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ABSTRACT

Cycling is an integrated effect process of several physical forces including gravity, support force, air resistance and
ground friction. For the changes of air speed and riding road, the stress processes of outdoors road cycling are more
complex. In the process of riding, how to provide realistic scenes like the real scene, not only in the visual, but also
to achieve the consistency of exercise bicycle riding load and actual riding feeling is more important. Based on the
analysis of the stress, the research constructed the mathematical model of cycling process of road bicycle and
studied the features and laws under different riding conditions by solving the model. The findings are follows,.
Firstly, speed should be maintained at around 13nvs in the relatively flat road riding; Secondly, in the continuous
rolling road, we can accelerate the riding speed if the distance is short, we should reduce the speed if it is longer;
Thirdly, in rated power uphill and downhill riding, speed has little effected when there are the uphill section with
smaller inclined angle and downhill section with larger inclined angle; Lastly, spring 180m can reach speed peak,
while the best distance to the sprint stage is180~220m. These parameters will be used for the control system of
exercise bicycle.
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INTRODUCTION

With the rise of people’s material and cultura¢Jibicycles have also become a kind of sports eggip as well as
the transportation equipment. Exercise bikes camseed to simulate the force and power of outdooling process,
it is similar to road cycling on fitness effect.tdractive exercise bikes combine computer techiyplegnsor
technology and the man-machine engineering teclyredp which can provide to the rider a full randesensory
stimulation, a more realistic simulation of bicydeving, and how to provide realistic scene, &s,ihot only in the
process of cycling performance on the vision, baterimportant is to realize the consistency ofltdas of fithess
cycling and cycling on the spot [1-5].

Road bikes belong to the dominant class physicduemce project, with single cycle, cycling procéss the
characteristics of uninterrupted, long duration andinary medium to large cycling intensity andgkiintensity of
sprint, on the one hand, these characteristicfopwird the corresponding requirements on the paugout of the
rider at different stages, on the other hand, miaystonsumption and tactics combined together eskity to get
victory [6-9]. The mechanics principle of road dgg process is complex. When the rider drive thiee by
stamping the pedal, it must be overcome a lot efstance caused by the car body, ground and ad,tlee
deceleration in the cycling ,route ,wind directimmd other factors, Apparently, in the real serfsthei total quality
of the bike and rider is lower and the frontal aaed wind speed will become smaller accordingtiius the chain
drives more efficient, the route becomes more shevaind the consumption of the energy is smaklefadt, when
limit other factors; some factors are linearly degent with the consumption of the energy. But dote of energy
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is added together, the relationship of the compreie effect of the variation and the consumptiberergy will
become more complicated. Therefore, this articketstirom the stress organism of the road cyclnglding the
mathematical model, applying the simulation techgglto the model test of the variations. Thus theaginic data
we get can be applied to the invention of the fametrol system of the exercise bicycle.

MECHANICAL ANALYSISIN THE PROCESSOF CYCLING

When we ride bikes, the riders, bicycles and thastraction of the bike are influenced by the gmgvit
ground support force, air and ground resistancendver, cycling is different from the ordinary mati®f rigid
body. The structure stencil formed by the rider tir@bike will change the maximum head size and deefficient.
Coefficient of wheel spin and lower pedaling actieii make the Magnus effect. Meanwhile, companiigh the
track cycling, and the wind variation and the raagface undulation in the outdoor environment stlless the
structure and process is more complicated. Cortstiluin the direction perpendicular to the groundain
two-dimensional coordinate system, the total foraethe bike and rider in the process of cycling eomposed of

F
gravity( 9), surface supporﬁs), rider-bike head air obstructioﬁ(‘), air resistance when wheel spinnirllzg(),

the friction of the tire and the groundE:f ) and body mechanical friction(Fm ).(Figurel)
While pedaling hard during the cycling processs guarantee to keep the rider and bike movingcahea
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Figure 1 schematic diagram of bike riding stress
I
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When we ride on the steep road, we can distributeraponent force of the direction of motiorf{ ) from the

I

. F . Fy : - . .
gravity( 9),however, when riding uphill, ¢ is opposite to the direction of the movement anid the resistance

of the cycling, when riding downhiII,Fg is similar to the direction of the motion, thusistthe driving force of
cycling, the expressions should:be

F, = F,sind = Mgsinéd

In the expressions,l\/I is the total mass of the rider and the body ofttike; His the angle of the ground and the
water level. When riding uphill, we take the poadtivalue; when riding downhill, we take negativduea when
riding on the level road, we take 0.

When riding in the level road, the rider and thkebtan produce a positive stressin the direction of Y and the
force is similar to the gravity, while riding onettmon-level road, the component force, which bedaioghe gravity,

n

produces the positive stress to the groﬁﬁd. Extrusion of the stress leads to the elasticedition of the tire and
because of the tire and road surface roughnessethttve motion of the bike and road surface, tthes friction
between wheels and the pavement was formed. Ipriieess of riding, pushing the pedal and the whegls, and
the dynamic friction of the wheel and the ground a& produced. This is the forces to make the Iikeve forward.
However, the front wheel cannot be driven by thedoand its friction is opposite to the directidntlee motion,
which are the fricative resistance of moving forskarhe expressions of the friction of body and gishould be:
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F, =C,mgcosfd

In the expression,Cf is the coefficient of rolling friction of the wheehnd the ground. The coefficient of rolling

C

friction is determined by the surface of the road ¢he material of the tire.”f is determined by the surface of the
road and the pressure of the tire.

When riding forward, the front air is condensegbtoduce the pressure, the surface of two sidesitiiwith the air.
All above produces the air resistance, which isogfip to the direction of the motion. The air resise acting site
is located in the center of the frontal area. Tkgression is:

F, =%chpv2

Cq is air resistance coefficientf\is windward-the largest cross-sectional are;go\is the air density of the located
altitude; Vis the relative speed of body and the air flow.

Rotating object creates asymmetric flow in a viscBuid dynamic, and the effects of wheel motioraofresistance
are generated by the wheels spinning in the ai.résearch of Greenwell shows that spin resistdapends on the
wheel size and shape of the wheel, wheel speedradesgnificantly change. Meanwhile, due to thieek of the

human body and bike vertical beam, the air resigtan the back wheel will decrease by 25%. Geneggleaking,

the radius of two wheels of the road bicycles milsir to the spokes, the expressions of the aistasce when the
front and back wheels spin is:

Fo=Fqu +Fq :%prvzﬂz +EX%CWPV27T2 :%CW/OVZI'[2

Cu is the coefficient of the air resistance of the albe I is the radius of the Wheeﬁ), is the air density of the
located altitude,V is the relative speed of body and the air flow.

2 Establishment of Mathematical M odel
Based on the Newton's second law, we can formthateasic dynamic formula during riding bikes. Toemula is:

F-F,-F, -F,-F,=M [a

F is the forward force produced by the riders’ pettali For

the foot pedaling around the crank axis in the sewf a lap is not constant, the forward fofce should be
represent by the ratio of instant power and sp@adhe other hand, some energy will be lost whenctiain drives
the rear wheel moving. Overseas research showslilait transfer efficiency is positively correlateith the level
of riding. On general, the chain transfer efficigiof road bicycles reduces about 98.5%.

Based on the force analysis above, the basic dynfommhula during riding bikes can be listed:
Px OQSS-E(AC od'(t)?) - MC, gcosf - M sind-~C od' ()22 = (M +'—f+'—f)d"(t)

am 20 9 gsInG=g S R |
of the front and back wheels.

randIf are the moment of inertia

Mechanical model of road bike riding boundary amitidl conditions are composed of indicators ofiemvmental

indicators, and indicators of body. (Tablel) Immerof the environmental indicators, at room temjueea(20 °c) and
at the standard atmospheric, the air density i86k@m2. In terms of the human indicators, reseahdws that the
height of China’s excellent athlete is 1.80+0.07The weight is 72.73+7.33kg. The maximum frontalaacé this

height when riding on the ordinary gesture is 0Band the coefficient of the wind resistance is. &S for the

vehicle index, the radius of the road bicycle i85, the air resistance coefficient of the ordinagd bicycle is
about 0.0397, and the moment of inertia of the Wise@.08kgm2. Moreover, according to the reporkKgle(1998),

the rolling coefficient of the tire of 20mm wided20P tire pressure on the wooden track is 0.00the smooth
concrete track is 0.002, on the asphalt trackd84).and on the rough track is 0.008.
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Table 1 Model Equation of Initial ParametersList

Parameters Value

Environmental indicators T=20C, P=latm p=1.266kg/m2
Human target M=80kg, H=180cm Cd=0.5 A=0.5m2
Vehicle index r=0.35m If=Ir=0.08kg*m2, Cw=0.0397 Cr=0.004

ANALYSISOF SIMULATION RESULT

The riding speed selection on the way

Riding on the way refers to the starting from thlerto the front of the sprinting, including fouadic forms over
long distances, level, ups and downs, long uphill downhill sections. Obviously, the dynamic equatshows that
faster cycling can lead to larger wind resistanoec@ndition that other factors are stable, it ctso @roduce the
greater the energy consumption. We set on a wirédspf 3 m/s in this study. Foreign research shibas when
riding in a relatively flat road on the way, thehlates' average power output is about 350 w undemal
circumstances. In figure 2a ,dotted line showssiteed of change after into the horizontal roatiénrated power of
350 w, in the speed of 6 m/s, 8 m/s, 10 m/s, 12 ddsm/s, 16 m/s respectively. As you can seengidh a
horizontal road, the initial speed of 6 m/s, 8 M&m/s, the speed rise gradually and this is tlcelarating cycling
stage; The initial speed of 14 m/s, 16 m/s, thedpe falling and this is decelerating cycling pdriAnd when the
initial speed of 12 m/s, it can maintain a constged and motivation through the pedal power mé&gson and air
resistance held the line. Therefore, at the spéd@ m/s , riding relatively flat road surfacetlie most effective
way of cycling. The conclusion corresponds to agrage speed of about 11.0 ~ 13.3 m/s which is kextedthletes
riding in major international road cycling eventseiach period.
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Figure 2 Riding Speed Variation under the Rated Power in Horizontal and the Ups and Downs Road

The solid lines in Figure 2a is the variation oé thpeed on the conditions mentioned above. Figbrés Z2he

variation of the ups and downs as well as the angie model of the formula iy = SSIn(X/]'O), xU[57,257] ,

and the maximum tilt is 5%, which goes well witle ttegulations of the average tilt—less than 8%dfrary road
and less than 5%o0f the high speed road.

Comparing with riding on the smooth road, riding the steep road for 5 seconds, the variation ofsfheed is
unimodal. That is, when riding downhill, the acecat®n goes down gradually. After getting the wallmttom, with
the tilt going up, the acceleration becomes negagnadually and the speed becomes lower. Seentfrerohange
curve of different speed, with the increase ofitligal speed, the rate of the increase of the dg@mromes lower.
When riding through the steep road, the variatibthe speed becomes short and the initial spedieofiext period
is lower. The figure shows that, when the initipksd is 8m/s and the initial speed of each steag sorface is
constant, the duration of the circle is about 5T2erefore, when riding on the constant steep readshould select
the riding speed accordingly. And when riding istert but steep distance, we should fasten thedspéele if the
distance is long; we should lower the speed antthigaugh the steep road smoothly.

The Sprint Distance Selection
In the sprint period, the riders want to keep #latively high speed and reach the finishing liha eelatively high
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speed. If the selected sprint distance is too shioet athletes cannot fully apply their speed athges under the
ultimate strength, or the fastest speed will ngitesgp after the race completed. While, if the distais too long, the
athletes cannot stand the strong load, the sppd might decrease. Thus, the selection of thatsgistance is
very important to the sprint results.
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Figure3 Sprint Speed Chart

Research shows that the average anaerobic powlee ekcellent athletes in our country is 820.17£22® and the
anaerobic power is 1209.75+280.80w. The averageepoivFigure 3 is 820w. At the 4th second, it resckhe
maximum power 1200w.The initial speed is 12m/s, tredfigure is the sprint speed on the smooth réaoim the
figure, we can see that the variation of the speele sprint period is the same as the parab8@mlis the peak of
the speed. By calculating, when the sprint distaad®0m, 150m, 200m, 250m, 300m, the instantaneelegity is
15.5m/s, 16.3m/s, 16.4m/s, 16.2m/s, and 16.0mfeotisely. We can conclude from the result thairgplistance
between 150m to 250m can get the highest speedyhmit the distance is less than 180m, the duratidghe high
speed is relatively short. Thus, the best spriatiltecannot be achieved. While , if the sprint aliste is between
180m to 220m, the athletes can not only ride aatively high speed, but also can keep it lon§erthis distance
span should be the best selection.

CONCLUSION

Bike riding is a process of combination of a varief physical force; these forces include gravifyound support,
air and ground friction. Road bike riding is ridingthe outdoor, the change of the wind and theamkdowns of
surface make the composition of stress and praness complicated.

At the level of the rated power of 350 w road ayglicycling speed of 12 m/s can maintain uniforatesbasic, the
effect of cycling is best, the speed of the curieriiso used by the world excellent road bikbtetes.

When riding through the ups and downs , faster doésecessarily lead to ideal cycling effect, amdneed choose
the cycling speed according to the specific lermftithe section. When the distance is short, weinarease the
cycling speed and ride quickly through the ups downs, and when the distance is long, we can retlhuee
corresponding speed and keep relatively stableigiréhe ups and downs.

When riding uphill and downhill in long distancéhe change of speed is affected by the combinatfo wind
resistance and the component of gravity forcesmaller and larger extent of up/down to speed tfface not
obvious, and in the larger and smaller up/downcamrincrease the riding hard for periodic advantage

Sprinting to the process of speed curve is simdgrarabolic changes. Model simulations show thatdpeed can
reach the speed of the peak in the 200 m spritdrie, and when sprinting at the end distance leet@60 ~ 250
m, we can remain riding relatively high speed, apged down is not too obvious, so it is the bestadce to
complete the sprinting .
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