
CALCULATION AND CHOICE OF 
MOTORS AND GEARS 

Guide to making the right choices based on sidereal 
and GoTo speeds required 

Revision 2020.02.26 



Calculations and choice of motors and gears 

Content of the document 2 

CONCEPTION 
Jean Vallières 

 
 

PURPOSE OF THE DOCUMENT 
 

The first thing you need to know before going deeper into the 
project is how fast the motor should rotate to track stars at 
sidereal speed or to move quickly during a GoTo. 
 
To follow the stars and compensate for the Earth's rotation, the 
right ascension axis of the telescope must do one revolution per 
sidereal day, that is to say 23h 56m 04s. 
 
It is therefore necessary to choose a motor and gears capable of 
rotating the telescope at this slow sidereal speed with precision in 
addition to making much faster movements. 
 
For example, if the total reduction of the gear system is 86400, 
the engine will have to spin at 86400 revolutions per sidereal day 
to track the stars, about one revolution per second. 
 
The objective of this document is therefore to show how to 
choose the right motor and the right gears to obtain a reduction 
that will allow sidereal tracking and autoguiding corrections at low 
speed and rapid movements of GoTos. 
 

CONTENT OF THE DOCUMENT 
 
Click on the links to access the content directly 
 
The mechanical parts of the drive system 
   The main gear and the worm 
   The motor and other mechanical components 
 
The calculation of the reduction of the drive system 
 
Required performance of the drive system 
 
Motor type to choose 
    stepper motor 
    DC motor with encoder 
 
Tool to help calculations and choices: SKYPIKIT MOTOR TESTER 
TUNER 
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Gear and worm of the declination axis of a Losmandy G11 mount 
with protective covers removed 

main gear 
(worm gear) 
of 360 teeth 

worm 

flexible coupler 
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80 teeth gear 

16 teeth pinion  

reducer box 30X 

DC motor 

64 steps by turn 
position encoder 

flexible coupler to the 
worm  

Homemade assembly installed on each axis of a 
Losmandy G11 mount 
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CALCULATION OF THE REDUCTION OF THE DRIVE 
SYSTEM 
 
Each element of the drive system contributes to the reduction. We will 
use the example of the G11 mount drive system with the images on the 
previous pages to explain it. 
 
The first reduction in speed comes from the main gear of 360 teeth and 
its worm. The worm must make one revolution for the large gear to 
advance by one tooth, and must therefore make 360 revolutions for the 
telescope axis to make a full revolution. The reduction of this pair is 
therefore 360X. 
 
The second reduction comes from the pair comprising the 80-teeth gear 
and the 16-teeth pinion connected to the output of the motor reduction 
box. The reduction of this pair is equal to the ratio of the number of 
teeth, that is 80/16, which gives 5X. The pinion must make 5 turns for 
the 80-teeth gear to make one. 
 
The next reduction is that of the motor reduction box which contains a 
set of small gears. The value is provided to us by the manufacturer and a 
motor can be sold with a choice of reduction box. The one we used for 
the G11 mount motor has a 30X reduction. The motor rotor must make 
30 turns for the output of its reduction box to make one. 
 
The total reduction of the gear system is the product of the reductions of 
each of its parts, namely: 

360  X  5  X  30  =  54 000 
 
The rotor of the motor must therefore make 54000 turns for the axis of 
the telescope to make one. 

The last reduction we need to know is that of the motor rotation 
encoder, which is calculated in steps per revolution. 
 
The encoder installed on the motor we have chosen is a Hall effect 
encoder which gives us 64 steps per revolution of the motor rotor. 
 
Finally, to know the total reduction in encoder step, we must 
multiply the reduction of the gears by that of the encoder, which 
gives: 

54 000  X  64  =  3 456 000 
 
We therefore detect 3,456,000 steps of encoder per 360 ° rotation 
of the telescope axis. This is what the SKYPIKIT controller needs to 
know to control the motor. 
 
Just for information, this result gives 0.375 second of arc per step of 
encoder, which is a good choice for this small not too expensive 
motor. 
 
 
STEPPER MOTOR 
If you choose a stepper motor instead of a DC motor with encoder, 
you simply replace the number of steps / encoder revolution by the 
number of micro-steps / revolution of the stepper motor. 
 



Calculations and choice of motors and gears 

Required performance 6 

REQUIRED PERFORMANCE OF THE DRIVE SYSTEM 
 
The drive system has two main objectives: 
 
1- Keep the target object well centered and always in the same place in 
the field of vision while observing with the eyepiece or taking a photo, 
despite the movement of the stars in the sky caused by the rotation of 
Earth. This is called tracking in this document and on this site. 
 
2- Move the telescope as quickly as possible from one place to another 
in the sky when you want to change the object to point. This is called 
GoTo in this document and on this site. 
 
 
This may seem obvious at first glance, but it is not so easy to achieve 
since the two objectives must be achieved with the same motor and the 
same gear system. And there is a very big difference in speed between 
that of tracking and that of GoTo. 
 
During tracking, the drive system advances the telescope west at a speed 
of about 15 seconds of arc per second, to keep the star in the same place 
in the field. 
 
During a GoTo, the same motor will for example have to rotate 240 
times faster if we want to move the telescope at the speed of 1 degree 
per second to point at a new celestial object. 
 
It therefore requires a control system and a motor capable of accepting a 
large dynamic range of rotational speeds. 
 

TRACKING PRECISION 
During the tracking movement, the motor advances by steps. 
You need to have the finest or fastest steps possible so that between 
each step, the movement is as small as possible. If the displacement 
is too large, a star can produce drag on the image. 
 
The counterexample would be steps that are too long, say a second 
between each step. In this case, the star would have time to move 
15 seconds of arc in the field between each step, which could cause 
streaks in a photo. 
 
During the tracking movement, the motor advances by steps. 
You need to have the finest or fastest steps possible so that between 
each step, the movement is as small as possible. If the displacement 
is too large, a star can produce drag on the image. 
 
The counterexample would be steps that are too long, say a second 
between each step. In this case, the star would have time to move 
15 seconds of arc in the field between each step, which could cause 
streaks in a photo. 

Focal length Step/second Displacement 

200 mm 10 1.5 arcsec / step 

600 mm 30 0.5 arcsec / step 

1000 mm 50 0.3 arcsec / step 

2000 mm 100 0.15 arcsec / step 

These values are fairly conservative since atmospheric turbulence 
alone can produce a spread of 1 to 4 arcsec depending on the seeing 
conditions. In addition, these displacements are calculated for a star 
on the celestial equator, and would be less for stars located at higher 
declinations. 
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A compromise to do 
Theoretically, one could choose the finest and fastest possible steps to 
reduce the displacement between each step during sidereal tracking, for 
example 1000 steps per second. 
 
But in this case, let's assume that the chosen motor is only capable of 
running at a maximum speed of 10000 steps per second when we want 
to do GoTos. 
 
This means that the speed of GoTo would be 10 times faster than the 
speed of sidereal tracking of around 15 arcsec / second. This would give 
a GoTo speed of only 150 arcsec / second, or 1 degree in 24 seconds, 
which would be far too slow for a GoTo. 
 
If we wanted to be able to make GoTos at the maximum speed of 1 
degree / second, we would have to do GoTos 24 times faster. The 
solution would be to use a gear system giving a reduction 24 times 
lower, and the telescope could move 24 times faster with the same 
maximum motor speed of 10000 steps / second. 
 
However, you should also use a tracking speed 24 times slower, 41.67 
steps / second, which is still good for a focal length up to 1000 mm. 
 
You must therefore find the combination of motor and gears which 
allows at the same time a fairly precise tracking and a fairly fast GoTo 
speed. 
 
If you have a mount with the motors and gears already installed, and you 
do not want to change them, you only have to calculate the number of 
steps / second required for tracking and GoTo. 
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CHOICE OF A BIPOLAR STEPPER MOTOR 
 
As its name suggests, a stepper motor advances one step with each 
pulse from the controller. 
 
A bipolar stepper motor contains two coils (or the equivalent). Each 
coil ends with two wires and this is why this motor is powered by 
four wires of different colors. 

Each time the controller (SKYPIKIT or other) sends a step pulse to the 
motor power driver, the driver transforms this pulse into two signals 
A and B sent to the coils A and B of the motor (see diagram). 
 
If for example, the DIR (direction) pin of the controller connected to 
the driver is at 0 volts, the driver generates a signal B which is ¼ 
period behind signal A, and this will cause the motor to turn 
clockwise . 
 
If the DIR signal is 5 volts, it is signal A which lags behind B and the 
motor will run counterclockwise. 

The fact that signals A and B are out of phase by a quarter of a 
period makes it possible to control the direction of rotation. 
 
In the diagram, the voltage supplied to the coils varies between 0 
and 5 volts. This is just one example. Some motors accept a 
maximum nominal voltage of 12 volts, 24 volts or other. It is 
therefore necessary to choose a power driver capable of supplying 
the voltage required by the motor. 
 
The stepper motors come with different resolutions in steps per 
revolution. For a 400-step motor, it will have to transmit 400 pulses 
so that it makes a 360 ° turn. This motor will thus advance by 0.9 ° 
with each step. 
 

Next page … 

  period     

reduction box 

motor 

motor 

4-wire bipolar stepper motors, with and without reduction box 
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CHOICE OF A BIPOLAR STEPPER MOTOR (CONTINUED) 
 
MAXIMUM MOTOR SPEED AND CURRENT LIMIT 
 
The maximum speed depends on the number of pulses per second (in 
steps or micro-steps) that the motor is able to take without unhooking. 
 
The current I in a motor coil is equal to V / R (voltage in volts divided by 
the resistance of the coil in ohm). For a motor at rest, with resistance 
coils = 24 ohms, the current will be 0.5 amperes (or 500 mA) if the 
voltage supplied by the driver is 12 volts (0.5 = 12/24). 
 
A stepper motor stops working at high speed because it acts as an 
alternator which supplies a voltage opposite to the voltage of the 
driver which tries to supply it. The faster it turns, the more this 
opposite voltage increases, and can end up canceling the driver 
voltage. This simultaneously cancels the current and the motor no 
longer has power. 
 
One trick would be to increase the voltage supplied by the driver to the 
motor so that it can rotate faster before canceling the voltage from the 
driver. But this would risk giving too much current to the coils when 
the motor is at rest (no opposite voltage effect), and completely burn 
it. 
 
Fortunately, now the power drivers are fitted with current limiters 
(even the cheapest ones). You can therefore provide the motor with a 
higher voltage than its nominal voltage so that it can rotate faster (to 
make GoTos), provided that you adjust the current limit well (with a 
potentiometer on the driver) to limit the current when the motor is at 
rest or runs slowly (during tracking). 

The maximum current should never exceed a value equal to the 
nominal voltage of the motor (indicated by the motor manufacturer) 
divided by the resistance of each coil (measured with your 
multimeter). For example 500 mA = 12 volts / 24 ohms. 
 
Consult the guide for your motor power driver to be able to correctly 
adjust the current limit. See the examples in the documents of the 
boards sets. 
 
 
SLOW SPEED, TRACKING PRECISION AND MICRO-STEPS 
 

One solution is to divide the steps into micro-steps to have a smaller 
displacement between each micro-step. Almost all power drivers 
allow this. When the controller sends a pulse to the driver, the driver 
changes the voltage at the coil to advance by one micro-step. 
 
Instead of going directly from 0 volts to 5 volts as in the diagram, the 
voltage will increase by a fraction of 5 volts. If the driver is 
programmed (by jumpers) to make 16 micro-steps per step, it will 
take 16 pulses from the controller to go from 0 to 5 volts per voltage 
jump in steps. However, each jump is not the same but follows an 
approximately sinusoidal curve. These micro voltage jumps also have 
the advantage of making the motor quieter. 
 
Can we increase the precision by 16 X using these micro-steps? Not 
quite. The displacement of the motor is not exactly equal to one 
sixteenth of a step at each micro-step. As a rule in our project, we 
use a precision which increases as the square root of the number of 
micro-steps per step. 
 
For example, if you calculate a gross displacement of 0.1 arcsec per 
micro-step with a driver giving 16 micro-steps / step, your realistic 
tracking precision would rather be 0.4 arcsec (square root of 16 = 4). 
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The period of signal A is the time elapsed between two passages 
from 0 volts to 5 volts. A second detector B which sends a signal to 
pin B is installed close to detector A but out of phase by a quarter of 
a period. Thus, signal B is late or ahead by a quarter of a period 
depending on the direction of rotation, as shown in the following 
image. This is why this type of encoder is called "quadrature 
encoder". 

CHOICE OF A DC MOTOR WITH ENCODER 
 
Controlling a brushed DC motor requires a rotary position encoder 
directly connected to the rotor shaft, in order to know the position 
of the motor. 

reducer 

motor 

encoder 

A rotary optical encoder is made up of a disc engraved with 
numerous lines (often between 100 and 500) and two optical 
detectors (A and B) which detect the passage of these lines when the 
motor is running. 

For example, when detector A detects the light passing between the 
lines, it emits a signal at 5 volts on pin A of the encoder. When an 
opaque stripe passes in front of and hides the light, it emits a signal 
at 0 volts. When the motor is running, the signal on pin A therefore 
alternates between 0 volts and 5 volts at a speed which depends on 
the speed of rotation of the motor and the number of lines. 

The fact that the signals A and B are out of phase by a quarter of a 
period makes it possible to know the direction of rotation. This also 
allows you to count four steps for each period up or down as seen in 
the image. For example, an encoder with a 100-line disc can count 
400 steps per revolution. 
 
Some motors have magnetic Hall effect encoders, but the result is 
similar. However, the resolution is lower (16 to 64 steps per 
revolution instead of 400 to 2000 steps per revolution). 

  period     
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CHOICE OF A DC MOTOR WITH ENCODER 
 
 

MAXIMUM MOTOR SPEED 
 
For a DC motor with encoder, the maximum speed depends on the 
motor model and the maximum voltage that can be supplied without 
damaging it (called the manufacturer's nominal voltage). It also depends 
on the maximum number of steps per second that the encoder can 
generate and that the controller can detect. 
 
 

SLOW SPEED AND TRACKING ACCURACY 
 
We saw in the required performance section that it was necessary to 
limit the movement of the star between each step, for example to a 
maximum displacement of 0.5 arcsec per step with a focal length of 600 
mm. 
 
There are two ways to decrease the displacement in steps: 
 
1- Increase the tracking speed in steps / second and increase the 
reduction of the gears. But this will decrease your maximum GoTo speed 
as we have seen. 
 
2- Use a rotary encoder with a greater number of steps per revolution. 
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HELP TOOL FOR 
CALCULATING GEARS 
AND CHOOSING 
MOTORS 
 
In addition to testing the motors, 
the SKYPIKIT MOTOR TESTER 
TUNER application offers the 
possibility of instantly calculating 
the results obtained with various 
combinations of gears and motors. 
 
You can try until you get the 
results you want. 
 
The example shown on the left 
corresponds to the motorization 
of the G11 mount explained at the 
beginning of this document. 
 
You will find all the necessary 
information in the documentation 
of this application. 
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END 


