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Abstract

The performance of HSS cutting tools was found to be dependent on the higher
temperature developed at the interface between chip and tool. The contact temperatures
accelerating tool wear sﬁortened tool life. PVD coating on HSS. tools reduced the maximum
temperature development that prolonged the degradation of cutting during service and
consequently better performance.

The present study focuses on the higher temperature distribution in the HSS
turning tools coated with PVD-TIN, TiCN, and TiAIN compared to the uncoated tools under
various cutting conditions related to wear mechanism. It was investigated that HSS turning tools
were worn mainly by crater wear in combination of cracking and delamination of coating
materials. Adhesive wear due to material transfer and abrasive wear due to hard and abrasive
particles were observed. BUE formed on the uncoated tools under the experimental cutting

conditions and also on all the coated tools at cutting speéd 53 m/min and feed rate 0,22 mm/rev.
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[ E » »
wnigaluyssawsslunumisamunu nszdlufindnndy cutting velocity usafiulsam
I 4
tool angle U3 IUNA ox uazvuufURIMIIMsTouiiaiSon feed force, Ft usaliduiiadu Fo
[] » E

daunsaludia oz Wunsafindndandsllownsua nszi lansadiveumaduan duus
P 4 o A e ° = g =
fifieniosdiga Jusngndadeoudhuiuing q uasgmiesnliihueindedaouse Fs ifios
20-30 398 100 nn. Fs iuusanseMuy shear plane UA shear plane, As HVUIALAA stress 395

MIga (JUN 6) As 1Rerdoatummumuvenaundafidali deformed, t1 wazaun Ve

PR w (depth of cut) 1A shear plane, § As = t1 wsin ¢ Fs Suitvduiiudadnlaoasa



at Q‘ A = ey 1 L]
funsmuves t way w Fnuguldlaoesalasdufidms dauygy Pparuguhildlasass
Atlulsfiuedaunn1o 14 cutting condition 159 Ft UM rake face 3@ drag force finszdh Tautery

AAIUU rake face Fr husadrumsmhounveuaunas usanvm iaunaaunasuliuu rake

14 )
o s

face AnoTuusafidaionly flow zone, Fr A UNA19UDINUTTIRA seizure, Ar TiAnmAd1
(AL depth of cut, w AMVEIIVBILMITUATTZHIIUAATINY rake face, L WINND t1 140
L Suflumiimesiddyfiqauacitninomnde  cuting foree  oWvBuATRaiiouAY
machinability L 428990 Ar, kr 1 kr 49097 ks 1000UAZAAAMY cutting speed Ft (A1

¥ ]
AUNALVDI TATITSIIV0IFUITY AN kr A8

Fy l
t
Y A - 1]—0- v

Cutting force

74 > &

Feed force

sfi 6 usanszrhuuiianda

armfuuuiiandelng q fusuiiadamuizura (ocalized) AnuAufidify

» ] ¥ or »
9 1) compressive stress YuWNUAFuRavoaliangs A1HNoIY0eAY shear strength VOIFUNYU

[]
o o

ez 118NN FoMU SR 10z 2) Feed force, Ft M IviAn shearing stress wuT dude
rake face AN Ft/ ﬁuﬁﬁuﬁa Ft {iA1110un1 Fe shear stress %W‘im’i‘l compressive stress
AnsziuumIARADIMI N1ATE0UBI compressive stress, G anvinArgagaiinufingwiiy
quiidiorundafunofoduia dau shear stess HMgugafidinimaznszaseteminae

A1 (g1 7)
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/

Chip

Compressive stress

Shear stress

Stress  =—l-

~ N\

W/

‘Seized region

5111 7 mnszarevesnuAUUUTianda

anudoutinavulumsnas
[ ~ & 0 1 A 9/ e gt o -l
wanmAlFlumsndsdm ngffoudunrudounvinuledq  funuiia
= 5 a1 . 1 ° A 2
Fuiudedriade cutting speed [10% feed rate ﬂ’l?lq\ﬁlzﬂ11ﬁﬂ1qmﬂﬂlﬂiﬂﬂﬁﬂﬁuﬂﬂ
¥
-~ A - I
Work done 1¥1WlumMs deform FusnuieIidawrsnduazyiiliirunda
4 A @ I e g ¥a . . e = o A o
waeuN usIna1iiiing plastic strain §1udnn Jundedies 1% Mivazay13lugl
YD elastic energy Mmaedn 99% Wlumslvanufeuunrunis Janfaaziuau Ay
d' = 4 r [ 3N} 1 & t :
fouTiiaiuuy shear plane daulugjriudr i lwsunia doumilagnareTewdr llluduau
Tasmsiwnudey  quupilvensundaslinasemsinuvesianaas umirunai

@ @ A 00 8 ] ]

9 A w v & v Ay Y =
UHANVUANDN ﬂ?WﬂJﬁﬂuﬂﬂQﬂﬂagiulﬁHﬂa\'l'ﬁfNﬂ’lﬂﬂwuﬂjﬂﬂﬂggﬂu']ﬂaﬂllﬂﬂjﬂ IHHNAY

e
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iiloriu shear zone szgniIfZevdy uazilemden iy rake face 92 liign deformed 138
QN heated Ain'lul nasundundew uuiuiaduimiudinnn anudeudagidelilaney
nds IdieeannTaenisurssdnia laonmsmniwieugeimanie Tasnistiaamdewdi i
TuFua dauvesiusnuiignndslludneligungligedy teanaideuly deformed

¥ ¥ [
layer gnas Toundudlludueu udd linn dnfunimueun 1de1n work done Uu shear

]
)

8 = = 1 [} as L] = Qs =
plane Yina 1iRarunddsuIngezdnceg usundaazgnwosn T fuaunds
 Strain Tu flow zone Wududufiandnvesniwieuiinilieungiveass
= & Yar ¥ . o 2 A a w o ow -
PASTIUY  flow zone TRFURMUMANVREITYNAunTou Il uuRIFuda ArunaSoauy flow
zone §IANNNTTLU shear plane 11 AAVE flow zone HinsdaRanuAIvesTiandatagn
: - - 4 S .
strained 7811 USinmarmesoalu flow zone Tailun Fwziitu'ld9n inclusion, grain
boundary 95118114 flow zone w30 lignannlihfeuvuunuafiands compressive
L s Gyl = 4 oF J -ﬂ' A
stress $WHVHEIMIAN crack uazilonnududinananatvaziirundunieussnsinauiia
-4
Azifin crack 1wwndees uondieenvinilanaslay fracture  (ileTanzlu flow zone gn
. A A o o q ¥y & 1 1A '
strained gWABLoATIATBURENINALA JegnihIWieudusdndeilosvazin liluy
a oo e F ] = AA: r.? -& = = 4 ] L4 ; A 1
Aduda Gavinnnaudaguugiitegeiy FwRaduaundsdagmiiifouiudioaguy shear
1 n’: & 1 ¥y i o o 1 ¥ L] 4 _
plane oimiy reru Tluuwuidudae: lifeutnugnde 1y rioTanz1u flow zone Tigungi
4 4 = ad 4 - = & o
ganvaTndouNNANla gunginmua e work done uazUSureuileTansiiriu
flow zone Qquﬁmm flow zone ﬁqqamﬁﬁmﬂynﬁﬂﬂﬂmmzﬁ cutting speed 49
A do ow ' = a4 a fl‘_l o 1y '
wundudassnhuaynfwasliandailusuun q ualivnalugun anw
H = U & A d
foutuialu flow zone Saganiludiia uazsramauiiogaudanudoud llueunda e
= A ¥ a a  a Yo - o ' o -
IEARAARBURUNNHINANGY flow zone gnwteen I AR uAYNFzBUBIBd NTAG U
) Qs =g = ~ a A a?’ -] LY & = Qs g ]
pungivesdusunie  Fzdigaugliiiyinaantieaiiesinlimnasvesiusyndalngjuin
1 4
dumsgayioanuiousn flow zone W1l luiiandslasmsihaaudeuiunandrallen
MINIANToUN interface 32114 flow zone AUAURYATY 7 interface 3 metallic bonding
= - =5 o oo a di = L 1 A'l ~ - =8
UANTRNINPUHYUIAYINY flow zone IUBIVINY heat flow BUNABIUDY fiandsdaily heat
- = P | o . o 1
sink uaziiguvginielufiuanaany (tepmperature gradient) Aamfoumldnnuudua:
Tassadveafiandutfouutlas duihu Hss Arumsyuudaivnzay auudazhiasas
< o [ Te) o o v o 4 X o 4
UINPUDI 600°C 551N 600°- 850°C ATWNTIITAADIBENTIAITINN LazIzIANIUBnID
= 1 ‘S" -:'l o A & A g/ ¥ al (] o Y ar = -y
gungigenil Weihilandsimums 1Fauudnndaruauiia ndrdaniouia rake face

uag etched nazianuudinaeauinai Id5un1ou (heat affected zone, HAZ) HuNanag
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= dl 0" 1 ='l A 13 1 -
vnaindndwaadguugiingandl 650°C  Asanaeves HAZ Saarinnniliguugiigs
' o o ¥ 4 s & a
A1 900°C (3110 8) Flow zone 1l heat source mmmm:'lwamnQﬂmauuuuﬂnamn
qol ] d o o o a ¥d a 9 1 1
guUMIMNTI flow zone sanies Wnuiiafigniiidisulasns feed Fuarudnnade
4 s fod = o = = Q' J .
iins anwioudelnanduldinuiia ligungivesnuliamiuiiu TandsSuilu heat sink

o g 4 a
dmivanuseungnitesnsin flow zone

a) VInuMHguugligly (HAZ)

700°C 800°'C 900°C

ci ] [¥) d'l a:; 3/
b) iuuaAIganiinuana e HesnInmsulaeumladiassadisganinlu a)

317 8iianAafil¥nAd low-C steel A28 cutting speed g9 #&q etched 9138 nital



uni 2

AaAS ¥
HENTHNDE YYD

M5HITUYRTIANGY (performance) Tii319s1ihe rate of metal removal 8114
a 4 @ : o .. 4
31U (tool life) HAZRIFUITUNAINEY (surface roughness) INUI9011Y cutting condition ¥AeI
& EY w FS A a A = = 4 o -
@enlimnzanduyiaveslianas JUnsusvadevesiiands uazyiiavosruaufitznia
1} 13
AISANYINITNIZVIODY stress UATUUIN interface SzHINTANTINVBUI AnvasuTasq
adngamavesdiandanadldon  (wom tool)  wawlmidnledanallnmisdanse  (wear
N S . .4 S
mechanism) FaivvHnani19lan shiding mechanism 1H9910UTNN interface HN5HA
L4 1 )
U (seizure) TewINiANARUTUOLRTIRuANTRWHTnduanFinauazdunaumiuaili
Vs M4 a8 o = Y w448 = a0 A ¥ a8 =
uandei  mandeuiilandsdoiaatuduasimosmaniivistaeigldamnivesdianis
o & TISTR Y ¥

HaZTIOINY machinability UNTUIUAIY

Hlagriumanfionds (coating) iuedaninyaelumsaivguiies friction

= 1) As ey . n w o W _ea
warmsdnuselugaemnisuan 9 AUsVUNY sliding contacts A mSumannding
L] 1 A o = H r
InAOUAI MoS2 UdY diamond vFIWARMIANHMIE TAMAWMNlBHouiuA T hitade
(uncoated) Holmberg (1) TAtaueuuIAAYa friction mechanism VY84 coated surface WAz
4
ﬁmuﬂﬂa'lﬂﬁﬁﬂ%‘lﬁ g 'hrﬂu macro 9% micromechanical, tribochemical BA% material
~ transfer mechanism M3taonJaqIAADLLAY tribological coating parameter IFUATINHUIVBIAD
-3 =) = & A o r-| [ . ae
waoy anuuda anumoruvesduadey uazaiudhleifaignindeuiiuadielslu sliding
o ‘:' Ll A A

contacts viilutse Tomiunlumseenuuusudnazinsosiieds

Lﬂ%‘mﬁﬂﬁﬂ (cutting tool) ﬁi%ﬁuﬁﬂﬂ‘ﬁnﬁ cemented carbides ﬁlﬂﬁﬂﬂﬁ’l
@78 CVD-TiC 1a¥ High speed steel, HSS inaouiia®ao PVD-TIN mandeuiid o Taghiuds
uazedusMIUAL U TiC, TIN ey ldeiuvesiianaalduin Hadenqvist uag Olsson
{2} 'ﬁﬂﬁﬁﬂumi Fnnseuuy sliding wear Y99 coated TiN YU HSS Tﬂﬂ‘l{ﬂ‘nﬂ’dﬂ‘u pin-on-ring
test 1Au§1a89 machining condition UAYN1 wear mechanism Iagn1sas19qInssaiudrundes

[ w»
optical 482 electron microscope WLINILUIUAI FNHIOINEIYOING mechanical 1182 chemical
¥ .
interaction 5¥WINNANAINLFUITY MIFnnsenIunulag cutting force, cutting speed UAY
»

Aruraumanlivedianfwaziuiu Auadeulimsdnnsonny adhesive WazAIHANAIEN

HiouUl cracking 482 plucking ¥24ifH TiN 39U adhesive wear U89 HSS
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“© I & - R LY | = e ’ i =
MFEANUILHINHNAABDY (coating) NUUANAY (substrate) NLTHNIT adhesion U
o o d‘. [] o ] ar A =
ANudNINAgA 81 adhesion Tiiuane Handwsdizanenaiduads esninAunaoy
uandanntanae1ddw Fadaatimsnaael adhesion test #1192 11A0 Scratch-adhesion test
1 =t e ' . 4 .. ' -
souiimslFnismaasuniFandi Particle erosion test W4 sensitive NIWNU Hedenqyvist daz
Olsson (3) 14FnH1 erosion U84 TiN-coated HSS Iﬂﬂ‘i’f‘]jﬂﬂﬁ’dﬂu centrifugal erosion adhesion
test Tﬂﬂ‘i’fﬂumﬂﬁuﬁwm AlO, ({1l crodant tWafnNHA coating failure mechansim wun
coating ﬁlz‘ﬁﬁ‘ aday fatigue wear FWN coating erosion H38 erosive fatigue wear U2 spalling
[ v [) E v
cutting tool ¥Ry HSS HlFiunaliiinaningalarisumlsgninumalans
(cast & wrought) fufinas laomalulal Powder Metallurgy MiFumMsaLguAIoALioU
! A P o) o, . = Y & g .
PH1UMUIZAUAD quenched 1DE tempered 71 500°- 560°C 1 1ATIA5T1INUVTIYDI Martensite
o o = Ha . s . . & .
waza1s ludvunadnazBeaiitiae NNz UIUMST precipitation hardening N32910' 117 matrix
duflu Hss AindaTlas PM 92 hifluouvean1s 1ud (banding) ¥3eMINsEVIOAL luaiuaNe
w04 alloying (segregation) MiTBuUAINLIM cast & wrought HSS Harmuieusannlay
[3 3
myeigamgiilFou Saifalinnumileodd (good toughness) unshuABMIANNSD (wear
. vt add | Ve A
resistance) Wright & Trent (4) 1ﬂﬁﬂ1|‘lﬂ“liﬂi$il'lﬂ‘llfl\1qmﬁguﬂ interface ¥ INUANGINY
e g P T e 9 [y >
Fusw Tasmsasieg Inseadreganmnvesdiandsiidiiumsldauuds (wom tool) Tnomisda
[) ¥
YaunzRaradao nital w1 Insaai1engn etched TR urveediugy 1R are) v1nnudia dn
2 1 ey i - = : =1 =
av 1118 rake face Faerasianiinsnfaoulnssadvvuzldon vinaiadligungiganh
. o, 1 = oo ] =
secondary hardening temperature RIINHNUYBDY arc uﬁaauuammqmunmnuqumﬂqu

= 1 = ., g - A
NGAAN (lower critical temperature) el martensite Lﬁmﬁumﬁqqmwnuﬁmmﬂnqaﬂﬁa

msfinin Inseadnnfouani higasilsznumsnszaveaguugin interface 18



uni 3

L= P =y
IBANHUNTINAQDY

¥
MsnAsuRINANEY HSS destuiiaauduaznuauieuazadeing
= . . . 1 o a =1 = Vag ¥
ndived PVD-TIN, TiCN, TIAIN waodfuiljamsfinmassiianaainasu ogmslesauum
& = o e 3 ad 4; o ' . oo 4 o 2
Funaziindenfaudie  gungliigeludisesde (interface) sznaliandanuduailu
o Ay -~ ¥ o e el ot AN A e
auvguaniivh fiiandednusoldmshild  nsd@auseszadwiuduilanidsi hindeudn
»

QMR ﬁqﬁmm:ﬂﬁaﬁﬂﬁﬁﬁﬂﬁaéauﬁ'mﬁzuﬂﬂﬁ’ainﬂﬁ'uﬂﬁau NMSIARDUAITIVAN

ad a 4 5 . - 3
qungiifiAndu Taonaen contact condition S1svann1s Anmseveaiiands idmanits

ay o A 1 ¥ ad A

M3 oAF AN ANBINGNIEBVeIQUNYIN  interface UBINA

AAINMAI HSS-PM-M42 fndeuRadau PVD-TIN, TiCN, TIiAIN uazihimdovia

e o ¢ - o

(uncoated) TUN1INAY (turning) FuaUMARAIMILOUINGA AISI 1045 0 cutting condition
] ) y o ¥ o A = o L a1 = as ar e

an q laglildmsnandy wdnhilandwmddldmumndaiuauia  Jauaziarafons

o ¥ a d ¥ . . A

LauniA ut’l’mi’JilﬁIﬂNﬁ‘i‘N‘UﬂdN?‘I’Iﬁﬂﬂiﬂﬂ’)ﬂﬂgﬂi optical LAY electron microscope (WD

= = 1 A - J o d 9 A . ¥

ANMIANMTOUVUAN 9 NNATU 1AL IAANNUYIAINTOY microhardness tester a7

Usznusgangiinnszae himwiiidgonsenindeyalassadaazanuudaiinu Bud

sazdannimesveams&nnse iU crater wear WY 1M I1UNAY (turning)

msAnasonsstiumanaaealasnisndy  (uming)  AiunTendiie
SN32 Wanlu Slovakia ttaz1dilanaewiia insert Hd20 HSS finaalaomaTuTad Powder
Metallurgy  (PM-HSS)  #irunsquuiduazindouiadis  cvD-TiN - dhundadasiom
Jszmaeemels  mende susmiiduminmiivansa AT 1045 Adevindmdnly

Tandaunsnvdn (3 9)
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71l 9 inJesndevazihnau

31 Yagild

flanda (cutting tools) Wwin PM-HSS fiidumamfoumunin Hss-M41
Faaaslumsied 1 sasfivinauaszali1edegaal 10 S1au 10 64 FuMIRY51Y (grinding)
(ilof1SaRAABY CVD-TIN UM rake face DOANUATINNATDIVOS chip breakers M9 lauimde
Anndouaudng (flank face) 13 udnhiinndsdian 4 su'ldindoviiadae PVD-TIN, PVD-
TiCN #20mnafin Low-electron beam flszimnoeainside on 6 Aeddalilindouds PVD-
TiAIN A20mAiin Cathode-Arc Plasma Deposition (CAPD) fuSim Royal Ace ﬁﬁ’dﬂ'ﬁ’ﬂ
mmsdsims  JasnumuvesdundeulasasninnmaieInseafevesnndaunsdoe

¥ 1
SEM 1o 3nnnuiidieuesiaunasy 1as Microhardness tester R307111INAA 0.100 kg (1314 2)
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M3197 1 aIumaNManiiveslianay PM-HSS eauiiu M4l

[
% 1o min

AI001 C Mn Si S P Ni Ct Mo Cu V Nb Co W

PM-HSS 1.02 0.34 0.25 0.015 0.024 0.5 435 4.61 0.10 1.86 <0.05 53 6.62

M41 1.10 4.25 3.75 3.0 50 675

U4 10 fiands PM-ESs #Al¥lunismanss

39 2 mmﬁmuazﬂnum‘iwmﬁ‘amﬁau PVD

¥liAYeIAuAARY PVD

TiN TiCN TIAIN Uncoated
anunw, lulaswes | 2.5 25 1.0 0
AN, HY 1024 1414 1068 785

0.100

F491u (work piece) iThumanuisnauifidurugudnais 60 wu. 813 600 1,
fidunauN 3T W 1Ay Spectrographic MELAUMENINTA AIST 1045 fap13190 3 lindafied

At IazE? udawSondmihdmsuas 19 10390319 (metallographic) NaFesTUIL
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A20nH81 optical 4AT SEM 92y Ferrite LAY Pearlite (31 11) uaz sulphide inclusions 1119

(]
=t o

urugudnan 2 Tulaswas Mlsznoudae s, Ti, Mn, Fe uag Al @iy Wildnuaizdaom

Tlamunuvesmiam@n us liwy silicate inclusions (gU# 12 uaz 13)

M99 3 uRTmanivasyuaufiouiy AISI 1045

% Tamimiin
ATBUN C Si Mn P S Ni Cr Mo Al Cu
Fuam 0.455 0.036 0696 0.015 0.026 0.154 0.172 0.023 0.022 0.147
AISI 1045 | 0.43- 0.6- <004 <0.05
0.5 0.9

a) MANAYIN b) MARAMINEN?

314 11 Tasead199an1nave 819 1045 steel 7 etched @28 Nital 3% 5 S1fl

onndesganssail optical
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b) MAAARINGI

1% 12 Tnssa3199001nUB3 1045 Steel 21NNEBI optical HEAY inclusion
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|
o
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[=] [=] o o [=]
28 8 ] 8 =]
=2 g 2 g 8
o w0 (=3 2]
owN o - A

Energy (keV)

13 a) MnsS inclusion
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SUT

Counts
15000—

Fe
|
7i ['S | L
‘ Mn ||
J A
{ i ¥ \ |
|
|
10000 i
| |
e i b
1 ] ! i i
3 i
! |
5000 } 1

R || L 14

i F !
j [ i 5

0 2 4 6
Energy (keV)
13 b) MnS inclusion N3l Al 9g/e 8
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SuUT
GCounts B
Fe '
20000—
15000 i
10000—| !
P :
1 Mn
5000— ;1“' ﬂ ]
] ‘;r 3 :J \ J Fe
1‘ i / \ ) i
- ‘_’,.f; SO _‘i 11‘,"“1:\'_‘__!,,__“ ; ‘“Jj S
] T] T 7'_“—'7_-‘\”'1 L l T T e ‘ AR B LA “‘1" LA B
2 4 6
Energy (keV)

13 ¢} Complex inclusion i Mn, 8, 1az Ti

U7 13 Tasaad99an1nuea 1045 Steel 910NEB3I9aNTIAY SEM HGAY inclusion ULV
sazHa A IEviaae EDS
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32 MINAae3
= L 2 & ] . 7
WiTHieed lunanas #4ldua cutting speed, v ; feed rate, € depth of ey, ¢
1ag cutting time, T INARBNIINIU (performance) 81Y19591U (tool life) UAZHINAY (surface
. ad & : a4 a & A A4 A v oA 2 o &
finish) QUUHIINFIVUUAL stress TNRVUVUZHINGITTDOAD (interface) TEHINTANAITUFY
c& o o ] i
au duamavesms@nvse (wear) vostiande sohlilandsigaldms1ild (i) Tunga
minaassuisfuaeiyaniy cutting condition IWeANYIHAYDAMILLS
nffouman 1 veansiweiilireniniznwsungivuianduazaensinnsevesiia
= = . i A gqaa - -
nda Toyausnilun1sfinenaveq feed rate Maz cutting time Wisldliandundoufianay
PVD-TIiAIN (#151471 4) uazgaftaouilunisfinm cutting speed tilonasaaoiianaafindouin
. . . A o o o iy P o
#18 PVD-TIN, TiCN itaz TiAIN iaivusuiiandei hinfaufii (51 5) manaasai
LY quick-stop test Tag laildarsnasiBunienanau (dry cutting)
w & oy e w e 2 - )
HANINAGaEd  FununnTuesiidafInInasigatnaenulia (cutting
edge) 1dN1111/8alwsFy (cold mounting) UAIVARIRIHINININTS (diamond paste) YHIA 6
uaz 1 Tulnswas udadaianih (etched) A29 nital 3% Fhuainu 30 Sutdi udnsaegIass
afrsganindaondeaganssmiti optical uaz electron Lo NS eddIumamIaATiuTowR
4
#nvsed0 SEM/EDS 1&27An 1130394 191AT89 microhardness tester 1A% load 0.1000 nn,
u’: = o g b [~ = 9 a F=-Y
vmivdnihdeyaves IassadngamanazarudanAoudussaugangll  (temperature
oy : - J a
profile) YBUTIIN rake face NUQUNYNGIIUVAULNAL (heat affected zone, HAZ) Tnuifivuifi
Tnssadnqaniaidiuwasinmsdnuimsnszasgamgiivuiiandelaeis Metallography Y84
P.W.Wright uaz E.M.Trent (4) uﬁz?miwﬂ' wear mechanism s MUU rake face Y41l

AAMAINITNARDL

M3 4 danileunaznaintiam 4 @1%5U PVD-TIAIN

cutting condition cutting speed, v feed rate, T depth of cut, t cutting time, T
m/min mm/rev mm min
1 53 Q.16 125 Q5515
2 53 0.18 1.25 0.5;1.5
3 53 0.22 1.25 0.5;1.5

4 53 0.24 1.25 0.5;1.5
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= . ] A qya 2 oA A
ATNN S cutting speed AN welviinndsfinaey PVD-TiN, TiCN,TiAIN U2z uncoated

cuiting condition cutting speed, v feed rate, £ depth of cut, t cutting time, T
m/min mm/rev mm min
1 53 0.22 1.25 0.5

2 66 0.22 1.25 0.5




unii 4

HamMINaaay

anUInITNRTRTLs AFeaMUITH N UANNEINY rake face
4 s 4 P
nmsnaaesgausnilaldiandafinioudis PVD-TIAIN naaeendafi feed
rate UAE cutting speed A1 ) fiu ensrvgInssadedio SEM/EDS wuifinvSiasduia
FEHDUAUNAINY rake face utiuiluaosdnuazfio vSnaniuaslill Builtup edge (BUE)
Indfuveulia (cutting edge) AunSIul sliding wisufun1sawlouTaq (material tranfer)
ﬁy a o =5 ar =i
VINFUMNNGITANDY AagI 14
fi feed rate 0.16, 0.18 mm/rev ; cuttting time 0.5, 1.5 min 8% feed rate 0.22
mm/rev ; cutting time 1.5 min 9¥W1) BUE Uil feed rate ity 0.24 mmrev BUE laitfia
ar L] E = o a ;
NNAIDUWINATIUTY 0.5 U ITIHY crater wear UM rake face Uay feed rate NYIVU crater
=1 ’J 1 i Q’ L3
wear WANAIMYYU  MIANYIAIY SEM aashiinistieleuuessig Fe vinsuau i
rake face Tawnwiziiiondadau feed rate 0.18 mm/rev NUTINAUNSIVDY crater wear VI
4 1 -1 =
peak vB4 Fe, Si, S (3UN 14c) ualu feed rate 0.24 mm/rev azivtu Fe ifivadimissluuiing

1nd andia (19 144)
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SUT

14 a) BUE 1#{onaagi 3 v = 53 m/min, f = 0.16 mm/rev, t = 1.25 mm, T = 1.5 min
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SuUT

14 b) il BUE tlien@adae v = 53 m/min, £ = 0.22 mm/rev, t = 1.25 mm, T = 0.5 min
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Counts ] o
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15000 ]
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10000

5000 _ Fe

] ; T T
0 5 10 15
Energy (keV)

14 ¢) SEM/EDSUSN®1UYAav04 crater wear HaaIn130181034ve4 Fe, S, Si #i

v =53 m/min, f=0.18 mm/rev, t = 1.25 mm, T = 1.5 min
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L
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Energy (keV)

14 d) SEM/EDSU3nalnd q audla nansnsaraleuwes Fe, S ilsadntfon i

o

v =53 m/min, f= .24 mm/rev, t =1.25 mm, T = 1.5 min

3UN 14 rake face vasilandandeui gag TIAIN 9100609 SEM
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msnaaeyanaes 1Wumsndadasiiandundeviumzhimiou wy BUE

Tuiiandei hindeuid uazvudandafindeVAIAI0 TiN M cutting speed = 53 mm/min i

= - = A 1 ey = . d’ ¥ = g A

nzhuuianaadu q luwy BUE uaz'lill crater wear 1 cutting speed 31 sniuluilandaf

wAeudn TICN #adns1zviaas SEM/EDS vealianas liindevdn uamiihiimsdioTouves
k- ] 1

1% Si, S vInFuam 11 rake face AUSIUATUNS VDY crater wear 7 cutting speed = 53

o B s; J . a J & 9

mm/rev LlAIE W cutting speed = 66 mm/rev (g‘ﬂ‘ﬂ 15) M3Ineouvel Si, S #INNYY FIATIVIN

@ - A - - . v o ' 1 7=

AULANAITIAADUAIN cutting speed = 66 mm/rev 9% M UNISE10 [OUUBDIFINAN q UAN

cutting speed = 53m/min 9¢WL Al H1AARY crater wear Y8R UAROY TiN VURAATDY TICN

» . ’ ¥ v

v UFUR Fe, Al 011 (deposited layer) TuyFaanvwanauiialyl 240 lulnsims uAdui

Y = =] T . = " e = =
yumzAunsulndaniinsziiiuud Fe, Ti (g0 16) M1l 1ndq auliavedianfaynwiiad

msonsTenvesTagiiooun

15 a)rake face flv=66 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min
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15000 '-7
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5000—

31

Fo.

0 5 10 15
Energy {(keV)

15 B)SEM/EDS flu3a uyidaues crater wear @AM 3016 104Y04 Si, S

Ui 15 diands Hss fAliindeuR91n0ndes SEM
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16 a)deposited (glassy) layer Nv=53 m/min, f = 0.22 mm/rev, t = 1.25 mm, T = 0.5 min

Counts

] i N
20000—J [ ?
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] '
15000 ‘
] . w Fe
[ fi
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10000— ‘
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4 |I I
d i L
| | |
5000— '
! . Ti
! i
1 S Fe
S Mn/
(s = ‘, _A/_ IR &
0 2 4 6
Energy (keV)

b) SEM/EDS u@ad Al S, Mn, Fe 14 a)
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Counts )
20000 Fe
15000 |
; 1
i
10000— .
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5000 J i ’
' i
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e ) wr_rJ \. Ti ill i:‘ 'rr '1‘\ :
00— Bt
| i L d T ‘ T 1777 T i [ T T I T ¥ T T 1 T H T | T H T T | 4 T T i H T T T
0 2 4 6
Energy (keV)

¢) SEM/EDS V84 deposited layer Indnaiia ugasnisaielownns Fe mniu il

v =66 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min

i 16 Handafundevfiafas TICN 910ndes SEM
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ad 4 4
MINTAIBvRIRuUNYiiNgluiianas

¥
i =%

AIATINEUgIMAINgITHYIEndY Taensnsaeg Tassadniigungives

“

Yoallandandsnisnanes TaenfSoudioun Tnseadeves HSS-PM-M41 fidnu1lae Wright

3 o v vda g ol
@ Fldulasadhanasgmdnds nsneseslinamiloududeiide fguugiidind

W

b d
-]

600°C vz limtumsalasunlasInseadafidany 7 600°C Grain boundary Suiidndmazey
$d A A a & : o4 4

AGIYUIGEBE iogunqiigaiusuds 700°C grain boundary vzAdMRTIge A1 750°C Tasq
gy 4 4 - -1 4 d , 4 - &

aaiuiidiy tempered martensite (SUANMDSYINNIZIHY grain boundary 1HBYUNNNYIVY

5007 1 900°C hiamnsouenues TnseardelAueslidnuuzmiouTassadnithign etched

n 1] E 4
@ 17) nnasnlSeufionTassadwiigumginie q dulassadnasgdess mld
= $ 1 ar z { ar g
asoamiduuaagun)ifiuand1ady (temperature profile) UWRUANMARAYINVEIR

pandAnGIndan1inanes 1 (31 18-19)
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31 17 Tnssadregamaves HSS finldaumugamgiiszning 600° -900°C
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PVD-TIiAIN COATED INSERT

V =53m/min ; f=0.18 mm/rev ; t=1.25 mm ; T = 1.5 min

18 a) USNMAgn etched uaziiand
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PVD-TIiAIN COATED INSERT

600° ' 100pm
—

V =53m/min ; f=0.16 mm/rev ; t=1.25 mm ; T = 0.5 min

100pm

V =53m/min ; f=0.16 mm/rev ; t = 1.25 mm ; T = 1.5 min

. 100pum
700 —
650°
600°

V =53m/min ; f=0.18 mm/rev ; t=1.25 mm ; T = 0.5 min

100pm

—t

V =53m/min ; f=0.18 mm/rev ; t= 1.25 mm ; T = 1.5 min

18 b) temperature profile umaz cutting condition



38

PVD-TiAIN COATED INSERT

V = 53m/min ; f=0.22 mm/rev ; t=1.25 mm ; T = 1.5 min

V = 53m/min ; f=0.24 mm/rev ; t=1.25 mm ; T = 0.5 min

>
I

V = 53m/min ; f=0.24 mm/rev ; t = 1.25 mm ; T = 1.75 min

I < aa
18 a) BINUNYN etched HdDzHANN
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PVD-TiAIN COATED INSERT

100pm

V = 53m/min ; f=0.22 mm/rev ; t = 1.25 mm ; T = 0.5 min

100pum
—

V =53m/min ; f=0.22 mm/rev ; t=1.25 mm ; T = 1.5 min

100um

V =53m/min ; f=0.24 mm/rev ; t=1.25 mm ; T = 0.5 min

100am

V =53m/min ; f=0.24 mm/rev ; t=1.25 mm ; T = 1.5 min

100um

V =53m/min ; f=0.24 mm/rev ; t=1.25mm ; T = 1,75 min

18 b’) temperature profile fiunn cutting condition

317 18 fiandafindoufad e TIAIN 9100804 optical
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PVD-TiCN COATED INSERT

A

V = 66m/min ; f=0.22 mm/rev ; t=1.25 mm ; T = 0.5 min

PVD-TiAIN COATED INSERT

L3 s A"h'}’(‘\n 3 o f.
mm/rev; t=125mm ; T =05 min

V = 66m/min ; f=0.22

19 a) 1i89 etched 928 nital
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PVD-TiCN COATED INSERT

S

q o
650 [RSISTTNNN

H00° |

V=583m/min ; f=0.22 mm/rev; t=125mm ; T = 0.5 min

100
—
V =66m/min ; f=0.22 mm/rev; t=125mm ; T = 0.5 min
PVD-TIiAIN COATED INSERT
10O m
A

V =53m/min ; f=0.22 mm/rev ; t = £.25 mm ; T = 0.5 min

100pm
—

V = 66m/min ; f=0.22 mm/rev;t=1.25mm ; T = 0.5 min

19 b) temperature profile fiunas cutting conditions
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UNCOATED INSERT

PVD-TIiN COATED INSERT
V =66m/min ; f=0.22 mm/rev; t=1.25mm ; T = 0.5 min

T TR T i

V = 66m/min ; f=0.22 mm/rev ; t=1.25 mm ; T = 0.5 min

19 a) %84 etched @30 nital
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UNCOATED INSERT

FO0pan

—

VYV =53m/min ; f=0.22 mm/rev ; t =125 mm ; T = 0.5 min

H00pm

PVD-TiN COATED INSERT

V =66m/min ; f=0.22 mm/rev ; t=1.25 mm ; T = 0.5 min

100pum

V =53m/min ; f=0.22 mm/rev ; t = 1.25mm ; T = 0.5 min

100pum

Y = 66m/min ; f=0.22 mm/rev ; t = 1.25 mm ; T = 0.5 min
19 b’) temperature profile fusias cutting conditions

d' =y = d'll 1] - o :; = = ] 9 .
g‘lj‘ﬂ 19 danadan NIAAD UMD TIADD UL TN 199 DINNADI optical



ievundevisaeg uungiqeaalifunieudis TICN Yszua 700°C us

=

w 2V & ] o J =£ Q 9

nisnInfikunasuLdINuAnn QuURIgIqALY crater wear vz T1IRe 800°C 1dunA
oo oW = a ) o o

gamgiifiuananduSuilullangamgiivg crater wear Indnuiinamngiivesudnion crater
(] T 3 o ]

wear INATRUSRUTTIQUNYITTITY (heat affected zone) x0T 1TUA0 indiandalndez1dms

T4 (i) i@uuaasgamgiivsSatuitariivuiunsdives crter Allnunadnnsi g1 19b)

Tudundlou TiaIN guinanvsuduuaasgamgiizoes lunsdundwesny
fiatie cutting time Yy 1AMt cutting speed NfGounn 53 i 66 m/min Tagery

1 b 4 1
gungiiigeinedsadi lumednmdesauiinmnanimud e sauiia U 19b)

=% = =t
MITNVIBVOINANDY
5 = b= [ L] o :.s'y =1 =5
Crater wear Msfinnyavalandanndlediuiand uuuvelianis (rake
] 1 4 - o ar
face) {WuIMQULID (crater wear) Tailimsdnvsefidudns (Rank wear) Wis1fines7145a

crater wear UEAIAI31N 20

i e Y . S Sy e S S St ke

VB, mean flank wear

S S S
KT, maximum crater depth
Z

///////////////

KM, Distance of center of crater
from too! edge

1 a g r
UM 20 windiwesiilyTanmsdnusavesiiands
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Tufiandey TIAIN ndurands 0.5 uih gudnanwed crater wear ofiiszoy
& = o @ o = - & A P
MY NINANDA 1FWREIAUNIT 1.5 I (GUN 22) crater wear WANNGAN feed rate 0.24
[ ¥ ’ x »

mmvrev feed rate IPITSVSULIHN #1 feed rate 0.22, 0.24 mm/rev crater wear gedn (Eﬂﬁ 21)

IWUARIIAUTOT 1.5 W (319 22) crater wear 338nTIgAT feed rate 0.24 mm/rev
THOLVIRFUONANIDT crater wear SanLTAvzaARIMINEIRNLN TIAIN, TiN,
TiCN A71UANYDY crater wear HRUILANINUA cutting speed 53 m/min (gﬂﬁ 23) uah cutting
. = A 4 o . . B o A A k)
speed 66 m/min ANNARIZIANTURIAIWLAIN TN, TICN, TIAIN (311 24) Uandudeovey 1%

13 1 lauda

e

600

400 B KE

200 Lk
0.16 0.18 0.22 0.24 wnm/rev

11 21 uaAs crater wear vuSiandundovd e PVD-TIAIN #i £ A1A13 9

v=253 m/min, t = 1.25 mm, T = (.5 min

pm
800
600 : ?
"B KE !
400 : ;
200 1 L
0 . . [ 3 - Ok
0.16 0.18 0.22 0.24 mm/rev

717 22 @A crater wear YuiiandunasuAIRIE PVD-TIAIN 71 £ A1 4

v =53 m/min, t=1.25 mm, T = 1.5 min
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M Ke
o
OkT!

717 23 uaaa crater wear vuiandundouRadae PVD-TIN, TIiCN, TIAIN

waziiananlindeuR) (HSS) fiv = 53 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min

um
600 o
400 - E.KEE
200 ilmi

0 " O« |

HSS TiN TiCN TiAIN

7UM 24 1ama crater wear VuSlANSUATEUARIW PVD-TIN, TICN, TIAIN

uazdiandanlimdavia (ASS) fiv = 66 m/min, £ = 0.22 mm/rev, ¢ = 1.25 mm, T = 0.5 min

4 o ' o
Wear mechanism Crater wear %zﬂﬂﬂgmawma"evmqmmmﬂmawuaz
et a Ao o o < o o o '
SnvialuuFnaiil sliding n8a91miu crater wear w1l ngfidundavesnuiinldsiadant
At 13 1die cutting speed Ua feed rate AUNUTY
ivuvesmssiyavesiundoudiuniives crater wear umasiagllii 25
e dy !}a’/’ | = g__° qu’f L ar L] @ =
guugimgaiuladundounas stess finssinhiliumdouuaninuazauegludfans
wrdalndesiiandshild@nnse sesunn (crack) Memndufirmemundouiivouruniy 3
] . 3 » v
#i 25c uraurveasiunioufiuanvgaeamiiui (delamination wear) 8BUANYBITUTAON

!ﬂﬂ@f crater wear
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5

RIS
HK2.0080 I7mm"

25 a) MIUAN317v0IR AAABY TIAIN AN IUNIIVOY crater wear A

v =53 m/min, {=0.24 mm/rev, ¢t =1.25 mm, T = 1.5 min
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25 b) MIuANS1Ive IR AARBY TIN TR IMNINUBA crater wear 1

v =53 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min
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25 ¢) AnABY TICN fuaninuazaeniihuurunienumiuea crater wear ttaz deposited

layer 91 v = 53 m/min, f = 0.22 mm/rev, t = 1.25 mm, T = 0.5 min

511 25 mnthedie SEM veslian@afiindoud
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o - A o Wy
JUuvpvesmsigaFumeveIRInAe A TUNAIYDY crater wear 9zdnay)
[] »
MINAUMTT shear stress N5z RUURIVOA crater wear n0dRaMgTiae 1154 108R7 crater
) 4 »
i@ plastic deformation Wiausavhitduvesfundeufitarsves crater uaninuazdnuse
a2 g M A4 A =% o A 14 e A A
heag I funsindeoufiveurunda setuanvessundeulagiianduiiesningniioy
(sheared) filmrugavesduniion (3UH 26 a) MIurnvoIRURRBURAUNE YOS crater wear
VU rake face LaAAIAIFUH 26 b 0UANIETRY (curved) ATeuTIRA WM IMAZ A1 crater
wear delamination wear (UBAIAIZUN 26 2) JUUNENHTOTIAUNAIYBA crater wear 1A

= ] ar n’f‘ 1 § a o 1
FIUTINTIMNTANTOAUNIT ANTY crater wear DuAFoUT limdundasnmedumdh

26 a) mauanvinuazaentiivurvvesdiuNdaY TiN Aiawved crater wear 7

v =53 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min
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26 b) mauani1avasAundaU TiN 130U q crater wear fi

v = 66 m/min, f=0.22 mm/rev, t = 1,25 mm, T = (.5 min

5U7 26 nmehy SEM vesAundoy TiN
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nalans@anselu crater wear AMUTuMINARBTITIN adhesive-, abrasive- HAL
chemical wear 3171 27 a a3 28 1A9 adhesive wear tiioTaqTiandsgaiiowseniylon crater
wear JUT 292 UAAY abrasive wear ﬁ%ﬁmﬂaqmﬂ;ﬂmamumﬁﬂwum’imj'lnﬂgﬂﬁa crater
wear 9UIIL5838A (grooves) aqnmffﬂszaanﬁ'wmq i, S, Ti, V, Cr, Fe, W (31l 29 b) chemical
wear wERaRagI 30 & Smstwleudagunsumudh U uiianda raveamsTnsesidas Eps

] ¥ ¥
uarAdUIINa Cr ARy 9 (NUANIN interface 161 T TullanBs (substrate) 317 30 buas

a) Jagilandsgnimeuiidateves crater wear i

v =66 m/min, f=0.22 mm/rev, t = 1.25 mm, T = 0.5 min

b) Nose (A deformed

31127 amcadiendea optical vesiiandeitlindoita
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71128 mwiee SEM vesiiandsfindeuRiadan TIN tamsmaina plastic deformation wag

adhesive wear ¥l v= 66 m/min, =022 mm/rev, t = 1.25 mm, T = 0.5 min
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B m
068

29 a) MaA3 Abrasive wear U832 abrasive particle T4 crater wear
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YA
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\

I_Y_,_I_I'I_I !Tn

8

T 10

Energy (keV)

29b) SEM/EDS UAIEIUNauNIATIve ey 1Aty a) 1l Si, S, V, Cr, Fe, W

7Uf129 mwew SEM veaiinnasiitaeuiinin TICN



56

30 2) VinaMinsmelewniagsznneiunuifuiianduiia adhesion U3I6L crater #

v =353 m/min, f=0.22 mm/rev, t=1.25 mm, T = 0.5 min
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¢) SEM/EDS #i326:20,5 lilnsnimson sousionsnansanasves Cr iiefiunii b)

U7 30 AMEWSEM vesRunaausIg TIAIN
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A = P o ) a o P H
LU® crater wear 'l‘lJﬂsiﬂllllﬂ ﬂnﬂﬂ'ﬂzﬁﬂﬂiﬂtﬂﬂﬂ'ﬂﬂﬂﬂiztlz 50 Illliﬂilﬂﬂiﬂ’l
171 rake face (gﬂ'ﬁ 27 a) “luﬁﬂnﬁq"l:.imﬁauﬁ?ﬁ cutting speed 66 m/min, feed rate 0.22 mm/rev,

depth of cut 1.25mm, cutting time 0.5 min tool Nose 9 deformed (311# 27 b) i¥tu1d9 1% CvD
uanvinuadanatntles Flank face Lilddnuse



uni 5

anlsignanisnaaes

ffaniudiilosinsufisamussnhunendafuiianis

fiandalideufuaas BUE Wai cutting speed 53 1102 66 mymin HAZA feed
rate 0.22 mm/rev Tuvaizifianfafitnfoufia®au TIAIN 92w BUE # cutting speed 66 m/min
A% feed rate AN 0.22 mmsrev (gﬂ‘ﬁ 14a) A cutting speed 66 m/min liwy BUE Tuiiands
finfounnrila  Aundeudeaaun T lumsia BUE 14 feed rate fo cutting speed 19
q¢ s Tiulunsifia BUE axesas e BUE wifafivinalndfveiunuavesiia
nsiindeui uAREYeIMIFURATEN N UAYNEIRY rake face BARTBEINGBTUY
fuflandeii himdeuis

FEHINIAHNAIN rake face WU deposited layer lﬁﬂﬂﬁ?ﬂﬂgﬂd SEM lidnuug
adoufa (glassy) Fafiantn inclusion Tuduay o liiiduirssnhurunduiag rake
face wvihuem Ty Suifuguinuaizues milbological contact condition UM rake face M3
1@ deposited layer 3492013AM3tAnA BUE 14

uuiiandafinfouRadau TiN, TIAIN 11wy deposited layer AaugiiniSun
i, S, Al WuBuamozgqe inclusion finufte MnS (31 12) sy silicate inclusion 7
ﬁms (iR deposited layer (glassy layer) 1?%&11’1’%@?1’1131]%1«1@wmmm silicate inclusion lﬁﬂ1ﬂ
siowathiduuy rake face 189 S-inclusion fivg Timesaudauiaiiv complex layer fifidiau
Nﬁumamﬁﬁtjwmfu

MIUAMEZVBN Si, S NRMHAIVOS crater wear Tufiandedt WindeuRivvan
nsaudoamuituSood] MaS inclusion i affinity @0 HSS 100 ud il affinity #oAuARBY TiN,
TiCN uag TIAIN

fuSnafiiimsdeuua (siding) YMAUAADY TICN WU deposited layer Al
Al 930 3411 performance AN cutting speed 53 m/min vzt iRnmsd liwy
crater wear HAIMINAIUTY 0.5 Wft Faselnnflandefinfoufdu @ deposited layer
erfatuazme S i iuvesiundoudas Tion lidey (uneven) Al onafaudiu
ALO, tiipsvineendudhiauinul oxide layer SushulntleamssryaBumuldiiy TicN
ﬁ’aifunmﬂﬁauﬁﬁuﬂ?;ﬂu tribological contact condition ﬁ interface fﬁmzﬁnaﬁiamsﬂsmw

auniilullandsimdeovfdeiisudulianaei lundeudn
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-9

gamgiifigavuluiianaa

] k4
yufianden liindeufgungliguiuds 700°Cc melunanda 05w

3/ : @ o 1 o~ =g =t - e 9/ =Y .:
meldrnnzisaeags mdudasyvinlangiiduruniuesiiandoi igaunpiigeiu
1 1 Hd ]
Tuiianfefindeuiidin TiICN guugingeiuliniu 700°C a5
o liuendin (U 192) Aundeuiahimnnsolndlesmsselonanudoudihfluia
= oY 4 W S a
naald  uditwanguugiigegalufiandeasld  100°C  diedivudulianash hindoudn
=y A T ] 1 ] s ] ]
Aundoudalaily Tavssiuan adhesion 5TMINIAYNAIANY rake face Toh IANLToUG M 14
Y ad 1 2 da ¥
UALAUATQYUY YU interface NYIVUNATRIIAIY
A = Qf 1 or ar s =
diefnndevuaniiniduinsdiu wundszdudaduiiandalaonse gamgil
a A d o v P o ' P
a4 crater wear SURNAUTI 800°C UA HAZ 501 ) crater wear Tvu1AENNT1 HAZ Tulianash
[] - o Iy 1 P =1 miy 9 L 4 o [V =1
TipfevAnnn Aunfeuiimdsegidumimazdundaves creater wear Sinsiinilesiia
P=3 9 9 = & 2 s o 1
nathildguugligayu HAZ Salivina@nnd
TuiiandainaeuiiAIg TIAIN feed rate TummdfyAsvNAves HAZ
P ¥ o ng 4 1 é. g {a o v
afigeuarilf HAZ Tadu (31U 184) feed rate figaduillunalifundudaiivinalg
; ? A c.\ =t v o o
Fu 10z feed force PIVUTINLHUMUTUTIANIMTZHIUABNGINY rake face W HAZ 1
¥ ] ]
A lvgU UA feed rate ifiBnEnamminasssdugamgiiluliands (U4 186)  mai

P ] a an v v 1 Es é’ .
feed rate UHDADNTT mwmqmwgu'lﬂuaﬂﬂﬂmi INNYUYD cutting speed

1]
[

Cutting speed linaso HAZ uasmsnizi]1u-lmaqmngﬁad‘mmn‘qu‘luﬁﬂnﬁm
wasuuas Bindeuiy ludandefindounaf cutting speed 53 m/min (EUIAATEAIGUUYH
szsunduiiefousy cutting speed 66 m/min (gﬂﬁ 19b) # cutting speed 66 nvmin ~ HAZ i
mum“lmy:ﬂ'inﬁmmn cutting speed 1ﬁ1.l1fi1 shear strain 148 strain rate TULTIIW secondary
deformed zone HAYAMMISIVOUAUNTITITAY (rubbing) rake face Fr01TINITIzAVEIR
ndoy HAZ Sefivinalafiy owgldiniSanns Aundeu (Uit 192) Sehivasanuuiave
HAZ Lflll‘éﬂ‘i’f’ cutting speed g 9

aunpingetuluiinnddudumanandnaemsdigaldnshildvesdn

-3 da o T 1 . H:i' = dy =) =8
IN09U HATHONEWADONUINMNE wear mechanism HNAVUUUNANT
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= -
NIANHIDVYBINANN

= o =

3 ¥ 1
b L4 1 =y A
MISANINAABAATITNY crater wear Nelufianfaiindeunas limdovds ¥
= o P 1 = a 8 oA = o et & . qe ok
figudnaaiszozriahloinauiia  crater wear GuAuTivTUNTMsoUlua (sliding) W3
P 1 ]e] 1 3 2 A ¥ Y | '
gamgiigatudhuuveusn uda crater wear Tundon lvdundsvsnuiia Fauanadd crater
wear auiiu TUmsdumd 1dGandudwminuiia
Tufiandefiindoud SATIMITNNTE (wear rate) 1 1AVINATIWEIIE@LATIY
‘é ot a e L] =) .
anve4 crater wear AeduNUTTUAUUANANYRIRUNYYE  TuANATDY TIAIN wear rate g4
¥ 44 4 4 o das W i
FUAN feed rate MWVAIU FiToandssniy HAZ Alivuialnaiuuaz temperature profile N5y
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