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Macroscopic Wear Characteristics of Ceramics under the
Rolling Contact
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Abstract— The wear tests of ceramic materials in dry rolling contact were carried out at room temperature to in-
vestigate their macroscopic wear characteristics. Both point contact and line contact were adapted in the wear tests of
them. Ceramic materials used in these tests were silicon nitride, silicon carbide, cermet of TiN and TiC, titania, and
alumina. The wear test of the bearing steel was carried out to compare to the wear test results of the ceramic materials.

The results showed that the wear rate of silicon nitride was smaller than any other ceramic materials and bearing
steel. In the steady wear, the wear volume of ceramic materials increases linearly with the rolling distance. It was also
found from the experimental results that fracture toughness and surface roughness dominate the wear process of

ceramic materials in dry rolling contact.

x
r

A2 AT g Ao Sl vsld ofe)
A B4 AT Yok, F West Am, FRAAS
23, Arb Exn, HIAT 4ol sojrini oy
AL Ak, olojrte B4 olfel A Felolt F
So2 My Ag BABHR F1Ee Bz Ao}

Wg BEeleiv s

0
rlr

Aol Hal mzsofsba gl

B2EAA Alelelo] o

[1,2]. 53 +& 275
A2 sharofulele] g-fojrd, shar|oinl glps}
o] 314 (DN=400 1) - & (500°C) - 74aksbzl =

Fel HARo ) Ay wlofele] 3-890 Aolch
[3—7] e ARl Al Gl ol 2
of AFAehel N} TEe] HAYL LFeh: Fol
xﬂam wlofle) Abgo] 7|ejwl = Zolri(8,9].

Ak wlojsle] e @i 196141% NASA 9

Zaretsky 5[10]°] Pyroceram ball - A3} 3] &

28

4128t olall, Taylor[11], Parker 5{12]
p2z75| A vle]d AN ARE
7?**04 5 Adsrh, 3, Dalal 5[13]2 &&=
sl A Ashtar) wlojal A2 2A AL 7Psshehs
74 29tk Hamburg %[14], Miner £[15],
Bhushan $[16]% A48 7Lxelolublol Ao AsFi
woja-& A A ztsled AAdE Fashe] Abvts] &
A5 FEAIZRS R, o] 4be] AsFas FAl
23 Algpa] sllefgfoll #gF o= §8 Aleloll A e] 3

fo o

zhelol A szl Fd wgolleh, aehd
LSI Aakeleloli 2187)7] 53 2ol & A4

LFEhE FellAle
dgieh, g Ha)
2oyl
A A3
olo}7he:

A 5.5l 4

2ggae) 2 Aehelel $-gol 7]
sl g ofeisba Rel 4
S eh S st o eheol ol B Pae
7ot}

Foi 9ol weh ¥ e gl Az
ATz defelesd Ag fraslEt

Ugol



EAEA Akl ALY mpr gy 29

YHE2 (SLN,), Alolel, &34 (SiC), ElEhiol 81005 8+0.05
(TiO,), 250} (ALO,) S ch4l Ffel Alebale % wog —
Fabdefslel TR EANE o] vha - ujr gl
Fdsiolnn, 4YEdeEAE FERE 44 282 S o i 2| .
2efslel A Sabeleh A FAee £ M Atz J|E| T 2L & T
shgion, depimael F2ETelNe slrFe 8|S <| =
i A\
el %A Folok B =FoldE $4 ¥ A4 -

—_—
& &
Upper specimen Lower specimen
{a) Point contact,

Aol AAH ot EAe wastaa G,

2. 4 #
8+0.05 8+0.05

2-1. AlgEel BAT ME vov HHE® oo

Figle ¥ Asdel A49 Agae) gabat 2718 % . G
chebdl dleleh, Figlays AAgde 7, s94 S| o S| o
Wng anden e wuze duzs g 2 &l 8 (M & & T
oitt, Figlble A¥-A8a3 shrAgue e S ° l | s °
UEyon el AY5g02 & Aok AYHS N NG &
4 A4S 16mmE 3z, oA A E2L9 30 Upper specimen Lower specimen
mm, AHELS 20mm 2 0}21\;} Agse] o (b) Line contact
mm o]q_ M 2g Avadse] o ulwebs ézg Fig. 1. Shape and size of specimens.
3h7] Sl dmm 2 siedck, AlddAAEze A3
o, Aoldl, BlEkEa, elehiol, sl 5 oh Kie=0.013 E/H)Y - P - C
%89 depn)e Abgdct Az ALE Adaine] 17|14 E, H, P& 747 Alebnle] FrbdAlS, wiA
ol EAS ugsly] alA] Ha wlojelle 24 nlo 2745 Y sgeln, Gl vlAagkzle &5 PR 9
AR R olE o3 (SUT2) S ARSet, Al ) B4 LA ecjdFod (Radial crack)el Zolo|},

i ng 0101}5:7334__1 Aztslo] oduprlgaly]

= ol 7te ARl s Al Alsle 73‘53 w5t ol E L AEEA A AEUY

Aleddagel Eeld - 71AH 4ASg Table 1o et Fig.z o £ Aol AHEH AgAxe ArE o
Wek, Table 19] et el ﬁ'M 9143+ Marshall E}‘iiq. = APAA e vlojo] Htez slRAlgag
(17, 18]~ 2l Zﬂ°“'4 o AE ARRRlA] WA W gto] shEair|al B Aol Abelel F )Y
A R e e s 7 Abole] vlazal g Qlolz] Asfa] Abg-of S AlEw

Table 1. Mechanical and physical properties of specimens

Materials SigNy Cermet SiC TiO, AlLO4 SuJj2
Surface roughness R,,,,, um 2.1 1.7 1.7 1.9 2.8 1.1
Vickers hardness, Kg/mm?2 1532 1426 2541 591 1783 848
Bending strength, GPa 0.49 1.47 0.49 0.15 0.30 —
Elastic modulus, GPa 294 441 392 167 343 190
Poisson’s ratio 0.27 0.21 0.16 0.26 0.25 0.28
Fracture toughness, MPa-m" 5.2 10.2 4.2 2.8 4.0 45.0
Density, g/cm3 3.2 6.0 3.1 3.3 3.8 7.8
Coefficient of thermal ex- 37 74 3.6 8.4 71 12.3
pansion (40-400 °C), 10-6/°C
Thermal conductivity (20°C) , 0.03 0.04 0.16 - 0.06 0.13

Cal-cm/cm?2-sec °C
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Fig. 2. Schematic diagram of rolling tester.

.

x X
(a) Surface profile

- BEON—5B

dx, AAES A= 980N 3 1960 N o2 3jsic,
Table 20l # Aol A5 AP & AHFZe] A
2o A4gz71g veblirl, Table 20l& Hertz 3%

Mol 7715 Asbsla Hertz stress & Al4bshed vje}
Wet, ehakel 242 vzl 44 AAFA vl

8 A3 Fo) wiet4d-E profilometer 5 AHE-31

o] F-3lgich, Fig3el 2 o5 vfeblich, ofefzte] 3}

o olo|x cimd-F-4 e ZHE] planimeter 241 »haw
o] WAL Folod whmaks AESIYE, 2E AEe

gzl A - 7Sl s sl

Al
=

3-1, ofRI#IM

Fig4 &= Al,0,— Al O, Ti0O,—TiO,, SiC—SiC,
Cermet—Cermet, Si;N,—Si;N, % SUJ2—SUJ2 ¢
FTURYEH el 2oz 55 392N o2 A=
defell A mbabA ] (8- 42) Folol w2 wlmeke] Wi}
< vEhE slragSAdelr), Figdold & 4 gt
ule} o] F-§-3 F-Zupaslels okl E5o] Aleby
7Fel AsHtarh Hele o] kg elnd, Aolo), Elst
Tz, ElEtdol, obFuhe) oz vehdm g},
o # 7z vl walnd elshi4n, Eehdo}, dFoll W
ojg7ty e} WrteAde] Wojzlc}, Fighs HAE9]
7324 3hgo] 980 N ol o3t wlEzlg-Aolr}, ol
AdFrlvs 5t Ee] Ade] LrlwsiArt,

-

T

1

Aol

(b) Waviness curve s
Fig. 3. Surface profile and waviness curve of wear Fig5ol4 % Fig4olrsl 2 743kg Molu glow
track. debe el #At alel Erloln Wil gles o
Table 2. Experimental conditions in rolling contact
(a) Point contact
Speed Load Hertzian contact ellipse Hertz stress
Materials
rpm N Semimajor, um Semiminor,um  Max., GPa Mean, GPa
SigNy 800 392 372 148 3.40 2.26
980 505 201 4.61 3.07
Cermet 800 392 329 131 4.36 2.91
980 446 177 5.92 3.95
SiC 800 392 344 137 3.98 2.65
980 467 186 5.40 3.60
TiO, 800 392 451 179 2.32 1.55
980 612 243 3.15 2.10
AlLO4 800 392 355 141 3.74 2.49
980 482 192 5.07 3.38
SuJj2 800 392 433 172 2.52 1.68
980 587 234 3.41 2.28
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(b) Line contact
Speed Load Semi-contact-width Hertz stree
Materials
rpm N Mm Max.,GPa Mean,GPa
SigNy 800 980 122 1.28 1.01
1960 172 1.82 1.43
Cermet 800 980 95 1.51 1.19
1960 134 213 1.68
SiC 800 980 102 1.41 1.11
1960 144 1.99 1.56
TiO, 800 980 152 0.94 0.74
1960 216 1.33 1.04
ALO, 800 980 107 1.34 1.06
1960 151 1.90 1.49
oele A1 load: 39 4 olch, 4lo]ull.e L3kl 4] &= wllofl ’LoﬂH]csH/\]LH
251 point contact Normdl' lo‘\g!. 392N 4= ol «ejull 8 qEell
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Fig. 4. Wear volume-number of revolution relationships
in point contact under the load of 392N.
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Table 3. Specific wear rate and wear coefficient in steady wear

(a) Point contact

Specific wear rate

Wear coefficient

Materials ws, mm3/m-N K
392N 980N 392N 980N
SizN, 4.0x10-8 4.7x10-8 6.0x 107 7.0x10-7
Cermet 3.1x10-7 5.9x10°7 4.3x10-5 8.3x10-6
SiC 2.9x10-8 4.0%10-6 7.3%x10-5 9.9x10-5
TiO, 4.1x10-6 1.3x10°5 2.4x10-5 7.7%x10-5
Al,O3 7.6x10°6 8.9x10-5 1.3x104 1.5x10-3
SUJ2 3.1x10-7 3.1x107 2.5x10-6 2.5%x10-6

(b) Line contact

Specific wear rate

Wear coefficient

Materials ws, mm3m-N K
980N 1960N 980N 1960N
SigNy 2.48x10-8 5.81x10-8 3.72x10°7 4.36x 107
Cermet 3.61x10-8 7.94x 107 5.04 x10-7 5.55% 10-6
SiC 4.89x10-8 2.10%x10-° 1.22x10-6 2.61x104
TiO, 4.55% 108 3.07x10-5 2.64x10°7 8.89x10-5
Aly,O4 2.22x10°5 3.89x10¢ -
Table 4. Mean value of surface roughness in steady 10 Point contact AI:(;:
ear (R ad .
et Romas 1) 9 son (34.0)
. Point contact Line contact g 10-2]- ™ Y8ON B
Material 355N 980N 98N  1960N 3 . HOy
- g o .
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= _ [
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