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Abstract

In the description of the process of coupling oflgys with the toothed belt often
existing solutions are used. Depending on the egfdin they are similar to flat belt, chain
or hellical gears. Euler made a first approximatdrihe coupling by ratio of the stress of
active and passive tendon in the form of an expialeiunction of the natural logarithm
base. The exponent of this function contained abaurof factors related to the material of
belt and pulleys. For the toothed belt transmission which there is slack in the small
loads such description is sufficient. Tension imitig belts are lightweight and very stretchy
while the coupling between the belt and the pules friction. After crossing the frictional
load coupling occuring between the pulley teeth #&mit becomes geometrical. The
coupling takes place at successive coupling otékéh and its nature depends on both the
material and the geometry of the teeth. The magtagpiate process used for a description
of the motion is a pendulum with variable couplpaint.
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1. Introduction

The geometrical features of timing belts and todtpelleys have to assure
the best conditions of coupling process. The slo@piee notch of the pulley is not
the simple reflection of the shape of tooth of tedt. After coupling with the
pulley, the belt is further squeezed, curved andlides on the pulley. These
processes are the basic reason of deformationhanddar of the teeth of the belt.
One should take into account dynamic strengths exted with accelerations and
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delays in the transmission and their inner strengibnnected with the linear
speed.

Mechanical control system depends largely on thehamsms that are
applied and drives. Electronic systems have the &md speed of response, and
data transmission [Domek G., 2006]. By using thesiadesign features belts can
solve many constructional problems. The situatisndifferent in the case of
classical mechanical gears where it seems that tiairacteristics have been
established a long time ago. Despite intensive ldpwaent of mechanical
transmissions, there is no current descriptions assearch. This applies
particularly to the transmission of timing beltshieh are used in more and more
applications as well as in the control systems @nmdrol [Domek G., Malujda I.,
2007, Domek G., Dudziak M., 2011].

2. Timing belt applications

One of the oldest applications is the timing iremil combustion engines
[Dudziak M., 1993]. Due to the limited knowledge wothed belts, some of
manufacturers returned to using chains in thidiegon, while others intensely
developed the gears using for example non-cirquideys (Fig.1).
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Fig. 1. Non-circular pulley from valve timing ofé¢ttombustion engine.

Increasing of speed in opening and closing of emlkesulted in savings in fuel
consumption, reduction of exhaust emissions andddrengine noise emissions.
The use of timing belts in electric servo steersygtem has also contributed to
reduction in fuel consumption of vehicles. Currgnthe number of gear timing
belts, in motor vehicles approaches twenty [Dudzik 1990]. More rapid

development can be observed in industrial appboati The accuracy of
movement in the drive axis of CNC machines rolmid manipulators resulted in
the necessity to increase the quality and accuodg@roduction of toothed belts
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(Fig.2). The entire group of such systems can lmeonly by drive belts made
accoring to the highest standard of precision.dtesl storage of vials in motion
shows that the inaccuracy of the carrier must bepemsated by additional belts.
Another example is the bottle filling system whasastruction allows for filling
of 40 thousand bottles per hour. In such applioatia standard belt does not
achieve the desired accuracy of the motion andnasimum speed does not
exceed 20 thousand bottles per hour.

Fig. 2. Timing belts in robotics [15]

The choice of right material of the belt is a kegctbr. In the presented
applications creep is the main cause of inaccuofeyotion and rapid damage the
belt (Fig.2). Therefore, in this case, the seledielf was specially designed for
extreme load application [Dudziak M., 1997].

3. Description of the belt tooth movement

The main method for designing toothed belts isted appropriate belt and
cord material. The cord extension value on theo&mmontact is determined by the
angle of the arc of contact over which the belthesme deformed. The number of
deformed teeth depends also on the value of tbk pitDressing H., Holzweissig
F., 2010]. To develop a qualitative model of thergetric coupling between the
toothed belt and pulleys, it is necessary to carsigformation and the number of
coupled belt teeth. This type of cooperation betwieelt and pulley is similar to
chain and typical for old types of gears (Fig.B®lt is supported by top of head of
pulley teeth. So far, deformation of material betweord and pulley is not taken
to model and different high of cord on arc of cantean not be described. It has
been empirically confirmed that periodical deforimatof the belt cross-section
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during bending on the pulley significantly influexscthe value of energy loss due
to internal friction in the belt material and risth® belt temperature [Domek G.,
Malujda 1., 2007, Domek G., 2012]. The highest ealf internal friction and
energy dissipation occurs in the compressed lagethe belt below the neutral
axis. Main friction types between the toothed [zt the pulley are associated
with belt movement within the tooth space as welttee coupling and decoupling
process. The above mentioned conditions contribiteétle new interpretation of
phenomena taking place during combined form-fittangd friction coupling as
well as to the directions of the toothed belt duue development.
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Fig. 3. Rigid body representation of synchronous ron-toothed belt [6]

Analysis of the kinematics of the toothed belrtst from comparison to
the chains. This was sufficient for descriptiontloé first belts with trapezoidal
teeth. They were different only in belt and chairatenials. In subsequent
constructions belts started to have rounded temthbagan to look analogical to
helical gears. Perpendicular at the point whereltmg teeth “B” run through the
central point of engagement “C” (Fig.5). Targefectory of tooth movement in
relation to the pulley usually fails because thevelknown from helical gears are
not suitable for the description. The main advamtaigsuch an engagement is lack
sliding friction, gear teeth sweep up on each oth&escription of such a
cooperation is still seeked. In timing belt geanslerstanding of this phenomena
may limit volume wear of teeth due to friction ihet process of conjugation
[Dudziak M., Domek G., 2008a, Dudziak M., Domek 2008b].

In gear units with timing belts, one can distinfuequivalent local point
meshing “B”. However, point “C” is moving with threovement of the pulleys.
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Calculating the Lagrange difference kinetic anteptial energy (Fig.4).

1
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Fig. 4. Schematic representation of the power imgsson with timing belt [Dressing H.,
Holzweissig F., 2010]
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Variability of transmission dynamics occurring dege on the size and mass of
the individual teeth. Possible collision of beltette and pulleys introduces

additional vibration. In order to limit it, right awerial should be used for the cord
in order to reduce elongation. One should alsoyarahe geometric form of tooth

in timing pulley [Domek G., 2011a, Domek G., 2011bhe beginning and the end
of cooperation should take place without mutuad. sissuming that one managed
to reduce the cord elongation to minimum or thdesothe elongation is omitted,

than to describe the process of engaging the Imglt pulley, one can use the
Lagrange description of the pendulum with variatdapling point (Fig. 5).
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Fig.5. Movement of the teeth in the coupling.

Comparing the process of engagement of the beth teih the pulley pendulum
movement with variable length vibration equation ba written to this step in the
form:

d

- 2. =

= [m(ly + AD?@] + mg(l, + ADp =0 ©)
or:

m(ly+ ALY g+ 2m(l, + ADAle + mg(l, + Ale=0  (qq)
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In the present equatiom is the mass of a tooth-bel,- distance from the center
of the tooth belt from the central point of engagaiC", 4I- value scale belt or
pulley (depending on whether the movement takegtliey or belt).

It is very important for the proper conduct of thecess to maintain the
proper pitch diameter which in these transmissismseasured at the height of the
neutral axis of the carrier layer [Domek G., 2J1Xehanging the position of the
belt or cord diameter changes to unfavorable catjoer. This also applies to the
diameter of the surfaces on which belt and pullssy @ontacting [Domek G.,
2012]. In order to improve the liquidity of engagamone should first analyze the
coverage ratio of teeth in the process of conjogatusing small pitches increases
the number of teeth of the pulley that are involirethe coupling with the belt.

\2D,h —4h* -h? (11)

2P

X-coverage factorD,-foot diameter pulley teeth, tooth heightaxis of the cord,
h-height of the belt tooth.

A series of studies were carried out on uniforroftyransmission operation.
Variability called coverage ratio is a primary uehces this phenomenon.
Reffering to solutions similar to hellical geans,timing belt herringbone and the
arc form of teeth are used. Usage of these teethsfavas not preceeded by any
detailed analysis and therefore it only solvedptablem of smoothness and noise.
Unfortunately, such belts are much worse in perfiogmtasks of power
transmission and control. The total deformationtedth on the arc of contact
depends also on geometric properties of the betth s the pitch utilization
factor. More comprehensive coupling model can bpressed in form of the
following formula:

%:f(awap'KW'Akp’Y’Z) (12)

where: KW belt pitch utilization factogk cord deformation (extension and twist),
op belt material deformation causing belt tooth heichangeoph and the width
changeopb as well as shape changpA, Akp adhesion factor for cord, belt
material and additional materials, Y the toothel pich to toothed pulley pitch
ratio, Z — belt and pulley wear of volumetric Zvdaenergetic Ze type.

Use of toothed belts of the same pitch value affdrént cord types allows
to satisfy the need for internal friction reducti@y reducing the tooth height and
the height below the neutral axis) with simultaredncrease of flexibility and
making use of flat belt advantages.
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4. Conclusions

The most approximate description of the timing Inedtvement is a motion
of pendulum with variable coupling point. Descriljgdblems should be aware of
reduced efficiency and inaccuracies of power tnamssn. Phenomena associated
with the contact between the toothed belt and thiey can be divided into
categories. One of them includes phenomena ocguirigide the belt and is
associated with load transfer from the belt mak¢aahe cord as well as effects
occurring between respective belt and pulley sedadn some experiments
synchronous gear worked parallel with standard geblr in order to improve
power transmission trough friction. Analysis of $koeffects constitutes the
grounds for individual attitudes to design and agen of toothed belt
transmission gear&ears with timing belts are excellent in controdl @aagulation
systems but they are still standing before widle fid applications.
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