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Corrective Optics Space Telescope
Axial Replacement (COSTAR)

Background

When the spherical aberration was discov-
gred in the Df'll'ﬂ-ﬁl‘r mirrgr of 1he Hubble Space
Telescope (HET), NASA established a panal
consisting of astronomers, engineers, oplicians
and asironauis trom U.5. and Eurgpean imstifu-
tions and selacied for their expanience in
optics, HET syslems, space oparalions and
large optical lelescopes. The panel evalualed
dozens of proposals on how 1o "fix" (ha mifror
error and selagied COSTAR (Corrective Oplics
Space Telescpope Axial Replacement). The
corrécior syslem in COSTAR was based onh a
propasal by the late Dr. Murk Bottema, of Ball
Agrospace, Boulder, Colo. The panel of ex-
parts made ils recommendations to NASA in
December 1950, In January 1531, MASA
selecied Ball Aerospace as the prime contrac-
tor. Ball was salected, according to NASA
officials, because il had been invalved wilh
HET lar mafe than 15 years and nad tirsthand
gxpenence with the sclentilic, technical and
programmatic demands of the project. Ball was
ghvan only 26 months o complate the project.

Description

The idea of COSTAR can best be described
as placing eyeglasses in froni of each of tha
instruments, except COSTAR uses mirrgrs
rathar than lenses. The aberration in HST
causes light from different parts of the primary
mirrar to come to facus al differeni places
Much as eyeglasses cofrect the aberration of
ihe lens of the eye, COSTAR oplics, or mirrors
correct for the aptical efrars of the primary
mirror. HST was designed 1o provide Tor
installation of new science instruments over iis
15-year life by a series of servicing missions
The COSTAR package, about the size of a

telephone booth, will replace The High Speéd
Photometer (H3P) on Hubble. The HSP mea-
sures raphd brnightnese variations in stars. HSP
wias thé least used instrument on HST and the
logical choice for sacritice, oificials explained
Cnce COSTAR is instalied, a tower will emernge
from the COSTAR enclosure upon ground com-
mand rom the Goddard Space Flight Centers
Space Telescope Operations Conirgl Center
(STOCC) in Greenbeli, Md. This 1ower_ called
ihe Deployable Optical Bench (DOB), contains
mechanical arms designed 1o place and align
the "eyeglasses” precisely lor each of the three
s¢ignlilic instromeants COSTAR will suppon—
the Fainl Object Spectrograph (FOS), Faini
Object Camera (FOC) and the Goddard High
Resolution Spactrograph (GHRS). The mirrors
fange in sizé from about the size ol a dime for
the FOS lo the size of @ quarer lor tha FOC
With the exceplion of the GHRS, each of
the instruments 1o be correcled by COSTAR
has two aperiures lor fwo channals and re-
quires two mirrors each. one a simple spherical
shape and ane a little more complax shapead
wilh i@ corréctive prascription. Becauss
GHRS has only ona aperture for bolh channels,
a single pair ol mirrors 15 able 19 correct both
channals. As a result, 10 comective mirrors are
réquirad 1o deliver high-gualily images to {he
iz channgls of the three scientdic instrumenis

COSTAR Changeoul

COSTAR will be carried 10 orbit in the bay
ol Endeavour in an anclasure called a SIPE
{Science Instrument Proleclive Enclosure)
The SIPE keeps COSTAR warm and provides
some vibration protection during the ascen
phase of the launch. During an Exira Yehicular
Activity (EV A}, after the HST has been docked
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Shuftle Endeavour, asironauts in space suils
will gpen 1he all bay access door an H3T,
disconnact the elecirical connaciors on the
HSP and, using a ralchel tool, disengage the
latches that hold the HSP in position. The
astranauis slide the HSP ouwl and place it ina
temporary holding lixiure while COSTAR is
remaved Irom the SIPE. COSTAR then is
moved foward the H3T by an astranaul riding
on tha mbot arm, Once at tha al bay,. a pro-
tective cover will be removed, and COSTAR
will be inserted into the HST using guide rails
The powear ratchel ool is used to engage the
latches and alectrical connéclions on COSTAR.
Before the an bay door is closed, Goddard
ground controllers will verify thal the glecirical
connactlions are fully mated. A& more complete
sarigs al 1esls will ba run avernighl dunng tha
grew sleep period. The HSP will be retarned 10
the COSTAR SIPE and then be returmned 1o
Earh

How Do We Know i WIll Fit?

The assurance thai COSTAR could be placed
info HST was a key facior in s selection as tha
method for correcting the telescope’s sphencal
aberration, This assurance resis on the facl that
the HST science instrumenis were dasigned trom
the beginning 1o be replaced by insiruments with
mgre advansed technalogy over the 15-year lite-
span ol HST. Thus, the mechanical and electrical
connections ware designed to be changed out in
orbit. Key pieces of hardware, the ASIS (Axial
Science Instrument Simulator) and the ABS
{Axial Bay Simulator), were used to verity the
instrumenls currently on HST and likewise ware
used to verily COSTAR. In addition, a replica of
the aft end of the telescope, known as the High
Fidelity Mechanical Simulates, has been con-
sinscled al Goddard  The simulator will hold both the
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COSTAR and the second-generation Wide
Figld/Plangtary Cameara. also 1o be installed in
the H3T, and both will be given tinal fit checks
in thatl simulator simultaneously

How Do We Know We Got The
Prescription Right This Time?

The assurance rests with NASA's knowl.
edge of what the actual aberration in the HST
mirrar is. Experts have determined this error in
two independant ways. First, the toaling lor the
HET mirror was still in place at the mirrors
manufaciurer. Measurements of the setup
confirmed thal an error had been made in the
setup and provided a precise value of the error
An independent group of scientisis and engi-
nears calculated the error by evaluation of
aclual images taken by HST in orbil. When
these two values were compared, they showed
excellent agreement. To further ensure accu-
racy, these data were distributed to several
independam groups using ditferent methods 1o
determing the oplical preseription.

This knowledge of whal prascriplion is
requirad, howevear, is anly the first step. Each
of the new optical elements was subjecied 1o
two ditferant and independent tests lo verily
the earract prescription whila atill at the manu-
tacturers. AMer the oplics were installed,
COSTAR was placed in a device called the
CAS (COSTAR Alignmemt System). That
system was used to ensure that the mirrors
were in the corract place and had the proper
shape Had there bean an erfor intha CAS,
there also could be an arror in COSTAR that
would go undelecied, To eliminale (his possi-
bility, a device called HOMS (Hubble Oplo-
Mechanical Simulator]) was construcled. This
deveice simulated the aberrated HST optical
gystem. The COSTAR was lalched into the
HOMS exaclly as it will be latched into the HST
on orbit. The HOMS has been checked and
cross-checked to ensure the oplical prescrip-
lion malchas the HST and to ensure the
COSTAR is hold exacily like it will be held on
orpit, The HOMS first was veritied by Ball
ABrospace using an image analyzrer and inter-
terometer, Later, an independent 1eam from
Goddard using an ABA (Aberraled Beam
Analyzer) contirmad the Ball measuraments
As a second independent check, the European
Space Agency (ESA] provided an engineering

model ol the Fainl Object Camera. This exac
copy of the instrument permitted oplical experts
o wigw [he ophics just as they would be in the
tight FOC  Atter gvaluation, thase images
match the aberrated on-orbil images. The CO.
STAR 1hen was placed in the HOMS. and the
correcied images demonstrated that COSTAR
has the proper correclion and alignmeant

Challenges

The mast challenging areas of GOSTAR
developmen! were 1he oplics, the shorl devel
opment schedule and the small packaging
volume available for ihe oplics. The short
developmeni cycle, 26 months, included the
design. production, assembly and testing. The
schedule was extremely demanding bul neces-
sary to suppor the schedule for the first sarvic-
ing mission, The small packaging velume was
due to 1he limited space in the HST hub area,
where ihe correciors mus| be deployed. This
resulied in the need for miniature motors (o
deplay and adjusi the posstion of each mirror
To date (May 1993}, all technical and schedule
milestones have bean mel, and silicials are
confident Ihe mission objectives also will be
mel.

Cosl

The total cost of COSTAR development will
be $50 million This repreésents a small percent-
age (3%) ol the cost lo build HST The migsion
to fix HST already was planned as one of the
rouling servicing missions 1o keep HST opera-
tional during its 15-year lifespan. No additional
lunds were requested to fund COSTAR davel-
opment. The necessary funds wers oblained by
rearranging HST program priorities and instru-
meni development eflorts within the planned
budgetl.

Life Expectancy

COSTAR is designed to last as long as tha
expecled lite of the instruments it is 1o correct
Tha current plan is 10 replace iwe of these in
the 1997 mission and anoihar instrument on
the 19949 s&fvicing missignm. The new msir-
ments will have a WFEPC li-lype correction buill
inle thesr oplical systems.



DIT (POSITION SENSOR)
ELECTROMNICS

Hey o Abbeviations:

FOC = Faint Object Camera

FOS — Faint Object Spectrograph

GHRS — Goddard High Resolution Spectrograph
DIT  — Ditterential impadance Transducer
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