Journal of the KSTLE Vol. 19, No. 2, April 2003, pp. 65~71

The Korean Society of Tribologists & Lubrication Engineers

A0 710{ X|H Aloje| EHFA|

TSEE -

e

HEA - HAy

st 7)1 AE -

Elastohydrodynamic Lubrication Analysis on the Contacting
Surfaces between Spur Gear Teeth

Young-Pil Koo', Hyung-Ja Kim and Young-Dae Kim

School of Mechanical Engineering, Pukyong National University

Abstract — An elastohydrodynamic lubrication analysis was performed on the contacting teeth surfaces of invo-
lute spur gears. Kinematics of the gear and the pinion were taken into account to get accurate geometric clear-
ances around the elastohydrodynamic lubrication region of the contacting teeth. Pressure and film thickness
distribution for the whole contacting faces in lubricated condition at several time steps were obtained through
the analysis. Besides the pressure spike at the outlet region, a representative phenomenon in elastohydrodynamic
lubrication regime, the pressure at the inlet region was slightly higher than that of the center region. The film
thickness of transient condition was thicker than that of steady condition.

Key words — elastohydrodynamic lubrication, transient, spur gear, kinematics.
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Fig. 1. Schematics of gears and coordinates systems.
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Fig. 2. Decision of the initial reference point.
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Fig. 3. Profile detail of contacting gear tooth and pinion
tooth.
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Fig. 5. Overall analysis procedure.
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Table 1. Specification of the gear and pinion
Gear Pinion
Number of teeth 24 16
Pressure angle, o 20°
Module 4.5 mm
Face width 20.0 mm
Angular speed 1460 rpm 2190 rpm
Power transmitted 12 kW
Effective Young's modulus, E 220 GPa
Table 2. Property of the Lubricant
Grade SAE30

Absolute viscosity, o 0.07 Ns/m* @80°C

Pressure-viscosity coefficient, a 1.51x10* m*/N

Dimensionless viscosity-pressure
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Fig. 8. Contact pressure distribution at line of action;
3 mm.

69

Ao A& AWy o] HE o] =v)9} Ao )
Tk oA}, Fig. 8o Uehd &gty Bola] ¢
T 9 2 27 Aol F& hHo] vpehtw e
7 Hus #Ke] PN vehbs ok BX
Hels FAleith. & 7lo) AWe] HEL b 4

[«

i)

H&o] olUg} B F2o] JMth: R op|si). 7]

o] o] HES F /9] Ady JFoZ 7T &9
AollaE oleigt A7E 4E 4 fIRTHTL. Fig. 9
v AYFHLE 52 F £2rt WE dAR] &
A -7 mmel] T3 AW HEFEFA 33
U} Fig. 73 AR 3ol AAHoZ v
Holx gl

Fig. 102 5ol zF oA t=lel o ga)
Fig. 112 7 22098 77} vlwsle yepd
olt}, AWk o= g x2ulde M2 FARE A
Hola gjow 59 A7) 1540NSR FUSH
1, 284 —5~3 mm FRIA HE gJoo] Folx|
Ha o] A7t e € 4 Atk Fig. 12
28 1 mm GAGN X F Zgolxe] {22
ot qhe Z2alg vl Aotk &5 gH

o

o

o

1=}
=R
Q.
LN

jo

2

=
=

ofh

i

or 8 o

I
I

{
AR
\3::'"""":::..
/,,'l"‘?$§§§§§:§£:§§;'7=z
% [
0 /lll' 'I I'll,';
i " I III 0"' 24
~'%%é2225}.2255{{;1”"’1,}{;;:,,,,"\?““ :
*5':4‘2:5353335‘3‘5"‘5":'{Il,,zll%&‘
-
0332,:,‘0‘0‘“
S

SR8
09620,
S

902030

% 0‘0’0“‘
SRS
IR
00.0‘0‘

XXX

e

(XGRS
X

%

XY
oy

X XXX

%
(X
%

XX
o
0.0
Q.O

Frossure MPa]

o
K
&

&

%
e

Fig. 9. Pressure distribution at line of action; -7 mm.

7004
--m— Line of action: 3nm A
600 - @  Line of action: 1nm
A Line of action:-5mm

500 —w-- Line of action:-7mm
T 400
=3
o 300 0% }
? [ o
2 200 '{v' x/ 24 4 | .\
T 100 LA L \

Pt e [N
o]  wesmfic Sxdesenan
-100 T T T T U u T
04 -03 0.2 -0.1 0.0 01 02 03

Moving direction [mm]

Fig. 10. Pressure profiles at center of tooth width.

Vol. 19. No. 2. 2003



70
354 - ~—m— Line of action: 3rmm
—e&— Line of action: 1mm
304 A\ A Line of action:-5mm P
— | ~w-- Line of action:-7rmm i
£ 4
3. 254 A\ fx
> ‘ /
§ 2.0+ :\ [
/
3 A
£ 154 LS \Z »
E "ok o
L 104 g X 4
- E AR RB R
A LI ET TN A
054
T T T T T d
0.3 0.2 -0.4 0.0 0.1 02 03

Moving direction [mm]

Fig. 11. Film profiles at center of tooth width.

~-a~ Film thickness
—0— Pressure
T T T T T T

s}

400

.\. J\ 1
1 \.\ 0, Uf 3 i
A

©

/
B\ /J \ |

1004 % J e
L e 4
Sesceveenceey, . o
[=lan -0

oo

Pressure [MPa]
N
[wn] ssauxoiy wity

T T T y T T r— 0
04 03 02 01 0.0 01 02 03

Moving direction [mm]
Fig. 12. Pressure and Film profiles at line of action;
1 mm.

—e— Film thickness
—0— Pressure

Poa,

=y o
POoopopoooooto? \':| .

.

- " o
Saf | 13
= 2001 5
© 4 Y 110 ;
2 =
@

1504
§ -4 09 g

100 . 14 i

\. ./ 408
ol J \.\.'._ 090000000000000000,, o |

Tooth width direction [mm)]

Fig. 13. Pressure and Film profiles in tooth width
direction at line of action; 3 mm.

kg ARl % f FERYS B 5 Qon Ay
e A fok A Ae] dehda Aok WS
FA4 Faol gEe §Rgee) enr Ytk A
2 & & Itk Fig. 138 AFAL wa A% ggo

Journal of the KSTLE

T9E - AEA - G

085
_— .\ --e— By Dowson and Higginson [8]
£ ; e —m— Transient EHL analysis
2 08 " * \0\,\ & Steady-state EHL analysis
w ®.
£ ors- N
$ '\ S
£ o070 '\
£ / N
Sl Y e
g N .
‘€ 060+ “ N AN
s \\.

055 A

3 }) 4 2 0 2 4

Line of action [mm)]

Fig. 14. Comparison of minimum film thickness.

=o) o T2 4 Z2Rde A 20|

o} bR elojsi e g 3

297} Y5l P AS B

A9 FHEHE YA w3 B
BRI e RN S wgy

o)) S Vs 3

DI A7l g AES} fUEAe] Wakee T4

B2 AE RoITk. Fig. 149 Vel whel o] ]

B gele) Gol BAE A o AR Q)

Ego] Hrke 22 ¢ & YUtk AwEeE $98

sigol Bl Sk WA f AR A9

AT ek AR T WELS HE

)
L
p

ox.
c

O {
2
Lo
%n

5d &8

MEFE 27 7lojol] tidte] &4 F AW HF
Aol BFA e 2 dHA /9 A
¥ #sle saEom ATt 71ole] 3
&5l ot ®slehs 3 DA AwHe] FA
s At e AF Aol e &2 4

13171 k] 3xkd Al #EEAE

& ox Mt X 10 of
tlo
s
s
O

2 A7 A, 7lo] AW HES W HE: FH
2A Y7 FRelE w2 o4 et velsteH
71019 BHel g HF Zo Wsll| we} U
JME YHEEE ThE ¥ Bk B 24 T
710 @] {2t FAE T &3l oJst AP
R FAARtE AL & F AT 7o Ad



223 710} AW Alole] WARA B

Aole) g8 Wyl B B A
We mawy 5 7ol A A 289 & 3
oz sloieet.

rr
.
4
oA
Y

7l 49

a : pressure-viscosity coefficient [m*/N]

E : the equivalent Young's modulus [N/m?]

G : dimensionless material parameter, G=0F

H : dimensionless film thickness

H, : dimensionless elastic deformation

H, : dimensionless geometric film thickness

H, : dimensionless minimum film thickness
by Dowson and Higginson

H, : dimensionless film constant

h : film thickness [m]

P : dimensionless pressure

p : pressure [N/m’]

R : equivalent radius [m]

R :radius of curvature of gear/pinion tooth
[m] (i=1 for gear, i=2 for pinion)

Ry : base circle radius of gear/pinion [m]

Rui :addendum circle radius of the gear/
pinion [m]

R, :pitch circle radius of the gear/pinion
(m]

¥ :radius in polar coordinates [m]

T : dimensionless time

t Jtime [s]

U : dimensionless velocity parameter

;4 :mean surface velocity [m/s]

u; :surface velocity of the gear/ pinion
tooth [m/s]

w :external load [N]

X, Y : dimensionless Cartesian coordinates

X,y : global Cartesian coordinates

Xiy Vi :local Cartesian coordinates

Z : dimensionless viscosity-pressure index

a : pressure angle [rad]

g ©ID ©
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: viscosity [Ns/m®]

: viscosity at p=0 [Ns/m’]

: dimensionless absolute viscosity

: rotation angle of the gear/ pinion [rad]
: density [Ns*/m’]

: density at p=0 [Ns”/m*]

: dimensionless density

:angular velocity of the gear [rad/s]
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