National Radio Astronomy Observatory
Tucson, Arizona

June 1, 1982

MEMORANDUM 25 METER MILLIMETER WAVE TELESCOPE
TO: Buck Peery MEMO NO. 15 I

FROM: John Payne

SUBJECT: Readout system for 25-m telescope

I don't know whether the 25-m memo series is being continued, but
in case it is here is some information on the readout system being
used on the 30-m German telescope. It's basically an inductosyn
system capable of 24 bits of accuracy. It comes packaged and,
according to Alan Moffet, only costs about 5K.

Enclosure



HEIDENHAIN

The name HEIDENHAIN is long associated with precise
measurement or positioning of length and angle.

HEIDENHAIN's skills and expertise lie in the manufacture of
precision graduations, linear and rotary scales and graticules.

The first major step was the development of the lead
sulphide process (METALLUR}) in 1928 which, for the first time,
made the exact reproduction of a master graduation possible.
After the destruction and loss of the Works in Berlin, Suhl (GDR)
and Gars (Austria) DR. JOHANNES HEIDENHAIN established the
new Works in Traunreut, Bavaria.

A pioneer achievement was the DIADUR process, making
it possible to produce extremely durable reproductions of master
graduations. The company grew steadily. Optical projection
systems (for machine tools, rotary tables, testing and calibration
equipment) became part of the product range. Completely new
was the display of a complete measuring value in numerical form
{up to 0.001 mm/1 second of arc).

For the past 15 years HEIDENHAIN has also manufactured
digital readout systems for linear and angular measurement on
machine tools, testing and allied equipment.

In the production facilities at Traunreut, Berlin, Chicago and
S&o Paulo HEIDENHAIN employs 1200 people, of which more
than 100 are involved directly in Research and Development.

HEIDENHAIN CORPORATION
80 North Scott Street

Elk Grove Village, Illinois

Tel. 312-56936161
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ROD 800

Auflosung

max. 36 000 Striche 4 0,0001° (0,36")
nach 25-fach-Interpolation und 4-fach-
Auswertung

Spannungsversorgung
+5V

Ausgangssignale
sinusférmig

Referenzsignal
standard

Impulsformer-Elektronik

extern ~ der Drehgeber ROD 800 arbeitet
nur in Verbindung mit bestimmten EXE-
Ausfiihrungen, (siehe EXE-Druckschrift)
Mechanische Ausfihrung

flache Bauweise,

hohe Wellenbelastbarkeit,

durchgehende Welle auf Wunsch,
Kabelausgang radial oder axial

Besonders hohe Genauigkett
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Technische Daten

Standardstrichzahlen 25920 und 36 000 Striche pro Umdrehung
(elektronische Vervielfachung moglich)

renzsignal standard

Mechanische Kennwerte

Zulassige Drehzahl (abhangig von der Strichzahl und der Folgeelektronik):

Auflésung Strichzahl pro Signal- Auswertung Drehzahl
Umdrehung interpolation U/min.

0.5"” 25920 25-fach 4-fach 34

1" 25-fach 2-fach 34
0,0001° 36000 . 25-fach 4-fach 25
0,0002° 25-fach 2-fach - 25
0,0005° 5-fach 4-fach 33...41 je nach verwendeter EXE
0.001° 5-fach 2-fach 33...41 je nach verwendeter EXE
0.002° ) 5-fach 1-fach 33...41 je nach verwendeter EXE
Trégheitsmoment des Rotors 3140 gcm?
Anlaufdrehmoment bei 20°C =1,2 Ncm (120 cmp), =1,.9 Ncm (190 cmp) bei 2. Wellenende (Sonderausfiihrung)
Zuldssige Beanspruchung der Welle Flanschseite Ruckseite (nur bei Sonderausfiihrung m|t 2.Wellenende)
axial : 30N (3kp) - 30 N (3 kp)
radial (am Wellenende) 30 N (3 kp) ’ . 15N (1,5 kp)

taub- und Spritzwasserschutz IP 64 : v
nach DIN 40050 BI. 1
Gewicht ca. 35kg
Temperaturbereich Arbeitstemperaturbereich 0°...50°C

, . = Lagertemperaturbereich -30°...80°C
erweiterter Temperaturbereich auf Anfrage

’ation 100 m/s2 (bis 500 Hz)

oR ' 300 m/s2 (6 ms)
rel. Feuchte bis 98%
Elektrische Kennwerte
Lichtquelle 4 Miniaturlampen 5V/0,6 W
Spannungsversorgung _ Lichtquelle 5V £5%/500 mA
Abtastelemente . Si-Photoelemente in Gegentakt- Anordnung
Impulsformer-Elektronik in separatem Gehéuse, siehe yEXE« (Seite 57) M&W// ca b 7Lv M\Af“/"

Ausgangssignale le1 ’Q ANANA 2 annahernd §|nusform|ge Slgnalfolgen
. lerund le2

Referenzsignal k ) leo ? P 1 Signalspitze leo pro Umdrehung

SignalgroRe ler ca. 11 pAss
le2 ca. 11 pAss } bei Last 1kOhm
leo ca. 5,6 pA*

* Nutzanteil

Abtastfrequenz je nach Folgeelektronik, siehe Prospekt yEXE« bzw. yVRZ¢

Genauigkeit =+ 1" iber 360° bezogen auf einen Mittelwert
+0,5” ber 5° bezogen auf einen Mittelwert
=+ 0,1” Schritt zu Schritt (iber 0,5” bzw. 0,0001°)

B Die angegebenen Werte ergeben sich aus dem Fehler derTenlung dem Fehler durch
Exzentrizitdt und Taumel, sowie durch den elektronischen Unterteilungsfehler.
. Der Kupplungsfehler ist dabei nicht beriicksichtigt.
ilassige Kabelldnge 7 m zwischen ROD 800 und EXE (Standardkabel [3(2x 0,14) + 2 x 0,51 mm?2)
ermi e Caj)-& Loau‘ﬂv.) 10 m zwischen EXE und Folgeelektronik

ERO 715 | ROD 800
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Frof.a.T.Hoffet
CaAaLTEC
Rzdio Astroriomy

FPasadensrCal 21125
usa

liear Alan? Jarnuar &,1981

In rerly to uyour letter from December 146:1980 let me dive
wou the following exrlanation?

We will be using the ROD 800 as encoders for the rosition

zand the velocity of the antenna axes., The ROD 800 has an
outrut of & sine and 2 cosine signal, The full reriod of

each corresronds to 36 seconds of arc with the model selected.
We intend to interrolsate by 2 factor of 360r so that each
count corresronds to 8 tenth of 2 second of arcs. This inter-
rolation is & rhase comrarison betuween the amrlitude aof the
signals and 3 sine table, In case of strong deviastions of the
signal from 3 sinusoidal share the table could be modified
and sdJusted for each encoder seraratels,

The whole electronics is designed around the sesecifications
of the IRAM I0m—-telescore. The maximum angular range will be
onls 450 dedrees. This dives almost exsctlz 24 bits maximum
count., The maximum velocity will be 40 degrees/minute and
the accursacy driven for will be .,1°/sec, We need a3 time base
angd this is desidgned around the bssic servo cucle time of

10 msec, Furthermore we are intesgrating the interface direct-
lgv into 2 sindgle slot CAMAC module rer encoder interface:
which will 21low us to use & block transfer for inerut of 3ll
encodersy the ones for the asxes snd the ones for the motor
shafts with one computer interventicn.

The detzils are comrletely zrrlication derendent., If wou want
to wuse the CAMALC modules with almost identical srecifications
we could send wou the efrinted circuit outlaus. But I have the
susricion that sou might have other desidgn srecificstions and
interfacing methods. Therefore Herr U.EBeckmann includes s
schematic disdgram that shows the srincirles of oreration. IT
vou need more detziled informations rlesse let us know.

Best wishes

Johann Schraml



&

Further detailssy concerning the block-dissgram?

The sine and cosine sidgnals from the ROD 800 are amrlified
bw & low-drift chorrer-stabilized amrlifier because of the
very small amrlitude of ~11 uA in 1 K from the ROO 800. The
sine and cosine sisgnals are then mixed (in M1s,M2) with 3
carrier freqauency W)y (1.6 kHz) and then added in order to get
a8 sisgnal U1~A*sin(ku+h%)*t (d%=freauencs of the sine and
cosine from the ROD 800). The signal U2 is rroduced in a
similar waw but the sine and cosine signals come from a
tabler stored in 3 rprom. The rhase difference® of Ul znd
U2 is detected in the mixer MS. The outrut of this mixer:
after 8 lowrassfiltery is U3%cos® . This voltade is then
intedgrated and rectified in order to get 3 rositive control
voltage for the V/f converter., The binary outrput of the ur/doun
counter I is connected to the adress-lines of the sroms.

If U3 ¥ 0y the V/f converter sroduces the clock rulses for
the ur/down counter I which increase (decrease) the adress
for the froms, until U3 = 0, The outrut pulses of the VU/Ff
converter are also counted in the ur/down counter II. It is
8 24 bit counter., The binary data outrut gives the raosition
of the antenna.
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MAX~PLANCK~INSTITU1 f. RADIOASTRONOMIE
ARTEILUNG 4
eACTIRAML.

April 3, 1981

By, Alan 1. Moffet
Cal. Institute of Technology
Dwens Valley Radio Observatory

Pasadena, Cal. 91125, USBA

Dear Alan:

Your letter created activity in order to solve the problem
of setting the encoders ’all to the accurate position. That is the main
reason why we have not respondet earlier. We have to mount encoders on
the motors, too and part of the discussion was the syncronization
between the axis and the motor shafts, which rotate faster by the gear
ratio.

You find a manual setting that is for test purposes, and the
accurate setting of the encoders under computer control that is cnly
possible in one direction in order to avoid an ambiguity of 18 or even
36 arcseconds. Information on the occurance of the setup is available
to the computer, so that the procedure can also be automated.

Herr Beckmann has listed the delicate IC’s that he has
selected. We will receive an encoder sometime next week, they have
arrived at Krupp. Herr Beckmann has built a Camac module for a
ROD &30, that provides already digital signals and the reset pulse.
He counts up~down and derivees the velocity. We have tested it now
since December connected to the VAX and have found advantages and
small problems with the initial design, especially with spikes due
to the 10 kW airconditioner. These experiences will all be incorpo
rated in the design of the prototyp that is under construction
right now. We have ordered a storage oscilloscope especially suited
for the optimization of the table of sines and cosines. So we are
working on the problems, but cannot report details of the behavior
now. I let you know when the prototyp works.

Thus far we have not written any internal veports on this
particular aspects of the 30m—-project.

Sorry for the long delay in responding. and best wishes
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The above circuit shows the zeroing of the angle-counter with
0.1" sccuracy. When .the "LOAD-Command® is on lodic *1'» FF1
is sety so the Q-outrut is "1' and when the encoder-reference
mark comesy FF 2 is set.

Nows when the 3460 dedrees-~counter (described inm my srevious
letter) reaches 0 dedreey that means the tranmsition from

359 dedrees to 0 dedreer the "RESET® rulse for this counter
is used to make the "LOAD" for the rosition-counter. At the
same time FF1 sand FF2 2lso dget a reset-rulse so the G-out-
suts of the FF’s d0 to "0* and another rulse from the 3460 de-
grees—counter can’t make 3 new "LOAD'-rulse for the rosition-
countery until 3 rnew "LOAD-Command® is diven.

IC st In the analog erart we’ll use IC’s from "ANALOG DEVICES',
for examrle!

Mivers.:+sss000+00 534y A 533

V/f-converter..AD 537

OF-AnLF‘Ssess0e+A0 517 or OFO1y OFO%y OF10 from PMI
L/74 converter..Al 1408



