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Abstract. This paper is dealing with the evaluation of friction in timing chains. Benchmarking friction is 
based on the experimentally determined friction losses in basic chain drives with transmission ratio i=1. This 
friction is not including friction losses in bearings. These results should be used, in the simplest manner, in 
order to evaluate friction in timing chains (i = 2).  We are presenting the theoretical approach and experimental 
validation that have been developed for the timing chain drives, with transmission ratio i = 2. Friction losses 
are presented as resistant friction torques at the input shaft, depending on input rotational speed and tensioning 
force in the chain drive.  

1 Introduction  
This scientific research is developed in the frame of the 
20/20/20 goals stipulated by the Directive for Energy 
Eficiency of the European Union (2012/27/UE). This 
imposes the goals of automotive industry for year 2020. 
Targets in the equivalent CO2 emissions and fuel 
economy have been set. American standards CAFE 
(Corporate Average Fuel Economy) are imposing a one 
third reduction of fuel consumption, compared to year 
2008. European Commission set a goal for 2021 of 
average CO2 emissions of 95 grams CO2 / km for the 
whole fleet produced in 2020. This means an average fuel 
consumption of 4.1 l petrol/100 km or 3.6 l Diesel/100 
km.  

Benchmarking friction in timing chains is only a little 
step in the direction of reducing the losses in the timing 
system of the combustion engine. According to [1-4] 30–
35% of the fuel energy consumed in automobiles are 
needed to overcome friction in the combustion engine 
systems.  

Very few results on chain drive friction have been 
found in literature. Reference [5] presents a rig, and 
experimental results on the contribution of guides and 
chain separately (bearing friction included in chain 
friction) on friction losses in the timing chain drive of a 
combustion engine. The results are not showing any 
influence of speed, oil temperature or tensioning on the 
friction. The rig is consisted of a full engine equipped in 
order to measure separate friction in camshaft, chain and 
the two guides.  

Benchmarking friction in timing chain is defined by: 
the equipment, the procedure of testing friction in a basic 
chain drive and the methodology for processing the 
experimental results. The output should be the data for 
evaluation of the friction in the timing chain depending on 
several variables like: rotational speed, tensioning, torque 
at the camshaft, parameters of the lubrication. 

The research developed at Transilvania University of 
Brasov is using the rig presented in [6] with an image and 
the diagram presented in Figure 1. 

               

Fig. 1. Image and functional diagram of the chain friction rig 
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In the format presented in Figure 1, the rig measures 
the input torque T (global friction torque), for a basic 
chain drive with i = 1, identical chain sprockets with 
number of teeth z1 = z2 = 23, chain with 64 links, different 
rotation speed n in the range 500…5000 rot/min, different 
tensioning of the chain drive F and different temperature 
of the 5W30 oil for chain lubrication.  

 T = Tchain+bearings = Tf chain + T f bearing1 + T f bearing2 (1) 

The rig can be adapted in the format presented in [7], 
in order to measure separately the friction in the two 
bearings, results presented in [8, 9]  

 T = Tbearings = T f bearing1 + T f bearing2. (2) 

Friction in chain results from extracting the measured 
friction torque in bearings from the measured global 
friction torque 

 Tf chain = Tchain+bearings  - Tbearings (3) 

More details on the testing procedure are presented in 
[7].  

2 Theoretical approach on chain friction 
In the theoretical approaches of chain friction, the 
literature is generally considering only the friction in the 
cylindrical joints between links.  The other possible 
friction between links and sprockets is considered 
negligible. The approaches presented in [10, 11] are 
calculating mechanical efficiency or power loss by 
friction, but not the resulted friction torque.  

For the following theoretical approach, we consider a  
a chain transmission with two sprockets, tensioning with 
variable centre distance, transmission ratio i. Figure 2 
presents the calculus diagram with a detail of a cylindrical 
joint with friction. A silent chain is presented but the 
results are valid also for bush and roller chains. 

Friction losses appear in points 1’ and 1” (entering and 
exiting the driving sprocket 1) and also in points 2’ and 2” 
(entering and exiting the driven sprocket 2).  

The friction forces in joints 1’, 1”, 2’ and 2”, Ff y, result 
as: 

 𝐹𝐹𝑓𝑓𝑓𝑓 =  ∙ 𝐹𝐹𝑓𝑓  , (4) 

where: µ is the friction coeficient between bolt and link, 
Fy is the force along the chain (F1 – for points 1” and 2”, 
F2 – for points 1’ and 2’, 

In all these points there is a relative rotation of the link 
on the bolt. If θ = 360°/z1 is the angular pitch of the driving 
sprocket 1, for a rotation with angle θ of the driving 
sprocket 1, in each point 1’ and 1” we will have a relative 
rotation with angle θ of the link on the bolt. In each point 
2’ and 2” we will have a relative rotation with angle θ/i 
(360°/z2 – angular pitch of sprocket 2) of the link on the 
bolt.  

For a rotation with angle θ of the driving sprocket 1, 
the mechanical work Lf y of the friction forces, in joints 1’, 
1”, 2’ and 2” results as: 

 𝐿𝐿𝑓𝑓 1′ = 𝐹𝐹𝑓𝑓1′ ∙ 𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃 =  ∙ 𝐹𝐹2

𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃  , for joint1’ (5) 

 𝐿𝐿𝑓𝑓 1′′ = 𝐹𝐹𝑓𝑓1′′ ∙ 𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃 =  ∙ 𝐹𝐹1

𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃  , for joint1” (6) 

 𝐿𝐿𝑓𝑓 2′ = 𝐹𝐹𝑓𝑓2′ ∙ 𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃

𝑖𝑖 =  ∙ 𝐹𝐹2
𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃

𝑖𝑖   , for joint 2’ (7) 

 𝐿𝐿𝑓𝑓 2′′ = 𝐹𝐹𝑓𝑓2′′ ∙ 𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃

𝑖𝑖 =  ∙ 𝐹𝐹1
𝑑𝑑𝑏𝑏
2 ∙ 𝜃𝜃

𝑖𝑖   , for joint 2” (8) 

where db is the diameter of the bolt. 

 

 
Fig. 2. Diagram of friction losses in chain drives 

 
The friction torque reduced at the driving sprocket 1 

results by equalizing the sum of mechanical works of 
friction forces with the mechanical work of the friction 
torque at the driving sprocket Tf θ:  

 𝑇𝑇𝑓𝑓 = ∑ 𝐿𝐿𝑓𝑓𝑓𝑓
𝜃𝜃 =  

(𝐹𝐹1+𝐹𝐹2)𝑑𝑑𝑏𝑏
2 ∙𝜃𝜃(1+1

𝑖𝑖 )
𝜃𝜃 = 

 = (𝐹𝐹1 + 𝐹𝐹2) 𝑑𝑑𝑏𝑏
2 (1 + 1

𝑖𝑖)  (9) 

Depending on the tensioning force, which can be 
aproximated as  F = (F1+F2) cosγ, the friction torque is: 
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 𝑇𝑇𝑓𝑓 = 𝐹𝐹 𝑑𝑑𝑏𝑏
2 (1 + 1

𝑖𝑖) cosγ. (9) 

For i = 1, γ = 0 

 𝑇𝑇𝑓𝑓 (𝑖𝑖=1) = 𝐹𝐹𝑑𝑑𝑏𝑏 . (10) 

For i = 2,  

 𝑇𝑇𝑓𝑓 (𝑖𝑖=2) = 0.75𝐹𝐹𝑑𝑑𝑏𝑏cosγ = 0.75𝑇𝑇𝑓𝑓 (𝑖𝑖=1)cosγ. (11) 

The power loss by friction is 

 𝑃𝑃𝑓𝑓 = 𝑇𝑇𝑓𝑓𝜔𝜔 = 𝐹𝐹𝜔𝜔 𝑑𝑑𝑏𝑏
2 (1 + 1

𝑖𝑖) cosγ. (12) 

where ω is the angular speed of the driving sprocket. 
As it can be noticed from equations (9) and (12), from 

the theoretical point of view, the friction torque and the 
power loss doesn’t depend on number of teeth or chain 
pitch, but they are directly depending on friction 
coefficient, bolt diameter and initial tensioning. 

3 Experimental results. Validation 
Figure 3 presents the diagrams determining chain friction 
Tf chain by extracting the measured friction torque in 
bearings T bearings from the measured global friction torque 
T chain+bearings (see eq. (3)). The values of all the torques are 
presented as percentage of the value of Tf chain resulted for 
n = 500 rot/min and F = 1 kN.  

 𝑇𝑇% = 𝑇𝑇 𝑇𝑇𝑓𝑓𝑓𝑓ℎ𝑎𝑎𝑖𝑖𝑎𝑎 (𝑎𝑎=500 𝑟𝑟𝑟𝑟𝑟𝑟/𝑚𝑚𝑖𝑖𝑎𝑎,   𝐹𝐹=1𝑘𝑘𝑘𝑘) ⁄ 100. (13) 

For a good comparison, the diagrams from Figure 3 
have the same scale. The results presented in Figure 3 are 
from the testing of a basic silent chain drive (i=1) with a 
pitch of 6.35 mm [12], at a temperature of chain oil of 90 
°C and a temperature of bearings oil of 50 °C, for two 
values of tensioning. The results show that:  
• Friction torque in chain is depending mostly on the 
tensioning, while speed influence is irrelevant; This is 
partially validating the theory (see eq. (10)); 
• Friction in bearings has a very small influence from 
tensioning but an important influence from rotational 
speed. 

For testing friction in the chain drive with i = 2 (like 
the case of timing chains) we used the same chains tested 
at i = 1 (23-23 teeth sprockets, 64 links), replacing one of 
the sprockets with a 46 teeth sprocket (see Figure 4). 

Due to the fact that the upper bearings are working at 
half the speed of the diving shaft (lower bearings), we 
needed to measure the bearings friction also for input 
rotational speeds at half the values from initial testing, in 
the range 250…2500 rot/min. Because we only measure 
the sum of bearing friction of the two bearings at the same 
rotational speed Tbearings (n), we calculated the bearings 
friction from situation with i = 2 as  

𝑇𝑇𝑏𝑏𝑏𝑏𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 (𝑖𝑖=2)(𝑛𝑛) = 𝑇𝑇𝑓𝑓𝑏𝑏𝑏𝑏𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖1 (𝑛𝑛) + 1
𝑖𝑖 𝑇𝑇𝑓𝑓𝑏𝑏𝑏𝑏𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖2 (𝑛𝑛/2) = 

 1
2 𝑇𝑇𝑏𝑏𝑏𝑏𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 (𝑖𝑖=1)(𝑛𝑛)+ 1

4 𝑇𝑇𝑓𝑓𝑏𝑏𝑏𝑏𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖(𝑖𝑖=1) (𝑛𝑛/2) . (14) 

 
 

 

 
Fig. 3. Chain friction determined by subtracting bearings from 
global friction 

 

Fig. 4. Testing chain drive with i = 2 
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Equation (14) is based on the following assumptions: 
• Friction in the two bearings are equal; 
• Tbearings (i=2) is calculated as torque at the input (driving) 
shaft so the friction torque at upper bearing Tbearing2 must 
be reduced at the input shaft by multiplying with 1/i. 

Chain friction for i = 2 situation is calculated by 
subtracting the bearings friction Tbearings (i=2) (eq. (14)) 
from the measured global friction Tchain+bearings (i=2)  Figure 
5 presents the resulted friction torques measured for i = 2, 
for two type of chains [12] (a – bush chain with 7 mm 
pitch, 7B and b – silent chain with 6.35 mm pitch, 6S).  
Measurements have been made at a temperature of chain 
oil of 90 °C and a temperature of bearings oil of 50 °C, 
for two values of tensioning.  

There are also presented, for comparison, the chain 
friction resulted for i = 1 situation and the theoretical 
calculus of Tf (i=2)  depending on measured Tf (i=1) (see eq. 
(11)). For our calculus cos γ = 0.9781.  For each diagram, 
the values of all the torques are presented as percentage of 
the value of Tf chain i=2 measured for n = 500 rot/min and F 
= 1 kN. 

 

 
a 

 
b 

Fig. 5. Chain friction for i = 2 

The comparison between the measured i = 2 situation 
and the resulted from i = 1 measurements shows very 
close values for all the range of rotational speed and 
tensioning. This is validating the calculated chain friction 
Tf (i=2)  depending on measured Tf (i=1) (see eq. (11)). 

4 Conclusion  

A very simple equation is linking the friction measured on 
a basic transmission with the case of the timing chain (i = 
2). The next research for benchmarking friction in chain 
drives should focus on the following directions: 
• guide friction contribution to the global friction of the 
chain drive; 
• optimizing the initial tensioning, this being the main 
parameter influencing chain friction. 
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