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OFZ A&l (Wear test)
. e
2. Tribology 107 d&2 AS(H gE)
2.1 OFZH(Friction) 108 o 2 5= Asa AsW 85)
2.3 OF%(Wear) 100 WEtnl I =2 fo
3. Of&E7|3 10.10 A B2t AEM HF)
4. op=7|+ 10.11 7|Ef
5. 2E7|F 10.12 OFRA|E 7|9 EAME SE|
6. OIRA|Eo =2X 10.13 OlEAlY Zot 271
7. OlRA|Eo| Qe o|xls 29l 10.14 714 35tE Otz AIH
e Pin on Disk O}& Ol AY 7|=
7.2 St&
73 &% 11. e
74 AZF 12. AlH Z=d|
75 #H 54 13.1 X2
7.6 =171 132 gefjel 37|
77 2% 133 =M X2
7.8 7|E} 13. Ale =
8. HAHs 3 FHuky 14.1 st&
8.1 EX 142 £
82 2% 143 o|113 7zl
8.3 Otm 2k 144 255
8.4 OFZA|E monitoring 14. A1 Azt
8.5 OIZA|E ZFo|Alst 15. Al A7EA
9. Hertz 16.1 wHA ¥
10. OFRA|S 162 mpEA S
10.1 72 7
102 EmelF
103 T Hak
104 ZEn Zu
105 E2 ATEO| BVt B2
10.6 EHof EH(HTO| 3| M5t HP)
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O} 2 A|E (Wear test)
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ofsixioz = I EHESEEI} HH0| o =l ZH(rigid body)2tH O|NEXE SHE S52 92
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B0t Z&0| Zo| zZ5t0] LiE= AR MYSIPen o|Ho| Led LutX oz diof S0{X|
1 A= o|Eolct,
S sutst
Fer Fn
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Of&EtA %= © f = Fre=tans
22 23 Coulombe/ ofEef S&E A/

2.2 OF2(Wear)

E=olak LiElL= ofZol| CH$E 947 Leonardo da VincliZb X200 = FEHO ™o tisll 7|52 &
Za ot2 2ol stEoll Bl25td Sttt MYSIF 20 30%Cu - 70%Sn BE2l ALEE MAl ST
St Ch
1 o] ot=zof thet 7= 1930 CHOll S LA FE A|ZfZ|ACE Fachsel 2 74 ZO0FE (dry wear) & EH
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(7) 2=lol& Aol 2st Of2(cavitations)
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=

24 tHE Soll= ot2d 77t SehEAD sodiol| oj=2t =0lAM chA| A 7F A[ZFEACE o] Z 2t
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(1) & O}2 (Adhesive wear)
4Ab O}2 (Abrasive wear)
Al OFE (Corrosive wear)
EM I[Z ot (Surface fatigue wear)
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2.3. 2&(Lubrication)
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7ol Zldto] = Aot

gLt g EgE EATE AUCk = AAskE, MHZel Hos otFEl EEI =2 BEMEE F
=

HEH0| WoixIX| R3D BEHRE A
slgion 1 olF IE
VS

ofol
| AtEZ=Zo| HH 15HE, 1&, 12 S22 7t&EoiM Zoll wat of

Z=Ct Hardys 1922 40] O] 2o0f2| AFE M2 A%
M OlFOFEL T2 SAlol &R HIMMZE 7HL= 7]

AlEtsld oo, 2xt CHA =0k

of ofist zhalol HR/ch sodcol]l MEsts &KXl “Wear”, “Transactions of ASLE"S0| &ZH=|ACh

1960 ALCHOl = Of2 2 QIst mh&o| ZHs| S7lsk= A&o| LIEGCEH o] Z3 O YA Fd=n UH

MAARe| e st A3 o 2o MASChol w2 &Aoo i E3Et SHCH o|H 2 2HE ofZ ofEh
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2 B =ct 27X = o] 2ot Mz &E=X| RSt £ FE2
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3. OpE7|F
otEoll= 0A/Z|M, OH/AAH, OxH/OH Sef ZE AU AtoldM Lo = ULt FE3NMAM EXO|
IA/ZIM, OA/AHM el dPol= or2atol T2 EA(erosion)oll 2laf Lojuto] DH/OH AT 2o
L= 4t 374 222 2 olZAIY M= O/ ot2A[EetES ctRCh OAH/DH Atole] A Hof
M dojits opEol= 37| o|1¥ opEzt 8§ okEe| £ JEX|7F Aok
0|11y o2 #& oHEECH 30 ojEEe| xjo| 2o AIYEHE M2 Ch2ch
0|13 otE2 “Amontons-Coulomb"H o ol MHEE £ U= HW2Z LK YL} AM HFH X0l oA
2 O"A Ziotst HJ2 ofuch & OfEAIS f= Fey/Fytt Z2otn dEE = glen AXMZ & FEFEM ALQ|
oM dojLtes 2 HX|stn U2 et 2 E 50 M2Ztsiof ot
ot & of =2 2 & of
OA /7| A 7|8 A & Al (fluid erosion) S7(H O, 8>HT|SA,
=LY
JIA| /o4 A ISFSPNIEL 2 Al(cavitation erosion) 77171, v, SR
A/ of & O} 2 (wear) HO ™, ZIAtetF, MSEA|
31 ojE ojm g
T EM7F YEotn As wf dojLts Hak2 olafistad™ MM 2AH e F;HOo| ofE FHAaeIX| 2otol it
=xl= otFe2l HEZo| LAl Zot: I EMHo| HEsSIX] Fend M=ol J|H Jt=Tt EH2 F59]
B2 E&EF(asperity)@| Z0|Ct m2iM o|2St Sl EHES ttHoZ zHESIH 23,137 20| LiELod
olfst M dMS A= LIEMH Zdo| EH HAY|Cl Zolch w2tM XSt US o F =AMl ¥EF
2 OE3.22 o] &7 dHo o8 o/FoX|n U= ZHo|ch
Hxstz2 & HEUA Arol 2l 2 X| 1D lend EEZoMes §FEHEOILL EEF2 2o w2t
Bt oL g0l dofetct of2|sh Aol HEME oA 0|8 250 YojrtH O H oM 2o
L= 2 8332t Zen Zt chAoict HEE 22 ohgel M2 R E
Zh A&EFo Etduy
(th A&EFe oMy
(th = = (plowing)
(2hH S&F2e| Mk (shearing)
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Surface topography(3-dim)
(a) height distribution

(b) bearing-area curve

(@ (b)
Rt H
| solid 0 100%
I
. . . void
mean line : area of solid = area of void
Zg 3.1 ZFAe #FH EfE
| b
o ZE| HEum
yd et Y & Ao=a - b
»e o o2 Z A&y
A = A
A AO >> Ar
28 32 ZALEoIA 2F0[7] AFE o HELL0NA LIEHIE B4
1CHA - ERM 2 AN HE 5 el

2ttA . 2%H(Adhesion)

AN
2 oA
.
e SAReIME
3 EhA

& 33 FA oA 2H0[7] AIEE B FHZFPojA LIEFE

2
N
~
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of Zot MA|Mel o|nNH ot 2ol 474X dE2°f 2o & LIEftCt

i

Fr=>F1+ >F2+ >F3+ >F4

017|M,F1 2 Bt ek X

0
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N
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s e 5|
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C
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HMetHdol ek Meo|l AA 2Estet FEOHEMAME MEtol Heol dojubx|] gh=ct FEoHE0 7o

LS -

(1) o|Al |11 (micro-slip, micro-sliding)
(2) EtM 0|3 (elastic hysteresis)
(3) &4 HY
@) 2% &3
= 53 5 H 2 &/ 3 5
HMYEH 2~50 x 10°* 5x10°
L BetxA 2x10 5x10°
EEegxA 2% 107 5x10°
2 Reg=xA 1~20 x 107 5x10°
#Z 32 o/IE ofE A+
ojMolnE=2 FEYEHAA JEFAEE ZFHit gilel Hakez FHol= Hel7F ct2AHut zdeld
(traction force)O| Ct27| mfZofl LtERCE o & Hoj| Mol EbM

A= e 2ol gFdHoM ZEol= HE[7t

IE2 2K =|of o|Mo|nFEo| Yook O34 o dAES LERH ZHWo=2M o|1FHo| YolLts
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Z|= olZo| ot HEHo|AMel el Fot A2 AEstE & FyEoh 3H o/1Zo|
= A22AM Fy2 Hertz 2 LIERHACE w2t O8358 2 F 7o ol Fot AS W H=2|7|

t =
AlZtshs B Zoll M oA ol1Eo| dojLts HE & = UCh
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I HES MM E(gS B, 227
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N 5
F ALl of2Z/7of ofE ofE By ol ZF 2 of2 Fzpiof et
Ot AlAH ot=2 71 s == =
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& ol 112 (sliding) o|ng ofe
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014 OlZ(abrasive wear)= 37 27HX| 2H 7t 2Est= G2t 37HX|7t 288t 92 HE = U20
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FAE AZIC i M BlHH 2R ZFotX|l= A2 ofHE2E Z0| 138 2ot IA st ojEs ER+E 8ich
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o Hz|olM Ztgst= et EHE o8| LiEl=d O 5= 8470 ok S&e| flelo| == g9
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w=H st MEE 37 stH olzfet =zo| = o] =AM OtRA|E S

=
=
DA =22 Fo|sto{of Bioh U2 FHEBEZ0IAM S| mHER OLEI| T2t

st £2 gl Zoeks 2

22| I, cavitation, 4 S22 LIEILN, LIEILE 2E2 22 =AU Z olct RAlg&=HolM 5t
Of AXIALL, &l HEIt YoX|AL, S| MEETF XM Setpgxzdol =0 ol & B&etel &
7t SfotdAM F 2 ZHol SEFIF FEH2E ZU| ARGt StE2l dF= FAol 2fsi, 22l L
ANz =57 &0l oo LHMX|= Aef7t =ct

Ol fEf FEXH2=2 0j2Jt LojLt7| AlZtSiCt o] 2&x72 oMoz Jhzh weo| M Folo|n,
X Z7HX| s Zo| et=El ofz{2 M ESo| thFE ol =Zoll &5t
A=opE BARE(D) 2aRE) Al 22
zegx=A AzxEH | ZHO| STH=E & FEEE (1+)e el | 2N 7l
U gF2 7|t A ot
ol HE e = 22 g Z2YA &
HEDHe | EEF9 =E59 A5y = (I+1)2 EEf STYUAN =
£ & HeUd g
o} & A £ 0.3<f 0.1<f<0.3 0.005<£<0.1 £<0.005~0.01
T (h)* - 5%x10°~10*m 10%~10°m 107~10°m
FEHA (A )** - N<1 1<N<4 1<A<10
# 51 2EEHo WE £4
*FUSEH h=(nX v)/Fyx n 2w 8, vi B
Fx: S5 (Hertz 2h)
#FAUA S A =h(A=hA Ry *+Rp > Ry ,R, : H&Hel EH HAT

dAsLEdE & 24 EHO S£57F =HH22 E7| AXSto] Aol 2 FHIF 2H AEY|

Hop 22 dejolct otzIt 2MItE == 49 tHEE ol BEuEo Setch el otRAIEE o =
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gh(boundary lubrication)

40

A

2H& & (Mixed lubrication)

40 Thot

#| & 2(Hydrodynamic lubrication, &2 elastohydrodynamic Lubrication, EHD)
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= 2 =
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O|F0{F =7t ol =ESH Hof} &2 AlZbo| gafd oz A|EHADE 5 £ JU=7} olct

AlFAETL Aol H[LSHH Al"o| O|R{M=71E HEtsl= 7|&2 olzHe| ol Ex nES £ ol
717t HlwZntel of2 REART| gake| vjwmATo|ct o] & JiX| ZIT AN AETD 2o ZoAHE
AdFHolgtl & = AUch

ZoAlEe| E ClE FHQ JISAIEE MAMMEECE gost =AH, & 15HE, 15 52 ZHAA AlEst
of otz o} wa| A= Sh= Aol o= JIEAIg =0 wet otz 7| 77F WX 2ES F2| 504
Of stct. & It wWelx|H A0 A FAHESEE v =5 e st&50| AHE uzt HEHollM
g st= Aol HMAM 2ol ofst g&ko| HE == U= ZHolch

olz{st otz AlEel 54 mfZol “ot2A|®E=2 O|HHA st= ZWo|ch. 2 ZIEs| ELX| 210 MEZR 02 AH
HxE notst7| = ol =l Zele JHMo| T =0 AEXl ALt AlFMATE €5 Solgt Zof
2AM o|Zo| CtE MEAIFYHI chE Folct
7. Ot2A[Eol| Fe2 o|x[= 22l
X @7HA| A 2 s} 20| OlZA|H2 Ot ol2, 80| S2A 2 2Est= AIF0|0{M I A[EO|
IetstX] a2 LUt w2t otEAlgo HdEE F= ek oy JiX|o|Hd o|F&8 Zttts| L+ EH
otzH e &t

(H) MEEM: M2 M&, B3 & (grainsize), EMEAF, A MET, JI58s EM, 5 S

(2) MR 2 A[H: AlEHS 2 StE, SR FF/, E#H HEYI, *lF, &5 & MFT| S

}) =R7I: B2k, 55, 2RI7I(2EY Jix. TF, M42ER7] §), @EE S

(4) L. RN R, 287 oL, RExH S
Ol ¢ 7I2H M=o SEM42 MEE MYALEM AHE s 20|12 LHHX| 22I50| ot Al&nt
AEMeoz ool A= elSo|ch of 22lS0| otZAIED ofEH ZAZE A=K 20 =1 A= AO|
a8 7.1 olch o] aEdAM 2Ae SRc AlddHolMe MfS0| ofEH EF/CIVIE HEI= A2
EAM o47]0l= Z|E2H 22 471X g&lglo| A2n{ O 72= 0|F 2o 10 RUCh 0] 471X 2| o]
AlZh el M5 S5t 2t 2 oict o329l 471X 2ol O LiEH-tCE

(1) 2423 (Continuous)

(2) o1& 23(Oscillating)

(3) &= 3(Reciprocation)

(4) Th5 23S (Intermittent)
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o7[A Ty HEH Alo|e 2 v &L
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5t& A: A
G: gHE &= K: €8

2 AlolAM = ctE ™2 F il HEFSte AlHEHo| 2ol tHEO|L 2 ME ez #2
¢o| Ho| &Lyttt 2ol thEol2ts MEIE HEfM AXMEEIL Ch2H 2EEEJ Cot2A Ec
= ®olch HFL AlHe ool CE 49, S Eop Ao Al &2 49 | kA
AlgdZdopot ge2td 71 A=t O olwe To| EX|gds Sof HEe o2 F&9 22Xt A1
O ch2ol cfAl EHoll ZA =of 222 grEAel Mds5-stdE Acd 22H M &=
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CISXMolaolZA|E 7| (TRIBOSS Model MP-101)

Test mode

¢ Pin on Disc test

* Bal on Disc test

*  Thrust washer test

* Ball on Flat test

*  Temperature control

*  Humidity condition control
*  Oscillating test

* Rolling Fourball test

*  Wear loss measuring

*  Friction coefficient measuring

Ctekst X1 T2 wH=Z2 HEEF, MEEF, MY Fo 2sh 0|I1HEOLE (sliding wear test) Al @It TS0

(rolling wear test) S T 4 UL, 217 Mo (2, 5x)7t 7tsstch F5tE &xlol 2l XN 5Hs,
15tEe| stSME Heyt Heo, & Z2a8of ofet Alg=d MF, Ao, HlolH &50| 7Hs3st
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Pin on Disc Wear Tester (TRIBOSS Model PD-102)

Test mode
*  Pin on Disc test
*  Bal on Disc test
e  Thrust washer test
* Ball on Flat test
*  Temperature control
*  Wear loss measuring

*  Friction coefficient measuring

XstE 222l pin on disc, ball on disc, thrust washer testS 7| 222 =38 & = ¢/ SIME T k2t

three pin, three ball on test 7Hx| 7HS3iCh 287 SAo| me oleA8E JMsstes 2a8u(e 2Ao|
Jhssict,
Sanz, Mate, o=z

Ao wA7t cteFst, S4=Ho| weE X2 detez chtstAl Alglol Z7hs3siet

0>

, SRR & &Me oty vlugrtol RESHH, AlEe| ool et

Rolling Contact Wear Tester (TRIBOSS Model RC-106)

Test mode
*  Two Rolling Test
*  Block on Ring Test
*  Lubricant Evaluation Test
* Ring on Ring Test
e  Temperature

AlEel 37|t #atol g2 mefo| mhaLt
oRT TEHZ0 o3t olmEy ZFo| sl
Dl AWMNY WS SHILL S Ua S22 e & ok o AIEIIE U,

o
7101 == HiolZe| Y ZolAdo Bo| &E= 1 Urh
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AMe=0tTAIET| (TRIBOSS Model FR-104)

Test mode
«  ZAMels stroke control
*  Load control
e Friction test
*  Friction coefficient
*  Temperature control
»  Sliding motion test

*  Rolling motion test

F2 Mol oS SHol Relshe, W Y8l et SN2 IS B Yolzys
z0l7| Sls) EBH2IE 3 ci3ol ETMIE 5o SMS BIISHEC Ro| Molch niEHE ZMs
L 0| F2H0|0Z Y=o R0l 1 ST R =8 HoU 2X8 JtEs X0
of 2% SN2 US| Astol D& YRLEE JHSIHEE PAHEUC

TA0LZA[E 7| (TRIBOSS Model HP-113)

Test mode
*  High pressure
*  High Temperature
*  Sliding wear
- Pin on disc test

- Ball on disc test

- Thrust washer test

ZHOM Mzl Liot2d S48 "ot 2 5 As FHIEM 22171 HMof
tsst=S Fd=dct X322 WAool wat Zickeh dHefol A|[HeZ o|1d, FE2S
A

of o3t ot2, olEASES 1t ¥ HA=olM vlw gote 5 Act
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Fourball Wear Tester (TRIBOSS Model RF-109)

Test mode
*  Four ball test
* Rolling four ball test

¢ Lubricant evaluation

Cam & Tappet Wear Tester (TRIBOSS Model CTR-201)

Test mode
*  Two Roll Test
*  Block on Ring Test
*  Cam & Tappet Test
*  Temperature control

¢ Lubrication condition

AtESAt HZFEE (Cam & Tappet)2| OtEHMS 78 & = UALE FHE AEHT|Z rolling contactol]l 2| 5t
fatigue wear test, S| MH[2] ZHo| 2[5t sliding wear 841} jige| WA ol 2|5 block on ring wear test (ASTM

G77,ASTM D3704) 7}X| =8 & %= A0 ket dHEefje| ot=ZA|E HIIt J7tssict
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Fretting Wear Tester (TRIBOSS model FR-105)

Test mode

*  High temperature

*  High pressure
*  High frequency wear

*  Impact wear

<'.‘

HIP Simulator (TRIBOSS Model HS-112)

pmasimiea

Test mode I Ee— ]
_

*  HIP joint wear tester - =
*  Angle = = o I;\

e ) T B E—
. Load — Ny s \—'V 1]

= " "
e  Temperature ! \ |
*  Environment iy oy

Fovelagw Fase Dagrns |

2l DaEAM ALEE= MY = ofEEMS &5 Qe X2 e nEd 25 HeE
1245t0{ AZ2l|0lE{el & W st52e T2 Z&stn, A3 T2 EF0f| U2 Flexion/ Extension,
Adduction/ Abduction, Internal rotation/External rotation &&= 4AFE (degree of freedom)2 TA 5k, 471 2]
station= SAI0 7HSAIZ 5 A0l FAIZE AIRHOM Szl AFAIZHS THESHo] gheel MFoll 4719

HoleE ¥&2 = UAEE FH=AgCh
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KS  D8335-1986
ASTM  G40-83
ASTM  G65-85
ASTM  D2714-68
ASTM  D3702-78
ASTM  G83-83

TFo Hot2d Al ey

Standard terminology to "Erosion and Wear"

Standard practice for "conducting dry sand/ rubber wheel abrasion tests"

Standard method for "calibration and Operation of the alpha model LFW-1 friction and wear

testing machine"

Standard test method for "wear rate of materials in self-lubricated rubbing contact using a
thrust washer testing machine"

Standard test method for "wear testing with a crossed-cylinder apparatus"
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ASTM  G77-83
ASTM  G76-83
ASTM  G56-82
ASTM  G32-85
DIN 50320

DIN 50332

ASTM  G75-82

11. Zec|A3 of& opd

1.1 7L

olo

A=,

m LHEHHE 3
2 Aol

= O{2{7HX| QX2

of, O OEAIY M=o ClA32t =9
ojmj ofEAtS

. 047|M o|1IH

Standard practice for "Ranking resistance of materials to sliding wear using block-on-ring
wear test"

Standard practice for "Conducting erosion tests by solid particle impingement using gas jet"

Standard test method for "Abrasiveness of ink-impregnated fabric printer ribbons"

Standard method for "Vibratory cavitation erosion test"

'

"Wear-Terms, systematic analysis of wear processes, classification of wear phenomena'

"Testing of materials-Abrasive jet wear testing"

"Slurry abrasively by Miller number"
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