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Figure 1-1. Model TCFSTemperature Compensating Focuser Family
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The TCFS3 3inch Temperature Compensating Focuser.
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Side View of the TGE i Al ntegratedod Focuser.
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SecTioN 1.0
INTRODUCTION

Mechanically, theOptec TCFS Temperature Compensating Focusea robust Crayford style

motorized focuser with high repeatability. The Goagt design allows for a solid friction roller
focusing system with no play and very Ilittle
applications that require exact focus such as CCD imaging or film astrophotography. A geared
stepper motor rotatetié drive shaft witheachstep of the motor equal @ movement of the
drawtubeof 2  mi c r o n s for(th@2-ifcld veBi@BCHS and TCFSi focusers. The larger
TCFS3and TCFS3i 3-inch versionfocusers offer a step resolution of 2.5 microng).000D

with total travel range of 10,000 steps einth (25.4mm).

Now available in two sizes arfdur different configurations, the TGS focuser family remains
the premier motorized Crayford focuser with remote capability designed in frobegening
With the classic TCFS 2inch and TCFS3 3inch focusers,an external hand control box
providesa pair of pushbuttongo control the direction of focus aral4-digit DRO (digital read
out) displays the current positiomhe new TCFSi and TCFS3i focuserdeature an integrated
circuit board providing all the capabilities of the classic I&B&nd TCFS3, but without the
external control box. The pudtuttons and4-digit DRO are simulated in software using the
TCF-S Control program running on any Windows PC.

The2-inch TCFS and TCFSi focusers can handle camera and instrument packages weighing up

to 10 pounds while the-Bich versionTCFS3 focuserfamily can handle instrument payload
packages up to 20 poundsn Aptionalhigh-torque motorfor the TCFS3and TCFS3i focusers

can extend the payload capacity to 25 pound®recise adjustment of the drive shifhsion
against the focus tube ensures mini mal flexur
extended.

A unique and patenteslectranic controller system monitors the telescope's tube temperature and
compensates the focus accordingBach TCFS focuser includes small temperature prolibat

is attached to the side of the telescope tube and monitors temperature with a resolutit@. of 0

For a typical SchmidCassegrain of 8 to 11 inches aperture and /10 focal ratio, the back focus
will move approximately 0.20 mm for every Celsiuschange in telescopeemperature. It is

not unusual during an observing session for the ambeemperature to change by as much as
10°C within the time span of a few hours. This change in focus due to temperature is a serious
problem for most telescope designs and requires frequdotusing during long exposures.

Even the now popular carbon fibtrbe telescopes exhibit temperature related focal skift.

typical RGB exposure sequence can last one hour making it imperative that the focus be checked
and corrected after each filter chand®iththe TCFS6s <c¢cl osed | oop temper a
systen, a properly configured TGB focuser requires no significantfezusing as the ambient
temperature drops.



A simple learning procedure is used to find the temperature coefficients specific to the user's
telescope system. The T&Fand TCFS3 systens allows for two different coefficients
(corresponding to two different-rtio configurations) to be calculated and stored in the
controllermemory. Once learned, either coefficient can be selected with a simple slide switch.
A manual mode allows the ugerset the focus manually at any time.

The digital nature of the TGE focuser familyallows opportunities for truly intefient focusing.

Using a simple serial protogoény programmer can control the focuser from any PC. Exact

focus can be foundyob opti mi zi ng a st eMahygpopulac eamera cordral 6 s d i
programs are compatible with the TSFTCFSi, TCFS3 andTCFS3 including: CCDSoft,

Maxim DL, FocusMAX, CCD Autopilot, ACP and CCD Commander.

At the end of an observing sessione thCFS focuser remembers the last temperature and
position. When the unit is turned back on for a new session, theSTé@mputes a new position

using the current tube temperature and moves to that position. Assuming no changes to the
optical configurabn, the object will snap into sharp focus.

Original TCFS Focuser with Hand Control.



SecTion 2.0

INSTALLATION

The OptecTCFS focuses can be connected to a wide variety of telescopes using two standard
circular dovetail mounts. Theich versionTCFS and TCFSi attach to a 2-4hch diameter
dovetail known as the OPTEZ400 mount. The-Bich version TCFS3 and TCFS3i version
focuses attach to a similarbut larger 3.6nch diameter dovetail knawas the OPTEG600
mount. A list of current tescope mounts can be found at the Optec website. Refer to:

http://www.optecinc.com/astronomy/opt400 adapters.htm
http://www.optecinc.com/astronomy/opt8600 adapters.htm

Detailed machining specifications for each of these dovetail mountalsabe found on the
Optec website for custom mount fabrication.

Figure 21. TCFES Focuser System Comguits.

With a suitable telescope mount in hand, securely fasten the mount to the telescope either by
screwing it onto the telescope or bolting the mount in place as required. Be sure the telescope
adapter is tightly fastened to avoid flexure at the cameeyepiece. Next, to attach the focuser

to telescope mount back out three #8 setscrews (six #10 setscrews for HE3)r@&eund the


http://www.optecinc.com/astronomy/optec-2400_adapters.htm
http://www.optecinc.com/astronomy/optec-3600_adapters.htm

base of the focuser so that the focuser can slip onto the circular dovetail of the telescope adapter.
After rotating tle TCFS to the proper position, carefully tighten each setscrews evenly making
sure no gap is visible between the focuser base and the telescope addptarsnug tighten

each setscrew to draw the focuser tightly. Again, the more secure the foctisehisda the less
chance of flexure at the camerd little care will also ensure the focuser drawtube remains
centered along the optical axis.

Note that if the IFW filter wheelroMAXfilter is used, the filter selectaran be placed between

the telesope and focuser. This configuration has the advantage of moving the center of gravity
forward. However, with very large chip CCD cameras, vignetting due to the 50mm filters may
occur. Contact Optec for suggestions and advice regarding your exact @idigu

Next, peel the paper backing off thieermalfoampadand use it to secure the temperature probe

to the middle of the telescope tube. Place the temperature probe between the telescope tube and
the foam square. The standard probe length is Ztesthat should accommodate Schmidt
Cassegrain telescopes from 8 to 12 inches in aperture. Any special length up to 6 feet can be
ordered from OptecRefer to Optec stock no. 17560 for replacement or custom length probes.
Replacement foam pads are aablé for a nominal cost.

Note that the temperature coefficient of aluminum is much higher than carbon fiber. However,
carbon fiber will still contribute significantly more than any other component in the telescope
assembly. The TGB temperature probmonitors the temperature change over time and works
best if measuring the temperatwkthe telescope tube. However, if using a dew heater it is
always best to keep the temperature probe away from direct contact with the heater. Choose a
location on tle telescope tube that represents the average temperature and within reach of the
focuser body. Remember that it is the temperature differential and not the absolute temperature
that the TCFS focusre is most concerned with.

Once properly attached toetltelescope tube, connébe opposite end of the temperature probe,

the 6-pin DIN plug to the socket on the side of the motor housing. An improperly connected
temperature probe may result in an ER=1 conditiom.hi s sock&atppablidd@t so
temperature probe can be removed when using the Remote In/Out Keypad (see appendix F).

The power supply for the TCE focusers is regulated at 12 VDC and 1.0 amp. Use only this
type to power the TGS or TCFS3. The older MAXfilter controller used a 20Canpower
supply that will overheat when used with the T€Focuser. When turning the power off the
TCFS / TCES3 hand controller, use the slide switch first. If the power connector is pulled or
power is somehow interrupted to the unit, the currentipasand temperature will not be stored.
When the unit is powered up again, the user will have to find a new focus manually.

Plug the 2.5mm x 5.5mm power plug into the hand control socket or directly into the power
socket on the integrated circuit boarficthe TCFSi or TCFS3i. While the hand control box has

an ON/OFF power switch, the TEF will be powered on immediately when plugged in and
begin the homing sequence.



Figure 22. Items Included with TGB focuser.
Focuser body, hand controllelemperature probe, adhesive thermal foam,
international switching power supply and U.S. wall plug, and ball driver.

Next, for the TCFS and TCFS3 focusers a @htrol Cable with 8pin RJ45modular connector
on one end and a@n subD connector on thether is used to connect the control box. Lengths
of cable 6, 12, 25 and 50 feet long are available from Optee. TCFSi and TCFS3i do not
require a Control Cable. Howevehjg is the same cibused with the MAXfilter andFW filter
selectorsand ca be interchanged. Accidentally switching controlleem the TCF and the
MAXfilter or IFW will notcause any damage to either unit.

For PC serial communications the TSFand TCFS3 focuser hand control provides i

RJ12 socket to be used with atflserial Reverse cable. Likewise, the T&8Fand TCFS3i
focusers provide a-pin RJ12 socket directly on the circuit board cover on the focuser motor
housing. These sockets are wired identically so that any Reverse cable used with-®@TCF
TCFS3 @n also be used with the TE+ or TCFS3i. Users wishing to fabricate their own
serial communications cables should refer to Appendix A for the wiring diagram and socket
pinouts.



Optecds i mpl e meommunitatioo utilizésa simpede wiring scheme similar

to the original Meade LX200 PC communication cable. RX, TX, and Ground are made available

at the RJ12 six pin socket on the hand control box of theF@Rd TCFS3 or on the circuit

board mounted directly on the motor housing fa& FCFSi and TCFS3i. The connecting
serial cable is referred to as a AReverseo ca
cable are on opposite sides of the cable (unlike an ordinary telephone cord).

Figure 23. Close up of Reverse Kla Plugsi note each end is wired identically.

Traditionally, the Reverse cable is usethva Serial Port Convertestock no. 17695whichhas

a female RJ12 socket for the opposite end of the cable and is prewired for direct connection to a
computer B9 serial port. Refer to Appendix A for the standard wiring layotihe idea with

this wiring design ighat the end user can easily pull a flaive cable through observatory
conduit and use telephone crimpers to connect each end. Only the Sdri@bReerter and
possibly a USBo-Serial converter need be purchased. For {tt&8erial converters, use only

the FTDI chipset brand. Problems may exist with the TCF Control software when using a
Keyspan or other brand devic®ptec offers our stock n@7690 USBto-Serial converter which

is guaranteed to work with any of our products.

Figure 2-4. USBto-Serial Converters using the FTDI Chipset

6



Because serial ports are no longer standard on all personal computers, Optec has developed a
single Seial / USB cable with the USBo-Serial converter integrated into the cable. This cable
provides the RJ12 six wire plug on one end and a flat USB connector on the other. Consult to
the Optec website or prices list for available lengths and prices. Refestock no. 19671
through 19674

Figure 25. Serial / USB cablé direct RJ12 plug to USB converter.

With either the complete Serial / USB cable or any of the FTDI chipset-to&®Brial
converters, the active COM port number is assigned bwihdows operating system. Detailed
instructions for determining which COM port was assigned in Windows XP can be found here:
http://www.optecinc.com/usb_converter.htm

Contact Optec with any questi® or concerns regarding installation of any of the -BCF
focusers or with cabling questions or advice.


http://www.optecinc.com/usb_converter.htm

SecTioN 3.0
THEORY OF OPERATION

3.1 CRAYFORD STYLE FOCUSER

The TCFS focuser uses a classical Crayford design withireck2 ID drawtube Similary, the
TCFS3 has a-#1ch ID drawtube. The drawtube is supported within a sturdy cylindbgr four

ball bearing rollers and ateel drive shaft mounted 120° apart. With a force of 100 to 200
pounds, the drive shaft pushes the drawtube against theehailhd rollers, which eliminates all
lateral play. Rotating the drive shaft moves the drawthimgh a total distance of Giéch for

the TCFS and 1.6@nch for the TCFS3 The drive shaftor the TCFSis supported by bearings
and is made from 303 @tdess steel ground to thenfshed diameter of 0.249rch. Because of

the extra loadcapacity, the TCfS3 uses a hardened high speed steel shaft of QiBdi97
diameter.

The stepper motor with a 50:1 gearhead has a O-itBF5diameter drive shaft tahich a 25
tooth spur gear is attached. The main drive stfafte TCFS is attached to a 9toth (quality
10) drive gearln a similar fashion, the drive shaft of the T-SB is attached to a 120 tooth gear.
Thus, the total gear reduction from steppetanto drive shaft is 192:fbr the TCFS and 240:1
for the TCFS3 Each step from the rar moves the drawtube 0.0000B&h for the TCFS
and, because of the larger drive shaft, 0.60@h for the TCFS3 Total backlash of all the gears
gives an apprdamate longitudinal play of 0.001%nch (18 geps) as measured with endicator.

Figure 31. TCFS CrossSectional View with Part Descriptions.
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