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Update on the Automated Telescope Alignment: M1 Actuator Revision

The axial force exerted by the first iteration of the actuators was not 
sufficient to tilt M1 reliably.

A spring was added to lower the axial load on the actuator at high 
elevation. The spring force that was sufficient at high elevation was too 
much at low elevation. The mirror started floating.

A more powerful motor is a better solution than a weak motor plus a 
spring.

E1 will have these more powerful actuators in May  

The actuators can now be installed without the need of removing M1

Commissioning the telescope WFS is ongoing. The software is not ready 
for telescope alignment. 
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The water cooler will also be used to cool the WFS camera on the telescope.

New Finder (ZWO ASI174) and Acquisition (ASI178) Cameras

2-stage Peltier/air cooled CMOS cameras have been rebuilt to be liquid cooled 
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Water Cooler on the Telescopes 

Total power dissipation  by the cameras  < 75 W

The cameras are in parallel
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The heat from the three cameras will be 
dumped to the ambient air through a
heat exchanger mounted under the AO 
enclosure (away from the beams). The 
expected water temperature will be about 1 C 
above ambient.

RADIATOR
OUTSIDE THE 

AO ENCLOSURE

≅ 0.013 𝐶/𝑊

THERMAL RESISTANCE OF THE RADIATOR
vs. LIQUID FLOW RATE AND FANS
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AO REQUIRES BETTER CONTROL OF ALIGNMENT

Recent news:
 Improved Reference Camera software allows more precise setting of the origin, and locating the LED 

targets in the pipes. 
 Confirmed with telescope beacon beams that we could keep the short procedure for night time pop 

changes, if we do the detailed daytime checks more often to prevent drifting of the beam paths into 
obstacles, thus the beams will be free of vignetting.

In progress:
 Better – more objective – control of the alignment laser using cameras. 
 New, brighter alignment laser, quick switch between red and green colors. Ready for use probably 

later this year.         The schematic is in the next slide.

1. Lab-DM + Beam Reducing Telescope systems 
2. The paths through the pipes: M7+M10+pops+periscopes
3. Beacon focus (hinges on labao as focus reference affected by Lab-DM + BRT + cart)
4. …

Directly AO-related additions to maintenance tasks: 
Based on experience so far, here is the top of the list of systems where more detailed daytime checks 
are needed more often to correct for known instabilities
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TWO-COLOR FIBER LASER SETUP SCHEMATICS
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Baseline Solution
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Data is collected “Automatically”. We save cart demand positions and the Alt/Az of the object.
We have now introduced a way to edit the data stream based on SIMBAD information on the object.

15000 data points 4000 data points
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We use IPhase to fit the (x,y,z) position of each telescope across all data.
Internal paths are calculated independently for each POP/BEAM/SCOPE combination.
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RMS Fit error 2865 microns RMS Fit error 2308 microns

Restricting the data to low proper motion stars helps, as one expects.
The question is, what is the best approach to improve objective data editing?
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While adding “swash” terms helps a little, it is 
not clear that there are large dependencies 

on either Azimuth or Elevation
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• The ”best” solution 
from 2017 data 
moves each scope 
by a few mm.

• Some internal paths 
changed by cm.

• In particular W1 got 
shorter and W2 got 
larger and both E1 
and E2 got longer.
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• Restricting the 
data to errors < 
5mm gives a fit 
with an RMS 
error  of 1471 
microns.

• There are places 
where metrology 
has obviously 
failed.

• What are the 
vertical areas?

• What’s causing 
the “wiggles”

• We need a more 
sophisticated 
approach to 
editing the data.
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Photometry
Warm Shutters Vs Sky Backgrounds
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• It should not surprise us 
that there is background 
light in K band.

• Nor is it strange that our 
shutters are warmer than 
the sky.

• The excess from the 
shutters appears to be 
consistently about 4%.

• For very faint calibrators this 
can cause a systematic bias 
making stars appear larger 
than they are.

• How important is this in 
fiber based beam 
combiners?

• Classic/Climb/Fluor 
reduction software can now 
use the “off-star” data, or if 
that isn’t there estimate the 
excess.
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