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This article gives an overview of how the different parameters impact the working of slide bearings normally used in 
Dobson Alt-Az mounts. There is a lot of discussion about this topic, but this is more often referring to what others have 
done in the past rather than being based on the underlying physics. When dimensioning slide bearings for a new system, 
it is better to understand how they work than to revert to trial and error.  
 
An "Alt-Az" mount like a Dobson has two axes of rotation, one allows movement in Azimuth or Horizontal direction and 
the other allows Altitude or Elevation adjustment. The Alt-Az coordinates is normally referenced to our earth location 
(zenith and horizon), while the Hor-Ele coordinates are more related to the telescope system. Ideally both coordinate 
systems coincide, but usually there is some misalignment. Since we are discussing a telescope mounting I prefer using 
Hor-Ele coordinates. 
 

 
Example of Dobson mount (Obsession 12.5") 

 
The Elevation bearings usually consist of two Trunnions sliding over 4 patches of bearing material stuck to the Rocker 
box. The trunnion surface is (part of) a circle about the Elevation axis. 
Ideally all 4 bearing patches are equally well in contact and take each ¼th of the total load. This load is determined by 
the total weight of whatever is attached to the trunnions (the Optical Tube Assembly - OTA), including the trunnions 
themselves.  
The surface of the trunnions that slides over the patches is usually some form of formica (e.g. "Ebony Star"), although 
other materials could also be used. The bearing patches are usually made of PTFE ("Teflon") because of its small 
difference between static and kinetic friction coefficients. This small difference results in marginal stick-slip behavior 
and smoother tracking control at high magnifications. 
 



The Horizontal bearings consist of three patches of the same bearing material on the Base board, distributed evenly in a 
circle about the Hor axis. This axis is mostly implemented as a pin that fixes the rocker box laterally, although other 
solutions are possible.   
 
For smoothest operation of a Dobson Alt-Az mount it is required to have: 

• Low stiction and  

• Equal forces for moving in horizontal and elevation direction.  
 
The first requirement is mostly related to the choice of materials, while the second is influenced most by proper 
dimensioning. 

Choice of materials 
As said, the bearing material that is most commonly used is PTFE. The counter material that has received almost 
mythical status is Ebony Star. This is a formica-like material used for tabletops featuring a structured (pebbled) surface.  
The recommended load for Ebony Star based bearings is usually stated as 15 PSI (≈100 kPa). This load recommendation 
disrespects the effect of the Ebony Star pebbled surface structure, which increases the effective load considerably.  
 
Considering that the effective contact area of Ebony Star is probably about 10% or so, the 15 PSI recommendation 
equals an effective loading 10 times as large, i.e. 1 MPa. When other materials (structured or not) are used, this 
increased effective loading should be taken into account when calculating bearing patch size.  
 
The friction coefficient (μ) of PTFE decreases with increasing load according to the following estimation [2]: 
 

𝝁 = 0.06 ∙ 𝑷−0.06 (1) 
 
where P is the contact pressure [Pa] and the counter material is polished stainless steel. 
 
The required minimum loading for low and consistent μ is approximately 0.1 MPa, while the recommended maximum 
load for pure PTFE is about 7 MPa 1. The friction coefficient μ then ranges from 0.030 down to 0.023. For practical 
purposes (pressure ranges) the value can be considered more or less constant. 
 
As a more realistic value μ ≈ 0.05 will be used in calculations. 
 

                                                                 
1 Above 7 MPa the deformation changes from elastic into plastic, and hence may become permanent [1], note that other sources 
state 27 MPa as limit [2]. The maximum load depends on other parameters, e.g. it decreases with increasing temperature. 



Dimensioning of the bearings 

 
Schematic overview of a Dobson mount 

 

Elevation bearings 

The perpendicular effective loading P [Pa] of the Elevation bearings is determined by three factors: 

• The total weight m [kg] of everything attached to the Trunnions 

• The total contact area A [m2] of the four bearings 

• Angle α of the bearings with the vertical 
 
The load is calculated as follows: 
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In this equation g is the gravitational acceleration constant, approximately 10 m/s2  
 
The weight in practice varies within a range, where the minimum is determined by the simplest configuration and the 
maximum by accessories such as imaging equipment, binoviewer etc. As we have seen, the loading of the bearings 
should approximately be between 0.1 and 7 MPa, taking into account the effective contact area of the used bearing 
counter material. 
 
The total friction force Ff in the Elevation bearing can be calculated as follows: 
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So the friction force is proportional to the weight m, and has an inverse dependency on the angle α of the bearing 
location. Higher separation angle leads to increased normal force on the bearing, and hence increased friction. The 
weight usually is a given, but the angle can be used to effectively adjust the amount of friction that is required. 
 
The required pushing force in elevation direction is further decreased by the ratio of bearing radius (Rele) and the 
distance of the pushing point to the Elevation axis (Rpsh). This pushing point is usually close to where the eyepiece is. 
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Calculated example: 

1. We want to experience about 0.5 kg of force when pushing the telescope in Elevation direction, this amounts 
to approximately: 
Fpsh = m·g ≈ 5 N. 

2. When the pushing point is Rpsh=1.2 m from the Elevation axis and the bearing radius Rele=0.2 m, the friction 
force should be: 
Ff = 30 N (eq. 4)  

3. Assuming a friction coefficient of μ=0.05, the normal force on the bearings is: 
Fn = 600 N (eq. 3)  

4. When the OTA weighs 30 kg, the bearing separation half-angle should be: 
α = 60˚ (eq. 3) 

5. To keep the loading of the bearings within range (> 1 MPa), the maximum total effective bearing area should 
be: 
A < 600 mm2, or 150 mm2 per bearing (eq. 2) 
(note that this area should be enlarged when surface structure lowers the effective contact area) 

 

Horizontal bearings 

 The patches in the Horizontal bearing are pointing along the gravitation vector, so the calculation of the friction force 
reduces to: 
 

𝑭𝒇 = 𝝁 ∙ 𝒎 ∙ 𝒈 = 𝝁 ∙ 𝑭𝒏  (5) 

 
The total weight m [kg] now also has to include the weight of the Rocker assembly. 
 
The pushing force in Horizontal direction is now also dependent on the cosine of the elevation angle; when pointing 
nearer to the zenith the required force increases: 
  

𝑭𝒉𝒐𝒓 = 𝑭𝒇 ∙
𝑹𝒉𝒐𝒓

𝑹𝒑𝒔𝒉∙𝐜𝐨𝐬(𝒆𝒍𝒆)
  (6) 

 
When the force is optimized for a certain elevation angle, the horizontal bearing radius must be corrected with regard 
to the elevation bearing radius by a factor approximately equal to the cosine of this elevation angle.  
So for example in case of 45˚ elevation this means that Rhor ≈ 0.7 · Rele. Considering the added weight of the rocker, the 
reduction of the radius should be even more. 
 
Calculated example: 

• We want to experience the same force in Hor as in Ele direction, i.e. 5 N 

• An Elevation angle of 45˚ implies that Rhor is  
cos(45˚) · 0.2 m = 0.14 m 

• Assuming additional Rocker weight of 3 kg, a further reduction factor is needed, 
30/(3+30) = 0.9, so  
Rhor = 0.9 · 0.14 m ≈ 0.12 m 
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