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Abstract. The paper deals with the problem of timing belt pitch 

significance for the dynamics of a timing belt transmission gear motion. 

Specific pitches of timing belts have been used for many years. They were 

previously reserved for belts made of rubber, while another group of 

pitches was intended for belts made of polyurethane. This division ceased 

to apply recently, and in addition there are belts with pitches which have 

not been used before, such as HTD9M or AT15. The paper presents the 

parameter that makes the pulley diameter and the pitch dependent on the 

number of teeth involved in meshing (coupling) with a pulley. It is an 

equivalent of the coverage factor occurring in cylindrical timing gears. 

Earlier studies on that parameter did not take into account the teeth 

unevenly spaced over the width of the belt. New pitches of belts may occur 

in "mass production" applications and they are applied more and more 

often. Thus it is important to bear in mind the consequences of changing 

the pitch of the timing belt in transmission gear structures.  
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1 The construction of the timing belt 

The beginnings of timing belts development in the last century were rich in structural and 

material solutions [1, 2]. Consecutive types of timing belts were characterized by different 

geometrical dimensions expressed in inches, as first synchronous belts were developed in 

the USA at UNIROYAL company. Those solutions were characterized by randomness. 

Trapezoidal shape of teeth was adopted, however, its size, pitch or the width of the belt 

were selected depending on the random parameters, such as the amount of space in which 

the gear could be mounted. First timing belts were intended to replace chains in structures, 

in order to reduce noise, but unfortunately they turned out to be much less durable. In the 

search for suitable materials, designers proposed belts made of a steel band. Attempts were 

made in Germany to make synchronous belts of thermosetting polyurethane. As subsequent 

materials had been proposed, it was necessary to search for appropriate technologies and 

design methodologies for subsequent belts. 
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Fig. 1. The picture of a belt cast in the mould with the belt back facing the core 

Intense development of timing belts applications prompts manufacturers to make 

attempts to design “special" belts for "individual" application in the system, which are 
manufactured in mass production [3, 4]. This allows the manufacturer to be granted 

exclusive rights for the supply of spare parts. In response to the dynamic development of 

timing belts applications in bicycle transmissions, one of the leading manufacturers 

proposed an untypical pitch of 9 mm (Fig. 2). This was explained by the possibility of 

optimizing the pitch for products manufactured in large quantities. This opens a discussion 

on the modelling of the geometric form of a timing belt and the significance of the pitch for 

the properties of the synchronous transmission gear [5, 6]. 

Fig. 2. Belt in the bicycle transmission: a) guide slot, b) pulley teeth, c) guide edge, d) ribbing 

reducing the tension member stiffness     

2 Belt design methods 

A natural approach to designing synchronous belt transmission gears was a comparison to 

cylindrical or planetary timing gears, etc. The core of the mould was designed this way and 

a timing belt was moulded or vulcanised in that mould. Placing a load-carrying layer inside 

the belt in the right position also posed a manufacturing problem. In the first technological 

solutions belt teeth were formed above the load-carrying layer (in the body), while only in 

subsequent solutions they were formed at the core (Fig.1). Thus the belts designed this way 

differed in lengths and pitches. The methodology of designing the mould core as a pulley of 

a specific tooth module pitch caused creation of hundreds of belts differing in geometry. It 

was necessary to individually design the pulleys for each of these belts [7-9]. 

2

MATEC Web of Conferences 254, 01011 (2019) https://doi.org/10.1051/matecconf/201925401011

MMS 2018



The breakthrough in the timing belts manufacturing technology was a focus on the fact 

that the kinematics of the transmission gear must be related to the dimension that does not 

undergo larger distortions during belt operation, i.e. the neutral axis of the load-bearing 

layer [10-12]. In this case, one of the main properties of the belt is the pitch measured at the 

level of the neutral axis of the belt load-carrying layer and this also applies to the pulleys. 

The tooth form remained trapezoidal, and the size of a tooth was assumed to be similar to 

the size of the tooth space. In order to improve the meshing process with the pulley, the 

tooth sides opening angle has been reduced [13]. It was found for later structures of belts 

that their teeth may be larger than the teeth of the pulley due to the lower durability of belts, 

hence smaller teeth spaces in a belt were used. Basic pitches of belts made of PU were 

assumed as 2.5, 5, 10 and 20 mm, while for those made of chloroprene as 3, 5, 8, 14 and 20 

mm. Geometry of belts with different pitches was proportional to the pitch, which greatly 

simplified the structural analysis.    

Fig. 3. Typical pitches of timing belts 

In the subsequent stages of the new belt structures development, designers focused on 

the shape of the belt tooth, on the location of the belt tooth within its width, and in recent 

years, special attention was paid to modern materials used in production, such as the 

CARBON type cord [14-16].   

3 Modelling a timing belt pitch 

The pitch of the timing belt (P) should be selected so that as many teeth of the timing belt 

as possible are involved in the meshing with the pulley. For the majority of timing belts, it 

is assumed that the number of teeth participating in the coupling (meshing) should range 

from ts = 12 to ts = 16. The selection of the pitch from the existing group (Fig. 3) depends on 

the number of transmission gears that we intend to produce. In large-series projects, such as 

servo drives in motor vehicles or bike belts, it is possible to model an appropriate pitch of a 

belt. When performing this task, we begin with the geometric dimensions of the pulleys. 

The diameters of the pulleys (D1, D2) determine the pitch (there should be at least 10 teeth 

at the contact arc). Assuming the pulley contact angle of around 180° we can assume for 

the following formula for the first pulley: t1 = 2 ∙ ts1. If the pulley circumference is noted as 

the product of the number of teeth and the pitch: 
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𝐷1 = 𝑃∙𝑡1π , (1) 

then the pitch: 𝑃 = 𝐷1∙π𝑡1   (2) 

The width of the pulleys (W1, W2) determines the materials used in the belt (cord, 

polymer, fabric coating of the teeth). Torque and pulley rotational speed are input data for 

the modelling, the same as the geometrical dimensions. In the next step, it should be 

considered whether the designed transmission gear is of drive, control or conveying nature. 

Large-series manufacturing is most often dedicated to drive gears, which are characterized 

by lower belt displacement accuracy due to the clearance that occurs between the belt teeth 

and the pulley teeth (L) (Fig. 4).   

Fig. 4. The clearance between the teeth: a) side play, b) tip clearance 

The relative strain  of the tension member should not exceed the relative strain of a 

single pitch 𝜀𝑃 of a belt and should fall into the range of the clearance between the teeth (of

a belt and a pulley).  𝜀𝑃 = 𝐿𝑃          (3) 

Active tension member length on the contact arc: 𝑙𝑜 = 𝑡𝑠  ∙  𝑃                                                     (4)

whereas the absolute strain is equal to the sum of strains of individual belt pitches on the 

contact arc and depends on the mechanical properties of the belt. 

𝑙𝑜 = 𝑙𝑜∙𝐹0𝑊𝐶∙𝐸 = ∑ 𝐿𝑃𝑡𝑠𝑡=1 = 𝑙𝑎 − 𝑙𝑝           (5) 

If the circumferential force Fo and the geometrical dimensions of the transmission 

(pulley diameter D and belt width WC) are determined, then it is only necessary to select 

a belt of appropriate properties of the load-carrying layer (E, assuming that the mechanical 

properties of a belt tension member within limited strain are of elastic nature) or to select 

a special cord for the production. In the case of belt pitch modelling, one can make choice 

from among the available geometric forms of teeth. They are of minor importance. The 

nature of belt and pulley meshing is more important. Tooth tips of a belt must rest on the 

bottom of the pulley teeth spaces (grooves). 
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4 Conclusions 

Studies on the teeth strain on the contact arc of the belt clearly show the change in the size 

of the clearance between the teeth depending on the order of the teeth meshing (Fig. 5). 

Modelling of a proper pitch favours optimization of the structure and, in combination with 

the selection of appropriate materials, contributes to improved durability of the entire 

transmission gear. 

Fig. 5. Clearance between the teeth depending on the order of the teeth meshing 
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