WEAR
of

MATERIALS
1987

Volume One

edited by

K.C. LUDEMA |
!
|



WEAR
of

MATERIALS
1987

Volume Two




CONTENTS

METALS
A Predictive Test for Coin Wear in Circulation
Nk B REBEE .y ioonm i os e 955 IS RN U FOEESH S MR SR B S I SR IR S
TEM Microstructural Study of the Friction and Wear Behaviour of a Nitrogen Implanted Austenitic
Stainless Steel
B Eavaalle: i e S5 s iaes eEh SR FOY AR PRI $05 PE R ¢ Ve S e
Rolling-Sliding Wear on Precipitation Hardened Structures of an Austenitic Steel
1. H 200 Goht 800 T PR ox i siscms omom @isaisons Sa5msso sOum Eongmn &dn e s mas ks
The Effect of Shot-Peening on the Friction and Wear of a Carbon Steel and an Austenitic Stainléss Steel
in Fretting Conditions
C. A. Bergman,; R. €. Cobb, and B, B. WaterROUse . . sxiwns % 56 wman vwnss «au w3576 #8
The Contact Resistance and Wear Behaviour of Separable Electrical Contact Materials
5L B OBDTIE O T TP e tonis o5 Gutaesos wmal Bl Gumn ke i mp B AR ee: s
A Study of the Galling of Two Steels Using Two Test Methods ! )
P. A. Swanson, L. K. lves, E. P, Whitenton,and M. B. Peterson . . . .. ........c¢couuieuuns
Severe-Mile Wear Transition in Al-Zn Rubbing Caused by the Formation of Semiconducting Materials
on Sliding Surface
T BRI o v s 0 ol ol TR 4 B 9 o ol 5 SR G T v (O O a T R TTEN SETA T
A Microscopic Study of the Behavior of Selected Al-Cu Alloys in Unlubricated Sliding Wear
8 & Coldwell anthill, WL . 5 55 sosisivs 505 @aadon 657 o SR W B wos KEv=eim ¢ o @00 s
The Influence of Stacking Fault Energy and Adhesion on the Wear of Cu and Al-Bronze
S DR T W M CRIOR: . o oo i o nes Bamer Bim i Pl e, Sraim R e R SRR SRR SRR
Effects of Sliding Motion and Tarnish Films on the Break-In Behavior of Three Copper Alloys

Distribution of Wear Rate Data and a Statistical Approach to Sliding Wear Theory

M. C. Wallbrides ant D, DOWSOT . o002 3000 s00ns sh@ws to3 nosms tasvpybe soo0 e sis
The Effect of f-Orbital Electron Vacancy on Friction and Wear of Materials

S Shinohats: K HIratuskn 00 1- SBRHME: usove e v de bbbt Caame s sRmuEns 28
The Effect of Spheroidization of the Dry-Wear Rates of Standard C-Mn and Cr-Mo Alloy Rail Steels

D. M. Fegre’do A IBTOEBNIE: o0 55053013 iz 0o W NSRS RZANNGS, SRR R Bdstcl Bk
Wear Behavior of Bainitic Steels 4

P. Clayton, K. J. Sawley, P. J. Bolton,and G. M. Pell . ... .. ...ciiviviiiiviiveovensn
Comparison of Wear Processes for Eutectoid Rail Steels in Field and Laboratory Tests

B T T T A O e e T L
High Strain Wear Mechanisms in Ferrous Alloys

VIR IS o s it b e s R D BB Aol B B B e 5.5, 1B S 2n 4 5.5 SR PSS WeTe
A Case of Wear Particle Formation Through Shearing-Off at Contact Spots Interlocked Through Micro-

Roughness in “‘Adhesive Wear"’

Yo Jun Chavig and D, Kehlpahi-WHSAOH, . <5 s:0w 50 w3 wnmonme auae s wowie yoasags e e
Extending the Life of Aerospace Dry-Bearings by the Use of Hard, Smooth Counterfaces

B, Mortirar-antl L K., LUneuslar: . ... i o505 SEE BN TELR S O ek BYETE SRS
Effect of Fine Ceramic Particles Interposed Between Sliding Surfaces on Wear of Metals

N Ok N, Erorh S0 T SEEE0E v« 3 5vsm:ams wqsemon v o wm e ae g s 516005 S
A Lamination Wear Mechanism Based on Plastic Waves

T BCIOE o o 0 e bl i i s 0 B3 8 HB S R BT Pt le RS GBS SR e W F %
A Model for Transfer Film Formation

B8 BAVEE 5 o 50u v 5vvara e Raciss SREEn 100 BRiaess B ca s, g s R e e/ms Ry
The Effects of Temperature, Pre-Oxidation and Pre-Sliding on the Transition From Severe Wear to

Mild Wear for S45C Carbon Steel and SUS304 Stainless Steel
B fwabtchi K. Hort. gt H.- Kt = soisss sm 0993 s Swe s 5ams Eaaas s wswe ¢

1

13

23

33

39

49

59

67

81

93

111

Vol. 1



Ellipsometric Evidence for the Formation of Fe304 During Unlubricated Sliding of 4340 Steel

BT GHarms s 5 e Sk S0 T RS SRR I W W R e R W MR 219
The Temperature Effect of Scuffing in the Sliding Wear of Steel

Bao-liang Zhu, Zao-xiong Yang, and Jia-jun Liv . . ..« ov o 223
Sliding Behavior of Duel Phase Steels in Vacuum and in Air

M. Sawg and BE A RIGNEY: 5 5is5 w5 avi $we 488 &5 Sa-dwli S86040% SSRGS §oa W s sE ey e 231
A Study of Wear Mechanisms Under Partial Elastohydrodynamic Conditions

V. R. K. Sastry, D. V. Singh, and A. Sethuramiah . . .. .. .. ...c.cociivceaenneeennsn 245
Wear of Metals in a Magnetic Field

K ThenteiRu it T SERHUR . cxn 5500 % 4 8me.d B 0 S5HRE0 §5 &5 V550 GRGER B s EHEs 251

CERAMICS

Friction and Wear of Tough and Brittle Zirconia in Nitrogen, Air, Water, Hexadecane and Hexadecane
Containing Stearic Acid

T. E. Fischer, M. P. Anderson, S. Jahanmir,and R. Salher. . . ... ... ...... ... 257
Wear Properties of Silicon Nitride in Roliling/Sliding Contact

VL SVSHPHWE BTG BT o v s mimn soasiae R s S wHae 4 Xy G s ews daewie s 267
Wear of an Alumina-Silicon Carbide Whisker Composite

C. 8 Yust, . M Leitnaker, aritd C. E,.DBVOIB. . ... v s c.ve is asss s o iomis s s aimess oo 277
-Wear of Ceramics in Advanced Heat Engine Applications

N B DOrane S WA GIBOEIG 5. 555 55 s st duemis S50 ot Vo G Sailen s g 285

Friction Cutting of Ceramics

T.H.C. Childsand A. M. CIEMENS . . . . . . v v et et e e e e e e e e e e 293
Evaluation of Engineering Ceramics for Wear Applications
B IIOEIRITIE 5 ke S0 E A S ST B i s s o wons w iormrosh orh e ot 301
Evaluation of Wear Mechanisms and Too! Lives When Machining 0.3% Mn-Mo Steel With Coated Carbide
and Ceramic Tools
F. Heydari, J. Wallbank, and I. R. Pashby. . . . . . . e e e e e e e e e e e i, 313
The Chemical Stability of Ceramic Cutting Tool Materials Exposed to Liquid Metals
K A WODIMBAS I Ui  PHIB . 5555 25 o i 6 op w6 oo BT ol . Bl ekt o 325
Tribological Examination of Unlubricated and Graphite Lubricated Silicon Nitride Under Traction
Stress
Ll 00 WURTOUEES B0 A PG R M . < i s o i s e it 0 5 B 0 30 333
Surface Damage of Structural Ceramics: Implications for Wear Modeling
L LBy ana K, Co LULBIE i v.x v.p 555 6.5, 5:8 5 e dosonis oimscoriasso wsee a/mm e mi e, mcie o o srme 349
Fretting Wear Tests of Silicon Carbide .
B IISPTRE ad IS o T, s sosvo wivonsia 055 SRS B9 A 5§58 55 8 o s e e 361
Fretting Wear in Sintered Alumina- and Tungsten Carbide Cermet-Metal Couples
M. Kuno, R. B. Waterhouse, and B. R. PEArsON . . . . .. .. v vv v v e e e 371
POLYMERS
Wear Debris Induced Friction Anomalies of Organic Brake Materials in Vacuo
D D ST NN o i i o g s e i e . s S o gt e 381
Tribological Behavior of Unfilled and Filled Poly(Amide-Imide) Copolymer
o R 389
Friction and Wear of Peek — Composites at Elevated Temperatures
i Vs /G Eriaitly, G B, B PR o wvmnsumin savssn wiiess SEmese pin 5y chuls 08 i 397
Effect of Counterface Roughness on the Friction and Wear of Polyethylene Under a Sliding Condition
Involving Surface Melting
R R T R 407
The Role of Counterface Imperfections in the Wear of Polyethylene
£ DOV S: Taroet S N O WBTIBEINE .o i:5imsin anvante Hsmsss 20 0 e ddi s e S 415

Vol. 1.



The Effects of Temperature on Friction and Wear in Oscillatory Motion of Polyethylene Against
Stainless Steel

W, B Evane sdliFy B RGN s i SaEESE RS AT W Siee Ba ik s s R & 427 Vol. 1
Tribochemical Reactions and Wear Resistance of Polymers of the Polyhenylene Types

Y Ve Korsliah. 1. 8. Gribovs Brctk . B KEREHOV . .5 i:avimve vivn souss g, smm o, v asmd s & 435
On the Role of Friction Transfer in Wear of Some Thermoplastics

A. l. Sviridyonok, V. V. Nevzorov, and Yu. M. Pieskachevskii . , . . . . .. .. ... . ''iii.. 439

COATED SYSTEMS

Wear of 7-Fe203 Coated Disks

N GRS b OTTIIORR 5 S b &t bt b R oo deed e ok, bt il 3 445 Vol 2
Unlubricated Sliding Wear Behavior of Nickel Diffusion Coated Ti-BAl-4V -

USRS LI SRR Ll v wsennsmmm sommommetn SO anes FEs st SRy 2 453
Unlubricated Sliding Wear of Ceramic Materials

ARV NGO 53555 ST T05 w wimn e m s 5 B 3O a5 e oo, e E G A3 459
Erosion of Hard Material Coating Systems

% S R, T . 1 e G A R T AR R TS S e R TR AN S R 477
The Synergistic Effects of Graphite and Zincdialkyldithiophosphate on Friction, Wear and Load

Carrying Capacity of Steel Under Boundary Lubrication Conditions

LN LOn, Y Fort SR CRE XM i wis 8t Saiiaain SUSETeie St sos D 497
Sliding Wear of Hard Materials — The Importance of a Fresh Countermaterial Surface

M. Olsson, B. Stridh, S. Soderberg, and U. Jansson. . . . . . . . ... s e e r e e 505
Wear Mechanisms in Electroless Nickel Coatings

O T CaWae g T M- 5 v smsaniion $0us SRuaEER SR Waass s PSR S 517
Abrasive Wear Resistance and Microstructure of Ni-Cr-B-Si Hardfacing Alloys With Additions of Al, Nb,

Mo, Fe, Mn and C.

11 Borns; A& Eischer, arcl B THBIBBIS 575 55501 5555558 S5 55 e oo anvels wes w5 b obe 535
Wear Process of TiN Coated Drills

b T UG AT 5. 8 BIBE, o0 wousons et Seamms e sk s Suws siasras v Seism iV 543
On the Wear Behaviour of PVD Ti, Al, Zr, V, N Coatings

O. Knotek, T. Leyendecker, M. Bohmer,and W. D. Munz . . . . . .. . v oo oo v v it er s nenns 551

ABRASION

Carboborides in Austenitic Manganese Steels

A GOERE, T SCHIHGE A M WHEBIES .85 508 Botpinms soren s et i aa ool i saso: 557
Abrasive Wear of Anisotropic Ferrite-Martensite Microstructures

(L Harold-Sehmiat B HIBHBIGRE - «.ou s sossmsing, @ womied @rls whiee Wi e wwdss it e 565
The Abrasive Wear Behaviour of Austemptered Spheroidal Cast Irons

S ShBppErsSOn ARG C. BB .. oo +.0.2 5.8 0 i00n 588 wmwimen wssom s nmmie ww e & ame o 8 v 8.8 o wmn o n e 573
The Effect of Hardness on the Transition of Abrasive Wear Mechanism of Steels

Ko HORKICIOaWa SN E: & B vuiva uca wssivinsue i soimms SR iy s Savs St & S Vs 585
Fundamental Aspects of Abrasive Wear Studied by a New Numerical Simulation Model

S. Jacobson, P. Wallen, and S. HOGmark. . . . . . . . v oo vt ot ottt et e et s esoenssnnnns s 595
The Influence of the Mean Debris Particle Size on the Abrasive Wear Rate of PTFE

Bk Briscor B L. Evang andd: K LAOORSIBE: . v 45w svioeasm sie e Baeied P sais e wie sa s 607
An Analysis of the Influence of Plastic Indentation on Three Body Abrasive Wear of Metals

Yi-ling Wang and Zi-shan Wang. . . . . . . .o oo i ittt et et e e 619
The Influence of Atmospheric Composition on the Abrasive Wear of Titanium and Ti-6Al-4V

B % BAareer SNl M. FETERINGS s v 35 Sinss #%% PPeEn She REEEs e% e Sud 627
Wear Resistance of Steels Designed for Use in Severe Abrasion-Corrosion Conditions

R BT | e R S 635
Influence of Composition on Abrasive Wear for Several Binary Systems

& Tyiczak and B, BNCKORSOEETOE v v avivi svivaasi o is pmiasds e P vile auh Dases ©9 i 645

Xi



The Behavior of 28% Chromium White Cast Iron in Abrasion and Corrosion-Abrasion Wear

He Ll arnd - Zhown QRIGHR & o 5.4 56 D56 v 555 PRS0 GRIEE . & CR0E v a5 S B SEERS SRR 653 Vol. 2
The Effect of Orientation and Thickness of Carbides on Abrasive Wear Resistance of High Chromium
Iron
i T AT YIRIIG . v wos mvc v 5 wm s m wvn @Oy B 06 BE SREER ST BkE T 8 661
Laboratory Simulation Testing for Service Abrasive Wear Environments
M BB, % 5% 63 5555 S5 HES W R EEER Fes wReiis SEraahs Remes ¢t surm W egd & 673

The Effects of Size and Shape of Abrasive Particles on the Measurement of Wear Rate Using a Dry Sand
Rubber Wheel Test

G. Huard, M. Fiset, J. Masounave, Y. Cote,and D. Noel . . .. ... ... ... ... 689
Comparison of Laboratory and Road Abrasion Tests

N POt St B BB on v 5% v Soses sogsmavsg Saumeisi o m ws - pi K smu wen st b5 8meg bans 701
Behavior of Some Polymers Subjected to Slurry Abrasion Under Simulated Submarine Conditions

S bgremr-Basseanmd B, TOOIEE.. « « »is 4755 vined% w50 Ve BaGE «h o%eiie e i 709
Mechanisms of Abrasive Wear in a Boronized Alloy Steel

A5, Wang apd-4. M. HEVORIRGS < w5 w5 wx soivs ainms sawin Criwsom Cun o5 D008 W ERE 98m 717
Wear Behavior of Woodcutting Edges

M. Schallatith P CIBVEBIE. « v wvim o simn sm BB bd Bt wAS A §63 3% BAEVE 4k 505 e iy ¥ 725
Abrasive Wear Resistance of Chromium Family of White Cast Irons |

Liang Fang, Qichang Rao, and GRG0 2O i dvivi it owatstis ERTESH SWBRE SR £ 733
The Influence of Boron on the Abrasion Wear Resistance of 17%Cr White Cast [ron

Ping Yan 300 QUINTE ZBOU ... «.wva o wavpin son e o womie S5 mms Bt 0508 w088 GAR BA V¥ . By w 743

EROSION

The Erosion of Candidate Materials for Valves in Coal Gasification Systems

A Bl S WWHInott, 8nd A. RESBNE « iimn somume winERe S0 pk GER 550 S WY F G a R v 753
Some Factors Influencing Corrosion-Erosion Performance of Materials

Zong-ying Yue, Ping-an Zhou, and Jing-hong Shi. . . . . ... ..o i 763
Wear in Abrasive-Water Jet Cutting Systems

W BRASBISEY v i e a0 R i, o i . R G S B B W R RIS RR KRR A . 769
Measurement of Erosion-Corrosion Synergism With a Slurry Wear Test Apparatus

BRI . o @ o i e B RAR B0 W 8 . et O BT e B TR O B 30 A s <RI 0 s WA 777
Study of Erosion by Relatively Soft Particles

W Zhaand 2. Y. M8a: . : sc 00 es oa e w% 6 G DR R SR S R R s A 787
Crack Propagation and Spalling of White Cast Iron Balis Subjected to Repeated Impacts

G. Lalrd 1. W. K. Collins.antd R. BNCKONSHOITer . .o sv 000 sinm 89 wopianm nmnvs aw s pevms o8 797
Investigation of Cavitation Erosion Using X-Ray Residual Stress Analysis -

M Kraums snd B MatliIBS i i i $ 4755 5006 55 S 6% o iSatu LoNEn Saveum &5 dree ¢ 807
The Effect of Mechanical Properties on Erosion

B T T S Ty 813
The Erosion of Carbide-Metal Composites

A ik M ahar Brd B Ve B i 6w SEETE e T B B i SRS SRS S e a0 825
Steel Ball Impact- and Sand Stream-Erosion of Different Thermoplastic Polymers '

B OO 5. 5.0, 0.0 Da RS LA CB G E B3 i Sl e 5Bl S N R sk e 833
Subsurface Deformation Studies on Impact Erosion and Plowing by Photoelasticity

M. Nalny ana:S: BabBOUE:: o 5 iiw e o3 S eas GEeFs PR Fe 50 §8 SWREia e 5dra Sves 845
A Study of Erosion of Hadfield Steel

C.L.Liu,Z Y. Ma0o, and Z. J. LU. . . . .. vttt e r e em it et st et e e e e e e e et e 855

TEST METHODS, DEVICES, ANALYSIS

Teaming Measurements of the Coefficient of Friction and of Contact Resistance as a Tool for the
Investigation of Sliding Interfaces
L. J. Bredell, L. B. Johnson, Jr., and D. Kuhlmann-Wilsdorf. . . . . .. ... ... ... iiiiiie.. 861

xii






