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ABSTRACT - Current and future space telescope programmes require ever higher
dimensionaliv stable structures. Typical structure stability requirements are about a few
microns for dimensions of 0.5 meter. "Conventional” materials like CFRP present a
good structural performance but are limited in terms of long term dimensional stabiliry
due to effects like moisture desorption. In the frame of an ESTEC project supporied by
an internal development, AEROSPATIALE has designed. manujactured and tested a
very high dimensional stabiliry telescope structure for precision optical systems using the
advanced Carbon/Carbon composite combining high dimensional stabilitv and good
structural performance.

The Carbon/Carbon material developed and manufactured in AEROSPATIALE facilities
presents . -

- a high thermoelastic stabiliry (CTE « 107/ K-1) and moisture unsensitiviry

- a process optimizing the cvcles in terms of cost, schedule and performances

- a high potenialiry for future programmes thanks to industrial facilities up 10 2.5 m.

The Telescope structure is based on the SILEX (Semi-conductor Laser Iniersatellite Link
Experiment) configurarion.

A detuiled characterization programme has bheen carried our with regard to
Carbon/Carbon composite and junction technigues, giving satisfactory resudts. The
Telescope is built around a Carbon/Carbon external cvlinder. The primary mirror
haseplate consists n a fullv Carbon/Carbon honeveomb sandwich and the secondary
murror support is also made of Carbon/Carbon composite. The manufacturing and the
assembiy of the Carbon/Carbon structure have been successfully performed. Strucrural
and thermal anaivses have been carried out to verify stiffness and strength reguirements,
10 set-up the performance budger and to make the rest predicrions.

The satistactory results achieved during the test sequence have confirmed the porentiality
of the Carbon/Carbon technology for high stability instruments.

Keywords  Space telescope, Lightweight structures, Dimensionai stability,
Carbon/Carbon { CAT)

I - INTRODUCTION

There is an ever higher demanding need for very high dimensionally stable structures for future earth
observation and scientific payioads. Thus. there is a high interest to use more advanced materials than
conventional CFRP combining high long term dimensronal stabiiity and good mechanical performance.
The ohjective of the study consists in the development and the qualification of a telescope structure
using the selected Carbon/Carbon (C/C) technology in a representative architectural configuration

The main results of the programme (material characterization, design, analyses, manufacturing &
assembly of the telescope structure. test results and explotation) are presented.
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2 - MAIN REQUIREMENTS

Intable 1 are presented the man requirements ot the Dimensionally Stable Structures project {11

The long term ¢+ L. Ty stabilits . which s specified in terms of misalignment of murrors M1 and M2.1s the
most siringent regquirement. in particular wor.t. the Defocus. Long Term 1s defined as the liteym,
starting trom the final ground ahgnment unal the end of the mission (= 10 vears:

Mass s Telescope Structure: | < 2.2 Kg with - optics 2.7 Kg
| - thermal control 0.4 K¢

Stiftness 1 kgumpped Telescopet| > 150 Hz tfirse frequency i
Strength sizing loads | 30 g applied simuttaneoush on cach axis X0 Y. 20

Defocus < 2 um
L.T. Stubility Decenter = 14 um
Tilt = 43 arcsecond

|
Thermal environment | - 10°C to + 40°C

Table 1 : Main requirements

Al the heginming of the study. a prehminary breakdown was given for the Detocus allocation which 1y
the most severe term ( Table 23, The Defocus allocation (2 um) has been shared into two terms. 1.7 um
tor the tefescope structure and (1.3 um for the mirrors fixaton devices. In order to set up the tolerance
hudget. the tollowing summation philosophy (2.1) was selected

LT STABILITY = » Cont. 1" + Cont.2 + Cont.6~ + Cont.3 + Cont. 4 + Cont.5 + Cont.7 (2.1

CONTRIBUTORS Allocations
Contributor | Distortions at telescope merface 0.1 um
Caontributor 2 Ground resting & Launch .6 um
Contributor 6 Azemy of matenal 025 um
uadratic sum 0.65 um
Contributor 3 Graviny release etfects 1.2 pn
Contributor 4 Mogsture refease ettects twhen apphaabie) 0@ wm
Contributor 3 L. T thermal vananons for both contnibutors
Contributor 7 Microvibrunons eftects
LTOTAL || Arithmetic sum il 1.7 um

Table 2 : 1..T. stability tolerance budget

I'his Defocus allocuation breakdown shows the low values o be allocated tor each contnibutor and
corbrns the vnticahity of defocus LT wabihn

3 - MATERIAL & TELESCOPE ARCHITECTURE SELECTION
St havine evanimed the advanced materals under technical and mdustnal ereria. the Carbon/Carbon
SCAC composite has been selected due to the tollowing reasons
= high thermoelastic stability  CTE close to zero i a guasi-isotropic lay -up confreuration
moisture unsensitivity

.

ted vensus desizn based ona compensation phenomenon te.g, "al

—n.

——

concept authonzing a simple thermal design

RS S1C telescope™ ). sensitive
o thermal yradents and risky 1t a complex thermal controd i~ net napletented

.

various architectural possibilities ottered (ovhnder, honeveomb sandwich

—

industrial maturity and growth potential with industnal tacithties up 1o 25 m

SEROSPATIALE has gained o arge background wath the development ot re-entry bodies pans
CHERMES nose cap CASSINHUYGENS front shield
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\anous mechameal architectures of Telescope have heen studied tor this apphication (extemal oy imder.

truss. tripod i According 10 the trade-off results. the C/C cyvlinder concept isee Frgure 20 has beer

selected This concept presents

= u gh technical performance. 1in particular w.r.t the stabihity. which enables 1o consider the fess
sophisticated thermal control fevel (NP2 see § 5.2)

= un mteresting archutectural contrguration tminimum optical obscuration. direct external batthing and
upper sprder tor M2 support which increases the ‘lever arm’ tor M1/M2 adjusiment:

— 4 Ingh growth potennal w.r.t. future apphications (this kind of architecture covening the othey ones i
terms ol strucwural parts and pertormancesh.

4 - FEASIBILITY & CHARACTERIZATION
1.1 - C/C reference process

The selected carbon/carbon process tcombination of two main routes. hyind and vapour). dedicated o
complex shapes and thin wall parts. enables 1o optimize the ¢yveles in terms of cost. schedute und
pertermances. This mixed route consists in a ngrdificarion of the tiher preform by reqn polvmerizauon
and pryrolvsis. tollowed by a Chemical Vapour Infiltranon (CVIy. The first step i reahized with
prepregged fabric according to current manutacturing technologies used with CERP. The TV 1s then
rerformed on selfstanding parts without woling. The process s summanized in Frgure |

p——

Preimpregnated
carbon fiber fabric

Wrapping Polvmerization Pyreiysis

Figure 1 : Selected C/C process

The process duration tafter fiber preform wrappings s 3 weeks. It atlows the manufactuning of targe
and complex shaped parts with fow durations and reduced costs.
ALROSPATIALE CVI tacihities can accommodate parts up to 2.5 meters in dhameter and herght

4.2 - Feasibility

The phase 2 teasibility activities objectives were

= w treese the manufacturing processes

= tn manutacture representative parts of the Demonstranon Modelin order to optimize the defininon of
toohings and the wrappmng method

= toelect and vahidate appropriate NDI methods
=t ensure the traceabihitny of the processes.

The 21D Carbon/Carbon composite and the C/C sundwich skins consistin agquast-1sotrope lav-up. With

revard v the C/C honeveomb sandwich. the manutacturing v based on the same prinviple as the one

presented m $ 401

= the (JC honeveomb and the 2D C/C skans are densified durmyg the same CV1 oveke, Theretore. the
fonescamb candwich s a tully C/C ane. without any organe component.

Wiih reeard to the severe requirements of the dimensionally stable structures. any delaminauon mside
CO parts has 1o be detected Non Destructive Inspecnion (NDD iy svstematically pertormed atter
Prohvas and arter CVEAUS dry couphng method and XRavs tor focal inspection such as evolutive
hickness zones of the ovhindery The phvsical properiies of the C/C and therr range of vanation have
heen ~ettled and are controfled morder to reach the expected thermoelustiic performances and to
suarwitee the good health o the matertal (volumic fracuons. density and thicknessesy. The
microstructune was recorded. avne Scanming Electronie Microscopy and aptical microscopy facihities

A conctusion, the feaabbiy activines have demonstrated the capabiliny o manutacture the

Demonstration Model and vahdated the NDIF methods av welt as the expected matenal physical
rroperiies objective and associaied vananon range.

Proc. of SPIE Vol. 10570 105701T-4
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4.3 - Characterization

A complete characterization programme was performed on the 2D C/C composite. the C/C honeycomy
sandwich technotogy and the junctions techniques

= mechanical characterizaton of the 2D C/C and the C/C honeycomb sandwich
= measurement of the Coefticient of Thermal Expansion (CTE)

= measurement of thermal, thermo-optical and electrical properties

~ matertal characterization under space environment (outgassing, cleanliness ...)

~ junctions charactenization ; screwed junctions © tg(¢) and bonded junctions
= microyield {5106} and material microcreep (load applied during a long time).
The CTE and microvield measurements have been performed on high accurate AER@SPATIALE teg

devices. A good correlation between measurements and predictions (issued from the technologicaj
model) has been achieved. Main charactenzation results are summarized n Table 3.

| E (Young s modulus) 60 GPa I
Ip (density; 1.5 Kg/m-; _I
| v (Poisson’s ratio) 0.27 N
|Tensxle strength 192 MPa ]
| Compressive strength 187 MPa |
| ILSS nterLaminar Shear Strength) 15 MPa I
IG (In plane shear modulus) 20 MPa I
2D I clob (Mi;royield) >20 MPa (*) ]
c/C -0.1x10-6 K-1
Thermal conducuvity 7 Wim*C
Opuical properties Emissivity 0.4
Solar absorptivity 07
Electrical properues Surface impedance S me
Surtace resisuvity 120 mQ
Cleaniiness Molecular < 10°% gfem=
tafter "hand” cleaning) Particular < 50 p;m
Junc- Teigr C/C - tnvar > 0.2
tions Cold bonding (wouble shear strenpihy > 18 MPa
C/C Honevcomb | C/C sandwich  Mechanical properties > Aty Honevcomb
Sandwich Insert (M3; sirength S SO00N (= und /1) |

Table 3 : Main C/C properties

t*v This value has to be considered as & mmmmum due to nmucro-bending eftects occured during the
microyield test {not sutf enough sample). This value can be largelyv imcreased after mechanical Joad
apphication tsample untolding .

Viarnous CTE measurements (performed on ditferent saniples and directionsy were performed and
showed the very low sensivity of the C7C composite to manutacturing parameters. as predicted with the
technological model.

A microcreep test was performed by M3D-BATTELLE. The anm of this test is to evaluate the long term
~tabnlits of the C/C composite under permanent mechanical load (internal stresses)

Although internal stresses level 1s Jow, a loading up to 2 x microvield strength (2 x ¢10°0) was apphed
in order to increase the accuracy of the measurement and o correlate the microvield behaviour of the
matertal. Noontnnsic imsability twithin the measurement accuracyy was observed for the C/C material
ifor durations higher than 300 hours) even with high loads corresponding to equivalent 100 g applied to
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the structure. Moreover. this test corroborates that the microyield is higher than the initially measured
one.
As a conclusion of this paragraph, a complete characterization programme was

performed and the results are satisfactory. Furthermore. the reproducibility of mechanical and
thermai properties has been demonstrated through the different CV1cveles.

5 . DESIGN & ANALYSES
3.1 - Telescope structure design

On the basis of the selected architectural configuration. the detailed design was carned out. The
Telescope Structure 1s detined in Frgure 2. The overall sizes of the Telescope structure are

- overall height = 600 mm

- outer diameter = 330 mm.

The main structural parts consist of : )

O C/C external cylinder with upper ring
. Equipped with Invar edge mserts
Thickness =1.6 mm {ring : 3.2 mm)

® M| Baseplate
(C/C honexcomb sandwich)

Equipped with Invar inserts
Baseplate 1hickness = 37 mm

The baseplate is made of a fully C/C
honeycomb sandwich (C/C core and C/C =
skins). This part concept presents a high ‘=
mterest tn terms of stability (thermoelastic
stabitity in three dimenstons and moisture
unsensitivity ),

® Spider : 3 C/C blades
Blade section : 20 - 30 x 1.6 mm

O Spider / Cylinder brackets i(invar)

M2 support :  © C/C hexagon
Wall thickness © 3.2 mim
@ C/C M2 plate
. Thickness 4.8 mm

O Telescope Fixation Devices {TFDj
These INVAR parts enable to well decouple
the telescope trom all imstabilittes occuring at
Telescope / Carrter Structure tnterface.

Figure 2 : Telescope Structure Design
5.2. Thermal design

The envisaged thermal architectures were defined. A busic thermal control s generally implemented and
consists of .

- an efficient thermal protection (MLD of the overall telescope (no heat dissipation)

- aprotection towards solarillumination by means ot entry baffle (when possible)

- the implementation of g sunple heating svstem monitored by brstable thermostats (on/otf heating).
The resulting temperature range tevel N7 i wvpically close to (- 10°C.+40°Cy on low ajtitude orbits,
avording any degradation ot structural and optical parts. especially 1in non-operational modes. In
addtion to this basic thermal control. different performance levels can be obtained for operational modes
(levels n°2 to n®41. The mam charactenstics and performances are summarized 1in Table <

Proc. of SPIE Vol. 10570 105701T-6
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Performance Monitoring Type of Electronic t
Level | T level at type sensor function '
=2 20°C = 6 | < 12°C | ONIOFF histoble thermostats
N©3 MC=3i |ect'C |ONOFF thermistors acquisition of 1° &
companson with treshotds
N°‘d J20C =1 |<2*C | PID repuliuon | Py sensors acyuisiion ot T &
algonthm calculauon

Table 4 : Thermal control levels

For simphicity reasons and due to the very low CTE of the C/C material. the thermal control leve} 2
was selected as the baseline.

A thenmal mathematical model was performed in order to define the temperature level vanations and the
thermal gradients observed by the structure for typical “in-orbit” cases.

The thermal load cases {sun 1 different areas of the structure) were then implemented in the structuraj
model to analyse the thermoelastic behaviour of the telescope structure. This model was also used for
the predictions of the holographic test (non uniform heating). {

5.3 - Mechanical analyses

The design is analysed with a detailed mathematical model (Figure 3) in order to venfy stiffness
reguirements. general and local strength and to establish the stability budget. The main sizing criteria are
summanzed 1n Table 5.

Part Sizing criteria

Cylinder Thermoelastic stability
NMicrovield in current section
Rings strength (local bending stress)

Ml Inserts strength
Baseplate Suffness
Thermoelastic stability
Spider Stffness

blades Thermoelastic stability

M2 support |Suff'nexs
Thermoelastic stability

Junctions | Bonding microcreep & microvield
| Microsiiding of screwed junctions
Local strength and suffness
Thermoelastic stability

Table S : Sizing criteria Fig. 3 : Telescope Structure F.E.M.

The structure sizing 1 driven by the stabihity pertormance. 1.e. microyield i current section. micro
shding for serewed juncthions and microcreep for bonded hinkages. The values taken into account for
junctoens stabifity sizing are 1ssued from AEROSPATIALE expertence in high resolution instruments.
The muin analyses results are presented hereafter and are compliant with the requirements

= Telescope first exgenmode = 178 Hz {specification @ » 150 Hz)

= Current stress under combined 30 g : < ol0-6

= Theoretcal LT, stabihity budget : Defocus = 1.2 pm (including all contributors detined mn § 2)

with the following elements -simphfied thermal control level . 20°C = 6°C
. horizontal optical axis for ground measurements

. without "Zero g'" devices

Proc. of SPIE Vol. 10570 105701T-7
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6 - DEMONSTRATION MODEL

On the basis of the feasibuty resuits and
the detatled design. the manutactuning of
the Demonstration Model was performed.

The C/C parts were firstly manufactured.
The control results (matenal
investigatiens. geometrical inspection,
NDI and mechanmical & CTE tests on
“witness’ samples) were satisfactory

Then. the C/C parts were equipped with
Invar inserts in order te be able to
pertorm the final assembly of the
clescope structure.

Finally. the uassembly of the
Demonstration Model was performed on
the same principle as the AIT sequence
which would be applied for a Telescope
equipped with optics {but of course with
a lower accuracy : assembly tool instead
of u control loops.

As a conclusion of this paragraph,
the assembly of the Demonstration
Model has been successfully
performed (see Figure 4) and the
final controls were satisfactory.

Figure 4 : C/C Telescope

7 - VERIFICATION PROGRAMME
7.1 - Test sequence

The verification logic detined for the Demonstration Model 1s presented in Figure S
The tests sequence. performed by M3D-BATTELLE with the support of EPFL {Ecole Polytechnigque
Fédérale de Lausanne). s focused on both fotlowing axes

= verification of the mechanical behaviour modal test an the bare structure
. static test under qualification loads

= verification of the dimensional stability after thermal cyeles application
under gravity
after load reiaxation (residual detormation:
under thermal environment

With regard to the venfication of the dimensional stabiiity performance. the measurement devices were
defined after having analysed the achievable accuracy Indeed. for each instability contnbutor.
displacements about a few tenths of microns have to be measured. The seiected high accuracy
measurement devices consist of .
= holographic measurement tfor a non unifonn heating

meastrement of the structure deformation and correlatton of the structural and thermal models

= capacitive sensors, with the use of a Zerodur reference structure, for the followmg tests
thermal cycling. residual static test and graviey test ydeformation under low ioad)
= interferometry in vacuum for a homogeneous temperature evolution
. measurement of the detocus

The test results and test explotanon are presented for each phase of the test sequence

Proc. of SPIE Vol. 10570 105701T-8
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| Modal test . T T T T ﬁ

|/!\1:35urcmr:r|i =1 |
| Thermoelastic test : | | during | L Hologra- | Fppy
N . . environment hv
Non uniform heating . applicition ) phy |

| :__ Measurement (*} > 3
L e e

! Thermal cycles (-10°C,+40°C) ’ !

| N ] Capacitive |
| - T o e S
1 __Measurement (*) Mewarement 1Y | SERSOTS
— et i dunng >’ + !
eavironmen | | Zerodur |

appiicaticn /f Reterence '

1 Static test: - Gravity <—
Structure | M3D

- Qualification load

Ee—————
| I - Residual =<—— | { Measuremen: *3)
| i hetoreialter
.-'—__'_'—__\_‘_‘—\-___
Liry s ___Measurement (:l J
[| Measurement " ! Measurement “;I l
| of structure Thermoelastic test ; . during lml’rfero-i
dimensional Homogeneous temperature evolution| | et [ mety |
Levolutiens - __application__, !

S

—

Figure 5 : Test sequence
7.2. Modal test
The aim of the test is to measure the three main ergentrequencies and mode shapes of the bare Telescope

structure. The prineiple is to apply a low level sine vibration to the specimen support interface, by
means of an electrodvnamic shaker (see Figure 6, along two axes (axial and transverse ones).

The test results are presented i Table 6,

Mode shape Frequency
{bare structure)
Global bending 241 Hz
iCybinder & TFD)
Ovahzmg of cyhnder 509 Hz
Axnl mode of spider 561 Hz

Table 6 : Measured frequencies

The Demonstration Model presents o Jow
dampmg <%y, mostly due tu sizing with
revard o stabihing which limats dissipations in
strictaral parts and junctions. The main modes
covimder ones; are an accordance wath the
predicnons issued from the F.E model. The
medasured  sprder mode v higher than
measured. This mode which presents a fow
effective mass v sensitive The FIE moded
has been upduted wn spider aren on particalw
Wt punctonsy and o now o accordance
sath the test resudts

wodal test allowed te vonfirm the
diction of the st ergenfrequency of the
squipped telescope structure and S0 to ensure
the specihication compliance

"
{

= {1 =177 Hz » 150 Hz vrequiremeny) Figure 6 : Modal test

Proc. of SPIE Vol. 10570 105701T-9
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7.3 - Holographic test

he aim of the test (performed in EPFL premises) 1S 10 measure the deformation of the Telescope
structure under non-unitorm heaung. as a simulation of untavorable flight conditions. The principie of
the test consists in heating one side of the external cylinder and 1n measuring the associated deformation
of the structure by holography. For this purpose. heaters have been implemented inside the cyiinder.

he temperature maps were obtained with an IR TV camera calibrated by an appropnate location of
&ermocouples for emissivity correction. In addition. an auxiliary diftfuser was used to check the
influence of the convection {(change of the air refractive index) 1n front of the heated surface. Several
calibrations were carried out before the final test in order to improve the measurement.

Two configurations were tested
- vertical optical axis = Cylinder deformation measured.
- horizontal optical axis = Relative displacement between M1 and M2 recorded.

The thermal gradients applied on the cylinder were increased up to 20° C. Associated holographic
measurements of the out-of-plane deformation of the cyiinder and of the M 1/M2 displacement were
recorded. The holographic technigue was very accurate (< 0.25 um) and reproducible. The test resulity
underline the high thermoelastic stability of the structure under large thermal gradients

- the CTE of the C/C composite (0.1 x 10-6 K-1) is confirmed by the correlated (F.E. model)
low local deformations of the cylinder in the heated area tabout 1 um PtV for AT = 20°C)
- Pefoecus < 0.25 pm for AT = 20°C applhed on one side of the cvhinder.

7.4 - Thermal cycling, gravity and statictest

For this test. the capacitive measurement device {with the Zerodur reference structure) is used. It enabies
to measure the M 1/M2 displacements (Defocus, Decenter and partial Tilt). Before starting the test
sequence. a complete cahibration of the system {reproducibility of measurement afier repositionning,
stabihity versus time and influence of temperature variationsj was carried out and enabled to validate the
accuracy of the system {Defocus : 0.2 pm & Decenter : 6.5 um).

Thermal cycling

The atm of the thermal cycling test consists in applying to the Demonstration Model the extreme
specified temperature variations (-10°C,+40°C) and in checking 1ts dimensiona stabiity aifter such
thermal cycles. The test results are the tollowing

= Defocus = 0.5 pm after the first cycle

= Defocus < 0.2 pm after 4 more cycles (within measurement accuracy)

A thermal environment similar to n-orbit non-operational conditions was applied to the Telescope
structure. A stight geometrical adaptation had imtially been measured. that may be due o junctions
behaviour. Stabithzation occured very rapidly und the structure remained verv stabie after thermal
cveling.

Gravity test

The arm of this test conststs in measuring the deflection of the M2 Mirror interface under a smail known
load stmilar to the M2 gravity one. This allows 1o simulate the defocus or decenter occurning after release
in space of the gravity. Two directions (corresponding 1o different ground measurement configurations)
were considered. loading of M2 mterface in axsal direction talong optical axis) and 1n lateral direction.

The gravity test results are Defocus | Decenter
Axial loading 08 um/ 100 | =
Lateral loading = () | 03um/i00g

The axial gravity measurement confirms the spider stiftness increase, as observed during the modal test,
In case ot a horizontal optical axis ground measurement (usually preferred configuration). the Defocus
1s negligible and the Decenter remains very low. authorizing to not use "Zero G” devices.

Proc. of SPIE Vol. 10570 105701T-10
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Static test

The purpose of this test tsee Figure 7) 1s
to apnly the specified guahfication launch
loads 132 g sepuaratelv on each axis) to the
Demonstratton Model im order to
- verify sirength requirements

measurementi

chieck sutfness

{isplacement measurement:

~ check stabiliny

aneasurement before and after
Joading,

The Telescope siuciure was strumented
win ostrain gauges  anmd LVDT
displacement sensors The qualification
foads were applied alony two directions,
axtal and lateral. Spectfic interface parts
were futed for mtroduction of local o
distributed foads by sub-assemblies wath
same resudtants as acecleraton fouds.

The muun test resuits are presented
hevealter Tor both loading cases

= mewsured stresses inoagreement with
the predictions sssued from the FLE M.

Modet
— spider detormation well correlated
very hugh stability after mechamcai
vactal and Faeral 32

Defocus < 0.2 pm
Iomeasurement th‘\:lll“\"\w

- Decenter < 0.3 um

twilh

forthnn measiiement aecuracy

Figure

-

Lateral static test

The static test has demonstrated the excellent mechanical hehaviour of the Telescope
structure, showing in particular a very high residual stability after loading.

7.5 - Thermoelastic test

b this test osee Froure 80 consists n
QT UNOT lemperature varation o the
t Muodel and i measuving  the
Detocus The long term vanation thius

s 1o the selected theymal

Fhe Demonatrauon Mode! v implememed moa

wunher i verneal postion and wmtformely
ad atlirotent temperataie steps. The control ot
renperatuie homogencity s carred ot Ve

veouples ftted on the Teleseope structure

The Deroows meastement s pefonned thanks 1o a
hak stable difrereanal inter wter and two stable

urrors, one hixed side the M2 suppor
L2 e noplementad at the comer of the

30

G

A
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During the test. a local instability was observed at the level of the top of the cvlinder tin cviinder / spider
area). The other heated areas (M} baseplate. lower part of the cviinder. M2 support) showed o guasi-
neglizible influence within the measurement accuracy which confirms the stability ot the C/C materia!
and the other junctions. In order to identify the origin ot the measured local instabtiity . a sensiivin
analysis was pertormed with the F.E. model and showed a complex focat behaviour in cvhinder 7 spider
arew. and in particular a thermal expansion of the bonding of the cvlinder sutfeners which leads 10
thermoelastic contribution not representative of the matenal stability. Design improvement has been
identified to reduce strongly this local mstabibity.

As a conclusion. the test sequence enabled to validate the performance of the
AEROSPATIALE Carbon/Carbon telescope

- excellent mechanical behaviour -
neghgble residual deformation after high launch foad (52 ¢)
Chigh graviey stability with an increased sprder stiftness
= high L.T. stability :-
. no microcreep phenomenon after application of high joads during a long period
negligible residual deformation after thermal cveling
= high thermoelastic performance :

The local instability, not hinked to the C/C technology. does not challenge the global thermoelastic
peforrnance of the Telescope structure.

8. CONCLUSION

The results achreved during this programme confirm the strong nterest of the AEROSPATIALE
Carbon/Carbon material for high stabihity instruments and have enabled to bring this technoiogy to flight
standard through a reprensentative Telescope configuration.

The very high thermoelastic stability of the C/C material (CTE « 107 K ' 1n quasi-isotropic lay-up
confrguration) associated to its morsture unsensitivity enables. depending on the applications. to
withstand severe thermal environments, to simplify the thermal control or o not use "refocusing”
device.

A high growth potenual is offered with AEROSPATIALE industrial facihties up to 2.5 m
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