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HAr-d MIRROR CONTROLLER

THTRODUCT I0H

bihemenwer the 126" Yelesceome iz used at the Coude focus =i
sdditlional £lat mirior is nesded o dedlect bhe tiakt bessmn tlaeaush
e pola- meis bo the Coude B1it Roomwm. This mireor, commorniys
raferrerd o ms the Dd mirror, must acocuwrately Ffollowm the motior
of the telescope in the Declineticn sxis to properly position the
e ors the slit.  Becsuse the light is redflecting off of the #1at
mireor: e drmcouracy i its pogition will bhe doubded in the
position of the stae an the slit.

The original desian for the telescope called fo the Srd
wmireor he e positicned by mecharidically sensing e differance im
position ketweern the telescores (im Declinsticn? mid the Srd
mirecor.  This method will be deszcribed in gresher detadl laber L
the teckhrnical porticsw of this repart.  This mechamical method has
beer troukile prore in the past and hes proved to not ke scourecde
ercwgh. These problems fivslly became soudbe smowah thet a new
method of positicming the 3 wmivror wes reguired.  The
reguirenents of the mew svstem were thet it ke accurete, rellshte.
e et the old svetem shouwld not ke dissboled in such a wey as Lo
be unusable should the new system Fadl.

The pregert 3rd Mireoe Cortreller continves o use s amuckh of
the old svetem as pogsikle. The mechanical measuriing of the
pozsiticn difference betweert the telescope sind the Jrd mireor bags
besrn replaced with golid state electronics. The use of a
microprocesscr within the Controller allows us to easily
coipensate for mizsallignmernt of some of the older mechanicsl
prarbe, bo provide disgplave $or broubleshooting, s allows sasy
modiFicationz in the futwre.

BRecause most of the ordalnal components were retalned 14 iz
wasy to corvert back to the old svetem 1f recessary. Behind the
maln cormale o the 126" floor il & switch whick will recormect
e old gwetenm 14 bhrowm.  There e mo special contirols for the
wser bo leser, Thus the new Corrbroller should be bransparendt o
the user, escept that the 3rd miveor ghould eosition more
aecuratalr.,

The criginal 3rd mircor svsten was designed o allow the 3d
mirrc to mowe cnly whern the telescope waz zlewing. Thus whereesr
the Slew bubttorn  was pressed the 3rd mlreor motor was ensdonled s
would tack the telescops.

Thig fesbure has been retalmned in the new Corrtraller.
However .  sever-al astronomers voloced a desgice to have the 3rd
mirror alweaes Poliow the telescope, ever when guiding o getting.
Theretorse o switch was sdded 4o the froat panel o gnsble this
sasbomasctic bracking. MWhen dn the *Mavwaal" position the Jrd mirecd
will heheave s bhetore. dhen in the "AuteY  pozition the Srd
mivieor will continuousiy trechk the telescope.

There e some other seitches on the feomt parmel nlonm with
a dizplay. They e memnt Forr techniical peracnel ol arwd allow
For- wasy troubleshoeoting of e syeten. Their functicn will be
dezcribed in the mext sectice which iz wittern Por the techhnicasl
gt .




3rd Mirror Controller

120" THIRD MIRROR CONTROLLER

CONTENTS

Hardware Description

0ld Syatem

New Syaten
Circuit Description
Diasplay Salect Switch
Softwre Deacription

Introduction

Init

Ramtat

Start

Read the four SDC

Ck.ACIA

Hove

Diaplay Sel

UDIV

Help

DMS Convert

Raw Data

Raw.Comp

Dis.Diff

MultX100
Program Listing




Srd Mirror Controller

HARDWARE DESCRIPTION

The 120 inch Coude focus #3 mirror automatic tilt control has
been modified by the installation of a awitch that aelects either
an "OLD" or a “NEW" ayatem. Firat a discuassion of the "OLD"
ayatem.

0ld System

Mounted on the Brd mirror housing assembly arae two
tranamitter synchroa. These are connected, via a gear train, in a
356:1 “fine-coarase" ayastem. Each of these aynchros ls electrically
connected to one of two torgue generating differential synchros
located at the main console. Attached to the Declination axia of
the telescope sare another palir of identically configured
tranamitting synchros whose outputa are connected to the other
aide of torque generating synchroa. An arm ia attached to the
ashaft of theae TG synchroa. At the end of each arm ig a amall bar
mnagnet.. Near +these magnets are mounted two magnetic reed
switches, One on either side (gee fig 1).

Should the phase and amplitude of the AC voltage on the "5"
windingas of the two tranamitter synchros dissgree, a torque ia
generated in the TG DG’a and the bar mnagnet comes into close
proximity to one of the reed awitches. When thias switch closes it
energizes a relay that applies power to &an AC motor on the 3rd
mirror cell. Thia motor moves the 3rd mirror, and the 3rd mirror
synchros until the phase and amplitude of the "S" windings are
again in close agreement. The TGDS shaft returns to it’s center
poasition, the reed awitch opena, and the 3rd mirror is conglidereaed
positioned. _

Although only one was dlscussed, both the coarse and fine
operate in an identical manner.

The accuracy of this system depende on a number of factora
remaining conatant! The phyalcal poasition of the reed switches,
their hystereaia and the field atrength of the bar magnet. In
order +to avoid the above restrictiona the following aystem has
been installed.

New Systen

The output of each of the four synchros is digitized and
sequentially applied to a port card. The HMPU card selecte which
aynchro is to be read and storea thia digital information in a
memory location. After all four aynchros have been read and this
data stored in unigue memory locations the MPU inters a
“compare-move?'" routine.

In this routine +the value of the 3rd wmirror coarme aynchro is
compared to that of the telescope Declination coarse aynchro. If
they do not agree to within a value called the "moarse window'
the MPU will energize the appropriate coarse nmotor relay. As the
motor moves the 3Ird mirror, and it’s aynchro, +the difference
between the digltized data decreaaea. When this difference ia
lasa than the “"ecoarse window' the MPU releasea the vrelay and the
notoy stops. The mirror is now considered positioned in the
coarae part of the two apeed ayaten.

In the same manner the MPU now checks the two fine synchros.
Their difference is compared to a "fine window" and, as with the
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3rd Mirror Controller

coarse, if the difference iz not within this window the
appropriate relay is energized. When the difference ig within
thia fine window the relay is released and the 3rd mirror la
conaldered poailtioned. Once poaltioned any further motion of the
mirror 4is prohibited by the MPU unlesa one of the following
ocouratl 1. The teleacope slew enable button is preassed, 2. the
AUTO/MANUAL switch on the controller is put in the AUTO poaition,
or 3. the MPU detecta a difference of 11 degreeas or greater. Any
ona of these three conditlions will immediately restors the ayasten
to the auto position mode.

The MPU aoftware will also check the position of the Diaplay
select switch on the controller front panel,. Depending on where
whis awitch ia aet the MPU will display data in the 7 aeven
segment LED displays on the front panel. Saelected data can be:
Difference, Declination, 3rd mirror position, individual aynchro
data, etc. A provislon ia also made to move the 3rd mirror
manually. If +the AUTO/MAN switch is in the Man poasition preasasing
the N button will drive the mirror north, the S button will drive
it aocuth. {The aystem will automatically reposition the mirroxr i€
the slew enable button is pressed.

DETAILED CIRCUIT DESCRIPTION

For the following discussion refer to drawing EL-969-3s logic
gchenatic.

Connectors Ji, J2, J3, & J4 connect the four asasynchros to the
signal inputa of four EL-8l4 aynchro to digital converter cardas.
This card uases an Analog Devices SDC 1700/522 aynchro to digital
converter. This device converta shaft angle of the synchro to a
12 bit digital word. With a shaft angle of =zero degrees the
output, pins 1 through 12 will be at a logical O. With a shaft
angle of 359+ degreea the output pina will be at a logical 1, with
pin 1 being the mnost significant bit and pin 1Z +he least
significant bit. These output pins are connected via 8097
tri-astate buffers G3 & G4, to ping aD thru a8, (aD being the MSB).
These pins are in a floating condition untill pin b8 (enable bar)
is pulled to ground. Pin bR is the busy output and when high
indicates the device is in the proceas of conversion and should
not be read.

The outputs of the 4 EL-814 3DC cards are connected in
parallel and applied to PBl 0-7 and PAl 0~3 of the EL-743% 32 bit
port card. {(For a detalled description of the operation of this
card refer to the FEL-745 write~up) Software in the EL-825 MNPU
card will instruct the port card to select one of the SDC’a. The
digital shaft angle of that SDC will then be raead and stored in
RAM. The MPU will cycle the port card to the next SBC ete. untill
all four have been read and atored in unique RAM locationa. The
program will now compare the ahaft angle of the 3rd mirror coarae
aynchro and the teleascope declination coarae aynchro. Assume the
AUTO~MAN awiliteh is in the AUTO poailtion or if in MAN poaition the
slew enable button on the telescope paddle has been pressed. If
they do not agree to within approximatly 2 degrees the progran
determine weather the 3rd mirror synchro is larger or snaller in
shaft angle and sends the approptate asignal, again via the port
card, to A25 EL~970 relay driver card. Thias card will energize,
via cable card B28 and J5, one of the four relays located behind
+he main console. Thias relay will apply power to the coarse motor
on the 3rd mirror cell and drive the mirror and it’s aynchros.
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drd HMirror Controller

When the shaft angles agree +o within 2 degrees the MPU will
release the relay removing motor power and Lhe mirror will ge
conaldered positioned in the coarse mode.

The program now, i1in an identicla manner, comnpares the 3rd
nirror and declination fine aynchroa. If thay do not agree to
Wwithin 2 degrees of ahaft angle the MPU enargizes the proper relay
to apply power to the fine motor on the 3rd mirrer cell. When the
fine synchros agree the relay is released and the nirror i=
considered poaitloned.

Note: Two degrees of shaft angle on the fine synchro
translates to 1.5 arc min of the actual 3rd mirror pogition due to
the gear train.

DISPLAY SELECT SWITCH

The display Select Switch is a 15 position hex encoded
thumnbwheel switch. It 1a8 read by PAZ 4-7. Depending on it‘sas
position the software will dismplay one of the following:

Sw Pos Info displaved

0 Difference between mirvor and dec

1 Combined mirror position

2 Combined dec position

3 Hex raw data from mirror coarase aynchro

= Hex raw data from mirror fine aynchro

5 Hex raw data from dec coarae synchro

) Hea raw data from dec fine synchro

7 Three left digits corrected diff of coarse aynchros

Three right digits corrected diff of fine aynchros

~-15 Not assigned

o
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3rd Mirror Controllar

3rd Mirror Software Description

INIT

This is the system initialization routine. It is executed
only once on =ach power-up. Firat it asets up the porte. PAL, P2,
and PBl are set as inputes, PB2 ia aet to outputs except foxr bit 3
which is aset Lo an input. It sets the stack pointer to #FF. The
RAM at #9000 on the port card is teated (see RAMTST).

& table of mynchro correction values i1s8 now loaded into RAHM.
FTAB containa a number that is equal to the value of the Dec and
Mir coarse synchros when the ftelescope is at =zero degre=ss
declination. When +thia wvalue ia added (modulo 4096) to the
digitized synchro data the result will be true declination.

A timer (.25 mec) ias started, Telco was to have restarted
thia timer but that function was never implemented. The code wvas
left intact should the need for communications with Telco aver
arise.

RAHTST
Called by INIT

This subroutine checks the RAHM on the Port card from address
hex 9000 to hex 90FF. It firet loads an FF in all locations then

reads each location and comparea it to FF. Then , in order, loadsas
a 55, AA, and 00 in each location and conpares them. It exits
with the tested ram all zeroa. If an error ia detected it will

set the carry and jump to the "HELP" routine.

START

This is effectively the main routine. It jumps to the six
primary aubroutines and after executing each jumps back to it’a
own baginning.

READ THE 4 3DC’a

Called by START this subroutine reads the 4 SDC’s and saves
the information in location DIFF.LO indexed by the % regiater.

it f£iret loads PB2 with a busy mask for SDC #1, it reads the
buay line and if the SDC ia buay (in the proceas of converting,
data not wvalid) it returns and checks it agsin. As moon as the
SDC ia not buay it reads the digitized SDC data and savea 1it.
Then by incrementing x and shifting the busy mnask it reads and
saves the next SDC. This continues until all 4 have heen
succeasfully read and stored.

Returna to START

CK.ACIA
Called by START.
Primarily a routine to communicate with TELCO. Although

actual data transfer between the mirror controller and TELCO was
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3rd Mirror Controller

deemed not necessary the code was left intact for possible furture
nae,

& location, impval, ia checked to see 1f Telco has requested
data transfer. If a tranafer wae requested it determines wheather
a memory dump or atatus was asked for. If memory dump, the dump
flag iz set and the bi and lo addressea for the dump are loaded.
Sixty locationa are then dumped to Telco. For the orginization of
this 60 byte buffer see the program listing. If status was
requested - it clears the dump flag and reade the 6 status
ragiastera. See the program liating for orginization.

Returns to START.

MOVE?

This routine first checks to see 1if mirror and dec positions
agree to within the coarse window and if in the auto node. If not
within the coarsme window and in auto mode it determines which
direction the mirror is off and energizea the corredaponding coarae
motor relay. If within the coarae window L1t checka the difference
againat the fine window and if necessary energizes the appropriate
fine motor ralay.

If not in auto mode and slew has not been enabled it will
check the North~8South pushbuttons and if either haas been pushed it
Wwill energize the corresponding coarsze relay. I+t will ignore if
both buttons are prassed simultanecusly.

Upon entry a mask ia used on PA2-4 to see 1f the slew enable
putton is pushed, if &6 it aets the slewing flag (SLEW.FLY. A
check is then made on this flag and *“have-been-slewing” flag
(BEN.SLW). If either flag is set it jumps to DRIVE. If neither
set it clears the move direction reglster, and masks PAZ-7 to see
if in the auto mode, if 8o it jumps to DRIVE. If not it checks
PA2-5&6 for either manual move button activated. (if both are
pushed 1t will ignore) I¥f either pushed it will energize the
appropriate relay via PB2-4or5 and return to START.

If a jump or branch to the DRIVE lable was taken it asets the
ben.aslw flag and checks the coarme window flag C.FLAG. If this
flag is not set the coarse relays are released,via PB2-4&35 and the
fine window flag, F.MOT.FLAG ia c¢checked. If not =et the fine
motor relayas are releasad via PB2-6&7. If either the coarse or
fine window flag waa set it checka DIFF.NEG.C and DIFF.NEG.F to
determin which direction teo move and energizes the appropriate
relay via PB2-4,5,6,0r7.

Returns to START.

Important locations used by MOVE?.

SLEW.FL If non zero slew enable is pressed.
BEN.SLEW If non zero telescope has been slewing
and not vet within both windows
CK.TR.SW Auto/Manual awitch in Auto position,
MOV.DIR If bit & is on direction is north.
C.FLAG Non zeyro = not in coarse window
F.MOT.FLAG Non zero = not in fine window.

DISP.SEL
Called by START.
Determines, via PA2-0,1,2,3, where the Display Select switch
on the controller front panel has been set. It inverta the port
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since the BCD display switch 1is negative logic. It will now jump
to the routine selected with the Y register containing the awitch
position times 2.

Returna to START.

UnIvV

Called by DMS CONVERT.

This routine was adapted from a routine in "6502 Assembly
Language Subroutinea”™ pg 240.

Dividea two unsigned 24 bit numbers. Upon entry the divisor
is in DVSOR,0,1,2 and the dividend in DVENDO,1,2. At exit the
quotient is in DVEND,0,1,2 and any remainder in DVEND, 3,4,5.

The program performs ungsigned diviasion by the shift and
subtract algorithm, shifting quotient and dividend and placing a 1

bit in the quotient each time a subtraction is succeasful. The
carry flag is cleared if the division ia proper and aet if the
divisor ia found to be zera. A zero divisor will also reault in a

return with the result (gquotient or remainder) aet to zero.
Raeturns to DMS CONVERT.

DISPLAY

Called by DMS CONVERT.

A routine to display the data in a table called DIS.TAB.
First a control word is sent to the LED driver card EL-922. This
aeatablishes the mode of diaplay. It then sende zequentially the
eight values stored in the table to the driver card.

Returns to DMS CONVERT.

HELP

Called by RAMTST if an error occured during the test of the
ram on the port card at hex 9000 to 90FF.

This routine simply displays the word ~HELP- in the front
panel leds. HELP is stored in HELPTAB. 4 timer is atarted,
approximatly .5 sec, and when timed out it will return to INIT and
tegt the ram agailn.

DMS CONVERT
& Called by DISP.SEL

This routine takes the coarse 24 bit SDC data and divides by
a converaion factor to convert to degrees, minutes, seconds.

The value of the display awitch times 2 will be in the Y
register upon entry.

First the wvalue of the display awitch (Y register) is
multiplied by three since the main convert routine uses triple
precision arithmetic and the Y register must be in multiples of
threa.

It loads DVEND with the coarse synchro data then leoada DVSOR
with firat number in DMS.TAB and JSRa to UDIV. After returning
£fyom UDIV +the result is atored in DISP.TAB. This loop is done
four times to convert the raw data to unit minutea, ten minutes,
unit degrees, and ten degreeas. After the 4th pass it atores a 0
in the three lowest positions in DISP.TABR &ince the hardware
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requires 8 consscutive numbers. Finally the sign bit ig sent to
position 8 in DISP.TAB
Returns to START via DISP.3EL.

RAW DATA

Called by DISP.S3EL.

Routine to display the Raw data from any one of the four
aynchros in the three right most LED’a.

Firat a control word muat be sent to the driver card to aet
it to the hex mode of display. Four zeros are now sent to the
driver card for the sign digit and the left 3 digita. The aynchro
date has been stored in two byte locationa of which the hi nibble
will always be 0. The aelected aynchro hi byte ia read and the hi
nibble nasked off. This result ia sgent to the diaplay card aa
digit 5. The lo byte is read and the hi nibble is shifted into
the 1o nibble and sent to the card as diglt 6. The lo byte ls
again loaded and the hi nibble masked out and then agent to the
card as the final digit.

4 ashort delay loop, approx. 3 meec, is then executed to allow
the card Lo settle.

Returns to START via DISP.SEL.

RAW.COMP

Called by START

4 routine that adds an offset to the mirror coarse & {filne
data, so that when the 3rd mirror is positioned the data fron
mirror aynchrog are in agreement with the data dfrom the dec
synchros. (If the telescope is in the 5 mirror system an
additional 40 degrees is added to the mirror coarse gsynchro.) The
dec data is now subtracted from the mirvor data, the result stored
in RAW.DIFF.

A comparison is made between the difference and two windows,
Yocorse.win" and “f.pos.win™. If the difference ie greater than the
window the appropriate flag is set, c.flag and/or f.flag.

Returns to START

DIS~-DIFF

Callad by DISP.SEL.

Displaye the difference between mirror and dec synchroas. The
left three digits contain coarse difference and the right three
the fine difference. The synchro data is loaded and the
appropriate nibble masked in and sent to the diaplay card. After
8 digits have been sent a ahort (3msec) delay avop ia executed Lo
allow the display card to settle.

Returna via DESP.SEL to START.

MULTX100

Since the routine UDIV uses integer numgers this routine
multiplies the raw synchro data by a factor of 100. The Y
ragister ig loaded with 2 . At MULTZ2 the 3 byte coarse data is
shifted left to effect a nmultiply =% 2, Y is decremented and if not
equal to zero a branch back lg taken. When Y ia equal to zero the

9
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data will be original wvalue times 4. This result is stored in
temp. The Y register is loaded with 3 at MULT32 and again the
data is rolled left wuntil Y equals =zero (3 times). The data is
now original value timea 32 (5 left rolla), to thia iz added tenp
and the result returned to temp. Temp now containg the original
data times 36 (32 + X4 = X36),. The data 12 again shifted left
and becomes original timesa 64 (32 shift left = 64). To +this ia
added temp and the result (X36 +X64 = X100) iz atored in location
MCX1K.

10
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