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2.1. Adhesive wear
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1% 1) Rabinowicz's compatibility chart for various metal combinations deriver from binary diagrams of the respective

elements in terms of preferred antifriction surfaces : @two liquid phases, solid solution less than 0.1 percent solubility

(lowest adhesion); @ two liquid phases, sofid solution greater than 0.1 percent, or one liquid phase, solid solution

less than 0.1 percent solubility (next lowest adhesion) ;

O one liquid hpase, solid solution between 0.1 percent

and 1 percent solubility (higher adhesion) ; O boxes indicate ’insufﬁcient information. Reprinted by permission of the Ame-
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2.2. Abrasive Wear

Abrasive Weare A%7F & EA71 Ax7}
3o EAE 7ol Uoltoza AVl vhroh.
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12l 2) Effect of contact stress; {a) normal stress(c) distri-
bution. (b) partial cone cracks in subsurface layer
of single crystal Si, (c) possible source of wear
debris generation(intersection of the partial cone

cracks).
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3. AA AeEHe FEARY JdME 2719
Ax7t ¥& ARHY, 7 A3A) g2
ARE AHE3

4. S8AE A3
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2.3. Fatigue Wear

aF2@NA e uie} o] F EAJL A3
o FEF FHAAN AFA 5 A%
A HH FEA ZF F713Q w883 (cyclic
stress) & WA Hth ol & A& H2 PN
VA e S8 AR Aol ©d, Fatigue Weare:
Delamination TheoryslA = d®® ute} z2oj[2]
—Delamination wear ®|2 Adhesive Wearl® o}
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Z0]7] 98 % HFEL o4 WY T
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F7Y 35 vinyl s, oRL gad
W 8207 Z&oz gagol oz y
TTAANY A=t 343 ZA37] gl
olfl A% WCS TiCE E#slo Aggoz2H
NRE i 9 F Uk old HeA Bd
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vkg-o] o8 wguto] FAF AL SiN= 1000C ©]
Ao A At dojutte Ae A7,
olg g ututo] ded Asiydo] opde ¢ F
lcth. Fisherst Tomizawaol WEW o] utebe &
A9 9L 3o wFASFE dEdn Frh
B FFFRFol F/ERAY vnyg &x7t F
7VstAl =9 o] dieto] mI T wtA wpEA
7 7. a8y £971 9 de €717
£8 Fgd 73 Aol o] FYE v
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(e 9599 vl gA) dEIA & & g &9
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AEE A, A8 A ge 0@ At
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wolAgH AYE A3t A SHE, uue
A EAE7] A7, vldAFE YFololgt &
Holth. ¥l ‘rolls’ ol Q& wEAFI Boln
gd, 488 NFAFE F oj=Ax A T
vato] 23 5] ‘rolls’ 7} P4 H oo} 317]) f Eof
W =il Crolls’) b Fhel wa F
A3 A 8 ¢ F Ut ‘rolls’y £@
A2 982 4832 Model2 A3 44
olE F Utk F FAY EA(AH)ALold ¢
539 ‘rolls’ 7 ZA3 FEAY A SFA
‘rolls’ 7 FHYUA gogH uidEs nrg
FHo2 Y # Jde Aot} olHF AZ9
olfre FFudx= EH7 F9 &7 &8
A9 9E& ks AL v Fr2 AA ofd
T ok olyd &E¥EFHE= AAo 800°~900°C
A #FAE & Q7 dE AFH o] ne
F8AE 1A I = WHE do] ofd
T 8t ® o] s¥adE 47 9 FU9%
A3t 479 Tribochemical ¥Hg-9] AEEH o
oJAE A(AY insitu lubrication)o}7] wj &
B o] F8aFH/L JFH Aoz #PHA
Zo] FEAE 1z AHEE "arl glde Aol
AT o} x RI4A] A7} sAH oo} dleH),
TAL T FEAHI} BA HEYFYo ¥E
i (F2GPa P9} vy £=7F *& H(5m
/sec ol el dojAttE © Ut} o]F wny
Sxo BAe EHo 99 =&HE At
AFdH7] dEd vny 59 & F/AZ
o224 dHEdd = Yo

oe HIA mr7F = B wRy
70 doy dANA R A4 =gy
dre 2744 7]FEe] EFFHor 437
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71 oYt olgtex e A oA,
ntdge] g BHLE9 Z7HFlash Tempera-
ture) 7t A8 B JFL Fo2H BlEES
Eole A97t 87 dEd Urzg A5E A
et Algsted JojMe olH@ ;LAY
Age] AFE g7 Folok dt. dEEY, Z10,
o A Zo|, ALAAE W w2 AEE
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Zta oy 259 F7td) w 1 Zxrt §43
Z2de Age vhdgol Bol A A4,
2zl AsA dojuA "tk E ojn AFH
WC-Co2] Cermet ¥4 wl&do] ®o| LAZE
Sl ALgol Bibsdth ® kA A¥E A
29 ¥4d gl A AgHe #3535
Ade 4AF ujoM BE & 9n7}t gz 1
A HE2gYol 8% g ZAEY 1AL
%ol gt & ARz FEFAA | Frled
AEAE, & 458 AEEA Ho AR
228 8¢ JhEA dde A& 37IEE 3
B Aoltt 1Y +F5FY F %Y AA
293 (True Contact Ared) & Z3 e AL
a8 $o)F AL olth. McCoolFE 19884
Greenwood-Williamson Model& o] 3l o]gg
AA HEWHE AASE Computer programe
ALsgct & azAdFdE 3T FI13$
A e Aol ok} wiEEY S AT &
T3 F/1Hog A7) wEd AR
43 ¥2 ¥4 (Thermal Fatigue) = F8.38t} 4

FE AMg3te 74 $837 ddAe A
827} & 2224 (Thermal Shock Resistauce)
T Zrojo} gt & AYAAA AR nfryE S
I Agd g e AEE AHEE F ey
aR0 Z RE $8Eold FHSHOI RI)e
oyl AR HA HEFWUF 5L XY 99
74 Wgd| wet AR ntRFHo] JEgFE W]
g Eoltt, 2PdE B A¥H LAV F
#ax g3 N2 g A8y 4L viE F
A7) W AA e v 2 ANAY 4EH
a0 BE A BEHe AR i ZA
7143 g &t

3. 84489 Tribological &%
31, HABT
A2 ABE 2PARd g & WAL

‘Ba'st A 718’9 gHoldn & £ Utk
Z AFA o FAY Robot7t €A FAE + A&
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32| 3) Thermal gradients on cutting-tool rake face and
steady-state temperature distribution in cutting tool.
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CONTINUOUS TURNING
15+ 915m/min/0.25mm/rev./127mm DOC
GRAY CAST IRON 220 BHN

) ] E 3
g NOSE FLANK
g2 88 |
BurZAE g
P lE (g3 ¢
) 5 § 3
05 g %:» %E
S2IE
LRI
i 11 \
" x&.’\ X@QJ'Q; ’3"
& @‘fﬁ’@ K

12! 4) Ceramic cutting-tool wear results after 95cm of
continuous turning.

sl A= o] AFE o 27HA Tribological 8-
279E A8 2N digiolsth &5E4
7HE Ade ¥a4d AHgdE E78a 193
oA HE wih gol 2UA ANFTY dRE

dxe vtEgd g =7} 800°Col AR B

$9715 @t} o] Wi 1 Zx ¥ AE
WE3AA450 878t £ T2A HaA)
ol 383 dFHY= sFErh

99 29A AYFFE AluminaZ HEH
. 4% Aluminad) & 93L gAREs} @
obx dFAd <oan 53 u&AHdo FHA
Zol (Depth of Cut)7} A3 o FF71 4A
B de Aol o e UEFFAHL
TiCY TiN€ H7Igte2s AHE & Qo &5
Alumina& ‘White Ceramic’, TIN %% TiC7t #
748 R& ‘Black Ceramic’olgtx 3}, o]
TiCY TiNG #718HAl 8@ WEdF Aol $3€
® ool A} FAHEe 5 Adol AN

BRI T

g, £3 A3EA 2dA8e FAYSH 3}
33 wrgAo] dopr] YA 3 FT7Y nprst
Atk AA L 23 o}k E Aluminadl SiC A /&
A71ete Alumina® HAE 94 ¥
el 2 2348 a2 4& B9 F gt 1¥5e
AagTol LA vEE RAFE 1HLE
A7tz 408 dZ2AsA Y F1 Ut
oA o]l F#HY Alumina’t HIF AL R
&37) 48 A7 AT AMdol olFA &
ed A2d F5F g TR AAAL A
Ack. REAE 719 SiC Af7dsd A3 )
Aoz SiC %743 Aluminae ¥FAANA su-
peralloy 5& 7bEsed 2ol Yok SiCHRE
Z8se A% Alumina®) 13EE IHE FAH
A FHPe RAEG 287t de APo] FojFes
S 4% AR/ @ ReE drEY. a3y
AAREZE 7HEE de SiC 47 AR
w237 W&o SiC AF723 Alumina 379
Agol AFE 7sof sk FHA AAAL Zir-
conia(Zr0,) & A7Mgozq A4 & F/HIIE
W oz &3 ZTA(Zirconia Tonghened Alumina)
g3 dFed. a8y o A e o FI
ute} A4 9 F717F £33 SiC AH733tdl o
Ay Zgex B gl

AA 2H 894 AAFTRE SkNJ}
7180 @ Ao itk SiNi= EHFAF7} ZrobA
WadEFAol $4388 e BE € ARVt £3

PRIMARY
CUTTING EDGE

2 5) Schematic of cutting-tool edge-wear pattems.
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3 6) Rough tuming of carbon steel with aluminum-
oxide-based ceramic cutting tool.

72! 8) Rough tuming of a high-temperature alloy with

silicon-carbide-whisker-reinforced ceramic cutting

tool.

2 7) Whisker-reinforced ceramic drills have bzen used
to produce holes in composite materials (shown
in background) with higher accuracy and much

highter productivity than existing cutting tools.

123 9) Miling of gray castiron with silicon-nitride-based
£ Alumina] )3t} Ayl G LEAL4E ceramic cutting tool.
TAZ 934 2AHAT 28y SiNe $4

a2 Az oAAA FHY AzZPE(F Solid (Liquid Phase Sintering)& %3 24§ AFol
State Sintering)el WyPozE IYEFY AL BEe] A 4 e, ol & A8 H7HE(Additative)
THE T e Aeg g8A o e J34E o] Y93t Ak Agade AHAZ SiN, A8E
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=749 A&, & 2349 SiNg HAA JARE
Zteth. H7MEEE ALO, Y:0, MgO, CeO%5ol
olgHEd oEL YA 24 R Axd 2
AFL v A, 1AM SN 4AL ol F
AR &8 WE, AF FHEY FFY
}e A7 ZAxd 2 4FE FA ok SiN,
—AIN—ALO:ZHY) 3HEEEM SAION: %ol ¢
HA U4 sg9ARH.

o] ¥t TE FT4 SYASE FyHd
WCZF9ll Alumina, TiC, TINS H| #3lo &3 9]
Coating® ¥o 22X 387 AR FAd U
NRAL EolE AS4E Uk olYF FFEL
fREY ZA) FHY Hate AW A
AAZFTFA A9 50%F AFstae Aok 23y
Coated ZTE2 A4 AR E 2UAEE BHEA
HA3T2 a9 o SiCe A g3
384 g gEo e EE FAE A4
e dE AR 2 Aoz g8Ad ok
TiB:= Alumina®l d715o] 3¢ A 02 A&3<Q
UARE AT 2H Alumina®) Z=E EIdh
CBN(Cubic Boron Nitride)¥ "Diamond t&2. 2
Ax7t 52 AEEN A3 AAY Ay 2
Aok, CBNeg Hitate A%, T 2 %
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sttt TiAY &3¢ 7Hgsted ddxe TiA
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19854 109, Q&9 Nissan A5 A3 Al SiN,
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a3t 27319 o] SiNE BHE A rotore
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Bagth 8YA8E ¥HE9Z Turbocharge Ro-
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12! 10) Silicon carbide engine component with ultrasoni-
cally machined vane cavities.

23 Y Ceramic Turbined A% o}¥ 20d A%
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2 A48 AeAFF A®sHA 20009
7t "Hojob & Aoz oA¥d. Cuminins
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7§ A8 Tribology
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8 11) Varigtion of friction coefficient with temperature
of MoS, and WS, in (a) argon and (b) air
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12l 12) Effect of oxide adjuvant on lubrication with gra-
~ phite. (a) Graphite only and (b) cadmium oxide-

graphite mixture
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2} 13) Effect of temperature on wear life and friction
coefficient of thin films of polyimide run in atmo-
spheres of dry argon, dry air and moist air. Load:

9.8 N;sliding speed:3 ms™'
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