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ABSTRACT:	

In	many	machine	elements,	the	film	thickness	and	load	change	with	time	and	it	is	necessary	to	elucidate	the	effect	of	
normal	approach	motion	of	the	opposing	solids	on	oil	 film	behaviour.	The	purpose	of	this	study	is	to	investigate	the	
behaviour	 of	 oil	 film	 between	 surfaces	 under	 impact	 loading.	 The	 authors	 measured	 central	 film	 thickness	 using	
interferometory	technique	under	wide	range	of	impact	speed	with	meny	type	of	oils.	The	contact	was	composed	of	a	steel	
ball	 and	 a	 glass	 disc.	 The	 steel	 ball	 produced	 artificially	 impacts	 an	 oil	 lubricated	 glass	 disc.	 The	entrapped	 oil	 film	
thickness	is	effected	by	oil	property,	ball	radius	and	impact	speed	and	the	bahaviour	of	entrapped	oil	is	oserved.		
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INTRODUCTION	
It	 is	 very	 important	 to	 understand	 the	 behaviour	 of	
elastohydrodynamic	 lubrication	 (EHL)	 film	 between	
contacting	surfaces	in	order	to	improve	working	performance	
and	to	prevent	surface	failures.	Most	of	the	research	has	been	
focused	 on	 EHL	 where	 the	 surfaces	 move	 along	 their	
tangential	 direction,	 which	 is	 generally	 referred	 to	 as	
rolling/sliding	EHL.	In	machine	elements	such	as	gears,	rolling	
bearings	and	cam	and	followers,	 the	film	thickness	and	load	
change	with	 time.	 It	 is	 therefore	 necessary	 to	 elucidate	 the	
effect	of	normal	approach	motion	of	the	opposing	solids	on	oil	
film	 behaviour.	 The	 purpose	 of	 this	 study	 is	 to	 investigate,	
through	 experimental	 analysis	 using	 the	 optical	
interferometry	 technique,	 the	behaviour	of	oil	 film	between	
surfaces	under	impact	loading.	The	authers	measured	central	
film	 thickness	 using	 interferometory	 technique	 under	 wide	
range	of	impact	speed	with	meny	type	of	oils.	The	contact	was	
composed	 of	 a	 Steel	 ball	 and	 a	 glass	 disc.	 The	 steel	 ball	
produced	artificially	impacts	an	oil	lubricated	glass	disc.	The	
entrapped	 oil	 film	 thickness	 is	 effected	 by	oil	 property,	ball	
radius	and	impact	speed	and	the	bahaviour	of	entrapped	oil	is	
oserved.	 The	 possibility	 of	 high	 pressure	 viscometer	 is	
discussed．		

	
	

MATERIALS	AND	METHODS	
The	materials	and	method	section	should	describe	all	relevant	
information	concerned	with	the	investigated	materials	and	the	
test	procedure.	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Uppsala	 is	 Sweden's	 fourth	 largest	 city,	 located	 70	 km	
north	of	the	capital	Stockholm	and	close	to	Stockholm-Arlanda	
airport.	

	
	
	
	

RESULTS	AND	DISCUSSION	

Introduction
It is very important to understand the behaviour of 
elastohydrodynamic lubrication (EHL) film between 
contacting surfaces in order to improve working performance 
and to prevent surface failures. Most of the research has 
been focused on EHL where the surfaces move along their 
tangential direction, which is generally referred to as rolling/
sliding EHL. In machine elements such as gears, rolling 
bearings and cam and followers, the film thickness and load 
change with time. It is therefore necessary to elucidate the 
effect of normal approach motion of the opposing solids on 
oil film behaviour. In impact EHL, it is well known that the 
oil is entrapped between surfaces because of the increase 
of the oil viscosity with pressure, and the film thickness 
takes the maximum at the centre of the contact and film 
shows a dimple shape [1-5] . The purpose of this study is to 
investigate the behaviour of oil film between surfaces under 
impact loading. 

Materials and methods
Figure 1 shows a schematic diagram of the experimental 
apparatus. The contact surfaces are composed of a precision steel 
ball of 25.4 mm diameter and a glass disc of 180 mm diameter 
and 12 mm thick. The lower surface of the glass disc is sputtered 
with a semi-reflecting chromium layer. The reduced elastic 
modulus of the contact, E’ is 117 GPa. The a lever arm is pushed 
by  a piezo-actuator. The final contact load is 50N.
    The shape and the thickness of the oil film were measured with 
the duochromatic optical interferometry technique and the fringe 
pattern is recorded with a high speed video camera  attached to 
a microscope. Figure 2 shows an example of time variation of 
interferogram and mid-plane  film profile.  Figure 3 shows a time 
variation of displacements of arm, disc and load. All experiments 
were carried out at a temperature of 25 ± 0.5 °C.
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Fig. 5.9 Effect of η0 on vim
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In many machine elements, the film thickness and load change with time and it is necessary to elucidate the effect of 
normal approach motion of the opposing solids on oil film behaviour. The purpose of this study is to investigate the 
behaviour of oil film between surfaces under impact loading. The authors measured central film thickness using inter-
ferometry technique under wide range of impact speed with many type of oils. The contact was composed of a steel ball 
and a glass disc. The steel ball produced artificially impacts an oil lubricated glass disc. The entrapped oil film thickness 
was effected by oil property, ball radius and impact speed. The behaviour of entrapped oil was also observed. 
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Figure 1. Experimental apparatus

Figure 2. Oil entrapment under impact motion

Figure 3. Example of time variation for high viscosity oil

LoadBeginning of deformation



103 104 105 106 107

0.1

1

�

h��� �� ���� � �� ����� �α
���

 �0 v���
����

�
0
�� ����

��
�����

�
����

��
�����

��

α�� ���
�

α
1.8 � �

0
 v���� � ����


�
� � ������ � �μ�	�� �

�����
��
��

��
��

��

�

�

h c* , μ
m

��
���

����

��
�����
���
�

���������

 TN-68
 α pm  = 3.2

9.17 s0.63 s0.1 s

0.001 0.01 0.1 1 10 100
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7 Acrylic disc
Grooved

TN-68 HC-600
HC-20

BS

KTF-1

HC-100

h m
ax

,µ
m

Time, sec
Fig. 5.28   Time variations of hmax with acrylic disc 

Fig. 5.27  Time variations of interferograms with acrylic disc 
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Results and discussion
Figure 4 shows the relationship between entraped central film 
thickness hc* and impact speed vim. For BS and HC-20, the arm 
speed vArm  was used as the impact speed vim. For HC-600 
having high atmospheric viscosity, impact speed vim  = vArm  - vDisc  
at beginning of deformation of contact bodies was used. High 
atmospheric viscosity cause strong squeeze effect. Squeeze effect 
causes deceleration of arm and acceleration of disc, so the 
surface approaching speed (relative speed) will be smaller 
than the setting value of arm speed. The results of each oil are 
on the straight lines with similar slopes. 
If we use  α1.8 h0 vim  for horizontal axis, all plots are on a line 
shown in Figure 5. It is well konown that viscosity under 
high pressure is influenced by pressure-viscosity coefficient 
α however, it is difficult to measure α value. Using the 
experimental formula shown in figure 5, we can know α value 
with the impact test.
In order to investigate the outflow behavior of oil, shallow 
groove was formed on the steel ball surface. The depth of 
groove is  0.26 µm and width is 70 µm. For high α oil, high 
pressure causes solidification of oil. Then we used  acrylic disc 
for low contact pressure. The mean contact pressure is 0.09 GPa. 
Figure 6 shows time variations of intereferogram and figure 7 
shows time variations of maximum film thickness in contact 
area except in the groove. The initial entraped film thickness 
was 0.556 µm for 6 oils. The slopes of the line for each oil 
are similer and the horizontal positions are in the order of 
viscosity under mean contact pressure. Contact pressure can 
be controlled by material, radius of contact body and load. 
We will have further investigation and try to establish high 
pressure viscosity measurement method.

Conclusions
The behaviour of entraped oil film was measured under 
impact motion with optical interferometry techniques. 
The experimental formula for hc* was suggested. The  
possibility of a high pressure rheometer was shown.
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ABSTRACT:	

Provide	 a	 brief	 summary	 of	 your	 extended	abstract.	Briefly	explain	 the	aim	and	 scope	 of	 your	 study,	materials	 and	
methods,	and	the	main	conclusions.	The	abstract	should	contain	100-120	words.	It	should	be	written	in	10	point	Cambria,	
fully	justified,	single	column,	single	spaced,	and	contained	within	one	paragraph.	Try	to	avoid	abbreviations	and	do	not	
cite	references	in	the	abstract.	The	abstract	should	not	contain	figures	and	images.	

Keywords:	Please	write	2-5	key	words	separated	by	semicolon.	Keyword	1;	keyword	2;	keyword	3.	
	

INTRODUCTION	
The	extended	abstract	should	be	a	maximum	of	2	pages	with	a	
3	cm	top	margin,	1.5	cm	left	and	right	margins	and	a	2.5	cm	
bottom	margin.	The	introduction	section	should	describe	the	
scope	and	the	aim	of	the	study.	Relevant	literature	should	be	
briefly	described.	The	maximum	length	of	the	entire	extended	
abstract	is	 two	pages	and	this	should	include	all	 figures	and	
images,	all	text	as	well	as	references	and	acknowledgements.	

A	new	paragraph	should	be	indented	by	0.5	cm.	The	text	
should	 be	 written	 in	 9	 point	 Cambria,	 two	 columns,	 fully	
justified	and	single	spaced.	

The	 NORDTRIB	 symposium	 is	 held	 biannually,	 touring	
around	 the	Nordic	 countries:	 Finland,	 Sweden,	 Norway	 and	
Denmark.	Since	the	first	event	in	Finland	1984,	NORDTRIB	has	
been	 a	 steadily	 growing	 forum	 where	 researchers	 and	
developers	from	universities,	research	institutes	and	industry	
present	 their	 latest	 contributions	 and	 discuss	 field	 related	
issues.	

The	NORDTRIB	symposium	was	held	in	Uppsala	1994.	In	
2018	it	returns,	hosted	by	the	Ångström	Tribomaterials	group	
at	Uppsala	University.	The	conference	venue	is	 the	beautiful	
University	Main	Building	from	1887,	situated	in	the	city	centre	
of	Uppsala.		

The	 conference	will	 focus	 on	 both	 the	 fundamental	 and	
applied	aspects	of	friction,	wear	and	lubrication,	at	all	scales.	It	
is	devoted	to	the	advancement	of	understanding	of	tribological	
phenomena	 in	 the	 small	 scales	 and	 their	 relation	 to	 the	
tribological	 performance	 and	 functionality	 of	 tools,	
components	 and	 all	 forms	 of	 tribological	 applications.	
Contributions	involving	tribology	for	tackling	the	increasingly	
important	 global	challenges	of	energy	and	 sustainability	are	
especially	welcome.	

	
		

MATERIALS	AND	METHODS	
The	materials	and	method	section	should	describe	all	relevant	
information	concerned	with	the	investigated	materials	and	the	
test	procedure.	

Uppsala	 is	 Sweden's	 fourth	 largest	 city,	 located	 70	 km	
north	of	the	capital	Stockholm	and	close	to	Stockholm-Arlanda	
airport.	

Uppsala	has	a	rich	history	and	plenty	of	things	to	see	and	
do.	 For	 more	 information,	 visit	 Destination	 Uppsala	
(http://www.destinationuppsala.se/en/)	and	especially	their	
must-do	list.		

Uppsala	 University	 is	 the	 oldest	 university	 in	 Sweden,	
founded	 in	 1477,	 with	 a	 living	 cultural	 environment	 and	
extraordinary	 student	 life.	 There	 are	 45,000	 students	 here,	
and	they	are	seen,	heard,	and	noticed	everywhere.	World-class	
research	 and	 high	 quality	 education	 pursued	 here	 benefit	
society	 and	 business	 on	 a	 global	 level.	 The	 University	 is	
characterized	 by	 diversity	 and	 breadth,	 with	 international	
frontline	 research	at	nine	faculties	 and	 limitless	educational	
offerings	at	Bachelor’s	and	Master’s	levels.		

The	 conference	 will	 be	 held	 in	 the	 beautiful	 University	
Main	Building,	built	in	the	1880s	and	today	used	for	lectures,	
conferences,	concerts	and	academic	festivities.	

The	University	Main	Building	is	situated	in	the	city	centre	
of	 Uppsala,	 at	 the	 crossroads	 of	 S:t	 Olofsgatan	 and	 Övre	
Slottsgatan,	neighbour	to	the	university	museum	Gustavianum	
and	close	to	the	Cathedral.	

The	gala	dinner	will	be	held	at	Rikssalen	(the	Hall	of	State)	
at	Uppsala	Castle.		

	
	
	
	
	

Figure 4. Relationship between  hc* and  vim 

Figure 5. Experimental formula of hc* 
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Fig. 5.27  Time variations of interferograms with acrylic disc 
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Figure 7. Time variation of hmax

Figure 6. Time variations of interferogram (Acrylic disc)
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