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STEEL DRILL. THESIS ADVISOR : ASST. PROF. RATTANA BORRISUTTHEKUL,
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Keyword: Wear/High Speed Steel Drill Bit/Cutting Parameter/Hole Quality

Drilling is the process to create holes which are used to join the parts on the
workpiece. The abrasion between drill bits and workpiece as well as metal chip are
causes of wear of drill bits. Wear of drill bits have an adverse effect on the quality of
the drilling hole. Thus, multinite coating is introduced in order to increase the wear
resistance of the drill bits. However, there is no research works that has been done to
reveal the effects of the multinite coating on drill life. Therefore, the effects of the
multinite coating on the wear resistance of drill bit and the drill hole quality have been
investigated. Two types of drill bits 1) the multinite coated high speed steel drill bits,
and 2) the uncoated high speed steel drill bits, were used to create the holes with 30
mm of depth on 55400 steel. The drilling parameters were 800, 1100, and 1400 rpm
of rotation speed and 120, 135, and 150 mm/min of the feed rate. The thrust force
and the cutting torque during drilling were measured by the force sensor. Also, the
flank wear on the drill bits were measured by overlap image technique. Moreover, the
diameter, the tolerance of cylindrical, and the surface roughness of the holes were
measured. Results showed that the higher surface hardness of the multinite coated
high speed steel drill bits led to the lower flank wear in ‘almost drilling conditions
except high cutting depth per revolution. In addition, the wear on the cutting edge of
the drill affects the surface roughness of the drill hole.
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AndeufeasaNanTununiisUsdutaukaslagudiuniaunaandouddiang o
wanatayalugudl 1.1 91n3UN 1.1(n) AudUNUsIEnInenszuIun1sTuIUiazaly
ARIAAARTNER 91N3UN 1.1(n) aeiiiudnnszuiunsiniden (Machining process) @145
a & o 44' & aav v = Ql' &
HARTUUTLAILARIALARBLTER dengads 10 Tuaseu TuvuginszuiunstusUlans
USZLANDU 9 LTU NTTUIUNITHEDNTI8 (Sand casting) AIUAAIALAG BULTILAIINAITHER
Agana 1,000 l1ATaU YBNIINUUTUIIUAKIUNTEUIUNTAE0ULTAUNETUR N 6N
wansdayalugun 1.1() anuduiusseninanssuiunstusUlaveiasauve iy 91ngua
1.1(0) WiwINANUREI VAU UNUNAINNEIUNTLUIUNTAALEBY (Machining process)
Mganuszana 0.03 luaseu varinszuiunsTusilangusziandu q Wy nszviummae
M58 AU VRV NUAEAlLA 10 luasen

Sand casting

Die casting
Investment casting
Low pressure casting
Forging

Extrusion

Sheet forming
Powder methods
Electro-machining

1 Conventional machining
Injection molding

Blow molding
Compression molding
Rotational molding
Themo-forming
Polymer casting
Resin-transfer molding
Filament winding
Lay-up methods
Vacuum bag

Ceramic
shaping
Metal shaping

shaping

Polymer

Composite
shaping
—

-
-
=

0.01

0.1
Tolerance (mm)

Precision machining
Grinding

Lapping

Polishing

Finishing

(M) ANUFEITESTENINNTEUINTTUTULAEANUARIALAR D ULTIERA



Sand casting —
o Die casting
= Investment casting —
% Low pressure casting —
—_ Forging
E Extrusion ;
Sheet forming ——
Powder methods —
2 m L
EC|__ Electro-machining
g El | Conventional machining
QW Injection molding
Blow molding
2 Compression molding
Ea Rotational maolding
E g Thermo-forming ——
Paolymer casting —
& s Resin-transfer molding
Bc Filament winding
[y =1
f=a] Lay-up methods
8 @ Vacuum bag g
0.01 0.1 10 100
Roughness (m)
o Precigion machining
E Grinding | E— ——
= Lapping | ms—
w Polizhing e

@)  AnudiusseninanszuiunmstugUlavsiayauveui

UL 1.1 mnuduiudseninenszuiunstugUiay (n) mnuaaiaiedeudedla (1) Anamey
{7 (Michael F. Ashby, 2005, pp. 195-202)

v A & o o 9 v v v =]
N3¥UIUNTAALADUN ABNTEUIUNSTYIIITUMUlATUNTImINden1T Inedallou
Wodanadunliseinisesn men1slEiaTaadiofniuunie o 1y MsNE NTEUIUNIAnEY
anunsaudsesnifunszuiunisdes o ladnuateUszian 1w 15N (Turning) QUEh
(Milling) 1¥u@u (Sandvik Coromant Academy, n.d.) N15t912 ﬁmmumumumswuﬁmmq
vaanszuIumMIAaLdou unszurunmsddyildasiegi Tvuaiassnuuuuaeld
ANUARIAREEUTIAN anadtugniulindaRaduaulniadug siliainnisangagldly
n1s8ndualulsznoudu 9 Wwu Fudrueiusud esined asduielinszuiunIsaie

Uszaumudia aonainufesdnunsavinnuldedediussdnsam

! d' ° Yy oA a a ] Y wa & o &
Aenainuazaunsninulaegiivssdnnniuszsesliantinugudsdelul (1)
~ 2 Y i = = = v i = = I~
fanuudaielinumusenisdnuseuaznisidesy (2) danuduniusenisidend (3) i
ANnumtsuNelinunusewsinseunnviivinenainuuaniin (4) livilfaseduiantunu
(5) NUNUFBNITEBNTIATULAZNITUNS WAz (6) numusen1sildgunlasgungiagis
51057 Wnedadedrdgnidesinnsanielinenainudant@dngt fe Jagildlunisndnnen
ainu Wesnnianudazyiadlandfiameminuandaiueanty ddavdlveyTaniiiuings
Junenainufie arslud (Carbide) uaziwanndaauniaas (High speed steel) iadeswilndl
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gladudideniiddnlunmsihmrdadunonainu Wesmnmanndmnuidigedanuunss
a¢ ansanumusensuaninldd saluissadisnndiann Sniedsdiauudauagnns
fuvnunsanusefisesasnanaslusdndie egndlsfnunisdnnsevesnenainuvasld
udadulgmundnvesnisig liflanuneenuihaenainuuiasunuauifnaenisly
nsmAsaNFeuselasnsthieTanduiilinuantRivnzaundouuuianenainu Jsaz
uldanauidesuauunidnenisdnnsevesnenainufiiiunisiedeuianig q uie
NTLUIUNITNINAIINT U L UIIUYBS S.G. Harris et al. (2003); V. Braic et al. (2010) wag
Simge AVCl et al. (2020) laldnszuaunisinasualelanienienin (Physical Vapor
Deposition, PVD), A5 sUMElenIINgANLUUYaNET Y (PVD multilayered coatings)
LaEn1sUSUUssaNtAf8n1UIALE Y (Cryogenic treatment) mudfy Ll 8 U
AEANUANIIAIUVIUNITENNTOVDINONATUNANNE1ANLSIET SlUTdENwIRUAINTRY
PundInaiay JsaainnsfnuitunuiansruiunmvninnudeuisauUssnnanan
UsuugsaniRinisiumunsinvsouasensgfuamninesnangliaty

winstiadusagnisindoudaglennaneninduasdumaiefialunisid
ANNANTALUNTAUNTUFBNTANNTORAMIEAUNUNNSIAG UM lanaIN e ngsinlinen
alufinananmanndianansigeinunsindeusislomenienmisiisniuns vaziing
Tindutunenauiindnannenaiundnndinnuiiguiuamsafisanuufaage
unssldugliannsnenseduauduiifnld femadnisusulsmunmivesnenaiiu
manndeasigeididunugnuasliautafinsadusesidwhmesenisfum nszuiums
uiadalnlulnsiadunssuiunnadouiivihliinlansudsd unasfiuanudulyiiutuey
AUTUNUITEVDS

ZDZISLAW HAS et al. (1980) 1é @ nw1iiavesd udauin3 osdnanad iadoude
nszvrunsufadalalulasia ienaununszuaumsisleslsdlulasansylsd ey
nszUIUMTAnNafivgs wnwmuitnszuunsuiadalilulasfsamnsaadiafofau s
malasluladiia uazlideliiinuaiudedauandon vonanidedinafignnindedioudy
nszvaumaeslsdlulnsaniylsds

OSAMU MOMOSE et al. (1987) l¢@nwianugumunisdnvseveamanndiicny
n1sUsulgRuandinisaiuseuniedsuiadalnlulasfe (Gas-sulphonitriding) Taen
wianndaeswiinfe S45C way SCMA40 lUUuUTInmautinisausousaziuSouiisuiu
Fusndlalldtunszuiumenninuieu wuidanmsinusevestusuiiiunszuiuns
ﬂ%’uﬂqqﬁwﬁ"wﬂdwasm%’mLﬁ]uLﬁaLU%EJULﬁEJUﬁ’U%umuﬁMmumiﬂ%’wqﬂﬁaéﬁLLa@ﬂugﬂﬁ 1.2
93U 1.2 dhninflanasesareiioswestunuiiliiunssuiuns ufadalnlulnghs dau
Funuunszuiunsuiadalilulashainnsgadetninfissdntoswitu
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JUN 1.2 MsAnn09098ununiun1sUsuUTeAwie38n13 gas-sulphonitriding uagilyl
FUNNTUTUUTIN
Ay O = @ a 1 b4 wva a < Y aAaX
PNITeNsaesUnrUIundalilulasfahagliaudfivesiuvannanavu
wraudalagdudsliinisussendldnszurunisufadalnlulasfsiunisusu Ugsgauauds
Tifunenalnuwinndnusias (High speed steel dril)
aatulunuIdeil A3dedneinisAnvinaveanisusulsenuandalaiuaenainy
<@ 1% < £ & o a AT
widnna1ANSIgeenszuIuMskiadalnlulesis (Gas-sulphonitriding)

1.2 IngUeraAvaInside

1) Anwnisdnusevesnenalnumannainnnusiguaisuindadludseuiiuiu
ABNAIUNBULATBURY

2) AnwAunINTIIWRIZAIEReNad I umANNa1AIEIguAdauRalaR luduas
ABNEIUNBULATBURY

1.3 92ULUATBINITIVY
nsAnuiazidonldYanifoenisnrzndnainimdninaiviinsa Ss400 waznon

aultdudlnggnannmanndnauiIgansa M2 vunadusugudnas 6 faduns

gpalselnvAsuuuiAdauRtadlud wazwuuldrdeuiadan lud lnefilusnisianzasdnyd



RZANEITEU uardnsNsleu vauginmsizaziinisnsindyguusinauasusidn
e deyauldedureusngnsaimsanuse dmsunsussiiunmsanusevesaenainuaz
Fonldinafanradeudenivduasmaianisdeuiunmndongunaaitisinsesivinbu
AUANNIMNIIULAIZIZUTEIUIIN AMTEUAT BuIaLduRIunaI9g wazaAIAdy
yIaNTEUDNYINEL

d’a‘ [ Yo
1.4  Uslewinaininazlasu
= v al o‘d‘ U wa 1
WﬁWUﬂﬁﬂquMﬂquiﬂsﬂﬁﬂﬂﬁg‘U’JUﬂqiﬂJa@luWWIGﬂUﬂqiﬂﬁUUEQﬁMU@%QQ@E]ﬂa'l']u
Loun nMsdumumsdnuse AunmeeeaINNsate Suluiwsnatasusidnvesnanainu

1.5 519019971994

Michael F. Ashby (2005). Systematic process selection. Materials Selection in
Mechanical Design Third Edition.195-202.

AB Sandvik Coromant. Training Handbook METAL CUTTING TECHNOLOGY.

S.G. Harris., E.D. Doyle., A.C. Vlasveld., J. Audy. & D. Quick. (2003). A study of the wear
mechanisms of TIAIN and TiALCrN coated high-speed steel twist drills under dry
machining conditions. Wear 254 (2003); 723-734.

V. Braic., C.N. Zoita., M. Balaceanu., A. Kiss., A. Vladescu., A. Popescu. & M. Braic.
(2010). TIAIN/TIALZrN multilayered hard coatings for enhanced performance of
HSS drilling tools. Surface & Coatings Technology 204 (2010); 1925-1928.

A. Simge., S. Tugrul. & E. Onur. (2020). Effects of different cryogenic treatments on
drilling performance of hss drills. Journal of science and technology a-applied
sciences and engineering,21(1); pp. 223 — 237.

H. Zdzislaw., G. Jerzy., & J. Wojciech. (1980). Gas sulphonitriding. Wear,64(2);333-338.

M. Osamu. and U. Sosuke. (1987). Gas sulphonitriding steels in a CS, and NHj

atmosphere. Wear,126 (1987);19 - 24.



uni 2
USNAUII5UNSIY

NSEUINNEADNTFUINNTAS UL LT suAn R e AT siledn
vionenainu siildanninanednliudndiulszneudu 4 Whdefu Wy Judmeusud
Fudruedosdu Wudy uaznuddeiiaduiiasfnumatesansindevuunenainusonin
yuvuLazAA ML fefuideniludiuvesitmhssanssud Ssuszneudaenis
nuUMUMENNSILaENguiaie 9 MAsdesienisiats maedeun uarauideiiieades
delAnauilaagnsuismsiauinisiozsdutiagtu

2.1 113912

mazdunssuunsdndeuilinenaiiuaraguutuslans Tnesenaitugnng
avuuBuuLaz Vilvaudnuesnenadiufnfuiunuilesndeuiolans I@&Lmﬂamw
ndndeuarlnanuooniasmeimy wweradvadnunsiiundeeviovnadn Juey
fueuanasalunInazreInenainu Fanduau uasdauUsEng q 19enIEUIUnIT Y
19123 JIINMsnzddnvaauiidumaduagiaeiilaziinduiidnunisesn degianedl
MaNMANEUIELY LTU S1NeNzq SHU 30F07 Ussianvesiidesnisidudainuauszian
yasnenaiuiidentd

2.1.1  aanadu (Drill bits)

ABNAINUAINITARUIANAIBUTEAN MINUUIUTHANVDINDNAITUAUNIN
yostanidouihumdn annsauvseenldiiu 2 Ussian fie aenainumdnndiaiesile
mmﬁaq& (High speed steel drill bit) wagnenaitumsiua (Carbide drill bit) Tnesteaos
ﬂﬁzmmﬁ@mamﬂ’aLawwé'hﬁl,l,msmﬁ’ué’afj

2.1.1.1 aenadumanndta3eiiond1u3age (High speed steel drill

bit)

\Junenadnudignitauiuiainaenaitumanndinisueugs tned
dunauveslaneuaui ugiu wu TuAufty (Molebdynum), Taveas (Cobolt) ludy
AaTRluNMTIUUiensdenduazannsadnuanuuddlilinonmgiigs Sadugaandi
fusngansenisldaulunaiany aenaiumdnndnnuiigadunenainuiiaunsaais
fagldvanvaneUszinn wu wdn 18 uasuenainiauaudfiduresmenaiiumdnnd
ANUEIFIRDTIANY NUALTIAIULNTIZY ITlVUsBLIINTTUNN UasnuusBnISUANNLA
(https://en.wikipedia.org/wiki/High-speed steel)


https://en.wikipedia.org/wiki/High-speed_steel

2.1.1.2 aandd1uA1slun (Carbide drill bit)
unenadiudidauudegenn anunsanamusegumgiifigania
1,200 psewaideals wazdadiauanunsaduniunsdend willtedefednnuiuszgs
LarauaInnsalunIsnunuLsInsEunnan viliaenaituangluduansindne fadu
i3esdnsfiagldnusutunenainunslussesdinmuiuamazuduss Wedostunsuani
yasmonainurarldenu uenanidnenaiiuadludiisiamunesin Samunsfunisldaui
LANIZLANZAAELIZINUIULIN (https://en.wikipedia.org/wiki/Carbide)
nndeyailsnandsluludreiu nenainumdnnduasesfionnusigeifnuauta
wulunsvunmusionisideaduagnuniunsuansin suluienaignnindeidisuiunen
ainuAsiun ﬁﬂﬁmaﬂadmmﬁﬂﬂé’wm%mﬁammﬁaqﬁmﬂuﬁaLﬁaﬂﬁﬁauﬁmﬂ%&ma&ha
WWNIRAE
2.1.2  duusznauvasnanddanu (Parts of Drill Bit)
islinnsSenusnasng 4 vesmenainudilensstu luenasigiselas

Y
v

velfswandeniiuguresdulsenouddyuanenainu (Mecholic, 2017) Fegudi 2.1 fsil

1) 3130 (Point angle) sgd@auravanenaiiu lagialuyudniivuin 118
99 Way 135 93 uandafulumunsldon Jemdndvuadn azmnefumdnily
vidsoTansou dhusmIniifivunalugjazmneiuiaguds

2) Augn (Cutting edge) Mﬁwﬁwé’ﬂmamuﬁmﬁaﬁmﬁamﬁjai’aa AURAT S
yuneInIaziuszansnlunisdaiiiniteudad fvuedy uiursedsauunnened
Aetuieadntios

3) YUANLAYNT BYULDEIVDIANAANDNEINU (Helix angle) Juiainun
sUluumMsAaireiaznsmeay Taoyuindediisiuunelngazivins ﬂmamwaauumm \fin
e uslunsdifiusindendvnadnasmmnzdmiuTanudwasinmdy

4) fesmeiy (Flute) iusesdmsunmsssuiamuiiiAnd ussninnisane
Tngsosmeiawiininsazannsassuneaslifniniasaeaeidn

5) ¥ouin (Chisel edge) agasanarsusiamunenaity

6) vaupNAnABNaI (Margin) Wuifimuavwindurugudnalvenen

anuasyintnMdulkuanialuseninanisang

AN
Overall length _

U7l 2.1 dndsenevddnueanenainuinumnss
(http://iitgroup.blogspot.com/2015/06/blog-post_22.html)


https://en.wikipedia.org/wiki/Carbide
http://iitgroup.blogspot.com/2015/06/blog-post_22.html

2.1.3  auwdslumsiane
Fuslunmsinedudnniadadvddyiisndudeadlauasaiieds iesann
HulslunsinelidvdnaseaunmanuaziazaIvuuYesnenain Tnedudsilily
MIAMUALNISUIUMIIENENT T 4 dauds Feialudl (Sandvik Coromant Academy, n.d.)
1) AuL5@a (Cutting speed, V) Andaidu (luasaoudl) anusdnde

2 o ' a A A ° P P
ﬂ’J’]:LILi’J‘VIﬂM@@ﬂﬁ’JWUUWWN’ﬂaWB@@ﬂ LN@M@%HUQS‘U 1 59U mmmmmml@mﬂammw 1
D.mn
= 1
¢ 1000 W

=

= 8w .

A9 AULTIA (M/min)

¢ Ag vwmdurugugnansvenanai (mm)
Ao ANAIRINIAMAFIARSIINGU 3.14

= A 9

flo AINLLEITOUTBILNUYL (rpm)

2) 8ns1n15teureseu (Feed per revolution, Fpy) flwiieidu adiunse
59v) 8n31nsdaurasaumessurnainenaitusidlUlug unuleanyuasy 1 50U
aunsoAlaINauNIIN 2

F,=-L 2)

F, fe dnsinmsteusiaseu (mm/rev)
Vi fe dnsnisfiou (mm/min)

A <
n  fe AusITEUYBILAUTLY (rpm)

3) AnusiseuresaUuLAa (Spindle speed, n) fivteilu (seusou?l) fie
AMILEIVDINUNLUTURDNAINY annsadwnldaInannisd 3

e 1000 (3)

1D,

n=

n Ao ANUSITBUTLNUYY (rpm)

Ve #@e anusadin (m/min)

T A9 AesfIveediaeansiindu 3.14

Dc  fo wwnaduimugudnaisvesnenainy (mm)

4) 8m51A15UU (Penetration rate, Ve ) Inieidu @adiunssdeundl) Aue
laanaunisy 4



Vi = Fyn (@)

Vi fe dnsnnsdeu (mm/min)

(Y

Ao ansINNsUaumeasau (mm/rev)

1
=
D

P

<
n Ao ANUEITEUVBILAUNNY (rpm)

INAEUTNG 4 FIwUTTLAAITI9FUTY AMSUAIMUSIFALAZAIIUSITOUVDILNY
vy duduUsifianuduiudiu Jaidvdwalunszuiunsiangasil

o/

SvdnavasanuiafaLazauEIsauvasnuyulunsTUIuNseined

1. dwansussinuainonalnu (Cutting torque)

2. \Wusulsidvuaegnslinuveasiesiiosn

3. A ainLarAASITOUTB ALY UGY vl iRnenmgiifigs waviAnnsdn-
wsasuisuuAudnag1aay (Flank wear)

4. auiinuazeuiiireugedsaisosUianauiildantanideseudiin
FiyE7

5. AvanainuazauEIseugerdsmaliisildannisanzdqanind

6. PmiTaauarAISseUazdsaliiauin IRnnsmelmslid wagldinandn
udy

[

Tua1ur999mMI N5 TOUAD IO ULALONTINISUBULDNTNA MUNTLUIUNITHINE A1

[

svEnavesnsnstaunudasaunazdnsinistlanlunsuiunisianziisel

1. dNasagUIaTeeAY ANNYBIHINNY WALANINYBI]

2. é’mﬂmiﬂaumwiaiauLLazé’mﬁmiﬁauﬁgwsdqma‘lﬁﬁﬂmwlﬁmﬂ waraalunis
eiforas insesilefndnusetios uinenaziinie uazgaINMISIaNTIZiinMIAIIE

3. §simsauurasauLardnIINsTeufiniazdenaliiaventy ADNINYDI]
PMNATLNLILA UelIalun1siaIzuIunl

2.2 MIANNTL
n1sdnnse mnedansgedeiiloTannnisdulaiuseninaesian danisdnvse
\AnTuavdsmanoUssansnmlunsldanuianas uazdilugnisuansin
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2.2.1 nalnn1sdnuse
Tneialdudrnisfinnisdnvseifiad uananvgvatsUsenissaniu us
a1uisanuannunalnnisannseladu 3 Useuan As Abrasive wear, Adhesive wear Lhag
Fatigue wear (Dr. Dmitri Kopeliovich, 2019)
1) msdAnvserileaninnsted (Abrasive wear)
Juns@nuseiiinainnndeadiussninaian iudendinduiag i
gound1 shliAnsesdntuuuiinthuestaniiseundt sumvesnisdnuseguuuuiiasiiin
wnviFetiestiu fsiiituegfuusinssyiuardulssavsanusadeanudie wansnalnnisdn

nIORagUN 2.2

Abrasive wear

Two body abrasive wear

’—-- —

Three body abrasive wear

I.Lt—" | ~, "

&

- — -—

www,substech.com

Ul 2.2 nalnmsdnuselilesannnistng (Abrasive wear)
(#1311 https://www.substech.com/dokuwiki/doku.php?id=mechanisms_of wear)

2)  msdnuselilesannsdnin (Adhesive wear)
dumsdnnseiiinnnnadeuladuvesassianfensainaiiuin
Auluiliivesiagdniu WeaniAnnsindoud i’a@ﬁﬁmfmwﬁqLLﬁqmm'j’mzwnmLﬁa
vosTaniisounivgmeenlusie uaninalnnisdnvsessguil 2.3


https://www.substech.com/dokuwiki/doku.php?id=dmitri_kopeliovich
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Adhesive wear

PN

www_substech.com

sU# 2.3 nalnnsdnvserilesannisiinfin (Adhesive wear)
(# https://www.substech.com/dokuwiki/doku.php?id=mechanisms_of wear)

3) msAnuseriieaninaaiudl (Fatigue wear)
Huenuidemefiinannsgnusinssyig 4 Wunaimiu dealy
AwiwesTanineaud anandemefiiaduasddnumsdunay (Pt wWu s1esal fleg
s 1Dudu uansnalnnsdnnsedaguil 2.4

Fatigue wear

Fretting fatigue wear

Tangential cycling load

Y- -

N
,('.— = f-rlﬁe

Fatigue wear of an overlay

Normal cycling load

m—»_ﬂ*

www.substech.com

U7 2.4 nalnmsAnuseiilesannaiudn (Fatigue wear)
(31 https://www.substech.com/dokuwiki/doku.php?id=mechanisms_of wear)


https://www.substech.com/dokuwiki/doku.php?id=mechanisms_of_wear
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2.3 ASANNIDVDIABNEIU

sUnvunsAnusevesmonaiulneialuamnsouvseanidu 4 Usziavilvg o ana
Unameamsinuseuuaenainu (“Tool wear”, Wikipedia, 2021) wansfsguil 2.5

1) A1SANNTBAIUYNUSINANAR (Flank wear, VB) Junsdnnsefiiintuusinuay
dnvaanenainuiiosinmaidond vilviaudnguyidedelons n1sdnvsedutiedsdemare
Anuwiud1vesuIaLazAANAIESD Tumsu §URlnelagldnsdnnsesudradu
naFIAVLANSANYSaLarAMUABIENTIYIUYeIRENATIY

2) madinnsouuiiaeie (Crater wear) {unisinuseuiasosnoiauiniulnd
e msdnuselidnvaluvaurdeidusesdnannisloaveasy Fsenaiinluanniznns
giauSnuvsiis ALl o sdeuiigaiuly

[
=

3) 15ANNTEULVEUAL (Chisel edge wear) Wun1sdnuseainnisidendfiiiniu
Usnahaudveananainu

1) msfnvsouinuyuauAarieteuTasonaiiu (Margin wear) iRaTuIINASIALR
& yunmsnvsevesvounenainuiigeazdsaneindifavesgndnisiang

Chisel edge wear

Flank wear

Crater woar

Margin wears

gﬂﬁ 2.5 aNWULNNSANNTDVDINDNAIUY ﬁuw (Shrinivas Jadhav et. al., 2016)

Falun1s@nwiaded asyjardulufinisdnunsedudrsunaudavesnenaiiu (Flank
wear, VB) tasanidunmsinvsendnvesnenainu dawasioagmslianuvesnenaiiuuay
ANAMYBIIURINITE IAeIBNTInN1sdnnsenudeusuaNinvenonadudnldisns
FOUNUNINLAL mwummmﬁummjmmmiaﬂma (Mehrabad and Pourmostaghlml 2017)

LL?WNGN?UV] 2.6 lngvinnsinsye ”ﬂiﬂ?ﬂdUUﬂumﬂV]Lﬂﬂﬂ’ﬁﬂﬂﬂﬁa ﬁ]ﬂWﬂﬂ%'Jﬂﬁ%ﬂ%ﬂ@ﬁ]ﬂV]
IﬂaﬂUUiL'JEU“UE]U“UBQWaﬂﬁ?WUMﬁaﬂa’]ﬁﬂummﬂﬂW?jﬂ (Margin)
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U 2.6 MsiavunnsAnrseuuAusa (Mehrabad and Pourmostaghimi, 2017)

2.4 M3UTuUsIRIReNaIURENTEUIUNTTIARLUA (Multinite process)
nsdnvsevesnenaituazldnududaymndneinisiais nsusuuginenainu
AIBNTINABNIANNSoU Wi nsiadeulenisnieain (Physical vapor deposition) 1unns
ahutuiiuadevuuivesanfenisanaznoletesans vilimenaiiudanuduniuns
Fond Failugauannsalunisiumiunisinusedigaiu (“Physical vapor deposition”,
Wikipedia, 2022) usililasannaenaiiuiiviulsssenssuaunsiadeulenmameaindsiand
aann Fadutedrdadudunu Tutlagtuiinszuiummunuieuidanuasnsaluns
duruiumunsinuseildnusgiundvany Snviadadisngn 1wy nssuiunsiiaiilug
nsgurunstadluani enssuruntsunadalnlulasis (Multinite process / Gas-
Sulphonitriding process) LunszuaunsusuUsanans@liiuianidndnnisadieiu
nszvrumMsyURIudawuuuAalulngAa (Gas nitriding process) avflgauszasAlitovinliin
vos¥aquisty wivinnlinanswesdunudinsseugy wasfiuaudulusewinanisldoy
Tiunenainu whanldlunszuiunisine Carburizing gas (C,H,) Nitriding gas (NH; + N,)
waz Sulphorizing gas (H,S) fvssmsiadeusionsyuiunisiussnaude dalidua Jals
wladinanoglululesdna uazlulasdiai lufidaludiva lasfavesiagiiusuussie
nsvuutaRluiedanautidudetolud
ausulRyvesnszuunsiafluridievluusulyeinvag
- USudeanusumusienisidend
- USudsemnusumusienisanuse
iiuanudulituiatan

. U9 UNSAMEENSUNIUIINASEENATENINI NN B9

1

2

3

4. USUUTIAMUAUNURDAIINAY

5

6. USuugemnuanunsalunisnenuiuy
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awv a4 v
25 URYNLNYIVDY
A Y a a aw 1% v & ) v v A vaw vy

delviiian1sinnuanuddeludunisingiiildudagdu Wded1delasiusu
NuITeRgTesiunsangl il

Sarmad. A. et al. (2022) lsvin1sAnwin1sdnusevesmenainumannaIAmsIge
WU sUTuURsandRiamensurdameleiun (Steam treatment process) uanaNtued
n3A M35 Meunsnisiadeuiame AICN wazlilariunisusudssandfnuiala 9 luns

[3 £ Y a =2 ! ! [ v < A
Wgmannanliady SUS304 31nMsAneInudnnenadnuimrannainaiiagansa M2 N
msUsulRamenseulaundiongnisldnunaian lneanunsaniglagadn 48 § 1A1157
dn 11 wasaeundl Tuvaeiinnusidaderduinenalnundnndinanumsiawnsa Ma2 7
H1UNsUSUU TR audRNURLUUR e fuaIusaneslageigaiios 15 § A3UN 2.7 wag
FanudnAinn15dnnsoeg 19uLIITUABNAIINANNAIAISIZUNTA M35 RTINS
inFeuRIkasTililaIuNsRERURIlA 9 AegUn 2.8

a

250
Maximum flank wear=200pm

! / A Vad /.

)
]
[

[}
=3
S

.
P 4
.47 ag'holes

” —a—M2-ST: 7m/min

2 3
(=] wn
' wiff
Ny
\.
~
\
\ ,
A \

—+- M2-ST: 9m/min

)
G

=& -M2-ST: 11m/min

=)
S

——M42-ST: 9m/min

—A- M42-ST: 11m/min

-
[

M42-ST: 13m/min

W
=

——M35-GR: 3m/mir

Maximum flank wear - VBmax. (um)

M35-GR: Sm/mir

(]
G

M35-ALCRN: 3m/min
0

0 1 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51
Number of holes

(n)

50 48

40

Number of holes
— [ w
=3 =3 =] =3
w
o
5]
e
roy
w
. -
Tool fractured

Tool fractured
Tool fractured
Tool fractured

357
M2-ST M42-ST M35-GR M35-ALCRN

© Tool fractured

=
3

w
~
©

Cutting speed (m/min)

()

JUN 2.7 auansdnnsenazdnuiuinianzlavesnenainuusenaumie (n) ITuIN1TUes
nsdnuseiudiwaug (v) ergnistdnuvesnenainufinausadnsiei


https://www.sciencedirect.com/science/article/pii/S1526612520305260#!

15

200 im-
100

JUN 2.8 msdnusesuvtiivesnenainu (Flank face) (a) Aonainy M2-ST wdaniang 48
591 Ve = 11 5./ (b) Aenadnu Ma2-ST ndsainiany 10 5 4 Ve = 11 1./l
() AoNAITY M35-GR ndsniang 1§ 71 Ve = 3 1/t (d) Aonainu M35-AICIN
n§aanaTy 137 Ve = 3 3/and

AR NN TTFEUNDT S9INNITEiEnena T ENNAIANIIEINATA M2
frinunsuiulgsiiuindensthdaleniuiiussavsnmiian fo anueaiaiedewddia
yasginandl 7-25 lunseu uazaumeNURIvesgiIaad 1-2.60 luaseu Aguil 2.9 uaz
2.10 AU

70 - = e
—a—M2-ST: Tm/mir —e: M2-S mir
- M2-ST +— M42-SP Ommi
60
*- M42-S I 5 MA2ST:
~50 | =& M35-GR: 3m/min - M35-GR: Sm/mir
E- ® ¢ M35-GR: 9m/min M35-ALCRN: 3m/min
= »
- M35-ALCRN: 9m/min
§4O oL
@ "‘5.
W
230 RS
£ Y —g——
o Lt S T Gl PR 1
= = g
By e \._..v:_:.\\.\:\‘,,.—-x\
— et >~

1 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Number of holes

JUN 2.9 ANUARIALATOUTBIFIINNTANEMLADNATULAaTUTELAN
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w

[ —a=M2-ST: 7m/min —: M2-ST: 9m/min

& M2-ST: I 1m/min —+—M42-5T: 9m/min
4.5 - - M42-ST: 1 lm/min -o M42-ST: 13m/min
4 ~—M35-GR: 3m/min —+ M35-GR: Sm/min
¢ -® M35-GR: 7m/min #+ M35-GR: 9m/min
3.5 M35-ALCRN: 3m/min M35-ALCRN: 5m/min
M35-ALCRN: 7m/min M35-ALCRN: 9m/min

N
oW

Surface roughness - Ra (um)
(%]

1 5 10 15 20 25 30 35 40 45 50
Number of holes

JUT 2.10 ANUNEIURITDIFINNITEMERBNAIULARE TN

Simge. A. et al. (2020) l@vn1s@nwnsUsuUTIRuauURvenanaInmannan
AMILEIGUNTA M2 fenszuaunsiitameaidu (Cryogenic treatment) illgaungiou
AURAILANFAINAUABITEAUAD 200 aef@aLTed (CTT1) way 250 seAwwaLdad (CTT2)

= a (%] | =3 v < P [ o w v < [
Wiguiguiunenainumannaianiigenlaiiunisiidaanieanudu (UT) lagnnzdan
arlinfo Lamellar cast iron Spheroidal cast iron wag SAE1050 WUIADNEITULUANNEA
mmL%agqﬁr;humgmuﬂﬁﬂwﬁmﬁaammLﬁuﬁmﬁmmiﬁﬂmaﬁﬁﬂn’j'}Lﬁaw%mﬁauﬁmaﬂ
aunluntunsianleauLiy ImﬂmaﬂadmmﬁﬂﬂéﬁmmL%agqﬁmumzmumsﬂﬂ@
Wuaveuduiifioamall 250 esmwaluaianisd@nsesiign Aauann1sanrsoresnan
aduisanuUszanlugui 2.11 2,12 wag 2.13 wenanilnenaiuiiiunisiitamdusazeu
A CY ell a = 1 1 v 1 6 %
AURINYANNN 250 BIFLEALTUE (CTT2) AINANBNTANAIYBIVUIALFUNIUAULNANTAIRN
dutn Uz deendn WaisuiusanaitunaunsuTad ularauAusa i 200 991
waldea (CTT1) waznenaduadiuildiunsidamennnudu (UT) dauansugud 2.14

(n) () (m)

JUT 2.11 N38N1M90U09RaNaINNANNA1IAMTIE7 liNuNsU TR U T asuLTUIY
(n) UT-Lamellar cast iron (¥) UT-Spheroidal cast iron (A) UT-SAE1050


https://dergipark.org.tr/en/pub/@smgavci
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(n) (@) (m)

U7 2.12 N3dnusevetnenainumninnalnnusigeniiiunisutUalusar g iouaus
200 2eANgalguad L gasuug uaua1uvida (n) CTT1-Lamellar cast iron
(¥) CTT1-Spheroidal cast iron (A) CTT1-SAE1050

(n) () (M)

a A

JUT 2.13 Mmsnusevesmenalnumanndaininuiiginiunsiniaiduwazenmgiioufius

Y

250 29ALYALT U d Lmzawuﬁyumummﬁﬂ (n) CTT2-Lamellar cast iron
(¥) CTT2-Spheroidal cast iron (A) CTT2-SAE1050

BUT
ECTT1

03 CTT2

Reduction Diameter mm

Lamellar cast iron Sphero cast iron 1050 Steel
Workpiece

dl ¥ 1 L3 1
E‘U‘VI 2.14 NIAANYBUAUNTUAUSNAWNUDINBNEFITU
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S.G. Harris. et al. (2003) l@@nwinsdnusevesnenainumanndiausigandou
A2 TIAIN wag TIAICIN angimdnuaemiluanngnmsdadeutuunis tnglunsdnuild
mAdAN1snsIvaULdssitAnaInn1sAga (Scratch) waginn1sveneiivesnisdnuse wui
nsiedeunenainuiie TiN dsmaliorgnsldnuvesnenaiiudinitnenainuilasiiuns
\dou uilumemssrutunenainuiiiiunsiadeuiafeg TIAIN wag TIAICN Tuszavsam
findnenainunuulindeuiiy Auanduguil 2.15

160

120 +

80 +

TI'ool life [number of holes drilled]

T
Uncoated TiN Ty 59 Aly. N T AL 15Cr N Tig 3 ALy 14 Cry N

JUN 2.15 Wisuiguagmisldnuvesnenainuiniouiuasliiadeui

V. Braic. et al. (2010) 1@ @ n¥1n15LAG 0 UTIWUUNA8T U (TIAIN/TIAZIN
multilayered) LﬁaLﬁmﬂizﬁw%nﬁwiﬁﬁ’maﬂadmmﬁﬂﬂﬁwmmL%aqﬂumimzmﬂﬁamw
ASFLE BULUULIES WUIINSIAEeURIManeFuLUY TIAIN/TIAZIN ﬂfaﬂLﬁmmﬂm{L?’fmu
TifuaenaIumannainuiagald 2.1 - 2.3 i mmmwmsmaaum%ummLLUU TiN
TIAIN LagTIALZIN uaﬂmﬂuumimaaumea'1a%usﬂmumumiaﬂma%maﬂmmlm
fini1dnee

M. Igbal. et al. (2019) ld@nwimansznuveanisdimeslunisianzfifinadonisdn
nsevesenaIUImAnNndIATosianmiEigs Insmugumsanzneldsnnisteudiagg
LATAIIUSITOUNITNYY 3 TEAU wudmaﬂadmm%mmLgasauﬁqwmﬁ@miﬁﬂmaﬁ
wnnidiafisuiunenainuiildaudadasi

N. M. B. M. Mydin. et al. (2020) lé@nwinanssnuvesmisimesnisaigdidnase
NMSANNTOVDINBNAINUTIELAUATT LUA Lansuu%umuasqﬁlﬁam aeldeulunisiansuuy
wits Tneuansliiuinfianudidasmaziianisdnnsenuudnd washliAnnsnenfinves
weiinudn esnmnuaunsalunisiianieee LwﬂuﬂizﬁﬁmmL%aﬁmqwuﬁmmiﬁﬂma
wuBafnanarudouiigausufunavosguuniniadngadu dailugnisdnusetigendy
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dewiguiunisldanuiadaiian Tng Mydin et al. (2020) szyinisldninusadnsauiu
Snsnstleuiisduariivsrlonilunsusuusengmslinuvenadosiledaldn

MndssunAEiuandfdiuimgasnidusuUsiidfysensinnsoves
nonaiu lasfinnusiiagsaziinmsdnusesnnnitanuissine

M. Uddin. et al. (2018) l@@nwmnsimesnisiazvesnonainumanndniaiosie
mnusigaadouinlmnideslunsied Ailnasonunimuesgainnsians waasliifiuingns
mMstoudumaiinesiidfyfignlunsimuavuaiaviazdnsnmsminaveesianain
M9z Sedmanssnuegeditoddsousuasannmvestunuainmaag tnenuide
Sarmstoufigelu Musanauazussdaandingeludoruiy d8nsnsdeusizannis
zaziinananalAAeuTin

2.6 518N1591994

AB Sandvik Coromant. Training Handbook METAL CUTTING TECHNOLOGY.

Shrinivas. J., Jaywant. S., Mukesh. C., and Nilesh. P. (2016). A Review on Drilling of Metal
Matrix Composites. International Journal of Current Engineering and
Technology; E-ISSN 2277 — 4106, P-ISSN 2347 — 5161

V. Zakeri Mehrabad and V. Pourmostaghimi. (2017). Tool Wear Modeling in Drilling
Process of AISI1020 and AlSI8620 using Genetic Programming. Advanced Design
and Manufacturing Technology, Vol. 10/ No. 1/ March - 2017

A. K. Sarmad, S. Sumbul, A. Saqgib, H. Amjad, A. Shafig and S. Mustafa. (2020). Wear
performance of surface treated drills in high speed drilling of AISI 304 stainless
steel. Journal of Manufacturing Processes, 58(2020);223-235.

A. Simge., S. Tugrul. & E. Onur. (2020). Effects of different cryogenic treatments on
drilling performance of hss drills. Journal of science and technology a-applied
sciences and engineering,21(1); pp. 223 - 237.

S.G. Harris., E.D. Doyle., A.C. Vlasveld., J. Audy. & D. Quick. (2003). A study of the wear
mechanisms of TIAIN and TiAICrN coated high-speed steel twist drills under dry
machining conditions. Wear 254 (2003); 723-734.

V. Braic., C.N. Zoita., M. Balaceanu., A. Kiss., A. Vladescu., A. Popescu. & M. Braic. (2010).
TIAIN/TIALZrN multilayered hard coatings for enhanced performance of HSS
drilling tools. Surface & Coatings Technology 204 (2010); 1925-1928.

M. Igbal., S. Bahri., and A. Akram. (2019). Effect of cutting parameter on tool wear of
HSS tool in drilling of Kevlar composite panel. Materials Science and Engineering
523 (2019) 012078.
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Nur Munirah Binti Meera Mydin, Aishah Najiah Binti Dahnel, Natasha A. Raof, Nor
Khairusshima MK, Suhaily Mokhtar. (2020). The Effect of Cutting Parameters on
Tool Wear in Drilling Aluminium 7075. ISSN: 0193-4120 Page No. 1274 — 1280.

M. Uddin., A. Basak., A. Pramanik., S. Singh., G. M. Krolczyk., and C. Prakash. (2018).
Evaluating Hole Quality in Drilling of Al 6061 Alloys. Materials - November 2018.



uni 3
Y80 gUnIal wazISN1INAAs

Tuunilfidelineasidenvesian gunsal uarisnisveassnldlunsfnuiiliiensy

[y

nUszatresidslun1sUssliuaudunIuNIsEn1IeUaInonaI URANNA1A1NS?

9

A a o a ¢ [y 1 < £ < ] A a
Ej\‘iLﬂaE]‘UN'JlIﬁGIVL‘UG‘ILV]ElUﬂU@E]ﬂﬂ']’]uLVﬁﬂﬂa’]ﬂ'mllﬁﬁqqLLU‘UI@JLV’]@@‘UN? ASAUATNUDI
31NM9ne lneseazdenuotian gunsal uazisn1sneass wanddaselull

3.1 Jaquazaunsal
3.1.1 769
3.1.1.1 ﬂaﬂa’:i'\umﬁnné"lﬂ’n'ml,%’sgﬁ (High speed steel drill)

n5A M2 ndalagusem und wmalulad (Usswdlne) S1da WWuaen
a7 1uA1uASe (Straight shank drill) 714 8uTagluninarglunisdnund Svuiadudu
Audnans (dy) 6 Tadwuns A1NeNTINYBIenaIu (I;) 102 dadlns uazAue1Ivesily
ANARA (1) 70 TaakIm3 Tnelusisel wsmenainuseniy 2 Ussianie senadiumanndd
anusaguuliiiedeuin wagnenalnumdnnaianusigaedeuiiaflug fvnsiadeu
TnguSem deeu walu 8 nImauyt 3198 wagnenaitunanaidumalulagvesusem 4
gou wAlW 80 NINWu 911a %’agaé’ﬂwmmaﬁmaﬂadmﬁgﬂaamizmmmmﬁ’ﬂmswﬁ 1
LLaz:é'ﬂ‘wmzmmﬁmmmﬂaimﬂy’aammsLﬂmmmé’qgﬂﬁ 3.1

AITNT 1 aNWALUDINDNEITY

Drill bits
Multinite Drills Uncoated Drills
Surface hardness (HV0.1) 1147.83 722.33
Diameter (mm) 6.49 6.08
Helix angle (degree) 31.5 31.5
Point angle per Teeth (degree) 58.8 59.2
Relief angle (degree) 15 15
Flute width (front), (mm) il 3.83
Flute width (back), (mm) 3.8 3.59
Run Out (mm) 0.02 0.04

R -Point angle (mm) 4.3 4.66
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Cutting edge

() maﬂadmmﬁﬂﬂéﬁmmL%’JQQLLUUMJL@%UQU

JUT 3.1 dnvaizanuiieves () aenainumdnndinnuiigundouiadadlus uaz (u) aen
aiumannaAnusgaLuuliedoura

3.1.1.2 1WAAWAINTA SSA00
TAIUNANAIUNIATFIULAAIAIAITIN 2 wazaudaniananiy
[ cl' v A a < o & (Y
UINTPIUUAAIRIN5197 3 T TuTuUNazgn1e Wdnmainsa SS400 Jateuludnuny

a «

ana uruAUgNane 100 Tadwns lngliusenduandeslvivunanuenlndifgeiu

Y

50 dadwwns (817n71)

AN 2 AUNALNLATIVDANANLNAIVNI SSA00

druNaunIwLAl

Cc Si Mn P S

55400 0.050 Max. | 0.050 Max.

nuEe 10 (https://www.lekkla.com/product/steel-round-bar/)


https://www.lekkla.com/product/steel-round-bar/
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A15797 3 audRn1anaveLndnnanu1 SS400

Yield Strength Elongation
(Mpa) Tensile %

Wueu | wfusugudnane | iuriu | Strength | e | sy
Audnane | 16 <Dia<40 |@audnane | (MPa) | audnans | Audnana
< 16 wl. . > 40 U, <2534, | > 25 1.
55400 245 235 215 400-510 20 20
nuEe 10 (https://www.lekkla.com/product/steel-round-bar/)

3.1.2 aunsal
gunsaiflfluniAdoutsennidungueesmudnunzuainisiau dsesune
Bodavidondasioluil
3.1.2.1 gunsaldmiumiendununeutlunaseumnzdaenanadn
- 1A394NAY (Conventional Lathe) 1 TOS Galanta SUI 32 A uan
éfﬂgﬂﬁ 3.2 WdmsuwIondunulildvmiauasssurunufidesnts Funuiléndainnns
WsENABdivwn 50 dadlung mﬁamﬂnﬁﬂﬁlé’mmmLLé’ﬁ%umu%gnﬁﬁlUngé’wm‘%aqﬁm
F8uT 5 wnu ieldlunsBafaiundeawuiesTause (Force sensor dynamometer) &4
aSuednvarveunsasluide 3.1.2.2

U7l 3.2 \3eandagu TOS Galanta SUI 32 A

3.1.2.2 gunsaldmiunisinznageu
- 1A30INATLOUT 5 unu (5-axis CNC milling machine) U DMG Mori
DMU-50 uanens3unl 3.3 IddmsunnggiieiUSouiisunisdnuse seninemenainuminnan


https://www.lekkla.com/product/steel-round-bar/
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wiesilemnuiianadeuiidanludduaenainuminndinnuigauuliniouds wagld
dmiuegiiemsgununeuNIMAaeY

i

U733 1A5 89 5 unu (5-axis CNC milling machine) 514 DMG Mori DMU-50 9 411

(www.sumipol.com)

& o v oa o e & = v a & A .
- PrgUnsald W URRANLATBATUOILUULASEINATLOUE 5 unu (Jig &

leture set) LLﬁﬂﬂﬂ’]ﬁ(ﬂﬂG’]\‘iﬂ\ﬁU‘W 3.4 Mﬁﬂ‘ﬂ?ﬂLG)ﬁﬁJN‘UUQ’IULLa’J ?Ju\‘i']u*i] ﬂﬂEJﬂL‘U’]ﬂ‘U

=

Lﬂi@ﬂﬁﬁ’]ﬁ]‘\]‘ULLN@?ﬂ IﬂEJ‘V]Lﬂi@W]i'Jﬁm"ULLi\‘]ﬂW@W\‘i@U‘UULLNu Fixture ‘UQWQMM@UQ“’JNQU‘UU
IMUVIN’IUELULﬂiENﬂW’?JLQUGH 5 Ny



http://www.sumipol.com/
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- 1pBesiANsvinmYeILaY (Pocket refractometer) ATAGO $u PAL-
Grape Must (Brix) uansfasudl 3.5 lédusumuauanuiduduresimaafulunsang
dlelinavasmsndeifusonisinuignauaulia Tasnmaaeunnududuresimdedy
windueuildouiaiesin 5 unu wazauauliegszning 4.9 - 5 ssmuing

UM 3.5 A3 eainnisinimuaanas (Pocket refractometer) ATAGO 31 PAL-Grape Must
(Brix)

- 1A30IRT99T ST (Force sensor dynamometer) U Kistler type—
9272 uansdaguil 3.6 THdmfunmaduussiiintuuunenaiiuvmeinisasauuluny
TnewadoansafuussasBainiuiunudmiunisay uasinnsgunsaiiudeiiBauuaiastn
F8uT 5 unu Arvewseitlsazuansiiniiaeneuiiomes wasdoyailianmsianzagluh
UszuIana Lﬁaa%mﬂwqaﬂsiuﬁLﬁmsﬁummxmz

Jluruu“
- ) =

E‘Uﬁ 3.6 1A38INTITTULSS (Force sensor dynamometer) ’iq'u Kistler type-9272 7 3

(www.kistler.com)


http://www.kistler.com/
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- fdumenadnu (Tool holder) Ju SKA0 DIN69871A T msudu
AoNaIUlUTENINNTLUIUMTAE UERIAIFUN 3.7

v v 1

5U#l 3.7 fdumenainu (Tool holder) §u SKAO DIN69871A

3.1.2.3 gunsaldmsumsiauazn1snslaseu

- gandasanosle (Stereo microscope) Ju SZ61 Ansedaniiundos

AdmaaUsTaIananIn (Digital camera) §u Optika C-P3 LLaméTagiJﬁ 3.8 Tddmsuanunin
aenatuneuldnusaznddnuiioilussudisunisdnnse

JUN 3.8 gandesainaile (Stereo microscope) U SZ61 AR 45IUAUNT BIATNOA
Uszananann (Digital camera) Ju Optika C-P3
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- 1ASavinvuIna1udi (Coordinate Measuring Machine) U Zeiss

spectrum uansaagun 3.9 Idmsuinvuaiduriuaudnans waza1audunsanssuen

VBNFINNTIRG

T

'g‘dﬁ 3.9 1ATevinvUInaIullf (Coordinate Measuring Machine) ‘:;lu Zeiss spectrum
AL www.tgscorp.com
-1AS 8ITAAIIUNYIUN T (Surface roughness tester) 3 U SJ-210

Mitutoyo wansisgu 3.10 TedmSuiamanume1uiavessannisaie

| w

| iu

3.10 1A3093AAUNETURN (Surface roughness tester) 'm SJ-210 Mitutoyo

U


http://www.tqscorp.com/
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ad
3.2 2W/NINA[DN
AMNTINTUNBUNITNARDILUNTANITUAAIAIHUAINITTNIUYDIUWITEAIF U

WA BB 4T n'lli‘lun'sxmum‘ims
wedaumanaiumdnniaruduaisuidailwiuszeuulliniouidy ‘
AT ILAE
[ nsiRLsslnuazLsanndaY |
mszyi 1 LML LECE AL AT Y nstwzyRil 2
wrEmaldd il snasiesnay wemwldfulsnmans
Anuzdrvaduiio (1 Fauly) uanmilaninAuusiea
grfin (5 dauly)

ATHADUHANTEVADDA

AIRERUABNATIUAILREN | ‘ nsdAnwsavasnanatm | | wumduHTuAUdnE1IgaNE

aTdunsanzuanues e | ﬁﬂuuuwﬁwmgmw:

JUN 3.11 uwuransfnelag s

mﬂgﬂﬁ 3.11 FuREUMSIUE 19NN BT unuTldannsd @ ol lauun
AT NN AT LU eI SRR IUULATEIATIEUE 5 unuiitelzae
AenadumannanusIanaiouRadafluduaznonaiumannaianusigawuuliedeu
f7 Tnenisanzuuseendu 2 ganisvaaesde (1) wigneldfuusmsiangaumuuziives
ANGR WAz (2) mzmﬂﬁéﬁLulimsmwaﬂmﬁamﬂﬁ’nmzﬂwmﬁwﬁm Tusgninensiangdl
nMsinusalnuay LLiﬂﬂfﬂ‘VlLﬂWU‘IJUumEJﬂﬁ’J’mWJEJ‘UﬂL"?JuLsZIEJiG]i’Jf\]ﬁ]ULLN LLauMEJG]ﬂ’liLf\]%L‘Uu
239 9 Lwamaﬁlaaumaﬂm’mmamL‘LJm VEINIIIZUE A5 NN LL@’J‘UUQ’]UVIOHLR}’] A
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JUT 3.12 dNYaIEURITUNUNLYNIAY

3.2.2  ASTUIUNISRNG

Aeumsmsiazaziinsnsaedeuanuuduve i vaeidurenissie
F18ud 5 ununoussiAs aaiANIsENIMTBILAY (Pocket refractometen) Tnoarunuliiog
55MI19 4.9 — 5 a9AUsng Wieldiulatnarsuaeifuldinanenisdnusevssnonaliu
ndsntuhiunufsfauueieseueeinsaduusiiiiaiseg uugunsaidudaiineuulie
yhauluesesindidud 5 unu uanafaguil 3.13 ievhnsianzvaaeufenenainumanndd
AusanAdoUladaflusuaraenalnumnannatausiguuulindeuiy duniens
m?{auﬁ%maﬂadmﬁmﬁuﬁa@ﬂu&]‘ﬂa’]waﬁ;mm Tngfnunsseziinonadnunieein
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elUauisennudniidmunudaniu eonaiiuasvuegiidumisiudunm 0.5 Jund rou
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3.2.4 lurAdeinismeassutsoanidiu 2 da @il (1) Wisuifleumsdnvsouazamninues
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JINMTRmEaenaIurinndaiIguaiouiadailuduasuuuliindeuianiele
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NMINIANNTBUALAMNINYBIFINNNITLMEABNATIUMENNAIAMILTIgUATeURTaR A
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dsuneandenvesmmaansisanyn §iduldesuliluund 4 uas 5
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3.23  I9YUIANTSANKTE

NN 9 M3ae 10 § eenanunieugunsaldudananadnu (Tool holder) 9t
Qﬂaamaaﬂmmﬂ%"mﬁ’m%ﬁu% 5w Wisthaenatuluarsnmusnadiianisinnsese
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i l'

B i Flank wear

K e 1 [ measure at 1 mm
After drilling ] ?

5 iz 5 Before drilling

0.5 mm
[ —

After drilling [

g I Flank wear
*‘I measure at 1 mm
== ' -
Before drilling [
| L. -
' T

JUN 3.17 msdansdnusemigmalianisteuriunm

3.2.4  I9AMAITNVBIIIINNIGIANG
Mé’ﬂmﬂmz%mmgmjﬂﬂmmaammmwmmg faflswaBundeluil
3.2.4.1 Favunaduiiugudnarsuaranuidunsinszuenyesgieiaiosin
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firmamsianzasesaenainulneizuainialnsuInaune WA NRIULEATDINSLAEEN
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N13lR1EAIEABNEIMUMANNAIAMNEIge AR UR LA IAREUR AR
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4.1  unmi

ponaitudueioaflodnddnilldatasuuiudiu Ssmonadiudeiinruannsoly
msdadeuiigadelininozldgsdulunutedmundiuguninuesgiidesnts lu
SYMINNSNEITNUNSTANVSOVEIRENAT U SLud U suuALsR (Flank wear) U31als09
e (Crater wear) LAz U3awedl (Chisel wear) n1sanusosutauuaniadunisin
ma‘viaﬂmaqmaﬂmmiusumvimmuaﬂmwamm@mamﬂszmusuaﬁmaﬂﬂmmma Asan
mamumwuﬂumm@mﬂﬂmasmaimmmaﬂamuﬂusuumu Faduitoiiunudumy
mMsdnusevenadeile ﬂaﬂmmmammmumﬁwqwu ANdUUSE AV USUAEANIUA LAY
Aumilendia Weuiuusamuanindniu SeldTAnvivaaesedeunonaiiu W SG.
Harris et al. (2003) liadaunanainudie TiN Til-xAN way Til-x-yACryN fifllasidien
AputnsgavaEl V. Braic et al. (2010) Anwimsldnonainundeusieloszmenisnienin
wanedu (PVD Multilayer) 99nanuideiiaaosmuinnisindeuuunendinudaelonisnisam
(PVD) Wanaindeuduieiuagnaiadeunaneduansadivergnislinuedesiioveanon
a1ule aghelsinunszuaunisiedeudiglonisnenin (PVD) Wunszuiunsisisaumg
ety ineflamadondu 4 fanansaUfuussemsumumsinvsevesnenainudnslédu
M3auBRaZNIAgaU Fenszuaunsiailus (Multinite process) Wundslusudenveumada
‘vmLﬁafﬂ,‘uﬂWSU%"U‘Uqamméf’mmumiﬁﬂmamaqmaﬂadmﬁﬁwé’asJmﬁmé’wmm%aqa
HeswnAnedsvianlusidunszuiunisuiadalnlulasfslondslautdlannunais
Uszmsdmiuiaiesiiedin 1w (1) wsadeaniusi (2) Usuussnnudiumunisdnmse (3)
Usuugamnnununiunenudl uay (4) Jestudeadend 1Judu a1nauidenoundd
Osamu Momose wag Sosuke Uchida (1987) @N¥1AINUNUNIUR BAITANNTBYBILUE N9
wasumensyurunsuiadalilulasis nuinnisldnssuaunistgalnlulasfsmeniaaiunse
ansnsInsanusevenvanidilefisuiumannaiildindouin ogelsinulifinuideiivi
Furiednwanuiuldldvesmsldnsiedoutadludiilofiuanununiusensanuseves
aenady saulunisinuiaslédnemansenuvesnisindeviiadludsenisanusovenen
AIUAENNAIANISIGIATANATNRITIINNTANY
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AruiSigauuulsindeuinatzuntunuminndungn 55400 dwsuideniiufnietanuas
gunsal §Aseldesueliluund 3 dmsuneandennismeasiunmanioutuanulild
vafagui 3.12 (il 3) ndsantuinisfuiatusnuuugunsaifuBauuadeatadisud 5
unu wionRndegunsaitaussiineandenluuni 3 uarRnimenaiuuuiadudanenain
(Tool holder) uaztilussguugruiaiosdleluadosindidud 5 wnu Nt
wuvlifinsenaonainuiumeiawssnitenInazdefulsnmaaswanadimsed 4 dadu
fuvsnmsngiguannenainuuuzi Inglussninaaizyn 9 10 5 aenaituniengunsaldu
fnazgnihooninanniedesiadidud 5 unu iletheenaitumdennuinuiiiansdnise
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NIINTTUDNIDIT UATANUNNUAIEITE i alUSeulfisunmsinumunsdnusouas
AAINYBIFINNNITZAILABNAINUMANNA AT IguAT U TaRluALazaonaIy
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AN5199 4 AwUsnlalunisiany

AuUsnsiang A LB
AINEITRU (sausoud) 1,100 | muAuuziIveENinnenainy
oninsteu @Eadiwnsdeundl) | 135 | suAmuuzivednannenadt
ANNANVRI3LAY (HadinS) 30 | Avualaeiife (@1zuuubisntuiiemeiny)
TIUIUIVBINTAY 120 | MvualagRiay

NI AUSITOULAEOINTINSTBU 91N (http://nachithailand.com)

4.3 NaN1INAAD
4.3.1 N13AIREBUABNETTUAILANUE

U7 4.1 uansyan gL untvesaenaIumanndnnmiigaadey
ATafluduazaenainundnndiauiigauulidindeviinounistdnuaizuasianzla
FIUIUFAN 9 mﬂﬁﬂw 4.1 asfunmmuimdnauiliounenain A (Cutting edge)
voanenauisuuudouRtuazuuU AR o Ui LﬂmmsujasmuﬂawwmaumawmvLﬂu
wnssfuundnuen Tnevdsmnaiziniluud 20 3 wunsgydedeTagfieudnuesnen
alnusgdisdAgy §ﬂﬂzamiqzyﬁaLﬁai’a@]ﬁﬁuﬁmﬁLﬁm§um1m§ﬂuaugLaﬂz§ﬂé’aa Fanns
godedananiseninnsdnnsenudisuuaudn (Flank wear) lagannmsi3guiiigusening
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wiannananusguadeuindaludtesniinenalnumanndainnuiigsliedeuin
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Cutting
edge

(n) (v)
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Idne 9 Wlensavanveaavlanzannieganis iaviiazanog uunudnazvgaesnliuas
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ovazAnendoduniliesnonaiiueenlufe nsazauvenayTanfinudadanfndundsdld
sungluldszornilsdaedanaliannonainumanndianuisigaundeviasiadluduandy
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JUT 4.2 MsagauiAwilaudnue (n) aenainumannainnuiiguadeuliadlud way
() AenadumanndrnusigenlivdsuinianuAuninveinisiaizeng ¢

432  IRIUIANTITANNTDATULINUUANANYDINDNEITUY

Na9NdUnAnonaITUnoULaEnaIlTUAIERLUa LAY ANEIYBIABN
ad’luﬁgqaawszmngﬂﬁwmﬂizmamaLﬁai’mmmmsﬁmmaﬁm%wumﬁmbEJWLW%
Amdoustu (Overlap image technique) fsasuieseazdenliluund 3 TneTavuianisdn
sosnuinauuANda (Flank wear, VB) fisvey 1 fadunsanueuvesnenainuuanissgui
4.3 v&snsinvuianisdnnsesudrsuunuinvesnenainuldnadaguil 4.4 9anguil 4.4
wuhnsAnnsesuinsuuaiaueInenaiumanndranuiiiguadeuiautadluddiniinen
ahumdnndranudigeuuuliindouiafidwaugaseiiy vennndnsdnvsedudiauy
AufnTasmanaiEesUssndanusautoandiy 3 929 UAULANABISAIINTS
dnuse InglutiaBudunsdnvsesuinsuuaudaiisnsnsdnvsefigeognsai esnidle
thaenainuiddlairiunisideuey wizauuiunuilieenaiuinnisusuanmield
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svliAnnsdnuseiad Tnsaudavesnenaituaziinnsuasudnuaz andnuasd
Bunundunsadudnuasifianudnuendntos ndamiudiewigsinuluuda 20 5 aen
atufanisinusediivtudfisadndesuiduugasifiniu neddnsnisinseiilngifes
guéihinzfusa 1iesanaenainudsogluanmlyvsindsnsuivanim ndsanaenainuiin
nsdnvselutsfisnsinsanusesiluldszoznis msdnnseaziingdied 3 dmnianggly
ué 50-70 Plutiisnsnmsdnmsosuisuuasdaisduegumni Faangui 4.4 e
Wisuiflsusewinmenainunuuideuiinaghiindouin wuiiluriadudusnnsdnvse
Frutrsuupsdinvesnenaiumdnnirnnuiiiguuulindeufinduganinenainumdnng
aranrgaadeuiindailud dwiulutasdug du Sasnisinusevesaenaituiassinnd
Sarnsdnvseiilndifesiu uenanddmuinnisdnvseludiedl 2 vesnenainumdnnd,
arunrguadeuiindadludtuiniusnuiuninenaiiumdnndrnnusigauuliindeu
A7 d98nsnsdnvsediaininlutaed 1 waznsdnuselurasi 2 uuniivesaenainy
wiEnndeuagaadouiinfailudd Usiinenaiiumnniiariigauedeuintarludd
AVINUMUNIIRenaumEnnaIrEEIauUllndeuR

Flank wear (VB)
measure at 1 mm

0.5 mm
[ W——

Flank wear (VB) at 1 mm

JUN 4.3 mMsinvuien1sdnnsenudiuuauinveInenainuiseey 1 1adiunsainvoures

aonaIu (Flank wear measure)
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4.3.4  AMUNYIVRIVBIFIINNITANG
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BEGIN PGM WORKDRILL10 MM
BLK FORM CYLINDER Z D+101.6 L+45.8 DIST+1. RI+0
; T4 | HSS/TIN DRILL 8xDc- 6.0
CYCL DEF 247 DATUM SETTING ~
Q339=+1
PLANE RESET STAY
M129
M126 ;Shortest rotary path on
MO1

Q1600=+135 ;Cut Feedrate

Q1601=+1000 ;Plunge Feedrate

Q1602=+2000 ;Retract Feedrate

; - Start Operation ---

; ——- Move To Clear Position ---

TOOL CALL 4 Z S1100

M3

M140 MB MAX

PLANE SPATIAL SPA+0. SPB+0. SPC+0. TURN MBMAX FMAX SEQ+ TABLE ROT

M8

M7

L X+0. Y+0. FMAX

L Z+30. FMAX

CYCL DEF 32.0 TOLERANCE

CYCL DEF 32.1 T+.0015

CYCL DEF 32.2 HSC-MODE:1 TA+.5

CYCL DEF 200 DRILLING ~
Q200=+30. ;SET-UP CLEARANCE ~
Q201=-30. ;DEPTH ~
Q206=+135 ;FEED RATE FOR PLNGNG ~
Q202=+30. ;PLUNGING DEPTH ~
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STUDY THE EFFECTS OF THE MULTINITE COAT
OF THE HIGH SPEED STEEL DRILL BIT IN
DRILLING
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Nakorn Chayapiwut?, Areeya Jaisue?, Kabasawa Hitoshi?, and
Rattana Borrisutthekul'”
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Abstract

Drilling is an important metal manufacturing processes. Drill bits are used in drilling to create
holes. Wear of drill bits can have an adverse effect on the quality of the drilling hole. To
increase the wear resistance of drill bits, surface modifications have been introduced and
studied their effectiveness. Multinite coating is a candidate for surface modification techniques
to increase wear resistance of the drill bits. In this study, the effect of multinite coating on the
wear resistance of drill bits has been investigated. Two types of 6 mm diameters drill bits, the
uncoated high speed steel, and the multinite coated high speed steel drill bits, were used to
create the hole with 30 mm in depth on ASTM A36 steel. The drilling parameters were 1,100
rpm of rotation speed and 135 mnVmin of the feed rate. The thrust force and the cutting torque
during drilling were measured by a force sensor. Flank wear on the drill bits were measured
by overlap image technique. Also, the roughness of hole surfaces were investigated. Results
showed that the higher surface hardness of multinite coated high speed steel drill bit led to a
lower flank wear rate at the beginning of drilling. Consequently, built-up of chip on the
multinite coated high speed steel drill bit was less compared to the uncoated one. We conclude
that the higher surface hardness of multinite coated high speed steel drill bit improves the
wear resistance of drill bit by a decrease of wear rate at the beginning of drilling and a lesser
amount of chip built-up on the cutting edge and the surface quality of hole after drilling.

Keywords: Cutting tools, Wear, Tool life, Flank wear, Thrust force and, torque force
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Introduction

The drill bits are essential tools used to create the
holes on the parts. They must have high
machinability in order to perform the drilling
process with the good hole quality requirements.
During drilling the drill bits are encountered
with the tool wears such as flank wear, crater
wear, margin wear and chisel wear. Flank wear
is the most critical wear found in drill bits and is
used to define the tool life. Flank wear is caused
by the abrasive action between drill bit and chip.
Thus, in order to increase the tool wear
resistance, the drill bit must exhibits higher
surface hardness, low friction coefficient, and
good toughness. To improve those properties,
the coating has been proposed and studied. For
example, S.G. Harris et al. (2003) investigated
the using of TiN, Til—xAIxN and two relatively
high chromium content Til-x—yAlxCryN
coated drill bits and V. Braic et al. (2010) studied
the using of multilayer PVD coated drill bits.
They showed that the coating on the drill bits
with physical vapor deposition (PVD) both
single layer coating and multilayer coating can
increase drill bits tool life. However, the
physical vapor deposition (PVD) coating
process is an expensive process. Thus, the other
alternative techniques that can improve wear
resistance of drill bits still have been proposed
and investigated. Multinite process, a kind of gas
sulphonitriding process, is one of the candidate
of alternative techniques to improve wear
resistance of drill bits made by high speed steel.
The multinite process provides the several
outstanding properties for tools such as (1) low
friction, (2) improve wear resistance, (3)
improve resistance to fatigue, and (4) prevent
friction noise, etc. Osamu Momose and Sosuke
Uchida (1987) studied the wear resistance of
steel coated by gas-sulphonitriding process.
They found that using gas-sulphonitriding
process can reduce the wear rate of steel
compared to that of uncoated steel. However,
there are no further research works that have
been done to study the feasibility of using the
multinite coat to improve wear resistance of drill
bits. Therefore, in this study, the effects of
multinite coat on wear of the high speed steel
drill bit and the hole surface quality was
investigated.

Materials and Methods

In this study, the high speed steel drill bits made
by Nachi Technology Co., Ltd were used. Two
types of the high speed steel drill bits were
defined into two lots. One was treated by

multinite process at Nihon Techno Heat
Treatment, Rayong, Thailand. The other was
kept as the orginal high speed steel drill bit.

Then, surface hardness, drill bit diameter,
helix angle, point angle per teeth, relief angle,
flute width, run out, and radius of point angle of
the drill bits were characterized. The surface
hardness of both types of drill bits were tested
with  Future-Tech  FM-800  micro-vickers
hardness tester. The characteristics of the drill
bit are shown in Table 1.

After that, both types of drill bits 1)
multinite coated high speed steel drills, 2)
uncoated high speed steel drills, were used to
drill the ASTM A36 steel of 100 mm diameters
and 50 mm of thickness. The drilling machine
used in the study was 5-axis DMG Mori DMU-
50. The drilling conditions are shown in Table 2.

Table 1. The characters of the drill bit

Drill bits
Multinite  Uncoated
Drills Drills

Surface hardness 1147.83 722.33

(HV0.1)

Diameter (mm) 6.49 6.08
Helix angle (degree) 31.5 31.5
Point angle per Teeth 588 59.2
(degree)

Relief angle

(degree) 15 13
Flute width (front), 4 3.83
(mm)

Flute width (back), 38 359
(mm)

Run Out (mm) 0.02 0.04
R -Point angle (mm) 43 4.66

(8]

Table 2. The drilling conditions used in the

study

Parameters Value
Rotation speed (rpm) 1,100
Feed rate (mm/min) 135
Hole depth (mm) 30
Numbers of total holes 120
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During the drilling, thrust force and torque
were measured by Kistler 4-component
dynamometer (model:9272). The schematic of
dynamometer and workpiece setting is shown in
Figure 1. After drilling every 10 holes, wear of
the drill bit was observed visually and measured
by imaging technique using Olympus SZ61
stereo microscope with C-P3 OPTIKA digital
camera. Figure 2 shows the example of drill bit
image for wear measurement. The overlap image
technique to measure the wear as shown in
Figure 3 is same as used in works of V. Zakeri
Mehrabad and V. Pourmostaghimi (2017) and
Issam Abu-Mahfouzby (2003) by using the
comparison between the wear image before
drilling and after drilling of the drill bits.

After drilling, the workpiece was cut as
shown the schematic of cutting in Figure 4(a) Flank wear
and 4(b), in order to measure the surface
roughness of the hole surface. The surface
roughness testing was performed under ISO1997
with  SJ-210 Mitutoyo Surface Roughness
Tester.

After drilling

Figure 3. Diagram of wear measurements by
overlap image technique

Tool holder

L

Drill bits .[

~} Workpiece

Dynamometer - N

Machine table =5 Fixture

Figure 1. Experimental set-up for drilling ’0 OC

Flank wear

(b)  A-A section view of workpiece

Figure 4. The schematic of cutting workpiece

Flank wear

Results and Discussion

Drill bit observation
Figure 5 is a set of high magnification front

Figure 2. The example of wear image views  view images of the multinite coated high speed
steel drill bit as in Figure 5(a) and the uncoated




80

Study The Effects of The Multinite Coat

high speed steel drill bit as in Figure 5(b) taken
before and after drilling with 20,50, and 120
holes. The cutting edges of the coated and
uncoated drill bits were changed from the
straight line to jagged line at the beginning of
using drill bit. After drilling for 20 holes, the loss
of tool material at cutting edge of drill bit was
found significantly. Also, the loss of the
materials at cutting edge increased with number
of drilling holes. Such loss at the cutting edge is
known as the flank wear. By comparing between
the multinite coated high speed steel drill bit in
Figure 5(a) and uncoated high speed steel drill
bit in Figure 5(b), it was found that the flank
wear of the multinite coated high speed steel drill
bit was less than that of uncoated high speed
steel drill bit when using for ASTM A36 steel
drilling.

Figure 6 is a set of front view images of the
drill bits, showing the built-up of chip at cutting
edge. It was found that the white layer sticked on
the cutting edge of the drill bit. This white layer
is the built-up of chip at cutting edge, observed
the built-up of chip on cutting edge of multinite
coated high speed steel drill bit as shown in
Figure 6(a) and uncoated high speed steel drill
bit as shown in Figure 6(b) after using drill bit
for drilling at 50" hole. However, the multinite
coated high speed steel drill bit exhibits less
built-up of chip on the cutting edge compared to
the uncoated high speed steel drill bit.

Figure 5. The front view images of the drill bit
taken before using and after using
with 20, 50, and 120 drilling holes at
(a) multinite coated high speed steel
drills and (b) uncoated high speed
steel drills

20™ hole

o g

) j

- |
110" ol | [l 200 o |

(b) Uncoated high speed steel drills

Figure 6. The built-up of chip at cutting edge of (a) multinite coated high speed steel drills
and (b) uncoated high speed steel drills at various drilling progress
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‘Wear measurement

After drill bit observation, the image of
drill bit was processed to determine the flank
wear by using overlap image technique. The
relationships between number of the drilled
holes and the flank wear of both drill bits are
shown in Figure 7. It was found that the flank
wear of multinite coated high speed steel drill bit
was lower than that of the uncoated high speed
steel drill bit at the same number of drilling.
Also, the flank wear curves can be divided into
3 stages according to the difference in the wear
rate. At the first stage, the flank wear was
progressed at almost constant high wear rate.
After 20" drilling holes, drill bit was slightly
worn at very close to zero wear rate and this is
defined as the 2™ stage. Finally, the 3™ stage is
defined after 50% - 70% drilling holes. At this
stage the flank wear rate increased. Comparing
between coated and uncoated drill bits, in first
stage, the flank wear rate of uncoated high speed
steel drill bit was higher than that of multinite
coated high speed steel drill bit. For other stages,
both drill bit types were worn at the similar wear
rate. Moreover, the 2™ stage of wear of the
multinite high speed steel drill bit was longer
than that of uncoated high speed steel drill bit.
Lower wear rate and longer of the 2% stage in
multinite high speed steel drill bit may be
resulted by higher surface hardness of multinite
high speed steel drill bit, similar to the results
worked of by S. Luyckx and A Love (2004),
N.B. Dhokey et al. (2021), and Nuclear-power,
(2002).

030 .
298 tage i

1 Simge | ' 3% Stage (Uncoated drills) |
e | (incosted drit) 13 st L

L 3 Stage (Mlinite drilly)

~Multinite drills

Flank wearVh (mim)

i i ~Uncoated drills

H 8 H
D 10 20 30 4 50 60 70 S0 9 100 110 120

Numbers of holes.

Figure 7. The flank wear of multinite coated
high speed steel drills and uncoated
high speed steel drills as a function
of the number of holes

Thrust force and cutting torque

The thrust force and the cutting torque
during drilling 1°** hole, and 120 hole were
shown in Figure 8(a) and 8(b), respectively. The
thrust force and the cutting torque were
progressed in four main the stages. Firstly, in
stage A, the thrust force and cutting torque were

increased rapidly until maximum thrust force
and cutting torque. It is occurred when the drill
bits start to touch the workpiece surface until of
the tip of drill bit was fully penetrated to
workpiece. Secondly, in stage B, the thrust force
and the cutting torque were decreased until
reaching to the steady state of the thrust force
and the cutting torque. Then, in stage C, the
thrust force and cutting torque was constant until
the drill reaches the assigned drilling depth.
Fourthly, in stage D, the thrust force and cutting
torque was decreased rapidly due to moving out
of the drill bits from the workpiece.

From the stages of forces, we are interested
in stage C which was the steady state of drilling
process. Thus, the average thrust force and
cutting torque at 3-13 seconds in various number
of drilling holes were shown in Figure 9. From
Figure 9(a), it was found that at the initial the
thrust force of multinite coated high speed steel
drills was lower than that of uncoated high speed
steel drills. After 20 hole drilling, thrust force
of the multinite coated high speed steel drills was
similar to that of uncoated high speed steel drills.
Moreover, from Figure 9(b), it was found that
the cutting torque of multinite coated high speed
steel drills was slightly higher than that of
uncoated high speed steel drills. The slightly
lower thrust force of multinite coated high speed
steel drill bit may be caused by higher hardness
of multinite coated high speed steel drill bit.
When the cutting edge and face of drill bit were
changed, the thrust forces in both drill bits were
changed to similar level. However, due to low
friction of multinite coated high speed steel drill
bit, the less cutting heat generation may be
obtained (M. Amiri and Michael M. Khonsari,
2010; G.W. Stachowiak and A.W. Batchelor,
1993). The less heat generation was recognized
by slightly high cutting torque ever thought low
built-up of chip found. The less heat generation
may affect the loss of strength of workpiece
which resulted in an easy to cut. Thus, the
hardness of multinite coat may be important on
wear resistance of high speed steel drill bit by
reducing the wear rate at the beginning and
decreasing built-up of chip in later stage of
drilling process.

Surface roughness of holes

In term of the hole quality, the surface
roughness of the hole surface was measured.
Figure 10 shows the hole surface roughness at
various number of hole drilling by multinite
coated high speed steel drill bit and uncoated
high speed steel drill bit. It showed that drilling
by the multinite coated high speed steel drill bit
produced lower hole surface roughness than by
the uncoated high speed steel drill bit.
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Also, in first 20% drill holes, the surface
roughness of drilled holes were significantly
lower than that of drilling more holes. The lower
of surface roughness of hole surface drilling by
the multinite coated high speed steel drill bit may
caused with higher hardness and lesser built up
of chip in the multinite coated high speed steel
drill bit. Previous study R. Ramaswami (1970),
Samad Nadimi Bavil Oliaei et al. (2016), and J.
Kiimmel et al. (2014) showed that the built-up of
chips on the cutting edge is main cause of flank
wear of cutting tools, and affected to the surface
quality of the workpiece. Thus, in this study we
refer that the multinite coating increases the
surface hardness of drill bit and improve wear
resistance as well as the quality of hole surface.

600
= Multinite drills

® Uncoated drills
5.00

400
200
1.00
000
0 20

040 50 60 70 80 90 10 110 120
Numbers of holes

Average surface rosghness, Ra ()
H

Figure 10. Average surface roughness of holes
surface drilled by multinite coated
and uncoated high speed steel drills
at various number of hole drilling

Conclusions

Higher surface hardness of multinite coated high
speed steel drill bit reduces the flank wear rate at
the beginning of drilling. Then, due to low wear
on the drill bit in case of multinite coated high
speed steel drill bit, built-up of chip on the drill
bit was less compared to uncoated high speed
steel drill bit. Thus, it was concluded that higher
surface hardness of multinite coated high speed
steel drill bit led to low wear rate on beginning
of drilling and less built-up of chip on the cutting
edge in later which affects to improves the wear
resistance of drill bit and the surface quality of
hole after drilling.
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