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Taking guided CCD images with a telescope/camera combination presents unique challenges in
every configuration. Some are easy to overcome, some not sddrasgoal of taking a good astro
image is to produce round sta¥ghen using one telescope/camiyataking the image, and another
telescope/camera for guiding the imaging commboyemenbetween the two systems can cause stars to
be elongated inthe exposedimaBee c ause t he two t el es c(@liffeeestialc an a
flexure)and have many places where this flex can occur, it can be hard to find and eliminate.

Another issues guiding behind your filters. When using a SBIG dual chip camerainsaging
through the clear filter, yowguide stamay be bright enough for good guiding, but when the blue filter
is used, the star is to dim to guide tins even worse if using narrdand filters, as they attenuate the
guide stamany times more than the blue filter.

Every telescope has a c erdrtaddstanmebenind d defméd u s a |
spot on the telescope where the image plane (in focus point) existst poititathe camera chip needs
to be perfectly square with the optical path to prevent distortion of the image. If your image train
components are shorter than that distance, then the focus tube (refractor) will be extended to place the
chip at the focusqint. Witht o d #agg® chip cameras and even larger filter wheels, the weight that
must be supported by that extended focus tube can easilyli®b8. This can cause the focus tube to
Afl exo0 as the telescope tr achip®bexane tiitadon thetopticab k y &
planeresulting in distorted stars especially in the corners of the idieie is an example of focuser
A s aag Irotatedny camera through 180 degrees. Note the changing collimatioouawature
numbers in the tofeft corners.
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|l mages taken at An900 degrees PA

|l mages taken at #1800 degree PA

These are averages of 4 images each taken one after the other, at the same RA/DEC, and
processed in CCD Inspwr. The focuser sag follows the heavy side of the camera/filter wheel.
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One approach t o erlsagandthafitarissge at theadme finie) isstocuge an
Off-Axis Guider (OAG) and guide on the same optical path as the main telesecopedcare using, and
guide in front of the filters.

The Takahashi FSQO6N has 120mr 4 . dfdackfocus as measured from the
camera/eyepiece side of the Camera Angle Adjuster (CA&amera/filter wheel combo will easily fit
inside this distance. | wéed to use an OAG to eliminate the flexure component and filter issue, but
most that | found were rather long and had a small diameter opening that would vignette the larger
chips After addingup all the distances fadapters to get between the differdmead sizes, the total
length of the image train would not fit within the backfocus requirem&ntimportant requirement for
an OAG to work properly is that the distance from the main imaging chip to the OAG pickoff mirror or
prism, must be equal todfdistance from the pickoff mirror or prism to the guider chipny OAGs
have the distance from the pickoff mirror to the top guider port fixed and quite long. This uses up the
backfocus of the FSQ and prevents the cameras from reaching focus.
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Then Italked to Don Goldman at AIC about his newly desigMetsterMOAG (OAG) It has a
large 65mm opening to accommodath e current | arge chip camer as,
of very little of the precious backfocus distance. It also has a chhlfegguider port so you can shorten
the pickoff mirror/prism to guide chip distance as wiethn has adapters for many telescope/camera
connections, allowing the MonsterMOAG to be used with a variety of equipMerg.information on
the MonsterMOAG canbeound on Donds website

http://www.astrodon.com/documentation/documentation.cim?DocID=13

Now that | hadall the components to guide and image in front of my filtexs ot be concerned
with differential flexure, | turned my attention to eliminating all the remaining places where
movementsagcan affect the tilt of the camera on the focal plane. The two remaining locations that can
cause shifting on the image plane tim@4 docuser and the CAA. With the weight of the larger cameras
and filter wheels, the focus tube has more stress placegdapd it can move since it was probably
adjusted for an eyepiece weight. | found my focuser to be quite loose and that neseletiminated.

One way tacheck to see if your focuser is loogewith the camera/filter wheeemovedand the focus

tube extended tabout3/4 of thefull focus trave] hold theCAA in one hand and try and gently move it
up and down, and side to sidieyou feel any movement, you could probably benefit from an
adjustment. | talked with Fred at Texas Nautical and he gave instructions on how to do just that. The
following is how | mademy adjustments based bis instructions:
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1. Remove the focuser lock expose the 4 setscrews.

Use a 5/1@\llen wrench to make the adjustments.

Takahashi uses a glue to seal over the top of the setscrew, so to get the allen wrench to go in,

you need to put a drop or two of acetone on each setscrew to dissolve the glue.

4. Startby tightening thdront mostsetscrew(closest to front of FSQrst. As little as a 16 of

a turn may be all you need.

Then move to the rearmost setscrew and tighten it the same amount.

Check the focuser for smooth, non binding movement, iiseheck the focuser for

movement by performing the up/down, side to side test.

7. If it all feels nice and tight with no play, then tighten the two inner setscrews the same
amount as the front and back and recheck the focuser for a smooth, non bindingingy s
movement.

8. You are now done and the focuser should be nice and tight and not move under the weight of

the camera/filter wheel.
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The second place that can shift and cause the camera to tilt on the image plane is the CAA. If it loose,
you will be able to feel it move when the camera/filter wheel is installed. It is very easy to adjust out and

can be done per the following:

1. If you suspect or feel any looseness in your CAA, first remove it from the telescope by

tightening the rotator lock artien unscrewing it off the scope.
2. After you have it off, loosen the rotator lock and place your thumb on the outside of the

CAA and your fingers on the inside (the part that rotates).
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3. Move your fingers in and out to feel the play that may be there.

4. To adjust the play out of the CAA, youwillneed@®5 060 al |l en wrench. Thi
usually included in the standafdlen wrench set, sodrdereda smallset fran Wiha Quality
ToolsT http://www.wihatools.com/ patt # 2639

5. There are three (3) O0.réahibgiinglofdhe CAAelbacsenr e ws i

them all with the hex wrench.
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6. After all three setscrews have bdeasenedthe silverretainingring will rotate, as itis just
screwed on to the CAANhen tightenedt applies additional pressure to the inssgéndle
that rotates, removingthepladyi ght en and check the rotati ol
the innerspindleat all with your fingers, then you prdiig have it too tight. Back off the
silver retaining ring just a small amount until the rotat®smooth, but the play is gone.
Then retighten the 3 set screws and you are done.

7. The following picture showremoval of the retaining ring artde disasserbnled4 parts of
the CAA.
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Now that all the parts that could cause unwanted tilt have been tightened, it is time to re
assemble the FSQ image train and add the MonsterMOAG.
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I image with a SBIGSTL-11000XM and a SBIG FWS8 filter vael. Whik not the largest chip
out there, still a good size and the ST1000/FWS8 is a heavy payloatlh minimize the backfocus
taken up by the MMOAG, two adapters were fabricated for the dMOAG-CAA connection that
only takes up @75 oQnescrews into the fraradapter plate of the FW8 filter wheel and then attaches
to the MMOAG.The second connects the MMOAG directly to the CARe addition of the
MonsterMOAG (MMOAG), plus adapters and camera/filter wheel, take up all but ab6860.60 f t h e
4. 720 b astakcé (Measuredlistances in the chart below)ise a Robofocus on my FSQ and
that requires no additional backfocl$ie 0.6@0 o f f o c u s sfdr abaut 2600 staps acnany n t
Robofocus. This is plentyo accommodate changes due to temperaturggsvand still allows enough
travel to Atr ai n -tutves withéacuskla.rTibe MMOAG idithe perfecgsolition
for my guiding needs. It all fits into the 120mm backfocus limitation of my-ESEN, and | have no

flexure at all. The addition f Don Gol dmandés Takometer for aut on

remote controlled imaging setup

Mechanical
Equipment Back Focus
Distance (in)

1 SLT-11K 1.559
2 Fws 0.350
3 STL-MMOAG Adapter 0.055
4 MMOAG 1.228
5 MMOAG-CAA Adapter 0.620
6 Takometer 0.250

Total from back of CAA 4.052

120mm BF converted to
inches 4.724

Backfocus available 0.662

The MMOAG is very easy to install as it uses 4eetws for attaching each adapter. After |
installed the MMOAG, | used a square to place the guiding camera 180 degrees from the internal
guidechip of the ST111K. This makes it easier to create your FOVI in TheSky6 for finding guidestars.

Here are a feamages of all the parts assembled and ready to be remounted, and a screen
capture of my FOVI from TheSky®6also included a couple of views lebw it looks as it sits on my
160 RCOByou areurgirgy to solve a flexure issue, need long guidedsexpe for narrowband
imaging, or are just considering adding a guidescope to your, $ke&uphere is an alternative worth
considering.
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A closeup that shows how little backfocus the adapters take up.

-
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Here is the FSQ back on the mount having just finished a focublota that there is an
adequate amount of focus tube travel remaining to handle temperature changes and stay in focus.
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Using theMM OAG with a rotator allows you to easily frame your target and find the perfect
guide staras you now have complete control of all aspects of the imaging equigtieeatis an
example of onef my autoguider logs after the MMOAG installation. The two red blocks to the right of
the center poinbn the left hand chavtere the dither staring point and the first correction. After that,
you can see the RMS and peak to peak values that were padathaer less than pristine skid$e
guiding is now more stable and the camera stays square to the optical plane at all rotational angles. This
has worked out to be the perfect solution to my remote imaging needs.

The first image that | took withhis new setup was an Ha shot of IC405 and IC410. The image is located
on my website here: http://www.skyimager.com/imagedata/IC405410 1218-07.html
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