49 wrwadlann1snasianmE AR 50 m/min 8a31701 0.085 mm/rev (Air)
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51 n.50 wwadlaINNIINEITIAINEIAR 65 m/min SA31T0U 0.085 mm/rev (Air)

51 051 ewadlannisnasinmiEada 80 m/min 8a31701 0.085 mm/rev (Air)
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51 n.53 wwadlINNsNEIANEIAR 50 m/min 8A511T0U 0.13 mm/rev (Air)

4 a 1 3 o v
31U n.54 EuaddannIndanauEIda 65 m/min 9a311701 0.13 mm/rev (Air)
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. a { 3 o @
s n.55 wuAddaINNIndeianuEIaa 80 m/min 6A511T0U 0.13 mm/rev (Air)

4 a 1 3 o v
31 n.56 wuATaINNIINEINANGIAR 50 m/min ©A311T01 0.18 mm/rev (Air)
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$ a { 3 o v
31U n.57 wuAddaINMINGINALEIAA 65 m/min 8311701 0.18 mm/rev (Air)

4 a { 3 o v
31 n.58 wpAd9INNIINAINANIGIAR 80 m/min 8311701 0.18 mm/rev (Air)
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51 n.60 wuAAINNTNEITIAINGIAR 65 m/min 57311101 0.085 mm/rev (Wet)
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51 n.61 wwadlaINNsNEsin W3 IAR 80 m/min 8A311101 0.085 mm/rey (Wet)

4 a 1 3 o v
31 n.62 wuAdaINNINGINANWTIAA 50 m/min ©A311T0U 0.13 mm/rev (Wet)

110



99311791 0.13 mm/rev (Wet)

M 65 m/min
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UG

111



. a { 3 o @
51 n.65 wruAdaINMINGINANGIAR 50 m/min 65 11ToU 0.18 mm/rev (Wet)

4 a 1 3 o v
31 n.66 1EuATY9INNIINEINANWTIAA 65 m/min ©A311T0U 0.18 mm/rev (Wet)
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51 n.67 wuadlINNINEITAWEIAR 80 m/min 8A511101 0.18 mm/rev (Wet)

4 a 1 3w @ (%
iﬂﬁ .68 Lﬁ}lﬂa’]Jﬁ]?ﬂﬂ']iﬂﬁﬂﬁﬂ'ﬂllﬁ')@ﬂ 50 m/min ﬂﬁiTﬂ'ﬂu 0.18 mm/rev LLIIAUAY 4 Bar

UG

(MUY Test)
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‘]Jﬁ .69 l,ﬁ}lﬂﬁ‘]JinﬂﬂTiﬂa\WIﬂ’nmﬁ’J@m 50 m/min amwﬂau 0.18 mm/rev 1L39AUAN 6 Bar

(MUY Test)

s n.70 AT NEIRANNEIGA 50 m/min 6311701 0.18 mm/rev LFINUAY 8 Bar

(11U Test)
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‘]Jﬁ .71 l,ﬁ}lﬂa‘lj"IHﬂﬂTiﬂa\WIﬂ’ﬂllLﬁ’J@]ﬂ 65 m/min amwﬂau 0.18 mm/rev 1139A1AN 4 Bar

(MUY Test)

‘]Jﬁ .72 Lﬁ‘l&lﬂaﬂmﬂﬂ'ﬁﬂﬁﬂﬂﬂ’ﬂmfi’Jﬁﬂ 65 m/min amwﬂau 0.18 mm/rev LL39AUAN 6 Bar

(11U Test)
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‘]Jﬁ .73 l,ﬁ‘}Jﬂa‘]J"lnﬂﬂﬁﬂa\ﬁ/lﬂ’l"lmi’lﬂﬂ 65 m/min emwﬂau 0.18 mm/rev 1139A1AN 8 Bar

(MU Test)

‘]Jﬁ .74 Lﬂ‘l&lﬂaﬂmﬂﬂ'}iﬂﬁﬂﬂﬂ’ﬂmi’Jﬂﬂ 80 m/min ﬂﬁﬁﬂ’ﬂu 0.18 mm/rev 4L39AUAN 4 Bar

(11U Test)
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‘]Jﬁ .75 l,ﬁ‘}Jﬂa‘]J"IHﬂﬂﬁﬂﬁ\WIﬂ’Nmi’N]ﬂ 80 m/min emwﬂ’ou 0.18 mm/rev 1L39AUAN 6 Bar

(MU Test)

‘]Jﬁ .76 Lﬁ‘l&lﬂaﬂmﬂﬂ'}iﬂﬁﬂﬂﬂ’ﬂmi’mﬂ 80 m/min ’E]Glﬁﬂ’ﬂu 0.18 mm/rev L139AUAY 8 Bar

(11U Test)
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msAnelFauifisudinsvasidunundanannanliaila SUS tnsm 316
Comparative Study of Cooling Method in Turning Process of Stainless Steel Grade SUS 316

[ATA @3ladl”, Frey siinnanda’
Atichart Sriwai', Chaiya Praneelpongrung'

ar 0l
UNANED
tlaqiiunisliamaefiulunuin@ewiivFuounn luanssnusedunsdenuasdusunme
& & ° & 2 el e P | P )
flaqunInzesnwn Asiinnilauennaden ludq wedsnmmaedulunuin@ewiieantiinmnisli
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naewiu unaniinauenialioudieudinsuaedulunudn@ewlsne Wanfuannvese fiindu
@i J o z - - =i 3 o< el k7 -
BnavaeduwuusaimiteuuuPenuaznshiliarmaedu GRuuuwia) Trensasslsz@ninimnag
waedulunundeaunias SUS 316 Wdiailana@uadimuuy wefiam (Cermet) Tadulunnsin @euitld
TunsneaedlFunneuEesn 50 65 WAL 80 LURFHEUNT eM9Tlew 0.085 0.13 WA 0.18 NARNAIFRIOL
{aeldpauaniunias 1 Tadwns Uszd@nsnineedintmaediuiiadinmaaeylnaniedppau
NENLAL IR T UNAZIANNANNIBLRIHANAY A nHamM InAaeanLdRtE avaeulse Mdanduainie
o« o L - -l - 0 0 - 0 (3 - : -
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ABSTRACT

Recently, the use of large amount conventional cutling fluid has been generating both
environmental damage and health hazards. Due to this reason, some alternatives solution have been
sought to minimize or o avoid the use of conventional cutting fluid in machining operations. Some of
these alternatives are machining process with minimum quantity lubrication {(MQL), air jet cooling and
dry machining. This paper presents a comparative study of the effect of vortex tube air cooling, dry
machining and conventional cuiting fluid on surface roughness quality and tool wear when turning SUS
316 material with cermet cutting tool. The cuiting parameters involved in this study were cutting speed,
feed rate and depth of cut. The cutling speed 50, 65, 80 m/min and feed rate 0.085, 0.13, 0.18 mm/rev
were used in the experiment, while the depth of cut was fixed at 1 mm. The machined paris surface
roughnesses were measured using a surface roughness tester. The results show that the tool wear and
the surface roughness of cooling using the vortex tube air cooling is between conventional cutting fluid

and dry machining.

Key wording: SUS 3186, vortex tube air cooling, insert cermet, surface roughness, tool wear

* Corresponding author; e-mail address: atichart_ S@mail.mutt.ac.th

| nAlaifanssNgAs Mg Acs iranssumani i semaluladnmeresyLE 12110

' Department of Industrial Engineering, Faculty of Engineering, Rajamangala University of Technology Thanyaburi 12110
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Table 1. Experimenial apparatus

No Description

1 CNC machine lathe EMCO model TURN450

2 Tool insert cermet MITSUBISHI model CNMG120408 NX2525 HOLDER : PCLNR 1616H12 (KP1111})

Slainless sleel SUS 316 1u16 G25.40X220 mm

Vortex cold air model No. 612

Regulator SMC model AW20 - 02BG

ol ol & W

Coolant ZERECL Model BIOCUT No.4BB 8 %
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Figure 1. Experimental set-up

Table 2. Experimental conditions

Parameters

Cutting speed

50, 65, 80 m/min

Feed rate 0.085, 0.13, 0.18 mm/rev
Depth of cut 1 mm
Cold air flow 8 Bar
Coolant flow 8 Bar

M IMAASIENIAENITINTNIM SUS 316 1uimA1nis 25,40 X 220 Radiuns aqusauiady
Spindle LATRINATIELE Andtsinsnivaaifunasiinsdisulisunsuaiimiadueealianas Avua
adsine Turuaunimaasaiiai AuEEn 50 65 80 wnsaew 9as1ilan 0.085 0.13 0.18 Hadiuns

ARsau ANANAA 1 AaAwns Tiduaudiinniduau tndaila Insert 1d Holder ufarin U lduazdsaiy

Tauinu

Figure 2. Photographic view of surface roughness measurement
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Figure 4. Flooding (Wet) Figure 5. Cooling cold air

Figure 6. Raw material Figure 7. Surface finish of workpieces

Figure 8. Tool wear of dry machining Figure 9. Tool wear of cold air Figure 10. Tool wear of flooding
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HALAZAANTIINANITNARDY
P ¥ -
namneaeFeuiieuiuisiunuiunssaunisnasdenmdnnénlsailn SUS 316 ©25.40 X

220 fiaduwns uanalugli 11

e=g = DRY (Vc50) =i ®=AIR (Vc50)
- @ e WET (Vc50) ° DRY (Vc65)
sedee AR (VcB5) * o ®e o WET (Vc65)

Sugacs roughness
RO ALBT o

0.085 0.13 0.18
Feed rate (mm/rev)

Figure 11. Effect of cutting speed, feed rate and cooling type on surface roughness of workpiece

] < . . .
U7 11 wamsnansznuesadt mamFasn (Vo) 8nileu (Feed rate) uazguuunisvaeidu
. < . P I & ;
(Cooling type) AuansznLFaA ML ILELTUNY ANuaTEIRNNANR LT B LA R AN
- ' @ o o Ao o a a ' ol e =)
LR UIUNLdIRNGIRT Veso ignmilau 0.085 Tadlunsiesey seRtmmaeuuuydenas
ya o o P ¥ @ as Vs = .
Vidaunuiipnumeuiamge tanismaassuanslidiuddinmeaeduiudonaslirnamumeny

a de o " o LN N o ° o
HINURENAR speasnnPeuLL Mau wazuuy il waeifumuansiu

asll] @ DRY (VesSO) el ®AIR (Ves0)
enf) @ WEIL(VcS0) = o *® DRY (Vc65)

1000

—_

g

=

=

O

2

S

20

0.085 Feed ralh ](?nm/rev) 0.18

Figure 12 Effect of cutting speed, feed rate and cooling type on tool wear
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