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Disclaimer

Information in this document is subject to change without notice and does not represent a
commitment on the part of Software Bisque. The software products described in this

document are furnished under a license agreement or nondisclosure agreement.malydye

used or copied only in accordance with the terms of the agreemew.bisque.com/euly It

is against the law to copy the software on any medium except as specifically allowed in the

license or nondisclosure agreement. The purchaser may make one copy of the software for

backup purposes. No part of this manual and/or databases may bedeped or transmitted

in any form or by any means, electronic or mechanical, including (but not limited to)

photocopying, recording, or information storage and retrieval systems, for any purpose other
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© 2023 Software Bisque, Inc862 Brickyard Cir Golden, CO 8040%8.All rights reserved
worldwide.

TheSky and Paramount Apolloand Paramount Duoare trademarks ofoftware Bisque,
Inc.

Renderings on coverhe universal mounting plate on the Paramoiémqmiollo and the
telescope®n the Paramount Duo areold separately.
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Introduction

TheParamountApolloseriesmounts arethe stateof-the-art in modern astronomical
altazimuthdesignsApollo achieves superior performangeastronomical data acquisition
through precision machining, higlesolutionabsoluteencodersand hightorque directdrive
motors on all axeplusthe world@ most advanced anersatilesoftwarefor observatory
control. Apolloemploysthe TPoint Telescope Pointing Kernel @}8nd SLALIBstronomical
library, whichisthe same multiaxistechnologythat makesmanyof the world® largest
professionatelescopedunction superbly.

The Paramount Apollo is available in two designs:

1 The Apollo Altazimuth Fork mount.
1 TheParamount Dudhat can be mounted in an altazimuth or equatorial orientation.

Alt azimuth vs. Equatorial Mount Designs

Thegoal of ay robotic telescopanountis precise pointing anstabletracking whether the
systemfollowsa single object for hours or quickly daktstween or tracks fastmovingtargets

As theoptical telescope assembdy other payloadncreases in size and weiglite physical

size of themount must alsde largerto increase rigidityminimize flexure and vibrationsThe

altazimuth design is ideabf telescope®.50 m (20in.) and largetbecausdl KS St Sa 02 LISQ &
center of mass is directly above the azimuth axisis fitovides optimal stability ismall

physical space compared to other mount designs.

Figure2: Equatorial fork Figure3: German equatorial
mount. mount. mount.
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Altazimuth Mounts

Altazimuth mounts have several key benefits when carrying larger telescope systems. The
St Saodz2 LIS qa weighShv éxponetially ith ingfeRsing aperture, the equatorial
design becomes impractical for large telescopes. The inherently stable altazimuth design rules
this space.

One big challenge of the altazimuth design is that instead of tracking in a single axis at a slowly
changing speed, three axes (azimuth, altitude, and instrument rotation) must be changed to
track objects, each with continuously changing rates. And tholgimathematical

transformations that convert between the celestial coordinate system and the mount
coordinate system are straightforward, in practice, accurately driving the three axes to account
for all things astronomical, layered with system imperfecs, becomes an extreme

computational challenge.

Note the altazimuth design is exceptionally suitable for small robotic systems but driving three
axes precisely makes such systems more expensive.

Equatorial Mounts

Equatorial mounts align their primary axis with the e@&tlotational axisnd, for the most

part, trackingan objectrequiresonly the hour angle (HAgxisto rotate. In practice the second
axis(declination)mustbe adjusted to account for varioggometricerrors and other physical
realities that influence théracking rates in both axdsr example tube flexure and refraction

As equipment payloads become heavier, the exercise of accurately aligning the HA axis of the
Y2dzy i 6 A GK ({idlalighiertisbardehsénie 3n the case of an equatorial

fork mount, polaralignment is latitude dependent and requirasignificantcantileveredmass

In the case of a German equatorial mount, twinterweighs effectivelydouble thepayload
massandrequire larger and more massive components toptimize system stability

Direct Drive Motor s

The Apollo employwvo direct-drive motors(three when the rotator is usedgach withhigh
resolution (26bit) on-axisabsoluteencoders.Direct drive motorcontrolisan exceptional
choice for mostelescope. Although traditionallarger wormgear driven systems can be
manufacturedwith exceptional accuracies, a diregtive motorcoupled with ahigh-resolution
encoder has a lower noise floor andgligiblebacklash.

Direct drive motorsoffer exceptional performancehen highspeed slewing and tracking rates
arerequired Where worm gear driven systems typicdigvetop speeds around five degrees
per second, direct drive systems can move at 50 degrees per sacohioeyond And, wth no
materiatto-materialdrive contactin the drive train mounts withdirect drive motosrequire

little maintenance.
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Telescope Control System

Telescope control systenf§CSYyequire extremelywide dynamiaanges of speedsfrom
stationary torates atmany degrees per secondrany speed in betweed.he demands of
controlling athree-axis, directdrive system for telescope controan only be met witta high-

bandwidth system.

The Apollo mounts employ a very capabféthe-shelfindustrial controller with a buitn
computer to service thaervo control anagxternalcommunicatiors. This controller has been
integratedwith TheSkystronomy softwarehat computesTCS$osition demandso afraction
of an arcsecond all the while correctingoth slewing and tracking demanfls system

imperfections

TheSky Astronomy Software

The Apollo series of moun&snploysTheSkyor mount operation ands currently used in
observatoriesacross the globeThe worldrenowned TPoint and TCSpk technologiesare
fully integratedinto the TCSontrol loop,supported by a host of toolsind featuresan
advanced user interfac® easesetup and nightly operationl CSpkas been developed over
the lastforty years andall or apart of this software isised on most threeneter and larger

systems deployed over the lagtiarter century

&
5
5
RS
-
-
-
-
3
-
3
3
-

Figured: TPoint, TCSpk and SLALIB library are integrated into Tdstfinyomy software
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Figure5: Sample screecapture of TheSky astronomy software.

Figure6: Wide field view fronTheSky astronomy software.

The Paramount Apollo Mount

@ If you purchased th®aramountDuo, skip ahead taTheParamountDucé 2 Y
49,

The Apollo mount is shipped as four separate components, each in a separate box. The main
components include:

1 Thedrive tinewhichholdsthe direct drive motor
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Thesupport tinewhich holdsa selfaligning bearing and a brake

Thefork centeris mounted to the top of the base and accepts the tines on both sides
Thebasewhich is secured to horizontalsurface in the observatory

The graycolored plate is an option&Jniversal Mounting Platthat can be permanently
mounted to the observatory floor or other flat surface.

= 4 -4 A

drive tine

support tine \

fork center

Universal
Adapter
Plate
(optional)

base

Figure7: Exploded view of th&pollofork's main components.

All of the toolsneededfor assembly are included in thecludedaccessory kit. Assembly
involves lifting the four major components into place and adding the fasteners connect them
together, as well as directing the cables from fbek tinesdown through the azimuth axis into
the controller compartmenfound at the base of the mount

Software Bisque recommends usingot peopleto performthe assembly The firsttime setup
processmaytake as fewhoursoncethe components are unboxed and staged.
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Apollo Fork Mount Packing List

The table below lists the components that are included with the Apollo fork mounts.

Item Quantity Notes Graphic
Apollo base 1 Holds the control electronics anc —
PCB distribution board.

Fork center 1 Fork center includes fork clamps
on each end.

Drive tine 1 Holds the motor, instrument
rotator interface panel and
internal cabling.

Support tine 1 Holds the altitude brake and
cabling.

Instrument rotator 1 The instrument rotator has two

(optional) cables that connect to theotator

interface panebn the drive tine

Cover 3 Cover to thecable access. /// =
Base mounting 4 1.5in. x 1/2in., 13 TPI SHCS k@)
screws with K N

stainless clamp

nut %
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Axis lock pins 2 Azimuth and altitude lock pins.

Axis lock hole 1 Cover for the azimuth axis lockir
cover component.

Fork mounting 4 Fork center to base SHCS (5 in.

screws with 1/2-in., 13 TPI).

stainless clamp

nuts

Power cord 1 Power Cable for the Power
Supply UnitNEMA 515 male
plug).

Hex keyset 1 Imperial hex key set.

Small screwdriver 1 Flathead screwdriver to tighten

the motor and brake wires to tht
terminal connectors.

Security key 1 This USB security key must be
plugged into one of the
O2 YLJzi SNRa | {.
TheSky can control the Apollo.
See pagélfor details.

CAT 6 cable 1 §

I FotS (2 O02yySi
GKS !

L2tt2Qa 91
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3/8-in. ratchet 1 Both 3/8in. and 1/4in. drives /
included. l

3/8-in. hex wrench 1

Note: See AppendixB: Apollo OTA Mounting@ystenon page98for the Scope Rapacking list
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Apollo Fork Mount Base Mounting Hole Pattern

The Apollo system isormallymounted permanentlyto the floorof an observatoryr other
adapter plate usindour socket head cap screWSHCPBwith 1/2-in. x 13threads pefinch (TP).

Apollo base mounting holes
4x counterbores for 1/2-13 tpi SHCS

\ A0
by = = @V
' | @ & g & |
] & &
]
O
(]
o — & &
)
Lo
uy
- & &
& &
T Flraaiy -
| O )" o)
5 19,400 -
: 21.950 3

Figure8: Apollo base mounting holes.

Software Bisqueffersan optional Universal Mounting Platthat is designed talirectly accept
the Apollobase,as well azll other Software Bisque mountnd can be mounted at the site
This platehas overall dimensions of 22id. x 17.5in. (56.9 cm x 445 cm) andshould be
mounted to the floor of the observatory withx1/2 in by 13TPISHCS or M12 screwserted
into the LJt | doBn@ébores that are spaced 14 12 in (35.6 cm x 305 cm).

At the corners of this plate afeur threaded holes (3/4n. x 10TP) that are used to level
stabilize, and ground to the floor. This results in an effective push/pull system in conjunction
with the central SHCS.

Thenormalorientation of the basas to place the side which has the wdPdleengraved in it
towards thesouth. Themaximum rotationatange of the! LJ2 fakirBufhaxisis a bit more
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Paramount Apollo User Guide

than ¢90 to 450 degrees (or ¢270 degrees from mitiravel), sothe base plateouldbe
rotated 90 degrees in either directiand stillrun nominally. If you want the azimuth axis to
follow standard astronomical azimuth coordinates (nortl degreesincreasing through east)
0 KS Y 2amypdirdall have to be resefrom TheSkyseepage87).

Figure9: Universal AdaptePlatethat accepts all Software Bisque Paramount model mounts.
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17.500
12.900
12.000

) D)

L
-

b1
A

4x @ 0.656 1 1.800
3/4-10 UNC V' 1.500

FigurelO: UniversaAdapterPlate hole spacing.

Once the base has been securely fastened to the observatory flmount can be
assembled so that it is ready accept the optical tube or sensor assembly.

The Universal Adapter Pla(8KUSB1111Bcan be purchased from the Software Bisque Store
at https://www.bisque.com
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Apollo Fork Mount  Assembly

Mount Base

The Apollo baskoldsthe industrial controller, connections and distribution of the power and
signals for all three axeas well as the azimuth drive motoAn internal distributiorprinted
circuit board(PCBJoutesmost ofthe internal wiring using standard dfffie-shelf cables.Each
axis has cables for motor powesgnsorsand encoder input. The drive tifeldsthe cables for
connecting the altitude drive and the rotator to the controller.

The switched power input bloqd20V or 220V A@nd Bhernet connection can be found on
the rear panel of the Apollo bas®therpanels (XKeystones andathrough-panel slot)permit
adding custontr (i K N#hekraEKxabling for various instrumentatiorSpacefor more cables is
available in the conduit running up through the azimuth drive, through the fork center and
through each of the fork tines.

The front panel of the badeasa single knolthat can be unscrewed, and the panel removed
for easyaccess when assembling the moufthough most of the cablingpmes from the
factory alreadyconnected and in placencethe tines are physically placed in positjdine
altitude drive and thenstrumentrotator cablingmust beconnected

Figurel2: Apollo base rear.
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Attaching the Fork Center

Once the base is securdfstened to the ground,ite nextstep is to attach the fork center to
the base. Tisis done using 5in. x1/2-in. 13 TPIscrews each with a integrated stainless
steelclamp nut The four screws pass through the fork center mounting plate and the fork
center to be threaded into the azimuth drive plaf@gurel3 andFigureld).

The hole patternfor attaching the fork center to the circular drive plagsymmetric so it is
possible (likely!) thathe fork center can be mounted incorrectly.

To make sure the base is oriented properhere are two grooves in thazimuth drive plate
(Figurel3) that must be parallelith the edges of the fork center when itasiented properly.
The fork center islsosymmetricand can be attached in either ahesetwo permittable
orientations.

All four screws shoulde rotated and tightenedightly before applying the final torque.

Align the fork center with the lines on the azimuth drive

Figurel3: Align the holes in the Mount Base with the holes in the Fork Center.
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Paramount Apollo User Guide

Figurel4: Side view of the Base to Center assembly.
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Attaching the Drive Tine

Figurel5: AttachingApollo'sdrivetine.

Theenclosure at the top of thdrive tineholdsthe direct-drive motor, the high-resolution
encoder,anda precision bearing assembly.

The drive tine and support tine are physically and mechanically different. If you are not sure
which is which, use the following characteristics to identify each

1 Thedrive tinehasa through hole in the topo accepts the axis lock pin

1 Cables for thaltitude motor,instrumentrotator motor, encodesand two sensor
cablescome out of the base of the drive tine

1 Thedrive tinehasaninstrumentrotator interface panebndconnectors on the
underside of the pandb attach theinstrumentrotator cables(Figurel6).
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Figurel6: The nstrumentrotator interface panelndcableconnectors

Once you haveositivelyidentified thedrive ting the following steps must be completed
before attachingit to the fork center.

1. Remove the cablbundlefrom inside of thedrive tinebase assemblgnd take off
the protective shipping material.

2. Temporarily snakéhe cables through the bottom of thérive tinecircularcable
access openingo that they are out of the way while thdrive tineis lifted into
place.Alternatively, the cables can be unwrapped and then carefully tucked into the
fork baseto keep them out of the way

Figurel7: Cable access opening and cover
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Thedrive tinemust be attached in the correct orientation with respect to the azimuth drive
plate. The azimuth drive plate has an indicator that specibasvhich side thedrive tinemust

be attached. The small arrow next to the word MofeiMotor) points to theside of the base
that holds thedrive tine

an_
® ® * ~ Note: azimuth drive has an arrow
indicating where the drive fork should
be mounted.
' éf
L) = Motor >

Figurel8 Thea f Saa (Kl yé¢ aevyoz2f Ay FNHiydtne2 T (GKS g2

Figurel9: Close up view dhe engraved < Mototext.
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Figure20: Insertng the drive tine into the fork base.

Lift themotor tine andgentlyguidethe baseinto the hole in thefork center(Figure20)
until the edge of theork baseis near thezeromarkinscribedon the top of thetine
(Figure21).

Zero mark

Figure21: The ero mark on thdine base Each increment is 0.5 inches (13 mm)

When mounting the telescope, the tines may have to be adjusted slightly to
accommodate the width of the optical assembly. Each tine can be moved inward or
outward by approximately 4 cm (1.6 in.).
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Figure22: The dive tineinsertednearthe zero mark.

@ Caution!

If the mount is not fastened to the floor or ta permanently mounted Software
BisqueUniversal Adapter platethe base is unstablevhena single tineisin
place.

The motor tine is heavy and whethe azimuth axis isotated so that the fork
center is perpendicular to the long axis of the fork basiee entire assembly can
tip unexpectedly

Installing the Support Tine

Once thedrive tineis in place, install theupport tineasdescribed aboveThe support tine has
a singleharnesghat mustbe routed through the fork center into the drive baSéesewires
power the altitude axisbrake If necessary, additionahstrumentcablescan be routedhrough
the supporttine.

Routing and Connecting the Cables

Once thetineshave been attached to the fork centerabling for the altitude axis and the
rotator axis must be routed into the base and connecte@itber thedistribution PCBor the

controller.

The first step is to route the cables through the fork center, then down through the azimuth
axis.There are three access holes in the fork assembly which can be used to reach in and guide
the cables into the base.

Thedrive tineholdsmost of the cabling including:
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Altitude motor cable
Altitude encoder cable
Altitude sensor cable
Rotator motor cable
Rotator encoder cable
9 Rotator sensor cable

= =4 =4 4 2

Remember, e support tinehastwo wiresfor the braking mechanisn©n the drive tine, if the
instrumentrotator is notused no rotator cabling connections are necessary

Cable access from bottom
of fork

Figure23: Cable access locations.

Routing the cables requires reaching into the circular access covers and guiding each cable first
to the center of the fork, then downwards towards the controller in the base where they must
take a sharp turn towards the front of the drive bg&etween the top of the controller box

and the middle plate on the basehere the connections to the controller are made.

Cable Distribution PCB

When the access panel is removed from the balse cabledistribution PCBs found on the
upper left sidg(Figure25) of the enclosure
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Figure25: Location of the cable distribution PCB.

Thecable dstribution PCHs splitinto the three inputs one for each axign the left side of the
boardwith additional inputs on the right side. The Apollo is shipfrech the factorywith the
azimuth axiend controller cablefully connected The altitude and rotator axes are contained
in the separate drive tineggndtheir cables musbe routed down through the azimuth axis
before connecting them to the controller panel.
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Safety to Controller (out)

Altitude
Sensor — . , . E-stop 1
Encoder (in)
Encoder to TCS (out) i
E-stop 2

Rotator
Sensor, Encoder (in),
Encoder to TCS (out)

24-volt power (in)
Control and brake

supply (out)

Azimuth
Sensor, Encoder (in)
Encoder to TCS

Fan 1 and 2
Digital i/o to Controller

Figure26: The Apolle@abledistribution PCB.
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Figure27: Controller Panetonnections

Apollo Fork  Cable Connections

Once the cabling has been routed from the altitudtéve tineinto the Apollo base, the
following connections must be made to attach the altitude axis, rotator axis and brake
azimuth cables should already be connected in their correct positions.
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Step One

Once the motor, encoder and sensor cable have been routed from drive tine down through the
azimuth shaft,nsert the two brake wiredeparting fromthe supporttine into the altitude
motor connector(pins 5 and 6, seEigure28)

Figure28: Altitude motor connectorwith brake wires in positions 5 and 6 (red and black,
polarity not important) In the controller, the lines 1, 2, 3 are labeled R(U), S(V), T(W).

Step Two

With the two brake wires attached Jyny the altitude motor connector into J22 on the
controller.

Step Three

~ A

Plug the altitude encoder connector-n D-subd A Yy (1 2  (i-&nSodakAl yf £ ATydzRISK S
distribution board

Figure29: Plug in the $in D-Subaltitude encoder connector here.
StepFour

Plug the altitude sensor connect@t-pin Molex)into the & ltitude-senso€ connector on the
distribution board(top-most position)
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Figure30: Plug the 4in Molex Altitude sensor connector here.
Step Five
Plug the rotator motor connector into J2dr A(2) on the controller
Step Six

Plug the rotator encoder connector into thie ltitude-encoderingé -pt D-Subon the
distribution board

Figure31: Plug the 9in D-SubAltitude-encodefin plug here.
Step Seven

tfdz3 GKS NROF G2N aSya2a2yGpnidedanznddigtripulich (0 K S
board.

Figure32: Plug the 4pin MolexAltitude sensohere

Apollo Fork  Motor Wiring

Themotor leads are labeledas shown irFigure33. They may also be labeled using the letters

R, S, T instead of 1, 2, 3 so that they match the inputs annotated on the controller where the
motor plugs in.
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Figure33: The notor wire leads

Normally,when passing thecables down through the azimuth axis, there is sufficient space so
that the altitude and rotatormotor connectors do not have to be removed from the motor
leads If you find that you must remove the large connectbw sowhile routing the cables. Be
sure to return each wire to the correct positio Use the labeling on the Controller (3222) to
see the order from left to right. The green wire is ground and should go intéotiréh position.

Note about Screw in Terminals
Do nottin the ends of the cabldseforethey areinsertedinto the terminal connectors

1 Tinningchanges over time andwill cause the cable to Heecome loose.

1 When tinned the actual pointsof electrical contacend up being smadt compared with
usinga bare wire.

1 If thesecables need to beemovedfrom the connectqgrquite a bit of torqueon the small
screwss requiredo make full contacaind retain the wires The required torque is
about asmuch as one can mustemen using amall screwdriveand without breaking
or stripping the screw
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3x motor leads

S

Figure34: Cable connection terminals.

Attaching the Instrument Rotator to the Telescope

Like the altitude axis, the Apolinstrumentrotator has encoder, motor and sensor wires that
are contained in the drive tin@he rotator interface panel has two connectors that are placed
at the bottom. The rotator plugs into these two connectors {gi®D-sub connector and a

round 7pin connector).Take are ensurethat the cables are screwed into place as they may
otherwise become disconnected.
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-

Rotator interface panel
(on drive tine )

Figure36: Instrument rotator connections.
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Figure37 - Left image OTA side with dovetail, right image is the image train side wih.3.5

thread (24TP)
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Figure38 - OTA Platés compatible with the Optec 4300 dovetail
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1, 0250
0.320

0.100

0.070

$7.600

D4.298
3.800

SECTION a-a

Figure39 - OTA mounting dovetail dimensiof@ptec)
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Mounting the Optical Tube Assembly

@ Caution!

Attachinga large, cumbersome, and heawptical telescope assemblgr sensor
package can be the most dangerous step in assembling the Apollo mount.
Before thepayload is in place and balanckit may unexpectedly rotate spin,
slide, or drop.

Anytime a large massfor example, when installing a maximurpollo payload
of 200kg, is movingbut not in balance, stopping the motionan be difficultand
potentially cause severe harm.

Each axis has bockpin that, when in placerestricts the rotationof that axis
Thesesafety pinsare especially importanto install on the altitude axisbefore
attaching the payload.

The Scope Rail System has some safety pins that can stop the payload from
dropping through the fork but extreme care must be taken during thisocess.

TheScope Rail Systepnovides an effectiveneansto attachpayloads to the Apollandachieve
balance Please seAppendixB: Apollo OTA Mountin§ystenon paged8 for more information
on the Scope Rail System

While there are manyifferent waysto mountan OTA or other senssbetween thetines, the
following sectiondescribes how to attach an OTé\the Apollousing the Software Bisqu&cope
Rail System

Mounting a Scope Rail Equipped OTA

Mountingatelescope between théinesusing the Scope Rail Systeémolves the following
steps.

1. Attach the scope rails to the OTA.

2. Addthe forkrailsto both tines.

3. Adjust thetinesso that the spacing is approximatdl2 mm(0.5 inche¥ wider than the
measured distance between the two scope rails that are mounted on the optical tube
Tighten thefork clamp on thedrive tine(see paget0).

Installthe loadingpinson the scoperails

Insert theaxislockpin to both the altitudeandazimuth aes

Lift the OTA above thiork railsand lower it into positiorsothat the safety pins are
resting on thefork rails.

N o gk
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8. Add at least one clamp nut (whiglassthrough thefork railsand thread ino the scope
rails) to each side of the telescope.

9. Gentlypush androck thesupport tineinward untilthe fork railcontacsthe OTA

10.Roughly balance the OTA by slidingatallel tothe optical axis

11.Tighten thesupport tine clamp.

12.Relieve the stress on the system by looseningstigport tine plate, the retighten it.

4x @ 0.257 ¥ 0.800
5/16-18 UNC ¥ 0.630

mounting plate holes

Arrow points towards
incoming light of sensor

70°

éx cbores connect to shaft

“1éx chores hold motor rotor

Figure40 - Drive plate and support plate hole pattern

The drive plate and support plate hafaur tapped holes (5/16L8 TP) that accept the
mounting plate. This pattern is not symmetric whietsureshat the scoperail plates are
attached in the correcorientation. If custom mounting plates are fabricated for attaching the
sensor package, the required dimensions are shown above.
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4x @ 0.257 ¥ 0.740
5/16-18 UNC ¥ 0.700

70°

Figure41: Drawing showing theupport plate holespecifications

Thesupport plate hole pattern is same #se drive plate
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Step 1:Attach the scope rails to the OTA

Figure42: Addthe fork railsbefore installing the telescope
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Step 2:FineTune the Tine $acing

These two surfaces should be flush before mounting the optical tube

Figure43: Finetuning the tine spacing.

Thedistant between thdinesshould be adjusted so that the optical tube fits comfortably
between them.In practice make this dimensioabout12 mm (©.5inches) wider than the width
of the plates on the optical tubeAlso, be sure theupport tinewidth adjustmentmechanisms
near the center of travel At midtravel, the adjustment platés flushwith the edge of the
support tinehousing(Figure43).

Fork spacing dimension

!

Figured4: The red line defines the distance to measure between the tines.
Step 3: Tighten thd®rive Tine Clamp

The next step is to tighten thdrive tineOf I YLIP 2 KSy GKS Of I YLJ A& (A3K
drive tinewill be removed andhe clamping assemblyill move slightly inward towards the
other fork. Note that there will still be sag in tiseipport tineuntil it is tightened
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Fork Clamping Mechanism

Each fork is adjustable to accommodate a limited rangasifument packageliameters. The
prevailing dimension is that of tHerk centerwhich dictates the distance between attachment
plates on theoptical telescope assembly¥he correct size should be specified when ordering
the Apollo mount. Thé&ork Railgre described later in this document. The total amount of
adjustment is approximatel0 mm(1.6incheg per fork for a total o0B0 mm ¢hree inches).

The fork clamps are designed to provide very robust clamping by tightening the four socket
screws that are visible on the end of the fork center. The clamping mechanism is also designed
to align each of théinesas the clamp is tightened.

Fork clamps

Tightening the Fork Clamps

There are four screws on each of the fork clawséch require a 3/8nch hex driveEach of

these screws has a thrust bearing between the screw and the fork top plate. Therefore, the
amount of torqueneededto achieve full clamping pressure is likely less than one would expect.
Do not overtightenthese screwsThe torque specification &to 11 Nm (63 foot-poundg per
screw.First lightly tighten all four screws before firsgdplying the full torque to all four screws

As the fork clamps are tightenethe fork tineswill straightenand becomevertical.Removing
the sag in each tinwill slightlyreducethe fork spacing
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Step 4: Addhe LoadingPins

Figure45: Temporarily settietelescope on thedadingPinswhile installing the telescopdamp
nuts.

Step 5: Addhe Axis Lock Pin

Insert theAxisLock Fin into the hole on top of thé®rive tinethen rotate theFork Raiuntil the
pin drops into the axis when therk railis close tohorizontalas shown irFigure46.

—————Auxis lock pin

of —— (@

Figure46: Location of thédxisLockPin.
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Step 6: Lift the OTA int®lace

Figure47: The fork plate spacing is the distance between fork pjahesOTA plate spacing is
the outer distance between the two plates on the OTA

Thetinesshould be adjusted so therk plate spacings about1-2 centimeters widethan the

OTA plate spacind hishelps avoid collisions between the telescope and the tines when
lowering the telescope into placeAlso, with the tines at this width, the Loading Pins attached

to the Scope Rail are long enough so they will still contact the top of the Fork Rail when the OTA
is lowered into place.

Carefully lower the OT#éntil the LoadingPinsrest on top of theFork Rails.

Once theloadingPins contactthe Fork Rails the weight of theOTArests on the tines, but the
OTA is not yetinattached. At this point the OTAcan bepushed towards th@riveTine so that
one or moreclamp nutscan be threaded into théoles in theOTAScope Raill
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Step 7: Add Clampluts

Note there are sometimes multiple places the scope
clamps can be attached. Choose the ones with greatest

adjustment after scope is near balance
h / \ \

e F—= 1

/e \ ~0

d )
@° o

|
a t =)

\
dO—>o" C——1OD| @
o° L

Figure48: Attach theclampnutsh y 0 KS K2t S (GKIFd LINRPGARSAa Y2NB
position

Whenthe OTA iglose to thebalance positionthe fourfork railclampnuts should be fitted
through the slots in théork Rail where there is a visible threaded hole.

There may be more than ortareaded mounting hole that is accessible on both sides of the
fork center. Choose thkole with thelargest amounbf adjustment onboth sides

When theclamp nutsare tightenedon both sides of the OTA, the weight of the telescopegest
on the bottom of the Scope Attach plate.

During final assembly of the imaging train, the holes the Clamp Nut are initially installed in may
need to be changed so that the system carbb&anced
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Step 8: PuslsupportTine Inwards

<=

Push the support tine inward

Figure50: Minor adjustments for the fork spacing.

In addition to thed Y I ONER & O 2 LIA @djustinéntyirhefark blas®,the/pasition of the
fork tine plate canalsobe adjustedusinga spacingnechanism thats built into thesupport tine
bearing The purpose of this adjustment ise@asure that, oncehe tinesare tightenedto the
mount basea small amount can be made to the tine spacing mechanism safhteed islittle
or nostress on the optical tube, or undue strdsstween the two tines

Figure50 shows thdimits of thisadjustment.In the graphic on the leftthe circularOTA plate is
as closeo the support tine as possihleThe centegraphicshowsthe maximum distance the
plate can be adjusted from the tin@he starting position should be in between these two
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positions with approximately Gnm (0.25in.) of the bearing plate exposedrhe small red
arrow in the rightmost graphic showthe location of thebearing plate

Step 9: Roughly Balandke OTA

Slide the tube assembly fore and aft along the optical axis to achieve a reasonable balance.
Final balance will happen after the rotator and other components of the optical train have been

added.

Step 10: Tighten th&upportTine Aamp

Please refer to the directions in Step 3 for tightening this clamp.

2
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Step 11:RelieveStrainBetween Tines

Using &/%inch hex drive, loosen thaipport tine plate screw to relieve stress between the
tines. If the fork width is not exactly the same as the spacing on the telescope or
instrumentation, he drive plateshould movanward or outwarda small amount Retighten
the screw once the stress is relieved

If there is not enough adjustment in the support plate to accommodate the current fork
spacing the distance between both tingaust beadjustedthat the support plate is withing its
adjustment range.

Support fork plate retaining screw

Support fork rotor plate

Support fork tension plate
(behind rotor plate)

Figure51: Tine width strain relief mechanism.
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Figure52: The support plate on the drive tine does not have a strain relief mechanism.
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Figure53: Attaching the telescope to the support plate.
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The Paramount Duo Mount

Figure54: TheParamount Duavith two 0.4 m telescopes (sold separately).

Introduction

TheParamount Duas acompactand flexibleversion of the Apollo series of diredtive
mounts. The Duo can cartgndempayloads with a capacity of up to 70 kg (150 Ibs.) per side.
Figure54 shows the Duanounted in amaltazimuth orientation.

With the addition of theoptional Duoequatorialwedge(page59), the head can also be
mounted equatoriallyto allow horizon to horizon tracking

The Duo shares the same motors, encoders, bearings, and complete set of software for
accurate astronomical pointing and tracking as the Apollo fork mounts. Like the Apollo
altazimuth fork mountit can also be controlled directly with a very complete and robust set of
motion commands.
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Paramount Duo  Components

(S o3
\L‘\‘l S;\»;;:_‘ L /,,2:; —T
——

Figure56:! f £ 2 F (ekdronic2adzyiaused inside the Duo pier.
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Paramount Duo  Packing List

The table below lists the components that are included withBagamount Duenounted in
the altazimuth orientation

Item Quantity Notes Graphic
Duo Pier with 1 Bolts to the floor of the At
electronics observatory, and also holds the

control electronics and PCB
distribution board. Weighs
approx. 41 kg. (92 Ibs.)

Duo Head 1 Contains both drives for the roll A
and pitchaxes. Weighs (,
approximately 54 kg. (120 Ibs.)

!7;’\\;___71// \e
"’"’-'»:V.-i(“T =
Base mounting 4 5/8-in. x 1.5 in. bolt and washer -
Its an her |
bolts and washers <l 15
=
Axis lock pins 2 Azimuth and altitude lock pins.
Axis lock hole 1 Cover for the azimuth axis
cover lockingcomponent.
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Item

Power cord

Hex key set

Small screwdriver

Security key

CAT 6 cable

3/8-in. ratchet

3/8-in. hex wrench

Quantity Notes Graphic

1

Power Cable for the Power
Supply UnitlEMA 515 male

plug).

Imperial hex key set.

Flathead screwdriver to tighten

the motorand brake wires to \
the terminal connectors.

This USB security key must be
L dzZ33SR Ayid2 i
USB port before TheSky is

started. See pageél for details.

/ItotS G2 O2yyS
0KS 1 1L)2ff20Qa 9
Both 3/8in. and 1/4in. drives D

included. / ’

A standard size hex wrench for
tightening the mounting bolts.
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Item Quantity Notes Graphic
Duo head to pier 6 5/16-18 x7/8-inchSHCSs.
mountingscrews

(altazimuth

configuration)

Through axis cable 2
covers

Mounting the Duo Pier to the Floor

The base of the Duo Pier is 15 in. x 15 in. (38 cm x 38adth)a slot ateach cornethat has a
radius of 8.3 in. (21 cm). The recommended means of mounting the piemistéd four
concrete anchors in the floor of the observatory for GiBOor 0.625in. bolts.

Duo Pier Base Dimensions

/p - -
/p —
e ‘o 3 e )
s % = ~
o [ﬂ B] = \—//
wn '~
\& - / 11.74
15.0
$16.60
Floor mounting pattern
Mounting holes centered on a Use 4x 5/8 inch bolts info concrete
16.6 inch diameter circle anchors or mounting plate

Figure57: Duo hole mounting specifications.

The hole pattern is a 11.74 in. (29.82 cm) square. One edge of the mounting plate must be
oriented along a nortksouth line.
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Access panel

il

Electronics panel
Power and ethernet in

b Celestial Pole

Figure58: Preferred orientation of the Duo base.

Once the Dugier is fastened securelp the concrete flooringthe Duo head can be loaded

into place on top of the pierAs the Duo head is heavy and cumbersome to hbidstep

requires at least two people. When the head is attached to the wedge ksgere67), three
helpers are ideal. While two helpers lift the head into position, the third person can direct the
cables athe bottom of the Duo down through the hole in the top of the pier.

Duo Assembly Overview (Altazimuth)
The Duo can be shipped as a single unit (no assembly required) or as two separate components.

When placing the Duo head on top of the pier, make sure to align the azimuth lock pin hole
with the access panel on the pidfigure59). The lock pin hole is at the center of travel of the
azimuth axis, which should be on the opposite side from the celestial pole.
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Direct cables through opening
in top of pier .

N A
/ o Align lock pin hole
£ Distribution board ) with access panel
\ above controller /
—

Access panel

removed
%s-* /fAccess panel
b
=
T _ // J
g Celestial
Pole 1‘w\ <

Through axis
cable conduit

Figure60: Location of the cable conduit.
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Through Axis Cable Conduit

The Duo Head has two cable conduits for passing cables up through the main axis (Azimuth or
1102 SEAGAYT GKNRdzZAK (KS O2yRdaAlGP ¢KS O2y Rdzi
enough to accommodate many different cable and connectors sizes. Twosareeprovided

to prevent unwanted debris ansectsfrom entering the internal area of the Duo.

Duo Assembly Overview (Equatorial)

Here are the basic differences between mounting the Duo in an altazimuth orientation versus
an equatorial orientation.

f When mounting the pieto the concrete flooringthe LJA SmiéiR panel shouldiace in
the opposite direction compared to the celestial pafegure60).

1 The optional Duo equatorial wedge must be install®dhen attaching the Duwedge
to the pier, the wedge top plate must point towards thelestialpole. It follows that the
altitude adjuster isalsoopposite thecelestialpole side.

1 The wedge is attachedirectly to the top of the pieusing siX6/16-18 TPI x 1.125 SHCSs
Note that the two screws that are on the pole side are partly obstructed by the wedge,
and a shortened hex wrench must be used.

1 When attaching the Duo Head to the Duo Wedge, the lock hole imtshbe upwards.
This places the point of mid travel towards tbelestial neridian. The motion of HA is
then 9.5 hours from themeridian.
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Dovetail plate
Dovetail plate drive side

follow side

|_+-Main panel

Celestial Pole

Figure61: Attach the Duowedge anchead in the orientation shown above.
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Shoulder bolt for
loading

Figure62: When mounting the Duo head, carefudlyss the cables through the wedge and into
the pier.

Loading the Duo head onto the equatorial wedge requires a minimum of two people or the aid
of a small adjustable gantry crane.

@ Caution!

Be sure thepier is firmlymountedto the observatory floor, and the Duo wedge |
connected to the pier using six socket head screws before adding tHeeBdito
the wedge otherwise the system will be out of balance and tip over.

With the cumbersome external cables, temporaplgcingthe Duo head on a sturdy table or
other flat surfacebefore attempting to place it on the wedgmn be helpful. While the Duo
head is lifted into place, the cables must be carefully passed through the wedge and not get
caught or pinched between the Dinead and thevedge.
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hyOS (KS 5 dzz2-pl&eSd irRecOndact dvith thé \Bedgelace theloading shoulder bolt
into the corresponding recess at the top of the wedB&ure63). This holds the Duo head in
place The next step is tmstalland securely tightetthe six5/16-18 TPI x An. SHCSs

Figure63: The location of the loading bolt on the badehe Duo head.

Paramount Duo Equatorial Wedge

Theoptional Paramount Du@quatorial wedge (or Duo wedge for short) allows Beramount

Duol 2 2LISN}Y GS Ay |y SldzZ- d2NAIEf 2NASYGFGAZ2Y ® ¢ |
axis to be adjusted from 25 degrees to about 80 degrees. The Duo wedge attaches directly to

the Duo Pier.

Using theParamount Duowith the Equatorial Wedge

When using the equatorial wedge, the roll axis (HA) is restricted-tb4& degrees or about 9.6
K2dzNB AY S OK RANBOGAZYyd ¢KS{1& A& O2y FAIdzNBR
hours HA. This is typical behavior for the fork equatorialammwhere reaching targets low

and towards the celestial pole causes the telescope to go across the pole.
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/Loading bolt recess
\ -

Wedge top plate

/ Latitude adjuster

Latitude lock
screws (4x)

Wedge base plate

Figure64: The Duo equatorial wedge components.

Figure65: TheParamount Du@quatorial wedge.
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Duo Wedge Packing List

The table below lists the components that are included with the opti®zabmount Duo
wedge.

Item Quantity  Notes Graphic
Wedge 1 This component is shipped
fully assembled.

Wedge to pier 6 5/16-18 TPI x 1.128. socket
mounting screws head cap screws.

Duohead to 6 5/16-18 TPI x 4n. SHCSs
wedge mounting

screws

Duo head to 1 Shoulder bolt, 0.374n.

wedge loading diameter by 0.75 inches long.
helperbolt This shoulder bolt may be pre

installed on the Duo Head.
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Item Quantity  Notes Graphic
Short hex wrench Use this ® access two SHCS «
front of the wedge

Latitude adjuster 1 See note about raising the

wrench latitude of the wedge using
this wrench

Cable cover 2 Placed around cables on the
duo wedge




After placing the wedge on the top of the pier, use the six 5I86TPI x 1.125n. socket head

cap screws to attach the wedge base to pier top. Access to the two screws that lie below the
flat portion of the wedge is restricted and require using thduded shortend hex wrench to
tighten these screws.

The wedge is adjustable from about 23 degrees latitude to 80 degrees latitude. The wedge
should be adjusted to-2 degrees above the latitude of the observing site before the Duo Head
is loaded. This is because it is easier to lower the cantilevered headittis to raise it.

Latitude arrow

Figure66: Duo wedge at 37 degrees latitude.

Figure67: The graphic on the left shows the proper orientation ofléitikude adjuster
wrenchwhen raising the load towards a higher latitude

Note about raising the head using the Latitude Adjuster Wrench

After the Duo head has been loaded onto the wedge, the cantilevered weight makes it difficult
to raise system. This is why it is recommended to adjust the wedtydelgrees high before

Page63



loading the head onto the wedg®Vhen lifting the load (i.e. towards a higher latitudagt
latitude adjuster wrench that is included should be used in the orientation shown in the first
graphic above, that is, from the bottoup rather than topdown. In this orientation the

wrench will grab the handle as it is rotated to raise the systens @lamping action does not
work if the wrench is used as shown the second gragfe.second graphic is the correct
orientation of the wrench for lowering the load,owing the wrench left to right.

Duo Cable Connections

Once the cabling has been routed from the Duo head into the Duo pier, the following
connections must be made to attach the axes to the controller.

Figure68: Paramount Dudlistribution cable PCB.

Departing from the Duo head are six cables, two motor cables, two encoder cables and two
sensor cables. The sensor cables are used to measure the temperature of the motor to insure it
does not overheat. The Duo would rarely use a rotator so that is notisked here.

The distribution board shown above is located inside of the Duo pier, above the main
controller. The altitude sensor and encoder plug into C1 and C4. The azimuth sensor and
encoder plug into C3 and C6.

Motor Wiring

The motor leads are labeled as showrigure33. They may also be labeled using the letters
R, S, T instead of 1, 2, 3 so that they match the inputs annotated on the controller where the
motor plugs in.
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Figure69: The motor wire leads (R,S,T).

Normally, there is sufficient space so that the altitude and rotator motor connectors do not
have to be removed from the motor leads. If you find that you must remove the large
connector while routing the cables, be sure to return each wire to the copesition. Use the
labeling on the Controller (J2I22) to see the order from left to right. The green wire is ground
and should go into the fourth position.

@ Note TerminalWire Fasteners
Do nottin the ends of the cabldseforethey areinsertedinto the terminal

connectors

1 Tinning changes over time and will cause the catébecome loose.

1 When tinned, the actual points of electrical contact end up being smal
compared withusingbare wires.

1 If thesecableseverneed to beemovedfrom the terminal and
reconnectegbe sure to apply significatdrqueto the small screwto
ensurefull contactandto keep the wires from pulling outThe required
torque isabout asmuch as one can muster when usthg suppliecsmall
screwdriverand without breaking or stripping the screw
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3x motor leads

Figure70: Cable connection terminals.

X(0) Azimuth motor | A(2) Rotator rrmtc:rJ ¥ 1) Altitude matar
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Figure71: Note that the rotator motocable occupies theenter plud

When plugging the two motors into the controller, make sure the azimuth/HA motor (labeled
C18) is plugged into J20 (also labeled X(0)) on the controller. The altitude/declination motor

must be plugged into J22 (also labeled (Y(1)) on the controller.
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The Duo is shipped with cables connecting C7 to C7, and C9 to C9 and C11 to C11 between the
distribution board and the controller.

Software Bisque Instrument Rotator

For three axis gimbals to work in concert, all axes must be precisely coordinated. The Apollo
rotator uses a high torque density diredtive motor and a highesolution encoder to achieve
accurate positioning and fast rotation (as fast as the azimut) axi

Though the required precision of the rotator is relaxed compared with the azimuth and altitude
axes, the rotator should have the same upper speed limit that the azimuth axis, otherwise the
mount will complete its slew before the rotation is complete.

Note: Theinstrumentrotator is integrated into the Apolea (G KNBS | EA & Ay Rdza i NA
such, the rotator is only compatible with the Apollo controller, and is not compatible with other
direct drive controller

If a rotator is not to be used, chood& Rotator Presenon the Bisque TCS/Ddindow.

Figure72: The Software Bisque instrument rotator.

Instrument Rotator Specification Details

Clear aperture 89 mm (3.51in.)

Physical size 200 mm (8 in.) OD, 70 mm (2.75 ittick

Weight 4.5 kg (10.2 Ibs.)

Torque 9 Nm (7 ftlbs.)

Telescope adapter Optecstyle 4300 dovetail

Camera adapter 89 mm (3.51in.) 24 TPI

Back focus 70 mm (2.75in.)

Resolution 26-bit absolute encoder

Power Powered by the Apollo-8xisindustrial controller
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Construction Machined aluminum housing

Full travel 540 degrees

Control system Commanded by a threaxis industrial directirive
motor controller and powered by TheSky softwal
or custom software.

Motor + sensor Encoder cable
cable

Dovetail as per Optec 4300 specification

0.250

Telescope side

7.460

7.440
4.298

7.853

0.320

Figure73: The instrument rotator dimensions.
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Powering the Apollo Mount

The Apollo mount requires 118240V ACat 15A maxmum for normal operation Thetotal
amount ofelectricalcurrent draw depends on several factors including the slew speed,
accelerationanddeceleration total weight of theinstrumentation systembalance and inertia.

When the speeds 10 degrees per second or lemsd accelerationss 10 degrees per secarper

secondor less, a balanced system of 100 kg (B&) drawsless than 3 amps. Faster slewing

and acceleration quickincreasethe electricalcurrent draw asdoesan out of balance system.
Note that altitude axis must be well balanced; azimuth balance is not as critical

Figure74: The axidocking component.

Note: the axis lock cover should be placed in the axis lock pin hole once the telescope is
mountedto prohibit insectsor debrisfrom enteringthe drive housing.

Tuning Direct  -Drive Systems

@ Direct-Drive Tuning Disclaimer

The process of tuningancause equipment damage or personal injuoy death
if not performed carefully. Tuning a systeiteratively pushes the envelope of
stability vs. instability and an unstable system can mogeickly and
unexpectedly. Although settings for safety have been set, Software Bisque
cannot be held responsible for damages caused by tuning a systeerultra:
careful. Always stand clear of a system being tuned. Always start out with
conservative settings and gradually work up to more aggressive settings.

To achieveptimal performance all direct-drive systemanust be tuned Thenature of direct

drive motors necessitates the neéar tuningprimarily because there is rgearing Therefore,
the directdrive control system itself must be ableaoccommodateall the differingaspects of
given system that are unique that system, includingpads, inertia, balance, frictiornarying

speedsegternaldisturbances, etc.

In general, a welluned astronomicakystem quickly slews to its specified target and begins
tracking with minimal overshodaindershoot It should also be said that a walined system is
one that meets the requirements, and there can be tradeoff and payoffs. For example, if
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sidereal tracking is the utmost importanc@@me overshoot/settling in slewsaybe acceptable
especially if tuning out the slew issues negatively effsitisreal tracking.

The followingsectionsoffer tips that have been used to successfully tune Apollo mounts with
variousinstrument packages from less than 50 kg up to 300 kg.

System tuning can be performed by The8kyg or the OEM softwarealledSPiiPlusiMI
Application Studighat accompanieshe direct-drive controller used by the Apollo.

Tuning in  SPiiPlus MMI Studio

The Apollo comes with a separate software pack&RiPlusMMI Application Studio) that has
extensivecontrollerfunctionality, but only a small subset dfis functionality ismecessary to
turn your system. Remember, tuning is specific to the charestics of your gstem (ts mass,
mass distribution, inertia, etc.Advanceduning withSPiiPlu$IMI Application Studigoes
beyondthe scope of this document-or additionaresourceson tuning a direct drive system
and additionakuning background seewww.bisque.com/directdrive-tuning.

The following is a overviewon how to useSPiiPluso tune your Apollo system.

You will find theSPiiPlus tuning functionalitynder TheAdjuster Wizard Axis Setup and
Tuning> Position and Velocity LoopNote, dl otherfeatures of theAdjuster Wizard, like
Initialization, Axis Architectur€omponentsetc. havealreadybeen set at the factoryyou will
only need to performtuning underas described below. Remember, motaning isdependent
on the characteristics of your payloadd cannot bere-set at the factory

There are two methods of Position and Velocity Loops tymiagely Manual and Automatic.
Each is described below.

Position and Velocity Loops: Manual Tuning

When connected to the ACS controller using OEMMMI ApplicationStudio,openthe
Adjuster Wizardfrom the Workspacewindow, then go toAxis Setup and Tuning Position
and Velocity Loops> SelectTuning Method, clickManual, then clickiNext
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Figure75: Choosing Manual Turning in SPiiPlAsjuster Wizard Axis Setup and Tunirxg
Position and Velocity Logplect Tuning Method.

The first step in SPiiPlus manual tuning is to perfol@ystem Identification

System Identification

A column of setup screens and utilitisdisted on theAdjuster Wizardwindow. The firstchoice

is Axis Setup and Tunindollowed bySettings and Identification Use this option to have the
software suggest values for five of the most typical tuning parameters. Note th&djuster
Wizardworks with one axis at a time. The selected axis is displayed near the top of the window
next to theYou Are Working With Axitext.

Before starting the identification process, the motion limits should be set so that that they
include thepresentfeedback position. Simply subtracting and adding five dedireas the
present feedback position typicalyorks well. Foexample jf the Feedback Positions 236
degrees, theStart Positionshould be set to 231 and tHend Positiorio 241 degrees.

TheSystem Typshould be set according to the load on the system. Typiddigium
Load/Mildly Stiff Systemor HeavyLoadwork best. The azimuth axis has a reasonable load
before adding any instruments, while the altitude may be lighter. SeFtiaion Levebption
to Low.

Clicking theStart Identificationbutton starts aseveral minute long procesd he software
imparts a range of frequencies to the controller and measures the response. As the frequencies
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