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Component Parts List

Part Number Description Quantity
1 Battery Boxes 2
2 Lower door top actuator bracket 2
3 Lower Door bottom actuator bracket 1
4 12 volt battery 2
5 Lower door actuator 2
6 Upper door motor control cable 1
7 Upper door sensor box and open and close limit | 1
switches
8 Upper door - open door limit switch bracket (L |1
shaped)
9 Upper door - close door limit switch bracket 1
(flat)
10 Azimuth Control Box 1
11 Azimuth rotation motor (mounted on bracket) 1
12 Upper Door Close Pulley 1
13 Upper Door Open Pulley 1
14 Cable Straps 12
15 Azimuth TIC Sensor Connection Cable 1
16 Manual control box 1
17 Shutter door control box 1
18 Astro-MC Control Software CD 1
19 Azimuth rotation sprocket 1
20 Upper door open and close aircraft cable 2
21 Upper door motor pulley 1
22 Open / Close Cable Tension Springs 2
23 RS-232 to USB converter cable 1
24 Upper door open and close motor 1
25 Azimuth motor power cable (longer of the two) |1
26 Azimuth rotation tic sensor 1
27 Shutter door power cable (shorter of the two) 1
28 Lower shutter door limit switch connector cable |1
29 Motor Mount Bracket 1
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Hardware Parts List

Description #

1/ 40 Button IH1

1/ 40 nylon Lo(H?

1/ 40 Hex Bolt |H3

1/4060 Flat Hea(H4 p—

1/ 40Wing Nut H5 ”

1/ 40 Nyl on WiilH6

1/ 20 Wik Clamp H7

#8 X 12 Metric Socket Head HS

#10-32 Flat Head Machine Screw H9 e

#10-32 Pan Head Machine Screw H10 P (e

#10-32 Nylon Lock Nut H11 =

#10-32 Jam Nut H12 Ot

#8 X 3/8 SS Pan Head Wood Screw | H1.3 ® b

#10 X % Flat Head Wood Screw H14 W

1/720 X 30 CablH15 e

Cable Clamp H16 -
-t
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Construction Overview

There are two separate and distinct phases in the automation of the ExploraDome. We will refer to these as the
motorization phase and the automation phase. Motorization refers to adding the necessary components to open
and close the upper and lower shutter doors and to motorize the azimuth rotation of the ExploraDome itself. The
automation phase will apply computer control to the motorized dome to allow unattended control of both the
opening and closing of the shutters as well as slaving the shutter opening to your telescope, making unattended
observing or imaging possible. ExploraDome packages and sells these Kits separately to allow you to pick and
choose the level of automation that is right for you. It also enables you to progress in stages as your needs grow.

Lower Door Motorization

The lower shutter door is opened and closed utilizing two actuators mounted inside the shutter door. When
power is applied the actuators extend, opening the door. Conversely, as the actuators retract, the door is closed.
Limit switches are utilized to stop the actuators from over extending themselves.
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Upper Door Motorization
The upper shutter doors are controlled by a 12 volt motor, mounted at the top of the dome.

A double pulley mounted on this motor engages two wire cables. One cable provides the force to open the door
and the second cable provides the force to close the door. The cables are mounted to the pulley such that as one
cable is winding on the pulley pulling the door open or closed, the second cable is unwinding providing support
for the door preventing gravity from allowing the door to slide open or closed as it passes the half way point of
its journey. As with the lower door, limit switches are deployed to control stopping the door at the appropriate
spot.

Azimuth Rotation Motorization
The rotation of the dome is accomplished using a 12 volt motor, a gear track, and an acorn sprocket.

The gear track comes in three pieces and is attached to the interior dome skirt. The motor is mounted on a
spring loaded bracket, attached to the upper dome wheel ring. The spring loaded nature of the bracket allows the
tolerance for the acorn sprocket to stay engaged with the gear track in a slightly out of round dome as it rotates.
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Motorization Detailed Instructions

Lower Shutter Door Motorization Instructions
Parts Required:

Part Description Part #
Lower door bottom actuator bracket 1
Actuators 2
Lower door upper actuator bracket 2
I 0 Nylon Wire Clamp|6
Yax 1% SS Hex Bolt 2
Y4 x 2% SS Hex Bolt 2
Y X 1SS Button Head Bolt 5
I A SS Nylson Lock Nui|9
#6-32 X 3/ 8 A SS Pan HS8
#4/ 32 X IJ06 SS Pan He|4
#4/32 SS Nut 4

The first step is to attach the actuators (#5) to the lower door bottom actuator bracket (#3). Use the longer1 / 4 o

Hex Bolts threading the bolt from the outside in and securing the bolt with a 1/4" nylon lock nut. Do not over

tighten this nut as the actuator needs to swivel in the bracket. Next attach the L shaped lower door upper

actuator bracket (#2) to the top of the actuator. Use the shorter 1 / 4 0 BoHsehreading the bolt from the

outside of the actuator through the actuator. Secure this bolt by placing a standard (non nylon) nut and

tightening it to the body of the actuator. Place the lower door upper actuator bracket (#2) on the bolt making

sure that the lower lip of the bracket is pointing out. Thread a nylon locking nut on the bolt and tighten until you

can just swivel the bracket. Next secure the actuator cable withthe51/ 46 Nyl on Wi r e CIl amg
#8 X 12 Metric Socket Head bolts. When complete the assembly should look like Fig 1.

If the Limit Switches are not already installed they fasten to the right side of the lower mounting bracket using 2

ea. #4/ 32 X D0 Pan Head Machi ne Scr e wvitsmohthedctusto’s Nu
for the close signal and the bottom side of the ram for the open signal and the RJ12 box mounts on the side of

the lower mounting bracket with2-# 6/ 32 X 3/ 80 Pan Hea@igMachine Scr

Figure .1

- ® -
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Installing the Lower Shutter Door Actuator Assembly

Place the Actuator mounting bracket under the door opening with the actuators sticking out through the
door opening (Fig 2)

Figure 2

Now raise the bracket up tight under the lip of the door opening, with the actuators sticking out and resting

on the lip of the door opening as seen in (Fig 3). The bracket should be approximately centered in the door

opening. Make sure that the actuator rams clear the dome shutter opening when swiveled. There should be an

equal spacing of the actuator rams with respect to the edge of the door opening. If the distance is not equal slide

the bracket left or right so the distance is equal. Make sure the bracket is flat against the plastic and not being

held out by the plastic in the radius of the corner under the lip of the door opening. Clamp the bracket in place
with two C clamps as shown. Drill the 1/ 40 hol es
Head bolts and nylon lock nuts.

Figure 3
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On the end of the actuator that is attached to the L shaped upper actuator bracket, screw the small ends of the
actuators all the way in and then unscrew them to backthemout 1/ 4060 so you can adju
process. (Fig 4)

Figure 4

Now with the lower door fully closed, extend the actuators out until the front of the mounting bracket is flush

with the top lip of the lower door. If at this point, with the lower door fully shut, the front of the bracket is flush

with the top lip, continue. If not you can adjust the length of the actuator ram. If the bracket does not reach the

top lip, extend the ram by rotating the upper mounting bracket counter clockwise, If the ram is too long, rotate

the upper mounting bracket clockwise, recovering the 1/4" adjustment made earlier. Before drilling the

mounting holes, make sure that the body of the actuator remains square to both the lower actuator bracket and

the door opening and that they clear the inside of the door opening.Dr i | | t he 1/ 406 hol es |
bolt them in place with the 1/4 X 3/4 Button Head Bolts and nylon lock nuts. (Fig 5)

Figure 5

Page | 10



Upper Shutter Door Motorization Instructions

Parts Required:

Part Description Part #
Motor Mount Bracket 29
Upper Door Open and Close Motor 24
Upper Door Motor Pulley 21
Upper Door Open and Close Cables (2) | 20
Upper Door Close Pulley 12
Upper Door Open Pulley 13

1/ 20 X 30 (Dabl e §HI5
Cable Clamp (2) H16

Motor Mount Installation

If you had a shutter door open/close rope assembly installed in the Dome, you will need to remove it.

Depending on when your dome was manufactured, the top of your dome may have a U-shaped, recessed area
where the rope pulley is mounted. If this is the case with your dome, this recessed area needs to be cut out so
the motor bracket can be mounted. A sawzall or hacksaw will work well. Fig 6 shows the recessed area to be

removed after the cuts were made.

Upper Shutter Door

|
Motor Mount Bracket

Figure 6
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If your dome did not have the recessed rope pulley bracket skip to the next paragrapho install the
motor mount bracket you will first need to mark the center of the shutter opening at the top of the dome. The
short side of the motor bracket is the side the motor mounts to. When looking up at the bracket at the top of the
dome, the motor will be mounted on the right side of the bracket as shown in Fig 6. Holding the bracket behind
the lip of the shutter opening, position the bracket so that the motor mount tab is approximately 1 1/4" to the
right of the center mark. Drill 4, 1/4" holes using the bracket as a template. Use 4, 1/4 x 3/4" bolts to attach the
bracket to the dome. Install the motor to the bracket as shown in Fig 6. Install the pulley on the motor shaft.
Notice that the motor shaft has a key and must be aligned with the slot on the pulley. Tighten the set screw on
the pulley to secure it to the motor shaft.

If your dome did not have the recessed rope pulley bracket you simply remove the existing rope pulley bracket
from the top of the Dome. Replace the rope pulley bracket with the motorization systems motor mount bracket
in the same position. The short side of the motor bracket is the side the motor mounts to. When looking up at
the bracket at the top of the dome, the motor will be mounted on the right side of the bracket as shown in Fig 6.
Use 4, 1/4 x 3/4" bolts to attach the bracket. Install the motor to the bracket as shown in Fig 6. Install the
pulley on the motor shaft. Notice that the motor shaft has a key and must be aligned with the slot on the pulley.
Tighten the set screw on the pulley to secure it to the motor shaft.

Door Close Cable Installation

If there is not an existing hole at the top of the dome (behind where the pulley is mounted) for the door close
cable, thendrillal / 4 0 h o | e badk tif theodong tioor bpbniang. This hole needs to align with the
bottom of the right side of the motor pulley where the cable exits the pulley. The pulley is a double sided
pulley. The door close cable is installed on the right side and the door open cable is installed on the left side.
Both cables will exit the pulley over the top of the pulley.

The orientation of the cable to the pulley is critical to the correct operation of the systerBach side of the
pulley has an entrance and exit hole for the cable as well as an access hole for the set screw to secure the
cables. When you install tle cables on the pulley, install one going one direction into the pulley and install
the other cable from the opposite directiorinto the pulley. It doesn't matter which cable enters the pulley
from which side as long as the other cable enters going the agite direction. This ensures that when the
cables are wound over the top of the pulley and the pulley rotates, one cable will be winding on the

pulley and the other will be unwinding from the pulley.

The door close cable will be in the groove on the right side of the pulley and feed over the top of the pulley.
Apply power to the motor and rotate the pulley so the cable entrance hole is on the bottom of the pulley. Fish
the cable through the pulley until the cable end is visible from the cable exit hole. The cable should not be
sticking out the other side of the pulley. Tighten the set screw to secure the cable to the pulley. Once the door
close cable is secure, feed the cable over the top of the right side of the pulley and out through the hole in the
back of the dome. The cable will slide down the back of the dome and come out below the bottom of the
door(Fig 5a).
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This is a good time to install the door open cable onto the pulley keeping in mind the above instructions on
cable direction.

At this point measure the distance of the hole drilled in the dome for the door close cable to exit. This
measurement will be used to drill a hole in the bottom of the shutter door that aligns with the exit hole. Once
you have determined the side-to-side placement of this hole on the shutter door, place the door close pulley on
the shutter door and mark the spot height wise on the door that aligns with where the cable rides in the groove
of the pulley. Drill a 1/4™ hole at this spot.

Open the door about halfway. Place a block of wood between the lip of the door and the dome to hold the door
away from the dome. Slide your hand into this opening and fish the door close cable through this hole in the
shutter door.

Once you have the cable through the hole in the bottom of the shutter door, run the cable onto the pulley and out
the slot on the side of the pulley. Position the pulley on the door so the pulley groove is aligned with the hole
you drilled in the shutter door and secure the pulley to the door with two 1/4 X 3/4" bolts and locking nylon
nuts.
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Measure 7 1/2" to the right of the door close pulley and drill a 3/16" hole. Install the #10/32" x 3/4" machine
screw from the inside of the shutter door and secure it with a non-locking nut. Place the eyelet of the spring over
this screw, then a washer and secure the spring and washer with a nylon locking nut.

Place the door close cable through the eyelet on the other end of the spring. Install the cable stop by inserting
the cable through the cable stop and securing the set screws on both ends of the cable stop. Note: There only
needs to be approximately 1" of cable through the cable stop and approximately 4 to 6 inches of cable between
the cable stop and the spring. This extra cable will be wound up on the motor pulley prior to the door beginning
to close. The spring's purpose is to keep tension on the cable during the door opening when the cable is being
unwound from the pulley. (*** Note in Fig 5cthe door close pulley is not identical to the one pictured in parts
photo (#12) but they work identically)

&5 e Upper Shutter Door Bottom
Door Close Pulley
/
4 e - >

g Figure Sc Cable Lock

Door Open Cable Installation

The door open cable is installed next. A slot for the cable to extend through must be provided. If your dome had
the recessed rope pulley bracket that was cut out earlier, your done. Otherwise it will be necessary to create a
groove for the cable to run through. Review Fig 10to see where on the dome this slot needs to be cut. The slot
will line up with the left side of the motor pulley where the cable exits. A method that works well is
documented below in Fig 8 a-d. First drill a line of 4 1/4" holes starting about 3/4" from the top of the lip (Fig
8a). Use a drill to cut away as much material as possible between the holes (Fig 8b). Use a cutting tool to finish
this cut to form a smooth slot. Taper out the bottom half of the slot to form a V. A Dremel tool, if available will
make this step easier.

Figure 8¢

Figure 8a Figure 8b
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Fig 10 (below) shows the position of the groove you just cut in the dome upper shutter down lip.

With the upper shutter door open completely open, mark the spot on the door that aligns with the slot you just
made in the dome. This mark will be used to position the door open pulley on the shutter door. Close the upper
shutter door with the motor about 3/4 closed using the provided jumper cable and 12 volt battery. This places
the area of the door in a convenient place to mount the door open pulley and attach the cable. Install the black
door open pulley in line with the mark previously placed on the shutter door and approximately 1" up from the
bottom lip of the door (seeFig 9). Use two 1/4 x 3/4" button head bolts and 2 nylon lock washers to secure this
pulley. Measure 7 1/2" up from the top of the pulley and drill a 3/16™ hole and insert a 10/32 x 3/4" machine
screw from the outside in and secure it with the non locking nut. Place the eyelet of the spring over this bolt,
then a washer and secure both with a nylon locking nut. This is the same procedure used to secure the spring on
the door close cable. Once these items are secured, close the upper shutter door the rest of the way with the
motor. If you haven't secured the door open cable to the motor pulley at the top of the dome, do so. The method
to secure this cable is the same procedure used to secure the door close cable previously. Once the cable is
attached to the pulley, wrap the cable a couple of turns around the motor pulley ensuring it is exiting the pulley
over the top. Remember as one cable is being wound on to the pulley, the other cable is being unwound. Be sure
you have positioned the cable appropriately before going on to the next step. (If you find that you have not
wound the door open cable the correct direction, unwind the cable and wind it the other way) Take the end of
the cable and run it down and through the front of the pulley and around the groove in the pulley, coming out of
the back of the pulley. Run the cable through the eyelet of the spring. Place the cable stop on the cable and slide
it up to the spring. Pull the cable a little more to stretch the spring and place some tension on the cable. Secure
the set screw on the cable stop to secure the cable in place. Using the jJumper wire provided, test the opening
and closing of the door several times to ensure the cabling system is working properly. There should be only
about two inches of travel by the cable stops before it engages the pulley and starts the door opening. If this is
not the case readjust the spring tension and try again.

Once the door open/close system is working properly go on to the next section.
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Limit Switch Installation

The next step is to mount the limit switches that control stopping the shutter doors at the appropriate place. The
system consists of a door open and a door close limit switch. We will install the limit switch that sense when the
door is closed first.

Door Close Limit Switch Installation

The door closed limit switch is installed to the left side of the motor pulley and extends out the back of the
dome. When the shutter door closes, the shutter door lip will contact the plunger on the limit switch and stop the

door. With the upper shutter dooropen,dr i | | a 3/ 40 hole 40 to the | eft
of the dome back. (Fig 10). There i msoudingd ®r Xp 3 wi f h a &inthe/ceterandh2d | e ¢
3/160 hol es, 1 on each end. The door close | imit

and two adjustment nuts are provided. Place one adjustment nut onto the limit switch and thread it as far as it

will travel. Next insert the limit through the hole in the mounting strap and secure it with the second retaining

nut. Rotate the limit switch 90 degrees to allow access to the mounting holes on either end of the mounting strap

(Fig 10Db). Install the limit switchthrouogh t he 3/ 40 hol e you ddebut. Oneegoui n t
haveitsetthen dr i I I a 1/ 8 0 h o $iethembumtiogst@prand éasec the swat¢h bra& ket toh o | €
the Dome using 28 # 8 X 3/8 pan head screws (Fig 10b). Rotate the limit switch back the 90 degrees and when
complete it should look like Fig 10c

Door Open Cable Gr00VE e | ; : + Flat mounting strap

Door C losé. Limit
Figure 10b =~ \Switch
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Door Open Limit Switch Installation
The (door open) limit switch goes on the left inside rail of the Door and is set in a position where just before the
door bottoms out it hits the roller of the limit switch and triggers it off to stop the door.

Page | 17



Dome Rotation Motorization Instructions

Part Description Part #
Azimuth rotation motor (mounted on bracket) 11
Acorn Sprocket 19
Gear Track 24' 3 sections Fig. 1
#10 X 3 / Blay Head Screws H14

The azimuth rotation motorization is accomplished through these two high level steps:

1 Install the gear track
9 Install the motor/motor mount

Installation of the Gear Track

The gear track comes in three 8' sections and is mounted directly to the wheel channel. This will help strengthen
and straighten the wheel channel at the joints. The gear track is mounted to the wheel channel so the splice of
the gear track is approximately 2 @way from the joint in the wheel channel. Identify a wheel channel joint and
measure 2' in either direction from the joint. Secure the gear track at this pointusing a # 1 0  Xflathdadd o
screw. Ensure that the gear track is even with the top of the wheel channel as you continue to secure the gear
track to the wheel channel. Place a flat head screw approximately every two feet of the gear track. Once the first
section in place, butt the second section up to it and check the joint by comparing the sprocket hole at the splice.
If the hole in the track is elongated, trim one side on the gear track so the hole formed at the splice is
approximately the same size as the rest of the track holes. Figure 2 shows a correctly spliced gear track. The
edges in the holes on each side of the joint can be rounded slightly so the sprocket goes through the joint hole
without slipping or skipping. Now butt the third section up to the second section and again check to see that the
gear steps properlyandf ast en i n place with one #1@ckXightlydgainet f | a
the wheel channel and mark the other end to be cut off. In order to achieve the best fit for the third section it
may require overlapping the last two tracks to be joined and find where two holes overlap. Trim each track to
create thgoint hole at this overlaplt works best to cut it at the center of the closest hole where it butts up to
the first track. Cut the gear track slightly longer than is required the first time just in case you are not getting it
completely tight against the wheel channel. This can be trimmed if needed. Once it is cut, put it back in place
and fasten with the a flat head screw. Now check to see if it fits or if you need to trim a little more off. You
want as close of a fit as you can get, but a little space will not cause any problems. If the fit is tight, finish
securing the rest of the gear track in place.

Special Note: The track was cut so the joints all match and shim the track out slightly so that the final

joint is matched also. I have also used a light rubber material behind the wheel channel and down to the top of
the mounting ring to act as a seal to keep weather and bugs out. | have been told that the vinyl floor base trim
works well also.

Gear Track Splice
Wheel Channel Joint

=) @
I

Figure 2
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Installation of the Motor /Motor Mount

Once the gear track is installed, the drive motor mount can be installed to the mounting ring. Remove the

pressure spring on the motor bracket. With the motor mounted to the motor mount bracket, hold the bracket up

to the mounting ring with the top lip resting on the top of the mounting ring and the bottom of the bracket

against the bottom side of the mounting ring. The drive sprocket should be aligned to the track and the knobs on

the sprocket in place in the track. If it is out of place slightly you can adjust the motor up or down as needed.

Once everything is aligned, fasten the bracket to the mountingr i ng wi t h dind hedd 6crews. Tie/ 4 0
pin in the hinge is removable if you would need to take the motor off the mounting plate for servicing. Once the

motor is in place you canreinstallt he t ensi on spri ng o0 n sdthemeededd/prdssure s t u ¢
on the spring to keep the sprocket engaged to the drive track.

Mounting
Ring

Motor Mount

Installation of the TIC / Home Sensor

Figure A, shows a general idea on how to mount the tic and home position sensor. Referring to Figure A, first
mount the L-bracket onto the mounting ring. The swing arm that attaches to the tic sensor is spring loaded and
keeps the sensor a constant distance from the drive track. The tic sensor is mounted inside a project box to
minimize any stray light from affecting the accuracy of the tic sensor. Figure B illustrates the placement of the
home sensor bracket. The bracket is secured to the interior of the dome and can be adjusted in and out to
correspond with the other half of the sensor that is attached to the tic counter. You may place the dome half of
the sensor at any position on the dome interior, noting that its placement defines the home position of the dome.
A secondary position known as the "park position" that correlates to an absolute azimuth position of the dome
itself can be defined through the software. This provides a second position that the dome can be consistently
placed.
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FIGURE A

Swing Arm
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| ::;
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[
L Bracket Home.
Sensor

Shutter Door Automation Instruct ions

You now have completed the first phase of the automation of your ExploraDome. The hardware necessary to
accomplish the automation has been installed and tested using your jumper cable. The hard work is done. The
next step is to connect the shutter and dome automation control boxes to your recently installed hardware. We
will install the shutter door automation control box first. The connectors have been pre-configured for you so it
should be a simple plug and play connection. A word of caution at this point. While the connections are very
secure, you need to be careful to not exert more pressure than necessary when coupling or uncoupling these
connections. When uncoupling these connections hold the connecter attached to the control box and gently
wiggle the cable connecter to free it.

Your previous installation of the limit switches and their corresponding cables and the battery box have placed
all required cables adjacent to the control box. Simply plug in the appropriate cable ends to the labeled plugs on
the control box.
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Dome Rotation Automation Instructions

As with the shutter control box the connections are self explanatory and pre-configured to be plug and play.

Interface

<t « o Explora-Dome Automation
Y - 12 VDC Power

7~ 3.0 Manual A2
FE <3 Switch
— — iy » = © ————

100¢(V)2DA-2

QO
=
¢
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