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Introduction

Tubular tire performance exceeds that of clinglerperformance, making them
the choice of many cyclists. Tubular tires allaypsrior acceleration to clincher tires
due to their lighter tire/rim combination. Tubutaes also have the advantage of not
being susceptible to pinch flats. Tubular tires @so more predictable than clincher
tires during high speed cornering due to theiramif cross section.

The disadvantage of tubular tires is the possjhidftadhesion failure leading to
tire/rim separation, i.e. roll-off. This sudders$oof traction and control can prove to be
catastrophic for the rider. Because of the lamesequences associated with an adhesion
failure, it is critical to ensure that an approf@iadhesive and application procedure are
used with tubular tires.

Parts 1 through 7 of this study have focused ontsimo studies. Part 8 of the
study worked on the development of an experimen&thod for full rim studies. Part 8
also compared full rim data to short rim data aeadgymed a preliminary full rim study
comparing Continental glue to Tufo tape performance

Part 9 of the study focuses on confirming the stigal precision of the full rim
method, studying the impact of air pressure onrafiland comparing the adhesive
performance of glue and Tufo tape.

Experimental Protocol

A rim with mounted tire is fastened to a re-enéatstand with two clamps. A
hydraulic lift is used to apply a normal force e tire. The lift sits on top of a scale,
tared with the lift in place. Figure 1 shows thstallation.



Figure 1: Equipment Used for Full Rim Tests

Figure 2 shows the lift/tire interface. Forcetsaslily increased with the
hydraulic lift. The force required to roll thedioff the rim is the reading on the scale as
the tire seam passes the edge of the rim, whiategponds to a sudden reduction in the
measured force.



Figure 2: Placement Used for Lift/Tire Interface

Overview
The tire is held to the rim by the contributiorigiee variables.

Rim/tire mating shape;

Tire stretch;

Air pressure;

Base tape/casing adhesive bond; and,

Adhesive bond.
Generally, the mechanic only has control of thédastribution. He can negatively
impact the base tape adhesion through use of inppate solvents. In order to compare
the true contribution of one adhesive to another,dather characteristics contributing to
the roll off resistance must be measured or hethdtzmt.

Effect of Varying Air Pressure

A preliminary trial on the effect of varying airgssure was performed using a
Super Competition Champion rim and Continental Te2p tire. The rim and tire were
both free of any glue. Because the same tire iamavere used for all roll off trials, the
air pressure in the tire was the only variable frame trial to the next. Roll-off force was
measured at various pressures and plotted agaapréssure. The results can be found
below in Table 1 and Figure 3.



Table 1: Results From Clean Rim Roll-Off.

Rim: Super Competition Champion
Tire: Continental Tempo 22
Tire ID: (no ID)

Pressure (psi)

Average Roll-Off Force (Ib

5)  Stand2ediation

74 47 1.8
86 53 1.8
90 55 1.1
94 59 1.3
112 60 1.4
Figure 3:
Effect of Tire Pressure on Roll-Off Force
Rim: Super Competition Champion
Tire: Continental Tempo 22
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The roll-off force increases linearly with respaxtire pressure at lower tire pressures.
These results show that the linear trend ends a®é\esi for this tire/rim combination.
The same trend was not seen in the clean rim fblada collected for the comparison of
glue and Tufo tape. A plot with the data from tine pressure effect and from the clean
rim roll off for the glue/Tufo tape comparison da@ found in Figure 4.



Figure 4:

Comparison of Clean Rim Tire Pressure Data
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¢ Tire/Rim Glued = Tire/Rim Tufo Tape = Tire/Rim Tire Pressure Test

Figure 4 was created using two different tire/dombinations. The tire/rim
combinations to be glued and taped were HutchilBssic Reflex Road-Route/MAVIC
GP-4. The tire rim combination used for the tiregsure test was Continental Tempo
22/Super Competition Champion. Despite differaefim combinations, the data from
the tire pressure test lies within the data colédor the glue/Tufo tape comparison at
low tire pressures. However, the data collectedhe glue/Tufo tape comparison does
not show the roll-off force leveling off at highgssures.

When comparing other clean rim roll-off data te tire/rim combinations used in
Figure 4, both of the tire/rim combinations frongiiie 4 have relatively large clean rim
roll-off forces. The results from other clean natl-off data can be found in Table 2.



Table 2:

Rim:  Super Competition Champion

Tire:  (Tire Identification) Tire Pressure (pdi) RolH®orce (Ibs)
Continental Sprinter (green 1) 74 38

86 43
Continental Sprinter (black) * 1 74 39

86 44
Continental Podium (black) * 86 38
Continental Podium (black) * [ 86 37
Continental Tempo 22 74 47

86 53

Rim: MAVIC GP-4

Tire:  (Tire Identification) Tire Pressure (pdi) RolH®orce (Ibs)
Hutchinson Basic Reflex 74 48
Road-Route (Tire to be glueq) 86 54
Hutchinson Basic Reflex 74 45
Road-Route (Tire to be tapeq) 86 52

Table 2 shows that the Hutchinson Basic ReflexadRBoute/MAVIC GP-4
tire/rim combination and the Continental Tempo 2/& Competition Champion
tire/rim combination have a significantly higheeah rim roll-off force.

Figure 3 shows that the ratio of the roll off feqger tire pressure decreases as the
tire pressure increases above 94 psi. The tendtiseen in the data of Figure 4. If the
roll-off resistance due to tire pressure behavedlar to the results seen Figure 3,
adhesive failure measurements would become insengit the tire pressure at tire
pressures above 94 psi. A tire pressure of 12&a@sichosen to use for the glue vs. tape
comparison in an attempt to minimize the impaaifiance in air pressure
measurements.

Glue v. Tape

The roll-off forces of Tufo tape and Continentalegghave been compared in Parts
7 and 8. Both parts showed that Tufo tape didoediorm as well as the glue. Part 8
was a full rim test of a Profil A/Continental Contitien 25 rim/tire combination. Part 9
was performed using MAVIC GP-4 rims and Hutchin8asic Reflex Road-Route tires
for a full rim study. Both tires used were new.

All of the contributions that resisted roll-off @pt for adhesive strength had to be
calculated or held constant. The rim/tire matihgee was held constant by using the
same rim and tire for the two sets. The contrdngiof tire stretch and air pressure were
experimentally calculated, leaving adhesion astilg variable. Clean rim roll-off data
were collected to calculate the contribution of stretch and air pressure.



Each tire was given an identification mark andahatl with a rim. Both of the
rims had identification numbers. Clean rim rolf-fufrce data were collected at various
tire pressures for both rim/tire set. The resoltéhe clean rim roll off for the two
rim/tire sets are provided below in Table 3 anduFegb.

Table 3: Results of Clean Rim Roll-Off for the TRam/Tire Combinations.

Tire/Rim Combination for Continental Glue

Rim: MAVIC GP-4 Wheelsmith # 091062
Tire: Hutchinson Basic Reflex Road-Route
Tire ID: (Black) *
Pressure (psi) Average Roll-Off Force (Igs) STDEV
74 48 0.93
86 54 0.76
98 59 1.3
108 62 1.1
125 66 1.6

Tire/Rim Combination for Tufo Tape

Rim: MAVIC GP-4 Wheelsmith # 091064
Tire: Hutchinson Basic Reflex Road-Route
Tire ID: (Black) **
Pressure (psi)| Average Roll-Off Force (I§s) STDEV
74 45 1.2
86 52 1.3
98 57 0.71
108 59 1.0
125 63 1.5




Roll-Off Force (lbs

Figure 5:

Clean Rim Roll-Off of Tire Rim Combinations to besédl for Adhesiv
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The results of Table 3 are used to calculate tidribaition of tire stretch

and air pressure to the total roll-off resistantee difference between the
calculated contribution due to tire stretch/tiregsure and the measured roll-off
with adhesive is the contribution of the adhesive.

The taped and glued tire/rim sets were then rafédsing the full rim

apparatus with tire pressures of 125 psi. Six datats were collected for each
set. The results of this roll-off are in Table 4.
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Table 4: Results of the Full Rim Comparison of Querital Glue and Tufo Tape.

Glued Tire : Continental Glue
Full Rim Tubular Tire

Rim: MAVIC GP-4 Wheelsmith # 091062
Tire: Hutchinson Basic Reflex Road-Route
Tire ID: [(Black) *

Average Roll-Off Force (lbs) 143
Clean Rim Roll-Off Force (Ibg) %6
Adhesive Strength (Ibs) Y6
Adhesive Resistance % 0{54

Tufo Taped Tire
Full Rim Tubular Tire

Rim: MAVIC GP-4 Wheelsmith # 091064
Tire: Hutchinson Basic Reflex Road-Route
Tire ID: (Black) **
Average Roll-Off Force (Ibs) 132
Clean Rim Roll-Off Force (Ibs 63
Adhesive Strength (Ibs) 69
Adhesive Resistance % 0{52

The Continental glue outperformed the Tufo tap®I1396. This is the
same result that was found in Part 8 of this stullye percentage contribution to
roll-off resistance of both of the adhesives awmedothan the expected 60%.
However, Table 2 shows that the contribution té-off resistance would have
been greater with other tire/rim combinations duthe smaller clean rim roll-off
forces witnessed. This observation is made asguthat the adhesive strength
would not change significantly with the other tire¥ combinations. Using the
data from Table 2 and the adhesive strength data fontinental glue, the
calculated adhesive contribution to roll-off rearste for a tire/rim combination of
Continental Podium/Super Competition Champion wdiddb7% at a tire
pressure of 86 psi.



Conclusions
The force required to cause a roll-off of a tubtile increases linearly
with increasing tire pressure from 74 psi to 94 psi

Continental Glue outperforms Tufo Tape.

The calculation of adhesive contribution to rdflH@sistance is dependant
on tire/rim combination and tire pressure as wellhee adhesive strength.

Recommendations

A study on the effect of tire pressure on claamroll-off force for a large
range of tire pressures is needed. This would dwsignificantly the roll-off
force changes with tire pressure at tire pressugas racing pressures (~125 psi).

More data should be collected to compare adhesreagth between
Continental Glue and Tufo Tape with different ting/ combinations. An
experiment using a different rim material suchapon fiber should be
performed.



