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® a’gimﬁt | ® SEZEIRN(Piston ring)
(main bearing) --', -~ @ ;EE (Piston)
® EFF 5K LR EIE (Cylinder liner)

(Connecting rod bearing
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(Many components)

& EMERNERDHF
(Complicated types of contact)
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(Cam bearing)
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Heat transfer betwwen gas, pistion and rings Load applying by gas

R IR

(Wear of camshaft) (Wear of bearing) ﬂr of seal)
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T 0 s (Periodic change of relative motion
is (lrakg e & deposit)

—> Energy flow material flowf) ?k'f_f” HH I‘ET1’E

--> Information flow

—umew  (PEFIOdIC change of load)
s @ JEE A X1 B B HAME TR L

ot (Perjodic change of temperature in

speed)

contact area)

EInfIEE 24, & oitlER
Fan. Al SRR

(The wear mechanism is
compliacted, which affects the
service life, reliability and
mechanical efficiency of the engine.)

(High efficiency lubrication must be considered in the tribological design of engine contact pairs)
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_Effect of surface topography on wear of contact pair— et
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O RHELIES S 7L,‘ﬂIJ(I\/Ieasured surface texture distribution)
EERRIES

(Characteristics of surface topography)

& ZHAIRSBEFEE(Trend of surface
topography and texture )

& =< E 73758 E ELRE (Match of surface
roughness)

TFIERY(B) R

(Existing problems)
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5RAIz 5&;MiEiz _ _
5%aikis 77 e 4T ;T fT fi#(The gradient of surface change is

&f) 73 [E] i 45° too large to solve)
¢ UM FREREZBHEHITN

L[m 25(The measured surface is difficult
to change according to the law)

| | FERR R TR E SR ARAL
INEE RT (Surface topography

characterization of contact pair)
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& = HE IR & B FR4E(Simple characterization of surface topography)
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FTME, HEEHE, SEFREAZEI(Easy to observe, simple to calculate, slightly different
from the actual situation)

0000 un
R,=270.5 nm, R =346.3 nm, R=7200 nm R,=189.2 nm, R,=280.2 nm, R=5430 nm
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(Multi- scale characterlzatlon of
surface morphology)

ORI SE bR AT
| |(Multi-scale surface
TR 5 topography)
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DHER L5 B A R dFfm A SR E 2 3R (PSD

method can better describe surface
topography)
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of roughness profile parameters)

23758 (Lack

Weierstrass—Mande lbrot/AR %

Z(X) = mf\’ﬂﬁi A, x {Ki 74" [cos(¢, ) - cos(27” 7R, X) +¢m,k)]} %

AR AT sR
HICHYFRME (Can't
describe the real
surface well)

Ellezile

EREESIKE
(More in line with the
real surface)
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(Describing surface o I
: h*) = [d*qC(q) = 27[ " daqC(a)
topography with PSD N
method) =g [ sron 00
(h(R)n(0)) = [d*qC(q)e"”
z =h(x) i
13 AR e
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6 =0 FEFH KBS B (Surface

#mfE (Standard)

£ mEF1% (anisotropy)

topography correlation parameters)
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_Effect of surface topography on wear of contact pair—" """

lete boundary element method)

- ST EIB 5T iR #r(Contact anal sis with com
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_Effect of surface topography on wear of contact pair— et

QJﬁiﬁ%ﬁﬁi_ﬁﬁgﬂ]ﬁﬁ ?@][':H(Effect of friction coefficient on surface shear stress)
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BRI B ZEMRGTERIAS, MatfsYE <SS EREZHHIIE MMM IZ K (Pure sliding is easy to

cause surface damage, and the fretting shear circle will increase with the increase of friction coefficient)
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_Effect of surface topography on wear of contact pair— et

OJﬁﬁﬁﬁﬂia’tiﬁgﬁﬂ]&ﬁ E’ﬂ?jﬂ[ﬁl (Effect of friction coefficient on subsurface shear stress)
2 00 EERRBIEM, KRN

0.0
v=0.32

v=0.32 . — : 0.012 o 0.012 %*{E%ﬁ%ﬁ('rhe frlctlon
§=001_ 0.010 - 0.010 4 =0.06 coefficient increases, and the
210 0008 £ T 0008 &£ maximum value of sub-surface shear
< 0006 * % 0.006 * stress is close to the surface)
" 0.004 4 0.004 < e NTTEERSRY
- - KA EEAYBNAE
0.002 0002 % % (Internal relationship between
surface topography and friction
coefficient)
v=0.32 0.014 0.0150 R - .
By . v=026 | DIEBMEMEEONREESE
o o M e | ERRSERRBEMAEER,
: . 0.0100" SN FEPerssonf&E&!, (The
ot | s . 0.0075 O3 existing elastic contact friction
i X
% 0.006 " ~ . .
- analysis does not consider the model
000 of the influence of surface
0.002 0.0025

morphology on friction coefficient,
and the extended Persson model is
introduced.)
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\ /B “Perssoni;ﬁﬂ#ﬁﬂ(Extended Persson contact model)

&8s E _5

/“"Per ssonIBiR AT LA EUTEé:fiﬁ\\

J{ dag’C(am () = [ daa’C(a)P(a)s (@)

BIERH

S(q)=W(a)/P(q)

W(a)=P(@)[s+L-p)P*(@)] F=~05

B A RE R B R R A TIZ IE

((vhy?) =2 *dag’C(a)sr(.V)

et g Eems

)

added on the basis of partial contact)

2% (Light load)
P(@) ~ @+[7G()]?) *  E#i(Heavy load)
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REREIN R AT R R E Y 220k (Effect of surface hardening on friction coefficient)
FEER Y FERR A E AL En O\ T $EEE B TR RE LAY 1S IE (The modification of roughness deformation hardening is
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& R 3R X Bl EE A E FR B9 22 M (Influence of surface morphology on
contact area of contact pair)
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> HiaiEhn R E] SR 4 1 = Anife ]
Et & = (The initial contact area is
related to the elastic modulus and
ellipse ratio)

> fEfEREEIERESRR
fm E 2R 2L (The hardening effect
of rough surface reduces the initial
contact area)

> REBERERERRERR )N (The
contact area will be reduced after surface
hardening)

> AREFRTRERR S —HF0N
some cases, the surface topography
distribution is the same)
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¢ RHEERAEEA IR N o (Effect of surface morphology on friction coefficient)

" —. | »AEBEG R, 45°RTE
002 e HETAELEEERRSX
2% ch T = |  (The friction coefficient is the
oo noe FTTRY smallest along the direction of
R R N motion, and the maximum in
RTINS 0 e e oo s o i  the vertical direction of motion

at 45°)

> HEIEER, BRI

(Large elliptical ratio and
large friction coefficient)
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& L5186 F (Experimental verification)
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Transverse direction
o 4

02

0.18

0.16

0.14

0.12

. -
Rolling direction (¥)

01

EEEFMEREREREEL
LD (0°) . MD (45°)  TD
(90°) , WIDEMANETE.

——1D-150N - 0.5mm/s ——MD- 150 N-0.5mm/s ——TD- 150 N-0.5 mm/s

7 9 11 13

Displacement d [mm]

R HE LSRN R R YRR

T IS SCRIAF

SRR LI, I

E 5 ISR EREERREEKXR, BRESR

—H

(Through the experimental results in the literature, it can be found that the friction coefficient of
the vertical surface topography is the largest, which is consistent with the simulation conclusion)
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& )05 % FHREIE 2T

SHE

/A‘%i-l-ﬁﬁ#ﬁ(Calculatlon and analysis of the

flttmg formula of the effect of lulrication on the deformatlon of rough peak)

1
Moving steady state Inlet disturbances Transient solution

HEEEFIEREIER

RIS RN EE

> MBUNEREANRGEZEESRE

comprehensively consider the real surface morphology and lubricant viscosity.)
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433, SEVESHFEE . (The eX|st|ng flttlng me%ﬁhods cannat

10°

Me: ATLE
FE B HE 4 WR
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T HY 8 28 1 2F
it

R FHAEIE

TEERET

> SEESHRLE RIS E AEIBILEE . (The effect of lubricant viscosity will brina different results.)
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_Effect of surface topography on lubrication of contact pait* "

& 18 =2 REIE T BIES & (Perturbation calculation of the effect of
lubrication on the deformatign 59f;ough peaks)

op=p,exp(io,x)exp(-iou t)exp(io,y) - Z(

or =r, exp(io, x)exp(-iou,t) exp(io,y) 7= ph3 E;&ﬂ;ﬁﬂ’\JReyno | dSﬁﬁ‘E

ow = w, exp(iom, x) exp(-iou.t) exp(io,y) 129

h,=r,+w, s=oph+poh E(Z@+z@)+—(2@ —)=u§+§
) _ _ — OXx OXx ox oy oy oy ox ot
oh=healaent-lns)eple,) " 3o EEEEEREEREA TR
3p = p, explio,X) exp(-io,u,t) expio, y) = AReynolds 7712 HIRE DU HIR R E EI’J/EiEJJI 2
on =n, exp(io,x) exp(-iou,t)exp(io,y) >7|'H7|l_m El,]m-ﬂ:/ /JIL1Z|§/}IL1_E,J7|'E
, ] ET e E’J/B*i'l‘&ﬁaé(The deformation
° | | | i | | | of the rough peak Is only related to

the wavelength of the rough peak
that the fluid flows through)

> ESEAEIE R AR B HEMEIER T

SR
- #2(High-frequency rough peak

Ter e R basically has no deformation of
ARG EfA T RZRE-BREER AREEILTRZRE-EEEZE rough peak)
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‘ Effect of surface topoqraphy on Iubrlcation of contact paif"«

T 2 5H] Y #(Multi-scale statistical lubrication model
‘ g REQ}EI_I-%II ] /%*ﬁ ( Al 7"1{%/J|L17-I§/J|L2—'\j]75 B ) )

20 g
JERRRR]
* 1A |
e ‘'R
4 1
" "SRR N X
- PRy -
2 %10 I——— 3 %10
510 % LB BN 2
>
’ Ty S

‘AAARN
llllll
0

y-axis
e g A o g B
N & o o B N = & > 8

20
xxxxxxxxxx
x-axis

FRTZEREBGZE. XHEALUE ﬁju,)%ﬁﬂﬁ’]*rﬂ % J ME’Jﬁ#EF' @J%J,J‘ET\@HEAVEFHEI’HEMPCQ*%
Reyno | ds /5 #Ehomogeni zat i onft. 3k fa&

HomogenizationRH T ERE 5\ / \

h.(X)=h(x,x/¢&) &>0 V-(A(X)Vp,)-V-B(x)=0

oh
s V-(h*Vp)=c—% onQ -6
a ( . pg) S 2%, g nu,

: 23 Sefefet P, =P, +8p1+€2p2 +---, B(X) (bﬂj J./lhel hgvylsdy

2N /

£ FHHMMIE R 75 7E Kk 5homogenization &%, AI 152 £ O F5IYIR EE F(The homogenization coefficient
1S obtained bv usina the inverse solution of HMM and the nressure and shear flow factors can bhe obtained)

A(X) = (Zﬂ_j: [ hGei + v, z)dy
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_Effect of surface topography on lubrication of contact pair*« "

& Z RES =B AN EL & WE (Comparison and verification of multi-scale I
statistical lubrication models)

5 T
) BENEEEEE A
Al == ‘ ==
‘ Pl
5 “\“\ — 1Z-Patir&Cheng | Oogo%g e :,: 0 UO U 0 0
) \V = = = = 16-Tripp @) OOCO) c:C?CZDC::’ O 00 U
< 008 T=— |l 0l

Isotropic Longitudinal Transverse

1.31

0 10 20 30 40 50 60 70 80 ‘JUU
(@)

Re =1000, S =0. 0374 EMSE, o AEERNMH

¢ ~42°0F, BERNSEREDBELIN, Ei&
AW ERE LIS,

W EERMENRERTFREMTESHNENRERTERRE—H, TEEREERNE(The
pressure flow factor obtained by this method is basically consistent with the pressure flow factor obtained by other
methods, and the influence of span flow can be considered)
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€ FE-HMM77 % (FE-HMM method)

— H—

4

@T y K
“
T,

£

N

(a) macro discretization with sampling domains

(micro-problems)

[ EMERT R

VP(Q,3,) = {v" e HL(Q);u" | e RP(K), VK €T, |
Ikd(*)dhi@.d(ﬁ.) V4() e R7(K)
SR AEMERTTE, BN EERR

L a)KI

B, 0")= > z—jK‘ a“ (\)Vvy, -V, dx

\ Ked, 1= ‘Kﬁl‘ /

(b) micro-problems

\ r

(c) example of quadrature for

amicro-nrohlem
*

\AK = B((ﬂiH,(ﬂJH )i{,?:l /
Hx
£ a)K
= > = a*(X)Vep - Vep dx
{;|K@|J‘K‘” N ! i

i,j=1
Wy,

= Z[:lm ("4<T, AﬂiC,K,”4(T, )

—

T 713%|

\ DirichletFaawK,)=HiK,)

BT LR B v T E R R E AR, SRR v

\
st. a‘(x\)\Vvy -Vz'"dx=0 vz"eS%(K,,J,)

Vink, =V (X )+ (X=X ) WV (% )

SU(K;.3,) ={2" eW (K, );2" [ e R(T), T €3, |

W(K,) — TR E RS FH SR E MW R AL A F G

%ﬂﬂ%ﬁé W(Klﬂ):Wpler(Kgl)

Bu",v") =IQ fv“dx+LQN g Vv"dx-B(g,,v") W' eVvP(Q,7,)
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_Effect of surface topography on lubrication of contact paif "

& R HRE RS ﬂ[’](Effeot of su rface topography on fllm pressu re)

%107 %107

9 7 T 7
87 6 | mememem 22.5 6 | mememem 22.5 T
r - == =45 - == =45 e
. o 68f o |—<e—s675 ,/ 957—4—67.5 .
HBREE N Naar
. ; ©4r A o L3¢
IIEKERE P = ‘ =l
BIHBE Y | v I~
JIH 2% [E] oz or o5 os 0z o1 o5 oz TR YR
FE-HMM;% #2 X X X
SRgE B A RLRELENEN T WAZRENEH D MEZRENEN D
B EEAR— — T |
o
R ‘ Ol8l 0.2 04 06 08 0.0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.
aete s ﬁ %:r Eﬁfa‘zrﬁmﬁ E 5T EHWRLE HERA
» FE-HMMTALAARTTERERF, B iE/EHEEj}(FE HIVIM can direct y Calculate the oil film pressure

without calculating the flow factor)
> FE-HMMBYEEZ [E 2 T 3R A MM 254 AV 220 (The effect of surface microstructure is considered in the solution
of FE-HMM)
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€ ETIFOIA ST &4 FHAE L ER (o 1£ /957 2 iR EY (L ubrication Analysis
I\/Iodel Based on JFO Boundary Condition and Roughness Orientation)

ETIFoia A EHRBRSEIEHIE HHEIEHH R &G Z 40 0P0\ _ 060B] 08083
2 . 1 0X; L dx; B dxq dx,
zi - 9o\ _0Biby grg. _ ar 9o _ .. 9P ~Q " Dy >0
- ox; \ “ 0x; 0x4 170 Uox, “2ox, 0 <09; <1
= = =
Py = 0 TS > po(1 = 6) = 0
0<6,<1 hop, | —v (i = 1,2,i %))
_ = ——— 4+ uuh™! dx,dx 0
po(1 — 90)1— Ii H 2 0x, a 152 T* = r (8ph(x))
Ajp = v aj, = !
12uh~3 ; =
U A11 = aj,co0s°y + azzsm 14 12uh=3
—Y o -
) h3 ﬁ\ﬂ#ﬁ’]ﬁ @ + a22COS 14 * ﬁY
A3, = ﬁ i P@ *ﬁggﬁ;k fg%g @ﬁ/ A12 _*Ai s +c;223;in])//cosy ay, = E,u
—Y ‘ 3 et i REER v ! ? TY
,_Upz  RmER Viens ETFONREH = (bi = by)sinycosy L
1= 5 R . SRR T —v
2773 uiig | 1 FRERERY ‘ RERROES B3
9 by==h
T* = E(H()h(x)) 22
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1)

Uy EE % (Comparison between new

Iubrlcatlon model and average Reynolds equation lubrication model)

T A EEAE 75(N)

B e R RTE 2.4831 4.9662 7.4493 9. 9325 12.4156

. Rt & A g E [MPa]
égg-Jm e h
3 = 5 taB—H, BAH
Ez 1.9 ) Lz:h??ﬁ(mm) 15 /ﬁ%ﬁg T /\E,JE"/
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& 51 &= MR EE S B B AL (In-situ control of thermal barrier coating on the

outside of C}/Imder liner)
L ESMUMBRARE, EHREIEATTLE, BHEEHFREE, BROBERK. HRRrBME. KNFEHENS[EEARTZERN
M, BREELIESMTIESZ B/ XIEEHEIENS INDNEIT. (The outer side of the cylinder liner is coated with thermal insulation
coating to control the internal temperature of the cylinder liner, adjust the viscosity of the cylinder liner lubricating oil and reduce the friction loss.
The influence of coating location, size and other parameters on the temperature of the inner surface of the cylinder liner is revealed. The area

between the top dead center and the bottom dead center of the cylinder liner is divided into N units along the axial direction.)
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outside of cylinder liner)
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the starting point of the thermal barrier coating is 33mm from the top dead
center, the temperature of the inner surface of the cylinder liner in the
middle of the stroke increases significantly, while the temperature of the
inner surface of the cylinder liner near the top dead center is smaller)

& 51 E MU S B B AriE R (In-situ control of thermal barrier coating on the.
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_In-situ control lubrication method
€ AR EALIEFE(In-situ control of surface texture
EHETIFOINARFHZEERENEEN- S ERSEFIRE, fIREENRREALXIEXEEMEENR
i, (Using the transient lubrication model of piston ring-cylinder liner considering roughness based on JFO
boundary condition, the influence of the surface texture area of piston ring on the lubrication performance is studied.)
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_In-situ control lubrication method
& RE LM EALIEREE(In-situ control of surface texture)
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)%ﬁK,,JI"JHmﬁﬁ':*ﬂzli,,\*’]?im(The local texture scheme is superior to the overall texture scheme)
o EERLHXTIEE M 8E R R 5 Bl 8 B XTI & 50 5 e FNEL 17 Z Y1 #E 52 (The influence of local texture on
lubrication performance is closely related to the relative motion direction and load of the contact pair)
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Oﬁ%ﬁ,ﬂlﬁm ’ﬁ 31,(Study on leakage mechanism of static seal)

B EREIS , B EZERE REURUNINIE sttt miB it e AR &8, &1
Persson,ﬂ,)ﬁ:'aﬂl{éi_ 1ﬂ'/}F=ﬁ'l?|' JF%’*” - (Establish an elastic contact model with surface topography, simulate the
critical magnification when the leakage channel is just formed by continuously modifying the scale coefficient, and
establish a leakage calculation model based on Persson leakage theory.)
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& =1 2 2 BE 5 5 B W53 (Simulation study on dynamic seal wear)
ETHRITMBERZAR, BELHBEHTHERHERE, BEBHRELAISBT SALEBEMIETRE,
ALUERZE EIREH®EIZ L. (Based on the finite element mesh reconstruction technology, the wear
simulation strategy of dynamic seal components is established, and the dynamic seal profile is updated by moving

the surface and internal node )g%i;tion to simulate the change of the seal profile after wear.)
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