Study on Elastohydrodynamic Lubrication
Motion Using Optical Interferometry and
Inverse Approach
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2. Film thickness equation (elastic deformation) :
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3. Force balance equation :
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4. The density-pressure relationship equation:
0.6x107 p
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5. The viscosity-pressure relationship equation:
7 ="1,exp{(9.67+In7,)[-1+(1+5.1x107 p)* |}

p=py(l+

Boundary conditions :
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EHL of circular contacts at squeeze motion
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I.A. in EHL of circular contacts (1)
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I.A. in EHL of circular contacts (2)
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Pressure-viscosity index (Inverse approach)

Load
W=1.0x10"° W =1.93x10""
error
X,Y range 6=0.0 | 06=0.005| 6=0.01 | 6=0.0 | 0=0.002 | 6=0.005
-1.0<X<0.4
Y —00 0.475 0.507 0.512 0.482 0.486 0.498

VX2 +Y2 <02 0.499 0.518 0.523 0.492 0.498 0.515

VX% +Y? <04 | 0456 0.425 0.431 0.463 0.450 0.435

6=0.04 Error=4.99% , 6nm
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I.A. in EHL of circular contacts (3)

/25550
/O
Zodeal
Z%Z"c"o‘oﬁ"0‘0‘*\\\\\\ ‘
25::'4".'»‘0oggo\\\“\

PRz R EERORS A GE

z

Actual value 0.8486

Inverse approach 09052
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I.A. in EHL of circular contacts at squeeze motion (1)
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Pressure-viscosity index (Inverse approach)

t-step At=0.03 s A\t=0.06 s

X-region 6=0.0 5=0.005 6=0.01 6=0.0 6=0.005 6=0.01

0.05<X<0.9( 0.4882 0.4959 0.5015 0.5037 0.5159 0.5289

0.05<X<0.5( 0.4876 0.4952 0.5002 0.5026 0.5151 0.5272

0.05<X<0.2] 0.4866 0.4946 0.4996 0.5012 0.5147 0.5268

06=0.04 Error=4.77% , 9nm
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I.A. in EHL of circular contacts at squeeze motion (2)
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Study on the Dynamic Lubrication Characteristics of the Oil Film under the Combined

Squeeze and Sliding Motion Using Laser Measurement Method
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Thickness (nm)
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Solvation force
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Reference: Jacob N. Israelachvili, Intermolecular and surface forces,(1992).
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Velocity Distribution
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Use inverse approach to calculate z, §, n*
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Use inverse approach to calculate z, §, n*
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Thin Film Contact
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Thin Film Lubrication (1)
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Thin Film Lubrication (2)
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Thin Film Lubrication (4)
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Thin Film Lubrication (5)
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Thin Film Lubrication (6)

LR NI AR N ERE I S

IEFHERESR

z
Actual value 0.8195
Inverse approach 0.9093

R 8 R R

Error=10.96%

.
LBz~ ST EEF B R

z n* & (nm)
Actual value 0.8195 0.1429-0.2 0.74-1.45
Inverse approach 0.8629 0.1522 1.1

Error=5.30%
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The study of behaviors of nanoconfined
water molecules
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Potentials used in the MD simulation for marcomolecules

(Energy Calculation and Dynamics, ENCAD)

U total =U bond +U bending +U vdw +U coul

Upona & Feit CHEE i BIELZ FAERHEA
#«g’; —%_ >3 B e 'y
Ubending g )& A ‘fﬁ"‘*gﬁ.*ﬁ'ﬁp?,

CRAYN A RUFHTFR oI 167 45

U =@t SRR PR RRY g

Upu R&FTR AF2mEF - HAK KB egpT e 4
I AR T3 TIALT L £ SR |
2 RIRY $5g @

Inter-molecular potential

AuU-Au

e e
H20-H20
U =Upog +Upeng +U o +Ues

Au-H20

U Au-H,0 — U Au-0 (rAu—O ) +U Au-H1 (rAu—Hl ) +U Au-H2 (rAu—H 2 )
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Optimum design of piston ring shape using inverse method

Li-Ming Chua*
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GOVERNING EgUATIONS OF PISTON RING LUBRICATION

The hydrodynamic lubrication, the steady state one-dimensional Reynolds equation is

o g g a
2By, AP )
X n ox ox
where u, represents the piston velocity. Eq. (1) can be integrated as:
dp h-h,
P, + P, W 6muy, e o 2
hy+s, where h, is the film thickness at maximum pressure, i.e. dp/dx=0. The
|
» dimensionless form of Eq. (2) is
dP H-H
— =0 m 3
oo™ ®
! -—W
The boundary conditions for Eq. (3) are:
P=R, +P,, at X =X,(=0) (4a)
RN \ P=PRy, at X=Xg,(=1) (4b)
b P, The load-carrying capacity of the oil film per unit length is:
1
w= IO pdx (5)

The pressure acting on the piston ring in the radial direction is assumed to be
composed of the pressure at the inner side of the ring and the piston ring elastic
pressure. Therefore, the dimensionless load balance equation for the piston ring is
given as:

1
w:jnde =P, +P, (6)
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Optimum design of piston ring shape using inverse method (1)

m+l1 .

Hy = (X =D Ci X! = X\ +(Ho +1) 0
j=1
n+l i

Pe=(Xk =D B Xy =X P, +(R, +Py) ®)

i=1
Substituting Eq. (8) into Eq. (6), the force balance equation becomes
n+l
1

1
W=(R,+=P,)- E ——B 9
By F) Si+)(i+2) ©)
Substituting Egs. (7) and (8) into Eq. (3), the governing equation becomes

n+l

fy == P+ SIXEV@X, ~D+ (-DXE2 (X - X, 1B,
i=1

m+1 i m+1 .
(X =DDCi X! =X, +(Hg +DP-6{[(X, =D D C; X)) = X, +(Hy +D]-H,, 1 (10)
j=t j=1

Optimum design of piston ring shape using inverse method (2)

Hence, to obtain the smallest error between the direct and estimated values, the

least-square error method and variational method are employed here subject to the
Start+

force balance constraint. The least-square error method and variational method require

the residual function to be minimized.

Fead input-data ;- B, n,m+
Q:O, i=1,23n+1 f
0B,
ica
ac;

=0, j=123m+1

n,Hy, PP, X B,C o
where the residual function with Lagrange multiplier A is
nel

G:zp:fk2+iDN7(Pb+%Pa)+z B
k=1

1
i (+1)(+2) se-Newton-Ranhson method to
calculate new X - until comvergence +

Egs. (12) and (13) can be rewritten as:

& 0.5 & ;
L =1,2,3;n+1
gﬁ.kak+(i+1)(i+2)4 éﬁm, i n+

Do H - satisfir-

ny ny COTVErgENCE Criterinn
e =2 b, 1=123mel
k=l k=1

where

Bre =X @Y =D+ -DXED (X = X)H,

| Caleulation: P, 5, shearstress, o+ |

¥i ==6X (X =) i
Stap+
& =O6l(Ho+D= X —HpI+PH

0l mi1
=2 [XE@X, =D+ =DXED (X = XM = 26X (X, =) (20)
i=l j=1
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Results and Discussion (1)
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Results and Discussion (2)
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/13 sizes, increment in 1 mm

. High cusity miror surtacs, owers the fricton coaffcient
reduces the wear betwsen the metal and acetabulum

~ Proprietary locking mechanism, for easy span in

__ Pasitive sccentric design provides self-centering
mechanism

Four length avallable
Cnn be wlrable f’g bipolar cap & scetabular cap

Suture holes for soft tissus attachment enhances
prostheses xation

15" anatomical antevarsion angle, laft and right
Modulur dcsi?lﬁ n with different length of segment availabls

Lengm salection from 25, 30mm~120mm

enhannea bona mmmﬁ aml prosthesis
mun revent osteclysis
4 sizes, Z6mm, Z&mm, , 32mm

Sixe o avadable for rati
S I S oo T

Anatomic bow unqla matching the
anatorny of femur deducss strass of
can;

16 locking position, 20° overhooded

10 sizes, increament in 2mm

BIREMEHAY o R R AR R X 1AM & AR T RIR T 5 R
_____________________________________________________________________________________________|

Reynolds equation :

p

sin¢9i(h3 sinH )+
00 25" a¢

) 61R; wsin’ Ha—h
o¢

*(\ Elasticity equatlon.

e
o
]
[

h=h,+6
h, =c(l-¢&,sinfcos¢ — &, sinOsin @)

2
5:d 2v

— V .
Force balance equations:

oAt (e . B
F, _RZLI J.Hl psin&cosgsinfddddg =0
Fy=R§j:2 J.:Zpsinesin¢sin¢9d¢9d¢=w

F, = Rzz_[:z J:z pcos@sinddddg =0

28



Ny Y

__—— Upclapboard

Up distance block

Connecting bar C

3 el 3 8

Hall and socket xﬁ“‘m-__\
i i

Rocker

AR Bt BRI

Up and down sliding gearing

Reciprocal sliding gearing

3-D Load sensor
J}’; Upper clamp
Upper specimen (plate) —
Signals of load CPU
and friction force )
Lower specimen

(skin)
b Adr cushion Izl

I~ Lower clamp é

~— Friction force
testing table

—_
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