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FOREWORD

This Final Repoft Volume II-A documents. and summafizés;, aé reguired -
by Marshall Space Flight Center (MSFC) Data Procurement Document SQS—MA—-
06, the analysis and preliminary design of an £48/96 Planetary Camera fof t'he
Space Telescope. The Final Report also includes Volume I, Executive Summary;
Volume IT-B, Preliminary Design of the Optical Telescope Assembly; Volume III,
Saféty Analysis., The results of the Phase c/D Prdgram planning are contained
in Perkin-Elmer Reports ER-317, ER-318 and ER-319.

This Science Instrument ié designed >f'or an axial rnodulé pbsition in the
Optical Telescope Assembly. The design waé accomplished as part of the ST

Phase B Definition Study, Optical Telescope Assembly/Science Instruments

for NASA, Marshall Space Flight Center under Contract NAS8-29948. Technical .

direction for the Science Instrument design was provided by the Goddard Space

" Flight Center.

Volume II-A reports on the following Science Instruments for Space Telescope:

e f24 Field.Gaméra
e f4B/96 Planetary Camera
e  Faint Objecf Spectrocraph
‘e IR Photometer
‘e Astrometer |
o ngﬁ Speed Point/Area Photometer

e High Resolution Spectrograph,
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SECTION 1
REQUIREMENTS

1.1 Performance Requirements -

The Planetary Camera is a high-resolution imaging camera, designed to
operate with high photometric accuracy («1%) over a broad speciral region ex~- -
tending from the near U.V. (180 nm) to the near I.R. (1,200 nm). The wave-
.length i"egion of operation is selected by a filter wh.eel. assémb'ly containing up
to 28 f_ilters which ﬁlay be used singly or in limited combinations. Exposure
times of fro:ﬁ 10 msec to 5 minutes are conirolled by an elecﬁricaliy 6pefated
shutter, . |

The significant performance requiren;zents are i:abulated in Table 1-1.
1.2 Interface Requirements '

The Planetary Camera is housed in one Qf the four "axial" bay modules
of the OTA; the SI ciesigﬁs’ aré modular so the spediﬁc 1o§ation need nbt be de-
fined for this design. The location of the axial modules with respect to the OTA
and ra-dial. béy science instrument (£24 Field Camera) .1s gshown in Pigﬁres 1-1
and 1-2. Overall envelope ¢imensions for the axial module are given in |
Figure 1-3.

- The region of the OTA focal plane ailocated to the axial bay instruments
" is shown in Figure 1-4, The {48/96 Planetary Camera will utilize one of the
.four' Ifields.. The OTA focal ﬁlane imagé chafactéris'tics 'ox.}e'r th.i.s”réé.ion are éi\}eh
_'m Pigure_ 1-5, Other pertinent dési_gn requirements_affe_cting tl‘_le prel.imifr_lary'

design of the Planetary Camera are summai'ized in Table 12,

1-1
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TABLE 1-1

ER-322

£48/96 PLANETARY CAMERA PERFORMANCE REQUIREMENTS

Angular Field of View
Angular Resolution

Pos iﬂonél Accﬁracy wii:hin FOV*
Stabil_ity of Line of Sight#*
Overall Wavelength Range
Speciral Resolution

Overall Dynamic Range

Dyﬁamié Range (per Observati.on)
Minimum Detectable Energy

Photometric Accuracy

Exposure Time

Calibration Stability

Detector

(£/48)
(t/26)

(£/48)

(£/96)

17 % 17 arc-sec
8.5 x_8.5 arc-sec

0.1 arc-sec
Diffraction limited

1 érc—sec {rms)

j-_(_). 007 arc-sec

180 nm ~ 1200 nm

5< A/in =100 (28 filters)
(my~3 to my16)/§8c?
3000 |
mVZS/sEcz

<1%.

10 ms - 5 minutes

1% (Tungsten)

CCD (400 x 400 Pixel - nominal)

*These requirements do not :mpact SI'des'ign. They are tr'anélated into

OTA and SSM requirements.

L-2
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| Weight, Enclésureb

PERKIN-ELMER

TABLE 1-2
DESIGN REQUIREMENTS
140 pou'rid's (max)
Weight, f48/96 Camera & Optical Bench 150 pounds (max)
T..emperamre‘ (optics) S 66 - 70°F

Conductance to Focal Plane
Radiation to Focal Plane - 0.10 Btu/Hr-°F (max)
Voltage ’ 28 VDC +5 VDC

Maximurri Allowable Average Power 150 watts

0.15 Btu/Hr-°F (mak):

ER-322

Reliability : ' _ 0.85 for 1 year orbital operation

Acceleration Factors (g)

- Equivalent Quasi-Static - |

Migsion Phase Limit Loads

| | ¥max  *min  Ymax  Ymin
Launch Release 04 -3.4 0.8 -0.8

- 8RM Cutoff/Separation 2.0 -4.0 0.4 - -0.4
Reenitry | 1.4 0.6 0.7 =0.7

| faﬁéédtﬁéplo.ﬂrrﬁen’c 0.:2'.' 2 -0.2 0.2 ~0.2

®

1-8

“max

3.0

0.8

4.0

0.2
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SECTION 2
PLANETARY CAMERA CONFIGURATION -
2.1 General Cc_:nfigull'_e_‘ti_qq_g._

The overall layout of the f48/96 Planetary Camera is given in Pigure 2-1,

.. sheets 1-4. The two camera systems use separate portions of the OT_A.'science-'

data field and separate two-element optical relays, but share a common port door

suba 's.s'er'nbl'y, shutter unit and 400 x 400 CCD detector. The key elements of the -

instrument are

° | Poft doef eubsysteﬁl ..

. Shutter subsystem;

e ‘Optical relays -

. P'iltér'/di:ive'suhsyst‘em" L

. GGD detector assembly ‘

o _’Callbratmn SubSYStem
e ,Optlcal bench |
- ‘szal module N
.. o Thermal con?roy's_‘_l.}?S.YSt_er_r';

e Instrument control elecironics. :

. The GCD‘deitect’o-r’;fco.oled to —~40F, 'v'iéWs’--thro‘tigh'"th'e-f/48 'relay'a‘:_-- Gk

17 X 17 arc-sec portlon of the OTA field (8 5 x 8.5 arc-sec portlon with f/96

relay) centered 92 nm from the optlcal axis (the f/96 ports.on is 51 5 mm off

2-1
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mirror for the /24 Field Camera. Details on the optical quality of the OTA
focal plane and the optical design are given in Section 3.

All elements of the camera are mounted to the optical bench. The bench
hés two functions: (1) to maintain the functional elements of the instrument in
proper alignment and (2) to position the camera relative to the optical axis and
focal piane of the OTA, Additional details of this structure are given in Sec-
tion 5. The camera is self contained within an axial bay module. The module
is replaceable on orbit as described in Section 5. The module also provides the
stabilized thermal environment and heat dissipation system for the instrument.

Heat is pumped from the CCD detector by a thermoeleciric cooler
through copper heat straps to the module outer surface for dissipation to the S8M
wall, Current conservative estimates of the power necessary to effect cathode
cooling to -40 F are approximately 30W.

The port door is used to close off the instrument when not installed in
the ST and during calibration, and it also performs the function of camera selec-

tion. The common shutter mechanism is used to control exposure times, and a

common filter wheel assembly, with four wheels, each contaming seven filter '
positions, is used o select spectral bandwidth, A tungsten-filament calibration
source provides instrument throughput data.

Power, commands, instrumentation and science data are transferred
directly between the S8M (Su.ppprt Systems Module) and the individual science
instruments. Consideration of the use of a dedicated science instrument computer
or of individual micro processors located within each science instrument is still
under study by NASA, The instrument functional block diagram is shown in

Figure 2-2,
2-6
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Figure 2~2, Planetary Gamera Functional Block Diagram
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2.2 Sequence of Operation
2.2.1 Acqguisition

The Planetary Camera has a passive role during the acquisition opera-
tion, The object or sky area to be viewed is selected and commands given to the
ST Pointing Control System to point the line of sight of the OTA at the selected
area. The accuracy to which this can be done is dependent on the accurécy o
which the object is known but generally will be within 1 to 10 arc-sec rms.
The ST is stabilized in this position by the PCS (Pointing Control System); the
FGS (Fine Guidance Sensor) in the OTA interferometrically senses any drift away
from the selected guide star and sends an error signal to the PCS of the SSM to
maintain stabilization,

2.2.2 Normal Operation

Following acquisition of the selected target the following operational
sequence is followed:

. Operation of the Filter subsystem to place the selected filter into
the optical path. Details of this design and operation are given
in Section 2-4,

. Operation of the Shutter subsystem to control the eprsure period.
Details of this design and operation are given in Section 2-3.

. Following closing of the folldwer shutter blade (and befére resetting
of shutters) the detector is read out directly to the ground via the
SSM or into data storage on the SSM.

®  Resetting of the shutters to the start position.

]
1
o o]
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Repeat of above sequence - changes will include selection of other
filters/transmission gratings, different time exposures and other
targets.

Operation of the TCS (Temperature Control System) to maintain the
photo cathode at -40F and the camera optics as defined in the
Requirements, Secti.on 1.

The Port Door is not used (closed) during normal operation of the
Camera and is not closed during periods when the camera is not in

use. .It is closed only during periods of instrument calibration.

2.2.3 Calibration

The Port Door has two functional elements: an aperture and two mirrors

for use in calibration. The door rotates through four 90° steps as follows (ref,

Section 2-5 for more details)}

Position £/48 Port /96 Port
1 calibrate open
2 closed calibrate
3 open closed
4 closed  closed

Calibration is accomplished by executing the following operations:

Command Port Door to either positi‘on lor2, depe.ndi_ng on which
optical path is to be calibrated.

Turn on calibration source.

Operation of the Filter subsystem to place the selected filters into

the optical path.



PERKIN-ELMER ER-322

[ Read-out detector and transmission of data via SSM to ground
station,
e  Turn off calibration source. ‘
:u Return Port Door to position 1 or 3 if camera is to be. operated ~-
otherwise move to position 4 for standby.
2.3 Shutfer Subsystem
Planetary Camera exposure time is controlled by the focal plane shutter
mechanism located close to the instrument entrance port approximately 60 mm
behind the port door. The mechanism is comprised of two spring-driven shutter

blades, separately triggered by the exposure time control electronics. The two

shutter blade concept permits good control for the very short time exposures

(of the order of 10 milliseconds) and at the same time easily adapts to the

longer exposure periods as well. The opefational sequence is as follows:

1} Release of the lead shutter blade by c:or_nmand, This opens the
optical path to the detector.

2) Release of the follower shutter blade by a secord and separate
command, This covers the opt_ical path to the cdetector., The time
delay between the two shutter release ‘commands esfablisﬁe's f.he '
exposure period. ‘ o _ L

3) Simultaneous rés.etting or cocking of both éhﬁtter bnla‘de_s_ fo. their
start p.ositions by a small electric motor drive. The optical pfa_th

remains covered during this operation.

.2-10

.




PERKIN-ELMER - | ER-322

As shown in Pigure 2-3 both entrance ports (f/48 and £/96) are controlled
by the same shutter blade. This simplifies the -desigﬁ ébmplexity at t-he. entrande
area, Port door positioning defines which camera re_l‘ay-_ system is in operation.

The lead shﬁtter blade is initially cocked, against a torsion spring, in
position to block the optical path. The fifst expoSUi‘e contfél 'comm'énd removes
power from the hold solenoid, allowing a spring-driven tri.gger to disengage from
the shutter blade arm. Thus released, .the ieaa .shutt:érb moves thfough a nominél
300 arc about its pivot bearing and exposes the detector to the Optiqal_ clear
aperture, The lead shutter is brought: tp rest at the end of its travel by an
en'ergy‘abs'orping stop, shown in Figure 2-3, designed to decelerate the shutter
blade _without causing excessive vibration of the camera assembly. A light
emittiﬁg diode (LED) aﬁd photo sensor, located ne'af the vend civfr the shutter
tr_avel_ senses tt}e completion of the bperatibn ;md provideg 1ns.trume.ntation
data of this event. Ths LE]j is driven ’at very low current, to.enhance.reliability
and to reduce its light cutput to the'minimum requix_'_ed;to ngraﬁe the photo dicde
sensor. The entire light-source/ sénsof assembly is located remote from the
camera enirance ape‘rtﬁre"énd is well baffled to prevent stray light frem;em:éring :
the camera optical train, |

A secon& cﬁrﬁfﬂ&lﬁd, trig.t_:;:er.ec.i. aftér tﬁé.riec.;uire‘d ‘éxp(-:qg;lre- péfic;\d hé;'s;
‘transpired, provides power to t_h_e__ fo_llowexf s_t_ljuvt:terv b__];édv?v S?lénoid : actuating its‘ .
releasé trigger. Also sprli;ng»,'»dri‘Ve’rx»>”,. this bl_ade similariy rﬁtates tova position
covering the vdetectér' apertire.” A LED and photo diode senses and provides.

instrumentation data on completion of this event.

9-11
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The power “off" release of the lead shutter blade provides the shutter
subsystem with a fail-safe mode, fail-safe being defined here as a shutter

failure with the optical path unblocked. A power failure of the 1ead shutter com~

mand will result in the shutter moving to the open position, The camera can

continue in operation following such a failure by either direct controlling of the
detector or by initiating exposure control by using the motor driven reset to open
SECTION THRU STOP

SHUTTER BLADE :
o BeCu SPRING

{
£/48 Aperture |

READY READY
S T . TO
FIRE FALL - SACE RESTORE

Figure 2-3. Camera Shutter Configuration -
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the optical path and release of the follower shutter blade to end the exposure.
This latter back-up operation mode would preclude very short exposures, i.e.
Z0.5 seconds.

The resetting of the two shutier blades is accomplished by the action of
a small electric motor driven quick-return mechanism which simply pushes both
blades into their latched position and then returns to its start position to be
ready for the next reset c,;ycle (ref. Figure 2-4).

The design configuration of the shutter subsystem defined above was
i utilized successfully for many years on the principal camera of the Stratoscope IT
telescope. Requirements on that program also included exposure periods from
25 ms to hours. No operational failures of this camera shutter or reset mechanism
were experienced during many hours of ground test or the several flights of this
system. The shutter blades are lightweight, constructed from aluminum, and
thus very responsive to their spring driﬁes. The solenoids should be double
wound to provide redundancy. The_re are no critical manufacturing or assembly
tolerances in the design; scolenoids, motors, magnetic clutches, étc. may be
selecied from components previously space qualified.
2.4 filter Wheel/Drive Subsystem
| L ' oo | The filter. wheel.-as'sembl'y,- shown in Figure 2-5, ié’located immediately
7 ahead of the detector.. it cgntains four (4) independently driven wheels, each

wheel con'ta'inint'_:; eight filter pbslfitions. In each Wheel, one position is open

S ~ (no filter), and the remaining seven are available for optical elements such as

filters, neutral density attentuators, and transmission gratings.

2-13
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DRIVE MOTOK
EACH WHEEL

\ BACK-UP MOTOR
EACH WHEEL

Filter Unit

4 Wheels - Motor Driven

8 Positions per Wheel

Position Change Time - .3 sec.

Figure'Z -5. Filter Wheel Assembly -
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| Each filtef wheel is. driven by a redundant pair of eleciric motors and
electromagnetic _clut_ches. Filter wh(_-:-el rotatiqn is always in the same direction.
Indexing time to change from' one filter position to the next is approximately
0.3 seconds; therefore, the maximum time required to obtfain any filter combination
is approxirr‘l-atély' 2.5 seconds.

The cleér Iaperture of each filter wheel position 5 30 mm x 30 mm, Loca-
tion of the filter as _sernbl_y close to the detector image plane reduces the need for
high optical figure quality in the filtér elements, but does require that "éhe filters
be uniform in their spectral_transmissivity characteristics. Since the fiiter gle— _
ments are placéd ina converéing optical bundle, fheir presence affects thé focal
plane location. This effect is proportional to filter element thickness, but for
typical filter thicknesses (a few mm}, it is well within the {/48 focus tolerance.

| Each of the filter v(rhee'ls has eight stop positions, each pos itiOn being
identified with the filter or optical element located at that point. Commands are
sent simultaneously to each of the four wheels. Defents at éach “filter" posi-
tion ensure a uniform ‘fcenﬁeri_n_g " Qf_; the element and eliminates the critical re~
quirement for positioning from the motor/magnetic clutch. Eight light emitting
" diodes/photo sensors {not shown in Figure 2-5) built into the fixed plate on either
side of each moving wheel provide instrumentation data on exact rotational ﬁosi—
tion (filté;‘ 1o¢atio'.n) : : As »in't’qe' caée of the sﬁuﬁter timing sensors, these LEDs.
will be run :at‘ Iqw current andl bptically baffled Hto e_limiﬁa.feb stréy light effects.

Two drive motors ére provided o e_ach filter wheel —- one is used nor'mall-s,:'r
to move the w_he_e_l to .a_§.e.:]__ect'ed pos;;ipg_,_ the second .ge;v_ing as a __b_aqk;gp c_lr_i\_re

system. In the event of the failure of one filter wheel drive, the :Eéil—-safe'e mode
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of operation is to use the back-up drive motor to rotate that wheel to the "open”
filter position. An alternative to this mode of operation is to continue using the
filter wheel via the back-up drive with the risk that a second failure (in this back-
up drive) would leave the filter wheel inoperative with perhaps an unfortunate

filter now permanently lodged in-the optical path. The present desi_gn cont_ains

no provision for clearing this problem via on~orbit maintenance.

The rotating filter wheel concept was judged the most reliable for the
camera design, coz.midering the limited space and size and number of filters.
Translating or insertion type designs have been used in the past {and were consi-
dered) but were not applicable here primarily because of the large number of filters.
Perkin-Elmer has used the rotary filter configuration most citen and it has proven
to be simplest in design and very reliable. There are no special problems -- manu-
facturing tolerances are nominal and the motors, clutches, bearings, and engi-
neering data sensors are readily qualified from .previous space equipment designs.
2.5 Port Door Subsystem

The prime function of this subsystem is to (1) move the calibration mirror
into position along the optical path of the camera, (2) seal off background light
during the calibra_tion_ measuremsnts, and (3) provide a means for selection of
either the f48 or 96 aperture. The two small mirrors, which fold the calibration
Sbﬁféé light into the optical axis,are fixed to the port door.

| The port door is shown in Figure 2-6 and has an aperture and two calibra-

tion mirrors. It rotates about an axis parallel to the optical axis. The door has

four positions -~ both apertures closed; f/48 open; I/96 open/f/48 calibrate; and
£/96 calibrate. The £/96 should point to a dark sky background during the £/48

- relay calibration. Power is required to close the door, against a spring preload

2-17
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which holds the door in the £/96 camera open position whenever power is removed.

In the £/96 open position, the calibration mirror is opposite the £/48 entrance port.

The port door subsystem presents no special problems in either design
or manufacture. Tolerances are everywhere nominal. Components to include
the motors, clutches, solenoids, etc. are available and readily qualified for
this application.

2.6 Maintenance .

The Pianetary Camera is completely contained within the axial bay module
defined in Figure 1-3. The instrument is maintainable on orbit by removal/change-
out of the complete module.

The design is such that proper registration of the locator detent on the
module (ref. Figure 2-1) with the locator ball (a fixed part of the OTA) and attach-
ment of the module at the two fixed points on the OTA focal plane structure will
locate the instrument properly in the design position of the £/24 field. Guides to
assist a suited asironaut in the charge-out operation are not shown but will be
built into both the OTA focal plane structure and the module.

The electrical connectors are located on the outer surface of the module
for easy access by the astronaut. They are available space replaceable types
which can be opened/closed by a fully suited astronaut.

2.7 Weight and Power Summary

Table 2-1 summarizes the weight and power consumption of the camera,
by major subassembly,

Weights have heen computed from design drawings wherever appropriate,
Manufacturers' weight data has been used in estimating pui’chased péfts.

A typical planetary camera operational power proiile is shown in Fig, 2-7
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TABLE 2-1

WEIGHT AND POWER SUMMARY

) WEIGHT (LBS) POWER (WATTS)

OPTICS 10 -
DETECTOR | | 15 | o
FILTER 14 (15)
SHUTTER 4 (15)
CALIBRATION 5 (15-20)

s PORT DOOR 6 (15)

S ELECTRONICS 26 24
THERMAL (OPTICS, DETECTOR) 8 30
MOUNTING STRUCTURE 50 -
MODULE 140 -

. PLANETARY CAMERA MODULE 278 60 AVERAGE*
90 PEAK

*Allowable power 150 watis,

gee-dd
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SECTION 3
OPTICAL SYSTEM DESIGN

3.1 General

The performance of the {48/96 Planetary Camera depends on the design
of the optics of the instrument and the design of the OTA Ritchey-Chretien tele-
scope, Gonsequeni;ly, the contributions of both must be considered in the design,
The analysis of instrument performance is from the celestial sphere through the
telescope to the camera optical system (its filters and mechanisms) to the
detector.

This section of the Final Repori is divided into two parts. The optical
parameters of the Ritchey-Chretien telescope and its interface with the camera
are discussed in Paragraph 3.2. The design of the camera optics, their perfor-
mance with the telescope, and the characteristic features of the system are dis-
cussed in Paragraph 3,3,

3.2 OTA/SI Optical Interface

The optical interface between the OTA (Optical Telescope Assembly) and
the SI's (Science Insirument) is considered in five parts:

e OTA/SI performance requirements

] OTA design

. Focal plane access

e OTA image quality/field correction

. Performance-influencing factors

3-1
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- Optical tolerances
- Pointing jitter
- Stray light.

A summary of OTA minimum performance requirements is given in
Figure 3-1. The difference between the design wavefront error of ,05\ (»/20) rms
at 632.8 nm and the implied .074 »(a713.5) rms error required to meet the 60 per-
cent encircled energy requirement in a 0.075 arc-sec radius circle for the OTA
provides for hardware contingency.

The portion of the 8T performance budget allocated to the OTA is shown
in Figure 3-2. The first major division of performance responsibility is between
image motion and image quality. The {irst of these is atiributed primarily to the
telescope pointing system, while the second is atiributed to the quality of the
OTA optics.

The optical design prescription for the OTA 2.4 meter Ritchey-Chretien
and its first order parameters are summarized in Figure 3-3. The system is com-
posed of two pure conic sections (hyperboloids} and nominally provides a geome-
trically perfect image on-axis, Off-axls, the system, as with all Ritchey-
Chretiens, is afflicted by field curvature and astigmatism. Details of system
performance follow, but note that the actual design central obscuration is
31 percent. This is 3 percert less (72 mm of diameter) than the maximumn 34 per-
cent allowed. The implied d2sign margin is available for further baffle design,
and if not used provides additional performance margin.

The 28 arc-minute unrvignetted field of vie;aav provided by the Ritchey-
Chretien is allocated among the science instrurients, pointing system and figure

sensors as shown in Figure 3-4. Four 90° unvignetted segments of image are

3-2
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2.4 m
1/24

. 057\_ rms

632.8nm
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121.6 nm to 632.8 nm

0,1 arc-sec

Figure 3-1. OTA Optical Performance Requirements
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provided for the axial science ins_truments. Each extends a maximum of 9 arc-
minutes {150 mm) from the OTA optical axis. The fifth science field, taken ﬁom
the center of the OTA field of view, is allocated to the /24 Field Camera which is
mounted in the OTA radial bay (Figure 1-2), The remainder of the field, from
9 to 14 arc-minutes, is reserved for the offset tracking sensor. The areas of the
focal plane made inaccessible by the figure sensor pickoff mirrors and the
structural components between instrument modules are also shown.
Within the_telz?SCOpe field of view astigmatism and field curvature are

the only significant aberrations present. These aberrations are detailed in
Figure 3-5. The astigmatism, field curvature and small amount of distortion of
the 2.4 meter ST Riichey-Chretien are shown in the telescope's £/24 image plane
map. Qut to a radius of about 4~1/2 arc-minutes compromi'se foci are available
where diffraction-limited image quality can be provided, at 632.8 nm wavelength,
for small regions of tﬁa focal plane. Beyond this point optical correction must be
provided to achieve diffragtion-limited quali}:y.

| In addition to the aberrations detailed .in figure 3-5, the diffraction ef-
fects inherent in the baseline OTA design modify nominal performance. Figure 3-6
summarizes these charaéteristics and shows their effects on performance. The

vertical marks indicate the nominal deéigri points of the ﬁarameters for the pre-

liminary design OTA,

‘Beyond the nominal telescope design performance, the assigned optical
tolerances determine the ultimate performance. The tolerance allocation is made
so as to achieve .054 rms at 632.8 nm wavefront error on station. This near

diffraction limited periormance as provided by the OTA is not universally required -

by all instruments.




8-¢€

Y{+) ARC-MIN

) T o « S 14" —7
N\ B
R
SAGITTAL
—12'
TRACKING
FIELD
TANGENTIAL Hipy
—
@ |TANGENTIAL| X mm | Y mm |SAGITTAL | X mm | Y mm t
1,0 A ~0.244 | 16,755 J -0.202 | 16.755 g
2.0! B -0.976 | 33.502 K -0.808 | 33.503
3.0 C -2.197 | 50.250 L -1.820| 50.253
4.0 D -3.905 | 66.905 M -3.935| 66.981] g’
5.0' B -8.102 | 83.706 N 5.054 | 83.718
; DATA
7.0" F_ -11.962 {117.090 0 -8.907 | 117.130 FIELD
9.0'| G -19.776 1150.390 P -16.378 | 150,460 4
11.0 H -29.552 {183. 580 Q -24.468 | 183.700
13.0' I -41.200 /216,590 R -34.176 | 216.810 X
14.0' T -47 881,233,040 g -39.638 | 233.310 9r
J
X{~) | I | | l g’ | A
mm 50 40 30 20 10
GAUSSIAN
PLANE
Figure 3-5, Focal Plane Topography

HAWM3-NIMUAA

gee-yd



6-¢€

Relative Intensity at Cenier of Image

1.0
0.9
0.8
0.7

0.6
0.5

0.4

0.3
0.2
0.1

1(s)-T1-g272

OTA

\

\

[y
(=]

0.8
0.7
0.6
0.5
0.4

Relative Intensity at Center of Image

0.2
0.1

0.2 0.4 0.6 0.8 1,0

Obscuration Ratio

Effect of Central
‘Obscuration

1(p)—[1~%-2—-—(m2]

OTA

0,9 1

0.3 |

\
\

0 0.04 0,08 0,12 0,162

/
Fractional Intensity at Peak of Image

RMS Wavefront Error
Effect of Wavefront

Tolerance

Fipure 3~6, OTA Nominal Performance

F\,&X/E:D's
0.4

0.2

ol : w |

1.0 'x( 0
0.8 b
\)( = 0,31 (OTA)

0.6

\ N

.1 .2 .3 .4
Radius of Image

Energy Distribution in the Airy
Disgk as Function of the
Qbscuration Ratio

EIEWNTTE-NIMEISd

gce-4d



e it bty L ¢ o = e e i o T e Rng LRSS e sr et e T oy Ao TR s s e T B peemmE bR e Tl e SR S EEE AR e o T e e 7

PERKIN-ELMER ER-322 -

The instruments are designed and their tolerances are allocated to
provide their required performance with the OTA budget taken into account.

The OTA to 81 interface tolerances are absorbed into the OTA tolerance
budget and do not burden the instrument designs,

The preliminary design optical tolerance budget, as it evolved from the
Phase B study is shown in Figure 3-7. It provides for initial ground setup, resi-
duals after orbital corrections and system cirifts between calibration periods.

FPigure 3-8 is the computed expecied performance of the OTA determined
by evaluation of the completed preliminary design and is now that system‘s‘
tolerance budget, Note that the required design performance of .051 rms is
slightly exceeded. This may be interpreted as additionsl design margin or as an
increase in the anticipated mean time between required on-orbit OTA re-alignment

and re-calibration exercises.

The final set of folerances defining the OTA/SI interface are the instru-
ment module mounting location accuracies and stabilities._ These tolerances are
summarized for both the accuracies required for initial instrument ﬁlacement and
for drift over a calibration pericd in Figure 3-9. The optical wavefront error in-
duced by these tolerances is absorbed into the OTA structures portion of the over-
all .05 rms wavefront error budget. The numbers represent the accuracy and
stab:ility to which the SI modules will be held by the OTA FPS with respect to the
OTA. Tolerances within the instrument module, between inscument components
and the module mounting points, are included within the instrument budgets.

As an example of how this instrument placement téklerancing philosﬁphy

was carried out, focu_s maintenance is typical. Referring to Figure 3-10, the
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Figure 3-8, OTA Computed Performance Preliminary Design §
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depth of focus band of the telsscope is shifted and distorted by the OTA allowed
tolerances to a controlled maximum. The 5I placement band tolerance is estab-
lishe” 1@t no matier where the instrument is within thai band, it always lies
within .ae focal depth of the telescope. As a result, the instrument is always
in focus when installed in the system. The SI focus band is divided between all
the OTA elements affecting the focus placement.

3.3 f48/96 Camera Optical Design

The basic optical form of the f48/96 relay systems is a twin, two-element
reflector which corrects the field aberrations of the ST Ritchev-Chretien. The twin
systems use different parts of the telescope science focal plane but provide a
single image plane. The camera in use is selected by the port door position.

The basic schematic of the camera optical form is shown in Figure 3-11,
The £/48 and the i/96 are each two-element optical forms. The primaries and
secondaries of the two systems are coplaner with each other. This minimizes
mounting and alignment problems. Both systems have one major optical powered
conic element followed by a simple toric to correct for the off-axis position of
the camera in the Ritchey-Cbhreiien field. The systems were designed with the
ST/OTA Ritchey-Chretien and are evaluated with it.

The optical prescription for the two optical trains is given in Figures 3-12
and 3-13. These prescriptions include in them the OTA and represent the exact
form in which the systems were analyzed,

The first order parameters of the Planetary Camera system including
the OTA Ritchey-Chretien are given in Figure 3-14,

The nominal performance capability of the combined Ritchey-Chretien/
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SPACING
NQ. SURFACE NOTES RADIUS 0.0
1 ASPHER. OTA Primary -11040. 0000 ~-49086, 0710
2 ASPHER., OTA Secondary -1358.0000 6406.1995
3 SPHER. } f/24 focal plane INE 0.0
4 SPHER. INF 700.0000
5 ASPHER. £/96 Primary -T47,8137 -500, 0000
6 TORIC £/96 Secondary -825, 9578 1132.7401
7 SPEER. £/96 focal plane INF ~-232, 7412
w TABLE OF ASPHERIC COEFFICIENTS
~"Ta' NO. B Af4) A(6) A(8)
1 -2, 298500D~03 0.0 0.0 0.0
2 -4, 968600D-01 0.0 c.0 0.0
5 1,245750D 00 0.0 0.0 0,0
8 1. 000000D 00 0.0 0.0 0.0

TABLE OF DECENTRATIONS, TILTS AND ROTATIONS

NO. TYPE Y-DEC. %-DEC. Y-TILT Z-TILT
1 1 0.0 0.0 ~5. 000000D-02 0.0
1 1,302400D 02 0.0 0.0 0.0

A(10}

C.0

0.0

0.0
-1.137496D-03

ROT.

0.0
0.0

Figure 3-12. £/96 Relay Optical Prescription (dimensions in mm)
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NO.

81-€

G N N

NO.

SPACING
NO. SURFACE NOTES RADIUS 0.0
1 ASPHER, OTA Primary -11040.0000 -4906, 0710
9 ASPHER., OTA Secondary -1358,0000 6406.1995
3 SPHER'} i/24 focal plane 0.0
4 SPHER. INF 700. 0000
5 ASPHER. £/48 Primary  -994, 6247 -50C 0000
6 TORIC  £/48 Secondary 10736, 4959 992, 4356
7 SPHER. £/48 focal plane INF ~02,4247
TABLE OF ASPHERIC COEFFICIENTS
E A4) A(8) A(8)
-2.298500D-03 0.0 0.0 0.0
-4, 963600D~01 0.0 0.0 0.0
1.401440D 00 0.0 © 0.0 0.0
1,000000D 00 0.0 0.0 0.9

TABLE OF DECENTRATIONS, TILTS AND ROTATIONS

TYPE Y-DEC Z-DEC Y-TILT Z-TILT
1 0.0 0.0 -9.166670D-02 0.0
1 2,066100D 02 0.0 0.0 0.0

A(10)

0.0
0.0
0.0
1.406740D- 04

ROT,

6.0
0.0

Figure3~13. £/48 Relay Optical Prescription (dimensions in mm)
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0.0
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Figure 3-14.

F/96 FIRST ORDER PARAMETERS ON MERIDIONAL PLANE
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F/48 FIRST ORDER PARAMETERS ON MERIDIONAL PLANE
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f48/96 Camera First Order Parameters
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Relay optical systems are summarized in Figures 3-15 through 3-18, representing
performance as measured at the final detector plane. Aberrations in an optical
imaging system are manifest as a spread in the points of intersection of rays

from different points in the pupil with the focal plane. Thus, the quality of the
optical system may be visualized readily by the lateral aberration curves shown
in Figures 3-15 and 3-16. In these curves, for a given field angle, the ray height
at the focal plane is plotted against the pupil radius that ray passes through --
normalized to a full pupil radius of 1,0. In such a presentation, a perfect system
exhibits a straight line parallel to the abscissa. An out of focus condition is
represented as a straight inclined line and aberration as various forms of curva-
ture to the line.

The lateral aberration (H' Tan U') curves of the {/96 camera system
(Figure 3-15) demonstrate the encircled energy performance of the £/96 system,
Note that 100% of the geometrical energy is contained within a SOjAm diameter
circle. These values are computed for a peint object in an 8.5 arc-sec field in
the OTA science field. The system provides this imagery without vignetting.

A similar set of H' Tan U' curves of the £/48 camera system (Figure 3-16}
demonsirate the encircled energy performance of that system. Note here, that
100% of the geometrical enercy is contained within a 30pym diameter circle. These
values are computied for a point object in a 16 arc-sec field in the OTA science

field. The system provides this imagery also without vignetting.
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/96 Camera Lateral Aberration Curves
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Figure 3-16. f/48 Camera Lateral Aberration Curves
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The MTF of the systems are tabulated in Figure 3-17. A significant
frequency is 20 line-pairs per millimeter, corresponding to the 25pm pixel size
of the CCD. The unobscured and obscured theoretical performance of the systems
are shown to compare with the specified response of the CCD, The obscuration
is that of the Ritchey-Chretien.

The graphical presentation of the camera MTF in Figure 3-~18 shows that
performance is close to theoretical. Note the eifect of central obscuration.

Only the /48 camera at its extreme field angle is distinguishable from the theo-
retical curve. However, this performance still provides a comfortable margin
for manufacturing tolerances to achieve the specified 0.1 arc-sec resoclution.

Figure 3-19 shows the location of the camera fields within the OTA

module science field, The formats are those required now by the available CCD

detector. The off-axis positions are chosen in conjunction with the optical
relays constants and module physical limitations to provide a common focal
plane on the CCD.

The optical tolerances assigned to the /96 and £/48 optical relays are
indicated on Figure 3-20. The tolerance budget was established to produce
diffraction-limited performance for the £/96 camera and maintain 0.1 arc-sec
resolution for the /48 camers. The individual allocations were made on the
pasis of manufacturability. The tolerances are within the state-of-the-art.

Only parameters having significant impact on optical performance are indicated.
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THEORETICAL THEORETICAL ACTUAL ACTUAL ACTUAL
FREQUENCY UNOBSCURED 31% OBSCURED 2,932 MIN 3.0 MIN 3.068 MIN
(LINE-PAIRS/mm) MTF MTF FIELD MTF FIELD MTF FIELD MTF
2.5 0.833 0.769 0,769 0,769 0. 769
5.0 0. 666 0, 541 0. 541 0.541 0. 540
7.5 0,503 0.321 0.391 0. 391 0.391
10,0 0,354 0. 324 0.324 0.324 0.323
12,5 0,217 0.238 0.238 0.237 0.237
_ 15.0 0.105 0.118 0.116 0.115 0.114
/48
THECRETICAL THEORETICAL ACTUAL ACTUAL ACTUAL
FREQUENCY UNOBSCURED 31% OBSCURED 2,863 MIN 3.0 MIN 3.137 MIN
(LINE-PAIRS/mm) MTF MTF FIELD MTF FIELD MTF FIELD MTF
5.0 0.826 0. 760 0,733 0. 760 0,735
i0.0 0. 653 0;.52? 0,478 0. 527 0,482
15.0 0,486 0.383 0. 349 0.383 0. 353
20,0 0. 330 0,313 0.284 0.313 0.286
25,0 0.194 0,212 0,193 0.212 0.193
30.0 0.083 0.090 0. 088 0. 0980 0. 085

®

£/96

WAVELENGTH = 632.8 nm
20 LP/mm = 251 PIXEL

Figure 3-17. £48/96 Camera MTF
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Figure 3-19., Planetary Camera - Location in Data Tield
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Referring to the tolerance tables of Figure 3-20, the note "refocus" implies
that the particular tolerance affiects only instrument foces, and can be com-

pensated by correctly positioning the detector at the focal plane during assem-

bly.

The optical throughputs of the £/96 and £/48 cameras plus the Ritchey-
Chretien are shown in Figure 3-21. Both systems utilize Aluminum/Magnesium
Flucoride coatings. The throughput is reduced by the two-reflection relay, an
average of 15% over the transmission of the Ritchey-Chretien alone. At the

shortest wavelength, 180.0 nm, transmission is reduced 23%.
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R2 IMAGE
|
OBJECT R,
|
|
/96 /48
Parameier A Note A rms QPD Parameter A Note N ovrms OPD
R] 0.2mm Refocus 0.007882x R1 1.0mm Refocus 0.104288X
R, 0. 4mm Refocus 0.002478 R, 11. Jmm Refocus 0.900490
R] Figure | A/200 - 0.010000 R1 Figure | A/150 - .013333
R2 Figure | Af125 - 0.016000 R2 Figure | A/100 - 0.020000
T(1-2) J.05mm Refocus 0.000751 T(1-2) 0. Tom Refocus 0.000006
T(1-2) 0.01mm W/0 Refocus | 0.000605 T{1-2) . Upg W/0 Refocus | 0.000332
Tilt 10 arc-sec R1 to R2 (. 000551 Tilt 1G arc-sec R1 to R, 0.0005638
Decenter 0.05mm R] to R2 0.001248 Decenter 0. Tmm RT to R2 0.N92075
RSS = {.020665x RSS = 0.N24517)
2 A = 632.8 nm
e Only driving tolerances shown

# Focus Drift Negligible

Figure 3-20.

f48/96 Camera Optical Tolerances
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Figure 3-21. Planetary Camera Optical Throughput
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SECTION 4
CALIBRATION

4.1 Requirements

The prime requirement of the calibration unit is to provide a measurement
of the uniformity of the CCD detector format. Absolute calibration of the detec-
tor and the throughput of the optical system is then performed using celestial
sources.. Long term reliability is a requirement of the calibration design. It
must be fail-safe in operation so that the camera remains operative in the event
of calibration subsystem failure.
4,2 Calibration Unit Design

The calibration subsystem, shown in Figure 2-1, permits a double mode
of operation with a minimum of complexity. The prime subunit is a source illumi-
nator which provides two calibration tungsten sources. Source output data is
shown in Figure 4-1., The tungsten sources are imaged through adjacent exit

ports of the calibration housing, each source using a concave mirror operated off-

axis. Both light bundles are directed along Path A, Figure 2-1, to the detector
format by a small mirror mounted onto the structure which supports the secondary
mirror of the £/48 and £/96 relays (ref. Figure 2-1, sheets 1 and 2). This pro-
vides two calibration beams {~f/48 and ~f/96), both of which must uniformly il-
luminate the detector format. The position of the two calibration alignment mirrors
permits use of the filters (or an open filter position) without any vignetting from
their off-axis location. Cali'bration can thus be initiated simply by energizing

the sources -- no mechanisms are required; nothing is inserted into the optical path.
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One of the calibration sources {Source 1 is shown in Figure 2-1) also
provides a throughput measurement for the optical relay. An additional concave
mirror, mirror "C", directs the light along path "B" toward the entrance port of
the camera where a mirror mounted on the Port Door redirects the bundle into the
instrument along the nominal input path. A weak refracting optical element
located adjacent to the calibration mirror reimages the mirror "C" to be analogous
to the secondary of the OTA to provide an effective /24 input bundle. This pro-
vides an additional input to the detector, from a calibration source, through the
relay optics. Relay optics throughput can thus be measured by differential mea-
surements using the two calibration modes. This measurement is not significantly
sensitive to source variations.,

The sources identified are standard tungsten sources which provide the
spectral range and intensity needed for the calibration. Hollow cathode sources,
which provide selectable spectral outputs, may also be used. A hydrogen lamp
would provide a spectral range 170-380 nm while other gases give selectable
outputs ranging to beyond 800 nm. The power requirements are similar to the
standard lamps with operating consumption being less than 10 watts.

4.3 Operation

The calibration unit as described is relatively simple and has »2nly one
moving part {(calibration mirrar), which does not involve the detector test, the
prime mode of operation of the calibrator. For the prime test, that of measuring

the uniformity of the detector, the camera shutter is closed so that the second

4-3
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path through the f48/96 relays is prevented and the detector is uniformly irra-
diated. The time of the exposure is controlled by either rotation of the filter
unit or by on-off control of the detector. These methods are adaptable for rela-
tively long exposures so that shuttering accuracy is not required. If shorter
exposures are required, the addition of shutters at the calibration exit ports can
be introduced. These were not felt to be required for a uniformity test since the
latter may be performed at various levels using the filter array.

The second path, via the £/48 or the £/96 relay utilizes the control of the

shutter at the entrance aperture. The shutter exposure time provides an additional
radiation level at the detector and permits measurement of the throughput of the
optics using knowledge of the test features of the calibration unit. This unit can
also be used to verify the reciprocity and linearity features of the detecting chain

by varying the shutter times.

4-4
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SECTION 5
STRUCTURAL / THERMAL DESIGN

5.1 Structural Requirements/Interface with OTA
Figure 3-4 defines the configuration of the focal plane of the OTA. It
shows that the central 18 arc-min diameter {(12.06 inches) at the focal plane is
allocated as the science data field for the five science instruments with allow-
ance for a central 0.8 inch cruciform shaped area given to spacing between
instruments and for structure. The £/24 Field Camera is allocated the 100 mm x
100 mm (4 inch square) central portion of the field with the remaining portion of
the data field equally allocated in approximate 90° sections to each of the four
axial science instruments. The focal plane structure (FPS) with instrumentation is
shown in Figure 1-1.
The OTA focal plane, beyond the 18 arc-min data field, extends out ‘o
a 29.4 arc-min diameter (19.65 inches). As shown, three 90° sections of this
portion of the field are given as tracking field to the three Fine Guidance Sensors.
The prime requirements for the FPS are as follows:
o Maintain its locating surface {to which all instrumentation is at-
tached) with respect to the optical axis to within a tolerance of
0.1 mm and with respect to the curved focal plane with a toierance
of 0,07 mm (ref. Section 3-2).
. Provide a means for registering all focal plane instrumentation to

this mounting surface. In the case of the science instrumenis,
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the registration design must allow for repeatability of registration
after orbital removal and replacement.

] Provide a stable surface, {.e., prevent relative motion between

the science instruments and the Fine Guidance Sensors.

Because of the nature of 8T, as a long-lived National Observatory facil-
ity, and the varying requirements of the present, and as yet undefined future,
science instruments, the tolerances established for the FPS are driven by essen-
tially the requirements of the most sensitive anticipated SI.

The structural design of each science instrument must therefore be

developed from a review and consideration of the performance of the OTA and the

tolerances associated with the reference ball detent, to provide a science instru
ment optical system to the extent required to achieve the performance specifica-
tion.
Within the general OTA conifiguration, the requirement of an instrument
module is that it achieve the following:
® Provide a mounting reference to the ball detent - and flexible con-
nection to two other points on the OTA structure.
® Enclose and protect the science instrument.
] Provide a thermal environment both t> stabilize the instrument and
provide a mear.s of dissipating heat to the SSM.
Within each module an optical bench is provided onto which the key

elements of the instrument are mounted and aligned.

5-2



PERKIN ELMER R

5.2 Axial Module

The OTA axial module envelope is shown in Figure 1-3. The module is
referenced to the OT.\ focal plane (and located in the x, y and z directions) by a
ball detent on the forward surface of the module. The module is held into this
ball detent by a force retention system, located on the module rear surface directly
opposite the ball detent, exerting a force on the module into the ball detent. A
pin/slot device on the front module surface prevents rotation of the module.

The axial module is constructed of aluminum and is estimated to weigh
~140 pounds. The mounting forces (~4000 pound preload) will introduce some
deflections into the box, but the mounting method for the interior optical bench
will prevent these forces from bending the optical mount. The outer surface of
the module serves as a radiating surface for the dissipation of instrument heat;
the ball detent attachment to the focal plane structure must conduct very little
of this heat into this structure. The FPS is temperature controlled at 70°F+2 and
the stability of the science instruments to the Fine Guidance Sensors is depen-
dent on avoiding both temperature changes and gradients in this structure.

5.3 Optical Bench

The optical bench for the planetary camera provides a strain-free, rigid
base integral with the instrument elements and permits ready access/installation
of the instrument into the axial module. The optical bench is shown in Figure 5-1.
The bench is securely tied tc the module at the forward ball detent position and
is additionally supported near the rear by two axially compliant flexures. This
arrangement locates the instrument with respect to the ball detent while pre-
venting module preload forces (or forces resulting from external temperature
changes) from introducing misalignment of the optical elements.
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5.4 Alignment with OTA Focal Plane Structure

The design of the focal plane structure was driven by configuration re-
quirements. Structural performance was achieved by material selection and member
sizing, having first defined the mechanical or configuration constraints. The
structure is designed to accommodate the four large axial science instrument
modules and four radial bay modules. Three of the radial bay modules are for
fine guldance sensor instrumentation, and the fourth contains the £/24 Field
Camera (ref. Figure 1-2}, All of the science instrument modules (both axial and
radial) are raplaceable on orbit by a suited astronaut.

The principal design requirements for the focal plane structure are de-
rived from the OTA system focus budgets and fine pointing accuracies. Focus
shift allowed during an observation is 30y m total for this structure. This is
achieved by using titanium and stabilizing the temperature of the structure to +2°F,
Half of the fine pointing error (0,005 arc-second) is budgetted for thermal effects
during an observation. At the £/24 focus, 0.005 arc-second is equivalent to 1.4 um
which then becomes the limit for any lateral change between a science insirument
and its controlling star tracker (fine guidance sensor). This requirement is satis—
fied with a low expansion {Invar) mounting plate on the focal plane structure
which is the mechanical reference for both the FGS and the SI modules.

The deflection of the center of the focal plane structure, relative to the
primary mirror vertex, is .050 mm with the system vertical and with four
500 pound SI's installed. If this were permitted to exist as a gravity-release
error, only 0.5um of secondary mirror motion would be required to correct it on-
orbii. The 0.25 mm axial position tolerance is correctable with a 2um secondary

shift,
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Figure 5-2 shows the relative locations of the ball detents on the FPS
Invar ring, these detents serving to accurately locate the science instruments to
the fine guidance sensors and both to the optical axis/focal plane of the OTA.
The four axial science instrument detents are identified as Dp and the four radical
detents (one for the £/24 Camera, the other three for the 3 Fine Guidance Sensors)
identified as Dg. The structural path between the axial and radial detent is not
directly loaded by the preload force. This preserves alignment after a removal/
replacement cycle. This is accomplished by mounting the radial detent on a short
intercostal outboard of the P, -P, P, ... forces. Thus, th¢ radial detents, Dg.
will follow and be located by the axial detents, Dp.
5.5 Thermal Design Requirements
The thermal design requirements for the f48/96 Planetary Camera in the
OTA exia’ bay are as follows:
% Croling of CCD detector to -40F,
¢ Thrermal stabilization of the camera optical system at 70°F+2 to
maintain alignment and focus,
® Rejection of heat from the camera (~60 watts) to the SSM aft shroud,
5.6 OTA/SI Thermal Interfaces
The therma! interfaces of the £f48/96 Camera with the OTA and the SSM
are shown in Figure £-3 and are defined as follows:
e Camera interface with focal plane structure is adiabatic.
®  Aft shroud reav wall (141) is essentielly adiabatic.
e  Aft shroud wall (101, 121) temperatures are:
~ Maximum average temperature +7°F
- Minimum average temperature -40°F
-  Maximum temperatiire variation per orbit j-_SOF.
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igure 5-4 illustrates the design configuration for rejection of heat from
the axial module. The +13 side of the telescope is nominally maintained toward the
sun. The four modules are insulated on the +V3 and -V3 sides and from each other.
All heat from the axlal science instruments is rejected to either the +V2 or -V2 sides
of the instrument bay shroud. This configuration has the capability to dissipate in
excess of the allowed 150 watts, regardless of ST roll angle, as long as the SSM
maintains the temperature conditions noted above. An earlier analysis had shown
that a roll of +300 would cause higher SSM shroud temperatures and this would limit
SI best dissipation to~100 watts. This limited power condition, if required, can
be avoided by proper design of the aft shroud and the thermal shields.

Figure 5-5 defines the nominal power which must be rejected from the
Science Instrument area. It includes power dissipation not only from the five
Science Instruments but also from the OTA/SI electronics, SSM gyros and star
trackers and the OTA fine guidance sensor (ref. Figure 2-1). Figure 5-6 relates
the wall temperature of the axial S8I module to the power which can be radiantly
rejected as a function of the wall temperature of the 88M aft shroud.

All OTA structural members which interface with the science ins:iruments
whose dimensional stability is critical to good SI performance are maintained at
709F+2. This includes the OTA main ring and the focal plane structure to which
all the SI's are mounted.

SI and other comporent module exterior walls facing the SSM aft shroud
generally should have high emissivity exterior surfaces to maximize the radiative
heat transfer from the module to the aft shroud.

5.7 f48/96 Camera Thermal Design

The key features of the Planetary Camera thermal design are:

. The camera optics operate at 70°F+2 at all times. This provides
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TABLE 5-5

OTA/SI HEAT REJECTION TO S3M AFT SHROUD

HEAT REJEGTION (WATIS)

ITEM MAXTMUM " TYPTCAL

SCIENCE INSTRUMENTS (4) 400 30r 7400
FINE GUIDANCE SENSOR MODULES (3) 195 130
OTA ELECTRONIC CONTROLS 50 40
HEATED FOCAL PLANE STRUCTURE 100 40
REFERENCE GYROS AND STAR TRACKERS (SSM EQUIPMENT) 45 45

TOTAL 790 555/655 -

e
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isothermal relationships between manufacturing, alignment, test and
operation and also minimizes contamination deposition on the optics,
Individual heaters and thermostats will be located on the optical
bench as required to insure temperature control.

The CCD detector operates at ~40°F., Thermoelectric modules are used
to provide this cooling.

The calibration subsystem imposes a short term heat load, but this
does not adversely affect performance or stability.

Thermocouples are used on the optical mounts, the optical bench and the
detector assembly for monitoring and control. Platinum thermocouples
will be used for both control and diagnostic purposes since they meet
the required temperature tolerance and have long life characteristics,
Electronic units are located away from the instrument proper and are

enclosed for thermal control/contamination assurance.

Power, dissipated from the detector and instrument elecironics, is re-

jected to the wall of the 8I module by radiation, thermoelectric cooling and con-

duction.

The heat from the SI module exterior wall is rejected radiatively o the

S8M aft shroud wall. The +V2 or -V2 wall, depending on final module locaticn in

the OTA, must radiate the 37 watts from the detector package plus an acdditional

24 watits from other heat sources inside the camera. These other heat sources

include:

Temperature Control System Electronics
Camera Contro: Elecfronics
Motor, Solenoid, Magnetic Clutch Power

Local Thermal Control Heaters
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. Calibrator Source Power (periodic).
A 25°9F SI wall will radiate 60 watts to a 7°F aft shroud inner wall if the
IR emissivity (£) of each surface is 0.9. This t = ,9 is conservative and readily

obtained in the IR range of wavelengths,

The heat rejection from the camera container wall can b2 estimated from

. 4 4
oe AF [Tf/24 - TAS]

Q =
where
e =~ 0.8 (each surface =0.9)
and
AF = 19.4 £t2 {(maximum axial container exterior surface area seen
by the aft shroud).
Thereiore:

Q=1(0.1713 x 107%) (0.8) &19.4) (4857 - Zﬁ‘lﬁ
= (2.65 x 1078) (709 - 476) x 1078
= 205 BTU/hour
= 60 watts.
If the exterior surface is 25°F (485°R) then a net of 60 watts may be re-
jected to the aft shroud at 7°F (467°R).
Heat straps are used to provide good thermal contact between the thermo-
electric module and the SI module wall.
A schematic layout of the CCD package with the integral thermoelectric
cooler is shown in Figure 5-7'. The two-stage thermoelectric module provides a
separaie cold finger for cooling the CCD; the cooler first stage removes heat from
the CCD driver. The heat flows -- about 0.1 watts for the CCD and about 7 watts

for the driver -- require an input of about 30 watts %o the cooler to increase the hot
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junction temperature to 30°F, The thermoelectric cooler has the capacity to main-
tain the CCD at or below -400F (~2309K) at all ST operation conditions.

The CCD detector system thermal characteristics may be summarized as
follows:

. Double thermoelectric module provides (two stage)

- Separate finger cooler for CCD
- Larger unit for total detector unit.
™ High thermal conductivity material for CCD and driver
- Low power CCD and high power driver are thermally insulated
by frame material (low K)
-  TFinger arrangement permits 4-40°F CCD operation.
] Thermocouples at CCD finger provide monitoring.
® Heat straps conduct hzat to outer wall
- Two straps, one for each V2 wall of ST module,

It is planned to use heat straps to conduct the heat from the thermoelec-
tric cooler hot junction to the SI wall, An additional 24 watts from close-mounted
camera electronics are also conducted to the SI wall. The nominal operating SI
heat load of 60 watts is radiated fo the aft shroud wall.

The aft shroud inney wall temperature limits may widen beyond the present
spec range of +7°F to -40°F. If this potential heat sink temperature change occurs,
the proposed heat siraps wil® be replaced by heat pipes which will act es thermal
valves to limit the heat flow variations from the SI for different operating condi~

tions.
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The design layout of the planetary camera is shown in Figure 2-3. This
layout shows the remote location of the CCD relative to the camera optics. This
arrangement provides considerable latitude in positioning insulation to minimize
parasitic heat leaks to the CCD package.

The layout also shows the separate compartment used to house camera
electronic packages, including the TCS electron.cs. This separate mounting
provides easy access for electronic maintenance and a direct heat flow path from
the electronic packages to the SI wall without interference with the thermal stabi-
lity of the optical bench. 8Small individual heaters totaling 3 watts will be

mounted on the optical bench to enhance temperaturzs uniformity if needed.
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SECTION 6
POWER, COMMAND AND DATA HANDLING

6.1 Power Interface

As noted in Section 1, the instrument will operate from a supply of
28VDC+5, and will be limited to a maximum orbita) average power consumption
of 15C¢ watts. The power requirements, broken down by subsystem, were sum-
marized in Section 2, Table 2-2.

Perkin-FElmer, at the Preliminary Design Review on July 15 and 16, {1975%)
recommended the power interface to the science instruments shown in Figure 6-1.
The rationale for this approach was:

1, To avoid a multi~line power interface with the SSM,

2. Provide earlier verification of power distribution system and interface.

3. FEliminate the requirement for a2 SSI/ PDS simulator during OTA/SI

testing.

NASA is currently considering the alternative of having the S8M provide
all electrical distribution boxes (mounted within the SSM) with the individual
science instrument providing any additional conirol, regulation or sequencing
peculiar to the SI throigh a distributor box mounted within the SI.

6.2 Command Interface

The Planetary Camera contains a cormand decoder, which receives and
decodes commands from the SSM. Commands may be classified as "discrete"” or
"variable word", Discrete commands are single pulses used to initiate or termi-

nate an event. Variable word commands are multi bit digital streams that specify
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a setting value, or a position or some other analog variable. The actual setting
(to the value specified by a variable word) will be initiated using "load" and
'execute" discrete commands.

The camera command concept is illustrated in Figure 6-2. This sy'steml
provides maximum operational flexibility with minimum on-board seguencing. A
command sequence and requirements lisf is given in Appéndix A,

6.3 Data Interface

Data is broadly claszified éls "engineering® or “scienceA“ daté, some
engineering data being necessary to the scientist to aid 1n h_is‘ interpretation and
understanding of the science data. Engineering data, indicating the current status
of the camera subsystems (fiiter wheel, shutter, calibration sources, yains, etc.)
and idéntified as "Header” data, is interleaved with the scienCé‘data and trans~
mitted to ground over the data link.

A general description of the OTA/ SI daté sy'stem phi.l.osopbhs'r ié shlox)vn.in
Figure 6-3. The instrumentation list is also given 1n Appendix A.

Engineering data is provided by thé caméra instrumentation subsystem,
the concept of which is shown in Figure 6-4. The required sensors, or trans~
ducers, form the analog signals which, after buifering and scaling, are multi~
plexed, digitized and output to the telemetry unit. He-adef data 1s also sent to
the Data unit.for interleaving with science data. |

| The address and timing control logic section doﬁtrol_s the réadéﬁt of the

~pixels and analog to digital conversion of the video signal. Synchronization .

with the SSM data handling system could be accomplished via this '-section.

6-3
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The S/H (sample and hold amplifier) section samples the video_signal
and holds the signal amplitude while the analog to digital converter {A/D)
digitizes the signal to a 10 bit digital word. The serial output word rate will be
500K bits/sec. |

The SI data interface confrol section interfaces with S8M commﬁnication

and data handling subsystem (C & DH) to transmit the science data.
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SECTION 7
RELIABILITY

7.1 Requirements
Revised ST project guidelines define a reliability goal for the £48/96
Planetary Camera of 0.85 for the first year of operations. It is anticipated _that

the duty cycles of the camera will be approximately 10-20%; for planned high

‘resolution requirements such as the observation of galactic centers and for special

opportunities resulting from ST observations with the £/24 Field Camera.
7.2 Reliability Analysis

The standby (or dormant) failure rate of the instrument has been assumed
to be one-tenth of the active failure (planned useage) primarily because of the
elecirical and elecironic components.  For an insirument whose duty cycle is D
and whose failure rate is A, the duty cycle failure rate 2 c is determined by the
following equation: |

Adc= Ng D) + ang (1 -D)

where
A a= failure rate

Ng = standbyfailure rate

Failure rates are defined for the carhera_ at the module level in Table 7-1.
These failure rates were compiled by TRW for Perkin-Elmer earlier in the Phase B

study -(Reference P-E Report $11880, OTA/SI Conceptual Design Report, 1 April

1974), The main source for failure rates were estimates used on;
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» Apolio Telescope Mount (AT M)
e Seasparrow Naval Low Level Ligh_t TV Project
» Planning Research Corp. orbital- data on Vidicon Tubes*
™ EMR Report -
Failure Rates, Reliability Prediction, Failure Mode Efiecis and
Critical Analysis, Photo multiplier Tube Packaged Assembly
25 February 1969,
Assummg an exponential failure rate;
R=e" et
where t = 1 year {8760 hours} and 3 dc is takén frorﬁ the Table 7-1, we find
(1) for a 10% duty cycle
R, = e~(7142) (8760) (10-9)

~ o-- 0625639

= 0.93935 for 1 year mission
(2) for a 20% duty cycle
R, = e~(10004) (8760) (10~9)

— o~ 08763504

=0.9161 for 1 year mission.

Thereifore it is conciud‘ed that proper selection of components and attention to

" reliability in the design wilt permit attainment of the design goal

.*Addendum to Rellablllty Data from In-Flight Spacecraft 1958 1972
' Report $0-1874,. Bean & Bloomquist; AD9060481., 30 November 1972
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Subassembl
Sensor Unit
Command Control

Telemetry
(CC&T) Elect.

Opté/ Mechanical

Unit -

Total

TABLE 7-1

£48/96 PLANETARY CAMERA

FAILURE RATE DATA

FATLURES/BILLIONS HOURS

DC.

10-20%

10-20%

10-20%

A2
23500

8300

1160

s

2350

830

1100

ER~322

4465-6580

1577-2324

0 1100-1100

10-20%

32900

4280

7142-10004
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SECTION 8
TEST AND  INTEGRATION

8.1 Testing of the Planetary Camera
The f48/36 Planetary Camera will be qualified and acceptance tested as
a subsystem prior fo ity integration into the OTA, This testing will fellow the

plan defined in GSFC Report #X~604-74-290, GSFC Integration, Test and Evalua-

‘tion Plan for ST Focal Plane Assembly. Major componerts and subassemblies

will undergo development testing as required to support the detailed design.

Such testing will include breadboard testing of electronic circuits; temporal |

stability measurements of calibration sources and sensitivity/uniformity measure-

ments of deteciors,

Test objectives/requiremenis for each phase (development, subassembly,

_instrument level and integration with the OTA) ere shown in Figure 8-1. Required

 testing is defiﬁe’d as follows:

Optics

Bof_h the twd element /48 relay and the £/96 f_elay will be ‘tested for.

B figu_re_qua_lity.an_d reflected c_npd values; the 28 element filter assembly will be

tested for transmitted opd values. This requires a typical wavefront analyzer
unit (collimator.interferogram) and standard reduction software to-assess wave-

front peak to peak and rme lata at various wavelengths. This testing is per-

" formed with the optical 'e.lenients both unmounted and mounted in their sysiem -

configuration.
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The calibration mirrors must also be tested in an analagous manner.
The imaging op:ics, used to irradiate the detegor are required to be of known
uniform throughput, but are not required to provide high image quality.
Mechanical

The mechanical testing will include the alignment and repeatability
characteristic of the port door, filter, and shuiter units as well as stability of
" the mounting to be used to support the detector.

At the SI system level, mechanical tests will be directed toward deter-
mining thét the Planetary Camera, installed in the akiél bay module bo:x, is
properly aligned, a.nd retains that alignment during vibration and repeated
installation/remo ral c}cles on the OTA focal plane structure. The OTA FPS
thermal structural unit at GSFC will be used for these tests.

Electronics

Electronic subsystems and components will be subject to considerable
development testing in support of detail design work, and will confirm design
pr'édit:tibﬁs .of power édxﬁéﬁmp‘tion, theﬁnai stability, gains, signal to 11§ise
ratio, ete,

As individual compoﬁents and circuit. board.s are brought togefher, tests
wiil inclﬁde vibrr:_ltion-, and-ele¢tromagnetic interference and compatibility_. .
Failure modes and back-up sysiems will be confirmed.

"'8.2 Camera Qualification & Integration with OTA
As noted in Section 8-1 qualifidation‘tésting will be conducted at GSFC.
Flgure 8-«2 'éiv'é’s the scheduleof keyrhiléstohes for the ins.trume.nt. dé'sign, |

asSe_mbly » and tésting: as well as its delivery to the OTA contractor for integration.

8-3
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The instrument contractor will provide, starting at month 27 a structural/thermal
model of the camera to GSFC, GSFC will integrate this model with a focal plane
structure provided by the OTA contractor. This FPS will be, as far as possible,
a duplicate of the FPS being designed for the OTA. GSFC will integrate the TSU
instrument models into the FPS and conduct a series to tests of this assembly

to verify the thermal/structural design of the camera. This testing information
will be input to the continuing design of the camera,

The completed Planetary Camera will be delivered to GSFC at month 44
of the program. GSFC will integrate the SI's into the FP8 and again conduct the
tests defined in Repori #X-604-74-290. This testing program will qualify the
individual instruments - at the conclusion of this test sequence they will he
certified as accepted flight instruments for delivery to OTA integration, The SI
contractor will participate in and support the testing program at GSFC.

Figure 8-3 defines the schedule for the integration of the Planetary
Camera (and all other 8I's) into the OTA, Months 60 and 61 are provided for the
receiving and inspection of the camera at the OTA integration site. Following
acceptance it will be integrated into the OTA by the OTA contractor. The tests
defined in Table 8-1 will be conducted on the OTA/SI assembly during the period
months 62-68.

Figure 8-6 illustrates the interface confirmation sequence for the
‘development/ integration of the science instruments. MSFC, as prime contractor,
will acecept the SI enclosure‘s. They will be supplied to GSFC which will accept/
forward the enclosures to the? individuél contractors. The completed instrument
will go to GSFC for environmental/qualification tests as described, and will be

accepted by MSFC prior to integration into the OTA.
8-5
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A Test #

TABLE 8-1

ER-322

OTA/SI VERIFICATION TESTS

Title

Testing/Special Test Equip.

701

702
- 608
609
705

706"

707

; 708

Alignment Verification and

;.. Functional Performance ..

EMC

Vibration |

Re-verlfication of L
Functional Per formance.

Integration of SSM Hardware

Thermal System Performance Test

Removal of SSM Hardware

Mass Properties Ve:ifiﬁétidn

8-7

The OTA with all science instruments
.installed will be installed in a
thermal/vac test chamber as shown -
in Fig. 8-4. Using the 72" colli-
mator as shown in Fig. 8-5, the
ST's will be. ver1f1ed for alzgnment
and  function.

Limited EMC testing will be conducted
during Test 701. Test will be

- limited to monitoring of busses and
critical signal lines.

OTA/SI assembly removed from chamber,
subjected to acceptance level
vibration.

Retuyn OTA/SI to test chamber and
rapeat Test 701 to insure system
functional after the vibration test.

Install SSM Flight Forward Shroud,
simulated SSM section and S8M
Flight Aft Shroud.

. Test to verify the optical performunce

of OTA/SI under simulated therma!
environment. Also to verify thernal
interface between SSM and OTA/S.

This includes stability of optical
metering truss and power dissipation
from the SI area. The test will -also
verify SI power requirements.

" Test will be conducted with OTA/S]
vertical in test chamber, with 72"
collimator input and with thermal
simulation of space environment as
shown in Fig. 8-4.

Following test 706, the SSM Flight
hardware is removed.

Verification of Flight OTA/SI.
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_ 8.3 Environ_.mental Control Requirements for _Pla_nei;ary Camera

Figures 8~7 and 8-8 define the environmenial con.ditioné which are
required during all ground handling of the Planetary Camera: assembly, testing,
refurbighment and transportation. The importance of this high resolution Camera
to suc'céssfﬁl ST perfdrrﬁahée demands a highly reliable desic’jn; Because of the
long period of g_round intégration and test, it ig critical that .high levels of
cleanlinesé and c.afeful control of temperature and hum.idit.y b.é.r.naintéinéd. As
integration moves to é higher level and 8T system size makes such gontrpl maore
difficult, special effort will be required to provide and use covers to protect the

camera when not undergbing actual test or checkout.

8-11
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) : Max Rate o
- Environmental Parameter : Limits of Change  Remarks
Air Temperature, Ambient 65°F to 78°F 20°F/Hr
DryBU-lb ’ ’
81 Equipment Temperature ' 65°F to 78°F 10°F/Hr For operational require-
.o - ments, see Paragraph.
3.5.6. '
Relative Humidity Ambient Air £50% N/A - Note A4,
Cleanliness SI/ST Encl, Integ. 10, 000 Max. : N/A . o :
Ambient Air = OTA/SI Integ. 10,000 Mazx. ‘ N/A . Fed Std, 209 - See Note B
‘ SSM Integ, 10,000 Max. N/A
Cleanliness 81 ' Class 200, Level B N/A
Cleanliness ST Epclosure MIL-STD~1246A N/A At the time of integration
Viewing the 8I : of the SI with the ST
’ ' 2 enclosure
NOTES‘

A} Durlng thermal vacuum testing, repressurizatlon shall be controlled to prevent any'condensation
on OTA/SI surfaces or particulate matter back-stream. .

B, Durlng OTA/SI to SSM integration, operations which would expose the intevior of the QTA/SI to the
ambient enviroument shall be performed in a Class 10 K environment, Operations which do not ex-
pose the OTA/STI interior to the awmbient environment may be performed in a Class 100K environment,
Appropriate seals and closures on the OTA/SI or plastic tents supplled by HEPA filtered blowers
shall be considered as meeting the intent of this requirement,

Figure 8-7. General Environments for the SI Within the SI-Enclosure |
' {(Handling, Including Factory, Reﬁurbishment)
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Environmental Parameter

Aix Temparature,.ﬁmbienf
Dry Bulb

Rglétive_Humidity

Gleaniiness ~ Conditioned Air

NOTES :

Rate of

Limits x Change - Max ' Remarks.

50°F to 90°F 20°p/me

(.5»0%“.. Sl N/a : ‘Note A :

100, 000 - . : o - Fed Std 209 - Note B

A, No condensatlon shall be allowed on any exposed surface of OTA/SI equipment at any time.

I. Durlng transportatlon, interior of OTA/SI to be cloged off to maintain class 10K environment

internally while exposed to class 100K env;ronment externally

Figure 8-8.

Transportation Environment Requirements for SI's
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APPENDIX A

~ f48/% Planetary Camera
Command and Instrumentation Lists
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TABLE.A—I

COMMAND SEQUENCES AND COMMAND REQUTREMENTS

COMMAND SEOU EN CE f48/ 96 PLANETARY CAMERA

SENYUENCE

FUNCTION

Instrumentation Mode
Thermal Control

Standby - .

Acquisition Initialize

Acquisition Execute

‘Calibrate Initialize

Calibrate Execute

Operate Initialize

Operate Execﬁte_

TIM  System On

‘Expose, store,

Instrumentation System Only Gn

Brlng instrument on-line to' thermal operating temperature

LVPS On
Instrumentation System On

Command System On

NA

WA

Set Variables (mechanisms, voltages, eprsure )

Expose, Store, Transfer

Set variables (as in calibrate initialiée)

Open .port door to £/48 or £/96 -

transfer -

HAWTE-NIMES
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' (Continued)

COMDREQUIRMNTS . £48/96 Planetary Camera

cl

COMMAND

STEPS

BIrTS/ - | . DISCRETE [
- COMMANDS 7]

 [VARTABLE WORD

'(1)Instﬁqpmenta£iqn Mode
PC‘InstrumEntatiéﬁgPowet'Qﬁ;

PGfInstfuﬁéﬁtatioﬁfrower'Off

EEWT3-NIME

Thermal Control

._.( )]

_ PC Ihermal Power On

‘ PG Thermal Paver Off _

:éStandby |
.  (1)PC Standby Power On
: (l?PC $tandpy:?oggr;0ff
.PCE ' I-Iain Poﬁgr On

“EC}ﬁéihVEQﬁér Off -

”:f::Acqqisiéibn'Iﬁif;aliZe f 

u/n

';Acquisiiion;Exqékte “

| w/a

zze-d9

-

ﬁ(l)via_fowef Distributidh Subsystem (PDS) in

OTA
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oom:bm 'REQUIREMEHTS - £48/96 Planetary Carrj_era '

Table:A—l? (Continued)

COMMAND

| STEPS

. BITS/ .
VARYABLE WORD

DISCRETE
~ COMMANDS

_Célih%até.lnitialiief
:_Filtp;}ﬁheel #1i 
 ?11ter.Whee1'#%;
Filter Wheel #3
'»;Filterfwhaei #4;

‘Exposure Time

~Port qur Close
~ Shutter Open
.. ‘Bhutter Close
Scan Size .
Scan rate
_Amplifier gain
. Reset

" Calibrate Lamp:Vbltagé.

" Load (one for each variable word)

‘Execute (one for each’variablé-word)

)

10 msec to 300 sec .

256
256

256

1000

{0 0

10

HAWIE-NDES
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Table A-1. (Continued)

COMMAND REQUIREMENTS - £48/96 Planetary Camera

_ BITS/. | *DISCREIE
COMMAND STEPS VARIABLE WORD COMMANDS
Calibrate Exécuﬁe
Caiibrate_ﬁsr.ar:f; 1
Exposure -:'.[1._'1_te.‘r'rupAti 1
Eﬁéosure.Réstaft':> 1
Transfer Sfarf' 1
1

Transfer Stop

¥
[ LA

EEWTIE-NIMEE
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. Table A"'1- (Continued)
- COMMAND REQUIREMENTS . £48/96 Planetary Camera

' BITS/ DISCRETE
COMMAND STEPS [VARIABLE WORD _ ODHHM\‘EDS
Operate Initialize
.Filte.r Wheel #i b 8 3
.Filter Wheel ##2 8 3
Filter Wheel #3 8 3
Filter Wheel #4 8 3
Exposure Time 10 msec to 5 min 16
B Port D_.oﬁr Open. to £/48 - 1
> ' Port. Door Open fo £/96 1
Scan Size 256 3
Scan rate 256 8
Amplifier gain 256 8
’ Reset | 1
| Loéd (one for each variable word) a8
Execute (one for each variable word) 8

EEWTZ-NIME S
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Table A-1.

COMMAND REQUIREMENTS -

f48/96 Planetary Camera

(Continued)

BITS/ DISCRETE
COMMAND STEES VARIABLE WORD COMMANDS
Operate Execute

Operate Start - 1
Exposure Inte.frupt 1
BExposure Restart , 1
Transfer Start 1
. Transfer Stop 1

N

ElEWN13-NIME 3
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Table A-1. (Continued)
COMMAND REQUIREMENTS -~ f48/96 Planetary Camera

g

. BITS/ DISCRETE j

COMMAND STEPS IVARTABLE WORD COHMANDS x

' Contingency Commands rh

Filter wheel #l retract 1 E

Filter whegel #2 retract 1 ul

Filter wheel #3 vetract 1 |
Riltar wheel #& ret'::act 1
Porﬁ vdoor rétract- 1
Shutf:er retract 1
Lampé of £ 1
20 15

Reserve

td

T

@

0o

)
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Table A-2.

INSTRUMENTATION LIST - £48/96 Planetary Camera

6-v

SIGNAL DESCRIPTLON sg:;gn RANGE A‘éﬁﬁé‘ggy | gﬂﬂﬁs Sf‘éfcl‘}f gff)E
Hain Power Monitor - D on/off 1 1 sps (1)
Main Power Voltage A tbd 1% 8 - L sps (1)
Main Power Current A thd 1% | 8 thd . (3)
Thermal Mc&e D on/off 1 1 sps (1)
Standby Mode D on/of€ | 1 1 sps (1)
Cdlibrate Mode D on/off 1 1 sps (1)
é)perate Mode D on/off 1 1 gps (1)
Filter Hheell#l D 9 discrete posfitions 9 1 sps (25
Filter Wheel #2 .D 9 discrete posfitions g. 1 sps (2)
Filter Wheel #3 D 9 discrete posfitions 9 1 aps (2)
Filter Wheel #4 D 9 discrete posftions 9 1 aps (2)
Port door D 4 discrete poiditions :4 1 sps (1)
Exposure time setting D as commanded 16 1 spé 1)
Expcé_ure time reading D sec - hra. p.sec- 32 1 sps(2)
Shutter | D open/close 2 1 eps(l)

.
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Table A-2. (Continued)
INSTRUMENTATION LIST - f£48/96 Planetary Camera

01-v¢

SIGNAL DESCRIPTION s;glggl. RANGE AéEAURLI?L(éY c‘)b]-EI:IM BI;ETI}S S(‘gfég: ;{]%E
Scan rate setting D a8 commanded 8 1 sps (2)
Scan rate reading A tbd 1% 8 tbd (1)

- Scan size Betting D as commanded 8 1 sps (2)
Scan size reading A tbd 1% g . thd (1)
Scan _ D on/off 1 tbd (1)
Amplifier gain setting D as commanded 8 1 sps (2)
Calibrate lamp voltage setting D as commanded 10 1 sps (2)
Calibrate lamp voltage reading A tbd 1% 8 1 sps (1}
Transfer D onfoff 1 1 sps (1)

;
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Table A-2,
INSTRUMENTATION LIST -

{(Continued)
f48/96 Planetary Camera

SIGNAL ANALOG NUMBER SAMPLE RATE
SIGNAL DESCRIPTION TYPE RANGE ACCURACY OF BITS | (FACH BIT)
Thermal sensors (20 X 8 bits) A tbd 1= ,25°C 160 1 sps (1)
LVPS voltages (6 X B bits) A thd 1% 48 1 sps (1)
LVPS currents (6 X 8 bits) A tbd 1% 48 tbd (3)
Reserve for final design definition 45
Reserve for diagnostics 45
(Requirements for the reserves are currently
being developed.)
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