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Submillimeter-Wavelength Telescope Array

Preface

The present study is based on SAO's plans for a submillimeter-
wavelength telescope array, which were described in "The SAO
submillimeter-wavelength telescope array", J. M. Moran et. al.,
Radicastronomy in Space 1987 and "Preliminary telescope specs
for the SMA project", RNM 23 June 1987. The idea for the study
was borne in personal communication between P. T. B. Ho and

H. J. Kiarcher early 1989. 16 May 1989 an offer was submitted
by MAN GHH and at 15 September 1989 an order for the study

was placed under SAO purchase order SA 9-21583.

Preparation of the study has been technically supervised by

E. C. Silverberg and W. R. Bruckmann of SAOQ.

The study has been prepared by H. J. Kircher, J. Kiihn and
H. Lautner of MAN GHH.

The results of the study have been coordinated with MAN
Technologie, Munich, represcnted by D. Muser and
E. Ehrhardt, which prepared in parallel a feasibility

study for the reflector system of the telescopes.

The aim of the study was to show the feasibility of movable
miliimeter-wavelength-radictelescopes of the 6 m class in
the accuracies demanded by SA0 specifications, to recommend
a preferable telescope typ and to estimate the costs for

development and realization of these telescopes.
The aim of the study has been reached with the recommendations

of WP 50 000 and cost estimates of WP 60 000.

June 1990

Mo . Ko moher
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Lay out of a free standing 6 m telescope
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WP 10 000 Project Definition
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GHHM |
10.1

The SAO submillimeter-wavelength array will consist of some

telescopes of ~ 6 m diameter, which should easily
between different operation positions and able to
wavelength down to an eguivalent surface accuracy
RMS. All cperational and astronomical aspects are

in SAO's specifications as given in WP 11 000.

movable
receive
of 15 um

described

For the design of such a telescope system in the offer for

the study the following main criteria were emphasized:

- excellent telescope accuracy under all weather

conditions,

where submillimeter-wavelength cbservations are possible

- reducing of all aperture blocking installations

(eg.

radom, subreflector supports) as far as technically

feasible

- protecting the telescope against all accuracy degrading

environmental effects like temperature and wind as well

as possible

- ease 1n re-configurating the array positions by moving

the telescopes to new stations

- ease in operating the telescope system for observers

(overall system reliability, accessibility to the

receivers, remote contrcl)

- ease 1n maintaining (protection against severe weather

conditions, lifetime and guality of the hardware,

maintainability and accessibility of the subsystems).

- low costs per unit
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10.2

As starting point for the discussion the following telescope

ldeas ware described in the offer:

AR VRN

NN

Telescope
in a
co-rotating

building

Telescope
under a
co-moving
non-rotating

radom
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One major demand of the SAO specifications is to be able

to_change during cperation very quick between 4 receivers.

This makes it necessary to arrange 4 receiver boxis scme-
where behind the main reflector, which has a main impact
on the telescope lay cut. Therefore at the beginning of the
study work the possible arrangements of receiver boxes were
studied (WP 25 100). At the end of the study an arrangement

of 4 boxis in a bundle was selected (see page 25.5).

Before starting with the detailed design work, some general

considerations on geometrical arrangements of the reflectors

and receivers (eg. primary focus, Cassegrain, Nasmyth,

Coudé arrangements etc.) should be taken in mind, which

are documented in WP 20 000.

In addition te¢ the mentioned geometrical aspects the

structural considerations for an adeguate support of the

reflectors and receivers take a major contribution on the

design and performance of the telescope, which are described
in WP 21 000,

After this preparation work the lay out sketches for the

overal system, including enclosure, telescope and receiver

boxis, are developed in WP 22 000. Beside more conventional
lay outs - using large enclosure structures like rotating

buildings etc. - an "open-air" telescope on a wheel-on-track

alidade is introduced, which is estimated as by far the
simplest solution. The only precondition for this solution

is, that it must be allowed to expose the front surface

of the main telescope reflector also under severe weather

conditions to the open air.
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10.5

To get a comprehensive impression of the influence of the
different telescope types on the receiver (front end) arran-
gements, 1in WP 25 200 the alternatives are compared in re-
spect of simplicity and accessability and the advantages of

the recommended solutions in Nasmyth arrangement, with the

receivers below the elevation axis and the switching mecha-

nism part of the receiver rack are shown.

The following two workpackages, WP 30 000 wind study and
WP 40 000 temperature study, have the purpose to investi-

gate the influence of the envirconment con the telescope and

its performance and to analyse differences in quality

between the alternatives.

The wind study (WP 30 000) shows, that with an adeguate
effort the demanded very high pointing and tracking charac-
teristics could be reached not only for the enclosed lay
outs but also for the open-air design, if some special
measures (control of the quasi-static and low frequent

wind deformations by an "active sensing" system, which is
equivalent to an inprovement of the "pointing model" for
standard servo systems for radio-telescopes) are taken

into account.

The temperature study (WP 40 000) shows, that by an adequate

thermal design the open-air-lay out, together with a cocn-
trolled, but simple air-conditicning system for the obsecrver
cabin is sufficient to reach the specificed peinting perfor-
mance. It is also shown, that for the reflector back-up-
structure the use of CFRP is excellent, but not mandatory
and that the choice of material therefore should be based

on the results of the reflector study.
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10.6

The servo system (WP 23 000) has the task, to control and

integrate all operational functions of the mechanical
systems of the telescope and to communicate them to the
operator. In WP 23 000 principle comments on the lay out,
achievable performances and ideas for the verfication in

the design phase are made.

The last hardware subsystem noct yet described is the

transportation system for the telescope. As a simple

solution, the movement of the telescope on steel wheels
on rails and external traction by a tractor on tire-

wheels is recommended (WP 26 000C).

For the telescope assembly (WP 27 000) it is suggested

Lo preassemble the first unit completely in the workshop
and test it as a prototyp. For the following telescope
units a preassembly and testing only on subsystems level

is sufficient.

From the view point of technical availability (WP 24 000)

it is assumed, that - except for the reflector system, as
studied in the special reflector study - all telescope
subsystems are designed in normal available state-of-the-
art components, which need no further long-lead-item

development.

To define the further work necessary for realizing the
telescopes in WP 12 000 the main interfaces between the
telescope subsystems are enlisted. In WP 13 000 a work

package plan for the definition study as predecessor of

the manufacturing phase is given and in WP 14 000 a time

schedule for the realization steps is laid down.



EES MR S LR WAL A RALE

LN =

e o

FouULvul JUsaclL vaour 'y

Submillimeter-Wavelength Telescope Array ,Eﬁﬁ‘
111
WP 11 000 Specification

- Check of specifications for telescope system and

requirement for supplementary data

1. SAO's preliminary specification, date Oktober 27, 1989
. +

1. Diameter: Approx., 6 m - 2
IT. Configuration: Alt-Az
III. Pointing:

A. Altitude axis, -2 to + %5 degrees

B. Azimuth axis, t 270 degrees
Iv. Optics: Classical cassegrain, f ratio approx. £/10
V. Environment

A.

General:

1.
2.
3.

Elevation, approx. 3000-4000 meters
Temperature, -30 to +40 degrees C

Dust, occasionally heavy

Precision Operations:

1.
2.
3.

wWind -510 m/sec
Relative humidity <20 %

all sun angles

Degraded Operations:

1.
2.
3.

wind S25 m/sec
relative humidity <60%

2ll sun angles

Instrument Survival:

1.

in winds to 75 m/sec in dish-up stow position;
50 m/sec all alt-az positions

humidity: 0-100%

snow: up to 1 meter fall in unattended status
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4. ice: up to 3 cm coverage on all surfaces:
deicing provisions included

5. instrument must drive to stow position
in winds to 50 m/sec

VI. Surface Accuracy, Primary

A.

B.

Precision Operations: better than 15um RMS

Degraded Operations: better than 35um RMS

VIT. Secondary:

A.

Surface accuracy: better than 5um RMS,
all operating conditions

Mounting: Secondary spider support points
located ocutside the diameter of the primary.
All mechanisms at secondary shadowed by the
reflecting surface. Require minimal blockage
by the seccndary support structure

Positioning
1. Mechanism: three axis motorized stage

2. Position Stability

a. Precision Operations: Better than 20 um
all elevation angles

!

b. Degraded Operations: Better than 50um,
all elevation angles

VIII. Poilnting Accuracy {as measured at the Cassegrain focus)

A.

Precision Operations:

+ .
. max errcr: <-1 arc scec cach axis when offset
trom known standard within 20 degrees

2. max error: <f2 arc sec each axis for >18
hours following development of mount model

. +
Degraded Operations: max error <-3 arc sec
each axis
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12.1

WP 12 000 Interface Definition

- Definition of interfaces to subsystems

The subsystems, between which interfaces are be

existing are:

- Receivers (front ends)
- Reflectors

- Pedestal

- Servo

- Claddings

- Air conditioning

- Transport system

- Foundations

- OCperator center

Main interfaces are:

Receiver front ends to

- Reflectors ¢ type of reflector arrangements
- Pedestal : available space for the receiver racks
- Servo : 1nterlock system for the telescope

operation modes, switching system

for the receivers
- Claddings ! apex-window

- Alr conditioning : temperature, humidity conditions in

the receiver room
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- Transport system

Foundations

- Operation center

Reflectors to

- Pedestal

- Servo

- Claddings

- Alr-conditioning
- Transport system
- Foundations

- Operator center

Pedestal to

- Servo

- Claddings

- Air-conditioning

- Transport system
- Foundations

- Operator center

x]

weight of the receivers,

procedure for the receivers
connectors to the operating room

location of the back-ends.

reflector supporting system
status monitering system

structural arrangement

encoder units )
drive units )

dynamics )

arrangement of servoe racks

structural arrangement

changing

elevation axis

and azimuth axis

l —v--—--"‘

12.2

arrangement of air-conditioning units,

thermal behaviocur

structural arrangement,

structural arrangement,

S
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12.3

Servo to

~ Claddings A

- Air conditioning : operating instructions for the air-
conditicning via the servo-system

- Transport system : interlock system for the telescope
operation modes

- Foundations : connectors to the operating room

- Operator center : central operating computer

Claddings to

- Air conditioning : lay-out data for heating- and cooling
capacilty

- Transport system : weight

- Foundations : sealing of gap between telesccpe

and ground

- Operator center : ./.

Air conditiconing system to

- Transport system : /.
- Foundations : connectors to operating room
- Operator center ! operating instructions via cables

Transport system to

- Foundations * transportation rails, azimuth track,

pintle bearing

- Operator center : interlock system for telescope

aperation modes
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WP 13 000 Statement of Work

- Setting up a work package plan and

description for the definition phase

The purpose of the definition phase is to define the
overall system and the subsystem incl. all interfaces
up te a level, that:
- the performance could be checked and verified
- the cost for the realization of the system

could be estimated (+ 10 %)
Therefore the following activities are necessary:

- system engineering

- description of the subsystems

by specifications and drawings

—- engineering analysis of the overall

and the subsystems

- work and quality assurance planing

The activities could be detailed as given 1in

figure 13.1
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13.2
Telescope
system
!
System Subsystem Fngineering Planning
engineering| |[definition analysis
Structures Static Analysis Work planning ]
(FEM)
Yoke J Quality assurance
_____ | Dynamic Analysis| | {planning
ICenter iece1 LﬁFEM)
P - T Contract handling
IHood l Thermal
Analysis
fPilar J [
Servo
Mechanics 151mu1atlon”“
LAz-drives }
o ]Adjustment
| Eldrives | iMethod |
[Az wheel & track!
El bearing & ] Figure 13.1
encoder support |
Work package plan
L}zcen&x unit 1 definition study
[Secundary urilt l (Alternative V
excluding
| Nasmyth unit J reflector system)

Miscellanous ]

L§ervo system

|

|Monitoring.system _J

[Air condition system ]

[Cabin cladding

]
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14 .1

WP 14 000 Time Schedule
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20.1

WP 20 000 System Design

Before starting with the detailed design work for the telescope,
some general considerations on the geometrical arrangements of
reflectors and receivers should be token in mind. Classical

Reflector arrangements are:

| @

Primary Focus

Cassegrain Focus

|

( |
% i ﬁ N

Near field Far field

W
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20.2
"
\\R\\r Classical
_ ~ ¥ Nasmyth
<k%<;\\\\5_ Receiver
moving
in azimuth,
Elevation _ __ . *“jﬁ;::::é;: fixed
Axis

in elevation
(no changing

gravity loads)

Modified

Nasmyth
| <
¥
| Y
Receiver below Receiver behind

elevation axis elevation axis
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"Beam-waveguilde" System

{Coudé-Focus)

Receivers fixed in

azimuth and elevation

Elevation
AxXis

!

Task of the telescope design is, to place the "switching-
focus" receiver boxis of WP 25 000 in the focus of these
alternatives and to fullfill the structural demands for
adequate support of the reflectors and receiver boxis.
Therefore first some structural aspects as described in

WP 21 000 should be token in mind.
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WP 21 000 Telescope Concepts

- Design for two telescope concepts with

* rotational symmetric reflector

* offset-reflector
- Reasons for the selection of these concepts

- Technical data for both concepts

In addition to the aspects of geometrical arrangements of the
reflectors and receivers, as described in WP 20 000 and

WP 25 000, structural considerations on an adequate support

of the reflectors and receivers take a major contribution

on the design and performance of the telescope. For submilli-
meter telescopes with accuracies as given in the SAO specifi-
cations 1is the design and the construction of the reflector
system the leading item for all other design considerations
and decissions. For a rotational symmetric reflector there
are two principly different methods to¢ design the supporting

system (figure 21.,1):

alternative a.l with a central hub as connecting

element to the pedestal

alternative a.?2 with a yoke as connecting

element to the pedestal

The two alternatives are principly different in

- the space which they provide behind the reflector apex

for the location of receiver boxes, Nasmyth mirrors etc.

- the load carrying features between reflector and

pedestal.

Whereas in alternative a.l the available space behind the

apex is very restricted, the load distribution by the hub

cont. page 21,3
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21.2

Telescopes with rotational symmetric reflector

Alternative a.1

Main reflector support with

Central Hub

Alternative a.?2

Main reflector support with

Yoke

Figure 21.1 Reflector supporting systems
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is very direct and therefore stiff. Fer the other alternative
a.2 the space behind the apex is much better accesable, but
the load distribution via the yoke is more complicate and

weaker than that of the central hub solution.

Due to the requirements for gquick change of the receivers
during cperatieon and the arrangement of the receiver boxes
(see WP 25 000} the variety of sclutions with central hub
is much more restricted than with the yoke arrangement.
From the point of related accuracies the central hub solu-
tion may be a little bit easier to handle; but the yoke
sclution is also suggested as feasible in the reguired

accuracies.

For the connections between the back up structure and the
pedestal the hub alternative implies a lot of supporting
points (figure 21.2). These points have the advantage of
stiffness, but alse the disadvantage that an injury of the
reflector surface by thermal deformations of the hub and
by the pedestal via the elevation bearings may occur. For
the yoke alternative an "astatic" seperation between the
back up structure and the pedestal could be reached by

adegquate designed supporting elements.
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Reflector supports

Figure 217.2

Central Hub

Stiff connection
between central hub
and reflector

trusswork

Ideas for the support
system of the reflector
backup structure on the

pedestal

Quasi-optical

reflector support

" §

with "astatic"

supporting elements
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21.5

Concerning the guadropod for the hub alternative it should be
directly supported on the backup structure (figure 21.3; also
an arrangment with supporting points at the outer edge of the
reflector may be possible). For the yoke alternative a seperate
support independent from the backup structure may be advantage-
ous (figure 21.3). The final arrangement should be decided
after finite element calculations of the complete reflector

system executed in the definition phase.

Concerning the arrangement of the reflector panels itself in
figure 21.4 two possible soclutions are sketched. The arrange-
ment has influence on the principle deflection patters under

temperature loads (WP 43 000}.

Figure 21.4

Reflector

panel

arrangement

Segmented reflector Segmented all

with

central monolith
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Central hub Yoke

Direct Indirect Direct Indirect
via the to the to the to the
reflector central reflector voke
trusswork hub trusswork

Figure 21.5 Supports for the quadrupocd
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21.7
Concerning the azimuth axis of the pedestal
two alternatives were considered (figure 21.5)
%"% S
— e -
|
e I IR N
Y- azimuth
ball bearing
azimuth
(_ wheel-on-
/ track
( N
[ — e B
alternative a.Z2 alternative a.3
Figure 21.6 Alternatives for the azimuth axis

Both alternatives, the ball bearing in the upper part of the
reflector and the wheel-on-track direct above the foundation,
are compared more in detail in WP 22 000 from the operational

point of view.

Telescope with offset-reflector

Because the specifications of SAO indicate, that an offset-
type of reflector is not taken in mind by SA0, related

telescope designs are not further investigated.
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Technical data for the structural telescope alternatives

Alternative

Central Hub Yoke Wheel-on-track
a.t a.?2 a.3

Rgflector 6 m £ m 6 m

diameter

Type of

reflector support hub yoke yoke

Elevation ball ball ball

bearings bearing bearing bearing

Elevation pinion- pinion pinion

drives

Azimuth
kearings

Azimuth
drives

Weight

Frequency

gear rim

ball
bearing

pinion-
gear rim

gear rim

ball
hearing

pinion-
gear rim

10 t

6 Hz

gear rim

wheel-on-
track

friction
wheel
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WP 22 000 Enclosure Concepts

- Design for three enclosure alternatives with

special consideration of removable systems

* TIntegrated reflector cover (IRC) concept
* Astrodome concept

* Radome concept

- Reasons for the selection of these concepts

- Technical data

Starting point for the lay out consideration for the telescopes
was the assumption that it is necessary to protect the reflec-
tors against severe weather conditicns by some kind of protec-—
tion. Therefore in the offer for the study some principle so-
lutions with "classical" radoms, astrodomes and rotating
buildings were sketched. During the execution of the study

it was discussed and mutually agreed, that the radom solution
should be abandoned - due to the unavoidable influence of the
radom material on the incoming beam: and that an "open air"
solution may be an optimal choice - if feasible. $o at the

end the following 5 alternatives were sketched and investi-

gated.

Alternative I Co-rotating building (sketch on page 22.4)

derived from predecessors like the Multi-Mirror-Telescope
MMT on Mr. Hopkins or the enclosure of ESO's New Technology

Telescope NTT in Chile.

In this design two large Nasmyth-platforms, protected by the

side-walls of the building, can easyly be arranged.
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Alternative I1 TIndependent rotating building {(astrodome)

(sketch on page 22.5)

Existing example of such a lay out is NRAO's submillimeter

telescope on Kitt Peak.
In this design a modified Nasmyth arrangement with the receivers

on a plattform behind the elevation axis is adequate (arrange-

ment used for IRAM's 30 m telescope on Picoc Veleta, Spain).

Alternative TII Integrated reflector cover

(sketch on pages 22.6 and 7)

No realized example existing.

In this design the enclosure is reduced to a reflector cover,
which rotates together with the elevation part of the teles-
cope. To reduce the size of the system a modified Nasmyth
arrangement with the receivers belcw the elevation axis

could be used.

Alternative IV Rear side cladding (sketches on page 22.8 and 9)

Derived from precedessors like IRAM's 30 m telescope on Pico
Veleta, Spain and 15 m-telescopes on Plateau de Bure,

France.

In this design the front surface of the reflector is always,
also under severe weather conditions, exposed to the open air.
The rear side of the reflector including its supporting
structure is protected by a cladding. For the receivers a
Coudé-type arrangement is used. Alsc the modified Nasmyth

arrangement of Alternative TII would be feasible.
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22.3

Alternative V Rear side cladding, wheel-on-track

{(sketch on page 22.10)

The design 1s similar to alternative IV, only the realization
of the azimuth axis is change from a roller bearing type to

a wheel-on-track type. Thereby the restrictions for the re-
ceiver arrangements are reduced and a simplified Nasmyth

arrangement similar to alternative TIII could be used.
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Co-rotating building

Alternative I
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Alternative TI

Independent rotating building
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Alternative IIT Iintegrated reflector cover
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Alternative IV Rear side cladding
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Alternative IV Enlarged

)

([ e-]
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22.10

Alternative V Wheel-on-track
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Comparison of the Enclosure Alternatives {and related

telescope designs)

A comparison of the sketches shcw , that - under the

restrictions of the movability of the telescopes -

Alternative V, the rear side cladded telescope with
wheel-on-track azimuth axis is by far the simplest

(and also lightest) solution.

Main precondition for this solution i1s, that it must

be allowed to expose the reflector front surface under

all weather conditions to the open air. This guestion
will be answered by the parallel reflector study of
MAN Technologie.

A (minor) disadvantage of this solution is, that at all
operating positions of the array seperate azimuth tracks
must be installed. But this i1s compensated by the simpli-
city of the alidade structure for the wheel-on-track-

telescope, compared with reoller-bearing arrangements.

For comparison of the receiver Arrangements see

Wp 25 200,

" wrreEs
22.17



coubiitllimeter-wavelength Telescope Array

23.

WP 23 000 Servo Concepts

- Design concept of a servo system

The servo system has to fulfill the following tasks:

(:) controlling the telescope movements in

the two axes

(:) controlling the secondary movements

in three coordinates

(:) assuring safe operation by an interlock

system

(:) monitoring the status of the system

Whereas tasks (:) and (:) are described in the scientific
specification of the telescope system, the design of the
interlock system is governed by practical considerations
and safety codes. The monitoring system (:) is introduced
to have the possibkbility to improve the performance

by knowledge of status informations during operation

(see below).

The servo system should be arranged in modules:

Terminal s Host

1 Servo [y
/,{:;'”i Control| -
P - ~ N
o %/ Unl t o Py

e . // T — e
Azimuth levation Secondary’ Interlock! Monitoring

Figure 23.1 Block structure of the servo system

1
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The subsystems are distributed on the telescope as follows.

N

Figure 23.2 Location cf the servo subsystems in the telescope

The subsystems ccnsist of the following components

(:) azimuth and elevation drives

. drive units: wheel on track f{(azimuth), gear rim-pinion
{elevation), gear boxes, motors, tachos,
brakes etc.

. position sensors: sensor coupling, sensors
. power amplifiers

axis controller (located in (:) )

(:) secondary positioning mechanisms

. drive units 3 coordinates: spindles or equ., motors etc.

. position sensors (3 units)
power amplifiers (3 units)

. coordinate controller (3 units) (located in (:) )
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(:) interlock systems
. limit switches
stow pins
safety keys

safety controller

(:) monitoring system

. deformation/acceleration sensors
temperature scnsors

. monitoring controller

(:) servo control unit
axls contrcllers
coordinate controllers ©—°¢ <:> and <:>
. master controller

interface devices

(:) operator terminal (for wmanual handling)

(:) coupling device
. 1lnterface to the host computer

The detail design of the drive units has the main influence on
the achieved pointing and trackling accuracy (see special commeont
at the end of this WPJ). Standardized hardware is available for
the serve control unit (figure 23.3}). The design ©of the interlock
system depends on the operaticn modes and condltions on site

and should be detailed in the design phase. The purpose and ad-
vantages c¢f the monitoring system are described below and men-
tioned in WP 52 000. The purpose of the coperator terminal is

to display the status of the system locally and to operate the
system manually in operation mode "Manual Control". The purpose
of the coupling device is tec get physically the connection to

the host computer in the operator building.
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Figure 23.3 Block structure of a standardized

servo control unit for the telescope drives

In each axis as basic structure cof the control! loops a "cascade"
controller should be used (figure 23.4).

The cascade controller consists of a position, speed and

motor current loop which are connected sequencely to form

the cascade. Speed and current loop have PT structure, the

position lcop P structure and are realized by the axis con-
trel computer. The controller structure may be refined by

stabe controller concepts or time-domain control models.
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Figure 23.4 Principle structure of the cascade

controller for the telescope axis

The principle components in the control locops are:

- the telescope structure

- the actuators: two gear boxes with attached motors
3

and power amplifiers

- the sensocrs: poslitlon sensocr, motor speed sensor
{tacho!, motor current senscor
- the controllers: realized digitally by the axis

computer with attached C/D-

converters

Inputs to the control lcops are the rated positions and speeds,

given by the master controller.

Disturbancies on the telescope structure are wind, temperature,

friction, backlash etc.



- Preliminary selection of actuators and sensors

Actuators

In each telescope axis two drive units will be arranged as
actuators. Each drive unit consists of a gear box with atta-
ched motor (example in figure 23.6). For the free standing
telescope as sketched in filgure 23.2 the gear boxes act 1in
clevation by pinions on a gear rim, in azimuth via wheels on
the azimuth track. As gear boxes schould be used planetary
gears with high stiffness. The two gear boxes of each axis
are biased to prevent backlash. The bias torgues with speclal
characteristics are controlled by the axis compurer (figur

23.6).

Standard DC torque mortors can be used [(Inland,Magnedvn).
Alternativelyv modern brushless DC-motors which are cheap

and easy Lo set up {(Balder]) should be checked.

Meli

4.0

-4D

Figure 23.5 Bias torgue characteristic for the

anti-backlash system



Figure 23.6

Example of a drive unit

Specilal design fearures

optimize the stiffness

wlth DC

motor.

are appl:ed to

23,7
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Sensors

Standard 271 bit absclute optical encoders should be

used as position sensors (Itek, Heidenhain).



23.9

-~ Comments on the interfaces to the mechanical

system and achievable accuracies

The optimal tuning between the mechanical and the servo
system is of great importance for the pointing and tracking
pertormance of the telescope. Now This can be done optimal 1y
for the mechanical as well as <he servo system in a modern

computer simulator. Therefore the complete mechanical system

is modelized {(figure 23.7). The structural components (stiffness,

Figure 23.7 Mechanical model of a telescope

{principle oniy)

masses, structural damping) and alsoc the mechanical characte—
ristics of the bearings and drives | tiffness, frictiocn, back-
lash etc.) are introduced and transformed in the simulation

model (figure 23.8). Alsoc a verification of mechanical COmpo—

nents 1s possible by harware-in-the-loop-simulation.
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The controller structure can be

computer simulation
te the overall

figure Z23.8 and 23.9 as

combined

The controil

(figur 23.11

pertormance

and 23.12)

Computer model

{(figure 23.9).

modelled also for the

The two models can he

two models of

{(figur 23.10).

system, using the
substructures
can be simulated and optimized
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controller devidtion
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- Comment on active control of

constant and low frequent wind effects

In WP 30 000 is analysed, that the guasistatic and low frequent
wind effects have a large in fluence con the pointing accuracy
and that a compensation of these effects would increase dra-
stically the peinting performance of the telescope under

higher operational wind speeds.

Also in WP 40 000 it is argumented, that a monitoring of the
temperatures in the pedestal and {(may be) in the reflector
system and compensating its influences by a pointing model
as part of the control system would improve drastically the
pointing performance during higher cutside temperature

changes.

Both active compensation system should consist of a status

sensing system and a pointing error evaluator.

The status sensing svstem should be

- for the wind gust compensator 2 inclinometers on the two
elevation bearing arms {minimum) and motor current Sensors

in both axis

- for the temperatur deformation compensator 12 temperature

senscors (minimum, 8 cn the reflector, 4 on the rvedestal)

The pointing error evaluator is a software algorithm who
transforms the measurements of the sensors in correction
values for the rated telescope axis position. The algorithm

could be developed from a FEM-analysis of the telescope
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structure combined with the standard pcinting mocdel formulas.
The development of this algorithm could be done in the defi-
nitionsphase. Thogether with the development of this algorithm
the position of the status sensors should be defined and op-—
timized. The final correcticon parameters in this algorzthm
should be aligned during the commissioning phase of the

telescaope.

The feed back of the evaluated correction data for the axis
positions must be faster done than the time constants of
the effects, e. g. for the temperatures in the range of

10 minutes, for the wind effects in the range of 1 to 5

sec., which should be feasible using modern micrccomputers.
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WP 24 000 Technical Availability

- Comparison of the technclogical state of the art

- Ccmpariscn of availability, reliability and

maintainability of the subsystems

For the reflector system - as studied in the special
reflector study of MAN Technclogie - very special product-
development 2fforts are necessary, to reach the high accu-
racies of a submillimeter telescope. For the rest of the
telescope system the situation is different. It is suggested
that all subsystems - mechanical systems as well as eloctri-
cal and electronical systems - can be designed in such a way
that state-of-the-art components are used, which lead to no
additional development costs and are mostly cn-the-shelf
available. For the servo-system, the speed ot product deve-
lopment is at the moment verv high, and before starting the
hardware phase, the use of latest state-of-the-art components

™

tor computers, sensors and actuators should be checked. For
all those components standard reliability and mainteniabi-

lity performances are achievable,
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WP 25 000 Receiver Cabin

WP 25 100 Receiver Cabin general

- Configuration of the cabin
- Design of the receiver magazin
- Changing procedure of the receivers

(- Thermal conditions in the receiver cabin)

The following 4 pages were the starting point of the study work.

The size and arrangement of the receiver boxis has a major inpact on the
cverall telescope lay out. At a larer phase of the study work a further
receiver boxis arrangement ("4 in a bundle") was developed, which 1s used
in the latest telescope design and which is described in page 25.5.

As typical size of a receiver front end we assume 0.75 x 0,75

x 1 m with the feed horn in the center of the front plate:

0.7 m

Typical receiver

fronmt end

-

/// [ A

&

For changing the receiver front ends in the operation condition
at the focal point of the reflector system there are two

possibilities:

I Fixed focal point and changing the operational

front end in the focus position by any kind of

handling device {hoist, caroussel, etc.)

II Fixed receiver front ends in magazins and switching

the focal point tc the operation receiver by any
kind of switching mirror system (e. g. rotating

Nasmyth mirror etc.)
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Soluticen I with hoist and bajonett type of fixation flange

1s e. g. used for the TIRAM 15 m-telescopes con PBlateauy de Bure/
France and La Silla/Chile: solution I with =2 caroussel-type of
changing mechanism is e. g. used for the new Cambridge 32 m-

MERLIN telescope in the UK.

The system with hoist needs long changing time, the caroussel
system needs large space in the region of the focal point.

Both systems are assessed as not comfortable for smaller

multi-receiver—telescopes and are not further investigated,

For sclution TI with switching mirror systems, two principle

different front end arrangements are reasonable:

IT a front ends in a row

Because the distance
of the individual front
ends to the mdin mirroer

system cChanges in this

arrangement, the incoming

a a - beam must be parallel

| } ‘ . and the movable mirror
> P — 7
- T must be parabolic with
incoming movable focal length fm.
beam mirror

(parabolic)
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IT b front ends circular

Because the distance

of the individual front

N ends to the main mirror
AN
_— o \\\ system 1s constant, the
. T Cotating , ‘
- R mirrgr rotating mirrcor can be
. : (flat)
incoming flat.
beam

To estimate the dimensicns of a receiver platform for 4 front

end boxes we assume the width of the access area necessarv for
maintenance purposes to 0.735 m (half of the receliver width).

We get the following typical platform sizes:

2Em

—ee

VB ES T B BINE BTSN

% l\. l’ : r‘ l"\
o ¥ i II\

> P — P

1

FF T T T 7 777777777 7

1 Solution ITI a

AR YA NA LY N, 8 Y

froent ends 1n a row
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Solution IT bt

frent ends circular,

incoming beam horizontal
g

T

U U NN OUNTURTERNURERR™G

> 5

“F

/

B W N N N N N

N N
N I
\
\ >3,5m
- ™ Solution II b2
1 front ends circular,
N L incoming beam vertical

AJ NN N NV N N N N N W N N N
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Sclution IIc

Fixed receliver front ends,

4 front ends in a bundle

incomming beam

The switching
mechanism sheould
be part of the

receiver rack.

] \,s-‘“‘\ !
|
ajleo
LS
a|o

This arrangement was develcped in a later phase of the study

work and selected for the latest telescope lay out.
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WP 25 000 Receiver Cabin

WP 25 200 Comparison of reflector and receiver arrangements

Before starting with the investigations of achievable
accuracies for the different telescope lay outs (which
are described 1n WP 22 000), the operational performance
and special the accessability of the front ends should

be checked. The comparison of the sketches on pages
252.2-6 shows, that the Nasmyth arrangement with the
receiver cabin below the elevation axis and the switching

mechanism integrated in the front end rack has by far the
simplest reflecting mirror system. The Interfaces betwsen
the telescope system and the receiver rack system are
mest clearly defined and the front ends are adeqguate
accessible for installation and maintenance. Therefore

this alternative is recommended.
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Classical Nasmyth

P

System lay cut see page 22,3
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Mocdified Nasmyth

Receiver behind the elevation axis

—— B

System lay out see page ZZ.4

MAN
GrHMH

252.13
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Modified Nasmyth

Receivers below the azimuth axis

System lay out see page 22.5



Smithsonian Astrophysical Observatory MAN
Submillimeter-Wavelength Telescope Array G-

252.5

Coudé-type arrangement

Receivers fixed 1n any direction

System lay cut see page 2Z.7
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Modified Nasmyth

Receivers below elevation axis

Switching mechanism part of the receiver rack

I |

-

System lay out see page 22.9

Recommended Solution
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WP 26 000 Transport System

- Design for transport system

- Comments to different solutions

Basic¢ g¢riteria for the lay out of the transportation system
is, to move the telescopes between the different operatlng
positions as easy and simple as possible. Therefore a system
with an own active drive unit in each telescope, as a. 4.

realized for IRAM's 15 m telescopes, was abandoned.

The first solution censidered {alternative 1 on page 26.2)
was to move the telescope on a paved road by a tractor.
For this soluticn the telescopes should be eguiped with
four extendakle and steerable wheecls on tires. The wheels
must have a load capacity of 3 - 4 to, which 1s for a
tire a high value and makes a diameter of 0.7 - 0.8 m

necessary.

A simpler solution (alternative 2 on page 26.3) is to maove

the telesccpe by steel wheels on rails. In this lay out

no steering mechanism for the wheels is necessary and the
diameter of the wheels can be smaller than for wheels on

tires. The lay out can easily be combined with the azimuth

track of the wheel-on-track telescope design. A disadvantage

is that between the operation positions of the telescope an
extended rail system - additicnally to the road for the tTractor -
is necessary. But this 1s compensated by the simplicity of '

the wheels itself 1n the telescope.
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Alternative 1

Movement on rubber +tires

by a tractor

. supporting point operating positicon

/ : ) o _
{:i;[) : wheel on tire

pull rod

Steering svstem

1
; S EEEQ _.steering rods

T

-
=

/ of tractor
o

Rk
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Alternative 2

I
[on}
(o9

Movement on a rail svstem

by a ftractor

- azimuth drive

.

_-“ransportaticn wheel (undriven)

for transportation to

ocperal ing positions

pivot bearing
for azimuth
movement

track for the
azimuth movement
(nne per operating pesition)
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WP 27 000 Assembly Concept

- Discussion of preassembly and commissioning

at a conveniant site.

For the first telescope unit 1t should be prefered, to
preassemble 1t completely in the workshop including the
reflector system and the servo and test 11t as a pretotyvo.
After testing it could be disassembled, shipped and re-
assembled on-site. The commissioning peried on-site would
than be very short. For the following units a preassembling
and testing is onlv necessary on the subsystem level and

not for the whole.

- Concept to reach an easy assembly and re-assembly

Te reach an easy disassembly and transportaticn the main
mechanical subsystems should be transported as intergrated
units and not further subdivided. These units are (figure
27.1) the pedestal itself, the four azimuth drive units
and the center unit 1n azimuth. All other parts - mainly
the cladding system and all the egquipment in the receiver
room, should be transported in standardized containers.
The pedestal will be the only piece with larger dimensions
and its transportabllity should be specially checked after

the site is decided.
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Pedestal

Figure 27.1

Telescope units, which
should be preassembled and

transportabled as a whole

to the final telescope

slite.
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WP 31 006 Wind Loads

- General comments on wind influences

on telescopes and enclosures

The "wind study" has the purpose to lnvestigate the influence of this envircon-
mental effect con the telescope and its performance, and fo give - if necessary -
indications for special measuress which must be taken inte account to get an op~
timal system.

The influence of wind effects on telescopes could be divided

in two components

1. the low freguent, guasi-statical wind effects which

mainly influence the overall reflector accuracy under
operational wind speeds and the stability of the
telescope structure under surviva: wind conditions,

and

2. wind gusts in the range of the natural frequencies
of the telescope structure, which 1nfluence the
pointing and tracking accuracy under operational

wind conditions.

The distributicn, size and freguencies of the wind forces Aare
determined by the shape of the telescove and its enclosure,
by the wind speed and the angle of attack of the wind. The
wind flow has alsc influence on the thermal balance and

stability of the telescope system [(see WP 40 000).

The problems with wind influences can be tackled by three

different methods:
1. protecting the telescope by wind shields or enclosures

2. designing the telescope cuter shape as well as 1ts

supporting structure in a way that 1t compensates

passively the wind influences
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3. control the wind influences by active compensation
systems.

- Preliminary estimate of wind lcads

- Definiticn of possible wind tunnel tests

For quasi-statical wind lcads on parabolilc tclescope structures
a lot ¢f wind tunnel test results are reported, which allow a
very confident estimate ¢f the quasi-static wind influences on
the accuracy. 2Also a serious thecry on the estimation of wind

gust influences 1s avallakle {see WP 32 000 and 33 000).

For closed spherical or rectangular enclosures the wind load
distribution for checking the overall structural stability
under survival wind speeds can be evaluated by the adeguate

building codes.

For wind loads on the ftelescope 1n an open enclosure under
operaticnal wind speeds the situation is much more difficult.
The enclosure may-depending on the size and shape of the
opening as well as the angle of attack of *the wind-partly
protect the telescope structure against wind effects: but
also the edge of the wind slit can enforce vortexes which
increase in speclal wind directions the wind forces. In
extrem situations the enforced vortexes can have the same
freguencies as the natural freguenciles ¢f the structure in
a way that resonance occures., For a detailed evaluation of
the wind effects and optimization of the wind shielding

of an enclosed telescope therefore wind tunnel tests should
be foreseen and without those tests only rough estimates

could be given by previous experience.
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Quasi-statical find forces

For a free standing, rear-side cladded parabolic telescope
structure the wind pressurcs on the structure are distri-

buted as follows:

[
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Figure 371.1 Principle wind pressure effects ¢n a
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Wind gqusts

The effect of wind gusts can be described by standardized
("Davenport") gust spectra which give the energy content of

the gusts as a function of the gust frequency.

fsif}

|
0 10 1 10 | 100
i cycles/hr

L L. 1
1 week 1 day 1 hour t minute
Figure 31.5 Typical power spectral density

of the wind gusts in the athmosphere

For applying the gust spectra on a wind exposed structure an
aerodynamical transfer function should be used which takes
into a account the size and shape of the structure 1in corre-
lation to the diameter of the gust and as a function of the
gust frequency. For the aerodynamical transfer function

estimates are available in the literature (see WP 33 000}).

The gust spectra itself may be influenced by the surrcunding
environment. Especially a telescope site on top of a mountain
may change the spectra and should be taken into a account in

laber phases of the telescope design.

- 0
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WP 32 000 Estimates of Wind Effects on the

Reflector Accuracy

- Comment on overall wind effects of the reflector

Figure 32.1 shows a typical distribution of the wind influence

on the reflector accuracy of free standing telescopes.

-
=31

Miud frow G peak v
e frout E
-
\/ el
W
' < EL

| T t ? 14 ,/ ’ 4

o 15 3o 45 <o ¢ 20
Figure 32.1 Tvpical reflector accuracy under wind load

for a free standing, rear side cladded telescope

& peak see figure 32.2

The figure is given for wind from the front in all pessible
elevation angles. Similar figures can be drawn for other angiles
of attack of the wind. The peak value in the figure above 1s
related to the situation, where the reflector acts like an air
plan wing (see WP 31 000) and will not be exceeded in other

wind directions and elevation positions. The figures «re attained
by detailed computer analysis of similar reflectors as the pro-
posed SAC telescopes. In later design phases of the telesccopes

they should be verified by similar calculations for the final
chosen design.
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From figure 32.2 we get the following estimate for the
influence of the wind loads on the reflector surface
accuracy as a function of the reflector diameter and

wind speed.

5 [um]

1600+

5001
/

10
2001 / /\ we [ sec
100 1 /
&0+ /
////@/////////

204 Ay, /,// /®/ v s S s Dear.

40 S B Spec. Opedt.
2 Prec.

4 yd S Opes .

21 / D [n7

Figure 32.2 Reflector accuracy under wirnd loads fcr free

standing rear side cladded telescope reflectors

In the diagramm @ means the RMS value of the reflector de-
formations under the worst case angle of attack cenditions

("Air plane wing" case).

@ means the Root Summed Square (RSS) value of all possible
elevation positions and angles of attack summed over the whole

operational range.
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The estimate is only valid for congruent light weight reflector
designs. For other types of reflectors the accuracy level may

change.

The envisaged accuracy under guasi statical wind loads as given
in figure 32.2 seems adequate to the SAO-requirements for teles-

cope diameters up to 8 m.

For telescopes in an enclosure by adequate design of the wind
shielding measures the magnitude of the RSS values (summed
over the wheole operaticonal range) could be further reduced.
If for the enclosed reflector other typs of special flow
conditions-similar to the "air plane wing" effect of the
free standing telescope-occur, which would lead to other
large worst case deformaticns, depends from the details

cf the enclosure and siit design and couid onlv be checked

in wind tunnel tests.
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13 000 Estimate of Wind Effects on the

Pointing and Tracking Accuracy

- Estimate of natural frequencies of the

telescecpe alternatives

An estimate of the natural frequencies of all telescope and
encleosure alternatives is given in WP 31 000. For the free-
standing 6 m telesccope with rear side cladding we assume

the lowest natural frequency as larger than 6 Hz.

- Establishing of applicable wind turbulance spectra

A survey of wind turbulence spectra taken into account for the
evaluation of the wind influence is given in figure 33.1. Curve
(:) shows the upper part of the Davenport spectrum. Typically
and impecrtant from the principle is that the peak -~ which glves
the most powerfull wind gusts - is in a frequency range of 1
minute, whereas the energy content of gusts above 1 second is
very low. This means that wind gusts, which can get in reso-
nance with the structural eigenfreguencies - which are all
above 6 Hz - have little power and therefore little influence

on the telescope (see later).

Curve (:) gives a typlcal power spectrum in the slit of an
open enclosure {example derived from wind tunnel tests).

The building shifts the peak of the spectrum to higher fre-
guencies. Also it induces a second peak, which is intrcduced
by veortex excitement at the slit edge. Both effects have a
negative influence on the telescope behavicur. Positive is

that the maximal values ¢f the peaks are reduced in a way
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Figure 33.1 Normalized energyv spectrum of

the athmospheric wind
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that the overall energy content of the Spectrum in the

slit is smaller than the free spectrum.

This

reduction

of the energy content could be enlarged bv additicnal

measures like permeable wind screens or similar devices.

Explanations:

£ = freguency

n
H
i

energy spectrum

A~ = wWind speed (5 sec)
FF = mean wind speed (10 min)
53: = standard deviation

of the wind speed

Page 33.4
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spectrum of the
systems response

rurbulence
intensity

characteristical
deformation f{eg.
peinting error)

mean {guasistatical)
system response, related
to mean wind speed
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- Evaluation of the pointing and tracking accuracy

by the response spectrum method

For evaluating the overall peinting and tracking performance
we use the energy spectra of above and calculate the response
of the telescope structure by 1ts mechanical transfer func-
tion. The mechanical transfer fundtion is dominated by the

natural frequencies of the structure:

Mechanical transfer function

1oe T g | O = I

; ‘ i f ' ! lowest natural
: . . : 1 freauency

10 ' B T

! \ ? !
| : i
0 l i x | " .
0.002 0005 0.01 0.02 005 Ctv 2.2 0.5 4 2 5 AC 20 5
frequency er}
Figure 33.2 Mechanical transfer function of a 6 m telescope

with the lowest natural frequency at &6 Hz

Combining the transfer function of figure 33.2 with the gust
spectra of figure 33.1 gives the system response Spectra as

shown in figure 33.3.

(]
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Figure 33.3

Spectral density of the telescope structural

response
(:) Freestanding & m-telescope

(:) & m-telescope in an enclosure

{estimated,

In the response spectrum for
peak influences of the gusts
the resonance effects of the
the enclesed telescope there

effects (:)

wind shielding measures like

principle effect)

the free standing telesccpe the
are completely separated from
structure (:) , whereas for

1s an overlapping zcone of both

This may be avoidable by meore detall design

special wind screens, but can

only evaluated by wind tunnel tests.

From the response spectra cf
accuracy can be evaluated by

over the frequencies,

figure 33.3 the overall pointing

integration of the system response

which results in figure 33.4.



Smithsonian Astrophysical Observatory MANMN
Submillimeter-Wavelength Telescope Array GiHM

33.5

Pointing accuracy |rms arcsec}
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Figure 33.4 shows that withcut active control devices the pointing
exrror of a free standing telescope - taking into account all fre-
quencies including the low frequent gusts with high energy content -
is rather high. For an enclosed telescope with additional screening
devices the pointing error will be reduced, but will be still in

the range of the SAO specifications.
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The situation is reversed by compensating the low freguent
effects with the servo system ("active structural control").
From the points of frequencies which must be tackled and the
bandwidth of adequate servo systems this is not any prchblem
and the related low frequent gust lcads could be handled like
the quasi-statical wind loads mentioned above. But prior con-
dition for the function of such a system is the adeguate
design of the sensors and their supports for the axis con-
trollers of the telescope. They must be distributed and
applied in such a way that they are able to measure the
deflections which should ke compensated. Details of the
sensecr application sheculd be studied in the design phase

cf the telescopes.

To conclude the comments on the pointing accuracy under
wind gusts the dependency of this error of the telescope

diameter 1s sketched in figure 33.5:

r -
5" Larife:

2004

10C

29

D [u]

Figure 33.5 (:) withcut active

: . structural control
Pointing accuracy of a

free standing telescope (:) with active structural

control
under wind gusts
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It 1s remarMable, that the pointing error under wind gusts
decreases less fast with the telescope diameter than the
reflector deformation error (eg. figure 32.2 or 42.4).

The reason for this fact is, that the correlation diameter
of the gust bubbles, which are related to the frequency

at the peak of the power spectrum (figure 33.71) are more oOf
the size of a smaller telescope than a larger one: in other
words: that a large reflector integrates and compensates
the effect of the small gust bubbles over its surface
purely by its size. This is only partly compensated

by the advantage of the high natural frequencies of the

smaller telescopes.

Therefore - compared with the other environmental influences -

a smaller telescope is relatively more endangered to peinting

errors under wind gusts than a larger one.




Srnitt}sonian Astrophysical Observatory MAN
Submillimeter-Wavelength Telescope Array G-

WP 41 000 Temperature Loads

- General comments on temperature influences

on telescopes and enclosures

The "Thermal study" has the purpose to investigate the influence of temperature
effects on the telescope and its performance, and to give - if necessary -
indicatons for special measures which must be taken into account to get an
optical system.

Temperature changes have influences cn two different parts of
the telescope system. They change the surface accuracy of the
telescope reflectors by deformation of the reflector surface
panels and the reflector backup structure and they change the
pointing direction by deformation of the pedestal and the foun-

dation.

The temperature effects should be separated in temperature diffe-
rences across the structure and temperature changes over the time.
The general philoscphy of handling the temperature effects is to
allow the temperature changes with the time but to controll the
temperature differences across the telescope as good as necessary.
The temperature distribution across the structure is governed bv

the thermal balance between all subsystems.

The thermal balance of the system 1s depending from thermal distur-
bances ceming frcom the cutside environment or from internal heat
sources, and from the thermal characteristics of the telescope

components 1tself.

The thermal disturbancies are changes in the temperature of the
surrounding air flow, solar radiation during the day and infrared
radiaticn to the black sky during the night. The magnitude of the
radiatiocn effects on the structure depends from the abscorption and
recepgtion characteristics of the structural surfaces. There are
two principally different surface treatments in use, white
Ti0O,-paint or metallic blank aluminized surfaces. Whereas the
white paint reflects most of the insclation, 1t is in the infra-

red "black" and cools down in a large amocunt during the night.

~Er PR e AFbher c1-9a FhRa 3liitmarmt oS a1 A A Uil d Al oam . R ——
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infrared and has a favourable behaviour during the night, but is
not so "white"™ as Ti0,-paint during the day. A surface treatment
which combines both advantages 1s up to now not available and so
1t should be carefully examined what parts should be painted white

and what should be aluminized.

The thermal characteristics of the telescope components 1s descri-

bed by the convective thermal time constant, which depends on the

convectlve heat transmission behaviour on the surface and the heat
capacity of the component. Light latticed structures have a high
convective heat transmission coefficient and relatively low heat
capacity and have therefore a short thermal time constant (minutes).
Compact and insulated components have a low heat transmission co-
efficient and a high heat capacity and have therefore a long ther-

mal time constant (hours up to days).

Related tc the thermal design of the telescope and 1ts subsystems
there are two phllosphies possible. One is to protect the system
or subsystem by shielding with enclcsures, radoens, claddings or
insulations from the surrounding environment and 1ts disturban-
cies. Because the shielding prevents the surrounding alr having
contact with the system, the internal thermal balance must be
carefully examined and may 1t make necessary to control artifi-
cially the temperature distribution by an air conditicning or

temperature control system.

The controvers philoscophy 1s to design the system or subsystem
open and latticed to let the surrounding air goling through, which
has the effect that all components follow imediately the tempe-
rature changes 1n the environment. Whereas the shielding by an
enclosure or radom is the traditiconal method for smaller radi-
telescopes and optical telescopes, open alr design are used for
larger radictelescopes. Even larger optical telescopes are de-
signed in the last time for guasi-copen-air operation to get the
thermal balance with the surrcunding environment as quick as

possible.
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- Preliminary estimate of temperature loads

- Definition of temperatur locad cases,

thermal stability and pointing accuracy

- Thermal conditions during day and night

and at portial i1lluminaticns

Tc estimate the temperature effects on the telescope accuracy

the following load cases should be taken in mind:

(:) Temperature changes in the surrounding air

s

\| ! Figure 41.1
| I

VAN e
Marimal temperature difference between
day and night

Fa = + 10°K
max -
Velocity of the air flow
V. = 1 3 10 m/sec (Prescision

2T operation!)

1) Larger velccities {up to 25 m/sec for normal operation)
improve the thermal balance.
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The convective heat transmission cocefficients related

tc the shape of the cladded telescope will be in the

range of:
Convective heat
& transmission coefficient
U/mzh’T
100 +
50 .
Frgure 41.2
wind
o speed
0. 2, W, - 0, Lo M
0 28 ¥ 75 100 xm/h
(:) Radiation during the dav
~ i&i
b
\\\\ | 7
R
- VT
RN
N/ R ‘
AN Figure 41.3
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Maximal insoclation coefficient .

?_ < 1200 W/m?
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@ Radiation during the night

ﬁLSKy

Figure 41.4

o]
\tj /7\ 9 grouud

T 7 77 7 7 777 7T I

Maximal 1nfrared radiation to the skv

{black surface) -
g < 400 W/m?
Sky -

Background radiation of the surrounding ground

$ ~~ 300 + 100 W/m?
ground -

. -8 L4
1) Radiation coefficient of the black bedvy 5.77 .10 “Watt/m?2K
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- Definition of possible active or passive

temperature control systems

From the standpoint of thermal balance and passive control
of the temperature across the telescope an latticed struc-
ture in the open air combined with adeguate treatment of
the surfaces 1s optimal to adapt under cperaticnal weather
conditions as fast as possible the temperatures of the
surrounding envirconment. On the other side under severe
survival weather conditions on the expocsed site {(presumably
on top of a mecuntain) a protection by an enclosure or
shielding i1s mandatory. Therefore enclosures with a large
s5lit, which protect completely during bad weather and enable
quasi-open air conditlions during good weather, are the ocp-
timal seclution. (All large optical telescopes of the last
10 vears are designed 1n such a way!. Nevertheless this
solution has two disadvantages - to move large masses and
to be expensive. That alsc a free standing telescope with
rear side claddings could fulfill all reguirements related

to temperature effects will be shown below.
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There are two telescope subsystems, which should be - from
the temperature point of view - completely different trea-
ted. Whereas the reflector system should have in principle
the cutside temperature, the considerations on the receivers
should start with room temperatures for the cabin. Because
the outside temperatures are mostly lower than the roonm
temperatures, the aera in the telescope where the tempera-
ture differences between receiver cabin, pedestal and re-

flector system occur, must be specially considered:

cutside
reuperature

20ue of Large
tew peratyre

ditferecces

roou. temperature

Figure 41.53 Temperature distribution

in the telescope system

MAN
GHM

41.7
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Temperature balance in the reflector svstem

; : inf ; 3 5
insoclation (day) infrared radiatioen (night)

////lkalrflow out

itnsulation

airflow 1n

A

i

Figure 41.6 =
The reflector vanels are - by their nature -~ exposed to the

cutside and protect the front part of the backup structure
against radiation. The rear part is protected by the rear

side cladding. The energy transport from the outer surface
to the backup structure depends from the surface treatment

and the insulation properties ¢f the reflector panels and

rear side cladding.
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Typical emission coefficients are:

. aged
S0

] CIR ESO/EIR ESO EIR cSO/EIR

6000°C | 20e¢ 6000°C | 20°C

Sun Ambient Sun Ambient
White painted || 0.12 0.85 0.1 § 0.50 0.85 0.5
Colour peinted| 0.5% 0.8¢ .76 0.88 .95 0.c0
Eraght rolled
aluminium C.25 ¢.08 3.1 0.40 g.20 2.0
Alumintum fo1lff 0.0% 0.03 1.7 0.15 0.0% 3.0
Nen-metall g
black surface || 0.8% 0.89 1.0 0.98 0.98 1.0

A typical heat transfer coefficient of vanesl and rear

side cladding 1is

kclad 20 Watrt/m?K

With an adequate surface treatment (aluminium foil) it is
possible to get the temperature increase (during the dav)
or the temperature decrease (during the night) of the

exposed surface areas to less then

. <
“toutSLde - 20 K

With an exposed area of A 35 m? we get the maximal energy

input to the backup structure to

maerefl = A+ k - t = 14 kWatt! (worst case)
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This energy input would increase the temperature of the air
around the backup structure and thereby the temperature of
it itself. By sampling of the warm air in the upper parts 1t
would result in temperaturc differences between the lower

to the upper part of the reflector of 10 to 20 K. To avoid
this effect an air circulation and exchange with the outside
should ke achieved. Therefore a slit at the edge of the
reflector between the reflector panels and the rear side
cladding should be foreseen. The slit could be protected
against rain and sncw by a labyrinth typ of sealing. The

air flow could be realized by natural convection and the
outside wind. Alsc a shutter in the upper part of the

rear side cladding with a ventilator to enforce the air
exchange may be necessary and should be examined in the
design phase. With these measures an adequate thermal
balance of the reflector system is oossible and no addi-

tional temperature control facilities are necessary.
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Temperature balance in the cabin and pedestal

From the thermal point of view the cabin and redestal
should be seen as one integrated unit which must ther-

maly be tackled as a whole.

inseclation (davy)

\ ‘nfrared radiation (night]

T
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Figure 41.7
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Different to the reflector svystem fthe internal thermal
balance of the cabin and pedestal could not be reached

by natural convention or the outside air flow. Therefore

the outside cladding of the cabin and vedestal should e
insulated as good as possible. Typical heat transfer coeffi-

cicnts of an adequate insclation (4 cm PUR-foam) are

k. = 1 Watt/m?K
insul

With the same outside surface treatment as for the reflector
Alsc at the exposed surfaces the tcmperature increases or

decreases are less than

. < ;
tout51de - 20 K

Because the exposed radlation area is less than tor the
reflector and the 1nsulaticn 1s bebt+er the maximal heat

lnput is only

> = 3 . . . t = 1,5 kWa
maKQcab Aexp klnsul ’ st

On the other side during cold nights temperature differences
between the cutside and the cabin of up to 40 K may be possib-
le which result in a heat flow to the outside of

t = JkWatt

mancab = Aouts. Kinsul
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The energy budget of the system could be tackled with a
small air conditioning system located in the cabin with

a heating capacity of 3 kWatt and a cooling cagpacity of
0.5 kWatt. The air conditioning system should also ensure
an enforced air flow through the cabin and pedestal to
avold temperature lavers. By a duct system the warmer

alr in the upper part of the pedestal could be removed

by suction and after treatment in the condlticning unit

blown to the lower vart of the cabin.

Figure 41.8

(ﬁ /ﬂ 7 Alr conditioning
i

system

—> _—air conditioning

\\-4 T unit
| —

alr outlet

With a standard air conditioning unit a temperature uniformity
in the range of 1 to 2 K could be achieved. With an improved
system this value could be brought to less then 0.5K.

Details should be examined in the design phase.
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WP 42 000 Estimates of Temperature Effects

on Reflector Accuracy and Pointing

- Comment cn reflector deformations due to temperature

loads

Temperature deformations of the reflector surface are influenced
by two effects, the temperature deformations ot the reflector
surface panels i1tself and the temperature deformations of the

back-up structure:

Temperature deformations of the reflector panels

The panel business 1s more seriously handled in the reflector

study and so here only scme principle comments are made.

Panel deformations due to temperature effects occur when - by
radiation effects during the day (insclation) or during the
night (infrared radiation to the sky) - the front panel surface
accepts another temperature than the rear side surface. The
magnitude of pessible temperature differences depends on the
reception and emission behaviour of the front and rear side
surface treatment and the heat transmission behaviour of the
panel and from the thermal features of the backup structure

and its rear side cladding. For the panel surface treatment

and heat transmissicn behaviocur data are given in the reflec-

tor study.

If all thermal measures are done adeqguately as described in
WP 41 000 under worst operational weather conditions maximal
temperature differences between the front and rear side of

2K may occur. If the thermal deformations are not chstructed
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by the panel supports, this results in a change of the panel

curvature dependent on the thermal elongation coefficient of

the panel top and bottom layer material.

For a typical flat

panel of 50 mm thickness we would get the following curvature

radic:
50 mm
§- Sk a3 07w = 1.7 km
= ./. = 2.1 km
o/ = 20.8 km

for aluminium

for steel

for CFRP

For a uniform 6 m-reflector stell with a focal length of 2.4 m

this effect would result in a change of the focal length ot

af = 5.2 mm for aluminium
= 2.7 mm for steel

= 0.3 mm for CFRP

For a segmented reflector the related deformation pattern of

the surface depends on the reflector panel arrangement, the

size ot the panels and the arrangement and typ of panel sup-

porting screws. Tvpical for the panel arrangements as sugge-

sted in WP 21 000 are deformation patterns shown in figure 42.1.

In the sketches it i1s assumed that the panel supports are

designed in such a way that they do not obstruct the ther-

mal deformations of the panels,.
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472.3

Segmented with central monolith Segmented all

[ 4

figure 42.1 Tvplcal deformatiocr natterns o

segmented reflector surfares

Typical deformaticon values for the 2¥ load case mentioned

above are:

size of the aluminium steel CEFRP

panel
0.75 m 120 56 & peak (3§ ) values
0.5 m 37 30 3 in o
0.75 m 40 22 2 RMS {6 ) values
0.5 m 13 10 1 iI’]./_u,.

Figure 42.2 Reflector accuracv due to panel deformations
under temperature load

(2K accross the panel thickness) d =S50 mm
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by the panel supports, this results in a change of the panel
curvature dependent on the thermal elongation coefficient of
the panel top and bottom layer material. For a tvypical flat

panel of 50 mm thickness we would get the fecllowing curvature

radic:
50 mm .
f = 7K.23.10-5/K = 1.7 km for aluminium
= AN = 2.1 km for steel
S = 20.8 km for CFRP

For a uniform 6 m-reflector stell with a focal length of 2.4 m

this effect would result in a change of the focal length of

& f 5.2 mm for aluminium

2.7 mm for steel

0.3 mm for CFRP

For a segmented reflector the related deformation pattern of

the surface depends on the reflector panel arrangement, the
size of the panels and the arrangement and typ of panel SUpP-
porting screws. Typical for the panel arrangements as sugge-
sted in WP 21 000 are deformation patterns shown in figure 42.1.
In the sketches it is assumed that the panel supports are
designed in such a way that thev do not obstruct the ther-

mal deformations of the vanels.
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Segmented with central monolith Segmented alil

@@

Filigure 42.1 Typical deformation patterns of

segmented reflector surfaces

Tvplical deformation values for the 2K lcad case mentioned

above are:

size of the aluminium | steel CFRP

panel
0.75 m 120 66 4 A peak (36 ) values
0.5 m 57 30 i3 % in

j ] fadis
0.75 m 49 22 pi RMS5 (6 ) values
0.5 m 19 10 1 1IN (e
Figure 42.2 Reflector accuracy due to panel deformations

under temperature load

{2K accross the panel thickness) o =50 mm
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The deformation values given in figure 42.2 depend except
the temperature difference and the material properties only

on the panel size, not on the overall reflector diameter.

Figure 42.2 clearly indicates the advantages of the CFRP panels
for a submillimeter-telescope. Aluminium panels would have no
chance to come In accuracy regions, where the thermal deformations

would contribute an adeguate shave to the overall error budget.

Temperature deformations of the reflector backup structurc

For the reflector backup structure a great varietv of tempera-
ture distributions are possible. To catch the principle effects
first two characteristical distributions with related charac-
teristical deformation patterns are considered (figure 42.3).
In zenith position a temperature distribution cccures with
warm alr at the front chards of *fhe backup structure and cold
air at the rear chards during the dav. In horizontal position
a similar situation occures with warm air at the upper half
and cold air at the lower half of the structure. During the
night the reversed effect is less severe bhecause the infrared
cecoling of the upper part of the panels and rear side clad-
ding 1s partly compensating the sampling of warm air in the

upper part of the backup structure.
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Horizontal pesition related deformation patterns

+5K /—\

Zenith position

J ;30!
" P

™

! K

Figure 42.3 Typical temperature deformation patterns

TN

of the backup structure
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fFrom tinite element calculations as well as measurements

under davtime conditions of previous designed and errected
telescopes we get the following estimate for the influence
of the tempsrature deformations of the backup structure on

the surface accuracv.

Té‘[ﬁ«J

4000
500 1 Q(Uu-r'm‘m.,
200 1 S#ce[
100 1 (CFRP
% steel ¢
Femperature
204 Conetrod System
40
L L L L L L LSS SPCC
IS
Prec.
21 Oper. D]
A B T T T T T T T — —>
< ¥ 6 & 40 r 30 S0 100

Figure 42.4 Reflector surface accuracy under temperature
loads on the backup structure of free Standing

rear side cladded telescopes

Figure 47.4 indicates, that from the view point of temperature

deformations for the backup structure of the 6 m SAC telescope

a CFRP solution is not mandatory and that a steel version is

sufficient.
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- Comment on pointing effects due to

temperature loads on reflector and pedestal

Influence of tempcrature deformations of the reflector

backup structure on the Dointing

The tilts of the reflector surface related to the deformations
explained in figure 42.3 and evaluated *n figure 42.4 are estli-

mated in figur 42.5

'y
K’[ammaj
2001 a[u“';u.(ln-
%01 stesl
504
201 /Cfpp
A0 v gtesl
Feinperarore
5 tou ﬁ"( C&H-Etg
2 4
A L LS L S L LS S L Spﬁc‘
5 ///://// Prec.
] Oper. D [w]
2 T T T ™ r v + )
Y, Y 6 & % 30 R/ 100

Figure 42.5 Pointing errors under temperature loads
on the backup structure of free s+tanding
rear side cladded telescopes

(peak values 389
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Unlike the overall surface accuracy considered above for the
pointing effects the differences in temperature deformation
behaviour are significent between the aluminium or steel struc-—
tures and the CFRP or temperature controlled steel structure.
Alu or steel should not be used without additionally tempe-
rature control facilities. If the CFRP structure is rejected

as to expensive, the pointing effects due to temperature diffe-
rences can be identified for a steel structure by a temperature
monitoring system and easily introduced as correction factors

in the final pointing model of the servo system (see WP 23 000).

Temperature deformations of the pedestal and foundation

The pedestal, which is a mostly from outer influences isclated
system, <an be handled different from the backup structure.

Due to its function as reciver cabin it will be equiped with an
air conditioning system (WP 41 000). By experience it is no
problem and especially no cost incrcasing reguirement to design
the air conditicning svstem in such a way that a thermal homo-
genity of 0.5 K (3 wvaluel it 1s achleved. (This should be veri-
fied by thermal calculaticns in the definition phase.) Such a

system can redunce the effects on the pointing to less than

<
- 0. c ’
AE‘pedestal 5 arcec {3 & value)

Nevertheless for redundancc some temperature monitoring sensors
should be intrcduced to have , together with those at the main
reflector, a complete overview on the thermal status of the

telescope system during operation.
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WP 51 000 Final Comments and Recommendations

In the sketches and tables on the following two pages
a comparison of the sizes, proportions and the main
structural parameters are given for the 4 alternatives,

investigated at the beginning of the study work.

Later on in the study the main effort was laid on the

investigation of an open air telescope, because:

- 1t 1is obvious, that the enclosed telescope lay outs
are havier, 1in operation not more comfortable and

more expensive in investment as well as maintenance

- 1t is feasible to fullfill all specified accuracies

- the exposed main reflector surface {the main disad-
vantage of the open air design) could be tolerated
regarding the most severe weather influences under

survival conditions.

The recommended telescope lay out 1s described on the last

page of this work package.
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Technical Data of the

Recommended Lay Out

Type of
Enclosure

Weather
protection

Optical
arrangement

Number of
Reflecting
surfaces

Arrangement of
Recelver boxis

Reflector
Diameter

Type ot
Reflector
suppert

Elevation
Bearings

Elevation
Drives

Azimuth
Bearings

Bzimuth
Drives

Transportation
Systems

Weight

Freguency

Rear-side
cladding

Main reflector +
subreflector exposed

Modified Nasmyth

(vertical)

4 in a bundle

Yoke + whiffle

Ball bearing

Pinion-gear-rim

tree

Wheel-on-track +

pintle bearing

Friction wheel

Wheel-on-rails,
tractor
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WP 52 000 Revised list of specifications

The list of specificaticns given in WP 11 00C is arranged
under the aspects of the operational reguirements of the
telescope. They cover all aspects: general data, environ-
mental cconditions, accuracies, computer control, handling

and instrumentation.

To make clear what of those data are essentials for the

performance of the telescope as submillimeter-facilities,

all effects which contribute to the error budgets are
arranged in the following tables and identified with
their cause. These contributions will be measurable

during the manufacturing process of the related parts

or during the commissioning phase of the system itself.
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Reflector error budget

{Precision operation)

Panel manufacturing

Panel alignment

Gravity deformations

Temperatur under
operational

Wind cenditions

Subreflector total

Contingency

total

*} RMS values added as RSS
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Pointing error budget

(Precision operation)

Encoders 0,5 arcsec * )
Controller 0,3 arcsec
Wind 0,3 arcsec
Temperature 0,5 arcsec
Contingency 0.5 arcsec

0 arcsec

*) 38 values added as RSS

Whereas the reflector errors of page 52.2 should be inter-
preted as absolute errors related to a best fit parabolic
of the reflector surface, the above listed pointing errors

should belinterpreted as the non-repeatable components of

the overall effects. The repeatable ones, which may be of
higher magnitude, should be actively compensated by the
servc system via a pointing model. To get the high accu-
raclies, the temperature and wind deformations should be
monitored as described in WP 30 000 and WP 40 000 and

introduced in the pointing model procedure.
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WP 61 000 Cost estimate Definition Study

We estimate the costs for a serious definition on sStudy
of the complete telescope system (alternative V of
WP 22 000 excluding the reflector system, as described

by MAN Technoclogy) to

450.000 35

The ecatimatres inscludes the following:

- Basic engineering

- Definition drawings and spezifications

of 15 subsystems
- Engineering analysis of the complete system
- Workplaning and quality assurance planing

- Deocumentation and travels

As a result of the definition study all telescope subsystems
will be defined in such depth, that the function and perfor-
mance is descriked for each subsystem and that the costs

for the realization could be estimated in an accurancy range

ct better than 10 %.

For the system alternatives with enclosure the costs for the

Definition study would be ~ 30 % larger.
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WP 62 000 Cost estimate

Design Study

We estimate the costs for a serious Design Study of the
complete system (alternative V of WP 22 000 excluding
the reflector system as described by MAN Technology)

to

600.000

The estimate includes the following:

- Detail engineering

- Workshepdrawings, specification
part lists for the subsystems

- Verificaticn of the engineering anaylsis

- Documentation and travel

As a result of the design study all telescope subsystems
could be procured and manufactured. The documentation will
be given in such depth that the costs for the realization

could be definitly calculated and fixed.

For the system alternatives with enclosure the costs for

the Design Study would be ~— 30 % larger.
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WP 63 000 - 66 000 Cost estimate

- Manufacturing
- Assembly
- Testing

- Operation

We estimate the costs for one telescope unit (alternative
V of WP 22 000 excluding the reflector system as described
by MAN Technoclogy) to

2.000.000 s

The estimate includes the following:

- Manufacturing of all subsvstems incl. servo
- Assembly of all subsystems

- Assembly, commissioning and testing on site

The estimated costs are assumed to be in an accuracy range
of 20 %, supported that the scope of supply is eguivalent
to the systems described in this study.

No centingencies for remote sites are included.

For the system alternatives with enclosure the costs for

the realization would be 20 to 40 % larger
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WP 67 000 Site influence of costs

- Comments to c¢ost driving site conditions

Remcte sites have the following additional cost driving

influences:

- accessibility (roads, assembly platforms, etc.)
- transportation of material and staff
- accommcdation of staff

- industrial infrastructure and services
in the vicinity (general services, repair

shops, parts manufacturer, cranes etc.)

- reduced perschal performance at high

altitudes

Reliable estimates of the additiocnal costs could only

be made, 1f more details of the selected sites are

known.
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WP 68 000 Cost parameters

- aperture size

? cost factor (%)

20

w0+ /

MAN
GHMH

68.1
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WP 68 000 Cost parameters

- precision

T cost facter (%)

40U o

+ {arsec)

'Y
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68.3

WP 68 000 Cost parameters

-~ qguantity

T cost factor (%)
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658.4

WP 68 000 Costs parameters

- weight of the reflector {material)

? cost factor (%)

i

100 o - - - -

Refl.
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WP 70 000 Work Sharing Possibilities

- Subsystem definitions

~ List of recommended subsystem suppliers

From the procurement point of view the telescope should

be divided at least in the following subsystems {excluding

reflector system)

~ mechanical subsvstems (pedestal, drive units, center unit)

consisting of

steel structure
. machining of steel structure
bearings
gear boxes
. wheels, gear rims, stow plns, limit switch supports
. encocder supports
preassembling of units
- motors, tachos, amplifiers
- encoders
- sgervo (cabling, interlock, computer software)
- secondary-, Nasmyth- unit
- claddings
- air-conditioning

- preassembling, testing of prototype

- foundatiens, azimuth track, rail and road system
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70.2
- rcable traces, grounding
- tractor
- final assembly, commissioning on-site

Special telescope know-how is necessary only for the suppliers
of the servo system, preassembly and prototyp testing and
final assembly and commissioning on-site. For the other
subsytems the manufacturing-performance in the workshop

and the reliability of the products should be the

criterions for the choice of the suppliers.
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Annex 1

Original Work Package Description

of the Study Contract
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2. Issue 22.08.89

WORK PACKAGE DESCRIPTION WP REF. NO. 10 000
WP No. Title Project Definition
|
|
11 obo Specification

- Check of specificaticons for telescope system and

requirements for supplementary data.

12 00¢ Interface Definition

- DPefinition of interfaces to subsystems and structures

which are not concerning the telescope system itself

{(i. e. CFRP reflector, radome etc.).

¢ 13 000 . Statement of Work

- Setting up a work package plan and description for

the definition phase.

14 000 Time Schedule

- Listing of development and manufacturing steps time
schedule with bar and milestone-plan for development,

manufacturing, assembly and test phase.

Delivery Report approx. 10 pages
Items
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22 000

23 000

24 000

WORK PACKAGE DESCRIPTION WP REF. NO. 20 000
WP No. Title System Design
21 g0Q Telescope Concepts

- Design for two telescope concepts with

* rotational symmetric reflector

* Qffset-reflector
- Reasons for the selection of these concepts

- Technical data for both concepts

Enclosure Concepts

- Design for three enclosure alternatives with
special consideration of removable systems

* Integrated reflector cover (IRC} concept
* Astrodome concept

* Radome concept

- Reasons for the selection of these concepts

- Technical data

Servo Concepts
- Design concept of a servo system
- Preliminary selecticn of actuators and sensors

- Comments on the interfaces to the mechanical

system and achievable accuracies

Technical Availability

— Comparison of the technological state of the art

- Comparison of availability, reliability and

maintainability of the subsystems

Delivery
Items
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JHORK PACKAGE DESCRIPTION WP REF. NO. 20 000
iWP No. Title Svstem Design

25 000 Receiver Cabin

‘ - Configuration of the cabin

- Design of the receiver magazin
- Changing procedure cf receivers

|

|

|

|

| .. ) , .

i - thermal conditions in the receiver cabin
H

26 00O Transport System
- Design for transport system

- Comments to different scluticns

27 000 Assembly Concept

| . . . . .
— Discussion of preassembly and commissioning

at a convenient site

- Concept to reache an easy assembly and
reassembly

TfD liver . ‘
Iiems Y Approx. 8 concept drawings, 1 block diagram

|
! Remards  ammeemar IO e
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WORK PACKAGE DESCRIPTION WP REF. NO. 30 000
WP No. Title Study on Wind Effects
31 000 wWind Loads

- General comments on wind influences

! on telesccopes and enclosures

- Preliminary estimate of wind loads
{bv know-how of previous designed and erected

telescopes and in reference to literature)

- Definiticn of possible wind tunnel tests

for the definition phase (if applicable)

32 000 Estimates of Wind Effects on the Reflector Accuracy

- Comment cn overall wind effects of the reflector,
using the results of reflector study and previous

experilence

33 000 Estimates of Wind Effects cn the Pointing and

Tracking Accuracy

— Estimate of the natural freguencies of the

! telescope alternatives

- Establishing of applicable wind turbulence spectra
under telescope operating conditicns for the

different telescope and enclosure alternatives

- Evolution cf the pointing and tracking accuracy

by spectra transfer methods

34 000 Conclusion on Wind Effects

—

Delivery Report approx. 20 pages including approx. 10 figures
Items

on wind loads, wind spectra, structural response

—m oy b . B T e R g
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IHORK PACKAGE DESCRIPTION WP REF. NO. 40 000

| WP No. Title Study on Temperature Effects

41 000 | Temperature Loads

- General comments on temperature influences

on telescopes and enclosures

- Preliminary estimate of temperature loads

telescopes and in reference to literature)

i
[
} {by know-how of previous designed and erected
k
E
i - Definition of possible active or passive

! temperature control systems, necessary for

i the different enclosure alternatives

- Definition of the temperature loadcases,
thermal stability and pointing accuracy

- Thermal conditions during day and night
and at partial illuminations

42 000 Estimates of Temperature Effects on Reflector

g Accuracy and Pointing

~ Comment on reflector deformations due to
temperature lcads, using the results of

the reflector study and previous experience

- Comment on pointing effects due to temperatur

loads on the reflector and pedestal

43 000 Conclusion on Temperature Effects

e

IDelivery | Report approx. 15 pages (incl. approx. 8 figure

Items on temperature loads, temperature deformations,

pointing and time history

s
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'WORK PACKAGE DESCRIPTION WP REF. NO. 50 000
1wp No. Title Comparison of the Results
51 000 Final comments and recommendations

52 000

J

Revised list of specifications

Delivery

Items

Report approx. 10 pages
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THORK PACKAGE DESCRIPTION WP REF. NO. 60 000

WP No. Title Cost Estimates

Definition and Costs for:

61 000 Definition Study

|~ engineering analysis

- work planning

- guality assurance planning

62 000 .| Design Study

- detail engineering
- work preparation

- quality assurance

63 000 Manufacturing

- Jjigs and tools
- materials
- manufacturing

- guality assurance

€4 000 Assembly

- preassembly of one pedestal

~ final assembly on site

- acceptance test

65 000 Testing

- natural freguency

- painting and tracking performance
56 000 Cperation

- DOC

iDelivery
IItems

|

Price lists with comments
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WORK PACKAGE DESCRIPTION WP REF. NO. 60 000
WP No. Title Cost Estimates
67 000 Site influence on costs

- Comments to cost driving site conditions

(MAN GHH needs detailes information about
the two sites)

68 000 Cost parameters

- discussion of costs of telescope mount
depending on the following parameters

* aperture size —

* precision

* guantity

* weight of reflector (material)

- discussion of substantial jumps in costs

Delivery

Price lists with comments
Ttems
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WORK PACKAGE DESCRIPTION WP REF. NO. 70 000
WP No. Title Work Sharing Possibilities
% 70 000 Work Sharing Possibilities

s Subsystem definitions

- List cof recommended

subsystem suppliers

Delivery
Items 1Work Breakdown Structure

! List of subsystem suppliers with comments




