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Figure 1-1. Model TCF-S Temperature Compensating Focuser Family.
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The TCF-S3 3-inch Temperature Compensating Focuser.
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Side View of the TCF-Si “Integrated” Focuser.



TABLE OF CONTENTS
Revision 11 — August 2010

Section Page
1.0 Introduction . . . ... . 1
2.0 Installation . . ... 2
3.0 Theoryof Operation . .......... i 4

3.1 Crayford Style Focuser ...............cciiiiiiinnn... 4
3.2 FocusController ......... ... .. . i 5
3.3  Serial Computer Control .. ............ ... .. .. .. .. ... ...
4.0 Operating Procedures . .. ...t e e 8
41  Start-Up-ManualMode . ............ ... . i 9
42 Start-Up-AutoMode............ ... 9
4.3  Manual Focus Operation .. .............couuiiriinnin.... 10
44  AutoFocus Operation ..............c.cuiiiiiiianannn 11
45  Learn Operation ... ... 12
4.6  Shutdown ... ..... ... .o 13
5.0 PC Software Control ......... ... . .. i 14
5.1 TTLLevelControl . ........ ... 14
5.2 Advanced TTL Control forthe TCF ...................... 14
5.3 TCF-S RS-232 Serial Communications ................... 15
5.3.1 Connectingthe TCF-StothePC .................. 15
5.3.2 Communications Protocol . ....................... 16
533 TCF-SCommands.........c.couuiiiiiininnunannnn, 17
6.0 Troubleshooting . . ... 25
7.0 Specifications . ......... .. . 27

Appendices
A Wiring Diagram . . ... ..o A-1
B Controller Board Layout . ........... ... i, B-1

Original TCF Hand Controller Circuit Board Layout . ... ..... B-2

TCF-S Hand Controller Circuit Board Layout . .. ........... B-3
C Circuit Diagram . . .. ..o C-1
D TCF-S Control Using CCDSoft Version5 ....................... D-1
E TCF-S/TCF-S3 Controller Programs . .. .. ... .o E-1
F Remote Keypad . . . ... F-1
G Telescope Mounting Specifications. .. .......... .. ... ..., G-1



Figure

1-1
2-1
2-2
3-1
3-2

Table
4-1

4-3
4-4
4-5
4-6
5-1
5-2

5-4
5-5

S5-7
5-8

5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18

LisT oF FIGURES

Page
TCF-S Temperature Compensating Focuser Family ................. Cover
TCF-S Focuser System Components . . ..o 2
Items Included with TCF-SFocusers . . ..., 3
TCF-S Cross-Sectional View with Part Descriptions . . .............. 4
TCF-S Focuser Function Diagram .. ... ... 6
TCF-S Hand Control Layout ............... ..., 8

LisT OF TABLES

Page
Start-Up (Manual Mode) .......... ... i 9
Start-Up (Auto Mode). . . ... e 9
Manual Focus Operation . ...t 10
Auto Focus Operation . . ...t 11
Learn Operation . .. ...ttt 12
Shutdown ... .. e 13
Focuser Manual Mode Command ................... ... ...... 17
Focuser AMode Command ................ccciiiiiiiinenn.. 17
Focuser BMode Command ............. ..., 18
Focuser InCommand ............... i 18
FocuserOutCommand . . ...t 19
Position Read-Out Command . . .......... .. ... .., 19
Temperature Read-Out Command ............................. 20
Focuser Center Command . ...ttt 20
Focuser Sleep Command ... ...t 21
Focuser Wake-up Command . ............ ... ..., 21
Focuser Read Command ............. .. ... 22
Focuser Load Command . .............. ... 22
Focuser QuietCommand . . ............ i 22
Focuser Delay Command . ............ .. ... ... 23
Focuser Home Command .............. .. i, 23
Focuser Free Mode Command . . .......... ... ... ..., 24
Focuser Read Slope SignCommand . .. ............. ..., 24
Focuser Load Slope SignCommand . ........................... 24



SeEcTioN 1.0
INTRODUCTION

Mechanically, the Optec TCF-S Temperature Compensating Focuser is a robust Crayford style
motorized focuser with high repeatability. The Crayford design allows for a solid friction roller
focusing system with no play and very little backlash. Optec’s implementation is ideal for
applications that require exact focus such as CCD imaging or film astrophotography. A geared
stepper motor rotates the drive shaft with each step of the motor equal to a movement of the
drawtube of 2 microns (0.00008”) for the 2-inch version TCF-S and TCF-Si focusers. The larger
TCF-S3 and TCF-S3i 3-inch version focusers offer a step resolution of 2.5 microns or 0.0001”
with total travel range of 10,000 steps or 1-inch (25.4mm).

Now available in two sizes and four different configurations, the TCF-S focuser family remains
the premier motorized Crayford focuser with remote capability designed in from the beginning.
With the classic TCF-S 2-inch and TCF-S3 3-inch focusers, an external hand control box
provides a pair of pushbuttons to control the direction of focus and a 4-digit DRO (digital read-
out) displays the current position. The new TCF-Si and TCF-S3i focusers feature an integrated
circuit board providing all the capabilities of the classic TCF-S and TCF-S3, but without the
external control box. The push-buttons and 4-digit DRO are simulated in software using the
TCF-S Control program running on any Windows PC.

The 2-inch TCF-S and TCF-Si focusers can handle camera and instrument packages weighing up
to 10 pounds while the 3-inch version TCF-S3 focuser family can handle instrument payload
packages up to 20 pounds. An optional high-torque motor for the TCF-S3 and TCF-S3i focusers
can extend the payload capacity to 25 pounds. Precise adjustment of the drive shaft tension
against the focus tube ensures minimal flexure (less than 0.0005") even with the drawtube fully
extended.

A unique and patented electronic controller system monitors the telescope's tube temperature and
compensates the focus accordingly. Each TCF-S focuser includes a small temperature probe that
is attached to the side of the telescope tube and monitors temperature with a resolution of 0.1°C.
For a typical Schmidt-Cassegrain of 8 to 11 inches aperture and /10 focal ratio, the back focus
will move approximately 0.20 mm for every 1° Celsius change in telescope’s temperature. It is
not unusual during an observing session for the ambient temperature 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 frequent re-focusing during long exposures.
Even the now popular carbon fiber tube telescopes exhibit temperature related focal shift. A
typical RGB exposure sequence can last one hour making it imperative that the focus be checked
and corrected after each filter change. With the TCF-S’s closed loop temperature compensation
system, a properly configured TCF-S focuser requires no significant re-focusing as the ambient
temperature drops.



A simple learning procedure is used to find the temperature coefficients specific to the user's
telescope system. The TCF-S and TCF-S3 systems allows for two different coefficients
(corresponding to two different f-ratio configurations) to be calculated and stored in the
controller memory. Once learned, either coefficient can be selected with a simple slide switch.
A manual mode allows the user to set the focus manually at any time.

The digital nature of the TCF-S focuser family allows opportunities for truly intelligent focusing.
Using a simple serial protocol, any programmer can control the focuser from any PC. Exact
focus can be found by optimizing a stellar centriod’s diameter. Many popular camera control
programs are compatible with the TCF-S, TCF-Si, TCF-S3 and TCF-S3i including: CCDSofft,
Maxim DL, FocusMAX, CCD Autopilot, ACP and CCD Commander.

At the end of an observing session, the TCF-S focuser remembers the last temperature and
position. When the unit is turned back on for a new session, the TCF-S computes a new position
using the current tube temperature and moves to that position. Assuming no changes to the
optical configuration, the object will snap into sharp focus.

Original TCF-S Focuser with Hand Control.



SecTION 2.0

INSTALLATION

The Optec TCF-S focusers can be connected to a wide variety of telescopes using two standard
circular dovetail mounts. The 2-inch version TCF-S and TCF-Si attach to a 2.4-inch diameter
dovetail known as the OPTEC-2400 mount. The 3-inch version TCF-S3 and TCF-S3i version
focusers attach to a similar, but larger 3.6-inch diameter dovetail known as the OPTEC-3600
mount. A list of current telescope mounts can be found at the Optec website. Refer to:

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

Detailed machining specifications for each of these dovetail mounts can also be found on the
Optec website for custom mount fabrication.

Figure 2-1. TCF-S Focuser System Components.

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 camera or eyepiece. Next, to attach the focuser
to telescope mount back out three #8 setscrews (six #10 setscrews for the TCF-S3) around 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 the TCF-S to the proper position, carefully tighten each setscrews evenly making
sure no gap is visible between the focuser base and the telescope adapter. When snug tighten
each setscrew to draw the focuser tightly. Again, the more secure the focuser is attached, the less
chance of flexure at the camera. A little care will also ensure the focuser drawtube remains
centered along the optical axis.

Note that if the IFW filter wheel or MAXfilter is used, the filter selector can be placed between
the telescope 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 configuration.

Next, peel the paper backing off the thermal foam pad and 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 20 inches that should accommodate Schmidt-
Cassegrain telescopes from 8 to 12 inches in aperture. Any special length up to 6 feet can be
ordered from Optec. Refer to Optec stock no. 17560 for replacement or custom length probes.
Replacement foam pads are available 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 TCF-S temperature probe monitors the temperature change over time and works
best if measuring the temperature of the 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 the 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 TCF-S focusre is most concerned with.

Once properly attached to the telescope tube, connect the 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 condition. This socket is “hot-swappable” so the
temperature probe can be removed when using the Remote In/Out Keypad (see appendix F).

The power supply for the TCF-S focusers is regulated at 12 VDC and 1.0 amp. Use only this
type to power the TCF-S or TCF-S3. The older MAXfilter controller used a 200 ma power
supply that will overheat when used with the TCF-S focuser. When turning the power off the
TCF-S / TCF-S3 hand controller, use the slide switch first. If the power connector is pulled or
power is somehow interrupted to the unit, the current position and 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 board of the TCF-Si or TCF-S3i. While the hand control box has
an ON/OFF power switch, the TCF-Si will be powered on immediately when plugged in and
begin the homing sequence.



Figure 2-2. Items Included with TCF-S focuser.
Focuser body, hand controller, temperature probe, adhesive thermal foam,
international switching power supply and U.S. wall plug, and ball driver.

Next, for the TCF-S and TCF-S3 focusers a Control Cable with 8-pin RJ45 modular connector
on one end and a 9-pin sub-D connector on the other is used to connect the control box. Lengths
of cable 6, 12, 25 and 50 feet long are available from Optec. The TCF-Si and TCF-S3i do not
require a Control Cable. However, this is the same cable used with the MAXfilter and IFW filter
selectors and can be interchanged. Accidentally switching controllers from the TCF and the
MAXfilter or IFW will not cause any damage to either unit.

For PC serial communications the TCF-S and TCF-S3 focuser hand control provides a 6-pin
RJ12 socket to be used with a flat serial Reverse cable. Likewise, the TCF-Si and TCF-S3i
focusers provide a 6-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 the TCF-S or
TCF-S3 can also be used with the TCF-Si or TCF-S3i. Users wishing to fabricate their own
serial communications cables should refer to Appendix A for the wiring diagram and socket
pinouts.



Optec’s implementation for serial communication utilizes a simple 3-line 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 the TCF-S and TCF-S3 or on the circuit
board mounted directly on the motor housing for the TCF-Si and TCF-S3i. The connecting
serial cable is referred to as a “Reverse” cable because the tabs for modular plugs on the standard
cable are on opposite sides of the cable (unlike an ordinary telephone cord).

Figure 2-3. Close up of Reverse Cable Plugs — note each end is wired identically.

Traditionally, the Reverse cable is used with a Serial Port Converter, stock no. 17695, which has
a female RJ12 socket for the opposite end of the cable and is prewired for direct connection to a
computer DB9 serial port. Refer to Appendix A for the standard wiring layout. The idea with
this wiring design is that the end user can easily pull a flat 6-wire cable through observatory
conduit and use telephone crimpers to connect each end. Only the Serial Port Converter and
possibly a USB-to-Serial converter need be purchased. For USB-to-Serial converters, use only
the FTDI chipset brand. Problems may exist with the TCF Control software when using a
Keyspan or other brand device. Optec offers our stock no. 17690 USB-to-Serial converter which
is guaranteed to work with any of our products.

Figure 2-4. USB-to-Serial Converters using the FTDI Chipset.
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Because serial ports are no longer standard on all personal computers, Optec has developed a
single Serial / USB cable with the USB-to-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. Reference stock no. 19671
through 19674.

Figure 2-5. Serial / USB cable — direct RJ12 plug to USB converter.

With either the complete Serial / USB cable or any of the FTDI chipset USB-to-Serial
converters, the active COM port number is assigned by the Windows 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 questions or concerns regarding installation of any of the TCF-S
focusers or with cabling questions or advice.


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

SeEcTioN 3.0
THEORY OF OPERATION

3.1 CRAYFORD STYLE FOCUSER

The TCF-S focuser uses a classical Crayford design with a 2-inch 1D drawtube. Similarly, the
TCF-S3 has a 3-inch ID drawtube. The drawtube is supported within a sturdy cylinder by four
ball bearing rollers and a steel drive shaft mounted 120° apart. With a force of 100 to 200
pounds, the drive shaft pushes the drawtube against the ball bearing rollers, which eliminates all
lateral play. Rotating the drive shaft moves the drawtube through a total distance of 0.6-inch for
the TCF-S and 1.0-inch for the TCF-S3. The drive shaft for the TCF-S is supported by bearings
and is made from 303 stainless steel ground to the finished diameter of 0.2497-inch. Because of
the extra load capacity, the TCF-S3 uses a hardened high speed steel shaft of 0.3497-inch
diameter.

The stepper motor with a 50:1 gearhead has a 0.1875-inch diameter drive shaft to which a 25-
tooth spur gear is attached. The main drive shaft of the TCF-S is attached to a 96-tooth (quality
10) drive gear. In a similar fashion, the drive shaft of the TCF-S3 is attached to a 120 tooth gear.
Thus, the total gear reduction from stepper motor to drive shaft is 192:1 for the TCF-S and 240:1
for the TCF-S3. Each step from the motor moves the drawtube 0.000085-inch for the TCF-S
and, because of the larger drive shaft, 0.0001-inch for the TCF-S3. Total backlash of all the gears
gives an approximate longitudinal play of 0.0015-inch (18 steps) as measured with an indicator.
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Figure 3-1. TCF-S Cross-Sectional View with Part Descriptions.
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The motor and drive gears are protected in a motor housing with covers to eliminate any possible
damage to the gear teeth. Drive shaft and stepper motor are all mounted in one machined part to
make sure of the proper gear alignment and maintain rigidity with all loads. The rear of the
motor housing has a 0.1875 diameter ground stainless steel shaft that connects it to the main
body and also allows a small amount of rotation. During assembly, the motor housing pivots on
this shaft. On the opposite side of the housing, two #6 spanner head cap screws press the unit
with drive shaft against the drawtube with considerable force. The TCF-S3 focuser uses three
tensioning spanner head cap screws for even greater force against the drawtube.

Studies have shown that a properly tensioned TCF-S focuser will exhibit minimal flexure at the
image plane. Tests with competing focuser models show that TCF-S is consistently more rigid
and exhibits less flexure perpendicular to the optical axis at distances out to 6 inches.

A lightweight 6061 aluminum alloy is used for all machined parts with the exception of the
drawtube. Because of its higher demand for strength and rigidity, the drawtube of the TCF-S is
made from an aluminum alloy which has almost twice the strength of 6061. Additionally, the
drawtube is anodized with a “hard anodized coat” for increased durability. In the case of the
TCF-S3, the drawtube is made from 7075 alloy which has the most strength of all the common
aluminum alloys. All aluminum parts are black anodized for maximum corrosion protection.

See Figure 3-1 for sectional views and part descriptions of the focuser assembly.

3.2 Focus CONTROLLER

The heart of the controller is the PIC programmable CMOS microcontroller made by Microchip.
This device has 22 1/0 pins, 8K of program memory, 192 bytes of RAM and operates at 8 MHz.
Using CMOS technology, this device uses very little power and can operate within the industrial
temperature range specification of -25°C to +80°C. All programming was done in basic and
compiled using PIC Basic Pro by microEngineering Labs of Colorado Springs.

See Figure 3-2 for a function diagram view of the TCF-S controller.

The input power source is from a switching DC power unit rated at 12 VDC regulated and 1.0
amp maximum output current. Normally, the TCF-S/TCF-S3 uses only 230-350 milliamps when
operating. A three terminal regulator produces +5 VDC for use by the PIC microcontroller,
EEPROM, DRO display and stepper motor controller chips. Using a variety of protection
devices, the input power port is well protected from voltage surges, reverse voltage, low voltage
(brownout) and other circuit busting conditions. Historically, a replaceable 5x20 mm fuse rated
at 0.5 amps has been used for final input protection. This fuse will blow if the input voltage is
reversed which could only happen if the user incorporates a custom power source such as an
automotive battery. With the more recent Rev4 and Rev 5 control boards and with the TCF-Si
control board, a 0.5-amp polyswitch fuse that is resettable is used in place of the discrete fuse.
These boards have been in use with all control boxes made after March 2006.



Power is supplied to the TCF-S controller circuits through an SPDT relay of which the coil is
energized by both one pole of the power switch and one of the microcontroller output ports.
Thus, when power is switched off, the microcontroller will sense this condition and will keep the
relay coil energized until the shutdown procedure is completed. The shutdown procedure
consists mainly of writing the current temperature and position to the EEPROM chip, which
takes about 0.3 seconds.

HAND CONTROLLER FOCUSER MOUNTED

EXTERNAL = — — — — o o ON TELESCOPE
12 VDC/0.5A |
POWER SUPPLY | |
| VOLTAGE I

@ REGULATOR & | —m=(3) STEPPER MOTOR | STEPPER MOTOR

| LATCHING RELAY e CONTROLLER | 501 GEARHEAD
I £l 8 o I
! [} ] I
| | |
: POWER_HOLD :
| |

! TEMP_IN | DIGITAL
| - + TEMPERATURE
| SWITCH_B > e | SENSOR
| I
MODE
I switew RS |
| AUTO B ; |
| SWITCH_A |
| BLANK SX7 LED DISPLAY |
| _\.HANUAL ® ccocc sssss csssc seses ||
| §a5cs oomnd moies wEsas |
EARN 59880 pasas saoAo abaAs
: sL\Jm:H LEARN DATA_IN 52822 23:85 2aaa3 =3883 :
SWITCH_C
| I
| T e RN i
| BUTTON PIC CLK |
I LEARN MICROCONTROLLER |
‘ —'—I BUTTON_LEARN ‘
I |
‘ LED LED_IN oS24 - |
‘ I 128 BYTE !
[ BUTTON |
| n soL .- EEPROM |
} ) —'—. BUTTON_IN :
IN I
|
i Dc LED LED_OUT |
\ POVER_OFF @ |
I |
| |
EXTERNAL | |
PC ».0uT |
b COM |
| = |
PC
1 |
I |
i‘____!_ _____ __"i I
| L gs-eae 2 | |
P! DRIVER m | :
!

g ‘ TCF-S MODEL | !
L \ ! |
————m ey |

Figure 3-2. TCF-S/TCF-S3 Focuser Function Diagram.

An Analog Devices TMP04 serial digital output thermometer is used in the temperature probe.
The modulated signal from this device is processed by the PIC microcontroller and reduced to a
Centigrade scale with 0.1°C resolution. This digital device can operate over an extreme
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temperature range and, being digital, produces a very stable output which is unaffected by cable
length and common noise sources.

The DRO uses a premium Hewlett Packard CMOS 5x7 matrix LED display showing four
characters with a height of 0.15 inch. The selection of this device over a lower cost LCD unit is
primarily based on performance. This unit can operate down to -40°C and the LED dot matrix
display is far more visible in low light conditions compared to a LCD device. In addition, the
face of the display is protected by a piece of 1/16-inch thick red acrylic lens, which also
enhances contrast.

Beginning in 2010, the fifth generation control board, Rev5, allows three brightness settings for
the LED’s and DRO display or the indicators can be turned off altogether. This change was
made to allow all light sources to be eliminated from the control system. In a similar way, the
LED indicator on the side of the TCF-Si focusers can be set for any of three brightness levels or
turned off altogether. High, medium, low and OFF brightness levels are software selectable
using the latest TCF Control program (version 1.40 and above).

When the drawtube has moved all the way IN focus toward the telescope, a zero (0) reading is
shown on the DRO display. Movement of the drawtube in the opposite direction or OUT focus
will stop at position 7000, which translates to a total travel distance of 0.60 inches for the 2-inch
TCF-S and TCF-Si. The larger, 3-inch TCF-S3 and TCF-S3i focusers each allow full travel out
to position 9999 for 1.00 inch travel of the drawtube.

An integrated BiMOS unipolar driver chip is used to operate the stepper motor. This device is
rated to operate within the industrial temperature range of -20°C to +85°C and can output a
maximum current of 1.5 Amps far exceeding the needs of the motor. This integrated circuit is
fully protected against inductive transients. In addition, thermal protection circuitry will disable
the outputs when the chip temperature is excessive. This could happen if the output cable is
shorted because of damage or wear.

3.3 SERIAL COMPUTER CONTROL

All models of the TCF-S focuser family include a serial interface for external control by any
computer or controller capable of serial communications. A +5 volt power multichannel RS232
driver/receiver provides a UART interface from the PIC controller to an external control
computer. The external interface is through an RJ12 6-pin socket on the hand control box of the
TCF-S/TCF-S3 or a similar socket on the side of the integrated housing of the TCF-Si/TCF-S3i
control box. Refer to Appendix A for pin connections and Section 5.0 for a list and description
of the current serial commands.
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SecTion 4.0

OPERATING PROCEDURES

Refer to Figure 4-1 for a view of the hand controller front panel. Tables 4-1 through 4-6 below

explain the six most typical procedures of the TCF-S/TCF-S3.  Switch settings, functions, and
errors are described.

»TCF «

Temperature Compensating
Focuser

Power LED

Mode Slide Switch

Learn Slide Switch

Program Pushbutton

OUT LED

QOUT Pushbutton

Figure 4-1. TCF-S and TCF-S3 Hand Control Layout.
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START-UP (MANUAL MODE)

SWITCH SETTINGS:
Mode switch is in MANUAL position
Learn switch is in RUN position

FUNCTION:
At the start, the focuser will move all the way IN focus to position 0 (HOME). The DRO will
alternately display the letters TCFS and version number. In addition, both LEDs above the
IN/OUT pushbuttons will be lighted. When at home, the controller will read the last position
before it was shutdown from the EEPROM. The focuser will then go to that position at a rate
of 200 steps/sec.

ERRORS:
If the last position read exceeds 7000 (9999 TCF-S3), the maximum travel length, the TCF-S
controller will go to the mid position or 3500 (5000 TCF-S3). This could only occur if the
EEPROM chip has been replaced or is defective.

Table 4-1. Start-Up (Manual Mode).

START-UP (AUTO MODE)

SWITCH-SETTINGS:
Mode switch is in AUTO-A or AUTO-B position
Learn switch is in RUN position

FUNCTION:
At the start, the focuser will move all the way IN focus to position 0 (HOME). The DRO will
alternately display the letters TCFS and the version number. In addition, both LEDs above
the IN/OUT pushbuttons will be lighted. When at home, the controller will read the last
position and the last temperature before it was shutdown from the EEPROM. The focuser
will then go to that position taking into account the difference between last temperature and
current temperature.

ERRORS:
If the last position read exceeds 7000 (9999 TCF-S3), the maximum travel length, the TCF
controller will go to the mid-position or 3500 (5000 TCF-S3). This could only occur if the
EEPROM chip has been replaced or is defective. If the new position computed using the last
temperature and current temperature difference is greater than 7000 (9999 TCF-S3) or less
than 0, the focuser will move to those limits and stop. In addition, the LEDs above the
IN/OUT pushbuttons will flash 4 times.

Table 4-2. Start-Up (Auto Mode).
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MANUAL FOCUS OPERATION

SWITCH SETTINGS:
Mode switch is in MANUAL position
Learn switch is in RUN position

FUNCTION:

The drawtube is moved in toward the direction of the telescope when the IN pushbutton is
depressed and out toward the camera when the OUT pushbutton is depressed. The LED
above the pushbutton will light up when the associated button is depressed. The current
position is displayed on the DRO. The rate of focus travel is dependent on the duration the
pushbuttons are depressed. A tapping of the pushbuttons will move the drawtube 1 or 2
steps, about 0.00008 (0.0001 TCF-S3) to 0.00016 inches. Holding the pushbuttons down will
change the step rate from 6.6 steps/second to a maximum of 200 steps/second. The rate of
change is not linear but geometric.

ERRORS:
The travel limits of 0 and 7000 (9999 TCF-S3) cannot be exceeded. The focuser will stop at
those limits and only travel in the opposite direction is permitted.

Table 4-3. Manual Focus Operation.
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AUTO FOCUS OPERATION

SWITCH SETTINGS:

Mode switch is in AUTO-A or AUTO-B position
Learn switch is in RUN position

FUNCTION:

Normally, focus is obtained in the MANUAL focus mode. Once achieved, the mode slide
switch is moved to either AUTO-A or AUTO-B depending on the user's optical
configuration. At that instant, the current position and temperature is read and stored. Every
0.5 seconds a new temperature is read from the probe and a new position is computed
dependent on any temperature change. The focus is moved to that new position by one step
or 0.00008-inch (0.0001-inch TCF-S3). This loop is repeated every 0.5 seconds. All
calculations are based on the initial temperature and position so that there is no accumulated
error. The LED above either the IN or OUT pushbuttons, depending on which direction is
selected, will flash momentarily indicating the drawtube has moved one step. While in the
auto mode, pressing either the IN or OUT pushbuttons will have no effect.

ERRORS:

The travel limits of 0 and 7000 (9999 TCF-S3) cannot be exceeded. The focuser will stop at
those limits and the LED above the IN or OUT pushbutton, depending on direction traveled,
will flash at a rate of 2 times per second. The user must return the mode to MANUAL and
move the focuser to a more central position before proceeding with auto focus again. Of
course the telescope's main focusing mechanism will have to be utilized to achieve this coarse
focus change.

Table 4-4. Auto Focus Operation.
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LEARN OPERATION

SWITCH SETTINGS:

Mode switch is in AUTO-A or AUTO-B position
Learn switch is in the LEARN position

FUNCTION:

It is suggested that the LEARN procedure be done with a high powered eyepiece focused on the moon or
planet. This will allow accurate position to be obtained. As of August 2005, no camera control software
will do an automatic LEARN procedure. This must still be done manually.

Step 1.

Step 2.

Step 3.

At the start of the LEARN operation the word SET is displayed on the DRO. Using the
IN/OUT pushbuttons, focus as in the MANUAL mode. Once exact focus is obtained with
either eyepiece or CCD camera, press the PROGRAM pushbutton to store initial position and
temperature. After a slight delay, the temperature difference AT between initial temperature
and current temperature is displayed on the DRO.

The TCF can now be used as in the MANUAL mode for keeping the object in focus.
However, because of software overhead during this operation there may be a slight delay
from pressing either the IN or OUT pushbuttons and movement of the focuser drawtube.
During movement the current position is displayed on the DRO for a brief time but then
returns to display the temperature difference between initial and current temperature. It is
recommended that a temperature difference of at least 5°C be observed before proceeding
with completing the LEARN operation. The DRO will only display a temperature difference
up to 9°C but can use larger values internally. However, there will only be a slight increase
in precision by using values larger than 9°C. Typically for a 5°C temperature change, a
Schmidt-Cassegrain telescope will show approximately a 450 step change in focus.

At any time up to this point the LEARN operation can be aborted and the old values kept by
moving the LEARN slide switch back to the RUN position. After an adequate temperature
change is observed, press the PROGRAM pushbutton and keep it depressed until the word
DONE is displayed on the DRO. At this time, the new temperature coefficient for the
selected AUTO-A or AUTO-B is stored in the EEPROM. The LEARN slide switch must
now be moved to the RUN mode before the unit will operate.

ERRORS:

A temperature difference greater than 16°C during the LEARN operation may cause over-
range errors to occur with unpredictable results. Keep the temperature difference to less than
9°C.

Table 4-5. Learn Operation.
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SHUTDOWN

SWITCH SETTINGS:
Mode switch in any position
Learn switch in RUN position

FUNCTION:
When the power switch is placed in the OFF position, there is a momentary delay as the
internal PIC microcontroller writes the current position and temperature to the EEPROM.
Once done, the unit will shut down.

ERRORS:
The current position and temperature will not be written to the EEPROM if the power is
interrupted or shut down by means other than the ON/OFF power switch. However, the old
values will remain intact.

Table 4-6. Shutdown Procedure.
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SecTioN 5.0

PC SOFTWARE CONTROL

There are now two models of the TCF focuser — the older and out of production TCF
temperature compensating focuser and the newer and improved TCF-S serial version which uses
a RS-232 protocol to communicate with an external computer.

5.1 TTL LEVEL CONTROL FOR TCF AND TCF-S (THIS FEATURE 1S OBSOLETE IN NEW UNITS)

With the older TCF and the newer TCF-S, the IN and OUT pushbuttons can be operated
remotely through the 6-pin modular interface connector.

This mode of operation uses pins 2, 4 and 5 of the 6-pin modular jack on the TCF or TCF-S
controller. (See Appendix A to locate the pins.) These pins emulate the IN/OUT pushbuttons so
that logic 1 on pin 2 would, in a sense, depress the OUT pushbutton for as long as the port is held
high and a logic 1 on pin 5 would depress the IN pushbutton. Pin 4 is common.

All input signals require TTL voltage levels (0 to +5 volts) and have an input impedance of
approximately 1Kq. Debounce circuitry is not needed since it is built into the software that
controls these ports. The ports are normally held low through a 100K resistor so that an open
port condition will not result in erratic behavior. The parallel port from any PC computer should
have no trouble providing these levels. In addition, pins 2 and 5 are protected against
overvoltage and reverse voltage conditions within common limits.

5.2 ADVANCED TTL CONTROL FOR THE TCF

The second mode for the older TCF is designed for advanced programmers only. The mode has
been jumper disabled on the TCF-S to allow for the serial interface. The user should contact
Optec if this mode of control is desired with a model TCF-S knowing that the serial interface
will be disabled. This mode of computer controlled focusing uses pin 3 of the 6-pin modular
connector to send position change information to the TCF focuser. Pins 2 and 5 are used to
determine which direction to move. Like pins 2 and 5, pin 3 requires TTL level signals and is
protected against overvoltage and reverse voltage conditions within common limits.

The method of control is as follows:
1. Initial conditions: pins 2, 3 and 5 are at logic 0.
2. Pin 3 (PC) is brought high.

3. Pin 2 (or 5) OUT (or IN) direction pin is brought high.
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4. Delay at least 15 ms but not more than 3 seconds. If a delay longer than 3 seconds is
incurred before going to step 5, the device will time out and the OUT LED will flash 10
times before returning to the main routine.

5. Toggle pin 3 (high - low - high) with the duration of the pulse divided by 5u seconds
equal to the number of steps to be moved.

6. The TCF focuser will move to the new position at 100 steps/second.

7. Bring pins 2, 3 and 5 to a logic 0 before the TCF focuser completes its movement. Note
that each focus step change will require 10 msec to complete.

8. Do not initiate another focus command until the TCF focuser has completed the first
movement. Note that the total time to wait would be the total number of steps to move
times 10 ms.

Pulses up to 0.328 seconds are acceptable but these would exceed the travel limits of the TCF
focuser. It is suggested that pulse widths not exceed 0.01 seconds, which would move the
focuser through 200 steps. Since there is no position feedback to the PC computer, it is up to the
programmer to allow initial position information to be keyed into the program.

5.3 TCF-S/TCF-S3 - RS-232 SERIAL COMMUNICATIONS

Optec’s Model TCF-S and TCF-S3 provides an RS-232 serial communications option for the
temperature compensating focuser. The hand controller of the TCF-S/TCF-S3 includes built-in
circuitry with a RS-232 driver allowing the user to communicate with the focuser from any
external PC. Using simple ASCII commands this focuser can be moved in or out, set into either
of the automatic modes, or queried for position and temperature. There is even an advanced
“Sleep” mode allowing the user to place the focuser into low power operation remotely. The
focuser can then be restarted remotely at a later time.

Optec supplies a windows based control program for complete operation of the TCF-S/TCF-S3.
This program is described in Appendix E and available for download at www.optecinc.com.

5.3.1 CONNECTING THE TCF-S/TCF-S3 1O THE PC

For the physical wiring connection between the PC and the TCF-S, Optec recommends our PC
serial port converter (stk. #17695) and an RJ-12 reverse cable. Optec offers a number these
cables in lengths from 6-ft to 50-ft. Custom cables can also be ordered. The reverse cable is
wired pin 1 to pin 1, pin 2 to pin 2, etc. A six-wire flat cable with RJ-12 connectors on each end
works well up to at least 120 ft. (Refer to Appendix A for wiring details.)

The RS-232 implementation used with the TCF-S is a simple 3-line interface using RX, TX, and
GND. (Refer to Appendix A for wiring details.)
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5.3.2 COMMUNICATIONS PROTOCOL

The remote PC communication program should be set for 19.2k-baud rate with 8 data bits, 1 stop
bit, and no parity (8N1). The TCF-S/TCF-S3 is preset for these values and will not respond to
other settings. Be sure to set the baud rate to 19.2K BAUD before attempting
communication with the TCF-S. Tables 5-1 through 5-11 below describe in detail the
commands used to control and communicate with the TCF-S/TCF-S3. To establish
communications a Focuser Manual Mode (FMMODE) command must be sent along the serial
line to the focuser. This command should consist of the ASCII serial string “FMMODE”
(without the quotes). If a partial command string is received, the TCF-S/TCF-S3 controller will
timeout after only a few milliseconds and may not parse the entire command string properly.
The controller program may timeout between characters when sent one at a time. PROCOMM
can be used successfully in the chat or host mode where the string command is not sent until a
CR/LF is typed. Once the FMMODE command has been received and accepted by the TCF-
S/TCF-S3, a return character of “!” (followed by a CR/LF) will be sent back to the PC
communications program. None of the other commands will work before the FMMODE
command has properly initialized the serial connection.

Once the serial connection is active, there are commands available to center the focuser, move it
in or out any number of steps, read the current focuser position and temperature, or to set the
focuser into either the A or B automatic modes. Note that serial communications will only occur
if the hand control slide switch is in the Manual position. The Learn slide switch must be in the
Run position. Each command is described separately in the tables below.

The FAMODE and FBMODE commands simulate the Auto-A and Auto-B modes using the
same temperature coefficient values stored in the TCF hand controller memory. While in either
of these automatic modes, all serial input is ignored except for the FMMODE, which returns the
communications, program to manual operation. The LEARN operation for deriving the A and B
mode temperature coefficients is not implemented into the serial routines and must be performed
manually as describe in Section 4.0 (Table 4.5) above.

For the truly remote observatory a special low-power “Sleep” mode is available. The FSLEEP
command will drop the TCF-S/TCF-S3 into a hibernation mode that simply checks for a wake-
up command (FWAKUP) along the serial line. The remote user can restart the focuser as long as
the TCF hand controller has not lost power. See Tables 5-10 and 5-11 below.

When the communications session is complete, the Focuser Free Command (FFMODE) will
terminate the serial connection. See Table 5-11 below.

20



5.3.3 TCF-S/TCF-S3 COMMANDS

LF = line feed, CR = carriage return, n = number from 0 to 9, x = any character

Command Return

FMMODE

(Focuser Manual Mode)

‘I LF CR

Function:

This command initializes the serial connection between the PC and the TCF-
S/TCF-S3. FMMODE causes the TCF-S/TCF-S3 program to enter into the main
serial loop which checks for additional inputs along the RJ-12 connector. A
successful return from this command (“!”” LF CR) is required before the TCF-
S/TCF-S3 will accept any other user commands. FMMODE also allows the user
to exit the serial AUTO-A and AUTO-B mode loops. (See warning)

Warning:

The FMMODE command may need to be executed more than once to successfully
exit the serial AUTO loops. The user will see the return character for FMMODE
after the serial AUTO loop has been successfully exited.

Table 5-1. Focuser Manual Mode Command.

Command Return

FAMODE “P=" nnnn LF CR
(Focuser Auto-A Mode) “T=" #nn.n LF CR

Function:

This command puts the TCF-S/TCF-S3 in the serial mode AUTO-A. This mode is
the same as the non-serial mode AUTO-A. It even uses the same “learned” slope
value. The only difference between the two is that the serial version transmits the
current position and temperature to the PC. There is a 10ms pause between the
position and temperature transmissions. To exit this mode the user must execute
the FMMODE command. FQUITn stops the temperature and position telemetry.

Table 5-2. Focuser A Mode Command.
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Command

Return

FBMODE
(Focuser Auto-B Mode)

“P="nnnn LF CR
“T="+nn.n LF CR

Function:

This command puts the TCF-S/TCF-S3 in the serial mode AUTO-B. This mode is
the same as the non-serial mode AUTO-B. It even uses the same “learned” slope
value. The only difference between the two is that the serial version transmits the

current position and temperature to the PC. There is a 10ms pause between the
position and temperature transmissions. To exit this mode the user must execute
the FMMODE command. FQUIT stops the temperature and position telemetry

Table 5-3. Focuser B Mode Command.

Command

Return

FInnnn
(Focuser In “nnnn”)

“*” LF CR

Function:

This command allows the user to move the focuser in by a specific number of
steps. The “IN” direction corresponds to lower absolute position numbers. The
number “nnnn” should be padded with zeros to four characters. That is, if the
focuser needs to be moved in by 5 steps, the proper command string would be
F10005. The FInnnn command will accept user inputs in the range of 0 to 7000

(9999 for TCF-S3). However, the TCF-S/TCF-S3 cannot physically move past the

zero position.

Warning:

Entering a value such as 159, as opposed to 0159, will cause the TCF-S/TCF-S3 to

move to an undesired position. Remember to right adjust all position values less

than 1000.

Table 5-4. Focuser In Command.
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Command Return

FOnnnn «“ | F CR

(Focuser Out “nnnn”)

Function:

This command allows the user to move the focuser out by a specific number of
steps. The “OUT” direction corresponds to higher absolute position numbers. The
number “nnnn”” should be padded with zeros to four characters. That is, if the
focuser needs to be moved out by 750 steps, the proper command string would be
FOO0750. The FOnnnn command will accept user inputs in the range of 0 to 7000
(9999 for TCF-S3) . However, the TCF-S cannot physically move past position
7000 (9999 TCF-S3).

Warning:

Entering a value such as 159, as opposed to 0159, will cause the TCF-S/TCF-S3 to
move to an undesired position. Remember to right adjust all position values less

than 1000.
Figure 5-5. Focuser Out Command.
Command Return
F(ﬁzgussggosition Read Out) “P=nnnn” LF CR

Function:

This command allows the programmer to request the focuser’s current position.
The TCF-S/TCF-S3 will respond with the right justified position information.
Since the serial feature of the TCF-S allows remote control of the controller, the
user would need to have a position reading to chart the progress of the TCF-
S/TCF-S3 at that remote location. This command works nicely with the FInnnn
command, the FOnnnn command, and the FCENTR command. The programmer
can request the current position information before moving the focuser to ensure
that it stays within the operating range of 0000 to 7000 (9999 for TCF-S3).

Figure 5-6. Position Read-Out Command.
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Command

Return

FTMPRO

(Focuser Temperature Read Out)

“T=tnn.n” LF CR

Function:

This command allows the programmer to request the current probe temperature.
The TCF-S/TCF-S3 program does not display the temperature on the hand
controller DRO. (The Learn operation displays only the temperature differential.)
For advanced focus algorithms a programmer may need current temperature
information. The FTMPRO command provides access to this information. Note:
when in either of the automatic modes, FAMODE or FBMODE, the FTMPRO
command is ignored. However, each of these modes returns position and
temperature information continually. The temperature is measured and displayed
in positive or negative degrees Celsius and has an accuracy of + 0.1 degree.

Figure 5-7. Temperature Read-Out Command.

Command

Return

FCENTR

(Focuser Center)

“CENTER” LF CR

Function:

This command prompts the TCF-S/TCF-S3 to move to the center position of its
full range, which is 3500 (5000 for TCF-S3). FCENTR can be used to center the
focuser at the beginning of any observing session. The programmer might choose
to use the FCENTR command and then prompt the telescope user to focus with the
coarse telescope focuser. This procedure optimizes the distance traveled in either
direction.

As well as sending the return string(“CENTER”) to the PC, the TCF-S also
acknowledges arriving in the center position by turning on both the IN and OUT
LED’s on the controller for a moment and then turning them both out.

Figure 5-8. Focuser Center Command.
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Command Return

FSLEEP

(Focuser Sleep)

227" LF CR

Function:

This command performs the shutdown procedure of the TCF-S/TCF-S3, however
it does not completely power down. The SLEEP mode allows the PIC micro-
controller to remain active and susceptive to the FWAKUP command. The final
position and the start temperature are recorded into memory and the TCF-S shuts
off the power to the stepper motor and to the display, which is the majority of
power consumption within the TCF-S/TCF-S3. The power LED will blink slowly
to inform the user of the restful state that the TCF-S is in.

Powering down the TCF-S/TCF-S3 is also possible at this point. This command is
useful when the user has multiple devices on a power-strip and it is not convenient
to shut them off one at a time.

Figure 5-9. Focuser Sleep Command.

Command Return

FWAKUP

(Focuser Wake Up) “WAKE" LF CR

Function:

This command’s only use is to wake up the TCF-S/TCF-S3 from its SLEEP mode.
Once the user has issued this command, the TCF-S/TCF-S3 restores power to the
display and the stepper motor. The final value of the position is also restored to
the display from memory. The only time this command can be used is if the TCF-
S/ITCF-S3 is in SLEEP mode.

Figure 5-10. Focuser Wake-up Command.
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Command Return

FREADA or FREADB “A=OnNN” or “B=0nnn” LE CR

(Focuser Read Slope Command)

Function:

This command reads the learned slope values stored in the EEPROM for the
AUTO-A or AUTO-B switch settings. Values from 0000 to 0999 can be read. The
default value stored in both locations is 086, which is the slope constant for the
Meade 10-inch telescope located in the Optec Observatory.

Figure 5-11. Focuser Read Commands.

Command Return

FLAnnn or FLBnnn “DONE” LE CR
(Focuser Load Slope Command)

Function:

This command writes the slope values to the EEPROM for the AUTO-A or
AUTO-B switch settings. Values from 000 to 999 can be loaded. The integer slope
value represents the number of steps (0.00008 inches) that the focuser moves for
every Centigrade degree change in temperature.

Figure 5-12. Focuser Load Commands.

Command Return
(Focuser Quiet Command — firmware ver. 2.21 and above)
Function:

This command can disable the position and temperature data from being returned
to the PC during FAMODE or FBMODE. The default is n = 0 which returns the
telemetry data every second. A value of n =1 will disable all telemetry data.

Figure 5-13. Focuser Quiet Command.
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Command

Return

FDAnnn or FDBnnn

(Focuser Delay Command — firmware ver. 2.21 and above)

“DONE” LF CR

Function:

The default delay between step movements during temperature compensation (A
or B mode) is 1.00 seconds. This delay between steps can be increased using this
new command. Values of 001 to 999 correspond to 0.01 seconds to 9.99 seconds
of additional delay. The default value of 000 is restored after the power is turned
off. Note that this command only works with the software FAMODE and
FBMODE and not the manual selected Auto-A and Auto-B modes. This
command can only be issued while the TCF-S/TCF-S3 is in FMMODE (as
opposed to FAMODE or FBMODE). (example: FDA400 will increase the default delay

for FAMODE from 1.00 second to 5.00 seconds.)

Figure 5-14. Focuser Delay Command.

Command

Return

FHOME

(Focuser Home Command — firmware ver. 2.21 and above)

“DONE” LF CR

Function:

Similar to turning off the unit when in RUN mode (no PC) with the switch in
Auto-A or B and then turning the TCF-S back on at a different time and
temperature. Intended to be used with FSLEEP, which saves the current
temperature and position information, and the FWAKUP command which does not
automatically compensate for a change in temperature that may have occurred
while in “Sleep” mode. Command sequence is FXMODE (x = A or B),
FMMODE, FSLEEP, ... FWAKUP, FHOME. FHOME will use the temperature
coefficient stored for A or B depending on which FXMODE command was last
issued and move the focuser to the new calculated position.

Figure 5-15. Focuser Home Command.
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Command Return

FFMODE “END” LF CR

(Focuser Free Mode)

Function:

The user issues this command when the remote controlling session of the TCF-
S/TCF-S3 is over. Upon executing this command the user relinquishes control
back to the TCF-S/TCF-S3 controller and frees it from serial control. This
command will only work if the serially controlled TCF-S/TCF-S3 is in FMMODE.

Figure 5-16. Focuser Free Mode Command.

Command Return

FtxxxA or FTxxxB “A=n” or “B=n" LE CR
(Slope sign Command — firmware ver. 2.32 and above)

Function:

The sign of the slope is reported back. Most telescopes have a positive (n=0) sign
but some of the Takahashi models have a negative (n=1) sign. Use the FZXxxn
command to input new sign values.

Figure 5-17. FocuserRead Slope Sign Command.

Command Return

FZAXxxn or FZBxxn “DONE” LF CR
(Load slope sign Command — firmware ver. 2.32 and above)

Function:

This command allows the sign of the slope to be changed from positive to
negative. Previous versions always assume a positive sign. Some of the Takahashi
telescopes have slope values with a negative sign. A positive slope is designated
with n =0 and a negative slope with n = 1.

Figure 5-18. Focuser Load Slope Sign Command.
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SEcTION 6.0
TROUBLE SHOOTING

A new feature for TCF firmware versions 2.10 and later is the reporting of error codes for certain
fault conditions. These error messages are displayed on the DRO and are also reported on the
serial port. Currently, the following errors are reported:

ER=1 Temperature probe not connected or not working.
This is the most common fault and can usually be traced to a missing temperature
probe or faulty wiring. Check the temperature probe connection first. [A
temperature probe and socket upgrade (stk. #17558) which replaces the 2.5mm
phono type connector from the original design TCF-S/TCF-S3 with the more robust
current style PS2 type connector is available from Optec for a nominal charge.] Also
check the Control cable connection at the TCF hand control.

If the PC serial control cable is inadvertently plugged into the RG-45 connector (J2
in Appendix B for board layout) for the control cable going to the TCF-S/TCF-S3,
pins 1 and 8 may be pushed back and not make contact. Pin 1 is the ground pin for
the temperature probe which will disable the probe if is not connected. Examine the
pins of the RJ-45 connector using a good light and magnifier and see if all the pins
are lined up evenly. If not, use a knitting needle to bend pins 1 and 8 back in line.

ER=2  New calculated position when unit turned on in AUTO-A or AUTO-B exceeds limits.
Try re-centering the focuser and adjusting the telescope’s coarse focus.

ER=3 EEPROM failed read/write test on boot up.
Contact Optec is this error condition occurs repeatedly.

Listed below are common concerns and fixes mentioned by TCF users.

1. The focuser will not move past position 7000 (9999 for TCF-S3) or 0. If the focuser is
moved to these limits, it will stop and can only be moved in the opposite direction.

2. While in the AUTO mode, very slight vibrational pulses may sometimes be felt while
touching the TCF-S/TCF-S3 focuser. This is caused by the stepper motor moving by one
step increments under command of the controller. While in either AUTO mode these pulses
may come at a rate of 1 per second. Under careful observations with a Meade LX200 10
inch telescope, no image jitter was ever observed with a high-powered eyepiece. These
vibration pulses may only be of concern during very high magnification planetary imaging.
During that application, it might be recommended to place the unit in the MANUAL mode
just before initiating the exposure and then going back to AUTO right after. The FDAnnn or
FDBnnn commands could be used to increase the period between temperature compensation
steps.
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If, during a LEARN operation, the ambient temperature changes by more than 16° and the
procedure is not completed, an internal over-range error may occur with unpredictable results
(divide by 0). Monitor the temperature difference, and complete the LEARN operation
before a 9°C difference is reached.

In a vertical position, a heavy instrument package may cause slipping between the drive shaft
and the drawtube. This is a common problem with Crayford style mounts and cannot easily
be remedied. Loads of 8 to 10 pounds will probably result in a small amount of slippage
when in the vertical position. Loads of 6 pounds and less will not slip. Call Optec if
slippage is a problem for your application.

If the unit acts erratic when in the AUTO mode it could be the result of strong interference
upon the temperature probe. The temperature probe uses a digital signal sensor, which
should be immune to most noise sources. However, running long lengths of controller cable
over noise sources such as computers, switching power supplies or fluorescent light may
cause temperature read errors.

If pulses are slow in coming while in auto mode or if there is an unexpected delay when the
unit is powered down, the fault is probably with the temperature probe. Check to make sure
the temperature probe is properly connected.

. After considerable use, the friction surface of the drawtube may become worn. The first
production runs of the drawtube specified standard anodizing. Optec now specifies a hard-
coat anodizing which slows wear appreciably. If slipping becomes a problem, Optec can
exchange the drawtube with a rebuilt one having a new hard-coat anodized surface. Contact
Optec for details and cost.

Sometimes the three screws holding the stepper motor in position become loose. Remove the
cover protecting the gearing and tighten the motor screws with an allen key wrench. Do not
over tighten which might strip the screws.

Plugging the PC control cable into the RJ-45 connector for the control cable going to the
TCF-S, may bend pins 1 and 8 back causing them not to make contact with the cable
connector. If pin 1 is not connected, an ER=1 error will be seen. If pin 8 is not connected, the
stepper motor will sound as if it is moving but the drawtube will not move. Examine the pins
with a strong light and a magnifier to see if they are all lined up evenly. If not, use a knitting
needle to bend the pins back in line.
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SecTioN 7.0

SPECIFICATIONS for TCF-S

FOCUSER

Type

Length of focus travel
Minimum step movement
Maximum step rate

Total Backlash

Maximum instrument load
Total gear reduction ratio

Focuser drive gear

Motor spur gear
Controller connector
Temperature connector
Weight

Length

Operating temperature

CONTROLLER

Type

1/0 ports

Clock frequency
CPU Memory

EEPROM

Focuser connector
PC connector
Power connector
Power

Size

Weight

TEMPERATURE SENSOR

Type

Temperature range
Linearity

Output

Cable length

POWER SUPPLY

Input

Output

Input connector
Listed by

Output Connector
Center Pin

31

Crayford Style

0.60"

0.000085"

200 steps/sec

typically 0.0015" (18 steps)

1.00"  (TCF-S3)
0.0001” (TCF-S3)

10 Ibs. 20-Ibs. (TCF-S3)
192:1 (240:1 for

TCF-S3)

96 teeth 120 teeth (TCF-S3)
2024 alloy

25 teeth, 303 stainless, quality 10
9-pin sub-D, pins
6-pin mini DIN

2 lbs. 8 0z

3.3" (drawtube IN)
to 3.9” (full OUT)
-40°C to 50°C

4 |b. 8 0z (TCF-S3)
4.3” (drawtube IN)
to 5.3” (TCF-S3)

PIC microcontroller, 16F7x series
22

8 MHz

8 EPROM (4 EPROM for TCF)
192 bytes RAM

256 bytes

8-pin modular jack, RJ45 type
6-pin modular jack, RJ12 type
2.5 mm power jack

12 VDC, 230 to 350 ma

5.6 x 3.2 x 1.5 inches (L x W x H)
6 oz.

Analog Devices TMP03

-40°C to 100°C

0.5°C

modulated serial digital TTL signal
18" standard

100 - 240 VAC, 50/60 Hz, 0.4 A
12 VDC, 1A regulated

IEC 320/7

UL, CSA, CE

5.5 x 2.5 mm power plug
positive
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Wiring diagram for the current 6-pin DIN connector temperature probe.
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Wiring Diagram for the original phono-syle temperature probe.
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Appendix B

CONTROLLER BOARD LAYOUT

The TCF-S focuser hand control board has undergone several revisions over the years. The
original TCF Temperature Compensating Focuser did not offer the RS-232 serial interface, for
instance, so it was quickly replaced with the TCF-S controller. Shown on the following pages
are the board layouts for the various revisions of the hand control board with the most recent
version displayed first.

The TCF-Si integrated focuser does not require an external hand controller. Instead a small
circuit board attached directly to the motor housing provides all the required control. This board
includes connectors for input power, temperature probe, and serial communications through an
RJ12 6-pin socket. The board layout is shown below.
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TCF-Si Integrated Circuit Board Layout
Introduced in November 20009.
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Appendix C

CONTROLLER BOARD CIRCUIT
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Appendix D

TCF-S CONTROL USING CCDSOFT VERSION 5

Software Bisque has developed an automatic focusing routine called @Focus
as part of the CCDSoft  Version 5 software package. Using the TCF-S
focuser with this package is easy but does require a bit of understanding. This
appendix attempts to provide that understanding. It is strongly recommended
the user also read the CCDSoft Manual available in PDF format from Software Bisque’s website
at www.bisque.com. Specifically, read and understand the section covering the CCD Camera
Panel. The information contained in this appendix pertains to CCDSoft Version 5.00.112. Later
versions of the software may have changes to the current TCF-S implementation.

To setup CCDSoft for use with the TCF-S, open the Camera Control window by clicking Setup
under the Camera menu. For “Focuser”, select Optec TCF-S. Set the correct communications
port number and accept the default “Step size” and “Backlash” parameters.

[ copsoft =Iolx|

Fle Edit View Image Camera Research Window Help
BHSG 2B 2R [[hQAQE[«n ) |90t e UK |AVR|
|08 wic? |[Z£Z|Z222| 1HE S P30 O6 &EE

R

Setup ITake lmage' Focus Tools| Autoguide' Color | AutoSaveI

Camera: ISimuIator LI Settings... | & Imager

€ Autoguider
Filter Wheel: IOptecIFWFiIterWheel ll Settings... :

Focuser. IOptecTCF—S :I Settings... Connect |
v Save images with coordinated universal time (UTC) Discannect |
I~ High priority downloads
[~ Screen shutter GisDedte
v Download aborted exposures when exposed longer than (seconds): IBU 3: Temperature... |
p oo EETUE x|
= \Ereblerint TCF-S Settings

Device Link( Port COM?Z) l OK I r Filter Max
Imager No |

Cancel

Sleep |

Yyake Up |

Autoguider|No —Step size

Small:

Backlash: IIJ 3:

—Automatic Temperature Compensation
& Off O Auto-A  Auto-B

EEETn sioix] ,
iiilsmrtl | Heen [”iccnsm L NESBE® 204pm
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Initially, leave the Automatic Temperature Compensation “Off”. The “Auto-A” and “Auto-B”
option selections will place the TCF-S into either A or B mode through software. Do not adjust
the slide switch on the hand controller.

When you click the “Connect” button the software will send the appropriate command
(FMMODE) to the TCF-S through the serial port. With CCDSoft version 5.00.089 and later, the
“Disconnect” button will properly release the focuser and communications port. Remember,
while under CCDSoft or any other software control the IN and OUT buttons on the hand control
will be inoperative. However, CCDSoft allows the PC user to move focus IN and OUT under
the Focus Tools tab as shown below. Control can be regained by the TCF-S hand control from
CCDSoft by simply clicking the “Disconnect” button under the Setup tab of the Camera Control
window. Refer to the CCDSoft documentation for information on @Focus settings.

" “ccpsoft [ - (o x|

Fle Edit View Image Camera Research Window Help

BHG BB 2R[RQQ[E[«n >[92t I ¢ |HH
|08 kich | Z2Z|Z222| 1HE|S PO0 ObN &S5

£ )= |

"~ camera Control .-_l.gj,ld

Setup | Take Image Focus Tools IAutoguide' Colar | AutoSave |

—Exposure Subframe Bin Graph & Imager
Seconds: [1.00 = ’7 “ “

v On Size...l 1x1 zl Sharpness E' € Autoguider

Deley (s): lU'GD il ¥ Continuous Take Image |
—Move focus Move telescope Ahart |
In | 3750 Clear Graph |

o Smal @Focus... |

& Large

Device Linked Temperature Shutter Filter Max
Imager  |Yes [0.0°(0%) |Closed
Autoguider|No

cCDSoft w= =1 B 4
!ﬁlsmrtl |@@© S0 ||[ccosort ltemp | L NB2BER®  205rm

CCDSoft now implements the “Sleep” and “Wake-Up” features of the TCF-S. Both are
available in the TCF-S Settings dialog box. Sleep is a low-power mode which allows a remote
user to “power-down” the focuser without turning it completely off. This option allows a
convenient remote startup.

*CCDSoft Version 5 and @Focus are copyright Software Bisque and Santa Barbara Instrument Group.
@Focus uses sharpness technology developed by Bjorn Heijligers
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Appendix E

TCF-S CONTROL SOFTWARE

The TCF-S/TCF-S3 Controller software program offers the user complete control of all
programmable features of the TCF-S/TCF-S3 focuser. In addition, various operating variables
such as the temperature coefficients can be changed. The display window of the operating
program is small and can be placed in an unused area of your PC’s desktop.

To install the TCF-S/TCF-S3 Controller program on your WIN95/98/2000, WIN NT, Windows
ME, or Windows XP operating system, run the setup program. The latest version of the TCF-
S/TCF-S3 Controller software package is available for free download from:

www.optecinc.com

Uninstall any previous version of the program before installing a new one. Make sure that any
anti-virus programs are turned off. Download the file to your desktop and then run it. The
program files are copied to a folder under OPTEC in the Program Files directory. You can delete
or save the setup program at your option after installation.

To start the program, double-click the TCF-S/TCF-S3 Controller icon in the Optec program
group under the start menu. The default serial port for the TCF-S/TCF-S3 Controller is COM 0
which means that the program will not connect until you set a valid COM port. COM ports 1
through 9 are acceptable.

The HELP file available from the start menu or from within the TCF-S/TCF-S3 control program
has more information concerning startup and operation.
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REMOTE KEYPAD

The plastic control box for the TCF-S focuser was never intended for frequent use at the
telescope using it in a manual operating mode. The intended use was for complete computer
operation with the control box located in some safe area near the computer. With three cables
going to the control box, it was difficult to use as a hand paddle in any case.

To allow manual control of the TCF-S/TCF-S3 at the telescope, a remote keypad with IN and
OUT pushbuttons is available as an option. The all aluminum device comes with a 3-foot cable
(other lengths are optional) which plugs into the temperature probe connector located on the
focuser. Neither the serial control or auto temperature compensation modes of the TCF-S focuser
are operational when the remote keypad is in use. This keypad accessory is for manual hand
operation of the focuser only. The connection is hot swapable so that the temperature probe can
be plugged back in and normal TCF-S/TCF-S3 operation resumed at any time without a reboot.

The remote keypad measures 1 x 1 x 6 inches and has two pushbuttons for IN and OUT
functions. A stainless steel hook allows the unit to be stored by hanging on any available handle
such as the hand hold on many Meade telescopes. Identified by stock number 17680. Requires
firmware version 2.30 and above in the control box. Receives power from the focuser so
batteries are not necessary.
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