
 

 

Abstract—This paper deals with the mathematical 

modelling of the normal forces distribution and of the contact 

pressure between the chain and the tensioning guide. In the first 

step, using Hertz theory, it is performed, for two cases, the 

modelling of normal forces distribution on the geared chain 

straps that are in contact with the guide. At the end there are 

presented the conclusions about pressure variations in the 

contact area between the guide and the chain. 
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I. INTRODUCTION 

HE functioning of all mechanical systems, from the 

most common ones to the more complex, assume the 

existence of interactions between elements found in 

relative motion [1].  

From the mechanical point of view, but also from the 

motion point of view, an interaction assumes developing 

forces and moments which allow transmitting power 

from one element to another, ensuring the normal 

functioning of the whole system. In the mean time, any 

interaction will have an energy lost through friction, 

which will manifest at a surface level between elements 

found in interaction, as well as a deterioration source of 

the surfaces found in contact, by developing complex 

wear processes [2]-[5]. 

The chain transmissions are part of the indirect 

mechanical transmissions and serve at motion 

transmission and torsion moment between two or more 

parallel axes [6]. 

II. MODELLING THE CHAIN- GUIDE ENSEMBLE WITH FINITE 

ELEMENTS  

Using the CATIA v5 R19, the geometrical model can 

be achieved. Every component is modelled as a different 

part. The final assembly can be obtained by taking into 

account the contact of geometrical constraints between 

the guide and the links.  

This assembly is imported as geometry in the ANSYS 

15.0 software. 

The finite elements method (FEM) is a numerical 

method used to solve equations with partial derivatives 

of physical systems with an infinite number of freedom 

degrees [7], [8].  

By applying this method, these equations with partial 

derivatives are reduced to systems with algebraic 

equations, meaning to a discrete system with a finite 

number of freedom degrees [9]. 

In Fig. 1 is presented the model of a guide chain 

ensemble, which highlights the elements that are treated 

in this study. 

 

 
Fig.1. Guide - chain ensemble: 

1- interior link; 2- guiding sprockets links; 3- bolts; 4- exterior 

link; 5- tensioning guide; 6- pressure elements. 

 

The numerical evaluation is made on two models 

connected on a geared chain in order to determine the 

distribution of pressures in the contact zones. 

The two models differ by guide radius and have the 

same value of the guide arrow towards the chain.  

Considering the two arrows of the guide, the number 

of chain links in contact with the guide differ as 

following:  

1) to the guide with the radius of 100 (mm) corresponds 

a medium number of links in contact nz = 6.5;  

2) to the guide with the radius of 150 (mm) corresponds 

a medium number of links in contact nz = 7.5.  
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The normal force applied to the models is Fn = 58 (N). 

 
Fig. 2. Meshing model A. 

 

 
Fig. 3. Meshing model B. 

 

In Fig. 2 and Fig. 3 there are presented the models 

which will be analysed: 

1) model A – guide radius R = 100 (mm);  

2) model B – guide radius R = 150 (mm). 

The links are made from steel with the following 

properties [10]:  

1) Young module E=200000 (MPa); 

2) Tensile Yield Strength σ = 250 (MPa); 

3) Ultimate Strength σr = 460 (MPa); 

4) Density ρ = 7850 (kg∙m
-3

); 

5) Poisson coefficient ν=0.3.  

The guide is made by a PAx type polyamide with the 

mechanical properties as [11]:  

1) Young module E=2800 (MPa); 

2) Tensile Yield Strength σ = 38 (MPa); 

3) Density ρ = 1.29∙10
-9

 (kg∙m
-3

); 

4) Ultimate Strength σr = 70 (MPa); 

5) Poisson coefficient ν=0.42.  

The material properties are used in the finite elements 

modelling of the two ensembles (tensioning guide - 

geared chain) and the results are presented in the 

following steps. 

III. CONTACT PRESSURES STUDY 

The loading mode of the two models and the imposed 

boundary conditions are presented in Fig. 4 where Fn was 

applied normally to the pressure element surface, the 

chain was fixed at both ends with none freedom degrees 

and for the guide there were restricted five freedom 

degrees, allowing the transition only about the z-axis. In 

the Fig. are highlighted the contact zones defined in 

ANSYS software.  

The static characteristic for these models, as well as 

the results of the modelling are presented in the next 

steps. Because of the force which is applied to the A 

model, it is obtained a theoretical distribution which has 

a uniform distribution. The result of the maximum 

displacement is from 0,0177 (mm). 

 

 
Fig. 4. The finite element model 

 

The distribution of the displacements s is shown in 

Fig. 5. 

 

 
Fig. 5. Displacement distribution 

 

Fig. 6 shows the Von Mises stress distribution. On the 

links is a maximum distribution with values accepted of 

σ = 300 (MPa). A maximum of 9.827 (MPa) is 

acceptable – the pressures appeared between links and 

guide.  

 

 
Fig. 6. Von Mises Stress. 
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The distribution of the contact pressure between the 

guide with the radius R = 100 (mm) and the geared chain 

links is represented in the Fig. 7.  

From the Fig. it is observed that the maximum 

pressure of 2.468 (MPa) was found in the action area of 

the normal force applied to the guide. 

 

 
Fig. 7. Pressure distribution for R = 100 (mm) and Fn = 58 (N) 

 

The results of the analyse for the case B, are presented 

below. 

Because of the force which is applied to the B model, 

is obtained a theoretical distribution which has a uniform 

displacement from 0.0224 (mm) – Fig. 8.  

 

 
Fig. 8. Displacement distribution 

 

Fig. 9 shows the Von Mises stress distribution. A 

maximum of 11.272 (MPa) is acceptable – the pressures 

appeared between links and guide. 

The pressure distribution in the contact zones between 

the guide with the radius of R = 150 (mm) and the geared 

chain links is highlighted in the Fig. 10 – the maximum 

value is 2.340 (MPa). 

In order to determine the specific pressure, there were 

read the obtained values on each link found in contact 

with the tensioning guide.  

In Fig. 11 it is presented the position of the links in 

contact with the tensioning guide profile (where l is the 

distance that defines the link`s position in contact with 

the guide, and p is the chain step). 

 

 
Fig. 9. Von Mises Stress. 

 

 
Fig. 10. Pressure distribution for R = 150 (mm) and Fn = 58 (N) 

 

 

 
Fig. 11. Position of the link in contact with the guide profile 

with the radius R = 100 (mm) 

 

The obtained results allowed determining the variation 

diagrams of the contact pressures regarding the link 

position in contact with the guide profile. In the case 

when the guide radius is R = 100 (mm) it can be 

observed that the pressure is maximum in the action zone 

of the normal force applied to the guide; this is shown in 
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Fig. 12 and Fig. 13. 

 
Fig. 12. The contact pressures variation considering the link 

position l/p and the stress force, for R = 100 (mm) in the case of 

guiding and interior links. 

 

 
Fig. 13. The contact pressures variation considering the link 

position l/p and the stress force, for R = 100 (mm) in the case of 

exterior links. 

 

From the Fig. 14 and Fig. 15, where the guide radius is 

R = 150 (mm), it is observed the tendency of a maximum 

local pressure appearance; this is due to the friction 

forces between links and guide. 

 

 
Fig. 14. The contact pressures variation considering the link 

position l/p and the stress force, for R = 150 (mm) in the case 

guiding and interior links. 

 

The diagrams from Fig. 14 and Fig. 15 show that on 

the link moving along the guide, the pressure crosses at 

least one pressure peak having the tendency of having 

another supplementary peak for longer guide contact 

lengths, this suggesting a dynamic character of the 

phenomena produced in the guide-link contact. 

 

 
Fig. 15. The contact pressures variation considering the link 

position l/p and the stress force, for R = 150 (mm) in the case of 

exterior links 

 

To describe the tribological link - guide contact, the 

necessary parameter is the normal force and not the 

maximum pressure determined after the simulations 

presented previously, simulations that consider the 

contact between solids.  

The Hertz model for the solids contacts offers the 

correspondence between the maximum pressure between 

contact and the normal force which determines it. 

The form of the two contact surfaces is shown Fig. 16. 

 

 
Fig. 16. The form of the contact surfaces 

 

In the case of the guide and the geared link, with the 

radius R1 = R, respectively R2 = ∞, the contact length is 

calculated with the relation [12]  
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In the relation (1), F is the normal force on the geared 

links in contact with the guide profile and is determined 

with the relation:  

 

F = π∙a∙b∙pmax  (2) 

 

where: R represents the guide radius; b - width of the 

link; pmax - maximum pressure on the geared link; Ered – 

the reduced Young model on the two elements in contact. 

This is determined by the relation: 
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where: ν1 = 0.42 is the Poisson coefficient for the guide 

material (polyamide PAx); ν2 = 0.3 – Poisson coefficient 

for the geared link material (steel); 4
1 105.2E   – the 

reduced Young model for the guide material; 
6

1 1055.4E   – the reduced Young model for the 

geared link material [13]-[16]. 

 

 
Fig. 17. The specific normal forces on the guiding sprockets 

and interior links with the link`s position l/p and the pressure 

force, for the guide radius R = 100 (mm) 

 

In the Fig. 17 and 18 are represented the specific 

normal forces on the guiding links, interior and exterior, 

depending on the link`s position l/p, for the force Fn 

applied to the guide with the radius R = 100 (mm).  

From the two diagrams it can be observed that on 

some geared links, the specific normal forces are big. 

This aspect can be explained because in those zones acts 

the force Fn applied to the guide. 

The diagrams from the Fig. 19 and 20 present the 

specific normal forces on the guiding links, interior and 

exterior, depending on the link`s position l/p, for the 

three pressure forces applied to the guide with the radius 

R = 150 (mm). Like in the previous case, the specific 

normal forces on the geared links are bigger in the zones 

where the pressure forces act on the guide. 

 
Fig. 18. The specific normal forces on the exterior links 

depending on the link`s position l/p and the pressure force, for 

the guide radius R = 100 (mm) 

 

 
Fig. 19. The specific normal forces on the guiding and 

interior links depending on the link`s position l/p and the 

pressure force, for the guide radius R = 150 (mm) 

 

 
Fig. 20. The specific normal forces on the exterior links 

depending on the link`s position l/p and the pressure force, for 

the guide radius R = 150 (mm) 
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Based on diagrams shown in Fig. 10 and 11 it can be 

concluded that the force depends on the width of the 

links in contact with guide profile. 

IV. CONCLUSION 

The optimal design of the guide chain system should 

follow the achieving of the fluid friction condition in the 

wide domain into a functional operating regime of the 

engine with internal combustion [17], [18]. 

For a guide - chain contact with small contact 

pressures the aim is to increase the number of the links in 

contact with the guide. The number of the links in 

contact with the guide depends on the mounting rise and 

on the guide’s radius.  

By increasing the mounting rise the pushing forces 

will be increased which influences negatively the 

transmission’s efficiency; so, the only way to increase 

the contact links number is to increase the guide’s radius. 

The static analysis of the guide – chain contact 

pressures indicates that one maximum value of the 

contact pressure is placed in the area where the pushing 

force is applied to the guide.  

By increasing the guide’s radius and the number of the 

contact links a supplementary local maximum value of 

the contact pressure appears. The contact pressures 

values are decreasing with the increasing of the guide’s 

radius.  

The von Mises maximum stresses for the two cases are 

situated in articulated areas of the toothed chain. The 

maxim tension was obtained in the articulated end area of 

the chain. 

From the critical analyse of the specific normal forces 

applied on the interior and exterior guiding sprockets 

links, in contact with guide profile, it can be observed: 

1) The maxim specific normal forces have the value up 

to 2 (N/mm). 

2) It does not exist the main difference regarding the 

normal force in the contact between the guide and 

the different links. 

3) For an increased value of the guide’s radius, the 

contact pressure has two local maximum values; this 

indicates the possibility of appearing the resistance 

to the lubricant expulsion from the contact area 

which is important in order to maintain the lubricant 

film. 

4) The pressure distribution is influenced by the 

construction of the chain guide pressing system and 

at the same time it depends on from the contact 

geometry materials and guide geometry 

Considering the analysis and the results reading 

regarding the theoretical distribution of the displacement 

of the two cases analysed, it can be concluded that the 

maximum stress is in the zone where the normal force is 

applied to the guide pressure element. 

From the comparative analysis of the pressures 

variation on the guiding and interior links for the two 

cases it is observed that once the guide radius grows, the 

pressured tend to decrease, this being related to the 

corresponding growth of the medium number of links in 

contact with the guide profile. 
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