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ABSTRACT

The research aims were: 1) to study the influence of liquid nitrogen in terms
of cutting fluids for the metal cutting processes applied in order to reduce a cutting
temperature that is a key factor in wear mechanism of the cutting tools, and 2) to
minimize toxin on environment created by the cutting fluids. The liquid nitrogen was
applied in the turning processes of the SUS420 stainless steels, which is available with
the diameter of 25 mm, with a pressure of 2 bars.

The experiments were conducted using three levels of the cutting speed and
feed rate at 60, 120, and 180 m/min, and 0.07, 0.14, and 0.21 mm/rev, respectively.
Moreover, the depth of cut and cutting range were set at 1 mm and 1,500 mm. The
output parameters were the wear of the cutting tools, surface roughness of the work
piece, cutting force and cutting temperature of the cutting processes with and without
cutting fluids, and with liquid nitrogen as the cutting fluids in the cutting processes.

The experimental findings indicated that using liquid nitrogen as cutting fluid
provided the lowest surface roughness and wear of the cutting tools in average at 1.56
and 40.65 micron, respectively. Since the cutting temperature in the cutting processes
using liquid nitrogen as the cutting fluid was the lowest, this would also decrease the
surface roughness and wear of the cutting tools. Moreover, using the liquid nitrogen
resulted in a higher cutting force in comparison to a normal cutting fluid, but lower
than the dry cutting processes. The liquid nitrogen could lower the temperature of the
work piece materials to below the freezing point which resulted in decrease of

toughness but increase of hardness in work piece materials. According to this, a higher
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cutting force was required in order to accomplish the cutting processes in comparison

to other cutting fluids.

Keywords: liquid nitrogen, surface roughness, wear of the cutting tools, cutting force
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HaduddivldiAnansyuiunsveinisnasen fe Sns1ieu (Feed Rate) Avuisa
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2.1.2 anusidn sns1teu wazszeztouan
2.1.2.1 Anu528n (Cutting speed) Ao AU iaNiianasdin wsaunlany
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ponullelangnyuaTu 1 50U ANdlANANIzdnlans duwuIAng 1 NEUTEUINEA AIULSIAR
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fadwns anusinldlunisdnagiiniinisleudntuaniing wu dnsdeuda 0.13 Jadwns

usiu agldmnusiseulsg



6) M3T¥UIBAINITBY (Cutting lubricant) AMNSIRRVEITARUIITTn
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=2 Y o 1 9 ¥ o 1 . [ 14 1Y a 1
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& a [ o v o 3 YUY a Ha = a a
avonveiiui Wuddgy willesannndnndnlSadudidiunan veswalasllen (wazdiniia)
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Flank wear
bandwidth (FW)

Crater wear

7% _——— Notch wear

Flank wear
X%
Nose radius wear
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Fanmd 2.26 atufuunuddnivanaduinuedidud aufildfreadldluns
nageuliRugy ndmndueznduduneureimsiuidyaaainlauluiives ku Charge
Amplifier wazUszananasoninluguveussiildannisiadeu dauandunimi 2.27 a1ansa
LARIHANTINYBIUTINFAZULILTY LAENTMTINARIANDILTITILAU 3 U3 DINAT O
anunsnidonuanswaldfiazan nouiamawesusigean san wazanadeld Tnenadily
USuuifigensiuag Dynoware lnaanan szisgenduasoslsmnmstufinlndildlunis
naaouliuddandneuSuduiivund1iieg A1weansigean dge wazausilnsids 130

ANUNIOANVUAYIVBILTINADINITNIIUAT UIavn1sUSULAINT WA AL zauls

View Setup @
[ ata Wiews:
I y-Channel x-Channel Graphic Add
O ot channct: | Remove
2 Fe = y-t
3 s 22 7 D etailz
4 Fz --- y-t

= ° ° =
AN 2.24 N1TNRUAIIUIUYBILITIN IS LLARAING

0 50% 100 %

05ec 1.00 Sec 200 Sec
Cycle of 2

press "GO" to start acquisition...
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AN 2.26 LAAILSINLPIINNTARLEDUY

2.10 Muddeiiigtes

2.10.1 D. Kramar, P. Krajnik J. Kopac. 2009 [18] lavinn1s@nwin1sseuigninuiou
lunszurunIsnawnanyuuds HARDENED STEEL CK45 paewmadianaaidu HIGH PRESSURE
COOLING (HPC) #288m51n15ta 1.4 ansaaulil A113L536m 90 — 160 LATAaUIA WU
arandadndinauld 459% Satlou feed iinmuld 25% angmisldnuresdiandafuiui wi
AT NSNAADILUY HPC nilsndavinfunislduuunisnaassuuundeduwuuden (Coolant)
[EARGLER

2.10.2 Y. R. Gintinga kazAniy 2015 [2] leAnuiduansvdeidunisuiuusuniesdns
ﬁidiaﬁa?qmmé’amﬁ’%ﬁuﬂmﬁaﬁzjasjfi"lé’fﬂsuammméuazﬁLﬁméﬁuﬁﬁﬁwﬁmaﬂg (Bolt) Tu
USLNADDALALS Y AE9UNAY WUULWEN, WUU MOL+AIR 1NUT1 A18LS8URIWUY MQL+AIR
Antuuuilen, snsnsanusedanasiesniuuuden, 555U RALINGINUS AL
wuundaden wazAnldaneusendnanasnitnisvastdunuuden (Coolant)

2.10.3 Y. R. Gintinga,B. Boswellb*, W. Biswasc, M.N. Istam.2015 [19] N15¢153988U
Bmshenufunuududiielilanssuiunsesesnsiiduiinsfuiwnndeu fiussmbon had
wAnansidauiiefuainaivazhevdendotlnauasdedlfaul ssanalunisiiai

@297m 40,000 US ¥1n15naasInlginananastduiennmianuaiunasiilansouly
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N153M035 NSHRce ons1deu ANMSIFR ANENAR eURY Aremalianisraeidy Dry
and MQL+ COLD COMPRESSED AR iiten1s3snzsinanuin nmsldinszualniiianas n1sdn
nsev0slinndetosninlyuuy coolant Y895REATIULIN @A UTALUU MQL+ COLD
COMPRESSED AR %8n1MuUUCOOLANT 45% pltanaanasla 4%

2.10.4 J.L. Pay, S. Ainusyafigah ,C.S.Nor Azwadi, Y. Jiwang, 2017 [20] laAne
W3fwes wadanisnaedu undandnyuudigininasHRC wulnisuaeidusievemad

WUU Cryogenic cooling @18n1slds1uvesiinnds,n1s@nuse auseuia Wudsddgyvous
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azaunaUN15¥1 Machining Audndauazanusidaduladvddyiigadmiunisdnnge
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ATUVNUBIUNNAN {j‘r\]‘f\]ﬁlmaqﬂmwqmmﬂma@@ﬂqqﬂlﬁﬂumﬁﬂaLlﬁﬂfﬂ@ AITULIIOANATUANIYBD TN

o

YJau nsuastdunwuu Cryogenic NstidLsIAuaNsainUsEANS AnAsrasdulanaziiy
91gnsmsldauvesliandslauinnit wuuwiuas MQL

2.10.5 A. Altin, M. Nalbant, and A. Taskesen, 2007.[21] l@¥In15fnen Kansenu

| =

vo3ru S lun1sdnidsenisdnnsevenasadonazeignisldnuvesaiadiadadmdou

Yaninconel 718 Mgiasasiasifinnuinainisdnnsevesdaiianazauneruindianigly

' 1%
a e 1

TudnuaziAgIiy 2NNANITNAADIAIUSIAATLANTUA A LHAINITANNTOLANTUAIY N1TEN

N50LANTULT DI9INL IR ANIUT N INLTATANUT U WoAMUSIFANTUYTrndlalasu
wsaAsaMUIAL AL TSI uninwian1sannsalasaTu
2.10.6 M. Yasir, T. L. Ginta, B. Ariwahjoedi, 2016. [24] lasin1s@neiamisidines

% 1 a 14

Tunrsdafniieaniuneruiivaunannalsaty AlSI 316Lar8asaailansluarisamulaeld

330190399 9n3In15UaUIA I 0.10 w3l / 58UDY 0.14mm / rev TuvaizNauslun156nil

1%
Y

Aaus 80 m / min &3 120 m / min T¥ndesganssausiannsousuuaini (SEM) uazia3eein

e

a

Wl Mitutoyo gninunldiiefineseazidesieniuanuneuinvesmannanliaiiy AIS|
316L nunanusdaninIudma Mt uiiauiougudauisiliinesenisdadeu
Fuaudadanussuuinninanusadadiaindt ludiuvesruve Ui iiindununsiaudy

2999n51UU

2.10.7 T. C. YAP, 2015. [28] Anwnavedlulnsiaunaigum)ineninune1uians

Y
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AMUNEIURIANEATUNNTARAMMS I 1ATB99NINA Cryogenic llausawnuirdusauuy
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sssumluNISNANVaNNAIASUDY

2.10.8 C. V. Yildinm, 2019 [30] AnwINansEnuueIan1Izn1syinanuiuailine
anuansatunslssueadumadenlunisssuisanuiounuuiiy vn1snnaes nas
AURVURIUSINTUAT nanofluids M558 U18ANTRUAIEEUNNTULALNITHANTUTEN1Y

asa v o

anuduluisndenis dmsuuilurgdaegld HBN uay ALO3 Wuansiiuusisluragn LN2
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tumagdmsunsvinbiiiunisaungll n1sdnrsevedmaiasiiogungiivesdiuneuszauy
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nsovalla lusudndoulanzwannanlsady AlSI 420 Fu3UAILATBINGAY CNC lathe 310
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NsAnyIMguuazIssunssuieITosdian1izn1sdndeounusznoulusiie AuEFn dns

Jou ANUANIUNITFARU TILTUADUNTABRUIIUAILEAILUNINT 3.1



JUNBUNITAWLUIY

BDALUUNTITNAABDY

y

InmSeunsedtie gunsal

!

FUIU

'

\4

Tafldasrandu (Luuwir)

1 [ v )
ﬂ’]i‘ﬁﬁ@LEJ’LJLLUUELEU’G‘Hi(LLUULUEJﬂ)

nsuaafusmelulnsiaumal
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AN 3.1 TUABUNITNAADS

\ 4 V} \4 v
ANSANNTDYDILAGA ANMUNYTUR AR LIINALADY amnnil
A\ 4
FATILAHANITNIAD
\ 4
asunan1InnaDY

35




3.2 Yantaslouazaunsainsmnaans

3.2.1 Jaanaaes wmannaildady AlSI 420 anuunsgu AIS| eglungueeainuiiia
Hunguitdesldtusnniian Tneflasflouiuliduitiesilvawuaalinuauifvudoatuuas
msfinnseuldd viedunsaiiufizendunsaties ansafiuanuudsionsiabunioyuuds

16 wimangafn vwinanuladuriuguinat 25.40 Tadwns 817 220 Tadluns

A9 3.1 dunauyaaivaandnnantsaty AlSl 420 lglunisveass

Composition Chemical composition (%)
AlSI 420
C 0.28
Si 1.0
Mn 1.5
Ni 0.5
S 0.03
Cr 10.5
Mo 0.5

AN 3.2 LARTUUNAans wiannantsady ASI 420
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3.2.2 Januindandunsadiadaiiviuvitnismaaey Sandenlduuu Tungaloy Ju
CNMG120408 - TM T9125 eidlya 0.4 fiadiuns Wadagunsavuadeonyu Wadanivunldly

mMnaasulduliniinndeieu

lungaloy

A A 3.3 vilavesdindaldlunisnaass

3.2.3 thifundaidulunisdauuuden (Coolant) Beifu BIOCUT No.4BB 1lurinsiy
ffanadovusiniuneiabifasluesm Inshluaunsaldtumdnndeman ogfifouuas
yeundes twaaduilongmsldnusnuuiestunsianieuiimluiunuianadosing wne
dmsumisldnuinlulpeianizegrsdmsldmudiununds, fa, 1wy, f1inden, vilewas
nuieselu TaeldSnsdnunan 6 - 8% Tunuideildsasdiunand 5% Tauautadune

[

91

] wa o T v ' [ v =
M1 3.2 LLﬁﬂ\‘W’]mﬁll‘UW’U’]LW']EU’]&JUWG@LEJUIUW]W]@LL‘U‘UL‘IJ‘EJﬂ

518N15 ANNYUA
Appearance (Concentrate) Yellow- brown liquid
Appearance (@ 5% Emulsion) Milky emulsion
Density @ 300C, g./cm3 0.880
PH (@ 5%) 85-95
Corrosion Test (@ 5%, IP 125) Pass
Thermal Stability Clear & Stable
Emulsion Stability Clear & Stable
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AN 3.4 danainevasiunidlunisneass

3.2.4 g iausauuy 3 unu Tyelaulufinesinusesin fu 92578 B4e KISTLER SN,
4464621 wuuTausIdauLasvila Piezoelectric 3 wnu (X,Y,Z ) (Dynamometer) 1T u
wesfletafignoonuuusniiel ¥ inussiaidoulanslneenzdsanusoTauseléia 3 unu
Fx,Fy ey Fz suRslauuAseuLnuiAnTus e sUlEun Mx,My waz Mz laglaunlufinasuuu
TLssAnviln Piezoelectric 3 WAU (xy,z) Usenoumieiiusevia 3 wau (3-Axis Force) v
910 Piezoelectric $1u2u 4 % Finussazgnusnuieguasiruduuuivhainlans Tag
meluwiningvihnsiduansdyarandsiideudadiernsdeudedygranfierlurens

o ﬂl o o/ d‘ U =3 o U U ¥ 1
doyaraniveihluvenedyaauasszaianaiietuiinnanisvaass vinsmsely Asgumuans

aUnsalumsRY Y WIAIUTIAG WIKIAWIITHA 3 Wnu (X, Y, 2)

(Multi — Channel Charge Amplifier) (Dynamometer)

A9 3.5 Yalauludinesuuuinunse 3 wnu
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3.2.6 \n3eadnsdmiunismaaes 1aTeanda CNC #ild§u TURNA50 Bve EMCO

AN 3.6 LAAWLATIINAITLHUY (CNC Lathe) Nlglunisnnass

3.2.7 snududindiandsvdandslanuenilglunisnnasd

a

USnmningnnil

u

muduiinndwinisiane e ldangadrgamniivsialaiinndavagyinsdaieu
1neld35n15 Super drill Timgaainususesiinudinuin

o Yy o & a = A9 Yo & o
amnmn 3.7 LL?WN@']@J"U‘ULQJWQJﬂﬂa\TV]IGUG\]ULN@Nﬂ
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3.2.8 1A3093AAUMENURY (Surface roughness machine) Wipsosdlafldlunisia
AMUNINURIYDITUIUNAAEUAD LA389 SURFTEST : 301 vod U3 Mitutoyo 39azvi1n153n
FunuiidiunsndwiBeudesuds Fennunetuinveduuiivinisiadesliiu 3.2
lulasiuns Ay 3.2 lulasuns fedudledaildlumsdmdounuaegnsldom nglunisie

AAuvEUREldAAneen 2.5 Tadwns wagA1ANedun 2.5 daduns

= a4 o a
AN 3.8 LLAAILATDNIAAITUNRYIUND

3.2.9 nderanssrdlinaesganssa (Dino-Lite U AM-4113)

AN 3.9 UANINGDIANTIAY
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3.2.10 Thermometer U NI CompactDAQ 9174 1Ju ww3esliotaszuu N
CompactDAQ azaunsnideusawarSudadnyaiusiuiunie dienis FeUsenoudiosesu
Assdnduesdayaallnih gamadl usanm e wageuduazifiou samfeenunsaaduises
wazmsfudsdynunineald Tnslugavesszuuynaiuanuisagnaduivasuuazgnaunulag

fszuuledne

a

= a4 o
AN 3.10 LEPINTNLAIDIINY U

Y

o Flow meter
Flexible stainless steel
nozzle

l Work piece Insulated stainless steel hose Pneumatic hose

Tool
relief valve

Dynamometer

Compressor

l Lathe carriage

Liquid Nitrogen

¥

AR 3.11 NsAndedIsIsudmsululasIauwan

3.3 N199DNLUUNTITNAADY

1NASANEINUINNISTAINUAAILUSATEluNSNnaeINiNanSENURABNITAIIUNENU

i

AT U UkaENUTaveslinda aunsadwundaulunisniwesianasalull wseeu onsitdou
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AuEidiauazAuAndn AuunsEiu (Level) vasfnus azimuanudoulyveaguan
\wsesilednandiimunangilouuziinslday

331 Usnaussiululasiau 2 ung

33.2  8ns1deu 3 sediu fie 0.007 0.14 0.21 fadwnssieseu

333 ANUSIIA 3 S¥AU Ao 60 120 180 wnsHEUI

334 Anuandn 1 56U Ao 1 Taduns

335  38navaeidu 3 uuu fe lulnsiauunainswiu 2 v1s wuulendne
nslva 7 8m5/A9 uazwuuuia

ANsAnaulidenaNAITaNIINReUl ek AnAT R iloRn

A9 3.3 wansAewUsialun1snnass

SLAUAILUTAISNAADS

Usunauwsasululassiau 2 U1§

ams1deu | fn Hadunsneseu) 0.007 0.14 0.21

ANULEIER |, Ve (unssound) 60 120 180

ANANGA |, Dc (Haguums) 1

aa 1 [~ = ¥
In1svaeLdu Tulpsiaunyay wuulen wUULAe

ad

3.4 W/NIINNADY

3.4.1 mneaessuaInimannditiatu AISI 420 wdasieiaseniaaeniulil
AN 200 Fadiuas daluvinistianiiazduauding vinsndsanvuinduanulivae
AUlawiAU 14 Tadins 8n 10 Tadiuns ievauvadiands ddunuiinisaisduaud
= 1% 1% [ SR VAR VY] = =2 o s A &  a s § va a a
Seufesudiluivgaiuiduvenaiaanis lnesillesmaulesinlvtianuen 170 dadwns
nituduliavheturnusdvihnisdentuau iieliduiuauevindunniu vhnsdumudiing

FUNUAINNA 3.1.3
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AN 3.12 LAAINISIVTATUINUNDUYININITNES
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3.4.2 ‘V]']ﬂ’]iﬁ]@lﬁ]\‘]‘i”‘U‘U’JﬂamM TAusesn [AUADNRIMBSLAYABILUUNIT La

voilasledda (lulpsiauunan) Tuiiteuds
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Dynamometer
\ A
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% A\

4
e

AT 3.13 wansnsinsamaunsaivasidusuulasledde (lulnsiauuna)
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f

Dynamometer

Insulated stainless

T

- =a=

2NN 3.14 wansnsudaiinnanasviedalasiednallulasiauunan)

3.4.4 yinsiReulusunsy CNC a@drsdumaiuiianuudnluiianianes (One-way) lagil
NIANNANIIROINAATY AT

WIALLE259U (Spindle speed) aunsamlaanaunisi 3.1

V1000

= (3.1)
D

dio n= Anuaseu, Spindle speed (souUmauni)
VC = Aa578im, Cutting speed (unsfownil)

D= wadurAudnatiinga adiuns)
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a J <@ 8w 9 v
A151991 3.4 LERIAIAINNLEITOU ALLSIRATTLYITY

an51UUmDTaU (LadLUASHBTOU) ANULSIFA (LWUASHOUNN)
0.07 60
0.14 120
0.21 180

Mons1teu (Feed rate) anusanmilaannaunisin 3.2

Ft=Fn.n.z (3.2)
dlo f= puidadn Sadlunsseund
fn = 95100 URDTOU HaalUnIABTOU
n = ANUL5ITEUTOUABUIT

7 = NUIUNUVBIATBILIBRR (1711)

3.4.5 ¥nsnnanInassuay Tnefivunsedusnsideuiiuananeiy 3 sedv 0.007
0.14 waz 0.21 faAASIATAETOU SYAULSITUAT 2 115 Audadarnun 3 sedu 60 120
180 WASAIUT wazAINENdnAdl 1 fadwns TarA U URTLeAefissaENIe 500
fladwns Tufinnanisnaass Weunsiessiuafionnuadulsensitoulunisnaass
foly
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AT 3.15 wanan1sneassseisrasdunuulasiedna (ulasiauwnran)

A15197 3.5 H15196EAUUNNAIANUNIURIRAENONS1UDU 3 SEAU

i AUNENURIREEY
3LELNNNITAADUT B - -
o ans1Uau gnsau anslou
Guaqmmmm a a U a a U a a 1
0.0073aans%0  0.148adAWAs050U  0.21 Hadwnssaseu
59U

1500 Haaluns X y z

1500 Hadung X y z

1500 Hadluns X y z

1500 Uadhung X y z

1500 adLuns X y z
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3 Evaluation Profile
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Hq 1433 ym
Rz 388 um
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AR 3.18 LanansinlssluvensAndeu

AN519N 3.6 PTaansuinAANuneURBedsRUSIalulnsau

SzHEN1INITAAeUT AVUVENURLRAE
Y0IAFin U3ueuau 2 Bar U3unadau 4 Bar USunday 6 Bar
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1500 Hadung X y z
15003 aaLums X y z
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Study on the Influgnce of Nitrogen Cooling in Turning Process of SUS420 Stainless Steel
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Abstract

This research aims to study on the influsnce of nitrogen in terms of a cooling madia in tuming
process in ordar to reduce s cutting ternparature, which is & main cause of tool waars, and it also help
to ke environmaental frigndly. The Nitragen liguid was speayed onto 8 cutting edge with 8 pressure of 2
bar. Tha turning process was conducted with SUS420 stainlass steal with o diarnater of 25 mm on the
CNC latha maching. The process paramaeters, including cutting spaed, fead rate, depth of out, and cutting
largth, ware sat as 50 pumin, 00T mimutey, 1 mm and 1,500 mm, respectivaly. The sgenimaents wane
carried out in ordar to investigate tool wear, cutting force and cutting ternperature among processes
with amd without coolant, and with nitrogen cocling. The sxgermantal results revesled that cutting
ternparature was tha lowest velue whan mitrogen was applied. Corsequantly, surface roughness and

tool wear ware reduced. The sversge surface roughness snd tool wear ware 1.56 and 4045 micron,
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respactively. However, the nitrogen cocling csused a higher cutting force in comparison to the process

with coolant, but lower than a dry process, This may a result that materials were become brittle owing
to the aspect of nitrogen resulting in a higher cutting force.

Keywords: Nitrogen liquid, roughness, outting force
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