Public abstract of the study: “The inline skate wheels: measures and facts about rolling resistance”

This study have been realised by David Lenoir in the framework of a diploma work for a “Master in Sport Administration and Technology – MSA”, a postgraduate programme organized by the “International Academy if Sports Sciences and Technology” in Lausanne (www.AISTS.org).

Introduction: 

Rolling resistance is one of the two forces opposed to the movement of a rolling object. The other is the aerodynamic one, which is known and well understood. But rolling resistance is much less known, and the actual studies are kept secret by the tyre and wheel manufacturers, wanting to keep their competitive advantage. For the skaters, lower rolling resistance means better result for the racers, and less fatigue for all the others. 

The intention of this study is to establish a list of parameters involved in the rollability and to find a way to measure them. This study should allow further comprehension of the wheel mechanical model, and help to chose materials and solutions when building skate wheels. It will also set the bases of a method able to compare the different products and to measure their efficiency.
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The measures have been focused on the pure rolling efficiency, without any mention about grip and wear resistance, which would require a complete study for themselves. 

This work have been done on geometrically comparable wheels, (80mm diameter, elliptic profile and « five star » hub), on a perfectly smooth and flat floor. (except one set of tests made on rough surface), with a load of 8 or 16 kg

Those wheels are made in “Asia”, USA and Europe, selected in various quality from low end recreational stuff (sample1) to top racing product(sample7). To avoid troubles with and for the wheel producers during this first study, I decided to avoid to disclose the brands on the published data.

The rollability is measured by a 1.6 m long rotating pendulum, centred on an rotation axle and supported on the other side by the wheel to test, mounted always in the same way with the same spacer and bearings. The pendulum get his speed by rolling down a little launch ramp, delivering an always constant kinetic energy to the system. The measure is the distance effectuated by the wheel until it stops.

Those data have been compared with specific data of the Poly-Urethane (PU) material, obtained by Dynamic Mechanical Analysis (DMA), in order to demonstrate the role of the PU properties in the final product. This DMA test gives us the “Loss modulus” and the “Storage Modulus” which are intrinsic values of the material in terms of energy loss and storage. The quotient of those two values known as “Tangent (” represent the real amount of energy lost during a compression-relaxation cycle of the PU. 

The newest theories around rolling resistance are all showing that the local friction floor-wheel is not the real determining factor, but that the loss due to the energy absorbed in the deformation of the material in the contact area is the essential point. This deformation occurs when the rounded circumference have to be transformed into a straight line in contact with the floor. Those studies encouraged me to follow this path, and to measure the dynamic comportment of the deformable material.

Results:

The results have shown many interesting facts, proving the correlation between PU mechanical properties and final efficiency. It allows me to publish some scientifically verified assertions that have never been published within the inline skating community.

The first one is the determination of the coefficient of rolling resistance (crr), well known for other vehicles but not for the inline skater. crr is the multiplication factor giving the horizontal force necessary to maintain the movement in function of the load. Rolling Resistance Force [N]=LOAD x crr = “force to be furnished to the system in order to keep the velocity constant”.

Result for the seven different wheels of the test and the best value available for bike wheels: 

Rolling Resistance Coefficient table:

	Sample
	crr
	[N] for 5*16kg load (80kg)  

	1
	0.0131
	10.31

	2
	0.0075
	5.85

	3
	0.0064
	5.00

	4
	0.0061
	4.78

	5
	0.0048
	3.77

	6
	0.0041
	3.24

	7
	0.0040
	3.16

	Best bike
	0.0043
	3.37


These values show that even with the friction force within the measuring device and the air resistance, the inline skate crr is lower or equal to the best value find for any track-race bike. The skates are rolling very well, everybody felt it, but now it’s proven! 

Another interesting fact is the level of variation of the crr between different wheel qualities and producers. The friction force can be about three times higher in the worst wheels than in the best ones. None of the cheap wheels are showing good results, but some expensive wheels are showing bad results… The loss of energy within the deformable material is probably the main cause of this high rolling resistance (see figure 2). The relation of this friction force with the loss factor of the PU “Tan delta” is quite clear, except for two wheels (sample 2&4) which had a really bad precision in the moulding of the core, probably leading to losses unrelated with the PU itself but with the misalignment of the bearings.
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Figure 1: rollability in [m] in various conditions:

Figure 2: 
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The Tan( curves show a significant increase of the loss factor at temperatures under 10°C. This prediction has been verified by testing the wheels at low temperatures. The result was clear, since all the wheels lost around 30% of their efficiency. This was one of the best proofs that the measured value of Tan( is very significant for the final rollability of the product. On the other hand, it seems that high temperatures (up to 110°C) have no influence on the PU behaviour (see figure 3), and should not decrease the wheel performance.

A complementary study should be done, to see if the amount of energy lost in the material is big enough to generate a heating of the wheel and a normal rollability level at cold temperatures. 
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Figure 3: Tan( at various temperature:
The last point studied is the estimation of resistance of the inline skate wheels to the load. By varying the load, it appears quite clearly that the rolling resistance is quite proportional to load, up to 18 kg. (see figure 4) This shows how the fact to ride with five wheels skates can help to limit punctual over-load, leading to increased rolling resistance. One can say that people over 72kg (4 x 18kg) have regularly overloaded wheels and extra-lost of energy when skating on one foot on four wheels skates (always the case by regular stride)! Even on five wheels, a bad posture could lead to an overload of the back wheels and generate extra friction! The comparison of load resistance and rollability comportment of 100mm wheels could help to solve the actual speed skater dilemma: is it more efficient to skate on 5 “84mm” wheels or on four 100mm ones? 
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Figure 4:
Conclusions:
This study shows some basic facts about the physical behaviour of the PU wheels, as well as a possible path to be followed in order to select materials for their construction. In my opinion, the PU is the main factor determining the rollability. The thickness and absorbing capacities of this material is the point defining the final rolling properties of a wheel and is strongly correlated by the Tan( measure. This study will have to be completed to show the other relations around Tan(, like its relation with wear and grip. A test around the various diameters available on the market will also give a clearer view about its influence and help to understand the future of the sport in term of wheels to use for the best performances .
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Many thanks to them and to the AISTS team!
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If you get any question, comment or valuable information on the subject please send a mail to address mentioned at the bottom of this page.

It will be a pleasure to communicate with you about these topics, and to present you more deeply my views and tests on the question.

If you want your product to be tested and compared to the other ones, or if you need more information about these tests, please feel free to contact me!

Redacted the 14th march 2004 in Lausanne, 

by David Lenoir.

mail to: wheels@allinline.ch
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Graph1

		1		49.4970158425

		2		68.5455243848

		3		68.5455243848

		4		71.8774946524

		5		74.1180954897

		6		74.6804831895

		7		76.3727118349
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rebound

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





rollability smooth 16

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		190		5.6

		AVA Trans hard		68.55%		335		9.8

		AVA race		68.55%		392		11.5

		AVA Trans soft		71.88%		410		12.0

		Hyperformance		74.12%		520		15.2

		Revolution		74.68%		605		17.7

		Hyper "Downhill"		76.37%		620		18.1

								4.8

								8.4

								9.8

		1.44		0.02512				10.3

								13.1

								15.2

		0.0292194444				0.5843888889		15.6

		1.675						0.0

				0.1460972222

		load		rollability [°]		rollability [m]						% of best		surface

		4.6		600		17.5		3.8112318261		240		6.2		0.47

		8.4		605		17.7		2.104495669		245		5.5		0.72

		16.4		640		18.7		1.1402709854		280		-0.0		1.03

		19.8		630		18.4		0.9297095818		270		1.6		1.12

		25.8		610		17.8		0.6908473194		250		4.7		1.3

		64												2.4

						1/ROLL

						0.0570396434

						0.0565682414

						0.0534746657

						0.0543234699

						0.0561045673





rollability smooth 16
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cold

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		137		4.0

		AVA Trans hard		68.55%		255		7.5

		AVA race		68.55%		278		8.1

		AVA Trans soft		71.88%		300		8.8

		Hyperformance		74.12%		332		9.7

		Revolution		74.68%		384		11.2

		Hyper "Downhill"		76.37%		438		12.8





rollability rough 8

		Wheel		rebound %		rollability [°]		rollability [m]		1		2		3		4		5		6		7

		Continental		49.50%						4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		68.55%						7.0		7.3		7.6		7.9		8.2

		AVA race		68.55%						8.0		8.5		9.1		9.6		9.8

		AVA Trans soft		71.88%						7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		74.12%						10.2		10.5		10.8		11.1		11.4		11.8		12.1

		Revolution		74.68%						11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		76.37%						11.4		13.1		13.7		15.2		15.8		16.7

				1		2		3		4		5		6		7

		Continental		4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		7.0		7.3		7.6		7.9		8.2

		AVA race		8.0		8.5		9.1		9.6		9.8												350

		AVA Trans soft		7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		10.2		10.5		10.8		11.1		11.4		11.8		12.1								550

		Revolution		11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		11.4		13.1		13.7		15.2		15.8		16.7

										155		165		170		175		180		190

										240		250		260		270		280

										275		290		310		330		335

										260		285		290		295		310		330		340

										350		360		370		380		390		405		415

										395		420		440		450		470		490		520

										390		450		470		520		540		570

						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C		delta roll		delta roll%		delta 1/tandelta

		Continental		49.5		5.6		0.11		9.44		4.5		0.21		4.86		1.0		18.4210637993		4.58		48.5424778847

		AVA Trans hard		68.5		9.8		0.07		15.30		7.0		0.29		3.42		2.8		28.3582187626		11.88		77.642764533

		AVA race		68.5		11.5		0.07		13.70		8.0		0.28		3.52		3.4		29.8469483791		10.18		74.3196791952

		AVA Trans soft		71.9		12.0		0.09		11.47		7.6		0.39		2.59		4.4		36.5853745348		8.88		77.4217679853

		Hyperformance		74.1		15.2		0.05		20.45		10.2		0.23		4.29		5.0		32.6923169064		16.16		79.0128755365

		Revolution		74.7		17.7		0.04		23.59		11.5		0.19		5.30		6.1		34.7107527394		18.29		77.5184456338

		Hyper "Downhill"		76.4		18.1		0.04		22.37		11.4		0.21		4.69		6.7		37.0967828047		17.68		79.047255276





rollability rough 8

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



Continental

AVA Trans hard

AVA race

AVA Trans soft

Hyperformance

Revolution

Hyper "Downhill"

# of successive run

rollability in [m]

rollability and T° gradient

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



rollability smooth 8

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





summary energy

		Wheel		rebound %		rollability  [°]		rollability [m]

		Continental		49.50%		180		5.3

		AVA Trans hard		68.55%		300		8.8

		AVA race		68.55%		375		11.0

		AVA Trans soft		71.88%		390		11.4

		Hyperformance		74.12%		445		13.0

		Revolution		74.68%		595		17.4

		Hyper "Downhill"		76.37%		600		17.5





summary

						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		Continental		49.5		5.6		5.3		4.0				0.105985		9.4352974478		4.5		0.205966		4.8551702708

		AVA Trans hard		68.5		9.8		8.8		7.5				0.065354		15.3012822475		7.0		0.292317		3.4209437015

		AVA race		68.5		11.5		11.0		8.1				0.0730053		13.6976356511		8.0		0.284285		3.5175967779

		AVA Trans soft		71.9		12.0		11.4		8.8				0.0871951		11.4685343557		7.6		0.386191		2.5893922955

		Hyperformance		74.1		15.2		13.0		9.7				0.0489		20.4498977505		10.2		0.233		4.2918454936

		Revolution		74.7		17.7		17.4		11.2				0.0423838		23.5939203186		11.5		0.188527		5.3042800236

		Hyper "Downhill"		76.4		18.1		17.5		12.8				0.0447075		22.3676116983		11.4		0.213373		4.68662858

		16kg

		7.3cm

		energy:[J]=		11.4464																delta h/metre		rad		deg

		11.4464				N										0.003				0.003		0.0030000045		0.1718875964

		s hdownhill		28.4

		W		0.4030422535

				F instant.[N]		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold								F

						2.06		2.18		2.87		0.00						2.53		0.0262982777		0.02630131		1.5069540563		0.2103862216

						1.17		1.31		1.54								1.63		0.0149154411		0.0149159942		0.8546235138

						1.00		1.04		1.41								1.42		0.0127466142		0.0127469594		0.7303469746

						0.96		1.00		1.31								1.51		0.0121870067		0.0121873084		0.698281337

						0.75		0.88		1.18								1.12		0.0096089861		0.009609134		0.5505628207

						0.65		0.66		1.02								0.99		0.0082589632		0.0082590571		0.4732091169

						0.63		0.65		0.89								1.00		0.0080591496		0.0080592369		0.4617602582

				force en kilo		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						0.2103862216		0.2220743417		0.2924882018		0				0		0.2578928231

						0.1193235287		0.133244605		0.1567583827								0.1665557816

						0.1019729135		0.106595684		0.1436169614								0.145357773

						0.0974960539		0.10249585		0.1332446253								0.1537437984

						0.0768718887		0.0898278236		0.1205227766								0.1142096788

						0.066071706		0.0671821538		0.1040973635								0.1011984496

						0.0644731969		0.0666223025		0.0911940401								0.1024958656

				gresist/kg charge		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						13.1491388514		13.8796463542		18.280512613		0				0		16.1183014437

						7.4577205426		8.3277878125		9.7973989167								10.409736349

						6.3733070963		6.66223025		8.9760600854								9.0848608137

						6.0935033701		6.405990625		8.3277890792								9.6089873991

						4.8044930418		5.6142389747		7.532673539								7.1381049251

						4.1294816227		4.1988846114		6.5060852182								6.3249030982

						4.0295748093		4.1638939063		5.6996275067								6.4059915994

		Wheel		crr		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

		Continental				0.0131491389		0.0138796464		0.0182805126		0				0		0.0161183014

		AVA Trans hard				0.0074577205		0.0083277878		0.0097973989								0.0104097363

		AVA race				0.0063733071		0.0066622303		0.0089760601								0.0090848608

		AVA Trans soft				0.0060935034		0.0064059906		0.0083277891								0.0096089874

		Hyperformance				0.004804493		0.005614239		0.0075326735								0.0071381049

		Revolution				0.0041294816		0.0041988846		0.0065060852								0.0063249031

		Hyper "Downhill"				0.0040295748		0.0041638939		0.0056996275								0.0064059916

						19.45

						17.89								18.4210637993		-94.3350474124

						13.69								28.3582187626		-347.2824922729

						10.96								29.8469483791		-289.4032351076

						15.41								36.5853745348		-342.9044751368

						15.28								32.6923169064		-376.4826175869

						14.13								34.7107527394		-344.8091015907

		Wheel		crr		roll. Resist.@80kg: [N]		force en kg		N a 16kg		N/kg		37.0967828047		-377.2644410893

		Continental		0.0131491389		10.31		1.05		2.0617849719		0.1288615607

		AVA Trans hard		0.0074577205		5.85		0.60		1.1693705811		0.0730856613

		AVA race		0.0063733071		5.00		0.51		0.9993345527		0.0624584095

		AVA Trans soft		0.0060935034		4.78		0.49		0.9554613284		0.059716333

		Hyperformance		0.004804493		3.77		0.38		0.753344509		0.0470840318

		Revolution		0.0041294816		3.24		0.33		0.6475027184		0.0404689199

		Hyper "Downhill"		0.0040295748		3.16		0.32		0.6318373301		0.0394898331

				0.003





						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		1		49.5		5.6		5.3		4.0				0.11		9.44		4.5		0.21		4.86

		2		68.5		9.8		8.8		7.5				0.07		15.30		7.0		0.29		3.42

		3		68.5		11.5		11.0		8.1				0.07		13.70		8.0		0.28		3.52

		4		71.9		12.0		11.4		8.8				0.09		11.47		7.6		0.39		2.59

		5		74.1		15.2		13.0		9.7				0.05		20.45		10.2		0.23		4.29

		6		74.7		17.7		17.4		11.2				0.04		23.59		11.5		0.19		5.30

		7		76.4		18.1		17.5		12.8				0.04		22.37		11.4		0.21		4.69

																		-15		0.206		4.8551702708

																				0.292		3.4209437015

																				0.284		3.5175967779

																				0.386		2.5893922955

																				0.233		4.2918454936

																				0.189		5.3042800236

																				0.213		4.68662858

		3 84mm		460.0		13.4		14.8

				0.25132		0.3		4.8
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Hyper Downhill at various load

load [kg]

rollability [m]

rollability / load

17.5316664

17.67776362

18.70044416

18.40824972

17.82386084



rebound

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





rollability smooth 16

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		190		5.6

		AVA Trans hard		68.55%		335		9.8

		AVA race		68.55%		392		11.5

		AVA Trans soft		71.88%		410		12.0

		Hyperformance		74.12%		520		15.2

		Revolution		74.68%		605		17.7

		Hyper "Downhill"		76.37%		620		18.1

								4.8

								8.4

								9.8

		1.44		0.02512				10.3

				0.02512				13.1

								15.2

		0.0292194444				0.5843888889		15.6

		1.675						0.0

				0.1460972222

		load		rollability [°]		rollability [m]						% of best		surface		pression

		4.6		600		17.5		3.8112318261		240		6.2		0.47		9.7872340426

		8.4		605		17.7		2.104495669		245		5.5		0.72		11.6666666667

		16.4		640		18.7		1.1402709854		280		-0.0		1.03		15.9223300971

		19.8		630		18.4		0.9297095818		270		1.6		1.12		17.6785714286

		25.8		610		17.8		0.6908473194		250		4.7		1.3		19.8461538462

		64												2.4		26.6666666667

						1/ROLL

						0.0570396434

						0.0565682414

						0.0534746657

						0.0543234699

						0.0561045673
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Hyper downhill at various load
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rollability rough 8

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		137		4.0

		AVA Trans hard		68.55%		255		7.5

		AVA race		68.55%		278		8.1

		AVA Trans soft		71.88%		300		8.8

		Hyperformance		74.12%		332		9.7

		Revolution		74.68%		384		11.2

		Hyper "Downhill"		76.37%		438		12.8





rollability smooth 8

		Wheel		rebound %		rollability [°]		rollability [m]		1		2		3		4		5		6		7

		Continental		49.50%						4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		68.55%						7.0		7.3		7.6		7.9		8.2

		AVA race		68.55%						8.0		8.5		9.1		9.6		9.8

		AVA Trans soft		71.88%						7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		74.12%						10.2		10.5		10.8		11.1		11.4		11.8		12.1

		Revolution		74.68%						11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		76.37%						11.4		13.1		13.7		15.2		15.8		16.7

				1		2		3		4		5		6		7

		Continental		4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		7.0		7.3		7.6		7.9		8.2

		AVA race		8.0		8.5		9.1		9.6		9.8												350

		AVA Trans soft		7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		10.2		10.5		10.8		11.1		11.4		11.8		12.1								550

		Revolution		11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		11.4		13.1		13.7		15.2		15.8		16.7

										155		165		170		175		180		190

										240		250		260		270		280

										275		290		310		330		335

										260		285		290		295		310		330		340

										350		360		370		380		390		405		415

										395		420		440		450		470		490		520

										390		450		470		520		540		570

						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C		delta roll		delta roll%		delta 1/tandelta

		Continental		49.5		5.6		0.11		9.44		4.5		0.21		4.86		1.0		18.4210637993		4.58		48.5424778847

		AVA Trans hard		68.5		9.8		0.07		15.30		7.0		0.29		3.42		2.8		28.3582187626		11.88		77.642764533

		AVA race		68.5		11.5		0.07		13.70		8.0		0.28		3.52		3.4		29.8469483791		10.18		74.3196791952

		AVA Trans soft		71.9		12.0		0.09		11.47		7.6		0.39		2.59		4.4		36.5853745348		8.88		77.4217679853

		Hyperformance		74.1		15.2		0.05		20.45		10.2		0.23		4.29		5.0		32.6923169064		16.16		79.0128755365

		Revolution		74.7		17.7		0.04		23.59		11.5		0.19		5.30		6.1		34.7107527394		18.29		77.5184456338

		Hyper "Downhill"		76.4		18.1		0.04		22.37		11.4		0.21		4.69		6.7		37.0967828047		17.68		79.047255276





rollability smooth 8
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summary energy

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





summary

		Wheel		rebound %		rollability  [°]		rollability [m]

		Continental		49.50%		180		5.3

		AVA Trans hard		68.55%		300		8.8

		AVA race		68.55%		375		11.0

		AVA Trans soft		71.88%		390		11.4

		Hyperformance		74.12%		445		13.0

		Revolution		74.68%		595		17.4

		Hyper "Downhill"		76.37%		600		17.5





						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		Continental		49.5		5.6		5.3		4.0				0.105985		9.4352974478		4.5		0.205966		4.8551702708

		AVA Trans hard		68.5		9.8		8.8		7.5				0.065354		15.3012822475		7.0		0.292317		3.4209437015

		AVA race		68.5		11.5		11.0		8.1				0.0730053		13.6976356511		8.0		0.284285		3.5175967779

		AVA Trans soft		71.9		12.0		11.4		8.8				0.0871951		11.4685343557		7.6		0.386191		2.5893922955

		Hyperformance		74.1		15.2		13.0		9.7				0.0489		20.4498977505		10.2		0.233		4.2918454936

		Revolution		74.7		17.7		17.4		11.2				0.0423838		23.5939203186		11.5		0.188527		5.3042800236

		Hyper "Downhill"		76.4		18.1		17.5		12.8				0.0447075		22.3676116983		11.4		0.213373		4.68662858

		16kg

		7.3cm

		energy:[J]=		11.4464																delta h/metre		rad		deg

		11.4464				N										0.003				0.003		0.0030000045		0.1718875964

		s hdownhill		28.4

		W		0.4030422535

				F instant.[N]		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold								F

						2.06		2.18		2.87		0.00						2.53		0.0262982777		0.02630131		1.5069540563		0.2103862216

						1.17		1.31		1.54								1.63		0.0149154411		0.0149159942		0.8546235138

						1.00		1.04		1.41								1.42		0.0127466142		0.0127469594		0.7303469746

						0.96		1.00		1.31								1.51		0.0121870067		0.0121873084		0.698281337

						0.75		0.88		1.18								1.12		0.0096089861		0.009609134		0.5505628207

						0.65		0.66		1.02								0.99		0.0082589632		0.0082590571		0.4732091169

						0.63		0.65		0.89								1.00		0.0080591496		0.0080592369		0.4617602582

				force en kilo		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						0.2103862216		0.2220743417		0.2924882018		0				0		0.2578928231

						0.1193235287		0.133244605		0.1567583827								0.1665557816

						0.1019729135		0.106595684		0.1436169614								0.145357773

						0.0974960539		0.10249585		0.1332446253								0.1537437984

						0.0768718887		0.0898278236		0.1205227766								0.1142096788

						0.066071706		0.0671821538		0.1040973635								0.1011984496

						0.0644731969		0.0666223025		0.0911940401								0.1024958656

				gresist/kg charge		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						13.1491388514		13.8796463542		18.280512613		0				0		16.1183014437

						7.4577205426		8.3277878125		9.7973989167								10.409736349

						6.3733070963		6.66223025		8.9760600854								9.0848608137

						6.0935033701		6.405990625		8.3277890792								9.6089873991

						4.8044930418		5.6142389747		7.532673539								7.1381049251

						4.1294816227		4.1988846114		6.5060852182								6.3249030982

						4.0295748093		4.1638939063		5.6996275067								6.4059915994

		Wheel		crr		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

		Continental				0.0131491389		0.0138796464		0.0182805126		0				0		0.0161183014

		AVA Trans hard				0.0074577205		0.0083277878		0.0097973989								0.0104097363

		AVA race				0.0063733071		0.0066622303		0.0089760601								0.0090848608

		AVA Trans soft				0.0060935034		0.0064059906		0.0083277891								0.0096089874

		Hyperformance				0.004804493		0.005614239		0.0075326735								0.0071381049

		Revolution				0.0041294816		0.0041988846		0.0065060852								0.0063249031

		Hyper "Downhill"				0.0040295748		0.0041638939		0.0056996275								0.0064059916

						19.45

						17.89								18.4210637993		-94.3350474124

						13.69								28.3582187626		-347.2824922729

						10.96								29.8469483791		-289.4032351076

						15.41								36.5853745348		-342.9044751368

						15.28								32.6923169064		-376.4826175869

						14.13								34.7107527394		-344.8091015907

		Wheel		crr		roll. Resist.@80kg: [N]		force en kg		N a 16kg		N/kg		37.0967828047		-377.2644410893

		Continental		0.0131491389		10.31		1.05		2.0617849719		0.1288615607

		AVA Trans hard		0.0074577205		5.85		0.60		1.1693705811		0.0730856613

		AVA race		0.0063733071		5.00		0.51		0.9993345527		0.0624584095

		AVA Trans soft		0.0060935034		4.78		0.49		0.9554613284		0.059716333

		Hyperformance		0.004804493		3.77		0.38		0.753344509		0.0470840318

		Revolution		0.0041294816		3.24		0.33		0.6475027184		0.0404689199

		Hyper "Downhill"		0.0040295748		3.16		0.32		0.6318373301		0.0394898331

				0.003





						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		Continental		49.5		5.6		5.3		4.0				0.11		9.44		4.5		0.21		4.86

		AVA race		68.5		11.5		11.0		8.1				0.07		13.70		8.0		0.28		3.52

		Hyperformance		74.1		15.2		13.0		9.7				0.05		20.45		10.2		0.23		4.29

		Revolution		74.7		17.7		17.4		11.2				0.04		23.59		11.5		0.19		5.30

		Hyper "Downhill"		76.4		18.1		17.5		12.8				0.04		22.37		11.4		0.21		4.69

																		-15		0.206		4.8551702708

																				0.292		3.4209437015

																				0.284		3.5175967779

																				0.386		2.5893922955

																				0.233		4.2918454936

																				0.189		5.3042800236

																				0.213		4.68662858

		ava race 84mm		460.0		13.4		14.8

				0.25132		0.3		4.8
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Graph3

		1		49.4970158425

		2		68.5455243848

		3		68.5455243848

		4		71.8774946524

		5		74.1180954897

		6		74.6804831895

		7		76.3727118349



smooth/16kg

1/tandelta 20°C

sample

rollability [m]

1/tandelta

rollability and 1/tandelta at 20°C

5.55169436

9.4352974478

9.78851374

15.3012822475

11.454022048

13.6976356511

11.97997204

11.4685343557

15.19411088

20.4498977505

17.67776362
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18.11605528
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rebound

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





rollability smooth 16

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		190		5.6

		AVA Trans hard		68.55%		335		9.8

		AVA race		68.55%		392		11.5

		AVA Trans soft		71.88%		410		12.0

		Hyperformance		74.12%		520		15.2

		Revolution		74.68%		605		17.7

		Hyper "Downhill"		76.37%		620		18.1

								4.8

								8.4

								9.8

		1.44		0.02512				10.3

								13.1

								15.2

		0.0292194444				0.5843888889		15.6

		1.675						0.0

				0.1460972222

		load		rollability [°]		rollability [m]						% of best		surface

		4.6		600		17.5		3.8112318261		240		6.2		0.47

		8.4		605		17.7		2.104495669		245		5.5		0.72

		16.4		640		18.7		1.1402709854		280		-0.0		1.03

		19.8		630		18.4		0.9297095818		270		1.6		1.12

		25.8		610		17.8		0.6908473194		250		4.7		1.3

		64												2.4

						1/ROLL

						0.0570396434

						0.0565682414

						0.0534746657

						0.0543234699

						0.0561045673





rollability smooth 16
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rollability rough 16
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Hyper "Downhill" at various loads
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cold

		Wheel		rebound %		rollability [°]		rollability [m]

		Continental		49.50%		137		4.0

		AVA Trans hard		68.55%		255		7.5

		AVA race		68.55%		278		8.1

		AVA Trans soft		71.88%		300		8.8

		Hyperformance		74.12%		332		9.7

		Revolution		74.68%		384		11.2

		Hyper "Downhill"		76.37%		438		12.8





rollability rough 8

		Wheel		rebound %		rollability [°]		rollability [m]		1		2		3		4		5		6		7

		Continental		49.50%						4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		68.55%						7.0		7.3		7.6		7.9		8.2

		AVA race		68.55%						8.0		8.5		9.1		9.6		9.8

		AVA Trans soft		71.88%						7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		74.12%						10.2		10.5		10.8		11.1		11.4		11.8		12.1

		Revolution		74.68%						11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		76.37%						11.4		13.1		13.7		15.2		15.8		16.7

				1		2		3		4		5		6		7

		Continental		4.5		4.8		5.0		5.1		5.3		5.6

		AVA Trans hard		7.0		7.3		7.6		7.9		8.2

		AVA race		8.0		8.5		9.1		9.6		9.8												350

		AVA Trans soft		7.6		8.3		8.5		8.6		9.1		9.6		9.9

		Hyperformance		10.2		10.5		10.8		11.1		11.4		11.8		12.1								550

		Revolution		11.5		12.3		12.9		13.1		13.7		14.3		15.2

		Hyper "Downhill"		11.4		13.1		13.7		15.2		15.8		16.7

										155		165		170		175		180		190

										240		250		260		270		280

										275		290		310		330		335

										260		285		290		295		310		330		340

										350		360		370		380		390		405		415

										395		420		440		450		470		490		520

										390		450		470		520		540		570

						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C		delta roll		delta roll%		delta 1/tandelta

		Continental		49.5		5.6		0.11		9.44		4.5		0.21		4.86		1.0		18.4210637993		4.58		48.5424778847

		AVA Trans hard		68.5		9.8		0.07		15.30		7.0		0.29		3.42		2.8		28.3582187626		11.88		77.642764533

		AVA race		68.5		11.5		0.07		13.70		8.0		0.28		3.52		3.4		29.8469483791		10.18		74.3196791952

		AVA Trans soft		71.9		12.0		0.09		11.47		7.6		0.39		2.59		4.4		36.5853745348		8.88		77.4217679853

		Hyperformance		74.1		15.2		0.05		20.45		10.2		0.23		4.29		5.0		32.6923169064		16.16		79.0128755365

		Revolution		74.7		17.7		0.04		23.59		11.5		0.19		5.30		6.1		34.7107527394		18.29		77.5184456338

		Hyper "Downhill"		76.4		18.1		0.04		22.37		11.4		0.21		4.69		6.7		37.0967828047		17.68		79.047255276





rollability rough 8

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



Continental

AVA Trans hard

AVA race

AVA Trans soft

Hyperformance

Revolution

Hyper "Downhill"

# of successive run

rollability in [m]

rollability and T° gradient

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



rollability smooth 8

		Wheel		specs		core		rollability [°]		rollability [°] 1		rollability [°]2		rollability [°]3		rollability [°] avg		rebound %		rollability [°] avg

		Continental		78/rubber		5S		190		130		140		140		136.7		49.50%		137

		AVA Trans hard		80/82		5S		335		255		255		255		255.0		68.55%		255

		AVA race		80/84		5S		392		285		275		275		278.3		68.55%		278

		AVA Trans soft		80/78		5S		410		300		300		300		300.0		71.88%		300

		Hyperformance		80/82		5S		520		335		330		330		331.7		74.12%		332

		Revolution		80/83		5S		605		392		375		385		384.0		74.68%		384

		Hyper "Downhill"		80/?		5S		620		435		435		445		438.3		76.37%		438





summary energy

		Wheel		rebound %		rollability  [°]		rollability [m]

		Continental		49.50%		180		5.3

		AVA Trans hard		68.55%		300		8.8

		AVA race		68.55%		375		11.0

		AVA Trans soft		71.88%		390		11.4

		Hyperformance		74.12%		445		13.0

		Revolution		74.68%		595		17.4

		Hyper "Downhill"		76.37%		600		17.5





summary

						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		Continental		49.5		5.6		5.3		4.0				0.105985		9.4352974478		4.5		0.205966		4.8551702708

		AVA Trans hard		68.5		9.8		8.8		7.5				0.065354		15.3012822475		7.0		0.292317		3.4209437015

		AVA race		68.5		11.5		11.0		8.1				0.0730053		13.6976356511		8.0		0.284285		3.5175967779

		AVA Trans soft		71.9		12.0		11.4		8.8				0.0871951		11.4685343557		7.6		0.386191		2.5893922955

		Hyperformance		74.1		15.2		13.0		9.7				0.0489		20.4498977505		10.2		0.233		4.2918454936

		Revolution		74.7		17.7		17.4		11.2				0.0423838		23.5939203186		11.5		0.188527		5.3042800236

		Hyper "Downhill"		76.4		18.1		17.5		12.8				0.0447075		22.3676116983		11.4		0.213373		4.68662858

		16kg

		7.3cm

		energy:[J]=		11.4464																delta h/metre		rad		deg

		11.4464				N										0.003				0.003		0.0030000045		0.1718875964

		s hdownhill		28.4

		W		0.4030422535

				F instant.[N]		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold								F

						2.06		2.18		2.87		0.00						2.53		0.0262982777		0.02630131		1.5069540563		0.2103862216

						1.17		1.31		1.54								1.63		0.0149154411		0.0149159942		0.8546235138

						1.00		1.04		1.41								1.42		0.0127466142		0.0127469594		0.7303469746

						0.96		1.00		1.31								1.51		0.0121870067		0.0121873084		0.698281337

						0.75		0.88		1.18								1.12		0.0096089861		0.009609134		0.5505628207

						0.65		0.66		1.02								0.99		0.0082589632		0.0082590571		0.4732091169

						0.63		0.65		0.89								1.00		0.0080591496		0.0080592369		0.4617602582

				force en kilo		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						0.2103862216		0.2220743417		0.2924882018		0				0		0.2578928231

						0.1193235287		0.133244605		0.1567583827								0.1665557816

						0.1019729135		0.106595684		0.1436169614								0.145357773

						0.0974960539		0.10249585		0.1332446253								0.1537437984

						0.0768718887		0.0898278236		0.1205227766								0.1142096788

						0.066071706		0.0671821538		0.1040973635								0.1011984496

						0.0644731969		0.0666223025		0.0911940401								0.1024958656

				gresist/kg charge		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

						13.1491388514		13.8796463542		18.280512613		0				0		16.1183014437

						7.4577205426		8.3277878125		9.7973989167								10.409736349

						6.3733070963		6.66223025		8.9760600854								9.0848608137

						6.0935033701		6.405990625		8.3277890792								9.6089873991

						4.8044930418		5.6142389747		7.532673539								7.1381049251

						4.1294816227		4.1988846114		6.5060852182								6.3249030982

						4.0295748093		4.1638939063		5.6996275067								6.4059915994

		Wheel		crr		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold

		Continental				0.0131491389		0.0138796464		0.0182805126		0				0		0.0161183014

		AVA Trans hard				0.0074577205		0.0083277878		0.0097973989								0.0104097363

		AVA race				0.0063733071		0.0066622303		0.0089760601								0.0090848608

		AVA Trans soft				0.0060935034		0.0064059906		0.0083277891								0.0096089874

		Hyperformance				0.004804493		0.005614239		0.0075326735								0.0071381049

		Revolution				0.0041294816		0.0041988846		0.0065060852								0.0063249031

		Hyper "Downhill"				0.0040295748		0.0041638939		0.0056996275								0.0064059916

						19.45

						17.89								18.4210637993		-94.3350474124

						13.69								28.3582187626		-347.2824922729

						10.96								29.8469483791		-289.4032351076

						15.41								36.5853745348		-342.9044751368

						15.28								32.6923169064		-376.4826175869

						14.13								34.7107527394		-344.8091015907

		Wheel		crr		roll. Resist.@80kg: [N]		force en kg		N a 16kg		N/kg		37.0967828047		-377.2644410893

		Continental		0.0131491389		10.31		1.05		2.0617849719		0.1288615607

		AVA Trans hard		0.0074577205		5.85		0.60		1.1693705811		0.0730856613

		AVA race		0.0063733071		5.00		0.51		0.9993345527		0.0624584095

		AVA Trans soft		0.0060935034		4.78		0.49		0.9554613284		0.059716333

		Hyperformance		0.004804493		3.77		0.38		0.753344509		0.0470840318

		Revolution		0.0041294816		3.24		0.33		0.6475027184		0.0404689199

		Hyper "Downhill"		0.0040295748		3.16		0.32		0.6318373301		0.0394898331

				0.003





						rollability in [m] for various testing conditions: ground/load

		Wheel		rebound		smooth/16kg		smooth/8kg		rough/16kg		rough/8kg		tandelta 20°C		1/tandelta 20°C		roll cold		tandelta-15°C		1/tandelta -15°C

		1		49.5		5.6		5.3		4.0				0.11		9.44		4.5		0.21		4.86

		2		68.5		9.8		8.8		7.5				0.07		15.30		7.0		0.29		3.42

		3		68.5		11.5		11.0		8.1				0.07		13.70		8.0		0.28		3.52

		4		71.9		12.0		11.4		8.8				0.09		11.47		7.6		0.39		2.59

		5		74.1		15.2		13.0		9.7				0.05		20.45		10.2		0.23		4.29

		6		74.7		17.7		17.4		11.2				0.04		23.59		11.5		0.19		5.30

		7		76.4		18.1		17.5		12.8				0.04		22.37		11.4		0.21		4.69

																		-15		0.206		4.8551702708

																				0.292		3.4209437015

																				0.284		3.5175967779

																				0.386		2.5893922955

																				0.233		4.2918454936

																				0.189		5.3042800236

																				0.213		4.68662858

		3 84mm		460.0		13.4		14.8

				0.25132		0.3		4.8
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