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The	 measurement	 using	 physical	 pendulum	 swinging	 method	 is	 the	 useful	 method	 for	 the	
esOmaOon	 of	 fricOon	 torque	 in	 the	 contact	 zone	 between	 chain	 pin	 and	 roller	 for	 different	
lubricaOon	condiOons.	The	internal	fricOon	torque	in	the	chain	transmission	lubricated	by	the	engine	
oil	decreased	about	58%	in	comparison	to	the	case	of	lack	of	engine	oil.	AddiOon	of	2	wt.%	amount	
of	 the	 TiO2	 nanoparOcles	 into	 the	 engine	 oil	 decreased	 internal	 fricOon	 torque	 by	 the	 9	%	when	
comparing	to	the	case	of	lubricaOon	with	pure	engine	oil.	

The	fricOon	in	the	chain	transmission	was	determined	using	the	SI	engine	with	some	modificaOons	
made.	The	cranksha`	assembly	was	bearing	in	two	border	mean	journal	bearings	of	cranksha`.	The	
original	half-shells	were	replaced	by	ones	made	of	PTFE.	This	was	to	reduce	the	fricOon	coefficient	
between	the	cranksha`	journals	and	their	half-shells.		
The	outlet	and	inlet	camsha`	assemblies	were	bearing	in	their	border	pairs	of	journal	bearings.	To	
decrease	 the	 fricOon	 coefficient,	 in	 the	bushing	 covers	 of	 such	bearings	 the	 threaded	holes	were	
made	 to	 place	 grease	 nipples	 supplying	 lithium	 grease	 into	 contact	 zones	 between	 camsha`	
journals	and	their	bushings.	The	grease	was	conOnuously	replenished	in	the	bearings	using	a	grease	
gun.	
The	 self-starter	driving	flywheel	 connected	with	 camsha`	was	placed	 in	 the	engine	body	 through	
the	 set	 of	 screws,	 which	 was	 a	 lidle	 different	 than	 in	 the	 original	 vehicle.	 The	 self-starter	 was	
supplied	 with	 voltage	 from	 the	 badery.	 The	 chain	 is	 tensioned	 in	 real	 by	 the	 tensioner	 piston	
supplied	by	the	oil	pressure	and	acOng	on	swingable	guide.	However,	 in	the	stand	the	piston	with	
top	plane	is	replaced	by	the	piston	with	a	roller.	The	posiOon	of	the	lader	can	be	changed	manually,	
what	allowing	quick	disconnecOon	of	the	front	piston	plane	from	the	pressing	guide.		

The	model	of	loading	the	chain	transmission	components	The	chain	transmission	components	

The	values	of	weights	and	mass	inerOa	moment	were	presented	in	the	table.	The	highest	weight	and	
the	mass	 inerOa	moment	 had	 the	 cranksha`.	 The	weight	 and	mass	 inerOa	moment	 for	 the	 inlet	
camsha`	were	higher	 than	 for	 the	 inlet	one,	 as	 the	 inlet	 camsha`	assembly	 contained	 the	heavy	
phaser.	

Weights	and	mass	iner.a	moments	of	chain	transmission	components	

The	values	of	fricOon	torque	in	the	bearings	were	presented	in	the	table.	The	obtained	values	of	
internal	dry	fricOon	torque	in	the	chain	transmission	were	of	26%	lower	than	the	values	of	fricOon	
torque	in	the	two	modified	cranksha`	bearings	containing	PTFE	shells.		

Calculated	values	of	fric.on	torque	in	bearings	and	internal	
fric.on	torque	in	the	chain	transmission	

FricOon	torque	for	different	fricOon	in	the	contact	
zone.	

	The	swinging	angle	a	of	the	chain	arranged	as	a	physical	pendulum	against	Ome	t	for	different	cases	
of	fricOon	in	the	contact	zone	between	fixed	chain	pin	and	maOng	chain	roller:	dry,	lubricated	with	
pure	engine	oil	and	with	engine	oil	containing	2wt	%	of	TiO2	nanoparOcles.	Courses	on	the	right	are	

the	increased	views	for	courses	on	the	le`	side	in	the	figure	
		

The	resulted	courses	of	the	swinging	angle	a	of	the	chain	arranged	as	a	physical	pendulum	against	
Ome	 t	 for	 different	 cases	 of	 fricOon	 occurring	 in	 the	 contact	 zone	 be-tween	 fixed	 chain	 pin	 and	
maOng	chain	roller,	namely:	dry,	lubricated	with	pure	engine	oil	and	with	engine	oil	containing	2	wt.
%	 of	 TiO2	 nanoparOcles	 was	 presented	 in	 the	 below	 figure.	 Below	 table	 presents	 the	 values	 of	
fricOon	 torque	 obtained	 from	 the	 pendulum	 swinging	 for	 different	 fricOon	 in	 the	 contact	 zone	
between	fixed	 chain	 pin	 and	 chain	 roller	maOng	with	 it.	 The	 fricOon	 torque	 values	 for	 the	 in	 the	
contact	zone	lubricated	by	the	engine	oil	were	2.5	Omes	lower	than	for	the	dry	fricOon.	The	addiOon	
of	2	wt.%	amount	of	TiO2	nanoparOcles	into	engine	oil	10W-40	resulted	in	the	decrease	of	fricOon	
torque	about	10%.	The	constants	A	and	B	were	esOmated	to	be	equal	14	and	1.22	s/m,	respecOvely.	
Table	also	 included	the	esOmated	values	of	the	 internal	fricOon	torque	 in	the	chain	transmissions.	
The	value	of	internal	fricOon	torque	in	the	chain	transmission	lubricated	by	the	engine	oil	was	lower	
by	58%	than	in	case	of	operaOon	under	the	dry	fricOon	condiOons.	The	addiOon	of	2	wt.%	amount	of	
the	TiO2	nanoparOcles	into	the	engine	oil	decreased	internal	fricOon	torque	by	9%	in	comparison	to	
the	lubricaOon	by	pure	engine	oil.	

Model	of	loading	the	bearing	in	the	assembly	containing:	a)	inlet	camsha`,	phaser	and	sprocket,	b)	
outlet	camsha`	and	sprocket.	

Opera.onal	condi.ons	in	contact	
zone 

Fric.on	torque	in	the	contact	zone	
between	chain	pin	and	roller 

Internal	fric.on	torque	in	
chain	transmission 

	 Nm Nm 
Dry 0.00025 0.169326 

Lubricated	with	engine	oil 0.00010 0.070365 

Lubricated	with	engine	oil	
containing	2	wt.%	amount	of	TiO2	

nanopar.cles 
0.00009 0.063768 

Component Weight	M Mass	iner.a	moment	Iz	against	
rota.on	axis	z 

- [kg] [kgm2] 

CrankshaK 11.887 0.137593 

CrankshaK	sprocket 0.047 0.000007 

Outlet	camshaK 2.379 0.000341 

Outlet/inlet	sprocket 0.165 0.000168 

Iinlet	camshaK 3.822 0.001628 

Inlet	phaser 0.701 0.000799 

Chain 2.496 0.002049 

Fric.on	torque Values 

- [Nm] 

MT1 0.288174 

MT2 0.002835 

MT3 0.003758 

Mint(w1=0.12	rad/s) 0.169358 

Mint(w1=0.06	rad/s) 0.167130 


