
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 

ISOTHERMAL AND THERMAL ANALYSES OF 
ELASTOHYDRODYNAMIC LUBRICATION 

OF HARD ROLLING CONTACT 
 
 
 
 
 
 
 

MOHAMED A. H. ABDEL MALIK 
 
 
 
 
 
 

FK 1997 13 



ISOTHERMAL AND THERMAL ANALYSES OF 
ELASTOHYDRODYNAMIC LUBRICATION 

OF HARD ROLLING CONTACT 

By 

MOHAMED A. H. ABDEL MALIK 

Thesis Submitted in Fulfilment of the Requirements for the Master of 

Science in the Faculty of Engineering, 

Universiti Putra Malaysia. 

March 1997 



ACKNOWLEDGMENTS 

In the name of ALLAH the most Benevolent and 

Merc1ful. All Pra1se be for ALLAH glv1ng me the 

opportun1 ty, pa t1ence, help and gU1dance 1n complet1ng 

th1S thes1s. My deepest grat1tude and love to my mother, 

my w1fe, other fam1lv members and all fr1ends who 

constantly pray for my success. 

I am 1ndebted to the cha1rman of my superv1sory 

comm1 ttee, Assoc. Prof. Ir. Dr. Shah Nor Basr1 for h1S 

ded1cated efforts, 1nvaluable adv1ce and 1ntellectual 

gU1dance throughout the study. I am also thankful to 

Assoc. Prof. Ir. Dr. Desd Ahmed and Dr. Ahmed Far1s, 

members of the superv1sory comm1ttee for the1r 

construct1ve comments 1n the preparat10n of the f1nal 

manuscr1pt. The author lS grateful for the f1nanc1al 

support to th1S proJect by the European Comm1ss1on. 

Spec1al thank to Dr. Davld T. Geth1n, Reader at the 

Un1vers1ty College of Wales, Swansea, UK. for h1S 

gU1dance and comments durlng my wr1tlng up of the f1rst 

three chapters. I am dlso qrateful to Dr. T. Nonaka, 

Un1vers1ty of Koyoto, Japan for SupplY1ng a copy of 

bas1c computer program to solve numerlcally the two 

II 



dimensional Reynolds equatlon for EHL problem. I am 

thankful to Prof. J. J. Kalker, Delft University of 

Technology, Netherlands for supplYlng a computer program 

and other useful lnformatlon. Special thanks to Dr. 

Abdul Magid Hamouda at Mechanical and Manufacturing 

Engineering Dept., Uni versi ty Putra Malaysia ( UPM) for 

his specific reading of the thesis and clearly written 

comments. Also I llke to appreclate and thank Dr. Mark 

Bohan at Welsh Centre for Prlnting and Coatlng, 

Uni versi ty of Wales, Swansea, England for his reading, 

direct comments and report on the thesis. With my 

pleasure, I must thank my frlends Usman Inuwa Shehu and 

Abdul Maj eed Mohammea (Ph. L) Students at UPM) for their 

editing of the thesls. I would also like to thank all of 

my colleagues at UPM and my friends, Sallah S. EI 

Ammari, Farag A. Jaber, Omar M. EI Sanousi and Abd Naser 

Ali for their flne understandlng and cooperatlon. Last 

but not least, I would llke to extend my expression and 

great appreciation to all those who contrlbuted to the 

success of this study dlrectly or indlrectly. May ALLAH 

bless them all. Alilln. 

III 



ACKNOWLEDGMENTS 
L I ST OF TABLES 

TABLE OF CONTENTS 

Page 

II 
Vl 

L I ST OF FIGURES .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vll 

L I ST OF PLATES . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x� 
L I ST OF ABBREVIATIONS ................. ......... Xll 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv 

ABSTRAK 

CHAPTER 

I 

II 

III 

INTRODUCTION 

Background �vervlew ............. . 
Alms of Current Research ........ . 

Thesls Layout ................... . 

LITERATURE REVIEW 

Introductlon ................... . 

Elastohydrodynamlc Phenomena .... . 

Theoretlcal and Experlmental 

Investlgatlons ................. . 
E:astoydroaynamlc Lubrlcatlon 
System ......................... . 
Problem of Elastohydrodynamlc 
System Contact .................. . 

Llne Contact ................ . 

POlnt Contact ............... . 

Dry Contdct ................. . 

Lubrlcant Contact ........... . 

Isothermal EHl.J . . . . . . . . . . . . . . . . .  . 
Thermal EHL .................... . 

Closure 

THEORY .................... . 

XVlll 

1 

1 
4 
4 

6 

6 
7 

9 

12 

14 
15 

19 
20 

24 

26 
28 
31 

32 
Introductlon. . . . . . . . . . . . . . . . . . . . . . 32 

Characterlstlcs of Lubrlcant . . . . .  33 
Reynlods Theory....... . . . .  ... ..... 37 
Thermal Theory . . . . . . . . . .  ........ 38 

Dlmenslonless Parameters . . . . .... 40 

Influence of Load . . . . . .... ... 43 



IV 

V 

VI 

REFERENCES 
APPENDICES 

Influence of Speed .......... . 

Influence of Materlal 

Properties ................... . 

Theoretlcal Framework ............ . 

Theory of Models ................ . 

Model-A ...................... . 

Model-B 

Model-C 
Moael-G 

Closure 

ISOTHERMAL STUDIES 

Introduction 

45 

46 

49 

53 

54 

56 
58 
60 
61 

62 

62 

Isothermal Rolling Contact . ... .. . 63 
Isothermal Model Verlfication . . . .  64 

Verlficat:c.on of Model A . . .. . 65 

Verlflcatlon of Model B . . . . .  65 

Pressure Dlstrlbutlon .. .... ..... 66 

Model-.1'i . . . . . . . . . . . . . . . . . . . . .  6 7  

Model-B . . . . . . . . . . . ... . .. . ... 68 

Film Thlckness . . . . . . . . . . . . . . . . . . 70 

Closure 7 1  

THERMAL STUDIES ................. . 8 7  
Introductlon .................... 8 7  

Thermal-1 Model . . . . . . .  ....... ... 8 8  

Thermal-2 Model 
A Comparlson of Isothermal 
and Thermal Results ............. . 

Closure 

CONCLUSIONS AND RECOMMENDATIONS .. 
Conclusions 
Recommendations 

9 1  

92 
94 

112 

112 
114 

116 
123 

BIOGRAPHICAL SKETCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 



Table 

1 

LIST OF TABLES 

Propert i e s  o f  Some Synthetlc Lubr l cant s and 
Mlnera l Oll . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 Var i a t lon o f  Fllm Thlcknes s  wlth Lo ad 

Page 

3 6  

D lmens ionl e s s  Varlables . . .  . . .  . . . . . . . . . . . .  4 5  

3 

4 

5 

6 

Varl at i on o f  Fllm Thlcknes s wlth speed 
Dimenslonl e s s  Parameter . . . . . . . . . . . . . . . . .  . 

The Varlatlon of Mlnlmum Fllm Thlckne s s  
wi th the Materlal DlmenSlonless  Parameter . 

C l as s l flcatlon of Model s 

Prope r t l e s  of Lubrlcant s used In the Mode l s  
C a l culatlons , Mlneral Naphthenlc ( TN2 2 )  and 
Synthe tlc Cyc l oallpha tlC (ST4 0) .......... . 

VI 

4 6  

4 7  

5 3  

7 3  



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

LIST OF FIGURES 

A Wide General Appllcatlons of EHL for Line 

contact in Machine Elements ............. . 

EHL Line Contact Geometry . . . . . . . . . . . . . . . .  

EHL Point Contact Geometry 

A Front View of a Slmple Rolling Model 

Classification of Various Liquid Lubricant 

Heat Balance at the Oll Film Conjunction .. 

Variation of the Dimenslonless Pressure and 

Film Thickness as a Function of the X- Co
ordinate for U=1.0XI0-ll W=1.638XI0-5 and 

G=5000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Typical Film Shape and Pressure 
Distribution Results in EHL Hard Rolling 

Variation of Film Thickness with Load at 

U= 3 . 0E- l l  AND G=4.6618 e03 . . . . . . . . . . . . . . .  . 

Variation of Film Thickness with Speed at 
W= 8 . 6E-07 and G=4.6678e03 " . . . . . . . . . . . . .  . 

Rolling Contact Geometry of Hard Rolling .. 

Geometrical Shape of Fllm Thickness in Hard 
Rolling Contact ......................... . 

Sketch to Illustrate Calculations of 
Pressure Distributions Acting in Interval .. 

Schematic Representatlon of Pressure 
Distributions Proflle .................... . 

Isothermal Condltions for EHL of Hard 

Rolling Process ......................... . 

Isothermal Model of Hard Rolling Contact .. 

VII 

Page 

1 7  

1 9  

2 1  

25 

35 

39 

42 

44 

48 

48 

50 

51 

55 

55 

72 

73 



1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

23  

2 4  

2 5  

2 6  

2 7  

2 8  

2 9  

Pressure DIs trIbutIons Result s of Mode l -A 
Compared wIth a publIshed Results o f  
Okamur a  ( 1 9 82 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

A comparI son Between the Pressure 
D I s t r Ibut I on Result s of Model-A and Mode l -B 

Pressure D I s trIbutIons Result s of Mode l -B 
Compared WI th a PublIshed Resul ts o f  
Jacobson ( 1 9 91) . . . . . .. . . . . . . . . . . . . . . . . . . .  . 

E f fect  of DImenSIonles s  Load Parameter on 
Pressure DIs trIbutIons for Isothermal EHL 
o f  Mode l -A . ... . . .. . . . . . .. . . . . . . . . . . . . . . .  . 

Pressure DIs trIbutIon Resu l ts for 
Isothermal EHL of Hard RollIng (Mode l -B )  
U S I ng MIneral LubrIcant . . . . . . . . . . . . . . . . . .  . 

Pressure DIs trIbutIon 
Is otherma l EHL of Hard 
US I ng S ynthe t I C  LubrIcant 

Res u l ts for 
RollIng (Mode l-B )  

Pressure DIs trIbutIon Results for 
Iso thermal EHL of Hard RollIng Compared for 
S ynthet I C  and MIneral LubrIcant . . . . . . . . .  . 

FI lm ThI c knes s Resul ts for Isothe rma l EHL 
o f  Hard RollIng USIng MIneral LubrIcant 

FI lm ThI c knes s Result s for Isotherma l EHL 
o f  Hard RollIng (Model-B) USIng synthet I C  
Lub r I c ant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

FI lm ThI c knes s Result s for Isotherma l EHL 
o f  Hard RollIng (Model-B) Compared for 
MIne r a l  and S ynthetIC LubrIcant . . . . . . . . .  . 

Pressure DIs trIbutIon and FIlm ThI c kness 
Resu l ts for Isothermal EHL of Hard Ro l l Ing 
(Mode l - B )  USIng MIneral LubrIcant . . . . . . .  . 

Pressure DIs trIbutIon and FIlm ThIckness 
Resu l ts for Isothermal EHL of Hard RollIng 
( Mode l - B )  USIng SynthetIC LubrIcant . . . . .  . 

Pressure D I s t rIbutIon Result s for Thermal - 1  
EHL o f  Hard RollIng USIng MIneral  Lubr I c ant 

\1JI 

7 5  

7 6  

7 7  

7 8  

7 9  

8 0  

8 1  

8 2  

83  

84 

8 5  

8 6  

9 5  



3 0  Pres s ure Di s trlbutlon Results for Thermal- 1 
EHL of Hard Roillng Us ing Synthe t i c  
Lubr i c ant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 6  

3 1  

3 2  

3 3  

3 4  

Compari son of Pres sure Dls t r ibut ion Re sult s 
for Mineral and Synthet i c  Lubr i c ant of 
Therma l-1 EHL of Hard Rolling . . . . . . . . . . .  . 

Fi lm Thi c knes s Results for Therma l - 1  EHL of 
Hard Rol l ing Us ing Mlneral Lubricant . . . . .  

Film Thi c knes s  Result s for Thermal-1 EHL of 
Hard Rol l ing Us ing Synthetlc Lubr i cant 

Compari son of Film Thi cknes s Resul t s  for 
Mine r a l  and Synthetlc Lubri c ant of The rma l -
1 EHL of Hard Roillng .. . . . . . . . . . . . . . . . . .  . 

3 5  P r e s sure D i s tributlon and Film Thi c kne s s  
Re sul t s  for Thermal-l EHL of Hard Rolling 
Us ing Mineral Lubrlcant 

3 6  Pre s sure Di s tributlon and Film Thi c kne s s  
Re sul  t s  for Thermal-l EHL of Hard Rol l ing 
Us ing S ynthet i c  Lubrlcant 

3 7  Pres sure D i s tributlon Result s for Therma l - 2  

9 7  

9 8  

9 9  

1 0 0  

1 0 1 

1 0 2  

EHL o f  Hard Rolling Us ing Mineral Lubri c ant 1 0 3  

3 8  Fi lm Thi ckne s s  Results for Therma l - 2  EHL of 
Hard Rol l ing USlng Mlneral Lubricant . . . . .  

3 9  Compari s on of Film Thlckne s s  Results for 
Therma l - 1  and Thermal-2 EHL of Hard Rolling 

4 0  

4 1  

4 2  

Us ing Mineral Lubrl�ant 

Pres s ure Di s trlbut�un and Film Thl c kne s s  
Resul t s  for Thermal-2 EHL of Hard Rolling 
U s i ng Mineral Lubrlcant . . . . . . . . . . . . . . . . .  . 

Compari son of Pressure Dls tribution Resul t s  
for Isotherma l, Thprmal-l and Therma l - 2  EHL 
of Hard Roillng Us��g Mlneral Lubri c ant 

Comp a r i s on of PreSS1�re Dls t rlbut ion Resul t s  
for I sothermal ana Thermal-1 EHL of Hard 
Rolling Us ing Synthetic Lubri cant . . . . . . .  . 

1,\ 

1 0 4  

1 0 5  

1 0 6  

1 0 7  

1 0 8  



4 3  

4 4  

4 5  

4 6  

47 

Compari son o f  Film Thi c kne s s  Re s u l t s  for 
I so thermal , Thermal-1 and Thermal- 2 EHL of 
Hard Roll ing Us ing Mlneral Lubr i cant . . . . .  

Compar i son o f  Film Thi c kness Result s for 
I so thermal and Thermal- 1 EHL of Hard 
Ro l l ing Using S ynthetic Lubr i cant . . . . . . .  . 

Compari s on o f  Pres sure Distr ibut i ons with a 
Publ ished Results (Wolff et  al . ,  1992 ) for 
Therma l - 1  Model, Us ing Mineral 
Lub r i cant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

E qu i l ibr ium on an Element of Lubr i cant 

Flow through a Column Fixed in Space 

\. 

1 0 9  

1 1 0  

1 1 1  

1 2 5  

1 2 9  



Plate 

1 

2 

3 

LIST OF PLATE S 

A T ypi cal Appl i cat ion o f  Extreme Lubricant 
in Ro l l i ng Mi l l  Operat ion . . . . . . . . . . . . . .  . 

Ro l l ing S t ands o f  Perawj a S t e e l  Complex 

Rai lways 
Contact 

a Rigid Stra ight Surface of Dry 

4 Rai lwhee l  Ro l l ing over a Rai l  with Dry 
Contact 

5 A Flow o f  li quid Lubri cant in Hard Ro l l ing 
Pro cess 

xi 

Page 

1 8  

1 8  

23 

23 

2 6  



E 

E '  

Fy 

G 

g 

h 

H 

K 

p 

LIST OF ABBREVIATIONS 

I n fluence Co e f f i c i ents to 

De formation o f  Node I due to Pl 

Elas t i c i t y  Modulus 

Effect ive Elas t i c  Modulus 

Calculate Elas t i c  

I n i t i a l  El as tic Modulus o f  Ma terial in Contact 

Force i n  x Direct ion 

Force in y Direct ion 

Shear Modulus 

Acc e l erat ion o f  Gravi ty 

Lubricant Film Thi c kness 

Fi lm Thickness at Max imum Pressure 

I nl e t  Fi lm Pro f i l e 

D imes ionless Film Thi c kness , h/ R 

Fi lm Thi c kness at Point o f  Maximum Pressure 

Minimum Fi lm Thi c kness 

Fi lm Thi c kness on Line of Cent res 

Lub r i cant Conduct ivi t y ,  W/ (mOc ) 

Mass Flow per uni t  Width , x and y Direction 

Pressure 

Rate of Generation of Heat per uni t  Vo lume 

Amount o f  Heat Flow out O i l  Film 

Amount o f  Heat Flow into Oi l Fi lm 

Amount o f  Heat loss via Roll e r l  

XiI 



QR2 Amount o f  Heat l o s s  via Ro l l er2  

q Reduced Pressure,  q = ( l-e-uP ) /a 

R Equival ent Radius o f  Ro l l e r ,  l / R = 1 /R1 + 1 /R2 

Rl Radius o f  upper Ro l l er 

R2 Radius o f  Lower Ro l l er 

R '  Radius o f  Curvature 

T D imens i onl e s s  Temperatur e ,  t / to 

t T ime 

U Dimens i on l e s s  Speed Parameter , �ou/E' R 

u Mean Surface Ve locity  in x di rection,  1 / 2  ( Ul +U2 ) 

Ul, U2 Surface Ve loci t i e s  o f  Sol ids in x-di rection 

Vl , V2 Surface Ve l o c i t i e s , y di rect ion 

Wz Load per uni t  Length o f  Ro l l e r  

W Dimens i onl e s s  Load Parameter , wz/ E ' R 

XE Any va lue at the Inl e t  Region 

Xl Unknown Value in the Inlet  L ine Cont act 

Xo Unknown Value in  the Out let Line Cont act 

x ,  y ,  z Coordinat e s  Axes 

Greek Symbols 

Pres sure Exponent o f  Vi scos i t y  

� Shear S t r e s s  

Y Shear S t rain Rate 

Xlll 



�zx Lubri cant Shear S t r e s s  in x direct ion in P l an 

who s e  Normal i s  z 

�zy Lubricant Shear St ress  in y direction i n  p l an 

who s e  No rma l i s  z 

� Dynamic Vi s co s i t y  Coe f f i c i ent 

�o Vi s co s i t y  at Atmo sphe r i c  Pres sure 

p Lubricant Dens i t y  

v Kinema t i c  Vi s co s i t y 

Comb ined D i sp l acement o f  Two S o l ids 

Subscript 

E Re l ated to Value in the Out l e t  L ine Contact 

EHD E l a s t ohydrodynami c 

EHL E l as t ohydrodynami c Lubricat i on 

i Re lated to Value in the Inlet  L ine Contact 

inl e t  Re l ated to Lubri cant Inlet Po s i t i on 

out Re l ated to Lubri cant Out l e t  Po s i t ion 

XIV 



Abstract of thesis submitted to the Senate of 
Universiti Putra Malaysia in fulfilment of the requirements 
for the degree of Master of Science. 
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By 
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Chai rman : As s o c . Pro f . Ir . Dr . SHAH NOR BASRI 

Facul t y : Engine e r ing 

In the f i e l d  o f  indu s t r i a l  t r ibo logy,  

e l a s tohydrodynamic lubr i cation ( EHL ) is  a comparat ive l y  

recent a r e a  o f  research . I t  onl y  became proper l y  

e s t ab l i shed in  the e a r l y  1 9 60s . EHL o f  ro l l ing contact 

is ma i n l y  divided to two phases  ( s o ft and hard) , 

depending on the e l as t i c i t y modulus o f  the mat e r i a l  in 

contact . Hard ro l l ing whi ch relates  to mat e r i a l s  o f  

hi gh modulus o f  e l a s t i c i t y e .  g .  met al , i s  the part o f  

inter e s t  i n  the present s tudy . 
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The f1r s t  ob] ect1 ve o f  the research 1S to s tudy 

the e l a s tohydrodynam1c 

r o l l 1ng l lne contact . 

lubr1cat1on prob l em o f  hard 

S e cond 1S to 1nve s t1gate the 

1sothermal and thermal cond1t1ons for EHL 1n hard 

ro l l1ng s ys t em . The cont act geome try o f  the ro l l1ng 

pro c e s s  was spec1f1ed as a l lne contact . An 

1ncompres s1b l e  flu1d f l ows 1n to the system .  Under both 

1sothermal and therma l cond1t1ons , a Newton1an 

lubr1cant was de scr1bed . Two d1f ferent w1de l y  used 

lubr1cant s we re t e s ted . F1rs t ,  1S a m1neral Naphthen1c 

( TN22 ) and the s e cond 1S a s ynthet1c Cycloal1phat1c 

( S T 4 0 )  • 

I t  1S as sumed that two ro l l ers o f  equal rad1us are 

mov1ng r e l a t1ve l y  w1th s ame speed on a pl ane o f  

d1f f erent ve l o c1t y .  Two coord1nate axe s  were cons1dered 

(x and y ) . The parameters  and cond1t1ons o f  contro l l1ng 

the s y s t em o f  contact are theoret1ca l l y  s e l ected to 

match the pract1cal f1e ld sltuat1ons . Newton-Raphson 

and the f1n1 te  d1f ference methods were repre s ented 1n 

the mathemat1cal  te chn1que used for computat1ons . 

Two 1sothermal mode l s  and ano ther two o f  therma l 

cond1t1ons we re deve l oped . The anal ys1s for the 

1sotherma l and therma l mode l s  d1d not show any ObV10US 

XVI 



di f f erence between the mineral and s ynthet i c  o i l  f i lm 

used . The resul t s  o f  pres sure distribut ion and f i lm 

thi c kne s s  for the two thermal mode l s  under i sovi s cous 

and vi s cous condi t i ons did not show any change in  

patte rn . The  compari s on between i so the rmal and the rmal 

behavi our has shown that the therma l e f fects  have a 

s t rong i n fluence on the pres sure sp i ke amp l i tude . The 

pre s ent resul t s  were compared and di s cussed with other 

earl i er pub l i shed resul t s . 

xvii 
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MARCH 1 9 97  

Pengerus i :  As s o c . Pro f . I r . Dr . SHAH NOR BASRI 

Fakul t i : Engineer ing 

Dida l am b i dang tr lbo logl  lndus t r l , p e l inci ran 

e l a s tohydrodynaml c ( EHL ) ada l ah merupakan suatu yang 

agak baru kepada dun l a  penye l ldl kan . I anya hanya 

menj adi s atu kenyataan yang berasas pada s e k l  tar awal 

tahun enampuluhan . EHL yang berhubung dengan 

penggul ingan bers entuh ( ro l l lng contact ) t e l ah 

t e rbahagl kepada dua fasa ( l embut dan kera s ) yang 

bergantung kepada modulus kean]a l an s esuatu bahan yang 

bers entuh . Penggu l lngan keras me rupakan s e suatu yang 

berka l t  rapat dengan bahan yang mempunya l modulus 

keanj a l an yang t lnggl bahan logam, yang mana dida l am 

penul i s an ini i anya men]adl s ebahaglan dari  kaj i an . 
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Objektif p ertarna daripada kajian ini ada l ah untuk 

mendapat kan pemahaman yang menda l am terhadap 

perma s a l ahan s i s tem pel inci ran EHL keatas gul i ngan 

keras. Kedua, adalah untuk mengkaj i s yarat i sothermal 

dan t e rma te rhadap EHL di dalam s i stem penggu l ingan 

keras apab i l a  dua bahan pel incir dari  j eni s  berlainan 

di gunakan . 

Pers entuhan j omet r i  dida l am pro s e s  gUl ingan ini t e l ah 

disp e s ifi ka s i kan s ebagai gar i s  s entuh . Benda l i r  yang 

t i dak mampat di a l i rkan dida l am s i s t em ini . D i da l am dua 

keadaan , i a i  tu i s o terma dan terma, pel inc i r  Newtoni an 

dapat di anda i kan . Dua bahan p e l incir yang luas 

penggunaannya dari  j eni s  yang berlainan te l ah diuj i .  

Bahan i tu ada l ah Mineral Naphthen i c  

S ynthet i c  Cycloal iphatics  (S T40 ) . 

( TN22 ) dan 

D i andai kan dua penggul ing yang berjejari s arna berpusing 

pada halaj u yang sarna di atas s atah ke l aj uan berbe za 

pada dua paks i koordinat X dan Y. Parameter dan s yarat 

pengawa l an s i stem s entuhan s e cara teorinya dip i l ih 

untuk menyama i keadaan s ebenar . Pada peringkat awal 

Kaedah Newton-Raphson dan kaedah perb e z aan terhingga 

t e l ah di gunakan didalarn tekn i k  rnatemat i k  untuk tuj uan 

pengi raan . 

Anal i s i s  untuk model is oterma dan t e rma tidak 

menunj ukkan s ebarang perbe zaan yang ket ara di antara 
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bahan l ap i s an mineral dan s i ntati k yang di gunakan . Dua 

model i s oterma dan dua model te rma telah terbentuk . 

Keputusan pengagihan tekanan dan ketebalan l ap i s an 

untuk kedua-dua model tidak menunjukkan s ebarang 

perubahan da ri  s e gi corak . Perbandingan di antara 

perlakuan i sote rma dan terma telah menunjukkan bahawa 

kesan terma mempunya i pengaruh yang kuat te rhadap 

ampl itud pepaku te kanan . 

Keputus an yang telah didapati mempunyai persamaan amat 

memuas kan dengan keputus an uj i kaj i yang s ebe lumnya . 

xx 



Chapter I 

Introduction 

Background Overview 

Lub r i cat ion i s  an e s s ential  feature o f  mo s t  modern 

machinery and has wide appl i cations in the ope ration o f  

many indu s t r i a l  pro c e s s e s  such as forming,  forging,  

drawing , extrus ion,  and ro l l ing . There i s  a great body 

of te chno logical  experience in the product ion and 

app l i ca t i on o f  lubri cant s ,  but the s c i ent i f i c  s tudy o f  

lub r i cat ion and a s s o c i ated prob l ems o f  frict i on and wear 

is comparative l y  a recent deve l opment . 

Nowadays the area o f  contact me chan i c s  has become a 

very important top i c  for so many res earchers in the 

f i e l d  of industrial  tribology . In many modern indus t r i a l  

app l i cations , t h e  cont act act ion i s  unavo i dabl e  and 

without i t  the manu facturing o f  so many part s wi l l  be 



2 

relat ive l y  impo s s ib l e , because usua l l y  deformat ion of 

product t a k e s  pl ace due to the force of contact action 

exerted b y  another part . Fri c t i on i s  usua l l y  present at 

the s e  cont acts  by whi ch heat is generated and wear 

occur s , l eading to a high l y  s i gnifi cant l o s s  of energy . 

I t  i s  e s t imated that one third of the world' s energy 

re s ource s  i n  pre s ent use is needed to overcome fri ct ion 

i n  one form or ano ther . Ana l ys i s  of machine break-downs 

a l s o  shows that maj o r i t y  of cases  of fai lures and 

s toppages are asso c i ated with interacting moving parts 

such a s  gears , bear ings , coup l ings , s e a l ings , cams , 

clutches and other machine e l ements  ( S tachowi ak and 

Batche l o r ,  1 9 9 3) .  

Recent l y  the e l a s tohydrodynami c lubrication ( EHL ) 

has become an effective means of contro l l ing wear and 

reducing fri c t i on . I n  thi s  s ys t em,  lubri cant i s  

introduced at  the local cont act and i s  de s i gned to 

prevent direct contact between the surfaces i n  relat ive 

mo t ion . The f i r s t  notab l e  breakthrough occurred by 

Grubin ( 1 9 4 9 )  when he managed to incorporate both the 

e l a s t i c  deformation of the s o l i d  and the vi s co s i t y

pre s sure charact eri s t i c s  of the lubri cant in ana lyz ing 
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the inlet  region o f  lubr i cated non- conforma l machine 

e l ement s .  

EHL o f  hard roll ing or s l i ding s ys t ems can be 

bri e f l y  de s cr ibed as a form of hydrodynami c lubri cation 

wher e  e l a s t i c  de format ion o f  the lubricated surfaces 

be come s s i gni f i cant (Hamrock ,  1 9 9 4 ) . I t  relates  to 

mat e r i a l s  of h i gh modulus of e l a s t i c i t y  and is usua l l y  

a s s o c i ated w i t h  h i gh l y  s t re s s ed machine e l ement s ,  such 

as ro l l ing e l ement bear ings and gear s . The contact 

condi t i ons and the contro l l ing parameters  of EHL systems 

for hard contact are now being inve s t i gated l eading to 

the deve l opment of power transmi s s ion techni ques whi ch 

are expected to take the advantage o f  the sys tem 

concept in  a ro l l i ng con f i guration . 

I n  a ful l y  deve loped EHL , the e l a s t i c  de formation 

of the s o l i ds is o f t en s i gni fi cant relat ive to the 

thi c kne s s  o f  the fluid f i lm s eparat ing them and the 

cont act pres sure is high enough to s i gni fi cant l y  

increase  the lubri cant vi s c o s i t y  wi thin the j unction . I n  

thi s r e s e arch the pres sure di s t ribution and f i lm 

thi c kne s s  in  EHL for hard ro l l ing contact wi l l  be  
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expr e s s ed i n  t e rms o f  i sothermal and thermal ana l ys i s  

under var i ous condi t i ons . S ince pre s sure and f i lm 

thi c kne s s  both are the mo s t  s igni f i c ant factors i n  EHL 

s y s t em .  

Aims of Current Research 

The main a ims o f  thi s  s tudy are : 

1 ) to  study the e l a s tohydrodynamic lubricat ion 

prob l em o f  hard ro l l ing l ine contact , 

2 )  t o  inve s t i gate the i sothermal and thermal 

condit ions for EHL in hard ro l l ing s ys t em .  

Thesi s Layout 

I n  thi s thes i s ,  Chapter I I  include s a l i terature 

revi ew in the f i e l d  of e l a s tohydrodynami c lubrication,  

the o r e t i cal and experimental inve s t i gat ions and 

exp l anat i ons for the EHL s ys t em proc e s s  covering the 

princip l e s  o f  l ine and point contact . Al s o  given i s  a 

genera l de s cr ipt ion o f  dry and lubri cant contact . 

I sotherma l and the rmal EHL are a l s o  included . 


