
 

EFFECT	OF	TYRE	OVERLOAD	AND	INFLATION	PRESSURE	ON	ROLLING	LOSS	

	

ABSTRACT	

Rolling	loss	or	rolling	resistance	is	an	ever	important	property	for	the	tyre	and	automotive	industries	because	of	its	practical	
implication.	Fuel	consumption	and	tyre	rolling	loss	in	all	types	of	automobiles	have	become	increasingly	important	because	of	
adverse	environmental	effects	(air	pollution	and	global	warming)	and	economic	costs	(high	petroleum	price).	In	this	thesis,	
the	effect	of	rolling	resistance	and	overload	on	 fuel	consumption	of	automobile	car	tyre	 is	discussed.	The	 investigations	are	
made	 on	 two	 tyre	models	 of	 automobile	 cars	 Skoda	 Rapid	 and	 Ford	 Classic.	 Theoretical	 calculations	 are	 also	 done	 to	
determine	the	rolling	resistance	due	to	inflation	pressure.	The	default	weight	is	considered	for	5	passengers	and	also	the	tyre	
overload	is	considered	by	taking	6	and	7	passengers’	weight.					

1. INTRODUCTION	

The	pneumatic	 tyre	plays	an	 increasingly	 important	role	
in	the	vehicle	performance	of	road.	However,	this	status	is	
achieved	 because	 of	more	 than	 one	 hundred	 years’	 tyre	
evolution	since	the	initial	invention	of	the	pneumatic	tyre	
by	John	Boyd	Dunlop	around	1888.	Tyres	are	required	to	
produce	the	forces	necessary	to	control	the	vehicle.	As	we	
know	that	the	tyre	is	the	only	means	of	contact	between	
the	 road	 and	 the	 vehicle	 but	 they	 are	 at	 the	 heart	 of	
vehicle	 handling	 and	 performance	 (Nicholas,	 2004).	 The	
inflated	 rubber	 structure	 provides	 comfortable	 ride	 for	
transportation.	 With	 the	 growing	 demand	 for	 the	
pneumatic	 tyre,	 many	 improvements	 have	 been	 made	
based	on	the	initial	conception,	such	as	the	reinforcement	
cords,	the	beads,	the	vulcanization,	the	materials	and	the	
introduction	 of	 the	 tubeless	 tyre.	 The	 relationship	
between	human	and	tyre	and	environmental	surrounding	
play	an	important	role	for	developing	of	tyre	technology.	
These	 concerns	 include	 traffic	 accidents	 caused	 by	 tyre	
failure,	 the	 waste	 of	 energy	 due	 to	 bad	 tyre	 conditions,	
the	pollution	through	the	emission	of	harmful	compounds	
by	tyres, and	the	degradation	of	road	surfaces	related	to	
tyre	performance,	etc.	Tyre	as	one	of	the	most	important	
components	 of	 vehicles	 requires	 to	 fulfill	 a	 fundamental	
set	of	 functions	are	 to	provide	 load‐carrying	capacity,	 to	
provide	 cushioning	 and	 dampening	 against	 the	 road	
surface,	 to	 transmit	 driving	 and	 braking	 torque,	 to	
provide	cornering	force,	to	provide	dimensional	stability,	
to	resist	abrasion	(Mir	Hamid,	2008).	Tyres	have	ability	to	
resist	the	longitudinal,	lateral,	and	vertical	reaction	forces	
from	 the	 road	 surface	 without	 severe	 deformation	 or	
failure.	 Tyre	 performance	 is	 depends	 on	 the	 tyre	 rolling	
resistance,	cornering	properties,	 tyre	traction,	tyre	wear,	
tyre	 temperature,	 tyre	 noise,	 tyre	 handling	 and	
characteristics,	 etc.	 There	 are	 various	 losses	 associated	
with	the	vehicle	that	affect	its	fuel	economy	as	it	is	being	
operated.	 These	 losses	 include	 engine,	 driveline, 
aerodynamic	 and	 rolling	 losses,	 while	 the	 rolling	 loss	 is	
associated	with	the	vehicle	tyres	

1.1	Tyre	Axis	Terminology	

It	is	need	to	understand	some	of	the	basic	terminology	for	
tyre,	 especially	 regarding	 the	 systems	 of	 coordinates,	
orientations,	 velocities,	 forces,	 moments.	 Nomenclature	

and	 definitions	 based	 on	 the	 SAE	 standard	 as	 shown	 in	
Figure	1	X‐axis	is	the	intersection	of	the	wheel	plane	and	
the	 road	 plane	 with	 positive	 direction	 forward.	 The	 	 Z‐
axis	 perpendicular	 to	 the	 road	 plane	 with	 positive	
direction	 downward.	 The	 Y‐axis	 in	 the	 road	 plane,	 its	
direction	 being	 chosen	 to	 make	 the	 axis	 system	
orthogonal	 and	 right	 hand.	 There	 are	 several	 forces,	
moments	 and	 angles	 that	 prove	 to	 be	 very	 important	 in	
tyre	 behavior.	All	 these	 forces	 can	be	 seen	 as	 the	 forces	
and	moments	acting	on	the	tyre	from	the	road.	First,	there	
are	 two	main	 angles	 to	 consider,	 the	 camber	 angle	 and	
the	 slip	 angle.	 The	 camber	 angle	 is	 the	 inclination	 angle	
from	 its	 vertical	 position	 while	 the	 slip	 angle	 is	 the	
difference	in	wheel	heading	and	direction.	

	

Forces	 include	 the	 longitudinal	 force	 in	 the	 X	 direction,	
the	lateral	force	in	the	Y	direction	and	the	normal	force	in	
the	Z	direction.	Longitudinal	force	(Fx)	is	the	result	of	the	
tyre	 exerting	 force	 on	 the	 road	 and	 becomes	 negative	
during	 braking.	 The	 lateral	 force	 (Fy)	 is	 the	 resultant	 of	
the	force	(Fy)	is	the	resultant	of	the	forces	produced	by	a	
non	–	 zero	 camber	 angle	 and	by	 a	non	–	 zero	 slip	 angle	
during	cornering.	Normal	force	(Fz)	can	also	be	viewed	as	
the	 negative	 of	 the	 upward	 vertical	 force.	 Moments	
include	 the	 overturning	 moment,	 the	 rolling	 resistance	
moment,	the	wheel	torque	and	the	aligning	moment.	The	
overturning	moment	 (Mx)	 is	 caused	 by	 a	 lateral	 shift	 of	
the	vertical	load	during	cornering.	Rolling	resistance	(My)	
is	created	by	various	factors	that	lead	to	a	loss	of	energy.	
The	 aligning	 moment	 (Mz)	 also	 known	 as	 the	 self‐	
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aligning	torque	produces	a	restoring	moment	on	the	tyre	
to	 realign	 the	 direction	 of	 travel	 with	 the	 direction	 of	
heading	when	the	slip	angle	is	non‐zero.	It	should	also	be	
noted	that	there	is	also	a	moment	produced	by	the	axle	on	
the	wheel	(Nicholas,	2004).		

2. PERFORMANCE	PARAMETERS	

Tyre	 performance	 is	 affected	 by	 the	 rolling	 resistance,	
tyre	 wear,	 tyre	 noise,	 tyre	 temperature,	 cornering	
properties	

2.1	Rolling	Resistance	

When	 a	 tyre	 rolls	 on	 the	 road,	 mechanical	 energy	 is	
converted	to	heat	as	a	result	of	the	phenomenon	referred	
to	 as	 rolling	 resistance.	 Effectively,	 the	 tyre	 consumes	 a	
portion	 of	 the	 power	 transmitted	 to	 the	 wheels,	 thus	
leaving	 less	 energy	 available	 for	 moving	 the	 vehicle	
forward.	Rolling	 resistance	 therefore	plays	an	 important	
part	 in	 increasing	 vehicle	 fuel	 consumption.	 The	 rolling	
resistance	of	tyre	on	hard	surfaces	is	primarily	caused	by	
the	 hysteresis	 in	 tyre	materials	 due	 to	 the	 deflection	 of	
the	 carcass	while	 rolling.	 Friction	 between	 the	 tyre	 and	
the	 road	 caused	 by	 sliding,	 the	 resistance	 due	 to	 air	
circulating	 inside	 the	 tyre	 and	 the	 fan	 effect	 of	 the	
rotating	tyre	on	the	surrounding	air	also	contribute	to	the	
rolling	 resistance	 of	 the	 tyre,	 but	 they	 are	 of	 secondary	
importance	(Berng,	2011).	Available	experimental	results	
give	 a	 data	 of	 tyre	 losses	 in	 the	 speed	 range	 128‐152	
km/h	(80‐95	mph)	as	90‐95%	due	to	 internal	hysteresis	
losses	in	the	tyre,	2‐10%	due	to	friction	between	the	tyre	
and	the	ground,	and	1.5‐3.5%	due	 to	air	 resistance.	Fuel	
consumption	is	the	most	important	topic	of	discussion	in	
the	 automotive	 industry	 today.	 Tyre	 energy	 losses	 are	
responsible	 for	about	25%	of	 the	 total	 fuel	consumption	
of	 a	 typical	 passenger	 car.	 The	 coefficient	 of	 rolling	
resistance	 of	 the	 first	 tyre	 in	 1900	 was	 approximately	
0.025.	This	value	was	reduced	by	50%	to	0.013	with	the	
introduction	 of	 radial	 tyre	 in	 1946.	 The	 introduction	 of	
silica	 fillers	 in	1992	 further	reduced	resistance	 to	0.008.	
Rolling	 resistance	 is	 the	 effort	 required	 to	 keep	 a	 given	
tyre	rolling.	 Its	magnitude	depends	on	the	tyre	used,	the	
nature	of	the	surface	on	which	it	rolls,	and	the	operating	
conditions	 inflation	 pressure,	 load	 and	 speed.	 Rolling	
resistance	 has	 historically	 been	 treated	 as	 a	 force	
opposing	 the	 direction	 of	 travel	 like	 a	 frictional	 force.	 A	
more	general	concept	is	in	terms	of	the	energy	consumed	
by	a	 rolling	 tyre.	Driving	 resistances	can	be	divided	 into	
two	categories	one	is	steady‐state	resistances	and	second	
is	 dynamic	 resistances.	 Steady	 state	 resistances	 occur	
when	 a	 vehicle	 is	 running	 at	 a	 constant	 speed,	 rolling	
resistance;	aerodynamic	drag	and	climbing	resistance	fall	
into	 these	 categories.	 Dynamic	 resistance	 occurs	 when	
vehicle	 is	accelerating,	 this	 type	of	resistance	occurs	due	
to	the	vehicle	inertia (Berng,	2011).	The	rolling	resistance	
of	a	wheel	(FR)	is	made	up	of	four	components.	The	sum	
of	 these	 components	 is	 equal	 to	 the	 total	 rolling	
resistance	 Components	 such	 as	 Tyre	 rolling	 resistance	
(FR,	T),	Roadrolling	  

FR	=	FR,	T	+	FR,	Tr	+	FR,	 +	FR,	fr	

Resistance	(FR,	Tr)	Resistance	due	to	tyre	slip	angle	(FR,	
)	 Resistance	 due	 to	 bearing	 friction	 and	 residual	

braking	 (FR,	 fr)	 (Berng,	 2011).	Tyre	 rolling	 resistance	 is	

depends	upon	the	following	parameters. 

2.2	Tyre	Inflation	Pressure	and	Load	

The	 temperature	 of	 the	 tyre	 has	 significant	 effect	 on	
rolling	resistance	of	 tyre.	 Increasing	of	 rolling	resistance	
of	 tyre	 is	 due	 to	 the	 deflection	 and	 energy	 loss	 in	 the	
material.	 Tyre	 inflation	 pressure	 determines	 the	 tyre	
elasticity	 and	 combination	 with	 load,	 determines	 the	
deflection	in	the	sidewalls	and	contact	region.	The	overall	
effect	of	rolling	resistance	 is	depends	on	the	elasticity	of	
the	ground.	On	 the	soft	 surfaces	 like	 sand,	high	 inflation	
pressure	 results	 in	 increased	 ground	 penetration	 work	
and	therefore	higher	coefficients	while	the	lower	inflation	
pressure	 decreasing	 ground	 penetration.	 Thus	 the	
optimum	 pressure	 depends	 on	 the	 surface	 deformation	
characteristics	

2.3	Speed	of	Vehicle	

The	 rolling	 resistance	 is	 directly	 proportional	 to	 speed	
because	of	increasing	of	flexing	work	and	vibration	in	the	
tyre	 body.	 Influence	 of	 speed	 becomes	 more	 important	
when	combines	with	lower	inflation	pressure.	

3. LITERATURE	SURVEY	

3.1	Parametric	Study	And	Experimental	Evaluation	Of	
Vehicle	 Tyre	 Performance	 By	 Virkar	 D	 S1	 And	
Thombare	D	G	

The	purpose	of	 this	 review	paper	 is	 to	 study	of	 effect	of	
the	 different	 tyre	 operating	 parameters	 ontyre	
performance	and	review	of	testing	setup	to	test	these	tyre	
performance	parameters.	Thetesting	of	tyre	performance	
parameters	 by	 experimentally	 is	 help	 to	 designer	 to	
correlate	 therelationships	 of	 parameters	 and	 to	 design	
the	 tyre,	 hence	 it	 is	 need	 to	 testing	 of	 tyre.	
Knowledgeabout	 dynamic	 properties	 of	 tyres	 is	 an	
essential	 for	 any	 kind	 of	 research	 and	
developmentactivities	 on	 vehicle	 dynamics.	 The	 main	
purpose	 of	 laboratory	 testing	 is	 to	 separate	 the	
propertiesof	 the	 tyre	 from	 the	vehicle,	 achieve	high	 rate	
of	 reproducibility	 and	 to	 optimize	 the	 cost.	 Thisreview	
paper	 gives	 the	 information	 regarding	 of	 different	
researcher’s	works	on	 inter	 laboratorytyre	 testing	 setup	
for	measuring	tyre	performance	parameters	and	also	this	
review	 paper	 helpsto	 understand	 the	 factors	 on	 which	
tyre	performance	parameters	is	depends.	

3.2	 Tyre	 Inflation	 Pressure	 Influence	 on	 A	 Vehicle	
Stopping	 Distances	 By	 Vladimírrievaj,	 Jánvrábel,	
Anton	Hudák	

Health	and	ensure	the	safety	of	the	road	is	now	a	priority	
in	Europe.	The	authors	deal	with	 the	adhesion	problems	
of	 tyres	 –	 ground	 contact	 under	 process	 of	 vehicle	
braking.	 The	 proper	 tyre	 pressure	 is	 just	 part	 of	 many	
factors	inflicting	stopping	distances	of	vehicle.	The	article	
describes	 the	 stopping	 distance	 dependence	 on	 tyre	
pressure.	 It	 has	been	 tested	 three	probable	options	 (e.g.	
overcrowding,	 under‐inflation	 and	 adherence	 to	 the	
values	specified	by	the	manufacturer).	
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3.3	 Design	 of	 Automatic	 Tyre	 Inflation	 System	 by	
Hemant	Soni,	Pratik	Golar,	Ashwinkherde	

Driven	by	studies	that	show	that	a	drop	in	tyre	pressure	
by	 just	 a	 few	 PSI	 can	 result	 in	 the	 reduction	 of	 gas	
mileage,	 tyre	 life,	 safety,	 and	 vehicle	 performance,	 we	
have	 developed	 an	 automatic,	 self‐inflating	 tyre	 system	
that	ensures	 that	 tyres	are	properly	 inflated	at	all	 times.	
Our	design	proposes	and	successfully	implements	the	use	
of	a	centralized	compressor	that	will	supply	air	to	all	four	
tyres	via	hoses	and	a	rotary	joint	fixed	between	the	wheel	
spindle	 and	wheel	 hub	 at	 each	wheel.	 The	 rotary	 joints	
effectively	allow	air	to	be	channeled	to	the	tyres	without	
the	tangling	of	hoses.	With	the	recent	oil	price	hikes	and	
growing	 concern	 of	 environmental	 issues,	 this	 system	
addresses	 a	 potential	 improvement	 in	 gas	mileage;	 tyre	
wear	 reduction;	 and	 an	 increase	 in	 handling	 and	 tyre	
performance	in	diverse	conditions.	In	this	paper	we	have	
taken	into	consideration	design	aspects	of	the	ATIS.	

3.3	Design	and	Analysis	of	Tyre	

In	 this	 study,	 the	 effect	 of	 tyre	 over	 load	 and	 inflation	
pressure	 on	 the	 rolling	 loss	 and	 fuel	 consumption	 is	
analyzed.	The	 investigations	are	made	on	 two	models	of	
tyre	Skoda	Rapid	and	Ford	Classic.	The	analysis	is	done	by	
applying	 the	 loads	 of	 car	 weight	 and	 persons	 weight.	
When	 the	 car	 is	 overloaded,	 also	 analysis	 is	 done.	
Analysis	is	done	by	applying	inflation	pressure.	

3.4	Calculation	of	Inflation	Pressure	in	Tyres	

Aspect	ratio		 =	 	

Section	height		 =	 	

=	 	

= 		

=	6.831mm	

Width						 =	OD‐ID	

																		 =	63.6620‐50	

																		 =13.6620mm	

Inflation	pressure:	

Ρ	 =	 2	

														 	 =	 2	

=0.04777070064×0.7711941649	

																		 =0.0368404N/mm2	

	

4. 3D	MODELS	OF	TYRE	AND	RIM	ASSEMBLY	OF	
SKODA		

	

Figure	1:	Ring	of	the	skoda	

	

Figure	2:	Tyre	of	the	skoda	

	

Figure	3:	Rim	of	the	skoda	

	

Figure	4:	Assembly	of	the	skoda	
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5. MATERIAL	PROPERTIES	OF	RUBBER	

Physical	Properties	 Metric	

Density		 1.34	‐	1.60	g/cc

Water	Absorption		 0.155	‐	0.920	%

Linear	Mold	Shrinkage		 0.00110	‐	0.00790cm/cm

	

Mechanical	Properties	

	

Metric	

Hardness,	Rockwell	E		 43.0	‐	76.0	

Tensile	Strength,	Ultimate		 34.0	‐	74.0	MPa

Elongation	at	Break		 0.730	‐	1.47	%

Modulus	of	Elasticity		 4.50	‐	9.60GPa

Flexural	Yield	Strength		 56.0	‐	115	MPa

Flexural	Modulus		 3.60	‐	8.90GPa

Compressive	Yield	Strength		 82.0	‐	157	MPa

Izod	Impact,	Notched		 0.233	‐	0.470	J/cm

Charpy	Impact,	Notched		 0.281	‐	0.450	J/cm²

	

Electrical	Properties	

	

Metric	

Electrical	Resistivity		 2.00e+11‐6.40e+11ohmcm

Dielectric	Constant		 4.50	‐	5.80	

Dielectric	Strength		 10.5	‐	13.2	kV/mm

Dissipation	Factor		 0.0770	‐	0.0830

Arc	Resistance		 67.0	‐	135	sec	

Comparative	Tracking	Index		 150	‐	175	V	

	

Thermal	Properties	

	

Metric	

CTE,	linear		 53.0‐53.0µm/m‐°C	
@Temperature40.0‐130°C

Thermal	Conductivity		 0.440‐0.440W/m‐K	
@Temperature100‐100°C

Maximum	Service		

Temperature,	Air		

92.0	‐	244	°C	

Deflection	 Temperature	 at	 1.8	
MPa	(264	psi)		

136	‐	241	°C	

Oxygen	Index 24.6	‐	37.0	%

Shrinkage 0.0700	‐ 0.390	%

Processing	Properties	

	

Metric	

Processing	Temperature 150	‐	180	°C	

Cure	Time 0.583	‐	3.00	min	

	

6. THE	WEIGHTS	CONSIDER	FOR	ANALYSIS	

Skoda	Rapid	(Kerb	wt–	1500Kg)	

15	 persons	 weight	 each	 70Kgs	 (350)	 +	 Kerb	 Weight	 =	
1850kg	

P	=	 	=	1.65N/mm2	 	

26	 persons	 weight	 each	 70Kgs	 (420)	 +	 Kerb	 Weight	
=1920kg	

P	=	 	=	1.717N/mm2	

37	 persons	 weight	 each	 70Kgs	 (490)	 +	 Kerb	 Weight	
=1990kg	

P	=	 	=	1.639N/mm2	

  

7. STRUCTURAL	ANALYSIS	OF	SKODA	TYRE	CAR	
WEIGHT	+	7	PERSONS	WEIGHT	

7.1. At	1.639N/mm2	

Displacement	
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Stress	

	

Strain	

	

8. STRUCTURAL	ANALYSIS	OF	SKODA	TYRE	AT	
INFLATION	PRESSURE	

Inflation	Pressure	‐	0.036n/Mm2	

Displacement

	

Stress

	

Strain

	

9. RESULTS	TABLE	

Skoda	Tyre	

Pressure	
(N/mm2)	

Displace	
ment(mm)	

Stress		

(N/	mm2)	

Strain

At	1.65 0.520e‐03	 7.90991	 174e‐02	

At	1.717	 0.003657	 8.33431	
0.00161
5	

At	1.639	 0.520e‐03	 9.31402	
0.192e‐
03	

Inflation	
pressure(0.036)	

0.130e‐04	 0.160046	
0.325e‐
05	

	

10. CALCULATIONS	 FOR	 FUEL	 CONSUMPTION	
WITH	RESPECT	TO	INFLATION	PRESSURE	

R=	rolling	resistance	W=	tyre	load	

P	=	Inflation	pressure		

R	= 	

R	=	 	

General	 equation	 for	 Rolling	 resistance	 in	 terms	 of	 tyre	
load	(W)	at	constant	inflation	pressure	is	

R=	 C1W	

Where	 h	 =	 Hysteresis	 ratio,	 w	 =	 footprint	 width,	 d	 =	
deflection,	 A	 =	 Area	 W=	 weight	 (N)	 Here	 C1	 is	 the	
constant.	 The	mean	 slope	 C1was	 found	 to	 be	 0.010	 and	
0.0078	for	truck	and	passenger	respectively. 

11. CONCLUSION	

The	view	of	 tyre	over	 load	and	 inflation	pressure	on	the	
rolling	 loss	 and	 fuel	 consumption	 is	 analyzed.	 The	
investigations	 are	 made	 on	 two	 models	 of	 tyre	 Skoda	
Rapid	and	Ford	Classic.	The	analysis	 is	done	by	applying	
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the	loads	of	car	weight	and	person’s	weight.	When	the	car	
is	overloaded,	also	analysis	is	done.	Analysis	is	carried	by	
applying	inflation	pressure.	The	material	used	for	tyre	is	
rubber.	 By	 observing	 the	 analysis	 results,	 the	 stresses	
produced	are	less	than	the	yield	strength	value	of	rubber	
even	the	tyre	is	overloaded.	The	rolling	loss	will	be	more	
for	 overloading	 than	 the	 specified	 load	 and	 the	 fuel	
consumption	 will	 also	 be	 more.	 A	 possible	 method	 of	
optimizing	 fuel	 consumption	by	adjusting	 tyre	operating	
load/pressure	 conditions	 is	 suggested.	 Increasing	 tyre	
pressure	 is	 a	 convenient	 and	 inexpensive	 method	 of	
partially	 or	 fully	 compensating	 for	 rolling	 resistance	
increase.	Some	fuel	saving	might	be	accomplished	by	this	
method.	
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