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l

n, = exp{[ln M, + 9.67][—1+ (1+5.1x10%p,P,, }
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fi= H'S(Pr,m _Pr,i)_AKniLHi _M =0
P;

IfI=N P [=1+1

Calculate by Newton
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Program EHL

double precision DX,Xi,c,Ph,X0,X2,Di,ni,Fi,FHo,Xj,C1,Ho,
Hol,PmHm!,AL,U,W,FP Pil,Pii2,PmHm2,dPmHm,
E,PmHm,Hi,P2,Pi,n0,Pii,A,B,DP,BL,RE

logical AT

dimension A(400,400),B(400),DP(400),ET(400),Pi1(400),

Pii(400),TIC(400),Pii2(400)

FHRRFR ot data*eEnH

write (*,10)

format (2x "U= ",10X,"W= ")

read (*,*)U,W

write (*,30)

format(2x,"E= ",5X,"z= ",5X,"n0=")

read (*.*) E,z,n0

write(*,50)

format(2x,"Estimate Ho,PmHm")

read(*,*) Ho,PmHm

write(*,70)

format(2x,"Boundary Xa,Xm and nodes(N)")

read(*,*)Xa,Xm,N

write (*,75)

format (4x,"iter." )

read(*,*)M

*xEREk Calculate conts, ¥ wssksdk
wl=0.

DX=(Xm-Xa)/(N)

Xi=Xa-DX
c=(3.¥U*(22./7.)**2 /(4. ¥W**2 )
Ph=(E)*dsqrt(W*7./44.)
AL=dlog(n0)+9.67

#xx%%k%*Calculate Ho,P1,PmHm by Newtan Raphson******
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do 175 iter=1,M
do 120 i=1,N
Xi=Xi+DX
X0=Xi-DX
X2=Xi+DX
if (iter.eq.1) then
call Pressure (X2,X1,P2,Pi1)
if (i.eq.1) then
Pii(i)=0.
else
if (P1.1e.0) then
Pi=0.
P2=Pi
end if
Pii(i)= Pi
< end if
else
P2=Pii(i+1)
Pi=Pii(i)
end if
call film tickness(Pii,Xi,Xa,N,Ho,X2,X0,DX,Hi)
TIC(i)=Hi
Di=1.+((0.6*¥10**(-9.))*(Ph*Pi))/(1.+(1.7*10%*(-9.))*(Ph*Pi))
ni=dexp(AL*(-1.4+(1.+Ph*Pi*5.1*10%**(-9.))**z))
Fi=(Hi**3)*(P2-Pi)-DX*c*ni*(Hi-PmHm/Di)
B(i)=-Fi
FHo=3.*(Hi**2)*(P2-Pi)-DX*c*ni
A(i,1)=FHo
Xj=Xa+DX
do 100 j=2,N
call Reynold (i,j,X2,X0,Xi,Xj,Hi,Ph,c,DX,Di,AL,z,ni,
* PmHm,P2,Pi,dPmHm,FP)
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A(i,j)=FP
Xj=Xj+DX
100 continue
C1=DX*c*ni/Di
A(N+1)=Cl
120 continue
call Balance load (DX ,N,Pii,BL)
B(N+1)=(11./7.)-BL
do 130 j=1,N+1
AT=(j.eq.1).or.(j.eq.(N+1))
if (AT) then
Al=0.
else
Al1=DX
end if
A(N+1,j)=A1
130 continue
call Gauss eliminate(N+1,A,B,DP)
if (iter.le.5000) RE=0.01
if ((iter.1t.20000).and.(iter.gt.5000)) RE=0.001
if (iter.ge.20000) RE=0.0001
Hol=Ho+RE*DP(1)
do 140 k=2,N
Pil(k)=Pii(k)+RE*DP(k)
140 continue
PmHmM1=PmHmM+RE*DP(N-+1)
ET(1)= (abs((Hol-Ho)/Ho1))*100.
do 145 p=2,N
ET(p)=(abs((Pil(p)-Pii2(p))/Pil(p)))*100.
145 continue
ET(N+1)=(abs((PmHm1-PmHm?2)/PmHm1))*100.

wl=wl+1.
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165

150

160

170

175
178

Ho=Hol
PmHm=PmHm]
dPmHmM=DP(N+1)
Xi=Xa-DX
do 165 s=1,N
if (P11(s).1t.0.) then
Pii(s)=0.
PmHmM=(TIC(s)+TIC(s-1))/2.
else
Pii(s)=Pil(s)
end if
PmHm2=PmHm]!
Pii2(s)=Pil(s)
continue
do 170 1=1,N+1
if (ET(1).gt.0.00001) then
if (wl.eq.50) then
write(*,150) |
format(ix,"[ter",lOx,”Ho",l2x,"Pi:",i3,12x,"'PmHm",12x,”ERROR")
write (*,160)iter,Hol,Pil(1),PmHm1,ET(l)
format (2x,i7.2x,d15.6,3x,d15.6,2x,d15.6,2x,d15.6)
wl=0.
end if
goto 175
else
goto 170
end if
continue
goto 178
continue
open(1,file='Solution.txt',status='unknown')

write(1,190) Hol

26
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190 format(4x,"Ho= ",d15.6)
do210i=1,N
write(1,200) i,_Pil(i),TIC(i)
200 format(4x,i3,4x,"P = ",d15.6,4x," Hi= ",d15.6)
210 continue
write(1,220)PmHm]
220 format(4x,"PmHm=",d15.6)
close(1)
stop
end
S5 ook o R oo ok oS R SR SR K e sl o o ks ok ko o ook o oo o
subroutine Reynold (i,j,X2,X0,X1,Xj,Hi,Ph,c,DX,Di,AL,z,ni,
* PmHm,P2,Pi,dPmHm,FP)
double precision HP,G1,FP,X2,X0,X1,Xj,Ph,c,DX,Di,AL,ni,Hi
* ,PmHmM,BB,P2,Pi,dDi,dPmHm
logical E1,S1
El=(i+1).eq,

if (E1) then

E=1.
else
E=0
end if
Sl=i.eq.
if (S1) then
- S=1.
clse
. $=0.
end if

dDi=(0.6*ph*S*10**(-9))/(1.+1.7*Ph*Pi* | 0**(-9))**2
BB=  abs((X2+Xi)/2.-Xj)*abs((X0+X1)/2.-Xj)
HP=-(DX*7./44.)*dlog(BB)
Gl=ni*z*AL*((1.+5.1*(10%**(-9))*Ph*Pi)**(z-1.))*
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* (5.1*10*%*(-9))*(Ph*S)
210 FP=(Hi**3)*(E-S)+(P2-Pi)*(3.*Hi**2)*HP-(DX*c)*(ni*HP+Hi*G1
* -(ni*(Di*dPmHm-PmHmM*dDi)/Di**2)-PmHm*G1/Di)
220 return
end
sk koo o oo R R s R ok ok R KRR ks o ok sk stk ok ko s ok sk ok ok o sk ok sk ok ok ook oo o
subroutine Pressure(X2,Xi,P2,Pi)
double precision Pi,P2,X2 Xi
logical XX2,XXi
XX2=(X2.gt.1).or.(X2.1t.-1)
if (XX2) then
P2=0.
clse
P2=dsqrt(1.-(X2%*2))

end if

XXi=(Xi.gt.1).or.(Xilt.-1)
if (XXi) then
Pi=0.
else
Pi=dsqrt(1.-(Xi**2))
end if
return
end
****************************>l=************************************************%*****
subroutine film tickness(Pii,Xi,Xa,N,Ho,X2,X0,DX,Hi)
dimension Pii(400)
double precision Pj,sum,Xj,Hi,Xi,Ho,X2,X0,DX,Pii
sum=0.
Xj=Xa
do 10j=1,N

Pj=Pii(j)
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sum=sum+Pj*(dlog(abs(((X2+Xi)/2.)-Xj)*abs(((X0+Xi)/2.)-Xj)))
Xj=Xj+DX

continue
Hi=Ho+((Xi*#2)/2.)-(DX*7./44.)*sum

return

end

29
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subroutine Balance load (DX,N,Pii,BL)
double precision DX,Pii,BL,sum
dimension Pii(400)

BL=0.

sum=0.

do 10 i=2,N-1

sum=sum+Pii(i)

continue
BL=(DX/2.)*(Pii(1)+Pii(N)+2.*sum)
return

end

e sk s ok ok sk ok sk ot sk skok sk sk sk sk sl sk sk ok sk ok stk ok ook sk sk sk ke e sk st sk sk ok sk skeok sk ok skosk ksl sk sk sk sk ok ok ok sk ok skosk sk sk ok sk sk sk ok sk sk sk ok skl skok ok skokoskokskok

300

200

-subroutine gauss eliminate (n,a,b,x)
doubleprecision r,a,b,sum ,x
dimension a(400,400), b(400), x(400)
call scale(n,a,b)

do 100 ip=1,n-1

call pivot (n,a,b,ip)

do 200 ie = ip+1,n

r = a(ie,ip)a(ip,ip)

do 300 ic=ip+1,n

a(ie,ic)= a(ie,ic) - r*a(ip,ic)
continue |

b(ie) = b(ie) - r*b(ip)

continue



asl

®a

»

400
100

600

500

do 400 ie=ip+l,n

a(ie,ip) = 0.

continue

continue

x(n)=b(n)/a(n,n)

do 500 ie=n-1,1,-1
sum=0.
do 600 ic=ie+1,n
sum=sum-+a(ie,ic)*x(ic)
continue
x(ie)=(b(ie)-sum)/a(ie,ie)

continue

return

end
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10

subroutine scale(n,a,b)
doubleprecision ba,ax,a,b
dimension a(400,400),b(400)
do10ie=1n
ba=abs(a(ie,l))
do 20 ic=2;n
ax=abs(a(ie,ic))
if (ax.gt.ba) ba=ax
continue
do 30 ic=1,n
a(ie,ic)=a(ie,ic)/ba
continue
b(ie)=b(iec)/ba
continue
return

end

et sk s sk sk ok ok ok s sk ok sk ok e ke ke e s sk e ks sk sk st sloskok ok ok sk ok ok ok ook sk ok sk sk sk ok sk ok sk sk skosioste sk sk sk sk ok sk sk ok oK sk sk sk ok sk sk sk ok sk skok ook sk ok ok sk dkokeokok
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subroutine pivot(n,a,b,ip)

doubleprecision ba,ax,b,a

dimension a(400,400),b(400)

ip=ip

ba=abs(a(ip,ip))

do 10 i=ip+1,n
ax=abs(a(i,ip))

if (ax.gt.ba) then

ba=ax

Jp=i

end if
10 continue

if (jp.ne.ip) then

do 20 j=ip,n
ca=a(jp,j)
a(jp.j)= alip.j)
a(ip,j)=ca

20 continue

ca=b(jp)

b(jp)=b(ip)

b(ip)=ca

end if

return

end

stk ke sk ok ok ok ook ook ok sk ool sk sk ke ok stk kR ok ok stk sk sk ok sk sk sk sk ok s skok sk sk ok sk sk sk sk ok ok sk ok ofe ok sk ok skl ok ok sk sk ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok
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Elastohydrodynamic Lubrication of Cylindrical Roller in Line Contact
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ABSTRACT

Elastohydrodynamic lubrication is defined as a thin fim lubrication included the elastic
deformation of material under contact stress. This paper presents the application of finite difference and
Newton Raphson method to calculate the Reynolds equation for a cylindrical roller on flat surface
numerically. The lubricant is a compressible fluid under at isothermal condition. Simulation results show
that the film pressure of the lubricants in line contact under elastohydrqdynamic lubrication is decreased
with the increase of load, on the other hand, the film thickness will be increase as the velocity increase. At
severe conditions, the film pressure will be increased approach the Hertzian contact pressure. At constant
load and velocity the film pressure increase gradually at lubricant inlet and reach the maximum pressure to

form pressure spike at minimum film thickness.

Keyword: Elastohydrodynamics line contact, Reynolds equation
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