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THE ORIGINAL MOUNT 
 
The photo on the previous page shows the G11 mount as it was before 
the modifications. 
 
This German equatorial mount was equipped with two stepping motors, 
one in right ascension and one in declination. The right ascension motor 
could track at sidereal speed to keep the target object stationary in the 
field of view. The original control box also made it possible to make 
minor movements up to 16X sidereal speed using buttons. 
 
With this mount, tracking made it possible to make visual observations 
with a telescope that could weigh up to 26 kg, for example an 11-inch 
Schmidt-Cassegrain. It was also possible to take photos at short 
exposures and without guiding, such as the Moon, planets and other 
bright objects. 
 
It was not possible to automatically guide with a guiding camera to be 
able to take longer exposures to photograph deep sky objects. It was 
also not possible to quickly move the telescope from one object to 
another using GOTOs. 
 
 

THE MODIFICATIONS 
 

The goal of the project is precisely to correct these 
problems by replacing the motors and adding a 
control box which makes it possible to do 
autoguiding and several other functions, to be able 
to do deep sky astrophotography with long 
exposures. 

CALCULATIONS FOR THE MODIFICATIONS 
 
Each axis of this mount is driven by a worm gear with 360 teeth. 
With a pitch of 64 teeth per inch of diameter, each of the right 
ascension and declination worm gears has a diameter of 5.625 
inches. 
 
It therefore takes 360 revolutions of the worm to make a complete 
360° rotation of the telescope. 
 
The goal is to get perfect guiding with a telescope with at least 
1000mm focal length. In the present case, this is a Maksutov-
Newton with 152 mm aperture and 731 mm focal length, so open to 
F / 4.8. 
 
The following pages show the calculations made with the SKYPIKIT 
MOTOR TESTER TUNER application to find out the characteristics of 
the drive and to choose the right motors and gears to add to each 
axis. 
 
The drives of the two axes, right ascension and declination, are 
identical. The calculations are therefore the same for each of the 
axes. The only difference is that in right ascension, the worm has 
been replaced by a high precision worm from O Vision. 
 
The original stepper motors have been replaced by DC motors with 
Polulu encoder. 
 
 

MOTORIZATION OF THE FOCUSER 
 
The motorization of this telescope also contains the motorization of 
its focuser. See the document on the motorization of a MOONLITE 
focuser. 
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CALCULATIONS FOR THE MODIFICATIONS 
OF THE MOTORIZATION 
 

The data are as follows: 
 
The main gear on each axis has 360 teeth. 
  
Each turn of the worm advances one tooth. 
 
The motor reduction box reduces the speed by 30 X  (precise value 
supplied by the motor manufacturer). 
 
The reduction of the other gears of the system is 5 X since we chose a 
pinion of 16 teeth on the axis of the reduction box of the motor and a 
gear of 80 teeth on the axis of the worm (80 / 16 = 5.0). 
 
The number of steps per revolution of the motor rotor is 64 (quadrature 
encoder at 64 steps / revolution). 
 
At 12 volts, the nominal speed of the DC motor chosen from its 
reduction gearbox is 350 RPM (350 revolutions per minute). 
 
 
  

The results obtained are as follows: 
 
See next page. 
 
The results are calculated with the "Skypikit Motor Tester Tuner" 
application described in another document. 
 
With a nominal voltage of 12 volts, the rotor of the chosen DC motor 
rotates at a speed of 10500 RPM, or 175 revolutions per second. 
 
With this voltage of 12 volts and this speed of 175 revolutions per 
second, the quadrature encoder emits a signal at a rate of 11200 
steps per second. 
 
The sidereal tracking speed corresponds to 40.1095 encoder steps 
per second. 
 
One encoder step corresponds to a resolution of 0.374 arcsec. 
 
The maximum suggested speed of movement (SLEW or GOTO) of 
8960 steps of encoder per second corresponds to a speed of 0.933 
degrees per second for the telescope. 
 
For a slew speed of 1 degree per second, the motor would have to 
run at 9600 steps of encoder per second, which it is able to do. 
 
We finally choose a maximum movement speed (SLEW or GOTO) of 
0.8 degrees per second. This choice also reduces engine noise and 
can reduce wear. 



Motorization of a Losmandy G11 mount 

Calculations for motorization modifications 5 



Motorization of a Losmandy G11 mount 

Assembly of mechanical parts 6 

All the mechanical parts of one axis before mounting. 

Cutting to be done on the U-shaped support. 

Adapter plate for the mount with the holes to be drilled. 

Assembly for one axis. 

Holes for screwing into the existing  
threaded holesof the mount 

3/8 inch diameter 

There is a ball bearing 
here behind the plate 

before 

after 
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Assembly for both axes. 
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Outside view of the control box. 
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Inside view of the control box. 
The PLEIADES boards version 2 were used in this project. 

R. A. Decl. Focus 
Arduino 
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Right ascension control settings 
 
The motor type is "DC servo" since it is the added 
CC Polulu motor with quadrature encoder. 
 
The I2C address of the right ascension controller is 
65 and this controller operates in the sidereal 
reference system. 
 
The sidereal speed of 40.11 steps / second is that 
calculated with the SKYPIKIT MOTOR TESTER 
TUNER application and explained earlier in this 
document. 
 
This last application was also used to calculate the 
maximum GoTo speed of 7680 steps / second 
which corresponds to 0.8 degrees / second. 
 
Since acceleration has the same value as Goto's 
speed, it means that it takes a second to reach 
maximum speed in GoTo. 
 
The negative final approach means that it is 
towards west, in the same direction as tracking. 
 
The PI (proportional-integral) control settings 
were determined with the SKYPIKIT MOTOR 
TESTER TUNER application. See the document on 
this application. 

Configuration page for right ascension settings in the SKYPIKIT FEX application 
which works with COELIX software. 



Motorization of a Losmandy G11 mount 

Adjustment of control settings  (declination) 13 

Declination control settings 
 
The motor type is "DC servo" since it is the added 
CC Polulu motor with quadrature encoder. 
 
The I2C address of the declination controller is 66 
and this controller operates in the fixed reference 
system. 
 
Since the declination drive is similar to the right 
ascension drive , all of the settings values are the 
same except for the positive final approach which 
means that it is towards north. 

Configuration page for declination settings in the SKYPIKIT FEX application which 
works with COELIX software. 
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MoonLite focuser control settings 
 
The Moonlite focuser motor is a 5-wire unipolar stepper 
motor. 
 
We therefore use the Taygeta-3 board with the 
TB67S142NG power driver for unipolar motors. 
 
The focuser's controller I2C address is 68 and this 
controller operates in the fixed reference system. 
 
The other parameters are found by testing with the 
Skypikit Motor Tester Tuner application. 
 
Another document explains in more detail the control of a 
Moonlite focuser. 

Configuration page for the focuser settings in the SKYPIKIT FEX application 
which works with COELIX software. 
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CONTROL PANEL 
 
During use, the SKYPIKIT FEX application 
displays a panel that allows the control of the 
telescope. 
 
This panel allows to make the connection, to 
choose the terrestrial hemisphere where we 
are and the side of the optical tube compared 
to a German equatorial mount. 
 
You can also adjust the tracking speed as well as 
the speed of the autoguiding corrections in % of 
the sidereal speed. 
 
We can finally make manual corrections by step 
(move by step) or during the time that we click 
on the direction buttons. 
 
The panel gives us information about the status 
of the control and the coordinates of the 
telescope. 

Control panel of the SKYPIKIT FEX program  (old version 2). 
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MOUNT COMPLETED AND 
AUTOGUIDING TESTS 
 
Here is finally the completed G11 mount with its new control 
box, its new handbox and its new motors added. 
 
The tests were carried out with a StarShoot Autoguider guide 
camera at the focal point of a SkyWatcher 80ED telescope with 
a focal length of 600 mm. 
 
At this scale, a 5.2 µm guide camera pixel is equivalent to 1.79 
arcsec. 
 
A star of magnitude 6 was used as the guide star, with 
acquisition times of 0.2 seconds. 
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These tests give typical results obtained with the 
PHD2 Guiding autoguiding software for a period of 
approximately 2 minutes. The curves show the 
measured positions and the bars show the 
autoguiding corrections of the Orion StarShoot 
Autoguider guide camera in On-camera mode. 
 
The total RMS of 0.73 '' means that the star is 
theoretically inside a circle of 0.73 arc seconds radius 
for 68% of the measurements and that it is inside a 
circle of 1.46 arc seconds radius for 95% of the 
measurements. 

With several measurement sequences, the total RMS results were 
variable. The best was 0.65 ’’ and the worst was 1.15 ’’. To get 
these results, the original right ascension worm had to be replaced 
with a high precision "Optical and Vision" worm, otherwise the 
total RMS was around 1.6 ". 
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SOME DEEP SKY IMAGES 
 
The following pages show some images captured with the following 
installation in urban areas (Bortle = 8.5): 
 
Modified Losmandy G11 mount as described in this document; 
 
SBIG ST-8300M CAMERA with filter wheel; 
 
Maksutov-Newton TELESCOPE with 152 mm aperture and 731 mm 
focal length, open at F / 4.8; 
 
GUIDE CAMERA: Orion StarShoot AutoGuider with 5.2 µm pixels; 
 
GUIDE SCOPE: SkyWatcher 80ED with 80 mm aperture and 600 mm 
focal length; 
 
COELIX SOFTWARE with the SKYPIKIT FEX application. 
 
The images obtained show very good results. The stars are fine and 
there are no streaks caused by guidance errors. 
 
There are several causes that can affect the accuracy of the images 
obtained in addition to the guiding: good focus, atmospheric 
turbulence, wind, optical quality, collimation, alignment of the 
mount on the pole, balancing of the mount in all the axes, the 
passage of clouds or planes… 
 
When processing the images, it was necessary to reject a few raw 
images for different reasons, but none were rejected due to 
guiding errors. We can conclude that this modified mount is 
capable of guiding well with the used focal length and could do so 
with at least twice that focal length. 

LIST OF PHOTOS 
 

BUBBLE NEBULA AND M 52 
The open cluster M 52 and the Bubble nebula NGC 7635 in the 
constellation Cepheus. 
North is down. 
 
Exposures in 1X1 binning: 
   124 minutes with the H alpha filter (31 X 240s) 
   26.7 minutes with the red filter (10 X 160s); 
   26.7 minutes with the green filter (10 X 160s); 
   36 minutes with the blue filter (9 X 240s). 
 

PELICAN NEBULA 
Pelican nebula in the constellation Cygnus.  
Total exposure of approximately 4 hours 20 minutes. 
 
Exposures with narrow band filters (5 nm) in 2 X 2 bin:  
  96 minutes with the H alpha filter (24 X 4 minutes)  
  96 minutes with the OIII filter (24 X 4 minutes)  
  96 minutes with the SII filter (24 X 4 minutes)  
Color palette: red = H alpha, green = SII, blue = OIII.  
 
+ 24 minutes of exposure with each of the wide-band RGB filters. 
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