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lkleecopee for wavelengths between 0.3 and 1 nun need
a reflector surface accuracy of better than 25 m

anfi a pointing precision of <lt’ under operational
conditions. It is essential to control gravitational
and ‘thermal defonmtione to very small values. The.ss
can be achieved by the use of carkon fiber reinfor-
ced plastic makials ti mlti-parameter structural
optimization. ‘lhie is illustrated by the design of
the 10-m Suhni.llhter Telescope (SMl?) of the MPIfR
ard Steward Observatory. We also discuss shortly the
characteristics of present day receivers for these
wavelengths. SIS-diode ~logy can ncw be applid

to frequemciee of aka.rt 500 GHz.

1. ‘Xhe rationale for a Sukanillhti Telescope

1. 1. astronomical.

Since several years it is clear from develqments
kth in the millimeter and the infrared range of the
ep=trum, that decisive information can be obtained
from okservatione in the last remdnkg wirxkw at
wavelengths between 100 m ad 1 mm.

Here the radiation of cold dust reaches its highest
intensity. Apart frm the study of intemte llar, aml
probably protoetellar, cordmsatione, new prcqecte
arise for the oke.rvation of active galaxies ti

~, especially if the angular resolution can be
increased. It is likely that euhnillimeter ok6erva-
tione, in combination with IRAS data, will enable us
to make some definitive decisions on the nature of
the origin of the strong continuum radiation in ex-
tragalactic objects.

Also the higher rotatimal transitions of the poly-
atomic molecules fall in this region, enabling one
to proke the warmer anddeneer parts of the inter-
stellar end cirmm=tellar clcude. The spectral lines
of hydrides and several atmic transition are foumil
here; all these are inpxtant for the cooling of the
interkellar mEdi..

Work with * millimeter telescopes in Japan aTKI

Spain, as well as millimeter interferometers, have-
shown the importance of a high angular resolution of
the order of 10 arcaeconds or better. Consequently
a similar resolution at sukmillimeter wavelenghte is
highly desirable, requiring a teleecqe with a diam-
eter of the order of 10 m. clearly this can only be
exploited if detector systems of cuff icient miti-
vity are available.

1.2. technical

The C4n@etion of several large millimeter telesco-
pes, notably the 30 m IIWl telescope on Pico Veleta,
pointed the way to even mxe amurate telescopes for
the sukmillimek range. The first telescopes, which
are capable of observing in at least the longer
wavelength wi@3ws of the eukmillimeter region are
now in use: the JCMr, C!SO, ad SEST. instruments With
diameters of 10-15 m have reached reflector acctrca-
ciea of 30-60 m, allcwing okoarvationa to a highest
frequency of about 600 GHz.

In the 15-m telescopes for the IRAM interferometer

extensive use is made for the first time of carkon
fiber reinforced plastic (CFRP) for the refkctor

sWW~@Plsti~.~ anextstep, the
Max-Planck Inetitut ilk l?adicastroncxnie (MPIfR), in
mq?eration with the -f= m, ~~f= @
W started the design project for a 10 m telescope,
which should perform nearly perfectly at the short-
est wavekngth, where the earth’s atm2e@exe is at
1* partially trmqarent undw favorable condi-
tions. This means that we aimed at a reflector inac-
curacy of not more than 15 m (< /20 at 350 m). At
this wavelength the beamwidth of a 10 m telescope is
lees than 10 arcsecoMk. Thus we rquire a pointing
ard tracking accuracy of ketter than 1 arcsecoti
under all operational conditions! The -t critical

~ of the design are the fabrication of the
reflector panels and the minimization of deforma-
tions caused by teqerature diff~ in tie sup-

port stxucture.
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2. Owtaclee towards * okservatione

2.1. the atmc6phere

A number of transitions of oxygen amil water vapor
lie in the mm- ad auhmn-region of the electrcm!agne-
tic spectrm. These cause a strong akecmption in the
terrestrial atmosphere, leading to a limitefi numbx
of ‘%ndcws” , through which the sky can be observed
frcm the ground. Since the density of WS- vapor
decreases rather fast with height (the scale height
is akout 2 km), the quality of the observing site
improves with increasing altitude. For f~~i=
above 300 GHz the situation requires a site with a
clear sky and the lcwest Pc6sible water vapor con-
centration. In the two wimikxs near 350 an5 450 m
even a precipitable water vapor column of only 1 nun
16EX5S to a zenith transmission of abut 0.4. ‘IhUS
Submillhneter telescopes are lcx2at.e5 at elevations
in excess of 3000 m, causing epcial problems regar-
ding the operation and survival.

2.2. receiver technology

@art frcxn the planets, no objects are strong emit-
ters in the eukanillimeter range @ the signals are
very weak. Moreover the development of receivers for
these wavelengths is state of the art and not cmpa-
rable with the situation at cm or mm wavelerqthe.
This is particularly true for coherent detectors,
where even the best Schottky dicdes at print give
receiver temperatures of several thousands kelvin at
350 m wavelength. Broadband continuum obervatione
fare bet& with the high sensitivity Eolometers,
ccolad to 0.3 K or even lower.

Several laboratories are pushing the limits of SIS-
diodes to high= frequencies and SIS-eystems at 490
GHz are now operational. Efforts are under way at
several institutes to reach frequemies near 1 ‘IHz
with Niobium-Nitrite-type SIS-diCXIes.

2.3. antenna technOl~

As noted akeve a euhnillimeter telescope must have a
surface accuracy of lees than 25 m ad a pointing
accuracy of better than 1“. !l?his puts high demands
on the technology of reflector sntennae ad their
associated drive sys~. While the application of
homology methods in the structural design can limit
the gravitational deformations to very small values,
the control of thermally induced deformations is
much more difficult, albeit absolutely mcessxq for

our r~ts. For ~ a temperature change
ofl Kinanaluminiumlxxm of4mlengthcaueesan
expansion of 100 m! Such deformations not only de-
form the reflector well beyond an acceptable level,
they also cause se~ pointing errors.
In Fig. 1 we shcw the position of a nmnbex of radio
telescopes on a diameter versus acxxracy plot. The
lines indicate natural kcmndariss, basal on material
chara*istic5. All tele.sq?es above the ~’gravit-
ation!! line are of an advancx+ hcmolqoua design.
Most accurate ones are limitOiby thermaleffects,
unless special precautions (CFRP malxxial or effec-
tive insulation) are taken.

3. The 10-m Suhnillimater !Dalesccpa (H)

We ncw describe the major ~ of the design of
the SM17 in order to illustrate the present state of
the art in high-accuracy reflector antennas. As we
notd above, a key feature of the S?fl’ is the exten-
sive application of CFRP in the backup structure and
the surface panels of the reflector. The met at-
tractive feature of this material for our purpose
is the extremely small coefficient of the.rml expan-
sion (akout 10-6) . It appeared feasile to maintain
the strict tolerances on the allowable deformations

in operation u&& full infhence of ~. mm
our design considered from the outset a reflector
SUpprt structure * reflector panels of CFRp.
Krupp Induetrietechmk designed and fabricated the
mount ad IxxXup structure, while M.A. N. Tecbnologie
was responsible for the panels and the eubreflector.

3.1. mjor design characteristics of the EMT.

3.1.1. the mount

The mount is a elevation over azimuth mount, made of
steel and thermally insulatsd by a layer of polyure-
thane foam. Because the CFRP reflector structure is
relatively light, special attention has * given
to the design of the aervo+rive system. The trans-
mission ratio between drive motor aml telescope axis
is about 5000. The drive rotors are d. c. -disk motors
with a lcw mcnnent of inertia. Angle enccders on both
the telescqe ad the motor axes, togeth= with
additional accele.mnetere provide the input signals
to a state controll=, which should provide ~itio-
ning @ tracking to within 1 arcaecmd in Operatie
nal winds of 12 m/s. The top plate of the elevation
section with 3.5 m diameter forms a aupprt with
uniform stif f~ for the CTRF’ reflector structure.

3.1.2 reflector support structure

This support is a stadard space frame structure,
made of cTRP tukee connected to invar steel nodes.
Fig. 2 presents a picture of the praaeaenb led stic-
ture. A large effort was epan’c by the team at I&upp

on the optimization of this structure for several
parameters simultaneous ly. TINIS a design was eought
in which maximum stiffness and minimum weight were
obtain~, while minimizing the effects of humidity
(Cl?RP is hygrcsmpic) @ of temperature changes.

Extensive theoretical d experimental studies were
made to acmrately chara~ize the C!FRP material.
An example is shcwn in Fig. 3 for the tenparatie
and humidity ef fecte on a C!FRP tuba. ‘1’ile structure

*cxVe exoellalt tolerance p+lmnieters, as Shu.nl in
the Table. several experiments were performd on the
assembled structure. The deformation under static
loads was measUr@ and Comperd to the theoretical
calculations (Fig. 4). Also a number of eigemfre-
quencies was measured ma dynamical leading ccmdi-
tions, yielding values within a few percent frcm the
calculatd ones. This demonstrates the high accuracy
of the calculations and is of gr~t value for the
implementation of the servo algorithms. The results
increase our confid~ in the mlailated performan-
ce of the tele.scqe (ltidar et al., 1990) .
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3.1.3. refl-r panels 4. The receiver-ins trumatation for the EMll

The reflector surface is eulxlividd in three cmcen-
tric rings of 12, 24 and 24 trapezoidal panels, re-
-$vely. For the panels it is aleo essential to
muunuze the thermal deformations. TINE they are
made of a ccmpcsite structme consisting of a 90 mm
thick flexible al minim honeyccmb core, to which
CFRP Sheets of 1.2 mm thickness have been bonded.
The coefficient of th~l expansion of the panels
is approximately 3.10-6. The parakoloidal contour of
the panels is achieved by replication on a mold of

X glass, p-ti by tie C@iml Sciences Center
of the University of Arizona. These xmlds were f igu-
red with a new larye optical grinder to an accuracy
of 3 m rms (Bears - Martin, 1986).

The penels are relatively large, having a diagonal
ofabout2m. To reach therquired accuracy, the
manufacturer, M.A.N. Technolcgie, has developed a

two stage prmes.s. A “rough” perd is fabricated
first , a proce$iure which involves curing of the
c=w=ite at h@ temperature. Upon cooling after
the curing, some generally large-scale deformation
is unavoidable. This is corrected by a final step in
which the ref letting skin (a 40 m thick aluminium
foil) is laid cut on the ndd and koriled to the
panel. The hardening of the epoxy is ncw done at
room temperature and no deformations are introduced.
The average contour accuracy of the panels is 7 m.

3.1.4. InEneurementad settingof the panels

The achieved high accuracy of the reflector and the
p+s, -~ ~t* than 10 m Ln?3er all operatioml
conchtions, can only be exploitd, if the panels are
set to the desird reflector contour with a similar
accuracy. This inpses a formidable measuring task.
For the WI? we plan a three-step approach. The first
will be a standard, tit carefully executed, the&lo-
lite-tape measurement, which will deliver a surface
accuracy of about 50 m. This will ke follcwed by a
radio-holographic methcd, usirg the LE3 8 satellite
at37GHzas asource. 13as&i on _iences on Oth=
telescopes, we should reach 25 m overall accuracy.
This will make the telescope useable in the windcw
near 700 GHz. Finally we plan to exploit the high
reflecting quality of the panels to use an interfe-
rcxdzer at 10 m wavelength to measure the small
scale -ors with an accuracy of bettex than 10 m.

It is worthwhile to note that the development of
high accuracy antenna structures with CFRP cpens
exciting possibilities for sukanillimetem telescopes
in space. Both the extremely small coaff icient of
thermal expnsion @ the relatively low weight
(about 5 times less than steel for a amparable
stiffnes) reriler this material very suited for space
applications.
For more details on the SKIT.project, see MarLin and
Baars (1990).

The first receivers for the S%Xl?will be cool&l SIS-
Dicde mixers for the 350 and 460 GHz wirfkws along
with a nunker of Accusto-optical Spedromters with
several bandwidths and resolutions. For broadband
continuum obse.rvations a %e-cool&l germanium kolo-
meter, equipped with several filters for the sutmil-
linleter wirxiows will be provided. These be&mmts
arealready inuse or under mnetmction. Work has
also started on a wavquide SIS-mixer for the 700
GHz windcw and on an %pen structure corner cutdr
Schott.ky-Dicde mixer receiver for the 800 GHz band.
Further development for SIS-systems is tiexway with
an aim of achieving 1 ‘IHz. Also develqznent of a
multichannel array of bolometers is in an advanced
state .

The develqment of these reivexs is a necessity
for any observatory, because they are not commerci-
ally available. The state of the art in thias field
imieed is to ke fourd at a small number of radio
o~tories. The required technologies range from
Sukmicron size devices, as S1S- ad Sdw&k@icdes,
via quasi-optical techniques for wavef ield transf or-

mation to crycgenic techniqx3s at teqeratures kelcw
4 kelvin. At the pre.smt time receiver noise tempe-
rature of about 10 thnes the quantum ltit has been
achieved with SIS-mixers at frequencies arourd 100
GHZ. In the sulxnillimeter r~e, the dif ferenc+e is
still quite larger, but gced advances are being made
for frequencies up to 500 GHz.

Acknowledgement is due to the design teams at _
and M.A. N. for their excellent achievement ts in the
design and construction of the m.
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TELESCOPE DESIGN LIMITS
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Fig.1. ‘!Natural limits!! due to gravitational and

thermal effects and a number of (sub-) millimeter
telescopes in a diamter vs. surface error plot.

Sm srRucIURAIJ PARAMEDX

GIIMETRY
—_______________________________________

PARABOIJC NAIN REHXCK)R - diam (m) 10
~=mC ~R - diem (m) 0.69
PRIMARY REFLKmR - f/D ratio 0.35
cAssmRAIN/NASMYTH - f-numbr 13.8

TOLERANCES OF ~R SUPFORT SmXTORE

LOAD CS3NDITIONS RMS DEFORMATION( m]
------— _______________________________________

Gravity - Horizon 5.2 (2.8)*
Gravity - zenith 3.1 (2.8)*
Temperature - ambient change 20 K 3.2

- gradient top/kdAm 6 K 0.6
- gradient front/back 4 K 0.6
- gradient in time 5 K/h 2.9

Wind 12 mjs - Horizon 2.0
- Elev. 50° 5.4
- zenith 4.0

seasonal humidity variation <3. o**
____________ ---__ —_________________________

‘Iw!AI1 (rss) - at elev. 60° 6.9 m

*
- ‘x -1 sett@ at 45° elevation

** – ~iti precotitio~ or CFRP ~

SONMARYOF OVERALL ClmRATERISTICS
_______________________________________________

Deformation of _rt structure 7
Fabrication of panels 7
Deformation of PIS under lcedi.ng 5
Measuring/eettjng of reflector 10
__________________________________________

Total overall surface error (rss) 15 m

Fig.2. The assembled CFRP space frame reflector
supprtof the SMTwiththe CFRP quadrupd anda
number of test panels installed.

invar steel CFRP

ball
?’ -

measuring length = 522 mm

tube diameter = 50 mm

PARAMETER COMP. MEAS.
____________________________________________________________

compliance (~m/kN) 10.75 10.76

thermal coefficient (10-6/K) 0.62 0.65

hydroscopic coeff. (10-6/%) 121 120

Fig. 3. Comparison between ccnnpute.d and meaeurcd

parameters of a CFRp memker with invar joint.
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Fig.4. Comparison between -M and measured

deformation of the space frame LUKIer static loads.
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