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TECHNICAL MEMORANDUM X~73366

TECHNICAL ASSESSMENT OF HIGH ENERGY ASTRONOMY
OBSERVATORY-B (HEAO-B) ATTITUDE CONTROL
AND DETERMINATION SUBSYSTEM (ACDS)

SUMMARY

On July 23, 1976, a Team of Marshall Space Flight Center (MSFC)

Science and Engineering (S& E) personnel under the leadership of Dr. 8. M.

Seltzer was formed to assess the technical adequacy of the High Energy Astron-
omy Observatory-B ( HEAO-B) Attitude Control and Determination Subsystem
(ACDS). The Team's activities culminated in their participation in the HEAO-B
ACDS Critical Design Review (CDR) on Qctober 19-20, 1976. As a result of
their in-depth analysis of the ACDS, the Team has found no reason why the

ACDS will not perform its specified finctions adequately. However, 23 concerns
pointing to potential difficuliies were found and delineated; 18 of these were
issued as Review Ifem Discrepancies (RID! s) and are presented in Appendix A,
In every case one or more possible solutions are proposed. TRW!'s responses
to these RID's are still under preparation. It is assumed that the RID response
will be received and handled by the S& E Laboratory responsible for each partie-
ular item (the initiator of each RID is identified thereon). The concerns and
corresponding RID Nos. are as follows:

Conecern No. 1 (RID's Nos. 1 dand 1A) — There is no plan to correct’
and update HEAO-B ACDS CDR documentation.

Concern No. 2 (RID No. 2) ~ An MSFC-directed change to the HEAO-B
Contract End Item (CEI) Specification [1] has not been implemented by TRW;
i.e., The prime mode for initiating normal Sun acquisition (NSA) over Ascen-
sion Tsland is automatic {computer initiated) with manual backup (ground
command) . ' ' ' o '

. Concern No. 3 (RID No. 3) ~ There is a need io update the ACDS Sub~
System Specification.[2] because ACDS performance will be assessed against
this document.

1



Concern No. 4 (RID No. 4) ~ Methods for eliminating the effects of
relatively shori~-term voliage drops due to high current demands [reaction
wheel (RW) desaturation, ete.] should be investigated.

Concern No. 5 (RID No. 5) — If the long puise logic (LPL) circuit
"grigoers, ' the spacecrait power bus is off-loaded immediately, placing the
observatory in a driff mode, The drift mode is then {erminated by either ground
command or an undervoltage {UV) sensor signal. The UV sensor signal is not
a reliable means to trigger first Sun acquisition (FSA) mode because of the -
uncertainty of the remaining battery life.

Concern No. 6 (RID No, 6) - The present (TRW) plan for LPL opera-
tions may use excessive Reaction Control Subsystem (RCS) propellant.

Concern No. 7 (RID No. 7) — The present { TRW) total system momentum
test level is too low to permit momentum management by judicious target
sequence selection.

Concern No. 8 (RID No. 8) — The TRW isoclator model needs to he
verified or changed becauge indications are that the isolator possesses non-
linear characteristics. If true, the dynamic response (performance) will be
affected - perhaps adversely.

Concern No. 9 (RID No. 10) — The ACDS CDR documentation should be
worrected to reflect the command pulse width that was used in the RCS qualifica~
tion tests. :

Concern No. 10 (RID No, 11) — TRW has not shown that the algorithm
that was developed for a more general ground initial acquisition program will
work satisfactorily for HEAO-B with its reduced star tracker field of view,
sean rate, and worse-than-expected gyro drift rate. '

Concern No. 11 (RID No. 12) — TRW and MSFC do not agree on the state
of battery discharge at UV trigger point. An agreement must be reached and
ACDS CDR documentation corrected accordingly.

_ Concern No. 12 (RID No. 13) — The value of allowed magnetic moment
used in the CEI Specification is incorrect., The correct value must be deter-
mined by TRW and the CEI Specification amended accordingly.




Concern No. 13 (RID Neo. 14) — There is an incompatibility hetween
the HEAO~-B ACDS CDR Data Package and the HEAO-A Mission Conirol
Procedures (HEAO-B procedures do not now exist) in the area of specific
commands for launch configuration and for the procedure for transfer to NSA.

Concern No. 14 (RID No. 15) — Details concerning the subsystem tests,
including eriteria for assessing test results, do not exist and must be developed.
Otherwise, the major portion of the Review Team assessment is invalid.

Concern No. 15 {no RID} — There is no plan for a formal review of the
ACDS test resulis; therefore, MSTC has no basis for assuring that the items
tested will meet their specifications.

Conecern No. 16 {RID No. 16) ~ At the time the RID was written, there
was 2 discrepancy in the numerical value of the focal plane tre-sport assembly
(FPTA or "azy susan'’) maximum angular momentum, During the CDR, this
concern wag eliminated after the Review Team read a letter by American Science
and Engineering (AS&E) to TRW agreeing with the maximum angular momentum
value of approxgimately 1 fi-Ib-sec stored in the FPTA. However, this momen--
tum level will trigger RCS ﬁrmgs with the existing dead bands.

Concern No. 17 (RID No. 17) — In view of the higher-than-expected
HEAO-B magnetic moments, the adequacy of the iilted dipole Earth magnetic
field mocel must be assessed. If it is inadequate, a higher fidelity model must -

be used.

Concern No. 18 (RID No. 19) — TRW should correct the numerous dis-
erepancies that exist in the documents pertaining to flight program requirements
and design, and to the Transfer Assembly {TA) Specification.

Concern No. 19 (RID No. 20) — There is no assurance that TRW will
provide, in a timely manner, the MSFC design laboratories with the hardware
_component data packages that 80 with the certiﬁcate nf gqualification (COQ)

NOTE: RID's Nos. 9 and 18 have been omiited intentionally.

" Concern No. 20 (1o RID) — TRW bas not completed the response to an
old action item on HEAO-A which is applicable directly to HEAQO-B, namely,
how to support ACDS anomaly resolumons and ﬂ1ght software changes a.fter
November 15, 1976 . _ .




Concern No. 21 (no RID) — In some cases, errors in HEAO-B Pre-
liminary Design Review (PDR} documentation were pointed out. These errors
were not corrected in the HEAO-B CDR documentation.. TFor example, on
p. 2-3, Fig. 2-2 of the PDR documentation and on p. 2-3, Fig. 2-2 of the CDR
documentation the same error still exists; i.e., the "HEAO-A/C RGA" should be
be "HEAO-B RGA." Also, on p. 2-15, Fig. 2-4 of the PDR documeniation and
onp. 2-15, Fig. 2-4 of the CDR documentaiion the same error still exists;

i.e., the RGA assembly arrangement is shown incorrectly. ]

Concern No. 22 (no RID) ~ The HEAO-B ACDS Review Team did not
follow in detail the disposition of the concerns raised by the HEAO-A ACDS
Review Team. However, it appears that the latter are not being pursued -
actively. Hence, the Review Team is concerned that the HEAO-B ACDS con~
cerns will not receive appropriate attention.

Concern No. 23 (no RID) - TRW raised a concern over the fidelity of
the slogh and BW models that they have been using (Appendix E of Reference 3,
Memo HEAO-76-460~172, 9 August 1976, p. 31). TRW recommends additional
analysis and testing to verify these two models. The Review Team gshares
TRW! s concer.

{. INTRODUCTION

On July 23, 1976, a Team was formed to review the HEAO-B ACDS
(Appendm B).  This was confirmed in a memorandum dated Augost 3, 1976
from Mr. Wojtalik to Dr. Lovingood (Appendix C). The Team was chaired by
.Dr. 8. M. Seltzer and consisted of members of the Data Systems Laboratory
(Bob Rowe and Charles Collms) the Electronics and Control Laboratory
(Dr. George Doane, Robert Milner, and C. R. Sims), the Systems Analysm
and Integration Laboratory {Paul Craighead, Hermon Hight, and Dr. Maurice
Singley), the Systems Dyanmics Iaboratory (Claude Green, Hans Kennel,

Dr. 8. M. Selizer, and Harvey Shelton), and the Structures and Propulsion
Laboratory { Lee Jones); it was entitled the ""HEAO-B ACDS Review Team."
The Team was augmented by Mz. Bob Wolf's (131371) and Mr. C. D. Carlile's
(HA23) participation. :




The mission of the Team was to discharge S&E!s ACDS CDR resgponsi-
bility by assessing the ACDS! s technical adequacy and identifying any potential
or existing inadequacies. I was planned to accomplish this mission in time
for the Team to participate actively in the HEAQ-B ACDS CDR. 'This mission
was implemented by performing a review of the ACDS design. This consisted
of assessing the ACDS performance predicted by TRW; determining if that per-
formance meets the TRW-developed ACDS Subsystem Speeification (and if not,
delineating where it fails to do so); determining if the ACDS specification meets
the MSFC~developed CEI specification (pointing out any discrepancies); and
attempting to understand experiment requirements that led t» the establishment
of ACDS reguirements within the CEI specification. The team mission and
allied definitions (including a specific assurnption hy the Team of the definition
of the ACDS) are included in the Team-generated HEAO-B ACDS Review Team
Charter {Appendix D). Mr. Hoffman (TRW) provided a comprehensive list of
available HEAO-B ACDS documentation (Appendix E).

It was the Team® s intention to participate fully in the CDR. - This was
accomplished by reviewing the HEAO-B ACDS CDR documentation [3] and pre-
paring RID! s on all discrepancies and concerns uncovered (Appendix A). Then
a pre~-CDR was held on October 6-7 between representatives of TRW (Dale
Hoffman, Dr. Dick Rose, and Dr. Ernie Todosiev); the Review Team; Dr.
Steve Murray |[Smithsonian Astrophysical Observatory (SAO)]; and Fred
Wojtalik, Bob Wolf, C. D. Carlile, and interested members of S& E fo help
“TRW prepare for the pre-CDR; a list of the Team®s questions was forwarded
to them (Appendix F). During the course of the pre-CDR, TRW personnel
answered most of the questions. An unofficial list of their answers (also in
Appendix F) was prepared the night of October 6 and presented to the Team.
Finally, the CDR took place on October 19~20 at TRW. The planned full Review
Team participation did not take place.

1. DEFINITION OF ACDS

To accomplish their mission, it was necessary for the Review Team to
assume.a definition of the HEAQ-B ACDS, . After hearing Dale Hoffman'®s pre-
sentation deseribing the ACDS (Appendix G), the Team chose to defins the
ACDS to be the spacecraft~borne system that includes:
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a. The hardware components, i.e., the star trackers (sT's), refer-
ence gyroscope assemblies (RGA! s), reaction wheel assemblies (RWA!g)
and electronic assemblies (RWEA! s), Sun sensor assemblies (SSA!s), TA
and digital processor assembly (DPA).

b. Stabilization and control laws and the software and hardware required
to implement them.

c. On-~board implementation of pointing, maneuvering, and momentum

mloading schemes and requirved associated software and hardware.

d, Flight software was investigated to the flowchart level only. The
adequacy of TRW! g detailed implementation (i.e., program coding) is assumed
to be established through the formal flight software qualification tests, the
informal ACDS tests, and the formal observatory system test (OST). Neither
tie Review Team nor anyone else at MSTC reviewed the detailed coding.

The following agsumptions were made:

g. The ACDS does not include ground sofiware. However, the Review.
Team did investigate those aspects of the ground software that might affect, or
othermse 1nﬂuence, the ACDS design and performance.

b Ground—generated mforma.tlon (such as two sets of quatermons, the

RG 7T-matrix, the RW matrix, and target and maneuver information) used by the -

ACDS ig correctly determined and communicated to the ACDS,

- @. All telemetry associated with the ACDS is not included and is
agssumed to meet the reqmrements set forth by those needmg ACDS data. _

d. TFlight software was to be investigated only to the ﬂowcnart level. In
actuahty flight software was investigated for technmal adequacy as per the ﬂow-
charts in DO1137 [4] and D01138 [5].

e. Flight hardware was fo be investigated to at least the block diagram

 1evel. Because block diagrams can hé o varying degrees of detail, the con-

cerned Team member was to determine the level of detail on a case-ly 3€
basis.




1. TEAM APPROACH

The Team accomplished their mission by executmg the follomng
sequence of events:

al

b.

c.

d.

e.

_Formation of Team and development of mission/ charter

TRW presentation of HEAO-B ACDS technical description

Identification of pertinent up-to~date documentation

Inveshganon of HEAO-B ACDS reqmrements

Evaluahon and presentamon (to Team) of each technical portion of
ACDS by appropriate technical specialists: :

1.

Pointing, maneuvering, and momentum management and asso-

ciated software

'("1-12&24)

2.
3.'
4.
5.

6.

7.

Control laws, stability, flight mades, and associated software
Hardware | |

RCS

Electrical subsystem

Flight sofiware

Ground generated infcrmation used by the ACDS.

f. Presentation on HEAO-B experiment requirements by J. Power

_ g. Report on eriticisms leveled against HEAO-B ACDS from targetmg
- viewpoint by T. Recio (EET1) ana ¥, Kurtz (EL11) _

h. Report on critical s:.ngle pomt failure that potentla]ly could affect
ACDS by N. Milly {EL54) _




i. Detailed review and formal comments on:

1-

2.

3.

4.

C™" gspecifications
ACDS subsystem specifications
Hardware specifications

Software specifications

j. Status on HEAO-A ACDS team report by F. Wojtalik (EET71)

k. Detailed review and formal comments on ACDS CDR, documentation

1. Pre-CDR at MSFC by TRW

m. Preparation of RID' s

n, Participation in CDR at TRW

0. Preparation of final report

p. Disbanding of Review Team.

Three means were used to record the foregoing events:

a. A calendar of events (Appendiz H)

b. An action item log {Appendix I)

o. Written minutes of each Review Team meeting (Appe’ndix J) and
an interim report (Appendix K).

IV. TEAM ACCOMPLI SHMENTS

The Review Team has accomplished its assigned mission., This includes
the following achievements:




a. A complete technical review of the HEAO-B ACDS as defined by the
Review Team.

_ b. A detailed review of the HEAO-B CEI specification [1] and the ACDS
subsystem specification [2] culminating in two lists of comments and recom-
mended corrections (Appendix L). A major portion of this efforf was expended
in making the two specifications mutually compatible. In their ensuing work and
associated documentation, the Review Team has assumed that their recom-
mendations will be implemented. If the recommendations axe not implemented,
some or all of the Review Team!'s conclusions will be invalidated.,

¢. A detailed review of the ACDS hardware and software specifications.
This resulted in the opinion that the hardware and software, as presently lcuown,
will meet their respective specifications. :

d. A detailed review of the ACDS CDR documentation. This review
resulted in a number of concerns, most of which have resulted in the submis-
sion of formal RID!'s (Appendix A).

_ e. The identification of perh.nent current HEAO-B ACDS technical
documentation (Appendix ).

Tn addition to the foregoing, a number of action items were generated internally,
and responses obtained by the Review Team (Appendix I).

V. TEAM FINDINGS

The major finding is that the Review Team's investigaﬁon revealed no
reason why the ACDS will not meet its specified performance. This is based
on the satisfactory elimination of the 23 concerns expressed in the Summary.
All other technical questions and concerns that arose were answered satisfac-
torily and are outlined in the Action Ttem Log (Appendix I).

" Assumptions made by the Review Team are as follows for convenience:

a. The ACDS studied by the team is that defined in the section entitled
. "Definition of ACDS" and in the charter (Appendix D).




_ b. It is assumed that the alterations to the CEI specification and the

ACDS subsystem specification recommended {Appendix L) by the Team will be
implemented. I would be incorrect to assess the ACDS with respect to the
present partially~invalid sPecmeahons.

c. It was assumed that the hardware and soitware acceptanee tests will
confirm that the hardware and soffware meet, or are better than, the individual
hardware and software specifications. If this proves to be untrue, the effect
must be assessed on 2 case-by—case basis. '

d. Tt is agsumed that the hardware quallﬁcauon tests will confirm that
the components can survive the environmental requirements of HEAO and that
appropriate COQ packages, together with approved documentation {waivers,
deviations, ete.), will be generated and 2 COQ statement signed by TRW. It
further is assumed that these packages will be transmitted in a timely fashion

to the Reliability and Quality-Assurance Office of MST'C for coordination with the

appropriate design lahoratories for certification that TRW has completed neces~
sary action to comply with MSFC HEAO qualification verification reguirements.
The adequacy will be judged hy the data presented because there has been little
oT DO mmessmg of component tests by B&E personnel

e. Itis assumed that the 23 concerns hsted in the Sum:mary will be
eliminated satisfactorily.

The RID' s, summarized in the Summary section, are described in more

detail in this section. The actual RID!'s are found in Appendix A. TUnless noted -

to the contrary, each RID was accepted at the CDR.
- The RID' s are described as follows:
R]'.D No. 1 Updated"HEiAO-B ACDS CDR Documentation (Seltzer) —
This RID requires that the CDR documentation be maintained as a correct,

up-to-uate coheswe document untﬂ the HEAO-B actually is launched.

RID No. 1A: Clamfyln Notes After Memo Tltles in Documentation
Lists (Kemnel) — This RID is to be grouped together with RID No. 1. Ifis fo

provide a means whereby portions of memoranda included in the HEAOC-B GDR :

arr-ndices that become outdated will be identified.
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RID No. 2: Automatic Initiation of Normal Sun Acquisition (Hight) —
In the discussion of this item at the CDR, TRW?!s answer was not satisfactory.
The flight software may still require a change if the Stored Command Pro-
srammer (SCP) is used under baseline conditions instead of as directed by
MOD 121 [6] or if not used at all, A decision to alter the flight prograin must
await an SCP decision. '

RID No. 3: Uplate ACDS Subsystem Spec (Seltzer) — The need for
updating the specification against which the ACDS performance is measured is
chvious. .

RID No. 4: Elimination of Effect of Temporary Voltage Drop on Under
Voltage Trigger (Kemnnel) — The UV trigger level presently has to be set low
" enough to avoid false triggering on voliage drops due to high electric current
demands. This RID is related to RID No. 5. Methods for eliminating false
triggering due to these short-term voltage drops should be investigated.

RID No. 5: Under Voltage Sensor Setting and Long Pulse Logic
(Milner) — The concern is that if the LPL eireuit triggers, then the spacecraft
power bus is off-loaded immediately and the observatory is placed in a drift
mode. This drift mode would be terminated by either ground correction orthe
UV sensor energizing the RCS thrusters and subsequent reacquisition of the Sun.
TRW! s response to the RID {in writing) was given on the same day. The
response was brief and did not indicate actions {if any) that TRW would initiate
in response to the problems stated. A list of six additional gquestions concerning
this same RID was prepared and submitted to TRW on October 20, 1976 '
: (Appendix-N) . A splinter meccting was held with the TRW design personnel on
the same day. Five of the six questions were answered in the meeting. It was
requested that TRW follow up with written response to all of the questions.

TRW is opposed to switching immediately to the FSA mode in case of an.
LPL failure because they claim the FSA mode resulis in a waste of RCS pro-
pellant. Even if the UV sensor is set to trigger at 26.5 V, the battery capacity
ig marginal, TRW estimated that approximately 21 amp-hr capacity remain in -
ihe batteries at this level. This would give approximately 6 hr of remaining -
life in the batteries. '

The Review Team concludes that the UV sensor is a poor indicator to

_rely upon for survival of the spacecralt. Use ol the UV sensor aboard the space-
craft tends to give d false sensc of security for protection of the spacecraft. .

11




The Review Team further concludes that the burden of spacecraft survival now
must be placed entirely upon the Mission Operations Control Center (OCC)
personnel, Around~the-clock vigilance will be required to detect and to cor-
rect immediately all anomalies that could eventually result in loss of the

- spacecraft.

RID No. 6: Propellant Savings Resulting from Planned LPL Operation
{Green) —~ This RID states that TRW should provide data to show results of an
analytical comparison of RCS propellant consumption for the planned LPL
operations versus immediately switching to the FSA mode.

RID.No. 7: Reassessment of Total System Momentum Test Level
(Kennel) — An investigation should be made to determine if any deleterious
‘effects result from raising the fotal system momentum test level. Without
this raise, momentum management by judicious target sequence SE].E("th“l is
impaired greatly.

‘RID No. 8: Telescope to Spacecraft Isolator Nonlinearity Effect on
ACDS {Shelton) — The TRW isolator model should be either validated or
changed. If the latter is chosen, a nonlinear analysm should be co;dt.cted
with the new model. : S

~ RID No. Omi‘u:ted (redesignated RID No. 1A.).

RID No. 10: RCS Command Pulse Width (Jones) — The ACDS CDR
documentation should be changed to reflect the command pulse width usedin
the RCS qualification tests. At the CDR it was concluded that the 40 msec com~-
mand pulse width is equivalent to a 32,6 msec square wave pulse {30 msec was
used in the simulations). The ACDS documentation should still be changed to
reflect this. The 20 msec reference is p. 6-20, Table 6-4 (pitch roll thrusters)
‘of Reference 3; this value is given as the requirement for those thrusters,

- RID Ne. 11: HEAO-B Ground Initial Acquisition Program (TRW _
Complying with Paragraph 3.2.1.2.5.8.3 of HEAO-B CEI) (Singley) — TRW
must develop and provide supporting evidence that the TRW algorithm developed
by Dr. Farrenkoff will work for HEAO-B with its reduced ST field of wew, scan
rate, and worse-than-expected gyro drift rate. L .

R]ZD No. 12: Batterv Depth of mscharge Versug Under Voltage Trigger
(Hight) — TRW and MSFC need to reach an agreement on state-of-hattery dis-
charge at UV trigger point. ACDS CDR documentation subsequently will need
to be updated as required. '
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RID No. 13: Change of Magnetic Moment Specification (Kennel) — The
currect value of the allowed magnetic moment must he determined and placed
in the CEI specification. Mr. Wojtalik withdrew this RID and took an HEAQ
action item to onsure that MSFC determines a corrected value for the allowed
magnetic moment. ' '

RID No. 14: Incompatibility Between ACDS CDR Data Package and TRW
Document MP-048 (Mission Control Procedures) (Rowe) ~ Incompatibility
exists for specific commands for launch configuration and for the procedure
for transfer to NSA. TRW responds that MP-04S is an HEAO-A document.

" TRW should explain this discrepancy.

olbats

RID No, 15: HEAO-B ACDS Subsystem Test Plan (Sheltan) — The
details of the subsystem tests must be provided in sufficient detail to show input
data and test conditions. Criteria for assessing results must be developed and
provided with a schedule for accomplishment.

RID No. 16 Determine FPTA Maximum Angular Momentum {Kennel) — _
This RID was prepared because of the Review Team's and the TRW HEAOQO ACDS '
engineers' ignorance of a communication from AS&E to TRW stating that AS& I ‘ |
agrees with MSFC and TRW on ithe value for FPTA maximum angular momentum 1
( Approximately 1 ft-lb-sec). The RID was withdrawn by the Review Team.

RID No. 17: Magnetic Field Modeling {Kennel) — It must be showa that
the tilted dipole Earth magnetic field model is still adequate in light of higher~
than~expected HEAO-B magnetic moments. I it is inadequate, a higher fidelity

model must be used. This RID was withdrawn with RID No. 13 hy Mr. Wojialik,
and he will cover both RID items in the same action. ' '

_ RID No. 18: Flight Software Discrepancies (Kennel) - This RID was
- withdrawn by the Review Team because the substance of this RID is covered
“in RID No. 19. ' -

RID No. 19: Flight Software Discrepé.ncieé { Hight/ Rowe/ Kemnel) — A
number of discrepancies exist in documents 001137, D01138, and EQ4-1100A
[7] pertaining to flight program requirements and design and the TA specifica-

. tion: TRW should correct these discrepancies. - E
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RID No. 20: Ensuring that Components meet the Specifications
(Seltzer) — The MSTC design laboratories must receive the hardware component
data packages that go with the COQts in sufficient time that MSFC can review
them prior to the dates the COQ' s must be signed.

V1. ASSESSMENT OF ACDS AND ALLIED SUBSYSTEMS

The Review Team assessed each portion of the ACDS and those allied
subsystems that affect it. The assessment is divided into the following areas: -
hardware; structural dynamics; pointing, maneuvering, and momentiin manage-
ment; control laws and stability; flight software; and allied subsystems, In
general, the description of each begins with a deseription of the purpose and.
operation of that particular item or assembly. This is followed by a description
of its similarities and differences with similar IEAQ-A items. The actual
assessment is then presented in a statement of the ability of the item to perform
properly and a description of pertinent concerns. In several cases it was
appropriate to deviate from this outline structure.

A. Hardware Assessment

1. Digital Processor Assembly (DPA).

a, Purpose and Opervation. The fimetions of 'the DPA are the same
as those of the flight program which gets executed in the DPA (see section

on Flight Software, Para. K, p.27).

The DPA is a stored program general purpose computer (cDC 469 R?
computer with 8192 16-bit words of plaied wire memory) capable of heing con~
{rolled and reloaded in flight. It is a 16-bit parallel processor performing
fizxed point, fractional, and two' s complement avithmetic. T has a repertoire
of 42 instructions, including some double precision [8] instruetions. .

- Two identical DPA*!s are used per spacecraft. One is in a powered-on
operating mode and the other DPA is in a powered-off standby mode. '
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The DPA interfaces only with the TA. Power application to and removal
from the DPA is controlled by command processing logic within the TA. '

Data inputs to the DPA are 16 bit parallel data inputs under DPA program
control. The DPA selects the input by use of the four channel select bits.

Three external interrupts, in addition to the direct execule interrupt,
are availahle at the DPA input/output {(I/0). One interrupt is used to start
the DPA computational cycle in synchronism with the start of the telemetry
minor frame (every 320 msec).

Data outputs from the DPA are 16 hit parallel data outputs issued under
DPA program control. The DPA has a 16 bit oufput register which presenis
data to the output buffering electronics in the TA.

TA-DPA controls allow a partial or complete load of the DPA memory

by use of either the "direct execute' or "stop direct exceute'' control signals.

There is, in effect, a direct memory access capablhty Protected areas of
memory may be loaded by ground command via an averride signal.

The DPA and its stored program are not required during the FSA mode.

b. Similarities and Differences with HI]AO—A The HEAO-B D

- is the same as the HEAO-A DPA,

c. Ability to Perform Properly. There is no reason to believe the
DPA will not perform its functions properly. -

d. Coneerns. There are no concerns.

2 Referencé Gyro Assembly (RGA).

a. Purpose and Operation. Each RGA consists of a rate sensor unit

' (RSU) containing two smgle-degree—of-—freedom gas bearing gyros with loop

electronics and an electronic control unit (ECU) containing support electronics.
The input axes of the fwo gyros within each RGA are rotated 58 degrees, 17
‘are min so that when ananged in the orthogonal configuration of HEAQ-B, the -
axes of the three RGA' s form a dodecahedron, Only three gyros are operated
at any time with the remaining units powerednoﬂ:‘ and prowdmg standby redun-

- daney via ground conuna:nd
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The basic rate gyro instrument is the Bendix 64 PM floated gyro with
maghetic suspension; gyros of the same generic series have flown on inertial
platforms for many years. There have been changes since the original design;
however, nearly identical units were used in Advanced Technology Satellife

' {ATS) and Orbiting Solar Observatory (0SO) space applications in similar

flight configurations, The major change in the complete HEAC assembly from
previous design is the electronics configuration which Bendix changed from a
separate box, discrete component version to a gyro-mounted hybrid version.
The key features of the unit, very low drift rate characteristics and low noise,
allow use of the RGA outputs to propagate an accurate estimate of the attitude
reference on-~hoard the obgervatory.

The functions implemented within each of the gyro channels are as fol-
lows: each gyro channel (subassembly) processes the power through a dedi-
cated supply which distributes conditioned secondary power to the other ele-
ments of the subassembly. Pulse widith modulated binary capture loops are
used to maintain the gyro pickoffs at null. The output of this pulse forque loop
is a quantized series of binary pulses. Inthis design each pulse represents
an angular increment of 0.1 arc sec. These pulses are accumulated to provide
integrated incremental attitude changes over a readout period.

The power moding and data readout control functions are provided by
sipnals generated external to the RGA.

b. Similarities and Differences with HEAO-A. The RGA's are
identical for all HEAO migsions., The HEAO-A/ C design baseline requires fwo
RGA's, This arrangement provides one level of redundancy within the gyro
gensing function. The HEAO-B design adds a third RGA to pI‘OVlde two addi-
tionsl levels of redundancy compatible with the increased mission life vequire-

- ment.

c. Ability to Perform Properly. Qualification and acceptance testing

of the RGA' s have indicated they will perf.orm their proper function.

d. Concerns. Many of the concerns expressed in the HEAO-A ACDS
report have been resolved by Bendix. These include successful completion of

" the hybrid electronics fabrication, resolution of all qualifications and acceptance

test problems including the pyrotechnic shock reqguirement, and on—t]me delivery
of the HEAQ-A flight units.
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Problems in meeting certain specifications, notably the voltage sensi-
tivity drift specification, have been solved by special testing and certain
relaxations of the specifications. Several minor problems have occurred dur-
ing HEAO-A spacecraff testing, and these have to be resolved.

The one concern that still remains is the successful completion of a
gyro performance vacuum test. Decisions on where and when {o test have been
delayed; planning is now proceeding to conduct the test in the Electrenics and
Control { & C) Laboratory in December 1976 and January 1977,

3. Reaction Wheel Assembly (RWA).

2. Purpose and Operation. The BWA provides a source of bidirec-
tional angular momentue and forgue for the HEAO spacecraft., The angular
momentum is achieved by rotating an inertia wheel which is suspended on ball
bearings. The inertia wheel rotation and RWA torgue are generated by exciting
a two-phpse, six-pole, ac induction motor. The motor excitation voliage, which
is provided from the spacecraft, is a two-phase square wave oceurring at a
nominal fundamental frequency of 125 Hz, The rotor assembly and motor are

_enclosed in an evacuated and hermetically sealed housing which locates the

angtlar momentum vector orthogonal to the spacecraft interface plane. The
motor torque is delivered into this interface plane. The rotational speed and

direction information is provided to the spacecraft by a self-excited electro-

magnetic transducer in conjunction with 2 shaped noich in the rotor rim.

b. Similarities and Differences with HEAO-A. The HEAO-A does
not have a RWA. o . _ :

C. Ability to Perform Properly. The ability of the RW! s to perform
properly has been demonstrated by suecessiul completion of the following tests:
1, Engineering model tests '
2. Qualification model fests
3. Certain life testing simulating starts, stops, and reversals

4. Tinal acceptance tests of the fivst flight unit.
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d. Concerns. The life test was not conducted in a vacuum chamber
and therefore, the true evaporation rate of the miner~! base bearing lubricant
was not determined. There is no concern for the 1 yea. .- ¥1sion as planned
but, should it be extended apprecizbly {2 years), the I’  2~t may become
marginal. '

There is a minor concexrn that the flight unit RW* s built by Sperry are
not being operated with the flight it RWEA!s built by TRW until they are
installed on the spacecraft. In answering this concern, TRW states that the
qualification end engineering wnits will be operated together and feels that not
operating the flight units together is a minimal rigk..

4. Reaction Wheel Elecironics Assembly (RWEA).

-

a. Purpose and Operation. The primary purrose of the RWEA is

to provide the requived power amplification to drive the RWA motor in response
to commands igsued by the TA. The command input is received as 2 10 bit plus i
sign, serial, digital word, and the RWEA motor drive ouiputs are 2 phase, ' '
195 Hz square waves derived from the unregulated power bus. To protect the
RWEA and RWA against damage, a current limiter is provided to prevent the ' ;
equivalent motor eurrent from exceeding 10 amps peak. A thermal shut-off of ' o
the power amptlifiers is implemented, in the event of exceeding specified RWEA {
and RWA temperature limits. In addition, processed telemetry outputs of
wheel voltage, current, temperature, and period are provided together with _ ]
RWEA converter output voltage and temperature. ' 1

’ ’ . : - |

_ o S

b. Similavities and Differences with HEAO-A. The HEAO-A does
not have an RWEA, - '

1
c. Ability to Perform Properly, The RWEA' s ability to rerform ]
properly has been demonstrated only on a hreadboard model, This was accom= ]
plished with dummy loads and with the engineering model RW. The design has ]
been reviewed in depth and appears sound. The electronics are conventional |
and should present no problems in paclaging and fabrication. The final proof o |
of its ability to perform will be demonstrated by engineering model testing in ' .
early 1977, i
d. Concerns. There is no desizn or hreadboard Opéraﬁonal concern
|
|

with the RWEA. T would seem that the fabrication of the unit, being as late as
(it ig, could produce an impact on spacecraft checkout if any significant p_roblems

18
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in packaging, fabrication, or unit checkout should occur. Tt also should be
mentioned that this is the only item to our knowledge that has no equipment
specification released to date. A draff ropy was submitted at the Tiglia Critical
Design Audit (CDA}, signed only by the design engineer.

5. Sun Sensor Assemblies (SSA!s).

a, Purpose and Operation. The HEAQ Sun sersor complement con-
sists of two identical nnits which are referred fo as the Y Sun sensor assemblies
(¥SSA), and a third wnit that is referred to as the Z Sun sensor assembly (ZSsA).
One YSSA is mounted with its boresight parallel to the spacecraft +y axis, and
ihe other YSSA is mownted so that its boresight is parallel to the -y axis. The

7.5SA is mounted with its optical axis parallel to the spacecraft +z axis.

Each YSSA consists of two redundant solar detectors which are oriented
approximately +45 degrees with respect*to the y axis in the xy plane. Addi-
. tionally, each detector is canted 20 degrees foward the -z axis o provide a.
nonzero output for the Sun oriented along (or near) the -z axis. The ouiput
signals from these four detectors are combined in the TA failure mode elec—
tronics (FME) to provide pitch and roll steering signals and a Sun presence
signal. The two YSSA' s provide coverage of the -z hemlsphere and that portion
of the +z hemispherc that is not suitably within the field of the ZSSA.

’I‘hé ZSSA contéins two distinct types of detectors (a redundant wide angle
detector and two narrow angle detectors):

1. The wide angle detector consists of two pairs of redundant solar
detectors identical to YSSA. One pair is oriented with respect to the spacceraft
yz plane in such a way as to provide 2 piteh error signal over most of the +z
hemisphere. The other pair is oriented with respect to the xz plane to provide .
a corresponding roll error signal. :

2. The narrow angle defector consists of a system of apertures ahead -
of four solar cells oriented in a qua.drant array so as to define the field. The
four independent quadrant oufput signals are conditioned in the TA and digitized
by the analog to d1g1ta1 (A/ D) conthr-*r for routmg to the DPA.

The 1nd1v1dua1 quadrant outputs are combined to derive pitch and roil
Sun attitude.
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Properly calibrated, these error signals are very accurate within
approximately £1 degree of null and are moderately accurate and monotonic
over the remainder of the field.

- b. Similarities and Differences with HEAO-~A. The SSA's on -
HEAO-A, -B, and -C are identical and are mounted on the spacecraft in the
same way.

c. Ability to Perform Properly. No major problems have been
reported in qualification, acceptance, or HEAO-A spacecraft testing of the SSA.
A problem, reported as minor by TRW and of which we have only limited infor-
mation, exists concerning the separation of the electrical comection tabs where
they atfach to the silicon cell. The problem was reporied orally as solved.

d. Concerns. Documentation on the tab separation problem has been

requested. There are no other concerns on the SSA' g,

6. ‘Transfer Assembly (TA).

a. Purpose and Operation. The TA is an electronic unit which per-
forms interface and support functions for the other ACDS components. It
accepts commands from the command data handling subsystem (CDHS} and
decodes and distributes them as necessary within the ACDS. The TA roules
subsystem measurements and processed data to telemetry, conditions sensor.
signals, distributes clock pulses to the DPA, implements the failure mode
control electronics, provides RW actuation commands, and provides thruster
actuation signals to the RCS.

The TA provides signal buffering for the RGA's, SEA's, RWA' s, high
resolution telescope (HRT) star trackers, and incoming commands and com-
municates with the DPA and its software program. It also communicates out-
ward to telemetry and provides power level drive signals to actuate the RW's,
RCS thruster valves, propellant isolation valves, and thruster heaters. Search

" continue commands ave issued to the HRT star frackers. The TA also imple-

ments the hardwired control laws of the FSA mode, which may be activated °
automatically by on~board logic upon separation from the launch vehicle or

- upon detectlon of a catastrophic failure [7].
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b. Similarities and Differences with HEAO-A. The HEAO-B TA is
the same as the HEAO-A TA.

c. Ability to Perform Properly. There is no reason fo believe the
TA will not perform properly.

d. Concerns. There are no concerns. _ -

B. Structural Dynamics Assessment

The HEAO-B spacecralt is configured with elastomeric vibration iso-
lators between the experiment-mounted ST' & and the reference gyro units. The
STt s are rigidly mounted on the optical bench of the experiment. The experi-
ment is mounted in the spacecraft structure on vibration isolators. Their pur-
pose is to prevent thermal deformahon of the structure in orbit from deiormmg
and degrading tbe experiment.

The ACDS concern caused by the isolators is that the dynamic charac-
teristics of the actual isolator hardware being procured are different from those
used in all analyses. The isolator used in the models had a single value of
stiffness at all dynamic conditions and frequencies. The isolator actually being
designed for HEAO-B will contain an elastomer whose stiffness varies with
frequency and strain rate. Above 5 Hz, dynamic stiffness variation with fre-
quency probably will not be significant, Between 0.1 and 5 Hz, stiffness will
vary with frequency nonlinearly. The isolator stiffness also will vary with strain
rate in a predictable but nonlinear way. One percent damping was assumed in
the models; the new isolator may have 12 percent damping. In addition, the
elastomer in the isolator, when load is removed, will not return 1mmed1ately
to0 its original shape (i.e., it wiil exhibit creep). None ‘of these characteristics
is predictable completely and can only he determined from vibration or imped-
ance tests of the actual hardware. However, it is certain that the character-
istics of the actual isolator will not match the characteristics used in the
“analytical models.

- The effects of the new isolator characteristics on the overall ACDS per-
formance should be assessed (RID No. 8, Appendix A). The probability of a
significant effect on control stability is small but should be evaluated. The
on-orbit response of the spacecraft to RW unbalance may be affected. The
effects of low frequency nonlinearly of the isolator should he assessed against
the variable speed of the RW's. Pointing and star acquisition analyses should
be reevaluated using the proper stilfness and creep characteristics.
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C. Pointing, Maneuvering, and Momentum
Management Assessment

1. Attitude Réferences. There are two attitude references: the desired
attitude reference and the actual attitude reference. Both references are
expressed with respect to the Earth~centered inertial (ECI) coordinate system,

* and they are in the form of two sets of four quaternions each which reside in the
DPA as software. The x-axis of the desired attitude reference is aligned with

the current target direction, and the reference is rotated about the x-axis so

that the Sun line is in the x-~z plane. The desired attifude refevence is represented
by the target quaternion set QTi' The quaternion sets for 14 different targets can

be stored in the DPA as part of the target words. The actual vehicle attitude is
represented in the DPA by the four quaterunions, Qi’ which are propagated with

attitude angle increments derived from the strapdown rate gyros. This propaga~-
tion is in closed form and is exact as long as the angular rate of the veincle does
not change. ‘When the rate is not constant, the propagation process is equal to
averaging the rate over the propagation inferval of 0.32 sec. Raie gyro errors
(misalignment, scale factor errors, drift, noise) cause the Qi to deviate from

their proper value, necessitating an update at regular infervals (see Attitude
Reference Update in Para. C.6).

5. Attitude Error Generation. The vehicle attifude control quaternions
Qi and the current target quaternions QTi are used fo generate a set of four _

control error quaternions QEi by quaternion multiplication. The x-, y-,
z-attitude errors are then defined as the negative of twice the quaternions QEl;
“mp pat S

3. RW Momenitum Maﬁagement.  As a bhaseline, three of the four RW?* s
are used to provide the control system with forquing capability and, in the
process, the RW? g store the accumulated angular momentum. The momentum
storage capability is limited (30 ft-Ib-se¢ per wheel at 2000 rpm) and unloading
is initiated whenever one wheel reaches 2000 rpm (MODE=5). All active wheels
are decelerated with full reverse current (9.2 amp per wheel) until, individually,
the speed drops below 100 rpm. When all active wheels are below 100 rpm,
attitude control reverts to the RW's. While the RW' s decelerate during unload-
ing, a reaction torque on the vehicle develops, and the RCS counteracts this
torque whenever the RCS deadband is exceeded (0.2 degree in x and y and 0.1
degree in z). ' o
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4. BW Momentum Envelope. Each RW momentum vector (along the
wheel spin axis) has an angle of 70 degrees with respect to the vehicle x-axis
and is equidistant to the other two vehicle axes, one momentum vector for each
of the y-z quadrants. The total momentum envelope for four RW! s allows the
inscription of a cone-capped cylinder with a diameter of 3.76 H (H = 30 ft-1b-
(sec) and a height of 0,80 H; the cones add 0.97 H each for an overall height of
9.74 H. This cone-capped cylinder describes the usable volume for four RWt s,
When only three RW's are used (this is the baseline), the usable volume is’
veduced by a factor of 8 (half linear dimension) because the total momentum
envelope for three RW's is very unsymmetrical (a lot less symmetrical than
that for four RW's). While the three-RW momentum envelope satisfies the
design requirements, a lot of capability is wasted by restricting the software
not to use four-RW operation, While some momentum management by judicious

target sequence selection can be done for three-RW operation, it would be much

more efficient for four RW operation.

5. Maneuvers. Maneuvering { MODE=6) is initiated by the change to a
new target with its associated set of target quaternions. A large attitude error
appears, and the control system then nulls these errors. - Ideally the vehicle
would rotate about the initial eigenaxis, but other factors (e.g., disturbance

torgues, inertia crosscoupling, RW torque nonlinearities, etc.) allow the eigen-

axis to change direction. No attempt is made to regain the original direction.
Simulation (by TRW) showed that, despite the eigenaxis change, the vehicle
x-axis does not get too close (less than 30 degrees) to the Sun line if the RW's
are unloaded hefore the maneuver. (The effect of not unloading prior to a
maneuyer with respect to eigenaxis direction change is being evaluated.}) By
command, the maneuvers can be made either with the RW! s only or with RCS
only. The maneuver time is not controlled, and the maneuver is terminated
(MODE-:éL from MODE=6) when the end-of-maneuver tests are met; these con-
gist of a check of the remaining eigenaxis angle and rate components. The test
values for RW maneuvers are different from those for RCS maneuvers. Ior a
RW maneuver the RCS is disabled {also no RW momentum unloading). I the
maneuver is large enough, one or more of the RW's will saturate (2000 rpm).
As soon as one of the RWt g saturates, its curvent command is zeroed. When
511 the active RW' s have saturated, the vehicle will drift until the speed of one

of the RW* g falls helow 2000 rpm due to friction or the control command calls

for deceleration. During the RW maneuver the rate gain is changed which in
effect creates a parabolic switching line (in the rate versus position phase

_plane). This parabolic switching line ensures 2 deadbeat response of the

vehicle. (No variable rate gain is employed when the maneuver is made on
RCS only.) Since the RCS is disabled during an RW maneuver, unduly high
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disturbance torques (such as an RCS leak) could preclude ever meeting the
end-of-maneuver tests. Therefore a check ig made on the total system momen-
tum (vehicle + RW's) to determine whether all the momentum can he stored

in the RW's. If thig is the case, the end-of-maneuver tests can be met, at
which time the RCS is reenabled. If the total system momentum test is failed,
the plus/minus y-axis RCS thrusters are fired alternately every computation
cycle to trip the LPL and declare a failure.

6. Attitude Reference Update. There are three different methods
J:mplementea to correct the on-hoaxrd guaternions for residual gyro drift, scale
factor, and other errors. One method uses ST data; another uses S5SA data;
and the third uses telemetered ground data. Sun sensor updates take precedence
over ground updates which takes precedence over ST updates.

a. Quaternion Update with ST Data. This update is done atfo-
matically every 64 sec provided that each of the two active ST's tracks a pre-
determined guide star. The updating is done about all three vehicle axes by
adding the linearized quaternion difference to the on-board control quaternions
Qi' Since the difference normally is small, linearization is adequate. Mis~

tatch between star information (four pieces of information are given, buf only
three degrees of freedom are available) is resolved by least square method
( pseudomverse)

b. Quaternion Update with SSA Data. This update is done on com-~
mand only. If uses information from the narrow angle Sun sensor {no update
is performed if the Sun is not seen by the narrow angle Sun sensor) The Sun
sensor update also utilizes a linearized quaternion difference to align the actual
Sun line~of-sight {LOS) with the desired Sun LOS {Sun LOS is in the vehicle
x-z plane, but is allowed to be up to 15 degrees away from the z-ams)

¢. Quaternion Update with Ground Data. The update by ground data

~ is done via quaternion multiplication and is, therefore, exact for any size update

(not restricted to 2 small attitude change as ST and SSA updates are).

7. Assessment and Concerns. Simulation performed by TRW and spot
checks made by the Pointing Control Systems Branch of the Systems Dynamics
Lahoratory have shown that the ACDS can meet the pointing, maneuvering, and
momentum management requirements imposed by the ACDS subsystem speci~
fications. However .several concerns were identified (they resulted in RID' s
Nos. 4, 7, 13, 16, and 17 and contributed to the generation of TRW Action
Ttems Nos. 1, 7, 12, and 14);
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‘a. The induced magnetic moments have to be reassessed fo insure
that they do not result in a shortening of the mission life due to increased RCS

fuel consumption.

'b. The RCS fuel consumption due to the exceeding of the 0.2 degree
deadband of the RCS during FPTA reorientations has to be assessed versus the
effect of an increased deadband on the RW desaturation efficiency.

The following concerns stem from the fact that the ACDS baseline operation
stipulates RW desaturation prior fo every maneuver, whereas this is not
desired by MSFC to implement RCS fuel conservation by a judicious target
sequence selection program. '

“e¢. Tha torgue produced by the RW! s deviates considerably in
magnitude and direction from the command because of the highly nonlinear
characteristics of the RW ac motors. This sifuation is aggravated further by
limiting the RW current commands independently of each other (rather than
proporﬁona]ly} and by zercing them independenﬂy upon RW saturation (rather
than simultaneously upon satuvation of any wheel). While the crosscoupling
introduced by these conditions is not objectionable for the pointing operation
(especially with an integrator in the loop), it becomes very detrimental for a
large maneuver with an initial momenium stored in the RW' s because this
causes a large deviation of the eigenaxis from its original orientation (and no
-attempt is made to regain this original orientation). A study is in progress
to assess how much initial momentum can be tolerated without violating the
x-axis Sun constraint (the x-axis is not aliowed to get closer than 30 degrees

toward the sunline}.

d. Another concern is the low total system momentum test level of
10 ft-lb-sec, at which the LPL is tripped during an RW maneuver. This level
is consistent only with RW desaturation prior to every maneuver. It has to be
raised to accommodate momentum management by judicious target sequence
selection (a level of 25 ft-Ib-sec was suggested to TRW in RID No. 7).

D. Assessment of Control Laws and Stability

The HEAO-B ACDS operation is made up of thre'e.control modes: NSA,
_celestial point (cP), and F'SA, There are various submodes, states, and
- conditions of these control modes which have been reviewed but will not be -
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discussed here because the control algorithm changes only between the three
identified modes. The performance requirements are defined in the HEAC-B
ACDS Subsystem Specification [2].

The TSA is a hardwired (within the TA) analog system which operates
on SSA inputs only. This mode and its implementation is identical to the FSA
for HEAO-A. No further discussion on TFSA will be made here.

The NSA and CP modes are DPA-controlled and require 4 nominal
hardware complement. The control laws for both modes are basically rate plus
position laws. The rate is derived from body-motinted gyros and the position
from the on-board {quaternion) attitude reference. The on-board quaternion
caleulations are resident in the DPA. The NSA mode uses the hydrazine
thrusters of the RCS as actuators. . The pulse width modulator (PWM) output is
the interface to the thruster system. The output from the PWM can vary from
a thruster commanded ON time of 40 to 318 msec.

The CP mode can operate with either the RCS thrusters and,’ or the RW's
s the control actuators. During normal operation of CP, the RCS has a dead-
band of 0.2 degres in x and y and 0.1 degree in z, The RW's are active
simultaneously and normally keep the error from exceeding the deadbands. The
RCS fires only when the capabilities of the RW have been exceeded. In the
CP/RW mode, an integral term is added to the control law fo aid in the reduc-
tion of attitude errors due to low frequency disturbances such as gravity gradient
torques,

Based on the TRW analyses and simulations to date, and assuming their
models were correct, there is no reason why the HEAO-B ACDS will not satisfy
the requirements imposed upon it.

The only control and stability concerns at this time are:

- 1. 'The lack of analysis of the nonlinear isolator between the telescope
and the spacecraft (RID No. 8, AppendJX A}.

- 2. The lack of a detailed definition of the HEAO-B ACDS subsystem tesi:
pla.ns {RID No. 15, Appendix A).

_ 3. Thelackofa requlrement fora formal rewew of the ACDS subsystem
test results. ' : -
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Concerns haye heen written as RID' s and submitted at the HEAO-B
ACDS CDR. Concern 3 prompted a memo from My, Wojtalik (EE71) fo
Mr. Meyer (HA23) requesting & formal review of the ACDS subsystem test
results for HEAO-A and HEAO-B. The time and date of these reviews are
pending.

E. Flight Software Assessment

1. Purpose and Operation. The flisht software, designated FPH-B by

TRW, is the on-hoard digital computer program for the HEAO-B ACDS. The
flight software resides in each of two separate on~board digital co...suters,
- called the DPA (described in paragraph VI. A. 1). The flight software provides

" the software functions and operations associated with the observatory attitude
control and attitude reference as well as the support of command and telemetry
processing. The detailed regquirements are defined in D01137 [4] and the
detailed design in D01138 [5]. The major functions which are to be performed
by the software are summarized as follows:

a4, Synchronization ~The computation cycle of the program is .

synchronized to the spacecraft CDHS minor frame and major frame clocks to G

facilitate command and telemetry processing operations. The minor frame
clock dcts as an interrupt to the program and causes the computation eyele to.
be reinitiated each 0.320 sec. The major frame discrete is prowded by the
TA hardware every 128 minor frames (40.96 sec).

b. Command Processing — Overall configuration and moding control
of the program on-orbit are effected by ground commands. Command inputs
are processed by the program. Execution of the commands canses the flight
program to be configured logically to the state speclﬁed by the commands.

¢. Sensor Readout and Processing — Inertial measurements are
provided by the RGA, SSA's, and the HRT star ‘tracker. - Attitude control is
based upon SSA measurements during the NSA mode and upon the integratéd
output of the gyros during all other modes. The HRT star tracker prcmdes
celestial measurements for use in reference updating. o

d. Aftitude Reference — Algorithms associated with propagating

- and updating an estimate of observatory inertial attitude are contained in the
program. The attitude reference is used by the control laws for position
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information. The reference is propagated by algorithms which utilize only
RGA data. The reference may he corrected by means of the HRT star tracker
measurements, SSA measurements, or ground supplied dwca.,

e, Attitude Control — Conirol law computations and logic are con-
tained within the program to generate actuation commands to the RWA, The
program generated commands are output to the TA which provides the condi-
tioned electrical signals to the RWA electronics. During RWA unloading or

upon ground command, the program also provides commands for the RCS for
jet actnation.

f. Telemetry Processing ~ Collecting and establishing formats of
quantities contained within the program as a result of the various readout and
processing fimections are done by the flight program as an allopated function
in support of telemetry. Formats are specified on the basis of telemetry mode.

o g. Memory Toad Processing — On-orbit modification of the program
data base or the program itself is accomplished via the memory load software
function acting in conjunction with the nput interface circuit signals. Memory
load inputs are veceived from the ground via the command data link,

h, Self~Tests and Error Checking — Self-testing of the flight com~
puter hardware elements and operations as well as detection of certain apparent
logical ervors will form the basis for software status data to he developed by
the program for telemetry to the ground. These data are fo serve as alerts
to the ground controllers and as aids in redundancy management and faul .
detection. : o R '

2. Differences with HEAO-A, The HEAO-B Flight Program is based

“upor the HEAO-A Flight Program, with the following exceptions:

a&. Enlargement of the RGA geometry matrix to accommodate six
s+ hannels arranged ina dodecahedron configuration. '

b. Addition of logic caleulations fo read and command ST* s, (Cali-
bration of ST data is a ground function. ) . Lo -

c. Addition of logic calculations to read, process, and command

- BW's using drive current reference and moc_h_ﬂated outputs to prevent tripp_j;ng

the undervoltage alaym.
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d. Addition of logic and ealeulations to updaie the on-board attitude,
either by ground command or aufonomously, using ST data

e, Expansion of attitude target data for each target to add ST
information

f., Change in I/ O processing to include two more gyros, three ST's,
and four RW?' s

g. Deletion of celestial scan mode
h., Changed number of selectahle targets from 6 to 14

| i.. Modified command and telemetry interfaces and order of
exaecuiion

iR | Changed Sun sensor input module to preclude output of the event
trigger if the flight program ever should be initialized in orbit with the Sun

present.
k. Added caleulation of system momentum in the RCS computation

to nrotect the system against an open thruster during a RW maneuver. The
RCS will be fired to trip the LPL if a preset value of momentum is exceeded

(See RID No. 7).

1. Event trigger No. 3 is _issue_d upon receipt by the DPA of the Gyro
Reference Reset input ' '

‘m. Other minor differences
n.  Program size:
' HEAO-B: 7134 words out of 8192 (12,9 percent spare) . -
— HEAO-A: 4346 words out of 8192 {46.9 percent spare)
‘0. Timing Ma‘rg'in.(ﬁv.ofst case): | | |
- — HEAO-B: 269.8 msec out of 320 msec {15.7 percent marg*inf

— HEAO-A: 164.3 msec out of 320 msec (48. 7 percent margin).
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3. - Ability to Perform Properly. The flight program is considered
satisfactory based upon the HEAO-B ACDS Review Team resulis and the DPA
Sofsware Critical Design Audit and is expected to periorm properly contingent

upon the following conditions:

a. Successful completion and MSFC acceptance of the Flight
Program Qualification Testing and Test Results

b, Successful completion and MSFC acceptance of the ACDS (sub-
system) Testing and Test Results in Summary (see Concern No. 15 in Summary) .

c. Successful closeout and MSFC acceptance of the flight software-
velated action items from the HEAO-B ACDS CDR and the concerns listed in

the following paragraph.

4, Concerns. No "'show stoppers'' have been revealed in the flight
software. However, five MSFC concerns involving the HEAQ-B flight software

are as follows:

a. Description — RID No. 18, Subject: Flight Software Discrepancies
(Appendix A) specifies anomalies and/ or concerns with the flight program '
requirements (D01137) [4], the flight program design (D01138) [51, and the
flight program interface with the TA (EQ4-11004) {7].

Aection: The RID submitted at the HEAO-B ACDS CDR required
TRW documentation correction. and a TRW written response to be satisfactorily

closed.

b. Description — The major concern remains from the HEAO-A
Observatory CDR (Action Item No. 1) which also affects HEAO-B flight soft-
ware. TRW still must resolve the issue of support to make software changes
and resolve ACDS anomalies after November 15, 1976. Though HEAO-B ACDS
and flight software duvelopment has now slipped to a February 15, 1977 com~
pletion date, manpower already is being cut. The issue of this support is still

open.

: ~Action: S&E 1s aw'aiﬁng TRW and HEAO Project Office to com~
plete the action.
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c. Description — ACDS (subsystem) test adequacy, especially the

adequacy of the simulated hardware models compared to the ''real" envivonment,

is an open issue. The performance of the flight software as a key part of the
ACDS is validated in the subsystem tests. Therefore, these tests are of key
mportance in the software development process; the test adequacy must be
assured by MSFC, :

Action: An agreement was made at the HEAO-B AGDS CDR fox
TRW to address this concern {Agresment No. 10, RID No. 15).

d. Description — Three RID's (Appendix A) addressed ACDS issues
which may require flight software constants changes. These are as follows:

1. RID2 — Automaﬁc initiation of NSA
2, RID 7 — Reassessment of total system momentum test level
3. RID 10 — RCS command pulse width.

Action: RID's must be answered and flight software changed if
necessary.

e¢. Description — Three significant potential flight software changes
were discussed af the ACDS CDR. No RID' s were submitted because the
ehanges represent new requireinents. MSTC is processing one change now;
SAO or Goddard Space Flight Center (GSFC) may submit the other two changes
to the HEAO Project Office in the near future. The changes are:

1. Add guide star location data to the DPA telemetry for GSI‘C :
data reduction and correlation convenience.

2. Perform on-hoard angular separation check on guide stars
prmr to atbl’cude update by the DPA (SAO, MSFC/ Mission Operations, and
GSFC desire [9]).

3, Add new option to disable or enable RW desaturation before
each meneuver, without affecting automatic desaturation upon reaching normal
saturation threshold. (SAO desires to maneuver to targets without automatic
unloading prior to the maneuver.) These changes may cause significant
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software 1mpact because the spare memory (1000 words) in the DPA is not con~
tiguous but is scattered throughout the memory in the several software modules.

A-cti on:

1. Ttem 1 reguires GSFC to request a change through the HEAO
Project Office. No other action is anticipated until such an official request is
gubmitted by GSFC.

9. Item 2 has been directed by HEAO Project Office who approved
Reference 9, submitted by the Operations Development Division of the Systems
Analysis and Integration Laboratory. Item 2 also is addressed in TRW Action
Item No. 8. :

8. Ttem 3 is being addressed by HEAO-B ACDS CDR TRW Action
Iter. No. 7.

F. Assessment of Allied Subsystems Affecting ACDS

1. Reaction Control Subsystem {RCS).

a, Purpose and Operation. The RCS is a monopropellant hydrazine
propulsion system which supplies impulse for maintenance of the observatory
attitude and RW angular momentum untoading. The RCS consists of two
propellant/ pressurant tanks, two redundant groups of six 1.0 Ibf thrusters and
the associated latching isolation valves, fill/drain valves, filiers, pressure

and temperature ingfrumentation, and thermal management haxcdware.

Propellant is fed to the thrusters from the propellant tank assemblies
which operate in a blowdown mode; i.e. , tank pressure decays as propellant
ig digplaced from the tank by the fixed quantity of gaseous nifrogen (GNZ)
pressurant. With the mission hydrazine propellant Ioad of 268 b, the operating
pressure rang;e of the tankage is 350 to 140 psia.

The RCS will be capable of prowdmg a total linear nnpulse of at Jeast
19 000 Ih-sec, where all impulse is obtained using fiving command pulses of
no less than 0.040 gec duration. Thrust differential between any two thrusters

which provide torque about the x and z spacecraft axesis <5 percent at beg'mnmg-

of life (BOL).
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The RCS schematic is shown in Figure 1. The RUS receives all thruster
firing commands from the ACDS's valve driving electronics (VDE) located in
the TA. These VDE receive their driver commands (1) automatically from the
ACDS DPA, or (2) by real-time ground command to the ACDS. - The ground
jssued manual firing commands (40 msec minimum duration) can be used "in
addition to'" or 'in lieu of" the "on-board' automatically generated ACDS firing

commands.

i The chservatory is launched with all erossover valves closed (open in
flight) and all VDE!s disabled. Af separation from the Centaur, 2 Propulsion
Enable { PE) signal is generated automatically which enables the requisite

VDE! s,

All 12 thrusters (i.e., six in bank 1 and six in bank 2) are designed
with normally closed dual coil-dual seat solenoid valves for ON/OFF control
of propellant flow. The "A! '_Coils on all 12 valves are hardwired to TA-A
while the "B"-Coils are hardwired to TA-B. '

Two ACDS signals can reconfigure automatically the isolation valves:

¢ LPL — LPL detects anomalous condition and (1) closes both thruster
 pank isolation valves, (2) disables catalyst bed heaters, (8) disconnects both
28 Vde supplies to thruster valves, ana (4) sigmals the spacecraft integration
assembly (SIA) which removes all nonessential loads from the bus.

e UV — UV signal (1) opens primary bank isolation valve, (2) con-
nects 28 Vde supply to primary thruster valves, (3) closes redundant bank
isolation valve, (4) discomnects 28 Vde supply to secondary thruster valves,
‘and (5) disables all catalyst bed heaters. o

The third valve — same design as the "ISO'" valves — is uSed asa
Merossover'’ between bank A and bank B and can only be controlled by ground

command (i.e., no automatic reconfiguration).

- The RCS/ ACDS schematic which illustrates the command interface
between the two subsystems for failure mode operation-is shown in Figure 2.
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 Tigure 2. Command interface between RCS and ACDS.

b. Mathematical Model:‘hg;. 'The RCS as such is not modeled
mathematically. The ACDS design verification model uses the following to
- represent the RCS thrusters: : :

& Thrust — Regarded as a linear function of tank pressure, with

these end points:

0.93 1bf (BOL)

0. 30 1bf (EOL) -

where BOL ig end-of-life value.
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s Pulse Width — The simulation assumes a square wave thrust
pulse of 0,030 sec, which is compatible with the impulse delivered in an actual
thruster firing of approximately 0.040 sec. Itis expected that the actual num-
bers from the RCS qualification test will be incorporated into the ACDS simula~
tion at a later date. '

e Valve Delay Time — Not used in the design verification model —
may have been used in the stabilily analysis model.

c. Similarities and Differences with HEAO-A, The RCS hardware
for HEAO-B is identical to that for HEAO-A. The differences are in the duty
cycles. HEAO-A and HEAO-C use RCS control only, while HEAO-B employs
RW control with momentum unloading provided by the RCS.

d. Ability to Perform Properly. The RCS is expected to perform
properly on the HEAO-B mission, based upon successful flights of the dual
thruster module (DTM) on Pioneer 10 and 11, and successful qualification -
sor FLTSATCOM, HEAO-A, and Program 8623 (a classified program). All
the other RCS hardware similarly has flown on previous missions.

The hot-fire qualification test program has been completed successfully,
and the DTM demonstrated 11 640 lb~sec impulse, 1200 sec of steady-state
operation, 108 062 bed ambient starts, 203 721 total starts, and 80 Ibm of
N,H; total throughput during a combined HEAO-A and HEAO-B mission duty
cycle. Thrust degradation at the end of qualification testing was less than.

10 percent on thruster Q001, and less than 16 percent on thruster Q002
(steady-state).

ATl the other hardware, such as tanks, latching valves, pressure
transducers, etc., have demonstrated capahilities on other pregrams which
are in excess of those required by HEAQO-B. They have been qualified by
similarity.

e. Concerns. Concerns are as follows:

: 1. All TRW documentation should vetiect a command pulse width
of 40 msec minimum, A RID was written to implement this change. -

2. The spacecraft should be launched with the crossover valve

closed. It will be opened for normal flight operations to permit simultaneous
usage of propellant from both tanks. TRW has agreed orally to this.
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3. Beveral catalyst bed heaters failed during component qualifica-
tion for FLTSATCOM. TRW checked 100 percent of the HEAQ heaters and
rejected all of those which showed a tendency toward the same failure mode.
Furthermore, failure of a single heater on a given thruster will not prevent
the successful operation of thai thruster hecause there are three per thruster.

4. 1If the operational mode of the HEAO-B spacecraft ag defined

by TRW is correct, a sufficient number of "'cold starts' (catalyst bed temperature

approximately 70°TF) have been demonstrated. If, however, more than approxi-
mately 75 such starts are anticipated, a concern exists because cold starts
decrease overall thruster lifetime.

2. Electrical Subsystern.

a. Capahilities. The design of the electrical power and signal
distribution between the electrical components of the ACDS was reviewed in
detail and appears satisfactory. Review of the design of the control integration
assemblies (CIA's) revealed that they are similar to that of other distyibution
boxes used on the HEAQ-B spacecraft, e.g., the power control unit (PCU) .
spacecraft integration assemblies (SIA's), and experiment accommodztion
assemblies (EAAts). All of these distribution assemblies are made up of a
number of Yslices' or modular packaged electrical components. Spacecraft
distribution boxes performing similar functions are built from slices of the same
design. Review of the ACDS electrical cable harness design and circuit protec-
tion methods revealed them to he similar to that used on other subsystems of
the HEAO-B spacecraft. Redundancy of wiring in the power distribution circuits
of many circuits of the ACDS is the same as was done for other HEAO-B space-
craft subsystems.

The hasie dlﬂerence between HEAO-A and HEAQ-B is that the H:E}AO—B
ACDS is larger by the addition of four RWEA! 5, four RWA' s, one gyro elec-
tronics assembly, and one RGA (one RSU and one ECU) .

The ACDS is supplied electrical power (28 + 5 Vde) from the spacecraft

- power bus located in the PCU., This power bus is a single bus and is a potential

"single failure pomt" for the HEAO-B spacecraft. The TRW design group has
taken precautions to protect the power bus from failure inside the PCU. All

external electrical load circuite fed from the power bus to the spacecraft com-~

‘ponents are fused to protect the electrical cable harness and power bus.
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TElectrieal power is supplied to the bus from three batteries and an array
of solar cells. Loss or failure of a gingle battery or a portion of the solar array
results in a degraded power output, but not loss of the total mission. The bus
voltage is prevented from exceeding 33 Vdec by use of a shunt regulator system
that primarily operates in conjunction with the solar array which supplies power
to the bus during the sunlight portion of the orbit. If the spacecraft electrical
loads on the power bus are "small'" and the solar array oufput is "'high,'" the
shunt regulator system is required to "load' the power bus and thus maintain
the bus voltage at 32.7 V maximum. During orbital operations, battery power
is always available to the power bus. An on-hoard detector called the UV sensor
can initiate corrective action to switch off all nonessential loads from the power
bus if the bus voltage drops to a preset level {23.5, 24.5, 25.5, or 26.5 V).
Operational undervoltage' can result from many causes, including abnormal
power usage by the experiments or spacecraft subsystems, abnormal solar
array orientation due to anomalous attitude control performance, or a failure
in the power subsystem. Whenever a preset bus voltage is reached, the fol-
lowing automatic operations occur in the HEAO-B spacecraft:

1. Experiment nonessential power is switched "OFF."
2. Experiment standby heaters are switched "OTFF."

3. Nonessential ACDS equipment is switched "OFF." (DPA, RGA,
including heaters, CIA converter, RWEA's and RWA! s).

4, RCS catalyst bed heaters are turned "OFF." All other RCS heaters
remain "ON. "

5. RCS thruster commands are switched to redundant thruster bank.

6. Data handling (i.e., TLM) is switched into ""engineering'' format.

7. ACDS is switched into FSA mode. Transferral of the ACDS into this

mode results in automatic reacquisition of the Sun. The spacecraft confinues
to operate in this mamer until the OCC 1dent1f1es and corrects the anomaly
which’ produced the bus UV. :

38




energized.

b. Concerns. There is concern over the fact that if the LPL circuit
triggers during orbifal operations, the observatory is placed in a drift (no
control) mode awaiting correction of the anomaly from the ground or if it
cannot be corrected in a fimely manner, the UV sensor is depended upor to
energize the RCS thrusters and reacquire the Sun in the z axis. It is strongly
felt that use of the UV sensor is not a reliable means to trigger the FSA mode
after an LPL failure. To insure observatory survival, it is recommended that
the LPL circuit also immediately trigger the FSA mode rather than await the
UV s1gna.1

RID No. 5 on this concern was submitted to TRW at the HEAO-B ACDS
CDR on October 19, 1976.

¢. Summary of Findings. Findings were as follows:

1. The remaining capacity in the new HEAO batteries is

~ marginal even at the high setting (26.5 V) of the UV sensor. It is estimated

that 21 amp-hr capacity remains in the batteries at this bus voltage level. This
wotld give approximately 6 hr of battery life with only survival electrical loads

2. TRW is opposed to switching immediately to the FSA mode in

case of a LPL failure because they claim the FSA mode results in a waste of
'RCS propellant. (TRW has not shown the propellant tradeoff. )

3. Chance of a LPL failure during the mission is high (0.750).
d. Conclusions. Conclusions are as follows:

1. The UV sensor is a poor indicator to rely upon for sﬁrvival
of the spacecraft. The UV sensor will be required to be !'disabled' and

Nenabled' many times during the HEAO-B mission when momentum management

of the RW' s causes the bus voltage o drop. This large number of eycles of
disabling and reenabling of the UV sensor raises the question of whether the UV

.- sensor would be enabled when it might be needed. Use of the UV sénsor tends

to give a false sense of security for protection of the spacecraft.

2. Ifthe ACDS is unchanged, the burden of spacecrafi survival
Taust now be entirely placed upon the Mission OCC personnel. Around-the-
clock vigilance will be required to detect immediately and correct all anomalies
that could eventually result in loss of the spacecraft.
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3. In comparing the choice of conserving RCS propellant and
relying upon the mission operations persomnel fo detect quickly and correct
the anomaly before the batteries are 'dead'! or immediately switching fo the
FSA mode in case of a LPL failure, the latter is recommended.

3. Ground Software.

a. Purpose and Operation. The ground support software for

HEAO-B is being designed, implemented, and verified by GSFC. Support
software is broken into two categories: OCC and post facto Attitude Ground
Support System (AGSS). The OCC software consists of preliminary processging,
display, and human decision based on spacecraft telemetry as well as routing
of spacecraft attitude sensor information to the AGSS.  The AGSS has five
optional functions which it can perform: initial reference defermination,
calibration, Master Observing Program/Detailed Observing Program (MOP/

- DOP), reference reacquisition from a lost condition, and generation of uplink
commands.

(1) Initial Reference Determination — Purpose of initial refer-

" ence determination is to determine the attitude in ECT coordinates of the space-
craft subsequent to ACDS and ST turn~on. Due to physical limitations of the

ST, high voltage of this instrument may not he turned on for 48 hr after launch.

(2) Calibration — Software for calibration of the attitude sensors
is an option of the AGSS. Basically this option provides solutions to partial
" derivatives of the state quaternion with respect to the biases and misalignments.
Tt is expected that this option will be performed only once after critical sensor
turn-on and when a different attitude sensor is turned on. :

(3) MOP/DOP — This software yields an optimum observing plan
at least 1 week in advance of target viewing while keeping within guidelines set
by the experimenter and/ or mission operations.

(4) Reference Reacquisition from a Lost Condition — This -
software has not been defined completely yet, but will include all or most of
inifial reference determination (1) together w1th a plen for recovering from
. being lost ''in the smail."
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(5) Generation of Uplink Commands — This option codes the
resulting information from Paragraphs (1), (2), (8), and (4) into a format
thet the on-board system understands. Mission operations people uplink this
information and/or commands to the spacecraft by computers in the OCC.
This option is not defined outside of that part used by HEAQO-A,

b. Simularities and Differences with HEAO-A. Paragraphs (3}
and (4) of this section did not exist in HEAO-A, Paragraph (1), itial Refer-
ence Determination, uses the same method as HEAO-A except the spacecraft
scan rate is reduced from 0. 18 to 0.1 degrees/ sec and the field-of-view of the
of the ST from 8 X 8 to 2 X 2 degrees. Paragraph (5), Generation of Uplink
Commands, is the same as HEAOHA except some commands are not used for
HEAQ-A. o

c. Ability to Perform Properly. There is no reason to believe any
of the software’in this section will not work properly. The supporting analyses
and a ground soffware acceptance test plan will be presented to MSFC by GSFC
during January 1977,

d. Concerns. itial reference determination has not been shown
to work with HEAOQO-B limitations of reduced scan rate and tracker field-of-view.
This concern is expressed in a RID to HEAC-B ACDS CDR data package. The
RID was accepted, and supporting evidence was documented in mid-November
1976. TUntil this evidence is analyzed, the concern remains.

4, Star Tracker (ST) Assembly.

a. Purpose and Operation. The ST, which is built by the Honeywell
Radiation Corporation of Lexington, Massachusetts, provides celestial pointing -
capability for the HEAO-B Experiment and the observatory with up to 1.0 arc sec
accuracy. ' ' '

A reflective lens optics system and an image dissector photomultiplier
tube, using magnetic deflection and foeusing, form the heart of the system.
This combination generates a search pattern over a 2 X 2 arc degree field~of-
view by deflecting an instantaneous image of 2 X 2 arc min to scan in a digital
raster of 64 X 64 with 4096 discrete positions. When a star of proper magnitude
is detected (determined by the photoelectron count per sample and bemg greater

~ than a preset numbsr), the tracker switches to the Mrack! mode
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The track mode forces the image to scan in a square pattern of four
separate positions. With an error signal derived from the summation of the
four image positions, a closed servoloop allows the tracker to follow the
radiometric center of the star. -

The mean deflection error current required to keep the image patterns
around the center of the star represents the analog position of the star image
in the tracker field-of-view. This signal is averaged 32 times and supplied as
a position output every 320 msec. The outpui is via a 40 bit word with 15 bits
{weighing 0.225 arc sec/ bit} for the x axis position and 15 bits for the y axis.
The remaining bits are for system status and star magnitude.

The tracker has a shutter which is closed by a bright object detector
when the telescope is too close to a bright source. A light shade on the fracker
allows it to operate as close as 11 degrees to the Earth limb of a sunlit Earth.

b. Similaﬁties and Differences with HEAO-A., The ST on HEAO-B
is an entirely different tracker from the one used on HEAO-A. The one

similarity is the image dissector tube used in each tracker, type F4012 manufac-

tured by IT'T. The procurement specifications are somewhat higher for the’
HEAO-B tracker.

c. Ability to Perform Properly. Honeywell Radiation Corporation. -
has completed testing of the engineering model, and they are now completing
testing on the qualification model. There are no indications at this time that
the tracker will not perform to specifications in orbit. Obtaining 1 arc sec
accuracy with a tracker in space is approaching the state-of-the-art, but test
results have indicated that this can be obtained.

d. Concerns. Historically there have been concerns with flight 5T
about the protective shutter operation because it is usually the only electro-
mechanical part in the ST system. It is subject fo mechanical binding or

improper operation due to thermal and vibraticnal stresses. The shutter in the

HEAO-B tracker is extremely simple and should be very reliable. The only
problem experienced with this shutter was due to an improper magnetic shield
design which impeded the magnetxc operation of the shutter motor. The
problem was corrected by increasing the spacing between the shield and the
motor housing. The Guidance, Control, and Instrumentation Division of the
Electronics and Control Laboratory has reviewed the design change and con-
curs in it. '
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5. Command and Data Handling Subsystem (CDES).:

a. Purpose and Operation. The "command'' and ''data handling''
functions are grouped into 2 common subsystem and produced as & common
assembly (DHA), The CDHS performs three basic functions:

1. Command Processing — The subsystem demoduiates,
authentlcates and distribuies ground commands, and processes on~board stored
commands to control spacecraft operations.

2. Telémetry — The subsystem samples, conditions, and for-
mats science and spacecraft data for real-time telemetry transmission. The
subsystem a.lso prov’zdes precision timing pulses to expernnents and spacecraft
users. :

3. Data Storage — The subsystem controls the two on-board
tape recorders for storage of formaitted data during periods when the spacecrait
is out of sight of a ground station and transmits stored data when ground station
communications are reestablished.

In addition to performing the task of demodulating, decoding, and dis-
tributing real~time commands to the spacecraft and experiment users, the
command function also loads data into the DPA memory and the SCP memory.
This is accomplished by means of a direct interface between the primary
command decoder (PCD) and the T4, and the PCD and the SCP.

The data handling portion of the CDHS encompasses the telemetry and
data storage functions. It operates in a real-time mode, telemetering data at
a fixed 6.4 kbps rate to the baseband assembly and transmitting the data to the
two tape recorders. : :

b. Similarities and Differences with HEAO-A HEAO-B CDHS is

- essentially the same as HEAO-A. . 4

¢. Ability to Perform Properly. There is no reason to believe that

- it will not perform properly,.

d. Concerns. The only known concern relates to the reliability of

_ the SCP. MSFC has directed TRW to implement a change in which the SCP

would be used as the prime means of initiating NSA. after ascension, TRW
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has not accepted this change (the change is implemented in the DPA softvare,
however) because of their concern for the reliability of the SCP., MSTFC sub-
mitted a RID at the ACDS CDR concerning this matter (RID No. 2).

Vii. CONCLUSIONS

The HEAQO-B ACDS Review Team has completed its four month assess-
ment of the technical adequacy of the HEAO-B ACDS. As a result of its detailed
analysis of the ACDS, the Team has found no reason why the ACDS will not
perform its specified functions adequately. However, 23 concerns that point

to pot'ential difficulties were found and delineated; 18 of these are in the form of

RID!'s (Appendix A). The concerns are summarized in the Summary of this
_report.
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ST Updated HEAO-B ACDS CDR Documentation

- 5S. ii: The HEAO-B ACDS CDR documentation is the latest description of the ACDS. It probably is the only ACDS
documentation that will exist until the Flight Readiness Review. Hence, it is imperative that it be maintained as
a correct, up-to-date cohesive document until the HEAO-B actually is launched. This updating should take place
in the form of errata sheets or page change sheets (i.e., updated pages). TRW memos are not acceptable, The end
result will be a single cohesive set of ACDS documentation that engineer; can refer to with assurance that they
are not looking at obsolete or incorrect information. To date, the folliwing corrections are to be incorporated
into the COR documentation. They are identified by Item Numbers referri'g to Enclosure 1 (the MSFC HEAO-B ACDS
Review Team's comments) and Enclosure 2 (TRW's informal response and comnents to Enclosure 1).

The following items should be corrected: Items 1-5 72411;13, 16, 17, 19-22, 23 [designate the two referenced

weights as "actual" (29.5 ib) and "spec" 630.5 10)], [designate the two motor torques as "spec" (17.0 in-0z)
and "capability" (23-50 in-0z)], 25-58. 30 (allied to Item 28), 32, 33, 35 (need to alter grammer to make the
meaning clear), 36-38, 39 (same comment as Item 27), 41 (see TRW's comment: either summarize Action Items,
Arguments, Alerts, and Responses as an appendix to the COR documentation or append the referenced FOR closeout
document) , 42 (define dashed lines), 46, 48, 50 (write up TR:'s response to MSEC's ?uestion{. 51 (want a_summary
Agggéggtggigge pjace in the COR documentation), 52-54, 55 (want a summary located in one place in the CDR
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Page 1 of &

aner
October 4, 1576

»

S AD-0 ACKs COR (P6000-4G0-042, 19 October 1976) .
N Sl Laer, ULAO-B ACDS Review Team, MSFC
) ll:l‘nM st ) '.‘n"l.lnnnnr'n LINE # COMMENT {E xact wordlng of ;Qenmm-naeu chsnys muit b given)

Vol 1-3 - -- Glossary is incomplete {e.g., DHA, PSU, TRIU, NVE, etc).

Z. 2-11 2,1 14 Id: 7., .on-bpard 1nglc upon elther seperation from..."

3 .2~1 2.1 15 Do you want to use the word "INSIPIENT" (as shewm) or the
word IHCIPIENT (different spelling, different meaning)?
1s its use as an adverb modifying "catastrophic” the
use you really {ntend?

4 2-2 - -- Figure 2-1 does not indicate inputs to PGA & and & from

- non-essential bus power and switching commands. ho
inputs to RGAs from Transfer Assembly are indicated.
What is the significance of dashed and solid arrows from
Transfer Assemblies for Star Tracker control?
5 | 2<3 ) - Figure 2-2 is not labeled properly for RGA orientations.
' ' Also, it does not show the angle between R¥'s and major
axes of spacecraft.

6 2-5 | 1 Tast| Question. Are narrow angle ZSSA sun aspect signals used

: actively #n the on-beoard control, or only to augment:
ground attitude determination?

7 2-5 12 6 Replace "sun point failure mode" with "first sun
acquisition mode.” This should be done throughout the
documentation. , :

8 2=5 1 2 8 Queétion. What actions have been taken o assure correcg
telemetry signals, i.e., no inversions as received on

- ground? _ : :
9 2-7 | 2.2 Tast| Add: The present planned operation 1s to enter NSA via
- sent,) command from the SCP before loss of tracking at Ascensiol

10 2-7 - -~ CEI and ACDS subsystem.specification nomenciature mode
should be made vompatible,

1 2-7 2.2 1 Comment: FSA is also initiated by LV separation signal.

12 2-8 | 2. 5 Dﬁriﬁg pointing, -the x-z plane 1s constrained to +1°
of the sun Tine. This should be stated. :

13 2-8 |3 5 Star tracker data correction is done on the ground.

14 |2-8 - - When is the Tast possibie date for defining operating
[y S characteristics and calfbration data for the ST without
e T impacting either the f1ight ACDS or the ground software?

* Retarence Lo ine numbar withia the paragranh or subparagraph.

8)\.‘1 MS5FC - Form 1803 (Auquit 1068)
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rangn 2 ot &

“Bgfober 4, 1976

TSR R TEA R A T TN A

[RR N4
HEY,

14

16

17
18

19
20
21

22
22a
22b
22¢
23
24
25

26

S, M. Seltser, HIAO-B ACDS Noview Team, MSFC

LN 1

2-9
2-9
2-10
2-11
2-12

2.12
2-15

2-15

2-21
2-21

2-22

2-21

ARANRTATH

HAD BOACDS CDR (rﬁnnuwaﬁn-qaz, 19 Ocprcr 1976) -

LINL *

COMMENT (Fxset warding af ricammanded change musl bhe lven)

}

2.2

2.3

5.3.4.2

-

2

add

Question, What is the TRY rationale for not switching

‘When do we Find cut 1f the component specs are met?

jnmediately to FSA instead of waiting for under voltage?

Describe LPL and when enabled so it all can be found
at one location in documents.

On this and a1l other such blank pages, the carrent

WINTEHTIONALLY LEFT BLANK® should be placed. Otherwise
thp recipient might suspect a printing errar.

In several places TRW suggests nced for more tests,
{Example: App. E, memo HEAD-76-460-178, page 31).

To what do the four asterisks refer?

RW weight is 30.5 pounds instead of 29.5.
RGA assembly arrangement picture is incorrect. This
item was wrong in the PDR; we recommended at that time
that it be corrected; this has not been accomplished
and is still incorrect!

Spec is stated {ncorrectly.

Drift Characteristics: g-insensitive value should be
5.0°/IR instead of 3.0°/HR. :

Voltage‘Sensitivitg: g-insensitive value should be
0,01°/HR/VOLT. .

Magnetic Field Sensitivity: g-inéensit1ve vaiue should
be 0.2°/HR_MAX.

RW weight is 30.5 pounds instead of 29.5.

o Motor.Torgue: 17.0 in-0z. This is the number we have
recommended be standardized in the CEI and ACDS specs.

TRW memos.
"o Tachmeter Qutput: This value is misleading and might

Tead the reader to assume a D.C. value, rather than
pulses, as the output.

Direction of arrow between Switching Regulator and Pulse
Width Modulator should be reversed, '

However, it is not the value used in a number of recent

~ + Agtarance o Vine nusibar within the paregragh of subparagisnh.

MAFC. Form 1808 {August 1988}
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33

34

M

3
anr

A9

a0

3-2.3

- 3-3

| 3-5

3-3

3-3

3-4
3-4
3-4

3-4
3-5

-3-5

a-1
8-2,-3

5-3

e

m trp ling pvies e within thy paragraph ar tuhparageanh,

i R .
P R I ATS VI T LI RYF A Y A I TR B T F L [hathr: hy, 1.4

vetnul 4ot e, 1 dotalay 1)

PRI ETIE

orler, HEAG I ALY Poviow leny TV

1 IAHARnAPN

3.1.1.2.5

3,22
...3.2.3
L..3.2.

...3.2.6
...5.8.2

.+.5.8.2

Fig. 5-1

AL L

3

2.4

-Does "Provided;" refer to "no single point failures?”

€ CAPSPAN BE 41 we ) wanerallieg 1y per egegniencling £ 5an ;lr mln! . .u-n|

Choudd i lwde all current SCH's (0N 157) dinntesd of
sloppimg al WLH 7,

Define probability as it applies in earh cnmyirerent,
Make il o werful quantity. Insert an erarple,

Define jitler per HOR 5ubm1tted hy the Pointing Gortrol
Sysiems Brapch (EU12), 1S .

What is significance of two probability values ard how
is cach veritied?

Add a Juhpnruqraph 3.1.1.1. 2 - Perfrrnanrr _pnirt Uone:
Sun tine within 15” of S/C z-axis. The 2/ piark srail
be within + 1° of the sun line, N
Update Venting per SCH 9, the experiment ventirg rzies

total anqular momentum < 500 ft-1b-sec, instead of 703,

Update per G0N 14, separation rates, %= 1.1%/5ec,aze5
perpcnd1uu1ar to x~ 1, 5°/5ec.

Change the value 15 0 000 gauss cm® to correct ore (ree
recommended speg: changes from Peview Tean),

Fliqht'Program: Insert comna: “...mode rontrol, rot
used..,.” : o :

Fligh' Program: Define "emergency" mode as F&! rode.
Power: Put a numerical value in rather thar "TG@."

SCN summary should include at Ieast SCNs 1-15 or later
as appropriate.

Question: Was ACDS changed to incorporate autcratic
lnltlatlon of NSA atl separation?

where  gmitted {such as in Action Ttems 6 ard 7},
sumnarize the responses to each Action Item.

How does one get from Mode F-1 to Mode G (eff)? Which
modes are impossible to yet to from which . ~ler rodes?
Identify what dashed lines signify.

iom ) vna AUt 1983)

)
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OF "—*oon, QUALIW




Bl Lo }

A

a8

49

L3 el
—

A
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<A tide D d fetion: Lhal, Yeloaw fry §o rﬁgqiqu intiesle 0 s
1" oonor ol din tede 0 (0f1)?  Are there <ubetstes, of
Ploseles 1072 : : o

-4 | Hode 4 6 Ouestion: What defeemines the £4 second ienic-er st ion?
Will this update hove Lo be wore often i€ rate «jeos
drift more than allowed by cpec?

-0 5.3.1. Sawe items are not curpatible with sirilar i<e o ¢ the
Hinsion Control Preocedures (correct title?) To. * »-%48.

5-8 | Table 5-2 In the last para. of p, 5-7, three coriards are
identified as critical. They should be o icentified

~on Table 5-2,

5-10] 5.3.2 Same conment as Item 45 above (Example: “Th-i First
fode Leave "in this document is identifies a3 "TE-%..,"
in WP-04S; the latter probably is correct). . '

5-13 The sentence "The vheels are then run to 206G R&2 ar
the maneuver begins” should read “"The wheels are
accelerated and the maneuver begins.
5-24 “- ~-—- Figure 5-9 should indicate interface between CPE &+ .
RGA's.
. . . I

6-4 | 6.2.1 Recommend change in procedure to allow for PG
calibration before beginning the scan for grourd
attitude determination and setting the NSA scan ra--
as high as possible (in real timeg. ‘

6-8 Add Discussion on NSA capability vs requirements. Incl..-
both rate and attitude initial conditions.

6-20 | Table 6-4 Reconcile gains in takle 6-4 with those in App. €,
. memo HEAQ-76-460-175, p.2. Reconcile difference of
maximum rate gain {15) of same memo and Flight Progru.
Requirements Document D01137 (500).

16-21 | 6.3.2.1 Discuss resolution of problem of not meeting “Aksgiute
pointing accuracy" when guide stars are separated by
less than 1.8 degrees. :

*tieng 10 line nnmbat w.l'lhln the Daragraph ar subparagrapth.,
?---nnli'il tAnguat 196k} ’
r————— e T - et - —— ———r

A OF CORMELIT QI UBEIe ALY,
AR o e 00 18 Olalay 1976)

elbeer, HEAR Y MUS Feview Team, 1041,

LINI +

HPICE I AR ’.:

L ]
Ootober &, 17976
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October 4, 1976

HEAU-1 ACDS COR (26000-460-042, 19 October 1976) -

TR IR RN PR T EA LS B

§. M. Seltzer, HCAO-B ACDS Review Tcam, MSFC

PARAGRAPH

LINE *

COMMENT [Fxacl wrrding of recommandnd changs must be 2iven)

54

85

56

57

58
59

60

61

62

63

6-28

6-42
13-7
14-1

14.2

Aopp, B

6.3.2.1

14,2

14.4

Software

10-16

Jocumentatfon

~ from, . . .

1. The earth magnetic field is modeled as a tilted

- true any more and a more accurate model of the earth

&, The first time the period.icr one revolution of -the

© well as the fact that the direction of revolution is

Describe the sloshing and structural interaction
simulations that have not been released. (See App. E,
memo -178, p. 31, which says additional modelling of

slosh is recommended. Memo also shews marginal stabiliiy

for variations considered and says additional testing
of RWEA is required, p.20).

Summar{ze numerically the requirements for separation
rates and attitude initlal conditions along with the
capabilities.

Provide detailed HEAO-B ACDS subsystem test plans
(describe all test cases planned).

There is no problem with the system momentum test no
matter what initial momentum the maneuver was started
Since the momentum at maximum FPTA speed is only
s1ightly more than 1 ft-ib-sec there s no problem.

D-1137 of 21 June 1976 should be referenced, rather

than 12 January 1976,

General Comments

dipole (HEAD-74-460-0G84) with the justification that

magnetic torques are small with respect to the gravity
gradient torques, Since the recognition of a 4w error
in the magnetic torgue model this assessment may not be

magnetic field may be necessary.

2. Describe planned activity and schedule for resolving
effect on ACDS of telescope to spacecraft isolators.

3. In the Appéndfces: Portions of the TRW memos are

obsolete and hence incorrect. These obsolete passages
should be identifisd.

RW is mentioned, the magnitude shoula b described as

identified.

* Raferance to lin# nember wilhin the patagrsph or subparagraph, -

MIFC.- Foro 1988 {August 1980}

ORIGINAT! PAGE IS
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HILCORD OF COMMUNTS ON PUBLICATIONS

Page 6 of &

DAL,

October 4, 1976

AL IV ACDS GO (26000-160-042, 19 October 1976)
TR I IO RS RHALSE

SN teltzer, HEAQ-B ACDS Review Team, MSFC

.

Gt rPARAGRAPH LINE * COMMENT (Exact wording of ragemmendad changs mun be ghvan}
- - - RCS commﬁnd puise width should be 0,040 sec, not 0,030
s06, . . .
6-46 | 6.5 e What is the projected 1ife time for HEAO-B with 262

pounds of propellant, based upon RCS Qualification
Test Data and latest ACDS simulations?

Initial acqﬁisition requirement has not been complied
with a5 stated under capability column. The documented
supporting analysis has not been shown applicable.

* Aalarance 1o lins ricmber within the paragranty ar subparayraph,

MEFC« Form | 168 (August1948)
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ROVICWATE M DISC REPAMC Y (R1D)

@ ko j PATE: October 12, 1976 PAGE oF
: SRANVIOR O p, B, Kennel | [SCHERULED COMPLY fio Mo, 1A -
LT T ‘NASA CHAIRMAN: “lEub tTEM NO. T
ITIOD RN ' _ ) REVIEWS o
hEe - ‘ -
Clarifying notes aier memo titles in documentation 1ists. : )

n the HEAO-B CDR appendices contain outdated or multi-choice information
A note should be attached in the documentation Tist after the memo titles,
A linear stability analysis with the new
-360-043 add: NOTE. Algorithm II is

SSCAITION:  gome memos included i
{i.e., HEAD~-76-460-178 of App. E}.

indicating what information is obsolete {for the example:. NOTE.
current drive RWEA is forthcoming). Ancther example; App. C after HEAQ-7E

implemented.
F-TRRENSE Len0-8 ACDS COR documentation appendices
el ey i T CLOSEOUT | il e e

L L A B I ol
BRI lh?.uN:

Ui‘IG[NATUR: ' WASA FRGJECT CLOSULE:

TR Rt LAGTICNEE): AFFRGVAL {SUPERYISOR):

PR T CATE: DATE: DATE:

- L Y R R Y 1L

I

g e L e e e



D
o

' ! REVIEW ITEM DISCREPANCY{RID)

TRACKING NO, - ' | DATE: 10-13-76 PAGE

1 OF 2 ;
ORGINATOR: g, Hight #Z SCHEDULED COMPL: ) RID NO. 2 i
SSIGNED TO: _ NASA CHAIRMAN: ) END ITEN NO.
ACCEPTED BY: _ - ' RCVIEW:
P 8UGJECT:

‘Automatic Initiation of Normal Sun Acquisition

DESCRIPTION; - _

A change was directed by MSFC (MOD 121, CCBD AC2-01-0528) for TRW to implement the following in the HEAO-A
. CEI Spec: "The prime mode for initiating normal sun acquisition over ascension is automatic (computer initiat-
ed) with manual backup (ground command)." The implementation involves an "array safe" command signal to the
DPA which in turn issues an event trigger to the SCP, The SCP times the entry into the NSA minutes after
separation, )

Problems: {a) .This change has not heen implemented in the CEI Spec for HEAQ-B but is implemented in the
flight software. The flight software design and requirements and the CEI Spec. should be
compatible, An SCN should be issued by TRW on the HEAO-B CEL Spec.

(b) This change has not been implemented on HEAG-A or -B due to SCP reliability concerns. The
SCP, according to TRW, "may be a single point failure if inadvertently started early in the

- : launch sequence." Since the SCP was alrcadg to be used as backup. to ground commhnds before
this change was directed, then the SCP may be a single point failure source already. TRW

. . should investipate this potential problem.
REFERENCE: ) . '

""" R e JCLOSEOUTY ... T o o o o e o . i o e .

HEAQ-B ACDS CDR (26000-460-042, dated 10-9-76, page 2-7, para. 2.2). : ’

ACTION TAKEN:

ACTION BY {ACTIONEE): APPROVAL (SUPERVISOR}: ORGINATOR: NASA PROJECT CLOSURE:

TE: o ' DATE: DATE: - i DATE:

Formn'an? thahaary 1516)




6,: -
o . .
; REVIEV! m-m DIGZIEEAHEY (G rtfirbatina]
mn':' . - | K14 111 O, reviei N .
Description (Coht‘.inued): . . :
Criteria for Claseout . B .

a, Action ‘by TRW to provi.de SCR x change flight program. :
N ]

b. Action by TRW to ‘resolve sing].e point fallure concern af SCN in either present or proposed change

to initiation of WSA.

c. Update ACDS CDR documentation as appropriate.
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RECORD OF COMMENTS ON PUBLICATIONS

DATE:
10-13-76

LY { A1 IV I

lll \J’l‘_leN Nl"l 5 1 uun

1137 ~« Flight Propram Requirements Pocument - HEAO-B

-~

'Lgt‘ PAGL | PARAGRAPH | LINE * COMMENT {Exict wording of recommended change must te given)

1 4§ 2-1 | 2.1 6 72ZM10067 is not latest issue, which is Revision A, dated
11-15-74, plus SCN's 1A and 2 thru 15,

2 2-1 12,2 6 Referencevl,- ACDS (Subgystem) Specification, is not
latest issue which is Revision A, dated January 6, 1976,

3 2-1 1 2,2 8 Reference 2 should be EQ-1089E, dated 9-12-75 to be
latest issue,

& 2-1 | 2.2 10 Reference 3 should be EQ-1100A dated 7-18-75.

5 2-1 | 2.1-2.2 All other referenced documents shoﬁld be checked for

thru latest issue data and incorporation of latest requlre-
2-2 ments inte DOLL3T7.

{(Concern: In Items 1 thru 5 above, have the latest
requirements been incorporated into the DO1137 require-
ments document? Why were the outdated issues referenced?

6 3-16 | 3.1.2.2,7 Bit 13 of the Input Discrete Format is defined as "SPARE.
This disagrees with EQ4-1100A, page 7, Table I~1, which
defines this bit as "Propulsion Fnable” in column #110%
(Input 13). One of the definitions needs to be corrected

7 '3-25 | Table 3,1-} Specifically define each bit of subcom words 21 thru 25.

8 3-26 j3.1.2.2,13 Three bits are decoded to determine the control mode,
according to this paragraph. This disagrees with
EQ4-1100A, page 24, 6th column of Table 0-1, which zhows
bit O = Mode 0, blt 1 = Mode 1, and bit 2 =Mode 2. One
document should be corrected.

9 3-82 [3.2,22,2 What calculations are dome in double precision in the
DPA? Where defined or listed?

)

* Refarence to ling numpar within the paragaph or subbaragraph,

MSFC - Form 1008 (August 1§63}

.
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RECORD OF COMMENTS ON PUBLICATIONS " 10-13-76

DATE:

SULTE N

CrQh-11000, Faquipment Spec, Transfer Assembly

TEAIMION NOTE S ) (EOM:

»

1TER
NO.

1

PAvL

PARNGRAPH

LINE *

COMMENT (Exact wording of recommendod ¢hange must ba given)

-1

24

24

23

10

Table J-1

Table Q-1

Table 0-1

3.2.1.2.6

Table I-3

Columa #110X, Input 13 needs to be defined as “SPARE"
to agree with DO1137, page 3-16, bit format definition.
{See DO1137, comment 6.)

YDiscrete Outputs” column in Table 0-1 defines four bits
of interest. The remaining bits are "don'r care" bits,
However, Table 0-3 shows a five bit code required for
the various discrete outputs. Table 0-1 should be
corrected to show five bits.

"Mode Bilevel Buffer” column in Table O-1 uses bits 0, 1,
and 2 defined as Mode O, 1, and 2, respectively. They
should each be defined only as "Mode Bit" since the three
bits are decoded to determine the mode, -as shown in
DO1137, page 3-26, para. 3.1.2.2.13 (see DO1137,
comment B).

Bilevel data bits are not defined in Tables 0-2 or 0<3,
Table 0-2 defines Output Address Bits and Table 0O-3
defines Discrete Qutput Data Bits. The Mode Bilevel
Data Bits are not defined in EQ4-1100A as stated in this
paragraph., Add a new table. .

Ground Reference {Channel 15) is not described. What is
function of this command?

CemE s e oW o et

R . L

= Raterence to line number within the paragraph or subparagraph.

MS5FC-Form 1§08 (Augusi 196 1)
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ke _IPAe: October 13, 1976 N PAGE OF
TR 50 M, Seltzer SCUERMI D COMPLE :

(oND, 3 -
S AP :\'.\‘:.‘\\-.'lt."\ll.l‘\i\ﬁ-'.\;'j!

N S _ , o Ut 1T NO.
) _\.:. ln‘ll""": —I

(EVIEW: o
Update ACDS Subsystem Spec

SNSRI A o
Update the ACDS Subsystem Spec in accordance with the enclosed comments.
g i 3 {1V | i s ey
LIVIL L TAKIN

AT ELGVAL (SUFEDRVISOR]: ORGINATOR: NAZA FDONECT CLOSUNE:

LGATE: DATE: DATE: }
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H1CORD OF COMMENTS ON PUBLICATIONS

Page 1 of 4

LATF:

September 15, 1976

- .
NTILEIN N

HENVLHON NOTE S ok

5. M. Seltzer, HCAO-B ACDS Review Teoam

Subsystem Specificatfon - ACDS HEAO-B (SS7-29A)

rAGE |

II:JIDM PARAGRAPH | LINE® COMMENT (Exact wording of recommisndad changs must te glvan)

1 Heed to add a pretace {in some form). In ft there {s a
need to clearly define the probabilities used in the spec)
including aver what time duration the probablilities stated
are applicable, These definftions must be used uniformly
throughout the specifications. The manner 4in which TRW
will verify these probabitities must be defined. These
probability definitions must be used uniformly throughout
the other applicable HEAQ specs.

2 3 é Change last {tem from TBS to D01137.

3 3 ]2 Add new 1tem: D01138 - ACDS HEAD-B Preflight Interface
Program Requirements Document, Also add documents
referenced in Item 22 (below).

4 4 13.1- Change quantities of DPA's from one to two,

5 4 13 Change last {tem from TBS to DO1137.

6 4 ]3.1 Add new item: same as Item 3 above,

{5 _1F1g. 3.1 Add (2) under block title: Transfer Assembly.
e -

8 5 |Fig. 3.3 Add (2) under block title: Digital Processor Assembly.

9 7 3.1.9'-' 2 | Change to “,,..data processing, mode control, ....."

10 8 1[3.1,10 1-2 | Change "refer to" tu "referred to as"

n 10 |3.2.2 4 | Change sentence to read "conditfon by ground command
either from the OCC in real time or from the SCP.*

12 10 {3.2.2 4 | Follow above sentence (Item 11) with "The term ground
command impiies efther immediate response or command that
was stored and used later.

13 1 3.2.?.1 1 |Change first sentence to read: "....enter the Normal Sun
Acquisition mode only upon command, with initial entry
based upon launch vehicle separation.”

14 n’ 3.2.2.1 =-5 [ Change "sun point mode" to "Normal fun Acquisition mode,"

15 11T 3.2.2.1 7 | Add: "When sunlight {s not present, the ACDS shall cause
the spacecraft te hold the attitude existing upon entry
into the eclipse condition.”

16 12 13.3.1.1 4 | Check correctness of "probability .99"; shouldn't it read
“probability .997"7

* Asterance to ling Aumber within the ¢ or subparsgraph,

wﬁiré- Form 1948 (Augun 19et)
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. RCCORD OF COMMENTS ON PUBLICATIONS September 15, 1976
et Subsystem Spectfication - ACGS HEAD-B (S57-29A) -
1] 'I‘.I-l\.l:l i _i |u17 B
" gftﬁ.hgeltzer. HEAD-B ACDS fRleview Team
_T::‘:':‘_ -l-:nr: rARAGRAPH l wINE * COMMENT (LCwact wnrding of racommaended thangs must be gliven)

17 112 [3.3.1. 7| "{30)" is incompatible with stated probabilitfes,

18 12 13.3.2.1 4 | TBD needs to be defined for the minimum time in minutes
that suntight must be present for observatory to sun
point successfully 1n Normal Sun Acquisition Mode,

19 12 (3.3.2.1 7 | Change last line to read: "be maintafned compatible with
the star tracker spec."

20 13 13.3.2.2 22 | Insert sentence before last sentence, The attitude about]
the x-axis shall be maintained within 1° {0.68 probabilfty).

21 13 13.3.2.2 2 | Add: "...from any fnitfal attitude and body rate '
compa&jbie with those specified {n the TEI spec so long
aS...

22 13 3.3.2.2 J | Add to end of para: "This time accounts for warst case
body rates as set forth in TRW Memoranda HEAD-76-460-217
and HEAQ-75-460-531." :

23 13 [3.3.2.2 6 | Add to end of para: ™"When sunlight {s not present,
attitude control is {nactive in the First Sun Acqufsition
Mode." _

I

24 15 |3.5.1.2 4-6 | Delete Tast sentence of para.

25 16 |3.5.1.2 8 Change verbage to read: "“.,.consist of an adequate numbet
of modes..."

26 15a |Table 3.1 Where 1s referenced Fig. 1-37 1f it exists, where then
are Fig, 1-1 and 1-217

27 15a {Table 3.1 What {is the usefulness of last three columns {apparently

: concerned with compiimentary strips). .
28 17 13.5.1.6.5 4 | Change "thrust vector" to “spin axis."”
29 17 |3.5.2.2 Three TBD's need to be defined for number of telemetry
. words: analog, discrete bilevel, and digital.

30 18 13.5.3.1 3 | Change to: “...pulse commands of no less than 0.040
second...."

N 18 |3.5.4.1 If 7o experiments contain fluid, delete section 3.5.4.1;
if any experiment contains fluid, change “Nane” to "No
‘significant dynamic effect.”

32 18 [3.5.4.2 Change title to "Disturbance Torques"

" Refarance 1o {08 nUMSer within the oeregreph of tubpersgraph,

MBFC- Form 1904 {Augunt 1M440)

ORIGINAL PAGE IS o1
OF POOR QUALITY.

. T S

T

i

R P TR

T s R SR P S




tage 3 of 4

. QATEF.
. K1 LORD OF COMMLENTS ON PURLICATIONS September 15, 1976

1

Subsyslem Specification - ACDS NEAD-B (557-29A)

IS TR R TR S IR

S. M, Seltzer, IIEAD-8 ACDS Review Team

"t | PAnE | panacaaPH  {LINE S COMMENT (Exact warding of racommendsd changs must be givan)

i3 18 3.5.4.2.1 Add section 3.5.4.2.1 entitled "Venting Disturbance

. Torques.” Use “erbage of former 3.5.4.7,

34 18 |3.5...2.2 Add section 3.5.4.2.2 entitled "Experiment-Induced
Disturbance Torgues” and add verbage to cover di<turbancd
torques due to FPTR and other expariment equipment motiors
during orbital operations.

35 3.5.4.4 1| Change "store" to “"stored.“

36 3.5.4.4 2-3 | Change to "...capability to store and maneuver to 14
pre-selected targets."

37 3.5.4.4 4 | Change to “,..,orbit, with storage of at least 7 orbits

; in advance..." .
1
3 33 22 |Table 4.1 | 22- |} Put table number on each page of the table.
' 27
36 | 24 |Table 4.1:] 6 | Change “jitter 1 €ec in 1 sec" to:
3.3.2.2 “Jitter
about y, z-axis: 1 %82 in 1 sec
about x-axis: 20 €ec In 1 sec

40 | 28 |6.1.1 4 | Change "Coarse sun sensing” to "t y-sun sensor assembly.'

4 28 16.1.1.1 1 Change_"ftne sensing portion" to "narrow angle portion.”

42 28 16.1.1,1 3 | Change + 3° to + 30°.

43 28 [6.1.11 4 | Change "Coarse sensing portion" to "4 y-sun sensor
assembly.”

44 | 28 [Fr1.1.2 1 | Change entire 1ine to read: "The output of the narrow
angle sensing elements and the wide angle sensing
elements,..."

45 28 16.1.1.3 1-2 | Same as Item 41. -

46 28 16.1.1.3 -3 | Same as Item 43,

ﬁi 47 | 28 |6.1.1.3 5 | Change Coarse sensing function® to 't y-sun sensor -
;. '

f assembly function.

5 48 | 28 I6.1.1.3 7 | Change "ten degrees” to "3.2°."

49 29 16.1.1.4 6.1.1.4 Paragraph does not state which sensor, wide angl)
or narrow is being addressed. VYalues do not agree with
equipment spec, suggest rewrite as follows: *

.* Referance to 118 numbar within the paragraph or Jubparagraph,

_‘k'ﬂ'a'rc - Form 1982 (August 1041)
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1 CORD OF COMMENTS ON PURBLICATIONS

[e7:9 4 4

Septenber 15, 1976

Subrystem Specification - ACDS HMEAD-D (S57-29A)

HE AT B N O d LAY

EL M. Seltzer, NEAQ-B ACDS Roview Team

111 FAGE | PARAGRAPH

LINE =

COMMENT {Exact waording of recommaendad thange must be given)

50 | 33 6.1.6
51  B4-40 | 6.2

52 11-47 | 6.3
53 49 (6.4

54 49 16.410

48-50 6.4

*6.1.1.4 Accuracy
The detector functions shall exhibit the
accurag1es specified over the flelds of view specified,

*6.1.1.4.1 Wide Anqle Detector

The null accuracy of the wide angle pitch
detector and wide angle roll detector shall be within
t 3.2° with respect to the subassembly optical axis.

‘6.1.].4.2 Narrow Angle Detector

Given the cross angle 8 {or .u), the angle a
(or ) shall be determinable from the calfbrated output
characteristic within the following accuracy: the 3g
error in the indicated output shall be + 0.6° + 10% of
the true fnput angle witnin + 20° of null and shall be
Tess than t 13% of the true input angle over the remainid
field of + 30° each axis. The true input angle is defind

with respect to the subassembly axes in the 7S3A equ i pmen
specification,

Make 20 in-0z of this spec and 17 {n-o0z of the hardware
spec consistent.

Boil this entire academically fascinating tutorial
treatment down to just the requirements,

Same as Item 57 above.

Why separate columns for x,.z and z? They appear
identical (except for one omission].

Take another logk at the entire table. Fi17 in the blank
or tell why they are left blank. Update it.

Prepare a similar error budget for each of the modes as
defined in para. 3.3 (as modified by this document), not
Just the attitude determination mode. The error budget
should be separated into two classes: (1) subsystem
performance specs, and (2) equipment {"block box") .
equipment specs. This section should constitute a
summary that consists of a single place to look for any
error source within the ACDS,

=X

* Rafesance 1o line numbst within tne paragraph or subipatagraph,

MBFC- Form 1000 [Ausust 1949)

(AT FAGE 5
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AVILW VLT D kLT ANC Y (RAD)

ke fTAie: October 12, 1976 _ DAGE OF
T e T At S L e
R l:;qf-\;:__:\_g.jx_l_.j.r.‘r'.v.,\g*aji_w___,______1_,__: ___f;_‘""f“:l'lﬁ:‘-*mi — .
et l o NI VIEW: o ) o
RN |

Elimination of effect of temporary veltage drop on under voltage trigger

[2YUTASTWHY The under voltage trigger level presently has to be set Tow enough to avoid false triggering on
voltage drops due to high current demands {RW desaturation, etc.). This causes concern about the remaining
tattery 1ifeX ethods for elimination of the effects of these relatively short-term voltage drops should be
investigated. Possible selutions include: (a) Heavy filtering of battery voltage upstream of UV detector;
{b) disabling of UV detection during known high current periods; {c) allowing use of UV signal only if under
voltage is still detected several minutes (about 6 minutes) after the first under voltage detection.
¥ Seg RigHT BY fnyumepr.
HEAG-B ACDS CDR documentation
T e e G L S e T
P l‘T .-<E.N
. CTTTIIRNEe): L [ATPROVAL (SLPERVISGR): | ORGINATOR: NASA FROJECT CLCSUTE:
| S _ R B R
- CATE: DATE: - cloate:r
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DESIGN REVIEW ACTION ITEM

Rip 5

s

IRACRKING NG,

\SSIGNID TO:

DATE: 10/13/76

PAGE 1 OF

SCUEDULED COMPL:

ACTION [TEM NO,

ORIGINATOR: R, W. MILNER

NASA CHAIRMAN;

END ITEM NO,

MCCEDTED BYt

REVIEW TYPD:

SUBJECT:
UNDER VOLTAGE SENSOR SETTIMG AND LONG PULSE LOGIC

spacecraft power bus is immediately offloaded {a

occur in a timely manner, the WY (Underveltage Sensor) is depended upon to energize
re-acquire the sun in the "Z" axis. It is strongly felt that use of the UY sensor
to depend upon to "¢rigger” the First Sun Acquisition Mode. It is recommended that
jmmediately trigger the First Sun Acquisition Mode rather than await the Uy signal.

Assume a LPL circuit "trigger" on the first day of launch using t

sensor is to be set at the 24.5 volt leval at "1iftoff."
o How much capacity (viorst case) remains in the batteries when the bus voltage

o Are precautions being taken to reclude inadvertent “trips” of the UV sensor
are managing momentum? ¢ 7€ Rmﬁ& Y BY Kervey)

o Are Mission Control Procedures similar to those for HEAQ-A being prepared?

o What spacecraft loads presently remain Von' after an LPL “Trigger'?

DESCLIPTION: There is concern over the fact that if the LPL (Leona Pulse Loaic) circuit "triagers"; the
11 non-essential electrical loads turned "off") and the

ohservatory is placed in 2 drift mode awaiting correction of the anomaly from the ground or if it does not

the RCS thrusters and
{5 not a reliable means
the LPL circuit also

he existing spacecraft systems. The WV

drops to 24.5 volts?

g Does sufficient pewer remain in the batteries to re-acquire the sun from a worse case condition?

when the Reaction Wheels

HEFERENCE:
HEAD-B ACOS CDR (26000-460-042, 19 OCT. 1976) Page 2-9, Para. 1

o ""”"'“"””""“"""'TTTiTﬁJHTWJCLGSEOUTE“TTlmliml;_..“L_WL“

ACTION TAKEN:

ACTION BY {ACTIONEE): TPPROVAL{SUPLRVISOR): ORIGINATOR®

DATE: DATIS: DATE!?

NASA PROJECT CLOSURE:

DATE:

BT ebd e =3 Lal wal Pav

s
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REVILW LTEM T RECANC v (RIT)

MO DATE:  October 15, 1976 FAGE 1 OF ]
JAGNAT R CL Green SCHEDULED COMPL: D NG, 6
s LAND DY JALA CHALRMAN: ENDG ITENM NO.
LIUTEIEL EY: ~EWVIEVS: ACDS CDR
SLBIECT:
Propellant savings resulting from planned LPL operation
CESCRIFTION:  The CBR package did net present an analysis of RCS propellant consumption for the planned LPL

operation as epposed to immadiately switching te the First Sun Acquisition mode.
data com.aring propellant consumption of the planned operation ito irmediately switching to First Sun Acquisition

mode. A4lso sho

w that under conirolled tumbling saves propellant,

TRW should provide quantitative

T B T N L Sl T T D I P L S

REFERENCE;
HEAO-B ACDS CDR (26008-460-042, 19 October 1976)
G _ STCLOSECUT T
ACTIGN TAKEN:
A~TICN BY (ACTICNEE): AFPROVAL (SUPERVISOR): | ORGINATOM: NASATHOECT CLCIYLE:
{orte DATE: DATE: DATE: . 1
-_--1 oo i..'l e ary . 1
}




EVIELY LTU S D80 Wt P ANC Y (RID)

W |paie: october 12, 1976 PAGE OF ]
GO \ _ Ai_ -H._-F. Keqne'l _ o :*.i-‘l.l.i.-"t'.‘-ll,‘lh.f_f‘.(._“f"_}’.ljl.! ) RIOND., 7 , T T
e | R THIMTAN: cuniTeadNe. 1
o Ty h [She ‘J'l'-:-‘;‘;":_. T T T
K ik

Reassessment of total system momentum test Tevel

CTRTTONG
would make any momentum management by judicious
capability with momentum addition from RCS bn a
marcin of at Teast eight. For momentum managem
50 f:-1b-sec {for 4-RW operation} would be adeq

check on a momentum disk, rather than a sphere;

" The referenced memo recommends @ total system momentum test Tevel of 10 ¥t-Ib-sec.

before the square root operation (p. 7 of ref. m

THis Tow Tevel
target seguence selection impossible. Comparing FSA momentum
component basis (data fram the referenced memo) shows a design

ent a test level of 25 ft-1b-sec (for 3-RW operation) and

sate in conjunction with a scaleup of the total x-momentum componend

emo) by a ratio- of Sin 30°/Sin 20°* (this scaling results in a
the disk iz a much better Fitting envelope). In the light of the

nd oo

AIrTy

LL

T

large design margin it should be investigated whether there are any objections te the desired tetal system
momentum test level being raised to the value adequate from the momentum management standpoint.

* Alternatively the first rew of the TBW and the inertia matrices can be scaled up {if they are not used also
someplace else).

© T Y T I HEAO-B ACDS COR documentation {p. 14-1).

Memo "Recoﬁéry from large disturbances during RM maneuvers," HEAQ-76-460-092.
. ’ BRI B TSI TR = j‘1

L LTl LI CLOTECGUT =T e

SV TRRIN:

AN LHEE): AFPTOYAL (SUPERVIZOR): GRIZINATOR;

NASA FORGUECT CLOIUNE:

RS E LAYE: DATE: - BATE: ;

MY S SR |

A
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N fﬂ K H. Shelton

question: Were the isolaters mode

verification? -
This RID requests that TRW validate the isolator model and spring ra

wmodel and data cannot be

REVEAL VM B REPANCY (D)

A DNTE:_ getober 12, 1976 PAGE 1 OF 1 . .
SCUHEDIML.TDCOMPL:  ASAp fIoNO. @

O INATACHAGENAN, | EnD rEA NO. T
v | REVIEY:

Telescope to Spacecraft Isolator Monlinearity Effect on ACDS

@i Some knowledge of the nonlinear properties of the telescepe to spacecraft isolator leads to the

11led properly in the flexible body analysis used in the ACDS design and

te used in the ACDS design ana]}sis. If the
validated at the COR, prepare a plan and schedule for evaluating the new jsolator datd.

S LI TAKEM:

77T hEo-B ACDS CDR Data Package.
A o s 5252 02 L UL - e T T

T AETIREE): NPERGCVAL SUPERVISOR)E: | GREINATOR: SRR PROJECT CLCSUNE:
- featE:r . DATE: T X DATE:




AIITYNY ¥00d @0

. et . , 5._\_'1‘.’._:___99_'1‘_,9'!):% 14, 1976 PAGE QF
AGNMTUR W, Jones STHEDULED COMPL: {riono. 10 _—
R [ YN R0t e e, T
R TR

UV VI 50 L ANL Y (D)

e ————a———

RCS Command Pulse Width

ACDS conducted simulations

using 0.030 sec square wave pulses

. &1 eN: RCS qualification testing w

as conducted at 0.040 sec; not 0.030 sec.
The 0,020 sec given is marginal:

(minimum impulse bit}.

SI OVd TVNIOING

width:

0,040 sec.

always respond to that vommand pul

se width.. Cha

nge ACDS documentation te reflect the qual ¢

The valve will not
ommand pulse with

R T O GUT ' = T TR

R

T {nr TIUMEE):

'

FAI]

LOWAL (SUPTRVISORK

OREINATOR:

NASAFROIECT CLCIUNE:

DATE:

DATE:

?‘S - —_—
P CATE:
e CTLTEEGT o
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Lo REVIEW 1TEM DISCREPANCY (RID)
[77eRing xo. DATE: L4 October 1976 [ PAGE OF
©LUTOR: Singley SCHEDULED CCLIPL: RID NO. J)
F.zo10: NASA CHAIRMAN: END ITEM NO.
ACCIPTED BY: ) REVIEW:
SUSJECT

HEAO-B Ground Initial Acquisitien Program, TRW Complying with Paragraph 3.2.1.2.5.8.3 o% HeAv-iz il

DESCRIPTION: '

Requirement has not been shown to be complied w
Dr, Farreakopf was developed in general and in

ith in this data package. The 'TRW algorithm developed by
theery it will perform the desired runction. However;

there is no supporting evidence contained in the CDR data package that will give the project any

confidence the scheme will work for HEAQ-B with a re

duced star tracker FOV, scan rate, and worse

than experted gyro drift rate.

AREFERENCE:

CDR data package Vol I, Page 3~3 Vol II Appendix G

- ] . , v T T U ICLOSEQUT. T e T L o
ECTION TAKEN:
TTTiou v [A0TI0NEE) APPROVAL (SUPEAVISOR): | ORGINATOR: NASA PROJECT CLOSURE:
SoTE: " 1DpATE: DATE: DATE:

Sl Them A {dendary 1873}

i T i o P i

s
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REVIEW ITEM DISCREPANCY(RID)

DATL: 10-13-76

PAGE 1 OF 1

ACCLITED BY:

TRACKING NO.

ORGINATOR: 1, Hight A/ SCHEDULED CDMPL: RiD O,

“ALSIGNED TO: NASA CilAIRMSN: [ D ITER RO,
RLVIEW:

griy ECT:

Battery Depth of Discharge Versus Under Voltage Trigger

DESCRIPTION:
Problem:

mode,

TRW and MSFC need to reach an agreement on state of battery discharge at UV trigger point, ACDS
COR documentation needs to

MSFC and TRW apparently do not agree upon the state of discharge of the battery when the UV (under-
voltage) signal is generated to switeh off non-essential power and cause the $/C to be uncentrolled
MSFC used 90 percent discharge and TRW 10 percent discharge in recent discussions. This factor is
critical in determining adequacy of the ACDS design and epervations concepts especlally use of FSA

be updated as required.

REFERENCE:

R T L Rt oo bt

_ L JerosEouTl L Do L

[AcTioN TAKEN:

ACTION BY (ACTIONEZE):

|

APPROVAL [SUPERVISOR):

ORGINATOR:

NASA P'IOJECT CLOSURE:

TE: |

DATE:

DATE:

DATE:

| NP v AaY Sl v PRTANI '

Dl
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34

BEVICW LTEM Gtie RETAND ¢ (RITS

[ [\

BATE. (ctober 15, 1976

1N

13

.
-

SRANATOR 4 F. Kennel SCHERULED COMPL!

e NG, | 3

JLAANIDC: NASA CHATRNMAN

ENDITEM ND.

LAICIETEL RY: REVIEVS
CUBECT: -
Change of magnetic moment specificatien
CESCRIPTIGN:  The value of the allewed magnetic moment was incorrect, Provide the cerrect values and include

in the CEI specs.

REFERENCE:

HEAD CEI Specifications 72M10067
I JCLOSECUT ¢ Ly
ACTIUN TAKEN:

ATTILMEBY (ACTIONEE): AFF-’RGVF\L (SUPERVISOR): ORCGINATO,

ST CLCIUL L

DATE: *| DATE:

DATE:

I
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REVILW ATES L7 REFANT v (RIT)
s , Mo DATE: Qctober 14, 1976 ::AG.:.. 1 OF 1
32N R R, Rowe SCHECULED COMPL: RIONO. 1 —

AR bl far ) NASA CHAIRMAN: END ITEM NO.
tIJITTEL EY:

RS VIEW:

CEZSCRIFTION:

$LEECT: Incompatibility Detween ACDS COR Data Package and TRW Document MP-045 (Mission Contrel Procedures)

REFERENCE:
ERENCE Items #45 and 47

The procedures in the ACDS CDR Data Package should be compatible with the procedures specified
in TRW Document MP-04S5, Missijon Centrol Procedures. The specific items are as follows:
for launch configuratiorn. and (2) the procedure for transfer to NSA.

(1) Specific commands

T
ACT LN TAKEN:

JCLOSECUT |

AZTIZNBY (ACTIONEE): APPRGVAL (SUPERVISOR):

ORGINATON:

DATE:

NAZATIOVECT CLCEULE:

DATE:

LATE:

it iid

.

e e
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REVILW LTEM L0 RERAML Y [RIT]

Moo DATE:  October 15, 1976 faG: . Of
[SR2NTOR K. L. Shelten SCHEDULED CCMPL: RID NS, o7
LoeNLP IO NASA CHAIRMAN: ENDITEM NO.

L IUTITEL Y . REVIEYS

G- cr

HEAD-8 ACDS Subsystem Test Plan

CESCRIPTION: The ACDS Subsystem Test details as provided in the COR data package pertains only to HEAQ-A,

This RID reauests tne HEAO-B ACDS Subsystem Test details be provided in sufficient detail te show inpul data,
initial conditions, orbital conditions, and etc. The individual tests and criteria for assessing results must

be provided along with the schedule for accomplishment.

REFERENSE:
KEAD-B ACDS CDR Data Package (Main Vol., Page 13-7) (Item 56)

I_ JCLOSECUT L

ACTION TAKEN:

~ ¢ re

AZTICNBY (ACTICNEE]: AFPRGOVAL (SUPERVISOR): ORGINATOR: NASH T IOMECT CLCIULE:

DATE: DATE: CATE:




H00g bo
ST ADVE ovNaTg

ALITVND

Gy

REVILWATEM Gif. REFAMT T {MTE)

Determine FPTA max. angular mementum

B Ny DATE: October 15, 1976 fagz 1 GF
SRINATIOROH, F. Kennel SCHEDULED CCMPL: RIC NS |,

SN T NASA CHAIRMAN: END ITEM N,
TIIETTEL EY: REVIEW:

SLB.ECT: .

CESCRIFTION:
during the operation of the FPTA.

Need agreement between ASLE and MSFC/TRW on the maximum angular mementum that is generated

REFERENCE:
Item No. 58

JCLOSECUT

ACTION TAKEN:

SIT LN BY [ACTICNEE): APPRGVAL (SUPERVISOR): | ORGINATOR: NASAVIIAVECT CLCIULE:
i-_;_'::; DATE: DATE: DATE:
P A
!

PN VI T TLI

Lt
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SEVILAWATEM LSO RETANC Y (RIT)

hei DATE: QOcteber 15, 1976 FAGE GF
SI3NATOR H. F. Kennel SCHEDULED CCMPL.: RID NG, 1
CONTD O NASA CHATRMAN: END LITEM NO,
LIOTTIEL EY: RE VIEW:

t

CECT

LN}

-~

Magnetic Field Modeling

TESCRIFTION:  Show that the tilted dipole magnetic field model is still adequate {in the light of the higher
than expected HEAO-B magnetic mements) and higher order field models are not necessary.

\EFERENCE:
REFERENCE Memo HEAD-74-460-084

N

—JCLOSECUT

ACTIGN TAKEN:

o1 _tiBY [ACTICNEE): APPRGVAL (SUPERVISOR): | ORGINATOW:

NASKILMNECT CLCIUL X

ETE - DATE:

DATE:

DATE:
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)

4
()

7 DY, ”

&

L8

REVILW ATED 100 REPANC RIS
Moo DATE: October 15, 1976 TAGE OF
3'“:—:_\*"' JROH. F. Kennel SCHEDULED CTMPL: RIDNG. ) @
noINLDIC NASA CHAIRMAN: ENDITEM NO, . ]
TLVFETEL EY: ~EVIEW:
SLR.ECT: T

Flight Seftware Discrepancies

[CESCRIFTION:  pocumentation discrepancies are as foilows:

1. Page 10-25, paragraph 1, line 3: Add following sentence after end of paragraph:
Note that the first column of the body to wheel transforms are scaled by the x to y, z position gain ratio
of 270/1700 (Kg in Fiqure 10.4-2, p. 10-14).

2. Page 10-26, last line, There is a minus sign missing in the wheel to bedy transform,

last 1ine, last entry {TWB12) should be -.664463.

TREFERENCE:
BN1137

JCLOSECUT L

k
ACTION TAKEN:

RN

ORCINATOM: b

Noan  ROJECT CLCIULE:

ATTILNBY [ACTICNEE): APPRGVAL (SUPERVISOR):

BATE:

DATE:

CATE:

R P TR S PP
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BEVILW LTE] Bolo RES QML 1 [k
- | 5 DATE: October 15, 1976 TAGT GF
SROGINAT R Hight/Rowe/Kennel SCHEDULED COMPL: RIDNG. | 4
oo \C‘.‘_\!'. hie: NASA CHAIRMAN: ENDITEM NO.
N F‘:f EL e REVIEVS
SUBIECT:
Flight Software Discrepancies

DESCRIPTIGN: Saveral comments are attached and require resolution,

|REFEREMCE:

The comments pertain to D137, DOT13E,
and EQ4-11004, on flight program reguirements and design and the TA specification.

ACTION TAKEN:

_JCLOSECUT

ACTICN RY [ACTIONEE): APPRGVAL (SUPERVISOR): ORGINATON: WASA T HOJERT CLCIULE:
: IQATE' DATE: DATE: DATE:
';:r\ o F -|!.|':$T fhagsaary 9558 .

T T S R T R
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Kl CORD OF COMMENTS ON PUBLICATIONS

It I

L1

UATE:

Oct, 14, 1976

FLIGITT PROGRAM DESIGN DOCUMENT FOR HEAO-B (DOL138)

NI LR IR EE N Tl )

-

oy A PARALGHAMN LINE * COMMENT (Exatt wording of racommandsd changs must be givany
1 3-42 1 3.2,6.2 Change CDPYMI description to "pointer to CDDYMI"
add "CDDYMT - star tracker measurement data table,"
2 3-60 | 3.2.12.12] 6 Sentence "at AEE230 ,... is incomprehensible,
3 3-83 | 3.2,18.12] 10 Should read "If CDFTEF=l, then TFL ....
11 Should read "If CDFTEF=0, then TF2......

* Reterenca {o 1ine number wilhin the paragraph or wbpsrayraph.

MSFC- Form 1905 (August 1983)
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R, Rowe

DEA SOFTWARE CRITICAL DESIGN AUDIT . EEFL5

COMMENTS ON APPENDIX OF FPDD (DO1138)

10-14-76

10.1.3 Initialization

FPH-A bad a block to "output reset GRR CH. 13." Why 1p this block not
present ia FPU-B? .

10.1.4 Program Control-Initialization

In FPH-A the following flags were initialized to O: CDFACL, PCFMFC,
CDFNDRO, PCFET3I. Why were these not initialized in FPH-E?

10.1.4 Program Control - Execution (PG. 1)

FPH-A detailed flow says MGET CDF MSE in CDVSSW while FPH-B detailed
flow says "SET CDFMSE in (CDDFLAG). Which is correct?

10.1.4 Program Control - Executfon (PG, 2)

Decislon block on GDFUPR not present. .Why?

10.1.4 Program Control - Execution Segment Dispatcher
logle at PCEDLY iz changed from A. Why?

10,1.7 Sun Sensor Input

§IT - Initialization

o Does "R3€—(SIP) = INDEX" need to be here since it is done in the
3rd block of the main routine?

¢ Why is CDFSFC not inttialized to 07 {as it waa for FPH-4)
10.1.10 RWA Input

At WIEOLO, where reading RWA data, as flowed, won't CSSINP be called
5 times versus 4 times?

10.1.12 Attitude Error Determimation (sheet 3 of &)

Decisiun for MWWX1 = WKM, etc. does not agree with flow in FPRD.
(Shouldn't it read R10, R1l« R12, RLI37) .

10,1.12 Attidue Error Determination (Sheet 2 of &)

The routine jumps to AEEL40 after executing AEl at AEE120. This jump
does not agree with flow (3-51) in EPRD:.

10.1.13 RWA Rate Gain Comp (Sheet 2 of 3)

ECR 488 says ES< O (pB 3-54, FPRD) while detailed flows say E55 0.




1.

12,

13.

14,

15.

At CCEB050, PWF=-PWF (FPRD) is not shown.

Lo 14 RWA Conmand Computation (Sheet 4 of 6)

Between WCETI0 - WCE200, the decision for /ERW(N) /p* 1IMX does not agree
with FPRD,

10.1.14 RWA Command Computation {Sheet 4 of 6)

At WCE280, detailed flow does not agree with FPRD. FPRD has
ERW(N)=ERMX* SGN(ERW(N)). Detailed flow has ERW(N)=ERMX

10,1.18 Telemetry Formatting

TEE - the commend on the first decision block (CDFTEF=0) should read
"Engineering Mode requested?"

TFE - 2nd decision block variable should be CDFTEF vs. CPFTEF
10.1.21 Command Processing - Initialization

Shouldn't the flag CPFED be initialized to 1?

T I T L T T I T P

10.1.16 RCS Command Computation (Sheet 1 of 5)

;
I

)
E
:

|

L
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RECORD OF COMMENTS ON PUBLICATIONS 10-13-76

DATEL:

..U“.",‘ i
P - Flieht Proxram Requirements llocument - HFAG-T
Vst 0TS E oM -
H‘. JJ. LAl .
'Lg:‘ PAGE | PARAGRAPH [ LINE * COMMENT ({Exact wnreiti &1 terammenaged change must be Qiven}
-1 2-1 | 2.1 6 72M10067 is not latest issuwe, which is Revision A, dated
11-15-74, plus SCH's 1A und 2 thiu 15. ’ :
2 2-1 § 2.2 6 Reference 1, ACDS (Subsystem) Specification, is not
latest issue which iz Revision A, dated January 6, 1976.
3 2-1 ] 2,2 8 Reference 2 should be EB-1089E, dated 9-12-75 to be
latest issue,
4 | 2-1 2.2 10 Reference 3 should be EG-1100A dated 7-18-75. .
& 2-1 | 2,1-2.2 All other referenced documents should be checked for
thru latest issue data and incorporation of latest requitve-
2-2 ments into DR1137.
(Concern: in <er: 1 thru 3 above, have the latest
requirements b.e: incorporated into the DOL137 require-
ments document? Why were the outddted issues referenced?
6 3-16 | 3.1.2.2.7 Bit 13 of the Input Discrete Fermat is defined as SPARE.
This disagrees with EQ4-1100A, page 7, Table I-1, wvhich
defines this bit as "Propulsion Enable" in colufn #110X
{Input 13), One of the definitions needs to be corrected.
7 3-25 | Table 3,1~} Specifically define each bit of subcom words 21 thru 23.
8 3-26 | 3.1.2,2.13 Three bits are decoded to cetermine the control mode,
according to this paragrapa. This disagrees with
EQ4-1100A, page 24, 6th column of Table @0-1, which shoys
. bit O = Mode 0, bit 1 = Hede 1, and bit 2 = Mode 2. One
document should be corrected.
9 3-82 | 3.2.22.2 What caleculations are donme in double precigion in the
DPA? Where defined or listed?

il

* Qterence fo line number within the Daragraph or sUDRErAYrAEN.

MSFC+ Form 1994 (August 1#43)
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RECORD OF COMMEMTS ON PUBLICATIONS : 10-13-76

DATE:

SUQJrCT:

EQ4-11000, Fequipmont Spee, Tronsfer Assembly

KEVASION NDTES F IROM:

Hinht

-

'Lg? PAGE | PARAGRAPH

LiNE *

COMMENT (Exact wording of recommended change must be glven)

1 .| 7 |rable 31

2 24 | Table O-1

3 24 | Table 0-1

4 23 [3.2.1.2.6

5 10 lTablé I-3

- Golumn #110X, Inptt 13 needs to be defined as "SPARE"

to agree with DOL137, pagse 3-16, bit format definition.
{See DO1137, comment 6.}

"Discrete Outputs" column in Table 0-1 defines four bits
of interest. The remaining bits are "don't care" bits.
However, Table 0-3 shows a iive bit code regquired for '
the various discrete outputs. Table 0-1 should be
corrected to show five bits,

"Mode Bilevel Buffer" columm in Table 0-1 uses bits 0, 1,
and 2 defined as Yode O, 1, and 2, respectively. They
should each be defined only as "Mode Bit" since the three
bits are decoded to determine the mode, as shown in
DOL137, page 3-26, para. 3.1.2.2,13 (see DOL137,
comment 8).

Bilevel data bits are not defined in Tables 0-2 or Q-3.
Table 0-2 defines Output Address Bits and Table 0-3
defines Discrete Qutput Data Bits. The Mode Bilevel
Data Bits are not defined in EQ4-1100A as stated in this
paragraph, Add a new table.

Ground Reference (Chamnel 15) is not described. What is
function of this command?

ORIGINAT} PAGE 154
OF, POOR QU

* Reterence 10 ling number within the faragraph oe substaragraph,
MERC . Form 1908 (Auguat 19§3) ' i o
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RECORD OF COMMENTS ON PUBLICATIONS October 4, 1976

OATE: '

sUMEETE

HERO-B Flight Program chuiremcnts Do;ument. 901137. 2] June 1976

HL VISION NOTES § HOM:

tTEM

S. M. Seltzer, HEAO-B ACDS Review Team, MSFC

LINE «

D, PAGE PAHAGNAPH COMMENT {Exact warging ¢t racommaendasd changt mush be givan}

1 |10-25 ] 3 Add following sentence after end of paragraph: “Hote

- : that the first column of the body to wheel transforms
are scaled by the x to y, z position gain ratio of
270/1700 (Kg in Figure 10.4-2, p. 10-14).*

2 110-26 last | There is a minus sign missing in the wheel to body

transform, last iine, last entry (TWB12) should be
-.664463.

“* Asterance to ine number within the paragraph or subtiparagraph,

Marc. Form 1088 (Augurt 1483}

el s -

94 .




~ REVIEW ITEM DISCREPANCY (RID)

| TRACKING NO. _ DATE: 19 October 1976 I PAGE 1 OF
[oraINATOR:  cryqprn  SCHEDULED COMPL: RIDNO. 0 )
- ASSIGNED TO: - | NASA CHAIRMAN: END {TEM NO.
| accerTED BY: . ' | , : " | REVIEW:
%’ % | SUBJECT: ' '
E% g% | Ensuring that components meet the specifications
g g& "_DESCRIPTION:
EE ﬁ% The MSFC design laboratories must receive the hardware component data packages
:j s that go with the C0Q's in sufficient time (three weeks ahead of the C0Q "need dates")

.
4,

50 that MSFC can review them prior to the date the C0Q's must be signed.

-

{REFERENCE: -
e ] GLOSEQUT e e
| ACTION TAKEN:
ACTION BY (ACTIONEE): | APPROVAL (SUPERVISOR): | ORGINATOR: ' NASA PROJECT CLOSURE:

© — | _ : i, _

@ DATE: . = | DATE: | . ' | DATE; DATE:

MSKFC - Form:-4'87 (January 1475)




- PRPCFPING PAGE BLANK NOT FILMEH

APPENDIX B

MEMO ED12-76-58, SELTZER TO WOJTALIK, DATED
JULY 26, 1976, SUBJECT: "FORMATION
OF HEAO-B ACDS REVIEW TEAM"

97




WRRTOT: I

|
National Aeronauttics and: ) ;
Space Administration NiEI\
Goorge C. Marshall Space Flight Center :

Marshalt Space Flight Center, Alabama
35412

Festyto At e, ED12-76-58 July 26, 1976

T0: EE71/F. S. Wojtalik
FROM: £D12/S. M. Seltzer, Systems Dynamics Laboratory
SUBJECT: Formation of HEAQ-B ACDS Review Team

Because time before the HEAO-B ACDS CDR is short, I have taken the
Jiberty of convening the first meeting of the HEAD-B ACDS Review
Team. I have acted on oral direction which I assume will be augmented

by written direction.

At the first meeting (July 23, 1976) I presented the material I have
enclosed hereto. I need to verify with you my assumed team mission
et al, Therz wore a few changes in the composition of the review
tesm: 1 asstme you will ask the Laboratory Direstors to neme the
team members they desire,

I have asked Dale Hoffman to make a presentation to the review team
on Tuesday, July 27. He plans to give us a technical description of
the HEAQ-B ACDS, define the pertinent available documentation, and
tell us that pertinent documentation that is forthcoming (and when).

' Sherman M. ‘Sel¥Zer
Chatrman, HEAQ ACDS Reyiew Team

Enclosure - .
As Stated - -
'
- —
——— \ . —.
OYV‘.E I
98 ORIG
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cc:
ECOY/Mr. Moore :
E0O01/Dr. Lovingood

ED01/Dr. Worley

ELOT/Dr. Thamason

EPO1/Mr. McCool

ACDS ‘Team Members. -
EC21/Dyr. Doane

- EDZ22/Mr. Green

ELO4/Mr. Hight
EF15/Mr. Rowe
EF15/Mr. Collins
EP24/Mi. Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelton
EC22/My, Sims
EL54/Mr. Singley

/Mr.. Robert Cox
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PROTY IR I

TYSVENS DYNAMICS LARDRATORY

S LATENG CONTROI. SYSTEMS
ERRBIN

iat R M AARSHALL SUACE FLIGHY CENTER T TRANE
| S, M__SELVZER . _
HEAQ-B ACDS REVIEW TEAM BATE:
JULY 23, 1976

MISSION

1. TO DISCHARGE S&E's ACDS CDR RESPONSIBILITY AS A TEAM (RATHER THAN AS'
INDIVIDUALS). ) , |

2. TO ASSESS TECHNICAL ADEQUACY OF ACDS AND DEFINE ANY P@TENTIAL OR EXISTING
INADEQUACIES.

PERFORM AN IN-DEPTH REVIEW OF HEAD-B ACDS DESIGN AND ASSOCIATED SUBSYSTEMS
{SUCH AS ELECTRICAL POWER, RCS, DATA MANAGEMENT) THAT LMPINGE UPON ACDS.

REVIEW TEAM'S NEEDS TO PERFORM MISSION

1. DEFINITION OF S&E's ACDS CDR RESFONSIBILITY.
2. REQUIREMENTS {SPEC's) LEVELED UPON ACDS.
a. CEI OBSERVATURY.SPEC BY MSFC.
b. ACDS SUBSYSTEM SPEC BY TRW.
QUESTION: WHO IS RESPONSIBLE TO ENSURE b. MEETS a. WITHOUT "OVERKELL3"

WOLFC Foem 3108 (e Octobw 1977)

FILE NO.

L e — - . KPP L ot P S T L S LT PSPPI o




MARSHALL SPACE FLIGi:_IT CENTER

i GARITATION, :"“"E‘ :
SYSTEMS DYNAMICS LABORATORY S. M. SELTZER
- HEAO-B ACDS REVIEW TEAM _ et e
POINTING CONTROL SYSTEM
BRANCH COMPOSITION JULY 23, 1976

B o
; ) 2
"8'3 ' SHERMAN M. SELTZER CHATRMAN SD LAS
. % By GEORGE B. DOANE, I1I ACDS HARGHARE £8C LAB
gg CLAUDE E. GREEN STRUCTURAL DYNAMICS - SD LAB
o e HERMON HIGHT SOFTWARE (GENERAL) SARE LAB
5 ARCHIE JACKSON FLIGHT SOFTWARE DATA SYS. LAB
if LEE JONES RCS STRUC & PROP LAB
? HANS KENNEL POINTING, MANEUVERING, & SD LAB
: HOMENTUM MANAGEMENT
ROBERT MILNER ELECTRICAL SYS, ESC LAB
HARVEY SHELTON STAB. & CONTROL SD LAB
C. R. SIMS ACDS HARDWARE EAC. LAB
MAURICE SINGLEY SYSTEMS /GROUND SOFTHARE SAST LAB
: ol

.

j=

od




G AR AN, . MARSHALL SPACE FLIGHT CENTER NAME)

“ SYSTENS DYNAMICS LABORATORY Ls_ M. SELTZER
HEAQ-B ACDS REVIEW TEAM e T T

IMPLEMENTATION PLANS. i JuLY 23, 1976

20T

- POINTING CONTROL SYSTEMS
BRANCH

: _ 1. 'MEET TUISOAY AND THURSDAY at 9:00 a. m. IN EXECUTIVE CONFERENCE ROOM/ BLDG. 4487
: UNTIL ~IDS COR (2] -22 SEP).

2. MINUTES OF MEETINGS
a. JRAFT PREPARED BY CLAUDE GREEN.

b, JISSEMINATED TO ALL TEAM MEMBERS AT NEXT SUBSEQUENT MEETING FOR
CORRECTIONS.

¢, SUBHITTED TO CLAUDE REEN (AND DISCUSSED IF NECESSARY) AT NEXT
SUBSEQUENT MEETING.

E ' d. CORRECTED DRAFT TYPED AND DISSEMINATED.

R AT L ey




£ GO, AHSHALL SPACE FLIGHT CENTER TrAmE
SYSTEMS DYNAMICS LABORATORY ‘ S. M. SELTZER
PQINTIAG CONTROL. SYSTENS HEAO-B ACDS REVIEW TEAM e
BRANCIE ' ' SCHE "'LE JULY 23, 1976

LOCATION: EXECUTIVE CONFERENCE ROOM, BLDG. 4487

DAY, DATE TINE . SUBJECT
FRI 23 JUL 76 1:30.p.m.  ORGANIZATION MEETING.
TUE 27 JUL 76 8:30 a.m. 1. REVIEW OF HEAO-B ACDS BY DALE HOFFMAN, TRW.

o TECHNICAL DESCRIPTION,
o SIHMILARITIES AND DIFFERENCES BETWEEN HEAO-A AND -B.

Qe
= . o DOCUMENTATION NOW AVAILABLE.
"o G ' o DOCUMENTATEION FORTHCOMING AND WHEN.
R 2. COMMENTS ON ORGANIZATIONAL MATERIAL FROM 23 JULY MEETING.
5 - - 3. STRAW MAN SCHEDULE.
< W; THUR 25 JUL 76 9:00 a.m,  DISCUSS STRAW MAN SCHEDULE AND PREPARE TARGET SCHEDULE.
SR TUE 3 AUG 76 9:00' a.m,  PRESENTATION OF ACDS REQUIREMENTS AND SPECS BY BOB WOLF (?),
g o HEAQ PROJECT OFFICE.
o THUR 5 AUG 76 9:00 a.m.  BRESENTATION OF EXPERIMENT REQUIREMENTS UPON ACDS BY
TUE 10 AUG 76 9:00 a.m.  PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS.
THUR 12 AUG 76 9:00 a.m. , PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS.
TUE 17 AUG 76 9:00°a.m.  PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS,
THUR 19 AUG 76 9:00 a.m.  PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS.
TUE 24 AUG 76 9:00 a.m. PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS.
THUR 26 AUG 76 9:00 a.m.  PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS.
TUE 31 AUG 76 9:00 a.m. 1. PREPARE REVIEW TEAM REPORT; 2. CONTINGENCY TIME.
THUR 2 SEP 76 9:00 a.m. 1. PREPARE REVIEW TEAM REPORT; 2. CONTINGENCY TIME.
TUE 6 SEP 76 9:00 a.m. 1. PREPARE REVIEW TEAM REPORT; 2. CONTINGENCY TIME.
THUR 9 SEP 76 9:00 a.m. 1. PREPARE REVIEW TEAM REPORT; 2. CONTINGENCY TIME.

20T




FOT

TUE/WED  22-22 SEP 76

ALL DAY HEAD-B CDR AT TRM

ST aeTanGR, T - TIAHS HALL SPACE FLIGHT CENTER NAME: -
SYSTEMS DYNAMICS LABORATORY 5. M. SELTZER o
. IFAD-B ACDS R ; DATE:
POTHTING CONTROL SYSTEMS HEAQ-B ACDS REVIEW TEAM
BRAKCH SCHEDULE JULY 23, 1976
{ CONT INUED)
DAY DATE. - TIME ' SUBJECT
. )
TYE 14 SEP 76 9:00 a.m. FINAL PﬂEPA@ATIONS FOR COR.
THUR 16 SEP 76 9:00 a.m. FINAL PREPARATIONS FOR CDR.

iy o m e Eny e L A

e




0T

P SEANIIATION, ’ fiARSHALL SPACE FLIGHT CENTER

SYSTENMS DYNAMICS LAGORATGRY
. HELZ-3 ACDS REVIEW TEAM
POINTTNG CONTROL. SYSTEMS

NJ\HE: -

1. SELTZER

DhTEl

SR | \CTION ITEHS , 1976
1TEM ) ACTION DUE DATE

1. PREPARE STRAW MAN SCHEDULE. CLAUDE GREEN 27 JUL 76
2. COMMENTS ON ORGANIZATIONAL MATERIAL FIM JULY 23, ALL 27 JUL 76
3. CONTACT HEAQ PROJECT OFFICE FOR PROPOSI) 3 AUG CLAUDE GREEN 27 JUL 76

PRESENTATION ON ACDS REQUIREMENTS AND 37ECS

(BOB WOLF, ?). _
4. SET UP PROPOSED § AUG PRESENTATION OF Z{PERIMENT CLAUDE GREEN 27 JUL 76

REQUIREMENTS UPON ACDS.

! .
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ELO03]L. Store P
\ D _'Z, Soltz . '

- - GoorgeC. MnrshallSnace'Fllgmcénlar

ot gabivemblih MIAGA

Marshall Space Flight Center, Alabama

T 35812 : :
moywama~EETI= 393-76° © - T 0 AugustS, 1976
'’ por  Distribution
st ' . S . '
L _ FROM: EE71/B, Thomaa Recio
Ve - ' : . -
.,-f-';,:;,. "SUBJEGT: | Minutes of July 28, 1976, Meeting on HEAO-B' Targeting -
. .". 'The gubject meeting was held at MSFC with attendance as listed in
;‘s Enclosure 1, R. Farrenkopf of '_I'RW pregented the results of TRW
T analyses concerning the HEAO-B targeting process, guide star -y
: selection and availability, and the probability of successful operation, t
. " Copics of the presentation material were distributed; additional copies
e . .may be obtained from M. Naumcheff, BEL12, 453-4735, Definitive data
17 . s still lacking-on observatory pointing error characteristics due to the
.75 delay of several TRW studies. The delay was caused by project funding -
Ll -*. constraints, However, the meeting successfully broadened the under= -
: ‘ gtanding of the targeting preblems, provided parametric data needed
for further analyses, and focused the remaining analyses required, °
¢ .. The next series of study actions ib identiffed in Enclosure 2, A meeting
.+ .. . toreyiew the'repulta of these a_cﬂ.onu ia'planned for early September,.
‘' =i<prior'to the HEAO=BACDSCDR... .~ - | we e
B . B IR . .I.V,:.“-" - . . - ’ N . . .
-; 7(/;5,. ez e R
fl (" a . / . . I.‘-":f"‘.:'.‘l*‘ ot __'.“..‘ - '. S,
it ... “‘B. Thomas Reclo R R A STt N
% L. HEAQ Engl}meri,ns’oiﬂwg,;‘ degr gt len
.;._ i '.‘ . ~l R . ” .'l_: . ,‘. . .:‘:‘ .:1 ',": *
. 2 Ehdlosur!sa Y T L s
' ST JER
| . . | - .
;Dist':-ributi_m}:, i Y
" Attendees ey
- DDO1¥R. Smith = -.* .o o L
- .7 HAOL/F, Speer. . M, #7807 ey
'+ HA23(C. Meyers . . Co
EE71/T, Wojtalik , U
' . ELO01YH, Thomason , .

[

L T e e e h g e e T e L




HEAO-B

Name *

‘M. Naumcheif
M. Harrington

- Volis L. Buckelew

Vie Brenes

R. E, Rosge

F. Kartz L
B. Thomasg Recio
J. B. Alario

" W. Causey e

R. Stone

- . Ds Greenwell
.~ J» Novotnak
. John Bailey - o ¢

Paul I. Zalubas
M. E. Singley .
B. _D.lDolexi-hle :
B, Da.ven‘poirt'

8. Murray i
E. J. Schrdier
R. Fatrenkopf

+ P, Craighead

D, P. Hoffman

E. A.'Berkery '-:'- .
H. Hight oy 0

R. Wolf
Te Liﬁle

o S SR
s R

July 28, 1976
. Attefidance List

Org-

MSFC/EL12
MSFC/EL14
“MSFC/EL23
TRW
TRW
MSFC/EL11
MSFC/EET71
TRW .
MSFC/EL23 ,
MSFC/EL23 ~
MSFC/EL22
. MSFC/ELiZ *
MSFC/EF23
CSC/GSFC
~ MSFC/ELS4
- MSFC/ELI12
' GSFC/514
SAO
SAO i
", TRW Systems.
-~ MSFC/ELS4
* TRW/ACDS

MSFC/EL04

LW MSFCIEETL 1
| . f A MSFGIEF25 7L
.. CoDi'Carlile

o MSFC/HAZS T L 4s3e1g30
.:li:-:. . .t “I'-;.- - '..o_- . l... R ‘ i i
S A
. L o ;a. 1
Gl
r o . . ’ ' . T
‘ ) . ' ’ o : +
i Lo Enclosurs 1
aE : BT v

ORIZHT&Y vagy -
OF PGz o

Fyd
"

TRW/ACDS/OCC ' - -

TARGETING MEETING

Phone

453-4735
{ 453.5496

T 453-1089

(213)536-2293

.(2131535-3085 .

453.5200
453-433)

' (213)526-2641

453-0447
453.0442

07 453.2519
' 453-4735

. ;¥ ‘.. . 45325170

(301)589-1595 _ _"‘

S , 453-2713.

453-4735
9822588
(617)495-7205

.453-2713
(213)535-3085

. " 453.5222° |
453-4217
453-0996 . -

- (301)982-2772 -

C Wt (617)495-7205
>  (213)536-3590 .
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Lt U L i *
= tes e HEA.Q B TARGETING MEETING '
3 P ‘JULY 28, 1976 T
. : ACTION ITEMS S Ja
~ ACTION e Tl Lo e Tl e . -
" ITEM NO. . ACTION .. mamee — -+ ~—  ACTIONEE DUE DATE -
L : y - " ’ [ —
| Evaluate the confidence in a Guxae Star separatmn angle TRW . CDR Data
o sammar acheme for verifying pomti:ag : (V. Brenes). . Package -
w 'a 2. Provide updated data -on Star Tracker (STA) charactenst;ca SAO August 16, 1976
8' 2 ‘ 'based on flight article data T A (5. Murray) {1st Flight Article)
= F: : N . . c October 1976
o - R W Sens:.thty e IRy A (A1l Flight Articles)
o g 'b. "Drop Track" response R N - o :
E % . Ce Color sensitivity I ' P .
= R O - - - T - SR
E 7 .3, Provzde current data on RGA. cha.ractensttcs, mcludmg TRW August 16, 1976
o emmel - " thermal distortion effects {V. Brenes) _ LT
A "a. Alignment/Scale Factor . .. - i v O :
b. Drift Rate T LR NS | - f
" 4, | Refine the pa.rametnc data on Prc’ba.b:.htxes of Unamblguous . TRW CDR Data j
Guide Stars. Amb:guous Guide Stars, and Gmde Stars * (V. Brenes) Package —
a. Effect of updated STA model ' 'i' .- P _: R o - i, -
b. “Frmge" Effect ) S I ' .
S Update and complete the parametrzc data on probabxl:h.es of TRW ] CDR Data  *
gattmg lost I LA {V. Brenes)’ Package, T
R 1 ot T ) s e ) - . Lo . . :
a. Complete star catalog . ' Lo . o -
. - b. Incomplete catalog A - B X ‘
' o el , ' ' Enclosure 2
. _ _ : o~ 1 e
i
N ! o \‘
LT " _— ~ . .




IMG-B'Targ_eting Meeting, July 28, 1976, Action Items’

ACTION

i . - -
[ LTy . . B} et

T

- S LT L. L et e m

' ACTIONEE

DUE DATE

ITEMS

6. .

60T

.t

Eva.luate the cost and other impacts of star catalog

ACTION __ -

Evaluate the probability of gettmg lost agamst the ~
mxsaion DOP characterishca

a. Slew angle distribution
. b. Regquirements on DOP to minx.mize
"gettmg lost" .
Evaluate the prepagation of "I..ost in the Small" through
successive slews for each of the conditions of {a) No
‘Guide Star acquisition and (b) False Guide Sta.r ’

a.cquxsxhon, and for each of _ .

. -...Case A: 4 r.;yc!es between two targets '
S 30 min dwell per target = = . - .

Slew angle = 110 deg

o

Case B: 4 successive dszerent targets

" T 30 min dwell per target

Slew angIes = 30 deg, 90 deg, 180 deg

Identify and evaluate operatxonal techmques for recovery

£rom lost conditions : . S .

a, Lostin Small . -
b. Lostin La.rge ) . ’

a.ugmenta.hon through ninth magnitude

'a. Complete sky
.b. Target mxm-catalogs (IUE system)

!

D A W Tk e H I :
T T T I A P It 1T S S ST U

MS¥F'C

Y ¢ Kurti) )

TRW

iv. J.Brenes)

 MSFC
(F. Kurtz)

GSFGC

(B. Davenport) .

CDR Data

Sept. 7,71976

By ::DR

Post CDR '

Pack

.
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fa u

DATE -l ous 1976 . | PR 3 CF

e e -'-D : .
r\,:_:-: LaATrR S.':LT'_'":Q IR SCHEDULED Cot Pl . E ﬂ_‘D h-‘?": " | R =
oo Ts - ) o | NASA CHAIRMAN: . END ITEM RO _
T acczztsoey: ' R : REVIER- ' N
sagdicT: - . ' o o f . . ' '

Ensuring. that components meet the specifications

) DESCRIPTION: ' L . S o

-."" Y - =

_ The MSFC design laboratories must \Le'c'eive the hardware componerit data packages T
that go with the €0Q's in sufficient time (three weeks ahead of the C0Q "need date's"')

ri-- - so that MSFC can review'them prior to the daté-the C0Q's must be signed. T T TV !
[ ] - . . ¢ T
v X : -
'REFERENCE: -~ : o - .
| SO CIOSEOUT L e e e
: ACTION TAKEN: . e a‘nt._.u;&_i..'u totnie. o R P e

{EcTiON BY (ACTIONEE!: [APPROVAL (SUPERVISOR): | ORGINATOR: _ NASA PROJECT CLCSURE:

i

DATE: | DATE:

|pate: - : DATE:
Ce bt ke tdanlury 1224 , B
£

T T LA " T gt Lo : .
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APPENDIX C

MEMO EE71-390-76, WOJTALIK TO DR. LOVINGOOD,
DATED AUGUST 3, 1976, SUBJECT:

e R e g et e L e s s et e T Tt e




National Aeronautics and :
Space Administratton NIEA
George C. Marshall Space Flight Center ‘

: Marshall Space Flight Center, Alabama
: 35812

Rigytoamot  EET1-390-76{1 “Aupgust 3, 1976 -
TO: ED0L/Dr. Lovingood
FROM: EET71/Mr., Wojtalik
;
SUBJECT: HEAO-B ACDS Ad Hoc Review Team
REF; ‘= (1) Memo EE71-85-76, ACDS Ad Hoc Réview Teain,

dated February 10, 1376
{2) Memo EDI12-76-58, Formation of HEAO-B ACDS
Review Team, datéd July 26, 1976

I YL N

This letter is confitmation of our request for continuance of the ACDS

 Review Team that was established in response to reference (1).
Extension of the team activities i§ required for an indepth evaluation
of the proposed HEAO-B ACDS.

s e

We understand that Dr. S. Seltzer/EDI1Z is now the chairman of the
Review Teamm and we appreciate the immediate action he has taken in
. organizing and initiating near-term activities. The material (ref 2)
that was presented at the first meeting of the Review Team where
Dr, Seltzer served as chairman describes the mission and expected
composition of the membership. Any changes to the mémbership list’
should be resclved between Dr. Seltzer and the laboratory recom-
mending the change.

Lt gttt e et

Providing support to the HEAO-B ACDS CDR and follow -up actions -
! . resulting from the CDR are the immediate goals for the Team. The
i CDR is now scheduled for the week of September 20, 1976,

" Please contact Mx. R, Wolf/EET] if we can be of any asswta.nce m
performing the Team's mission.

LAl Th et T T e R

Fred 8. Wo_ttahk
HE AO Chief Engineer

cc: see page 2
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rf"?\*:&
[ § e e e
it

cc:

HAO01/F, Speer
EEOQ01/W. Marshall
ELO1/H. Thomason
ECO01/F. Moore
EF0l1/J. T. Powell
EPO0Y/A. McCool
ES01/C. Lundquist
ELC3/1.. Stone
EDO1/H. Worley
ED22/C, Green
EC21/J. Mack
ECI3/E. Baggs
EF22/E. Maynard
EDI2/S. Seltzer
TEE71/R. Wolf

113 .




APPENDIX D

MEMO ED12-76-62, SELTZER TO WOJTALIK, DATED
AUGUST 12, 1976, SUBJECT: "HEAO-B
ACDS REVIEW TEAM CHARTER"

PRECEDING PACGE BLANK NOT FILMER
| | |
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C“""' LML Serae Fn i ooy
wid:shall Space Figil Gnind, ALt
35812

Repyoqgmor  ED12-75-52

T0: TE71/Fred Yojitalik

FROM: EDT2/8. M. 5&1:3:-.'.". C
SUBJZCT: HEAC-B ACDS Review e
fnciosed is the charter for t':‘.e

baen prepared by the teax in &
rasgens i3ilities. Ex,,..».enc_; M

tne fnoirant COR scpadule. Faor

e .....) P A i -
the groend attitude daterningi

Pem.ra.. ¢ on the grount is cC: ".'CCL §8¢ pid

‘.‘e gEgune vo;. preazhly will wis
particutlariy thoray provien ser
exists io cc':e wivh tnat prowizs

uhat you determ m: e

areund a ttituda ceterminat’os

titlg 84T ichore tcr‘ses to sunp»

A T

/j'l':» w-’/,f-f"’ e

Sherman . S2itzEr

Crairman, HEAD-B ECDS

Review Team

Encliosure
Chartaer
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A izws .
ratrman, #E80-2 ACDS Review Teem
2w Crarter
wE22-5 ACLE Raview Team. It nas
sitenot o coretully d=lineate our
g2 bzen irciuded in eroar fe mzet
instanse, we are not ;"sk'rg gt
o5 Sy:Suin. W@ ESSUmE Uag u..c'*'c.':'.e
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:.:a.‘..,y. Uz :.] 6 88t
o aSter the RERQSB Cin
czin efter thd LODA,  s@ recoorend
yeu wish reviowad {such as’
:.:'.i ';:"..;" ..‘.-': zgreenenis be coveloped Tor
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cC?

ECGY Nir. Noore

to01/or. Horley

cb01/5r. Lovirgood \\

ELOY/Dr. Thomascn '
EPOT/Mr. McCool \
ACDS ‘Taam Members

EC21/Dr.
ED22/Mr.
ELOA/Hr.
EF15/Mr.
EP24 /My,
ED12/Mr.
cCi3/Me.
EDI2/Mr,
ECZ2/Mr.
ELEL /M.

Green

Doane

P

Hight/sr. Cox
Rowa/Kr. Collins

Les Jones

Kennel

Milnar

Shalton

Sims

Singlay/ilr. Craighead

ORIGINAL PAGE IS
DE ROOR QUALITY
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diagrams can b2 ©o va reing cegreas of dzinil, the contornzd tean
member will deterimine the lavel ¢7 detail on a casz-by-case bzsis.

cefinitions

1. Technicail cuequky. The ACOS will meet the ACDS subsystenm
specifications during HEAC-B activation and during all operaticnzl
iodes gefined in the CZl specification,

2. Technical inacecuacy. Aoy ACDS item--sofiware, hardware, or
analytical--that causes tha ACDS rot to mest the ACDS subSJStem
specifications during activation or during any of the opérational
modes defined in the CEI specificat1cns.

3. ACDS. For tha raview temm's “"TDCJLS, the ACDS shell be
assumed to be only the spac=cra.t borna system thet includes the
following:
3. The g;ac;rce and conirol 1&uws and the sovt#arc anc hardware 5
racuirad to implanent them.

Tra en-board implamarzatien of tha pointing, manzuvaring,

an mentum unlozding schemes and Tne recuirec assoc1a:cd cn-ssard
so‘cv ré and hardwars.
c. The Star Trackers (ST), Reference Gyroscoie Assenniizs (REA),
Azaction Wheel Assemb.jes (e, Rzaction Whaal Slectronics Lssamsliss (RUEZAD
-, A uE) -— - a 5 e [N C) X
Sun Senscy Asseadlies (SSA), the Transter Assazsly (T4, and the Digital
e Fo 3
Processcr Assembiiss (OPA).
¢. Those porticns of thsz fzuctisn fontrel System (RCS) and the
Zlectriczl Systam that interact with or otherwise zffect the AlCS.
2. Tae ACDS shall net inciude thz ground. seTivere.
The ground-ganerated informatien {e.g., “wo sets of quat artions
the RS T-matrix, W matrix, tarcet and maneuver_infc_ne:1cu) used by <he
&30S is assumad to be properiy and correctly datermined and communicated e
the ACCS.

DRIGINAT} PAGE 15 -
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| APPENDIX E
| LISTING OF AVAILABLE HEAO-B DOCUMENTATION
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Lyming. OF Avarvadre Decvmgpivran  son Opve hﬁrrm”','mw_

" . APPENDIX A .

' - WEAQ-B ACDS Design Data Base

o of the NEAO-B ACDS has been based

The design analysis and simulatio
quire-

‘uponadata developed from observatory level and subsystem interface re

.ments allocatipns, These basic data are summarized in the following'tab1e
for reference. The documentation availabiiity is also noted in the table.
Only that not previously included in data packages 1s 1qc1qded in this

data package.
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Design Data Base Documentation

"~ HEAQ-75-310-217,. "Hass Propert1es of HEAO-B for Analysis,"
R. E. Frazier, 7 October 1975

HEAD- 75-480-391. “HEAQ-B Design Verification Data Base,"
D. P. Hoffman, 4 September 1975 .

HEAQ«75=420< OBEA "Rev1sed HEAD-B Hass Properties Uncertaintfes
for ACQS Des1gn.“ L. Korba, 19 August 1975 -

~ HEAD- 76-420-057 "HEAD-B Sun Sensor F1e1d~0f View {FOV)
Potentta} Blockage," A. H. Car!1n. 28 July 1976

. HEAO-75-420-096, "Sun Sensor Field-of-View (FOV) Potential App. B.1
Blockage," R. W. Steel, 15 -August 1875 _
Structures and“Dyﬁamics _f

HEAD-75-440-165, . “Natural Modes and Freauencies for the.
Dn-Orbxt HEAO-B :Observatory," K. E. Barry, 28 October 1975

HEAO-76-440-049 “"HEAD-B Fina) Separation Analysis and S»Band
Antenna Dynam1c Clearance." K. E. Barry, 10 June 1976

. : HEAQ-75-440-144, "HEAD B Separat1on Analysis,"
;h- Ilﬂ M. Hwang, 24 September 1975
i

‘~4HEA0 75-440- 117 "HEAD-B Experlment On-Orbit- Response to

Reaction Wheel Unbalances." R. A. Browne, 7 July 1975

. HEAD-75-#80-174, “HEAD-B Reaction Wheel Assembly Fundamental

Mounting Resonance," K. E. Barry, 26° November 1975

App.

App

App.

App.

T o | HEAO-A  HEAO-B -
~ DOCUMENT . o i ACDS COR  ACDS PR’
. Hechan1ca1 Ues1gn _

' HEAQ-75-860-477, “Revisions to HEAO-B Data Base," .App. B.1
"7 D. P. Hoffman, 4 November 1975 - . "y L
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" Design Data Base Documentation (Continued)

"HERO-A
. ACDS PDR

HEAD-8

. DOCUMENT - - P ACDS CDR

Flight Mechanjes _ |

. HEAD-76-320-003, "HEAD-B 'Ul:h'i-t Decay and Ballistic
Coefficient-Update." R. R. Hi111ams, 23 February 1976
HEAD-?6-460 005, "HEAD-B Orbita} Decay Time History Design Base,"
D. P anfman. B January 1876
‘Eiectrical '
HEAD-75-310-099, "Design Limits oh Reaction Wheel Input Current,”
E. P. Todns1ev, 27 May 1876 "

; HEAO+76-310-079 "Wheel Over-Current Effect Qn Other Spacetraf%
Functions," R. E. Frazier, 19 April 1976 )

_ HEAC-75-400-020, '“ACDS Dasign- Requlrements for HEAD-B Peuk Loeds
ProbTems." D. C. Kirby/R. E. Fraz1er, 6 June 1975 R c
-Exgeriments - - . -ﬂ . ' : : .

. HEAD- 75 310—110, MPointing Restr1ctron of the HEAO—B Ohservatory.“

E P. Todosiev, 22 June 1976

HEAD= 75 310-161, "Attitude Maneuver Cunstra1nt on HEAO-B,"
E. P. Todos1ev, 24 July 1975

 HEAQ-B-76-KL-426, “Update of Action Item 128410," .

T, E.;K1rchner. 13. August 1976 :

HEAD~B-76-KL-413, “Response to Act1on Item #IZBMXO "
T. E. Klrchner. 27 July 1976

' . HEAO- MC-?5-13EC “"Contract NASB- 28300 Modification Nn 144"

R. W. Hick 26 May 1976 -

| HEAO~76-460-109, "HEAO-B Star Tracker Data Base," D. P, Hoffman,

7 April 1976

App. C

App. B.2

Ppp. 8.2

ENCLOSED




nesign Data Base Dacumentation (Cuntmued)

s B . : HEAD-A HEAO-B o
DOCUMENT : - . ACDS CDR ACDS PDR ENCLOSED

" HERD-74-490-15, "MRE-1 Thruster Spec1f1c Impuise for Various Api. 8.6 - - o _ :
= % o ‘Fir'lng Modes,” R. L. Sackheim/R Car‘lson, 2 October 1974 : fmmr—

;-%"‘. _ HEAD- 74-490-20, WFLTSATCOM 1.0 1bf Thruster Steady State : App. B.6 - 1
x %: E .. Thrust Level Characteristics,” D. E Fritz, 4 November 1974 ' L : !
= i

k

i e

E R 2 d L HEAO-»?S 490- 054, "Impulse Bits, HRE-] Thrusters," App. B.6
; O ‘ . R. ‘A, Car]son, 5 June 1975 : . o : 3

Systems Engmeermg

'HEAD-75-310-160, "Effect of Gas Leakage in the Array Release App. B.3
System on HEAQ=B Attitude Control," E. P. Todosiev, 23 July 1975

HEAO-75-310-231, "Residual Momentum During HEAQ-B Sun . App. B.2
Acquisitions,” R. E. Frazier, 24 October 1975 . ,

4 b gt

‘HEAOZ'-75~4BD-43_7. "Residual Momentum During HEAO-B Sun . _ - - HPpp. B.2 L : b
Acquisitions;” B. P. Hoffman, 13 October 1975 5 . _ _ (

; ; HEAQ-75-310-209, "Initial Conditions for HEAO-8 Entry into App. B.2 - :
i oo ' ‘Fail___n;re Mode Control," R. E. Frazier, 24 September 1975 . X : KU

HEAQ-76-310-123, "HERQ-8 Structural Deformations for ACDS _ . X .
Analysm." E. P. Todusiev 10 August 1976 . ] :

‘HEHB-JE 460-160, "Rep]acement of HEAD-B RUWA ‘Joltage Com'nands . x et
by Current Commands," R. E. Rose, 13 May 1976 : ) . ' :

HEAG-76-460-033, "Consistency of Motor Performance - HEAO RWA," | . x
-d. C. Randall, 13 February 1976 : :

¢
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APPENDIX B
Mathematical Models

Models‘representing environmental effects, hardware characteristics,
dynamics and kinematics, and software operations have been developed in :
support of the ACDS analysis and simulation tasks. The table which follows
indicates the documentation which relates to these models. Since much of

‘these data have been prbvided previously and js somewhat voluminous in

some cases, only that not already submitted in design review packages is
actually included in this appendix. _The tabular entries show the specific
location of the previously supplied data. ‘ S
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Mathematical Model Descriptions

e _ . HERD-2 HEAT-E -
K - DOCUMENT . . ACDS LDR ACDS PDR EhuL”:::
. o Disturbance Torques' . " '
L By _
P v S HEAU 74—460-059 *Disturbance Model for Gravity Grad1ent App, C.3
j EgaEg Torques,” V. R. "Fish, 20 September 1974 , '
:: 5U_E§ HEAD-75-460- 212 "Mititude - Air Density Mode for HEAD ACDS App. C.3
» %%:;g Simulation," V. R Fisk, 29 Apr11 1975
‘-{_‘: : EZ mi HEAC-74-460-08B4, "Magnetic D1sturbance Torque Model for HEAQ," App. C.3
2 34'“1 V R. Fish, 30 Septemher 19874 A
’ #2360 : .
e HEAD 75-460-530, "HEAO B Aerodynam1c Disturbance Torque Model," App. €
H. Nakano, 19 December 1975 : '
: HEAO-?S 320-003, “HERO-B Orbit Decay and Ballistic ' ' See App. A
Coeff1c|ent Update." R. R. w11}1ams, 23 February 1976 _ - .
Hardware
-Qx.':o_s,
-HEAO-74-480 085, "Reference Gyro Assembly Model," - App. £
T..T. MeElroy, 1 _October 1974 -
HEAO--‘M.-4GG.-'138 “Gyro Noise Eonsmeratmns. ~ App. C.1

T. T. McETrdy, November 1874

A M AYME MR

:HSAD-?5'4EUﬁ055. “Gyro Noise Model - Parameter Cons1derat1ons,“ - App. .3
T. T. McElroy, 8 January 1975 ‘ . :

HEAO 75 460-227, "Gyro Model - Power Spectral Density . ~ App. €
cnaracter1st1cs.“ T, T. MeEiroy, S'may 1975

ko
i

HERO-76-460-097, "Bendix Gyro Data,” T. T. McElroy, : - oy
26 March 1976 ' R _ - o

3t
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- Mathematical Model Descriptions (Continued)

o - _ : HERO-A HEAO-B ' &
HOG_UMEN}' c - ACDS COR: ACDS PDR EH_CLF§§_D_-';

Hardware (Cnntinued)-_ B ;

- Star Tracker . ' _ . )

. HEAD-76-460-109, "HEAQ-B Star Tracker Data Base,” ‘See App. A
D. P. Hoffman, 7 April 1976 -
HEAQ-75-460-479, "HEAO-B Star Tracker Model,” 7. T. HeElroy App. C
29 Q0ctober 1975 : . C
*Reﬁigﬁéﬁrwhggls. _ _ . _

© HEAD-76-860-237, "Test of Sperry Reaction Wheel Motor with HEAO-B X
Current Drive RWEA, H. Nakano, 13 August 1876

: ﬂEAO-?G-aﬁo#zas._“nathematicaJ-ModeIs of HEAO-B Reaction Wheel &

' Motor with Current Drive RWEA," H. Nakano, 13 August 1976 _

HEAD-76-460-172, "Sperry RW Motor Test Results,” H. Nakano, | - X
2} May 1976 ' ' ' .
HEAD-74-460-200, "Mathematical Model of HERD-B Reaction Wheel Aop. C

" Motor," H. Nakano, 11 -December 1974
_Sdn'Sensors:; - _ '
HEAD-?S;GGO?BB?.‘“Sun'Sensor'Hodeis-and Test Data Comparisons," App. £.2

'D;*P. Hoffman, 28 August 1875 - -

TRW 10C 7347.4-131, “Angular Error Due to Earth Albedo--HERD X
Harrow AnglggSun.Detector.“ S, :A. Uchizono, 12 June 1975

HEAD-75-860-270, "Estimation of Noise for HEAD Sun Sensor . App. C.2 7
- Agsemblies,” R. E. Edwards, 11 June 1975 . T _ .

"
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Mathematical Model Descriptions (Continued) R "

o R S - o HEAD-A  HEAO-B :
DOCUMENT | | ACDS COR  ACDS PDR  EMCLOSED

Hardware (Continued) -

Sun Sensors ’ |

 HEA0-75-460-238, "Earthshine Calculations for the HEAD ZSSA " App.C.2 | ;
Wide Angle Detectgrs,P R. E.‘Edwards, ZQ'May 1975 _ - ) - .

',__HEA0~754460-088;}”CoérseﬂSun Sensor and Output Processing _ App. C.2
* Models,” D. P, Hoffman, 21 February 1975

HEAo-Taeiée.zoa;-ﬁCOarseTuetectbr-0utput," D. R. Spetter, App. €.2 : _ :
9 December 1974 Ty Lo ' - ' :

HEAO-74-460-153, "ZSSA Narrow Angle Sensor Functional | App. C.2
Description and Nominal Performance Characteristics,” _ ;
R, E. Edwards, 1$-November 1974 ) : ‘ §
001137, “Fiight Program Requirements Document for HEAO ACDS - - _ DPA Software

(EPH—B),£:12‘January‘IQZsi - . _ . Data Package |

631
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. APPLHDIX C
5 Attitude Reference Analyses
The desciiption and performance analyses results of the on-board
attitude reference implemented in the DPA software are contained in the . -
documents of this appendix. The basic form of the reference is identical
to that of HEAO-A with the addition of an autonomous star tracker update '
algorithm. The gyro processing, attitude propagation, ground update,
and sun sensor update algorithms are unchanged from HEAD- A. The star
? tracker processing and star tracker update algorithin are unique to the
j HEAO-B design.. The following table identifies the applicable documenta-
} _§ tion and where it can be found in terms of data packages. Only that material E
N ? _not previously provided in other data packages is conta1ned herein. f
| |
f ;
: i
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Attitude Reference Design-

[;DDCUMENT
THEA&-76-450-100, "Maneuver Att1tude -Reference Performance HEAC-B,"
-_.T. T. McElroy, 25 March 1976

':HEAD 76-460-062, "Artion Item Resnonse - Star Update A]gor1thm
.;(HEAO-B).“ T. T. ¥cElroy, 9 March 1976

" HERO-76-460-043, "HEAO-B Attitude Update Cons iderations, "
- T. T, McE]roy, 16 February 1976

-f~HEAO-MC 76-132C, "Contract NAS8-28300, Modification No. 144,"
- R, W. Mick, 26 May 1976

' HEAO-76-460-079 "HEAO-B Attitude Reference System Description,”
~T. T. McElroy,. 16 March 1976

IfIHEA0-75-460-037. "HEAO-B On-Board Attitude Reference Performance -
. Momentum Dump, Maneuvers and Celestial Point Modes," T T. McElroy,
"8 February 1976 _ _

f=HEAO—75-4b0-538 "HEAD-B On-Board Attitude Reference Performance -
~ Celestial Point,"” T.'T. McElroy, 30 December 1975

. HEAD-75-460- 517, "HEAO-B Attitude Reference Performance Run
: Schedu1e - Poxnt Mode," T. T McElroy,; 26 November 1975

HEAD-A HEAO-B .

ACDS CDP ACDS_PDR

App. F

App. F

X

- See Ao, A




‘attitude contrgllers is identical to that for HEAO-A.

‘used in the software flight program however.

.-

APPENDIX D

Normal Sun Acquisition Analyses

The .design implementation of the HEAO-B ﬂormai Sun Acquisition (NSA)
Differences -do exist

numerical values associated.with the control constants .
Performance verification

in terms of sun acquisition, sun point, and 1linear stability has been

demonstrated for the applicable HERO-B mass properties and orbital
The documentation of the results of these analyses
These form the bases for the sunmary

in the specific

characteristics.
are listed in thg following table.
data of Section 6 of the main volume. -
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- . Normal Sun Acquisition Desian

HEAG-F  HEAO-B

DOCUMENT o | o © ACDS CDR  ACDS PDR  ENCLOSED
P HEAQ-75-460- 252, "Normal Sun Acqu151tnon Sun Point Accuracy," App. E.3 :App. I
;- D. P. Hoffman, 30 May 1975 . ,
HEAD-76-460-117, "NSA Pointing Accuracy U§1ng Narrow Angle ‘ | X
- Sun Sensor," D. P, Hcffman, 12 April 1976 . o
HEA0776e460~211 "HEAD-B Normal Sun Acquisition with Low S | X
Scan Rate,?'M L. Ownby, 27 August 1976 - _ : ‘
HEAO-75-460-505, "Sun Point Performance Ver1f1cat1on Study : - App. I °
of the HEAO-B Norma1 Sun Acquisition Mode’ Contro1ler,"- ' :
E.. R Edge, 24 November 1975 o
MEAD-75-460-503, "HEAO-B Normal Sun Acquisition Mode Linear _ | App. 1
Analysis with F]ex1bie Body Dynamics and_Prope]lant STosh _
_Effects," E. R. Edge, 17 November 1975
HEAO-75-460-454, "Acquisition Performance of the HEAD-R | - App. I
Normal Sun Acqu1s1t1on Controller,” E, R. Edge, 23 October 1975
HEAD-75- 450-428 *Initial S1mu1at1on Run Schedu]e - Normal - - App. I
Sun Acqu1s1t1on Mode - HEAO 8," E. R. Edqe 6 October 1975 _
-
S ocpet
e
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APPLNDEX L

. ' Celestial Point Analyses
The HEAO-B requirement for atcurate celestial target pointing and
stability is provided by the reaction wheel controller which allows,
stabilized target pointing, wheel unloading via the RCS, and target-to-
target maneuvering. Documentation of the anmalyses and simulation results

applicable to this attitude control operating mode is summarized in the

indicated for cross reference and to avoid the necessitate here for
duplication of previously supplied material. '

B e il b St S DA

2
2
3

5
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following table. The data package in which the documents appear is also
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..CeTeStTal Point Design

HEAD~A

.fDGCUMENT e R - ACDS CDR

-

HEAO-B -
ACDS PDR - EMCLOSEC

HEAQ-76-460-160, "Replacement of HEAG-B RWA Voltage Commands
by Current Commands." R. E. Rose, 13 May 1976

fHEAG-76-460-175, “Resca11ng of React1on Nhee1 Centrol Parameters, "

| 'H Nakane. 21 May 1976

.HEAO-76-460-220 '“Celest1a1 Po1nt Error Analyses for HEAO-B," -
T T. McElroy, 15 July 1976

HEAB-76-460-233, "Gyro Brift Uncerta1nty Estlmate (HEAO-B) "o
D. P. Hoffman,- ]1 August: 1976 .

HEAO-76-360-145, "HEAO-B Celestial Po1nt Error Ana1y51s," '

D. P. Hoffman 7 May 1976 =
HEAO-76-460—078 "Effects of Parameter- Var1at1ons on HEAO-B

“Maneuver, P01nt, and Unload1ng Performance," H. Nakano,

30 July 1976

HEAO-76-450-049, “WHEAQ-B' De51gn Verification - Nom1na1
-Maneuver Performance, H. Nakang,.l March 1976 :

.HEAD—76-450d036 "HEAO-B Design Verification--Nominal Po1nt

rand RW Mementum Unioad1ng," H. Nakano, 16 February 1976

-HEAO-76-460-178, "HEAD- B Linear Stab111ty Ana1y51s--Maneuver,
3P01nt and Un]oad1ng," H. Nakano, ?‘August 1976 -

,HEAO-76-460~184 ”RWEA Bandwldth ReqP1rement," H. Nakano,

28 May 1976.

'H.50-7a~460~537 "HEAO B Des1gn Ver1f1cat1on Cases for Celestial

Po1nt and Rw Mementum Unload1ng,“ H. Nakano, 29 December 1975

“See App. A

S

App.
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& |
-fCeléstigl PointLDesign {Continued)
: | | HEAD-A HEAO-B
f,nucunanr | L _ L ACDS CDR ~ ACDS PDR  ENCLOSED —
_mwwwm"mem%M%mwmwmmmm ‘App. € |
- Studies," H. Nakano, 31 October 1975 - ' 1
‘ffmmq&mmms"mmﬁmuMstmmBMuumwmachm . App. 6 ?
._System,“ H. Nakano, 2-May 1975 . . ;
,  HEAD= 5-74-406,'“HEAO B Maneuvers.“ H Nakano, 1 May 1974 -App. 6 %
| HEAD-76-460-226, "RCS Requ1rements for HEAO-B,” ¥. R. Fish, X 3
C 27 duly 1976 - ' —
" HEAD-75-460-536, YHEAQ-B Impu1se and - Torque Survey Us1ng Computer  App. D | ﬁ
- Program HITSB," H. Nakano. 23 December 1975 . - ;
- HEAO- 75-460—092, "Recovery from Large: Dtsturbances During RWA fﬁ ) i___;__
ngHaneuvers.“ V. R, Fish, 22 March 1976 - | |
. }—_,..
- Tl"‘" -~ R k\;.‘.g‘,,_, |
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APPENDIX F'
:% First Sun Acquisition Analyses :g |
. ~ The First: Sun Acquisition (FSA) attitude control mode is implemented L
R in dedicated hardwired e]ectronics in the transfer assembly. The design SN

inctuding the actual control gains, time constants, and logic are identical %

- in the FSA mode for HEAO-A and -B. The documentation appl!cable to the :

. A analyses and simulation, results for this operat1ng mode are listed in the {;

f ‘following table. Since all of these have been provided in the HEAO-B’ 7

; ~~ ACDS PDR data package as noted ‘they are nut included herein other than - }V

by reference. é

|
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~ First Sun Acquisition Design A

RIrTvan
81 #ov,

HEAD-A

HEAG-B

DOCUMENT | - ) ' . ACDS CDR

=HEAO+75-460-535; "HEAO-B First Sun AcquisitiOn Fo!1®wing

- .Separation,” V. R. Fish, 19 December 1975

'HEAD-75-460-533, “Linear Stability Analysis of the Failure
Sun-Acquisition Controllers - HEAD-B," H. Kaichi, B
'19 December 1975 : _

HEAD-75-460-532, “Performance of the FSA Mode Controller in
Long Term Sun Point Operation - HEAD-B," H. Kaichi, '
19 December 1975 -

'HEAQ-75-460-531,. "Recovery Sun Acquisition Performance in the
‘Faiture Sun Acquisition Mode - HEAO-B," H. Kaichi,
19 December 1975 o o

.-QHEA0425e46044215:“Preifminary Simulation Run Schedule for HEAO-B |
' FSA Mode Verification," H. Kaichi, 30 September 1975 s

lHEAO-?B-SID-]OQ,‘“Actian Itém No. 9 HEAO-B Observatory System PDR,”
E. P. Todosiev, 21 dJune 1976 : ' .

‘ App.

~ ACDS PDR ENCLOSED
- App. H

ot

App. H

~ App. H :

App. H

-*[« B T T R l.
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APPENDIX G

Ground Software Requirements_and'Performance

The ACDS is allocated the function of specifying the requirements for
the ground software associated with star identification, attitude determina-
tion, and parameter estimation. These requirements are to be implemented
by NASA/GSFC. Performance analyses associated with these functional re-
quirements is also an ACDS responsibility. These analyses have utilized
the tools and. techniques which have been developed by TR and thus do not
actually replfcafe the GSFC implementations. The data contained in the
documentation listed in the following table reflects the results of these
studies:- In parallel with the ACDS tasks, there are also a set of studies
which are ACDS related but which are being conducted as part'of the Mission
Operations activities. These results are interrelated so closely with the

-ACDS desian that_the} are also referenced in the table.

I
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B : S L .
- o Ground Software Design . , - o
o S . MEAS-A - HERD-B- |
. DocuMENT : . ACDS CDR  ACDS POR  ENCLOSED
. HEAD-76-860-112, "HEAD-B Attitude Estimation," . o - X
: R. L. Farrenkopf, 26 March 1976 i ' - , _
o AIAA Paper No. 74-903, "Generalized Resu]té for Precision - _ | o X ' :
P Attitude Reference Systems Using Gyros," R. L.- Farrenkopf, E . ‘ } .
| August, 1974 - o | - ' | L
3_ | -Attitude'Estimation'Resu1ts; R. L. Farrenkopf, | - i - A }~——+3m
28 June 1974 - o o Lo | : .
' MEAO-76-860-186, "The HEAO-B Slew Manewver: Expected - L X
Attitude Errors and Rate Gyro Assembly Calibration,” ' ' g : : j
R. L. Farrenkopf, 22 June 1976. | ) : L 7 - o ' S —
HEAQ-75-460-515, "HEAO-A Attitude Estimator Initial Star R - X |
- 1dentification," R. L. Farrenkopf, 10 December 1975 _ :
HEAD-75-860-272, "The Likelihood of Correct Normal Mode Star App. F - -
‘Identification in Attitude Estimation Applications with - _ : - o
Consideration. to HEAO," R. L. Farrenkopf, 10 ane=1975. | ?
HEAO-75-460-177, "Attitude Determination Software for HEAD," App. F
R. L. Farrenkopf, 10 April 1975 _ S . . |
. HEAD-76-460-156, "HEAO-B Guide Star Availability as | - - X o
3 Influenced by Target Window Area and Minimum Acceptable S
;f- Separation,” R. L. Farrenkopf, 4-ﬂay 1976 -
——




APPENDIX F

' MEMO ED12-76-88, SELTZER TO WOJTALIK, DATED
OCTOBER 13, 1976, SUBJECT:
"HEAO-B ACDS PRE-CDR"
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National Aeranautics and '
Space Admimstration \

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
ase12 i

Kooty 1o Atmt: ED 27688 - October 13, 1976

10: ' EE7/F. Wojtalik _
FROM: - EDI2/S. M, Seltzer, Chairman, HEAQ-B ACDS Review Team
SUBJECT: HEAO-B8 ACDS Pre-COR

On Gctober 6-7, the HEAO-B ACDS Review Team met with Messrs, Dale Hoffman,
Dick Rose, and Ernie Todosiev of TRW and Dr. Steve Murray of the

Smithsonian Astrophysical Observatory for a pre-CDR. As you know (Re:

My memo ED12-76-83 to you, subject: Review of HEAO-B ACODS CDR Documentation,
dated October 5, 1976), we reviewed the CDR documentation in detail. fur
comments (corrected from those you recefved as Enclosure 1 of the referenced
mzmo) are inciuded herein as Enclosure 1. The TRW personnel prepared an
tnformal set of comments (Enclosure 2) after our pre-COR meeting, The item.
numbers of the two enclosures correspond to each other.

As a ?ew'ft of our pre-COR and subsequent Review Team study and discussians,
we have categorized our 66 comments and questions into the following three
groups.

1. No further action required. Items 6, 8, 14, 40, 42 (except for
cogmggts on "dashed Tines"--see paragraph 2, Item 42, below), 43, 44, 49,
an . : . .

2. RIDs to be prepared. RID #1 {Seltzer). The following items will
be included Tn a RID describing the need for updating the HEAO-B ACDS COR
documentation. Either an addendum and or a set of change sheets for
existing pages must be prepared and maintained as current, for this will be
the only HEAD-B ACDS descriptive documentation most MSFC engineers will
possess. The RID will state that the following items should be included in
this updated documentation:  Items 1-§, 7, 1isi3, 16, 17, 19-28, 30, 32, 33,
35-39, 41, 42 {{dentify dashed lines), 46, 48, 50-55, and 59. .

RID #2 (Hight). Item 9.
RID #3 (Seltzer). Item 10.. : _
RID #4 (Kennel). That portion of Item 15 referring to ertime.

e

RID #5 (Milner). That portion of Item 15 referring to depth of aischarge.
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RID #6 (Green). That portion of Item 15 referfing to uncontrol]ed'fumbling.

RID #7 {Kennel). Iltem 57.

RID #8 (Shelton). Item 61,
RID #9 (Kennel). Item 62.

RID #10 (Jones). Item 64.

RID #11 (Singley). Item 66.

3. Items that either need further effort or are cause for concern.
Items 18, 29, 31, 34, 4=, 4/, 50, o6, 58, 60, and H2; all Ttems Tisted
on the sheet (MSFC Form 1908) sunmariz1ng comments on HEAD-8 Flight
Program Requirements Document, D01137, January 21, 1976. The latter
will be provided at a later date,

b0l

Sherman M. Seitz
Chairman, HEAQO-B ACDS
Review Team :

2 Enclosures
1. . Review Team Comments
2. TRW Comments

cc: .
ECO1/Mr, Moore
EDOY/0r. Lovingood
EDOY/Mr. Sisson
EDO1/Dr. Worley
ED11/Dr. Blair
ELO1/Dr. Thomason
EPO1/Mr. McCool
ACDS Team Members
EC21/Dr. Doane - .
ED22/Mr. Green
-EL04/Messrs. Hight/Cox
. EF15/Messrs. Rowe/Collins
EPZ4/Mr. Lee Jones -
ED12/Mr. Kennel
EC13/Mr. Milner
- ED12/Mr. Shelton - - .
EL54/Messrs, Singley/Craighead
EC22/Mr. Sims

143

ST RRIRIE AW

b e

el R,

T e

e e T e e et e e f e o a8 g s

TR PR T




S EEEERAGT A e

ey T AR AR T A AT

. . Page 1 of &
RECORD OF COMMENTS ON PUBLICATIONS _méTcEtzzober 4, 197€
SUBIECT! FAO-B ACDS COR (26000-460-042, 19 October 1976)
REVISION NOTES FRON_I': N :
S, M. Seltzer, HEAO-B ACDS Review Team, MSFC
‘LEM PAGE { PARAGRAPH | LINE® COMMENT (Exact wording of recommendad chiange must ba glven}

1|13 - —- | Glossary is incomplete (e.g., DHA, PSU, TRIU, NVE, etc).

2 12| 2a 14 Add: “...on-board logic upon either separation from,.."

3 2-11 2.1 15 Do you want to use the word "INSIPIENT® {as shown) or thF

. word INCIPIENT (different spelling, different meaning)?
Is its use as an adverb modifying "catastrophic” the
use you really intend?

4 2-2 ! - - Figure 2-1 does not indicate inputs to RGA 5 and 6 from
non-essential bus power and switching commands. No
inputs to RGAs from Transfer Assembly are indicated.
What is the significance of dashed and solid arrows from
Transfer Assembiies for Star Tracker control?

5 2-3 -- -- | Figure 2-2 is not labeled properly for RGA orientations.
Also, it does not show the angle between RW's and major
axes of spacecraft.

6 2-5 | 1 1 last Question. Are narrow angle ZSSA sun aspect signals used

' i actively in the on-board control, or anly to augment '
ground attitude determination?

7 2-5 | 2 6 Replace “"sun point failure mode" with "first sun '

: : acquisition mode.” This shouTd be done throughout the
documentation. :

8 2-5| 2. 8 Question. What actions have been taken to assure correéci
telemetry signais, i.e., no inversions as r%ceived on -

L ground? :

g9 2-7 | 2.2 last | Add: The present planned operation is to enter NSA via

sent] command from the SCP before loss of tracking at Ascensio

10 2-7 - -- CEI and ACDS subsystem specification nomenclature mode
should be made compatible.

N 2-7 | 2.2 1 Comment: FSA is also initiated by LV separation signal.

12 2812 & During. pointing, the x-z p1ané.is constraired to +1°
of the sun lire. This should be stated. =

13 2-8 |3 5 Star tracker data corrsction is done on the ground.

4 12-8 -— e When is the last possible date for defining operating.

: ' characteristics and calibration data for the ST without
impacting either the fiight ACDS or the ground sovtware?

. Rl'llllln_:. 1o line numbst-within the P_Il’lwlﬂ_i'; _(:l_r n.uhpu'u.nph.

Bt ™

-
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" Page 2 of 6

RECORD OF COMMENTS ON PUBLICATIONS

DATE:;
October &4, 1976

SUBJECT:

HEAQ-B ACDS CDR (26000-460-042, 19 October 1976}

REVISION NOTES FROM:

S. M. Seltzer, HEAD-B ACDS Review Team, MSFC

I L U T T T Iy ER e T )

!;"%M PAGE | PARAGRAPH | LINE® COMMENT (Exact wording of recommandad change must be givan)

1% g 221 2 Question. What is the TRW rationale for not switching
immediately to FSA instead of waiting for under voltage?

16 2-9 § 2.2 add Describe LPL and when enabled so it all can be feund
at one location in documents.

17 2-10 - - On this and all other such blank pages, the comment
"INTENTIONALLY LEFT BLANK” should be placed, Otherwise
the recipient might suspect a printing error.

18 2-11| 2.3 When do we find out if the component specs are met?

In several places TRW suggests need for more tests,
(Example: App. E, memo HEAO-76-460-178, page 31).

19 2-12 To what do the four asterisks refer?

20 | 2-12 RW weight is 30.5 pounds instead of 29.5. _

21 2-15| 5.3.4.2 7 RGA assembly arrangement picture is incorrect. This
item was wrong in the FDR; we recommended at that time
that it be corrected; this has not been accomplished
and is still incorrect! ' : :

22 2-15 Spec is stated incorrectly.

22a Drift Characteristics: g-insensitive value should be

¥ instead of 3.0°/HR. ' '

22b voltage Sensitivity: g-insensitive value should be

5.OIEZHR[V0Li;
1 22¢ 'ﬂa'netic Field Sensitivit : g-insensitive value should
, be 0.2°/HR MAX.
23 |e2-21] - - | RM weight is 30.5 pounds instead of 29.5.
24 2-21| o Motor Torque: 17.0 in-oz. This is the number we have
recormended be standardized in the CEI and ACDS specs.
However, it is not the value used in a number of recent
_ ~ TRW memos. o
25 2-21 o Tachmeter Qutput: This value is misleading and might
Tead the reader to assume a D.C. value, rather than
pulses, as thg output. .

26 | 2-22 - -- Direction of arrow between Switching Regulator and Pulse
Width Modulator should be reversed. * ' '

T Ratar _"."':inis_iqn_:__, y -wliﬂin!h.;.'. graph-or subparagraph. _ L

MSFC-Form 1#08 {August 1983}

145




Page 3 of 6

RECORD OF COMMENTS ON PUBLICATIONS

OAYTE:
October 4, 1976

SUBJECT:

HEAD-B ACDS CDR (26000-460-042, 19 October 1976)

REVISION NOTES FROM:

S, M. Seltzer, HEAO-B ACDS Review Team, MSFC

'I‘ED“_“ ‘I PAGE fARAuuAPH LINE * COMMENT {Exact wording of racommaendad change must be glven)

27 3-1| 3 3 snould include all current SCN's (SCN 152) instead of
stopping at SCN 7.

28 3-2.3 Define probability as it appiies in each requirement,
Make it a useful quantity. Insert an example.

29 3-3 Define jitter per ECR submitted by the Pointing Control
Systems Branch (ED12), MSFC.

30 3-3 | 3.1.1.2.5{2.4 | What 1s significance of two probability values and how
is each verified?

3 3-3 Add a subparagraph 2.1.1.1.2 - Performance Point Mode:
Sun 1ine within 15° of S/C z-axis. e Zx plane sha
be within + 1° of the sun line. :

32 3-4 ..3.2.2 Update Venting per SCN 9, the experiment venting gases
total angular momentum < 500 ft-1b-sec, instead of TBD.

3 4 3F4 .+03.2.3 Update per ScN 14, separation rates, x- 1.1%/sec,axes .
perpendicular to x- 1.5°/sec.

34 3-4 | ...3.2.4 Change the value 150,000 gauss cm3 to correct one (see

' recommended spec changes From Review Team).
35 3-4 | ...3.2.6 Does "Provided;" refer to "no single point failures?”
3. | 3-5 | ...5.8.2 Fliaht Program: Insert comma: v, .mode controli,not
i used... .
37 {35 | ..58.2 Flight Program: pefine "emergency” mode as FSA mode;
ki:] 3-5 - - Power: Put a numerical value in rather than "TBD.”
tag |36 - | scN summary should include at least SCNs 1-15 or later
as appropriate.
1 40 4-1 | 4.2 last | Question: Was ACDS changed to incorporate automatic
' : initiation of NSA at separation? .
41 14-2,-3 - Where omitted (such as in Action Items 6 and 7).
_ summarize the responses to each Action Item.

42 |5-3 | Fig. 51 |- | How does one get from Mode F-1 to Mode O (off)? Kaich )
modes are impossible to get to from which other modes?
Identify what dashed lines signify.

s Raferance to line numbar within the par r

h or sub

MSFC - Form 1903 (Augusi 1963)
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Page 4 of &

RECORD OF COMMENTS ON PUBLICATIONS

DATE:
October 4, 1976

SUBJECT:

HERO-B ACDS CDR {26000-460-042, 19 October 1%76)

REVISION NOTES FROM:

S. M. Seltzer, HEAD-B ACDS Review Team, MSFC

ITEM
NO.

PAGE

PARAGRAPH

LINE *

COMMENT (Exact wording of recommandes change must be given)

43
44

45

46

47

45

50

51

52

53

48

\

5-5

16-20

5-4

5-9

5-10

5-24

6-4

6-8

6-21

| Table 6-4

1 6.3.2.1

Mode ©
Mode 4

5.3.1.1

Table 5-2

5.3.2

6.2.1

Add

2 E

- Some items are not compatible with similar items in the

Question: What telemetry is received in Mode 0?7 Is
;Sg ogqor off in Mcde 0 (off)? Are there substates of
ode 07

Question: What determines the 64 second implementation?
Will this update have to be more often if rate gyros
drift more than allowed by spec?

Mission Control Procedures {currect title?) TRW MP-04S.

In the last para. of p. 5-7, three commands are
jdentified as critical. They should ba so identified
on Table 5-2.

Same comment as Item 45 above (Example: "TA-A First
Mode Leave "in this document is identified as "TA-B..."
in MP-045; the latter probably is correct).

The sentence "The wheels are then run to 2000 RPM and
the mansuver begins" should read "The wheels are
accelerated and the maneuver begins.

Figgre 5-§ should indicate interface between OPE and
RGA's,

Recommend change in procedure to allow for RG
catibration before beginning the scan for ground
attitude determination and setting the NSA scan rate
as high as possible (in real time?.

Discussion on NSA capability vs requirements. Include
both rate and attitude initial conditions,

Recoiicile gains in table 6-4 with those in App. E,
memo HEAQ-76-460-175, p.2. Reconcile difference of
maximum rate gain (15) of same memo and F1ight Program
Requirements Document DO1137 (500).

Diseuss resolution of problem of not meeting "Absolute
pointing accuracy" when guide stars are separated by -
Tess than 1.8 degrees.

B T T S L U ¥ P - R
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“» Haterance to fine nUMBAr within the paragraph or subparagraph.

F4SFC - Form 1908 (August 1988)

147

S




ST T T TRl T e R T

3
!
:
:
t

"Page 5 of 6

RECORD OF COMMENTS ON PUBLICATIONS October 4, 1976

DATE:

15UBJELT:

HEAD-B ACDS CDR'(26000-460-042. 19 October 1976)

; ; REVI5ION NOTES FROM:

§. M. Seltzer, HEAQO-B ACDS Review Team, MSFC

LTEM
NO.

PAGE

PARAGRAPH

LINE*

COMMENT {Exact wording of racommanded changs must ba glven)

54

55

57
58
59

60

63

61

62

6-28

6-42

13-7

14-1

14,2

hop, B

} Documentat

6.3.2.1
6.4.2.1
14.2

14.4

Software

1016

fon

-for variations considered and says additional testing

Describe the sloshing and structural interaction
simulations that have not been released. (See App. E,
memo -178, p. 31, which says additional modelling of
slosh is recommended. Memo alsc shows targinal stabiligy

of RWEA is required, p.20).

Summarize numer%ca1ly the requirements for separation
rates and attitude initial conditions along with the
capabiiities.

Provide detailed HEAO-B ACDS subsystem test plans
(describe all test cases planned).

There is no problem with the system momentum test no
matter what initial momentum the maneuver was started
from.

Since the momentum at maximum FPT4 speed 1s only
sTightiy more than 1 ft-1b-sec there is no problem.

D-1137 of 21 June 1976 should be referenced, rather
than 12 January 1976.

General Comments _
1. The earth magnetic field is modeled as a tilted
dipole (HEAD-74-460-084} with the justification that
magnetic torques are small with respect to the gravity
gradient torques. Since the recognition of a 4w error
in the magnetic torgue model this assessment may not be
true any more and & more accurate model of the earth
magnetic field may be necessary.

2. Describe planned activity and schedule for resplving'
effect on ACDS of telescope to spacecraft isolators,

3. In the Appendices: Portions of the TRW memos are
obsolete and hence incorrect. These obsolete passages .
should. be identified. ' ' '

4, The first time the period for one revolution of the
RW is mentioned, the magnitude should be described as
well ‘as the fact that the direction cf revolution is
identified. .

NPT
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+ Rafsraniato line numbar within the paragraph or sulimug.unh.
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Page 6 of 6

RECOhD OF COMMENTS ON PUBLICATIONS / Da::et'ober 4, 1976

o
SUBJECT!

HEAQ-B ACDS CDR {26000-460-042, 19 October 19254’

REVISION NOTES FROM: .

S. M. Selt

hrem
NO.

PAGE

PARAGRAFH

zer, HEAQ-B ACDS Review Team, MSFQ//
7

LINE~

COMMENT (Exsct wording of recommanded chanps must be givan)

1

64

65

66

6-46

6.5

-

sec.

What is the projected 1ife time for HEAC-B with 268
pounds of propellant, based upon RCS Qualification
Test Data and latest ACDS simulations?

Initial acquisition requirement has not been complied
with as stated under capability column. The documented

supporting analysis has not been shown applicable.

*

28 10 {ine NUMDber WIth!s the pAragranh or SUDDATAMTIPN.

MIZC - Form 1088 (Augast igés)

RCS command puléé width shnu}d be 0.040 sec, not 0.030
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41925 HEAG M'I.'lTI.H_Jl CONIRDY SUHSYSTEM--A ML TTMONT /MUL T IMISST0N DESIGN**

W, P, Noffman®
W Dofinsc and Space Systems Group
Redonde Beach, California

Abstract

me initial three satelVites iy the High inergy
¢ vdonory Doservatory (NEAR) series arc in the
siv] dovelopment states with the 1irat Jaunch to
.o in April 1977, The overall program desfgn con- -
.-+ stressed cost reduction through use of hard-
e standardization for the three configurations
-4 missions. The Attitude Control and Determina-
e Sbsystem (ACDS) developed for HEAD was able
.- achieve significant design commonality in both
syravare and software in an implementation which
*isfied the performance requirements of the
qiferent missions. The ACDS thus provides an
ang-ple of -a multimade/mu) timission design which
\hould Soon be operational.

]. Introduction

The preliminary design studies of the High Energy
n:tronomy Observatory (HEAD) family of satellites
- e performed in 1969-71. TR was awarded the
wyrdvare development and integration contract for
rap ghservatories in 1972, The payiozd for each
At the two consisted of groups of 7-8 scieatific
srperiments capable of detecting, locating, and
craracterizing high energy »-ray, v-ray, and cosmic
ray celestial sources. The HEAD development effert
s redirected to a prelimfnary design phase in
1973 with a goal of reducing total program costs.
Inres smaller cbservatory designs with- fewer {3-5}
eperiments in each payload and a set of recon-
figured spacecraft subsystems resuited from the
adsfinition activities. In July 1974 3 hardware
qo-ahead was again authorized for the threa rede-
finsd satellites. The launch date for the first
abservatory-in the restrictured program (HEAG-R) ~ .
15 kprit 1977, The succeeding two observatories
' [MtAD-B and C) are.to be launched in 1978 and 79.
This paper describes the Attitude Control and
tetermination Subsystem (AGDS) which evolved from
the redesign studies and which is now in the ‘Final
stages of development. '

. The XCDS design concept considered: mission/
‘tperiment Tmposed requirements, compoment. comnan-
+ ality among the three observatory conf igurations,
develapment costs, and accommodation of follow-on
paylodds and missions. To.indicate how these
aspeets influanced the implementation, the experts
rent payloads and their associated mission per-
formance requirements are described. These are
foliowed by summartes of the characteristics of
the three observatory configurations. Within this
systems-level background, the descriptions of the
305 are then developed starting with an overview
of the subsystem destgn rationale indicating how
the abc.. considerations were treated. The atti-

Lude tontro). mode structure fs described and related
to the mission requirements. The use of modulariza-

tion tn the fiight software and the resultant
bensfits realized in the AGDS are noted, The final
suhsections provide additional detail on the atti-
tude. rafererice and attitude control modes in the
form of black diagranms and performance summaries,

A final section is intTuded in the drseript fons

‘g {ndicate the. types of fallaw-an studie; cuprently

in progress.  Yhese include ansessments of the
apnlicabildty nf the WEAD concept to advanced pay-
loads and operational requirements reflecting the
transition to the Space Lhuttle era,

11. General Caracteristics - -

The sdenr.e paylozds of nach of the three ini-
tial NEAD missions are summarized in Tables ? :
through 3. The A and B paylcads contain y-ray

Table 1. WEAG-A Experiments
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e e
experiments while the HEAQ-C payload consists of
v-ray experiments., The characteristics of each
missiaon are shown in Table 4, A1) of the three
mission orbits have Jow altitudes and relatively
“low inclinatipns due to the desire of the experi-
mehters to minimize the duration of imstrument ex-
posure to the South Atlantic Anomaly (SRA) trapped
radiation region. The orbits were selected to be
compatible with the use of the Atlas-Centaur as the
Taunch vehicle and to have orbital decay . racter-
jstics which would provide satisfactor 55 0
lifetimes, The experiments of the A anu € payloads
require & scanning mode of operation to achieve

the sctence ohjective of a full. sky survey. A

. complete celestia) map is cbtained by providing

Table 2. HEAD-B Experiments -
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table 3, HEAU-L §xporiments .

a controlied scan of the observatery body ahout

the sunline far a period of six menths.  The HEAD-A
experiments are capable of cbtainiay scicnce data
when gperating in 3 celestial pointing mode and,
therefore, the capability for periedic eperation

in this mede is also noted. The HCAO-T experidonts
are all configured to operate in a celestial point
mode. Celestial targets for pointing are selected
based tipen scientifte interest. The attitude con-
trol performance requirements for the three missions
are seen to be similar far A and C but significantly
more stringent for B. The same is true for the post
facto attitude determination requirements. These
differences in performance will be shown to be
éffectively accommodated in the ACDS design by use
of hardware and software modularization to enhance
comipnality and reduce costs.

fable 4. Mission _Descriﬁti_ahs
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The sequence of events from launch to normal on-
orbit operation is depicted in Figure 1. "The
sequence is nominally the same for all three mis-
sions although the normal operating mode for HEAQ-A
and T 15 cetestial scanning while that of B is
celestial pointing, The Centaur provides direct
fnjection into the final orbit and three axis sta-

_ bilized control of the observatory prior to separa—

tion, The requirement for roll orientatton of the
observatory during the final phases of ascent is
dictated by the desire to minimize exposure of
certain of the experiments to suniight. Following
separation, the gbservatory damps the separation
trahsients ard orients the solar arrays toward the
sun, A controlled scan rate about the sunline is
then initiated, The ghservatory equipment is
checked out and experiments activated in the fol~
1owing several days. Completion of activation
results tn transfer of each gbservatory into the
nespective normal -operational mode, . .
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Figurs 1. Rission Sequence
Configuration Description:

The program desiqr concept for the PERD confige
vration 14 shown pictorially in Figure 2, The
gbservatory structural design 75 subdivided {nte
two modules. The SEM {Spacecraft Equipeent Module)
is configured to he comron to all three configura-
tions. The EM (E¥periment Module) is configqured
‘to be mission unique. Thiy allows accortwidatior
of the wide variations in the esperiment physical
characteristics while maintaining 2 degree of coms
monality in the spacecraft bus.  This design con- -

cept was strongly influenced by cost consideraiians.

1t has been found to be very effective sad-is now
being exploited in applications studies of follow-
on payloads.

SPRCICRNT | QS MO 1
Figure 2, Configuration Tree

The mare detailed characteristics of each of the
three observatory configurations are shown in
Figures 3 through 5. The four HEAQ-A experiments
are seen from figure 3 to view-alomg the +Y and -Y
body axes.  The experiment designations A-1 through
A-4 are as defined in Table 1. The body axis which

is niaintained solar oriented §5 +I. The body fired

salar array panels are approximately ngrmal to the
1 axis to maximize conversion efficiency. The cant
of the main array panels is for thermal reasons but
it also allows a 1imited degree of off-sun pointing
without sfgnificant loss of power, The physical

characteristics of the configuration and certzin

design features of the other subsystems are Jisted
oh the figure. “Locations of the experiments within

. the EM are also shown. :
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Figure 3. " HEAD-A Lonfiguration

" “The HEAD-B experiment configuration is shown in

* tigure 4. Experiments 8-2° through B-5 {see Tabie
2) are mounted on a rotating platform. This plat-
form has four indexed positions, each of which
clace one of the experiments at the focal point of

. the high reselution telescope (HRT). Thus, anly
cne of ‘these four cxperiments can gather data at
any one time. The 8-1 experiment does mot rely
upon the HRY and thus §s nominaily gathering data
st a1 times.  The optical axis of the HRT is along
the +1 body axis. The main solar array panels of
the A configuratfon are augmented in B by addition-
1l array area added along the outer edges and
‘canted back tn a guil-wing fashion. The upper
array of B also differs from the A and C configura-

" tions due to the conical shape of the upper portion
of the EM on B, Summaries of the physical charac-
teristics of the 8 co.fiquration and other sib-
systems are also tabulated in Figure 4. The normal
~dé of operation for HEAD-B 1s tp point the HRT
toward a-celestfal target of interest and dwell on
the target for an extended perfod. The target
orientations are selected so that the solar arvays
are maintained near the sunifne as with HEAD-A,
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Figure 4.. HEAO-B Configuration

The HEAG-C Tayout x3 depicted in Figure & has
aperiments viewing alang the Y axis as did HEAQ-A,
The solar array confiquratfon is -also similar to A,
Rotatian about the I axis while maintaining +2
solar griented is also the norma) mode of on-orbit

eparation for HEAD-C.
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Figure 5. HEAO-C Configuration
IIT. ACDS Description

Design Ratiopale and Equipment Descriptions

The payload, mission, and confiquration of each
of the three observatories have been shown to er-
hibit simitarities and distinct differences. The
goal of the ACOS was to implement a design which
would capitalize on the similarities and minimize
the imgact of the differences. The functions atlos
cated to the ACDS fn the observatory design were
attitude control and post facto attitude determina-
tion. The latter was to be accomplfished by ground
pracessing of the data derived from onboard equip~
ment. This aspect of the design will not be dis-
cussed fn this paper although aTlusfons will be
made as to the functions perfaormed. To enhance
operational .autonomy, all attitude control func- .
tions were to be implemented with onboard eguip-'
ment. The spacecraft equipment was to be located
in_the SEM to the extent possible for compatibilfty
with the common bus concept. :

The attitude contrat requirements derived from
the payload objectives emphasized a stellar-inertial
frame as an attitude reference. This lead to the
incorporation of an onboard inertial attitude
reference in the ACDS design, A -strapdown config-
uration of precision gyros was established as the
primary sensors for the attitude reference. The
solar arrays in al7 three configurations are body
fixed requiring sun potnted attitude contral. Sun
sensors wera included to provide solar referenced

+ attitude senstng. The requirement for accurate

three axis post facto attitude determination and
precision on-orbit pointing of HEAD-B dictated that -
star trackers also be used as ¥nertial attitude
sensors, The payToads on HEAO-A {A-3 experiment) -
and HEAD-B included star trackers in their designs.
To minimize program costs, it was dectded early in
the system design definitions to allocate the star
tracker sensing function on the A and B confiqura-
tions to the respective experiment units in liew of
replicating them in the ACDS. As none of the HEAQ.C
experiments, contained star trackers, these sensars
were incorporated as part of the ACDS eguipment fi
that configuration.

| : . . )

The attitude contro) accuracy requirements and:
mission lifetimes for HEAQ-A and C were compatible
with use of réaction control thrusters for actua-
tion. The pointing requirements for HEAO-B, how-
ever, coupled with the one year mission furation and
operation in a low earth orbit disturbance environ-
ment, could.not effectivaly be satisfied with

H

T T T T A T N A




Hirwstor av tuation, Reaction wheels were selected

computational accuracy requirements, development
costs, size, weight, and power considerations Yead
to the selection of a gencral purpose digital com-
puter 1n Jieu of special purpose dedicated elec-
tronics for this implementation. The computer was
augmented with an interface assembly which performed
signal conditioning, input, cutput, and miscella-
neous peripheral functions.

The hardware block diagram of the ACDS is shown
in Figure 6. The key features of each assembly are
summarized in the respective blocks, The equipment
Vists by observatory configuration are shown in
Tabte 5. The primary interfacing unit in the sub-

PRAHSTER ASSTMALY AT

Table 5. ACDS Equipment. Lists
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BERg-f conf iguvation. The Reartion Control Sub- TRHIRARE LSAMRET 1 e e ] e
syutem (RES) of the A and € confiqurations was re- 2 U NG AYLEMNLY |2 TERe 1 (RILINATLY | 2 18R 1 AL ?lwnn—[m
tatned in B, tuweover, to preserve commonality in 1¥.nha PN VHEKOANTE UL
the. ather ACBS oporaling modes amd a5 a means for £ N L | arusbsanr H['L:.',‘.:';,::',“
periodic untoading of the storcd fionentum- tn the R TITY : y Iz
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_ was relatively straightforward. Selection of the Ty | ! -

" most effective means of implementing the computa— 1A . i
tional, Yogic, command and telemetry interfacing, REALHEH WH L : I
and sensor/actuation interfacing functions was not MAEMMY [FRAL R ey e o
so clear cut. The miltimission design requirement, vt come | L
ACDS mode structure, attitude reference functions, A

system desinn can he senn from the bigck diagrar
to e the Transfer Ansachly {TA). By defining the
interface requirements for the equipment fn all
three of the nhservatnr; confiqurations at the on.
set of the ACDS development, a common TR design
was synthesized, Configuratian peculiar require-
ments were then accommodated in this concept by
interconnect cabling and flight prograr software
differences. This overall subsystem design defini.
tion resylted in each hardware asiembly being of 3
single standard design with the cbservatory con-
figuration dictating its presence or absence fn
the equipment complement, Electrical design,
manufacturing, and qualification costs were there-
by reduced. )

; BIGHA PROCISTAR
TQIAL ASATMELY VETRARE TATRE ¥
800G L INCHES ;
11§ WATTS 1OK) a1
3,0 WATIS (STANDAY ::,u, ,:',,z T.-,,_,W,.,
k0x)5s0TINces | . 1n.z18 15 WATTS -
owans 0 | oo —— 49
Y ANIS o " o INTLT mussmr. FECTROMCS % misory < M98 A4T
PrSTERAD! i SLIASSIM WORDS {PIATED WINDH
FIEy0-F-vilw 801 u 117 INCHES & 506 TWART INSTRUCTEONS
FILLY REGUNDANT LawATIS N RPEAED| M
1918 16 HARDWARE REGISIERS
) . T SERIAL DATA CHANNL
¥ SUN SENSORS TR S MULTIPLEXED 10 8E1ANALOG :
SUn SEsoRs CHANNELS + MLEWETRY

TLECIRONICS SUBASSEMALY

4.0 A0 8 INCHES

NEACTION CONTROL THERSOER

rans IENTICAL §0 +¥ ASSEMRLY 0 : s NAC)
| o i DUIP|IT PROCESSENG vALVE L

NARROW ANGLE RACHON WL ELECTRONICS
SUBASSEMALY . i.::':\ns . HEAD- B [FRWI
31 35 DEGFIRLD-OF-VTLW 1 SERIAL DATA.CHANNEL SCERDE R MO
. 0.6 0EC ACCURACY AT < 20 OISCRETE LINES Vi1 WATTS (PEARIAYE!
NUAL L) ABILEVELLINES Lois
15 DEE {1NEAR RANGE )
. L22A3k2] S Je=—e] FATLURE #a0€ ELECTRONICS SUBASSEMALY f+— é;‘;’;t'uf‘z“om?‘;’"”’
LiLa A0TA0zLEINCHES WITHLMITING FUALTION AHED HEATY
— R T LowAns MAGNETIC TACHOMETER SPHRn
NSOl ‘ - Lits PEOCESSING . o .
' [ sOxI0DEGFILD-0F-YiEw S1Y SEMSOR PROCESSINE T o8 35 DERIVATIVE
;.H'D(G umnmcz . FSA MODE CONTROL LAWS . 3.2 IPLII‘DI-IIST.II'L
E180rZ2INCHS [ wiGH
ot VALVE BRIVE DSCTRONICS SUBASSEMBLY | 10 WS (PEAKI .
tOIAL ASSLMBLY :g-::;l& INCHES Ja mpere i
< Wi - b merieesear
:ﬁ:;:-"" INCHES Y.ol8 o t4-07 PLAK TORIL
i RES VALVE DRIVERS AE SYNTHINOUS MOTR
FUALY REDUNDANE THRUSTER SELECF mc‘u: ) MAGHETIC PIPFIR FADH
o= o e m e e ———n L INPIIE VIA TELEMETRY SLECTRONITS
) . .
} [RATE SovsoR B TUECTRONTC CONTROL UNIT i T
JATE STNSOR LP 42 NI | CF- L Mot
1 L W03 008105 INCHES
1 oM RIG-KEA GYRG LOxA0xL.0INCHES { 3.9 wATTS 557400150 INCHES
404k 2R0INCHS Loee t b
| L 1O WATES
i :msvc:u'ﬂﬁ woanran| mﬁﬁﬁ:ﬁ}mt 1. Jeeane oo orvior nie '
: T | Y 30 ARCSECOND INCALL- $ 1 806G FIELO-DF-VITW
! %ém‘s"nﬁ"" WLIGHTING TCHANNTLSAMIT : SRATED ACCUSALY FARCMiN UNCALTY RATED
Hitryr S | botna suctaoncs ACCURACY (o)
1 S ACISLE MAL ATE ¥ H WiTH PHOTONCOUNTING) | ANALOG SLECIAONLLS
L L. % ) | vEmcnionto i, DETECTION TO-+4 M,
——— > —— et i ]
mmmwnssmmlmm STR rutmsmn . STAR TRACRERSMEAG-C
: MDY JBALL BAOTHERSH

Figure 6, ACDS Equipment Symmary and- Bleck Hagram

163

.

ISR LAY




The a~esbly redundanties shown 3 the cquipment
Vists of Tabie & were dickated by Lhi ateedgn re-
guirement that no simgie peint failure shonld ro-
gl in a mission failure,  In the case of HEAG-B,

‘the' reduntanty of the Reference Gyen Maablics

{RBA} was increased fur mission reliabiTity reasons,

A minimon of cross-strapping is present in the

ACDS desinn--agatn resulting in inplepentation.
simplicity. In particular, no Lrnys-s brappring
exists botworn the TA and Digital Processor Anuem-
blies {OPA). Initial spacecraft level reliability
tra_didffs showed that this cross-strapping could

be deleted in favor of subsystem lovel cross-
strapping with the data handling subsystem. This
211twed the use of an existing TPA desiun which

was then in the final phases of gualification, Use
of this guatified desiqn reduced development cost
and risk. Redundancy management of the on-orbit
pquipment was defined early in the program to be

a ground allocated function for all HEAD subsysteéms
to minimize complexity.

The accommpdation of the spacecraft equipment
{n the SEM i5 indicated in Figure 7. The sun sen-
sor, TR, OPA, and two of the RGA locations are
common in all three ohservatory configurations.

Tha star trackers atlocated to the A-3 edperiment
in HEAD-A have been previously shown in Figure 3.
They are units similar to those used in the SAS-C
program (11, The third RGA, the #WEA, and the

RuA units are located in vacant vdlumes existing
in the SEM in the A configuration. These were
provided by properly considering the equipment
cmplements for a1l three configurations in the
initial SEM tayout and sizing. The experiment
star trackers for -HEAO-G have been shown in Figure
¢t and are turrently urder development {71, The °
HERD-C layout is as in A with the addition of the
twg star trackers of the 5AS-C design alse. The
trackers 1n this configuratfon use the volume pro-
vided by the detetion of the RWEA, RGR, and RWA
units, . '
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Figure 7. ACDS Equipment Locatians

The geametrical arrangements of the gyros, re-
iction wheels, and reaction control thrusters are
¥ follows: , .

gyros - Each Rate Sensor Unit (AS') in a RGA
tontains two sensors whose input axes are co-
planer tut which are scissored plus and minus
58.28 degrees respectively from the normal to-
the mounting plane of the RSU. The RSU are
sounted in orthogonral planes with respect to
tha body axes {see Figure 7) so that in the
HEAD-B configuratfon of three RSU the six gyros

. form a dodecihedron.. Any, comhination of three
ofsthe gyros will provide complete three axis
sensing.
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rouie b fon wheels - The Foar eeaetion wheelsy, are
cad fipgrend with theie targquefoveentina ams
novel to the Faces 0f 4 sguare base pyramid,
The se af the pyramid 94 in the bady 17
mane and the wpex §4 Loward ¥X. The bate is
arowed 45 degrees with vrespect to the hody

Y and 7 axen. This arientation increases the
momentam enyelope alond vhee 7 oaris which is
thee one shout which most o the eanouvers are
e Fopmed aige b osnlar arre v pointing ciin-
straints.  The tilt amnle ¢ the whnel ares
out af the Y2 plane 4 20 drgoens . Three St
axis control i% available viing any thren of
the four wheals .

reaction conteat thrusters - Sir dial thrustee
madulen Tovated underneath the SIM as shoan in
Figure 7 provide torgues about the three body
axes, Six thrusters {one from each of the
modules) are nperated as a bank with the
ather six praviding redundancy. Beconfiqura-
tion is by hank, Twn of the six thrusters

in a bank thrust altonq the #7 axis and pro-
vide torque about the pitch (¥} aris. The
remaining four thrust aloaq the +¥ aris and
are ysed in corbination to provide roll (X)
and yaw (2} torques, The RCS arrangerent is
common in all three observatary configurations.

Made .Structure

The dafinitisn of the normal nperating mode
structure of the ACDS evolved from the experiment
requirements and mission event sequences. An addi-
tional mode of operation was dictated by a critical
failure survivability requirement. The attitude
contiol modes of the three HEAD configurations are
shown in Table & corrplated with equipment utiliza-
tion. The Normal Sun Acquisition (NSA) mode pro-
vides a two-axis maneuver controller capable of
orienting the observatory + axis toward tha sun
from any attitude. Control in the third axis
{about 2} is a rate damping controlter with a nan-
zero commaerd bias. Once having acquired the Sun-
tine, the NSA mode maintains sun pointing even
through ecltipses. This mode is utilized for acti-
vation, initialization, and reinitialization ghases-
to be discussed subsequently. The Celestial Scan
(€5) and Celestial Point {CP) modes are the nominal
fong term operating modes for HEAD-A/C and HEAO-8,-
respectively. The CP mode has also been implemented
in HEAD-A and C as an operational option.
Table 6, ACDS Operating Modes
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The above three mades are referred to oS normal
control modes as they have been configured to take
maximm advantage of the available ACBS equipment.
‘As noted previously, redundancy management and
equipment requnﬁguration are ground functions,
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The 1w earth arbit of the HTAD missions asd the
areyn | tation Tocations allacated Lo theis opera-
rranal support cause gqroumb cantact pateas to b

pf duration B=10 mingtes and of Preguency anee per
orbip ar dess,  Thin, a majer portion of U uper-
at ing Lt is sponl out of sight of the qround.

i presents the ;mf-nhili!y that power critical
conditions could arise during these time, on o re-
sult of pguipment failures, and the qrousd would

tie wmible to teke tinely action. To provide a
wirvival capability in the svept of reaching a power
critical state, the First Sunm Acquisition {15A)
mode has also been impiemented in the ACIN,  This
mode prov‘ldes a reduced capshility for sun acguisi-
.tion and sun point compared to that of the HSA mode
but without use of the KGA or the DI'A.  The onhoard
hardware autonomonsly reconfigures itself to hypass
the DA and RGA units and switch to the redundant
sun sensors and RCS thruster bank in the £5A4 mode,
This eyuipment reconfiguration is initiated by an
undervoltage signal from the Electrical Powrr Sub-
system which is used to indicate an 1nc1p".-nt power
critical statae. Reacquisition of the-sun in the
£5A mode follows the reconfiguration as a means of
" teaining electrical powér. The FSA mode ‘control
laws and Jogic are implémented in deditated elec-
tronics in the TA.

Substates of certain of the primary attitude
contrat medes also exist §n the ACDS design. These
will be covered in the individual mode descriptions
which fpllow, Before leaving the mode structure
definitions, the nominal utilization seguence for
npm! ope -tion is covered in Table 7. The mis-
sion phases described in the table,can be corre-
lated with the orbital events by reference to
Figure 1. The FSA mode i5 used immediately follow-

i ing Centaur separation in lieu of the NSA mode.

This allews the gyros to be OFF during ascent and
separation while still providing positive attitude
control fnﬂwmg separatiun to minimize experiment
sun exposure. The hand over from FSA to NSA modes
is done prior to entry into the first orbital
eclipse. The tode change allows gyro based atti-
tude errors to be propagated through eclipse and
thereby minimize sun exposure of the experiments

at eclipse exit. NSA to CS or CP mode transition
is made after initYalizatinon and checkout are com-
plete. Normal operations are then initiated.
Hominally the ent’ ‘e mission is conducted in the
CP or €5 modes., Interruption of the primary mis-
sion can result from operating equipment anomajies.
In these events, sun .reacquisitions can be performed
via reversion to the HSA or FSA modes. Return to
normal operation follows prnblem correction and
reinitialization.

Table 7. Hodg Sequence
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ORIG]NAL PAGE IS
PE POOR QUALITY;

I Hight Program Deign

A ogreat degl o emphas s wat placed gn eevenn-
alily in the horbare dosigr,, Tt wen aten enployed
i dove lopiaep Hie des by of the T1ight nftaics,
The waftwere fHight progream e jdos in the 1BR
wewery.  Thee et at janad el for program iy
tian i+ syt bnraiigest with Shee teloieter ¢ lgrk aud
han o fregqueney nf onee e 0,320 aeconds, . Lernges
are read, conpat tignn prebormdd, eontral oapands
ertput., att Aetl Lol eppogled each el with
one ¢ greption Lo Le antead, Thee fymotions allnrated
to the flight preepran are Seeeatiad oot iqueation

“dependent ac indicaled in the nadule Visting of

Taliter B, The modgule 1it 1o, deser il the fyprtiops
pevigenied, - Badabarization of the flankt progran
Allwrd a minimizatinn of vninge- code 4, worron
roduies coubd be deseInned gnen and teee renlicated
g5 required in the three programs,  This enpoopt
is indicated in the table. F1thowaw the total {n.
structions requirnd for the thras progea-~s, i9
12,540, pnly 6040 insyructions were actually de-
velgped by virtue of the rodularization erployed,
This has resulted in caonsiderable en.t and schedule
paynff for the overall software develgprent, -t

" has alsen greatly facilitated software checkout and

qualification,
Table 8. Software Modularization
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Attitude feference

The oghoard ACDS function uas been divided inta.
twh parts, attitude reference and attitude control,
in the subsequent descriptions, The two are inter-
related but it 95 prisible to indicate this inter-
relahonslup withou ' undue confusion and the dis-
cussions can be developed scmewhat easier by malcir:g
the separation,

The attitude reference ts depicted in block
diagram form in Figqure 8. The hody-fixed inte-
grating rate gyros provide continunus incremential
attitude information which i sampled by thy flight
progedm each cobputational 't;yclv Thone Gutputs -
are r.onw-rtml to-.a qyrn axis sen ol pate i brans-
formed into the findy conrdinate frame, and weale
factnr corencted to develnp dn estimate of ensed
anfquiar rate components in body arxeq. A correc-
tion is then made for the gyro drift rate. The
gyra grocessmg algorithms foliow those developed

The: rate estimates developed in the gyro
processing moditleé are used by the attitude con-
trotlers as the rate feedback and as the input %0
the strapdown equations for attitude propagation.

The attitude propaqation algorithe also. follows
the development of 731 and assumes constant rates
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Figure B, Attitude Reference Block Diagram

over the propagation interval to derive the transi-
" tion matrix expression, The four pavameter set of
qeaternions derived in the attitude propagation
algorithm forms the onboard attitude reference
estimate of the body-fixed coordinate frame with
respect to an inertiul coordinate frame. The
inertdal frame in all thres HEAD configurations is
the EC! {earth centerad inertiat) set., The body
fized set differs with configuration but in each
case is defined to reflect an orthogonal set com-
sistent with the pointing objectives of the experi-
rents.

The gyro based portion of the attitude reference
{s augnented by three algorithms which allow up-
date corrections to be made basedl upon independent
celestial measurements. Updating based upon the
past facto ground attitude determipation solution
{s processed onboard by transilioning the ground
sstimate from the solution time to the current
time. This i5 then used to replace the currently
propagated quaternion. The algorithm uses the
standard matrix operations for quaternion aigebra.
The ground update algorithm is common to all three
flight programs. .

The second attitude update algorithm which is
also contained in all three software programs uses
the measurements From the narrow angle detectof of
the 7 sun sensor assembly (755A). TYhese pitch and

- roll sun sensor outputs provide celestial attitude
information which is used to form a measurement
residual based on the attitude reference estimate.
his ts multiplted by the pseudoinverse of the

© waasurepent matrix to compute an attitude correc-
tion which s then added to the current reference
estimate to form the update,

The third -ttitude update algarithm utilizes
star tracker measurements in real time and {s
unique tor HERO-B.' On A and C the star tracker
dsta are telemetered for ground processing. No

. trocessing of these data 1s done onboard. The
crecisé pointing requirement of B dictated that
sutonomous updatihg using the star tracker dita
be implemented in' the f1ight program. The alge-*
rithn development’ 15 an extension of that analyzed
In-1*1 and, as in the sun sensor algorithm, the
rezsurement residuals and the matrix pseudoinverse
are used to Compute the guaternfon correction. In
e case of the star trackér update, simultaneous

- *easurements from two different stars are used to
fom the update. This allows a full’ three axis

. splate to be perfurmed edch time the algorithm is
utcuted, " .

]
1

The accuracy df ‘the different attitide update.
Ugerithes ts primarily dgpendent upon the sensor
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or grountd supplied data, fnboard computational
orroary are myinbaioed fa-low S<h areneconds, in the
wrodmd- aned s tar bracker prodess i and bielow 0,1«
0.7 deqress for the gt epuor processing. Thene
arcurecy roquirensnt alloeation, limit the yue nf
diithle precision Lo anly Lhott conpytation., which
mont be rigidly conbrained for porfarmance reasons,

Tynical prrformunce of the attitude rofoeconrs
in Celestial Sean is shown in Figuer 9. The fiqure
shows Lthe three attitude errors 3% 8 function of
time,  The time inteeva) 15 theee seae rosnytions,
These results are from imulations which incarpnrate
sensing and computatinnal arrar sourens,  The pree
dominant error source i the fgyro defft rate
residual (the difference botueen the true value of
drift and the qround drriyed estirate). This errgr
gives rise to a coning motion of the scan aris
pointiniy as analytically developed in [7) and a
divergent errer ahout the cen aris, Figurs 3
shows the rol} and piten (X and Y avec} orrars to
be cyclic indicating the coning while the gaw (1
axis) error diverges at apprasinmataly the rate of
the uncompensated qyro drift. The coning motion
of the scan axis forms an error source in tne
estimation of the +Z aris pointing accuracy. The
error in the estimste of the attitude atout tne
scan axis does not effect pointing accuracy in
scan but is corrected perindically using the ground
update algorithm. This allows the target orienta-
tion to bé satisfactorily acquifed should the CP
controt mode of HEAD-A or C be commanded by the
around,
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Figure 9. A'ttitude Reference Scan Hoqa Performance

’ : :

Cetestial Point performance of the attftuda
reference is depicted in Figure 10 under conditions
of geriodic autonomous Star tracker updating. In
the fiqure, the effects of the uncompensated gyro
drift rate are-again apparent as errors which cause
‘the attitude reference errors to increase nearly
1inearly batween updates. Every 64 seconds, a star
tracker update is performed which has the effect of
reducing the attitude reference errors to very
small values again, TYhis method of updating allows
the HEAD-B pointing stability to be maintained
within the 30 arcsecdnd reguirement without ground
{ntervention.
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Overall attitude reference errors due to algo-
rithm simplification {truncation and commutation)
and computationa) roundoff have been shown by test
to be less then 3-5 arkseconds over periods of
sevoral thousand seconds. The error propagatfon
characteristics from these sources have been noted
to be cyclic with time,

The initialization of the attitude reference
following Centaur separation or fatiure recovery
{s done by using the ground update algorithm in
conjunction with the post facto attitude estimates
from the ground processing filter. This is typi-
cally done while the opservatory i3 operating in
the N3A mode and the sfar trackers are being scanned

* in a plane norhail to the sunline. This initializa-

tion scheme i5 common to all three configurations

. even though the star tyacker orientations differ.

Attitude Con_trtfﬂers i !

The attitude controller implementations asso-
clated with each operating mode are described in

' this section. The order selécted for description

follows that of the typical sequence of events
noted in Table 7 beginping with the FSA mode which

. 15 entered fol'_lwmg sgparation from the Centaur.

* First Sun Acquisition (FSA) Mode. This mode
provides active contro] abeut the roll (X) and
pitch (¥) axes to orient the +Z axis of the ob-
servatory to the sun, .The sun sensor signals are
used for arientation cqntrol. Actuation is pro-
vidod by the RGS thrusters as ¥ndicatéd in Table 6.
No centrol about the Z axis 15 implemented ‘n this
made. A block diagram.of the cantrol laws of this
‘mode s Shown in Figurg 11, As has been indicated
previgusty, the primary cpjective of this mode was

. simplicity of ipplementation to dchieve 3 survival

+

capability should critical conditions be experi- .
enced out of ground cogtact. The use of this mode
immediately following Centadr separatfon resulted
from the desire to avold exposure of the gyros to
the separation shock with their spin motors oper-
ating while alsp reducing experiment sun exposure.

g .

.‘ 3 l lﬂ} '"-. .
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Figure 11, FSA Controller

The FSA Controller features two sets of ideati.
cal parallel signal paths for pitch and roli. The
selection of the controlling parallel sigmal path
is done automatically based upon the state of the
sun presence bilevel for the Z55A. -When the bi-
tevel does not indicate sup presence, the duty
cycle modulator logic is used for contral of the
thruster cormands. The madulator gates a clock to
the control logic which in turn operates to tormrand
the correct sign of control torque based upon the
processed ¥55A signals. The YSSA outputs are com-
bined in the TA processing to praduce pitch and
roll bilevels. The pitch bilevel indicates that
the sun is above or below the YZ plane of the body,
The roil bilevel indicates that the sun is to the
right or left of the XI plane. Use of these bi~
Tevels for control in this manner results in maney-
vering the +Z body axis toward the sun. As the 41
axis approaches the s .., the 255A sun presence
bilevel changes state and control is transfeérred
to the position plus derived rate signal paths,
Position errors from the ISSA provide propurtionsl
signals with a stable null atong +Z. The derived
rate signal is implemented with a lead network.
Once sun acguisition has been accomplished, the
deadzone of the switching dmplifier produces a
1imit cycle mode of operation about the sun point
ortentation. Logic is incorporated {n the control
toop to inhibit atl control commands in this mode
upon entry into eclipse. Reacquisition 5 them
accomplished at eclipse exit.

Pointing accuracy in this mode is within a 10
degree half cone angle of the sunlime, This pro-
vides the necessary ilhumination of the solar
arrays to keep the observatary alive electrically
withoit unduly constraining the control electronics.
Mode entry is by ground conmand or autoromously in -
the event of a power bus undervoltage indication.
Equipment rec. “i-uration logic with respect to
RCS, DPA, sun sensors_ and RCS thruster bank select
is dome prior to mode ety as has been noted pre-
viously. '

- Norwal Sun Acquisition. The NSA, CS, and CP
contre! modes uﬁ'%ch utilize RCS thruster actuation
are of a common generic design which is deplcted
in the block diagram of Figure 12. A1l of the

computations and logic shown are performed by the
flight program. Limited position and.rate feed-

* back 1aops_are used in conjunction with a. pulse-

width podulator with deadzone in each control axis.
One of the significant payoffs of this comman con=
trol topology is that a single set of software
instrdcifons can be used in the flight program
with myitiple locping to effect tnree axis control.
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Figure 12, RCS Normal Mode Controller

This §s done in the RCS Command Compute module of
the flight program {see Table 8), The computation
of the position error is control mode dependent
and ls done in She Attitude Error Determination °
mdule. ' '

The NSA position error signals. in pitch and roll
wre derived from the sun sensor outputs in nom- .
eclipse. Yaw axis control is always rate only .
with 3 command. bias, Large attitude errors as
indicated by the TJack qf a 7SSA sun presence signat
resilt in the YS5A bileve)s being used to produce
¢ saturated position error. The sanse of the

error is derived from the state of the. respective .

-pitch or rgll bilevel. This produces rate-1imited

maneuvering toward the sun for large pointing
errors,  Proportional esrors and a signal nuil are
sraduced by the 755A as the +Z axis of the obser-
ratory approaches the sun, Attitude hold during

- aclipse 4s prowided by fntegration of the hody rates

to produce an equivalent position ervor during this
portion of the arbit. :

Ortentation of the +I axis relative to the sun-
Tine is maintained. to within a 6.4 degree haif cone
argle in this cintrol mode. The rate command con-
trol- Yoop about T {yiw) with a command bias pro-
¥ides a scait of the body about the sunline., This

- -scanning motion 1s used to develop star maps from

tr star tracker outputs over successive scan
revolutions, These datp, in conjunction with gyro
vy, ephemeris, and a star catalog, are used in a
et -of ground processing algorithms to define an
- itimate of the in:rt!ﬁ orfentation time history
of the observatory~fixed axes. | A specific time
‘eint §$ then selected from the time history and
the onboard attitude reference fnitialized via the
fround update algorithm, With the attitude refer-

. ine initfalized, the €5 dr CP hodes which utilize

. ‘f‘".l outputs for posttion control may be entered,
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Colential Scan, The £5% attitude contrgl mode,
Likn the WA wode, provides orlentotion of the +F
axiy and a contralled rotation atnut the 7 asis,
Homoyer, In this wede, Lhe 7 aris §s pointed
inertially in. a divection specified by a target
nuaternion, QF, which define, o target conrdinate
frame with respect Lo the FLL frame,  The 7 axis
of the Larget conrdinate frame 15 the desired al fgn-
ment of the 7 hudy ards.  Gontenl position errars
for the rol) {X) and pitch () ares are formed
from Lhe direction cor o elemonts of the bady te
target transfarintion mtrix which dofioe the
projection of the 2 Larget axis on the ¥ and X
body axes, The expressions for computation of

» theuo olements are whowh an the right.side of
Ficuro 13, The weclor-matrix multiplication on
the left sidn of the fiqure is the gquaternion
equivatent of the coordinate transformation fror
jhertial-to-body (0) to target-to-body (NE}, The’
direction cosines have the [ aper -characteristics
of providing a value which i+ proportions] to the
+7 axis pointing error. Theur quantities are-used
directly in the common control Yaws of Figure 12,
&s the position error signals.
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F‘ig.ut:'e 13. CS Mode Position Ervor

Changes in the orientation of the 7 axis are
accomplished by upiinking new target quaternions
periodically. This is done once or twice a day to
maintain sun pointing. This -inertial precession
policy results in a rotation of the scan axis
through 180 degrees in six months, thereby #1low-
“ing the expertments to obtain a survey of the
entire inertial sphere.

The rate cortrol of the yaw axis is achieved
as in the NSA mode by specifying the "position”

" .error 'to be the rate command and the rate gain to

be unity. The gositian gain then becomes the rate
error gain. - The scan rate is nominal® 0,18 deg/
sec and 15 controlled by the deadzane to within
+.018 deg/seéc of the command vaTue. Scan rate
commands up to 0.6 deg/sec may be used under
special conditians as dictated by the experiment
planning.

The minimum pulsewtdths and the deadzones in
this mode are specified to achieve pointing of the
1 axis to within one degree of the target direction
and maintain limit cycle rates below 0.0% deg/sec.
The requireq desdzones are 0.4 degrees and the
pulsewidths are 30-108 msec in rolt and 75-200 msec
in pitch., The difference in pulsewidths reflect
the dgifferences in control acceleration ang dis-
turbange torque magnitudes in the two axes.
rate deadzone in yaw has been noted above, The
sinimus pulsewt.ith In this axis is also J0-100
msec.
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Celestial Point, The €F made exists in all

three observatory configurations. This mote pro-

vidos stabitized three axis control with respect

. to a spectfied inertial target.  The Largetl qua-

-+ ternion (QT} §s transformed vin the attitude refer-
onee as in the U5 mode Lo derive a bdy to tarnet
error as shawn in Tigure 14,  In the CF mode, how-

< evor, the first throe clempnts of the error gua-
ternion ane used directly as the position errors,
The factor of two shown in the fiqure accounts for
the hatf angle characteristic of the guaternton,
Thesg position errors are used as the inputs to-
the rate plus gosition control laws of the RLS
tontrollers of Figure 12, The pginting performance
of the A and C configurations is similar to that of
the 7 axis pointing in CS, The control deadzones

- are set at 0.4 degree in each axis and the minimum

pulsewidths are individually specified to maintain

1imit cycle rates below 0.01 deg/sec in each axis.

‘Propetlant consumption tends to be increased durin

CP operation with respect to C5 operation due to

the presence of seculdr disturbance torques from

gravity gradient interactions, Target to target
maneuvering on RCS is accomplished in the CP mode
by commanding a target change. The position error

working through the control laws will cavse an .

eigen axis maneuver to be executed between the two
target orientations.
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The CP mode implementation in KEAO-B also fea-
_tures a set of controllers which use reaction
wheels {RW) for actuation. A block diagram of the
R¥ control loops is shown in Figure 15, The aaine
positfon error plus gained rate feedback topology
is used in the RW contwmol as was used in the B(S

contro] Yaws. Key differences exist in the two

controliers however. The rate gain in the RW con-

trolier is computed an the basis of an algorithm
which provides deadbeat response at maneuver ter-
mination. The body to RM geometry is also used
via the pseudoinverse distritution Jaw to allucate
error signals to the individual RW.

PITCN POSETION

TYPICAL ONE-OF FQUR CHANNELS

The whiere) control pathy each have a digital in.

teqratoer to enhance pointing arcyracy. The intes

gratory have Timitod anthoeity and are divengaged
during wanegver,,  Thee wduare rant oberation shown
in the bleek disgram §+ ineluded In the contre)
Taw <oftware to linearize the tlectrical coerand
to torque output characteristics of the PREASEWA
conbination., Leoygie which §n activated on the hasis
of whopl spends, a4 senved Ly the tachameters |5
ueed to unload the wheels s they approzech saturas
tion, tinleading {5 ascompliched in a continunus
jnterval with the combined uie of the PW ant RCO
thrusters to drive the whonl speeds to near zero.
The unloading is a substate of the CP mode, Other
than for use during unlpading, the PLS 15 not nor-
mally used in the CP mode for HEAN-B.

The #W controller maintaing the +¥ aris of the
sbsorvatary (the exporiment viewing aris) to within
a few arcseconds of the targeted orientation in
stabilized point, Errors in addition to the contrgl
errgr are prosent due to attitude reference drifts
a5 shown previously. . Overall, the Pd controller

" is able to point the erperiments tn the desired 6}

arcseconds accuracy and maintain the orientatioe
stable to 3 arccecnnds nyer interyals of one hoyr
or more. The mout mevere transient due to costrol
actions is erperienced during the times whea 3
wheel passes through zera speed. A sirulation of
this transient for HEAO-B i5 shown in Figure 16.
At 6.5 minutes in this rum, 2 single wheel passes
through zero due to the cyclic nature. of the dis-
turbance torques. This results in 2 change in the
friction torque of the wheel which in turn requires
the #ntegrator in the forward Toop to change signs.
Except for such times, the RW controiler is able to
achieve average pointing accuracies on the order
-of one arcsecond. } - :

s
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fargrt-to-taraet manguvering s done by a target
change' commanded by the ground, Upon recoipt of
this cormand, the wheels are untoaded. They are
then turqued to reactively transfer mosentum into
the body to effect a mangyier rate. Mancuver is
#1sp 2 substate of thé €T mode. The control logic
in mancuvers allews the full momentum capability
of the wheels to be used when the maneuver angle
is sufficiently Targe. A typical 180 degree maneu-
ver can be completed in Yess than 1000 seconds.

l .

IV, HEAO Applications and Modifications

. the ACDS design which has been developnd for the
three initial HEAD missions and payloads has been
described.  The stress in the development has been
on cormonality and modularity. The degree to which
this gual has been achieved can be measured Some-
what by follow=an studies which are now in progress,
WEAD-C with its 1979 Taunch ‘date is being consid=-
ere¢ for retrieval and reflight by the Space Shuttle
griiter, In this same time frame the TORSS {Track-
fng and Data Relay Satellite System} should be
pperational and HEAG:C 1s being fooked at as a
candidate for providing esrly verifitation of the
10RSS capability. The subdivisien of the EM and

* SEM in HEAD-C makes the refurbishment and refiight

with modified payloads an attractive low cost
option for certain follow-op scanning payloads.
The uce of a bady fixed high-gain antenna coupled
with periodic operation of HEAD-C in’the CP mode
also provides & potential Tow cast/risk means for
early TORSS equipment testing on-orbit.

Finally, there have been identified a variety of
astronomical experiments which possess the poten-
tial for furthering the knowledge of the cosmos.
With the advent of the Shuttle, these payloads
can be Taunched at much reduced costs. By adapt-
ing the HEAD SEM to provide the an-orbit support
for these paytoads, additional satellite cost
savings can be realized. Such applications studtes
sre currently underway. Preliminary results in-
dicate that the HEAD design concept can be effec-

tively used in this context. Resizing of reaction -

wheels and addition of magnetic torquing devices
for .unloading can be accomgdated by the current
desidn as cai be the addition of 2 pointed articu-
lated antenna for telemetry and command through
TORSS. .

¥. Conclusions

The conceptual design of the attitude control
subsystem for the HEAQ satellite series was based
upon hardware standardization and software modu-
larization. The implementation of this design is
now n the latter stages of component gquatification
and spacecraft integration snd test. Flight veri-
fication will be initiated following the first
aunch in Aprit 1977. Experience gained from this
development has indicated the following:

1} development cost reductions can be effected
- by esrly concentration on the definitfon of

design requiresents for all of -the different

wissions
2) equipment commonaiity can be enhanced. by

proper allocation of Funutions tn the pre-
Vininary design phases
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3} mission and confiquration differences stifl
require specific attention as commonality
cannot bie effoctively enforced in the imple-
mentations under all circumstances.

Some of the concepts employed on HEAD are also
being constdered for other programs currently under
study. Therefore, the REAG erporiences should be
examined critically as the final development and
oprrational phases proceed so that they can be
appropristely spplied to these future sctivities,
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- 2GANIL 1SON: MARSHALL SPATE FLIGHT CENTER
> SYSTEMS DYNAMICS LABORATORY _ SELT7ER
3 o DATE,
POINTING CONTROL SYSTEMS ACTION ITEM LOG _ —
BRANCH September 28, 1976 (REVISED)

NO. ITEM ASSIGNED TO DUE_DATE DISPOSITION

1. PREPARE STRAW MAN SCHEDULE. C. GREEN 27 JuL 76 DISTRIBUTE 27 JULY.

2. COMMENTS ON ORGANIZATIONAL ALL MEMBERS 27 JUL 76 COMPLETED 27 JULY. T
MATERIAL FROM JULY 23.

3. CONTACT HEAQ PROJECT OFFICE C. GRCEN 27 JuL 76 BOB WOLF PRESENTED|
FOR PROPOSED 3 AUG PRESENTATION ON 3 AUG 76.
ON ACDS REGUIREMENTS AND SPECS.

1, SET UP PROPOSED 10 AUG PRESENTATION B. WOLF 27 JUL 76 BOB WOLF SETTING THIS
OF EXPERIMENT REQUIREMENTS UPON uP.
ACDS {BY SAD?)

5. OBTAIN LATEST HEAO-B CEI SPEC. C. GREEW ASP C. GREEN REQUESTED

COPIES FOR TEAM.

6. OBTAIN LATEST B. WOLF 5 AUG 76 B. WOLF OBTALNED
ACDS SUBSYSTEM SPEC. SPEC.

7. CONTACT PRGIECT OFFICE AND CHIEF  C. GREER ASP BOB WOLF, DOC CARLILE,
ENGR's OFFICE FOR REPRESENTATIVE INVITED.
AT EACH MEETING.

8. CONTACT WOJTALIK's OFFICE FOR C. GREEN ASP MEETING TGOK PLACE
APPOINTMENT TO DISCUSS MISSION, WEDNESDAY, JULY 28.
SCOPE OF TEAM ACTIVITIES.

9. LOCATE HEAD-B ACDS PERTINENT C. GREEN ASP DOCUMENTATION LOCATED.
DOCUMENTATION, USING HOFFMAN'S
LTST. G

10, SUGGEST THAT TOM GUFFIN PARTICIPATE M. SINGLEY ASP REP FROM CAUSEY's
IN REVIEW TEAK MEETINGS; DISCUSS ORGANIZATION INVITED.

. W/LLOYD STOKE.

(ALL ACTION ITEMS COMPLETED ON THIS PAGE}

a1 e
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SYSTEMS DYNAMICS LABORATORY
POINTING CONTROL SYSTEMS

R e —r——————r TP T YT T T T
MARSHALL SPACE FLIGHT CENTER

ACTION ITEM LOG
(CONT INUEB)

HAME.

S. M. SELTZER

DATE:

BRANCH

‘SEPTEMBER 28, 1976 (REVISED)

ASSIGNED TG

BUE DATE

DISPOSITION

NO. ITEM

11. RECOMMEND HOW BEST TO INCORPORATE
ON-BOARD UPDATE {AND INTERFACE)
@F ACBS BY STAR TRACKER.

12, BETERMINE HOW BEST T@ SCHEDULE
HARDWARE (ST, RGA, RW's) REPORTS.

13, PREPARE PROPOSER TEAM CHARTER.

14, ATTEMPT TO OBTAIN CDA-RELATED
CHANGES OF PRELIMINARY DESIGN
AUDIT FOR DPA SOFTWARE AND
ENSURE THAT TEAM FAS LATEST
SOFTWARE REQUIREMENTS.

15. REVIEW CEI SPEC AND PREPARE
LISTS OF REQUIRED CHANGES.

16. DETERMINE REASON FOR x-y

PLANE CONSTRAINT OF +1°
OF THE SUN LINE.

CRAIGHEAD/
KENNEL

SIMS

SELTZER
HIGHT

ASP

ASP

12 AUG 76
31 AUG 78

16 SEP 76

ASP

INTERFACE DEFINED
AGREED UPGN BY
CRIAGHEAD/KENNEL :
GROUND SENBS UP (TO
AEDS) 2 SETS OF
QUATERNTONS.

PLAN TO REPGRT ON ALL
ACDS HARDWARE AT ONE
TIME (1% AUG) UNLESS
CLYDE JONES DEMURS.

REVIEWED & DISTRIBUTED
COMPLETED BY MEMO,

HIGHT TO SELTZER,
AUG 20, 1976 (APP. O)

COMPLETED § SEP 76.

CLOSED. REASON--TO
OBVIATE NEED FOR A NEW
THERMAL ANALYSIS,

(ALL ACTION ITEMS COMPLETED ON THIS PAGE)

MSFC - Form 1308 [Pl Octetas 1973}

FiLE KO.

e S s o st bt Y. P  g




T A e M AT

8LT

W
T WARSHALL SPACE FLIGHT CENTER RANE,
SYSTEMS DYNAMICS LABORATORY s M. SELTZER
POINTING CONTROL SYSTEMS ACTION ITEM LOG P
BRANCH {CONTINUED) SEPTEMBER -8, 1976(REVISED)
NO. ITEM ASSIGNED T0 DUE_DATE BISPOSITION
17. DETERMINE MOMENTUM VS. TIME H. KENNEL 9 SEP 76 KENNEL's NOTE TO
ANALYSTS/SIMULATION STATUS, SELTZER 3 SEP 76.
PAYING PARTICULAR ATTENTION OPERATION NOT OBJEC-
70 "LAZY SUSAR" AND ANY X-AXIS TIONAL FROM ACDS VIEW}
ATTITUDE POINTING REQUIREMENT. POINT (APP. P)
18. SET UP BRIEFING [NANCY MILLY) M. SINGLEY 12 AUG 76 TOOK PLACE
ON FMEA Al SINGLE POINT FAILURES 26 AUG.
FOR 26 AUG.
19. CONTACT E. WOJTALIK: WHY BOES RECIO SELTZER 12 AUG 76 BRIEFING TOOK PLACE
STATE ACDS PERFORMANCE UNACCEPTABLE? 13 SEP 6.
ESTABLISH BRIEFING FOR TEAM.
20. OBTAIN MASS DISTRIBUTION/MOMENTS  B. WOLF ASP CLOSED BY RESPONSE TO
OF INERTIA FOR "LAZY SUSAN" FOR ITEM 17.
HANS KENNEL .
21, OBTAIN MOMENTS OF INERTIA OF SINS ASP IngToR=5 gm cm? {NEG-
MOTOR/GEAR TRAIN FOR HANS KENNEL. LTRIBCE)
22, SET UP PRE-COR BRIEFING FOR CARLILE 15 SEP 76 e 32 T
6-7 0CT. WILL BE HERE 6-7 OCT.
23. TAKE STEPS TO ENSURE TIMELY 8. WOLF/CARLILE  ASP RECEIVED 14 SEP 76.
RECEIPT OF CDR DOCUMENTATION,
i.e., 13 SEP 76.
24. SET UP TELECON OR DISCUSSION TO SINS ASP FOUR TRW MEMOS
VERIFY UNDERSTANDING OF TRH's RW REVIEWED.
MODEL (TRW MEMD HEAQ 74-460-209). TELECON UNCHSSARY )

ML, - Forw 3300 {Ase Orwbw 1971
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ORGARIZATION: MARSHALL SPACE FLIGHT CENTER INAME:
SYSTEMS DYNAMICS LABORATORY s, M. SELTZRR
POINTING CONTROL SYSTEMS ACTION ITEM LOG oATE:
ga §g BRANCH (CONTINUED) SEPTEMBER 28, 1976 (REVISED)
(=]
S g% NO. 1TEM ASSIGNED TO DUE DATE DISPOSITION
Q
w E; 25, DISCUSS JITTER DEFINITIGN AND WOLF ASP CLOSED BY OPENING ITEM 39.
o REQUIREMENT WITH SAO AT MEETING CLOSED-FSA INITIAL CONDITION
o TO BE SCHEDULED. RATES CAML FROM_A COMBINATIO
= OF DUMPING 3 SATURATED RW's
3 26, DETERMINE NSA AND FSA DESIGN SHELTON 31 AUG 76 %EWaDgE$D%kEEA¥ER&§$EEA£k¥EE
{ } d EO TRE i =¥ SE | - I
Qe VERIFICATION RATE REQUIREMENTS. OF WORST CASE THRUST
f 29. RESOLVE QUESTIONS CONCERNING SIMS 9 SEP 76 ACCURAC 3,1° 15
a ACCURACY AND RELIABILITY NUMBERS - §§i§§é§§Eﬁ§E &ﬁﬁ;ﬁ%ﬁ%ﬂ‘ﬁﬁ% B
; DRESENTED AT HEAG-B PDR FOR SoALE POk LTRULAT IO
: -SUN SENSOR. s L Ty
| z (USED FOR CALTBRATION).
] 28, CHANGE tITLE OF 3d DAY OF COR TO  WOLF UG CARLILE WILL ENSURE THIS.
: REFLECT IT IS SOFTWARE.
29. ENSURE TRM ALLOTS SUFFICIENT WOLF UG ACDS WILL LAST 3 DAYS.
TIME TO COVER SOFTWARE IN DEPTH. 3rd DAY ENTIRELY FOR SOFTWARE.
30. WHY MUST COMMENTS ON HEAB-A TEST  WOLF AVG DELETE -- HEAG-A.
RESULTS BE SUBMITTED BY 17 SEP?
CHANGE DUE DATE TO AFTER HEAO-B
CDR.
31. SUBMIT REPORT ON REVIEW OF HEAO-A  SHELTAN/COX 30 SEP 76 DELETE -- HEAO-A.
TEST RESULTS DOCUMENTATION.
32. HOW MANY MANEUVERS PER TIME PERIOD MILNER 31 AUG 76 ONER Eﬁ@ﬁMAEE BASED QN2
- \ £ BASED (N MANEOVERS/GRBIT, THIS T
IS JOWER PROFILE BASED UN? MR ER /R e
33. WAS HEAQ-A REVIEW TEAM's WOLF ADDRESSED BY HOFFMAN
RECOMMENDATION ON "UNDERVOLTAGE ‘ :
SWITCHOVER" CRITERION ACCEPTED? AT 6 OCT PRESENTATION.
[y
-3
[dw]
MIFC . Form 304 (Raw Dxvetaw 1972, FILE NO.
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!5; JORGANIZATION: MARSHALL SPRAZE FLIGHT CENTER |MAME
S SYSTEMS DYNAMICS LABORATORY - S. M. SELTZER
: TI 'E ' .
POINTING CONTROL SYSTEMS ACTION ITEM LOS pATE —
BRANCE ‘ {CONTINUED) SEPTEMBER 28, 1976 (REVISED)
] NO. 1TEM ASSIGNED TO DUE DATE DISPOSITION
34. SET UP PRESENTATION BY WOJTALIK SELTZER PRESENTATION SCHEDULED FOR
ON DISPOSITION OF HZAO-A REPORT. 10-00 a.m. on 13 SEP 76. ——
35. DETERMINE PREVIOUS ELECTRICAL WOLF OPEN
CONNECTOR EXPERIENCE w.r.t.
FAILURES.
36. DETERMINE IF HEAQ TRANSPORTED JONES 31 AUG 76 "GAS IMPEDENCE FLOW RATE™
HORTZONTALLY TO CAPE AND PERFORMED AT CAPE BECAUSE S
; DETRIMENTAL EFFECTS ON RCS. HEAG 1S TRANSPORTED
4 HORTZONTALLY. THIS REPLACES
‘ : THE USUAL HOT FIRE TEST BEFORE
‘ THE SHRGUD IS PUT ON.
3. DETERMINE HOW COMPUTER KNOWS CARLILE 1 SEP 76  TARGETS INDEXED AND STORED
WHICH TARGET TO POINT AT. E§C§¥DREB COMMAND PROGRAMMER
i 38, DETERMINE TESTED TRACK RATE SIMS 16 SEP 76  TALKED TO MiNN.-H@NEMﬂ&Lh.
: OF STA. THEY ARE TESTING 10 2 Win/s
L (WHICH IS IN STA SPEC).
39, WRITE ECR TO DEFINE JITTER SHELTON (APP. Q)
IN SPEC.
40. DISCUSS SCP AND HOW COMMANDS ROWE 16 SEP 76  PRESENTATION TO TEAM BY
ARE UPDATED, EMPHASIZING ACDS INTERFACE. ROB ROME.
4. DEFINE PROBABILITIES USED IN CARLILE (APP. R)
CEl SPEC.
42. DOES E&C LAB DETERMINE IF DOANE 13 SEP 76  YES & SENSORS MEET SPEC;
HARDWARE EQUIPMENT SPEC MEETS AWA & RWEA ARE STILL BEING
ACDS SUBSYSTEM SPEC? CHECKED.
WESFC - Farm . J308 (Rew Octob 1472) FILE NO. 5
P ————
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ORGANIZATION:

BRANCH

SYSTEMS DYNAMICS LABORATORY
POINTING CONTROL SYSTEMS

MARSHALL SPACE FLIGHT CENTER

ACTION ITEM LGG
{CONTINUED)

HAME

S. M. SELTZER

DATE:

'SEPTEMBER 28, 1976

NO.

ITEM ASSIGNED TO

DUE_DATE

BISPOSITIEN

43,

Ry £ £l

44,

A T

| .

46.

47.

PRESENT TG TEAM: WHO HAS DOMNE
RESPONSIBILITY FOR ENSURING

EITHER THAT HARDWARE EQUIPMENT

MEETS ITS SPEC OR THAT A WATVER

1S APPROVED AND HOW THIS PROCESS

TAKES PLACE.

WRITE EXCEPTION TO PARA. 3.3.15 JONES
THAT 1S REFERENCED IN PARA.

3.1.1.2.6.7 {p. 3-39) OF CEI

SPEC.

HOW ARE SUBSYSTEM (INCLUDING WOLF
ACDS) POTENTIAL OPERATIONAL

PRABLEMS DISCOVER™D BY FLT OPNS

URGN? WHAT IS THE.R FEEDBACK TO
RESPONSIBLE S&E ORGA‘IZATIONAL

ELEMENTS? (EX. SCP & COINCIDENCE

TIME COMMANDS].

VERIFY THAT PULSE COMMAND WIDTH JBNES
USED BY TRW IS 0.040 sec.

REVIEW FLIGHT PROGRAM REQUIREMENTS TEAM
DOCUMENT ,

ASP

16 SEP 76

WHOEVER SIGNS THE C0Q IS
RESPONSIBLE, RE: MEMO
FROM CLYDE BROMWN.

COMPLETED 20 SEP 76.

OPEN

EXPLAINED AT CDR,

COMPLETED.

I8T

MISFC - Forrn 1304 {Ruse October |78
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APPENDIX J
HEAO-B ACDS REVIEW TEAM MINUTES

183
PRECEDING PAGE BLANK NOT FILMED
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Reply 10 Atin of

Naticnal Aeronautics and ,
Space Administration m

George C. Marshall Space Flight Center
Marshail Space Flight Center, Alabama

35812

ED22 August 10, 1976
TO: Distribution

FROM: FD22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of HEAO-B ACDS Ad Hoc Review Team Meetings of
July 23 and 27, 1976

An organizational meeting of the HEAO-B ACDS Review Team was held

July 2%, 1976. Dr. Sherman Seltzer announced his nomination as the

new team chairman and presented a proposed review outline. Team

members were asked to comment on the proposed outline at the

July 27, 1976 scheduled meeting. The proposed outline was based on
completing the review of the HEAO-B ACDS by the time of the Observatory
ACDS Critical Design Review, scheduled for September 21, 1976. Baob Rowe
of Data Systems Laboratory replaced Archie Jackson on the revizw team.
Mr. Rowe will concentrate on the flight software.

The first regularly scheduled meeting was held July 27, 1976.

Maurice Singley of Systems Analysis and Integration Laboratory proposed
Paul Craighead of the same lab as his alternate. The team agreed to

change the meeting time to 8 a.m. but retained the meeting days as

Tuesday and Thursday. Whether selection of guide stars was a subject

for team review was discussed but not resolved. Singiey will discuss

with 2is lab management the possibility of Tom Guffin (who is knowledgeable
of judicious target selection routines) becoming part of the review team.

Dale Hoffman of TRW made a presentation on the HEAD-B ACDS at the first
working meeting on July 27. He reviewed the HEAO-B configuration and
named each of the instruments. He explained that the experiment was
constrained from pointing within 30° half cone angle of the sun. The
equipment constituting the ACDS subsystem was discussed and differences
between the subsystem for HEAO-A and -B were pointed out. The operating
modes of the ACDS were axplained. They are: (1) celestial point,

(2) normal sun acquisition, and (3) first sun acquisition. The maximum
scan rate for HEAO-B is 2 arc min/sec because of 1imits imposed by the
star tracker acquisition speed. Mr. Hoffman also discusced the HEAQ-B
activation time line and reviewed the documentation status.

154
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2

A "straw man" HEAOD-B review schedule and a review team membership
1ist were presented and will be discussed in the July 29 meeting.

g’aﬂ?i S

y -

A
C. E. Green

APPROVAL :

Sherman M, Sei€zer
Chairman, HEAO-B ACD3
Review Team

Enclosure

cc:
EE71/Mr, Wojtalik
ECO1/Mr. Moore
EDO1/Dr. Lovingood
EDO1/Dr. Woriey
ELG1/Dr. Thomason
EPOT/Mr. McCool
ACDS Team Members
EC21/Dr. Doane
EDZ22/Mr. Green
ELD4/Mr. Hight/Mr. Cox
EF15/Mr. Rowe/Mr. Collins
EP24/Mr. Lee Jones
ER12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelton
EC22/Mr. Sims
EL54/Mr. Singley/Mr. Craighead

185
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= BRC ANIIATON: MARSHALL SPACE FLIGHT CENTER NAME.
> SYSTEMS DYNAMICS LABORATORY 5. M. SELTZER
POINTING CONTROL SYSTEMS HEAO-B ACDS REVIEW TEAM o
BRANCH o COMP@SITION JULY 30, 1976
SHERMAN M. SELTZER  CHAIRMAN SD LAB
GEORGE B. DOANE, IIT ACDS HARDWARE ERC LAB
CLAUDS, E. GREEN STRUCTURAL DYNAMICS SO LAB
HERMO.1 HIGHT/ROBERT COX FLIGHT SOFTWARE SAZI LAB/M&S
BOB ROWE/CHARLES GOLLINS FLIGHT SOFTWARE DATA SYS. LAB
g LEE JONES ~ RCS STRUC & PROP LAB
: HANS KENNEL POINTING, MANEUVERING, & SB LAB
3 MOMENTUM MANAGEMENT
ﬁ ROBERT MILNER ELEGTRICAL SYS. E&C LAB
? HARVEY SHELTON STAB. & CONTROL SO LAS
? C. R. SIMS ACDS HARDVARE E&C LAB
MAURICE SINGLEY/PAUL CRAIGHEAD SYSTEMS/GROMNU SOFTWARE SA&I LAB

WLFC - Fasimr 3304 (o Octobier |90 - FILE MO,
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ey MONTH __JuLy - AugusT 10 75 J
) : s e e e . e e e e e uly 30, 1976
SUNDAY MONDAY TUESDAY WIEDHESDAY | THURSDAY FRIDAY SATURDAY
\ 25 Qﬁ 8:30 a.m, Q Q 8:00 a.m. Q Q Q
\\\_ “~{Review of Team Review
HEAD-B ACDS by of Straw Man :
Dale Hoffman of Schedule and
TRY. prepare Target
Exec. Conf. Schedule.
- Rooin/ 4487 ECR/4487
\\\l \\\2 8:00 a.m. \\ii \\f_ B:00 a.m. \\E_ \\F \\z_
~1 Presentation ' HEAD-B 1
of -8B ACDS Activation
Reqts. and M. Singley
Specs. by ECR/4487
Bab Yolf ef EE7I
ECR/ 4487
[ Iy
Q Q&:Bﬁ] a.m. 19 Q 8:00 a.m. 12 Q Q
Review of 1 Repert on
Experiment Pointing, Maneuy img,
Requirements and Momentum ;
upen ACDS Management
by SAQ? H. Kennel
ECR/4487 ECR/ 4487
Q 8:00 a.m. Q 181 3:00 a.m. Q Q Q
ajﬂeport on ‘' Raport on
Gat Laws, HEAG-B ST, RBA,
Stability, Modes, » RWA, and RWEA
& Assoc. Software - ! Sims/Doane
Shelton/Rowe ECR/ 4487
£CR/ 4487 *
22 Q 8:00 a.m. Q Q B:00 a.m. Q Q Q
Report on + Report on Groums: '
RCS & Electrical generated info
. Systems . used by AEDS
Janes/i4ilner . Flight Suftware
. . Concerns
Singley/Hight i
IOGRA PLANNER MO, 1 Minas rress, 5587 OAR FANK, BEAWTYH, LY, - WRITE DAYS OF MONTH 1N THE SMALL QUARTER CIRCLESG.
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Do AR TATION:

| SYSTEMS DYRAMICS LARI RATORY

88T

POINTING CONTROL SYSTEMWS
BRARCH

LIARSHALL SPACE FLIGHT CENTER

COMPONENT BOCUMENTS

HAME:

S, WL OSELTZER & o

DATE:

HARDHARE,

A

OPA

ZSSA

YSSA

RWEA

RUA

RGA

SOFTWARE.

FLT. PROG. HEAG-B FPH-B
PRE-FLT. 1/F PROG. PIP

RCS{DTH)

AVATL. _DOCUMCNTATION

PDA/EDA DATA PKG;

PDA/CDA DATA PKG;

PDA/COA DATA PKG;

PDA/CDA DATA PKG;

cpa/coA * (TO BE SUPPLIED)
POA/CDA

POA/CBA

FPROD}, FPDD
REQ. DOC. (RD), DLSCR. DOC. (oD}
PDA/CDA DATA PKG

EQ. SPEC
EQ. SPEC
£Q. SPEC
EQ. SPEC
£Q. SPEC
£Q. SPEC
EQ. SPEC

COMPON. FIIOR
PANCIERA
PANCTERA
SIMS
SIMS
SINS
SINS
SIMS

HIGHT
HIGHT
JOMES

JULY 30, 1976 (REVISID)

L i mar ————
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DRG-AMIZATON: MAARSHALL SPACE FLIGHT CENTER ‘Nﬂ%
SYSTEMS DYNAMICS LABORATORY St SELTZER. o o ]
POINTING CONTROL SYSTEMS ACTION TTEM LOG .
_BRANCH JULY 30, 1976 (REVISED} |
§§ Eé NO. TTEM ASSIGNED TO DUE DATE DISPOSITION
~
Eg é% I. PREPARE STRAW MAN SCHEDULE. C. GREEN 27 JUL 76 DISTRIBUTE 27 JULY.
& E; z. COMMENTS O ORGAHTZATIONAL © ALL MEMBERS 27 JuL 75 COMPLETED 27 JULY.
ﬁ% g MATERIAL FROM JULY 23.
t
5; 3. CONTACT HEAQ PROJECT OFFICE C. GREEN 27 JuL 76 BOB WOLF WILL PRESENT
| FOR PROPOSED 3 AUG PRESENTATION ON 3 AUG 76.
r .55 ON ACDS REQUIREMENTS AND SPECS. _
4. SET UP PROPOSED 10 AUG PRESENTATION B. WOLF 27 JUL 76 BOB WOLF SETTING THIS
0F EXPERIMENT REQUIREMENTS UPGN up.
ACDS (BY SAG?)
5. OBTAIM LATEST HEAB-B CEI SPEC. ¢. GREEN ASP €. GREEN REQUESTER
COPIES FOR TEAM.
6. CONTACT D. HOFFMAN FOR LATEST C. GREEN ASP C. GREEM ATTEMPTING
ACBS SUBSYSTEM SPEC. 70 O8TAIN SPEC,
f. _ CCNTACT PROJECT CFFICE AND CHIEF C. GREEN ASP BOR WOLF, DOC CARLILE,
ENGR's OFFICE FOR REPRESENTATIVE INVITED.
AT EACH MCETING. —
. CONTACT WOJTALIK's BFFICE FOR C. GREEN AsP MEETING TOOK PLACE
APPOINTHENT TO DISCUSS MISSION, WEDNESDAY , JULY 28.
SCOPE OF TEAM ACTIVITIES.
9, LOCATE HEAO-B ACDS PERTINENT C. GREEN ASP
DOCUMENTATION, WSING HOFFMAN's e
LIST.
19. SUGGEST THAT TOM GUFFIN PARTICIPATE M. SINGLEY ASP REP FRGM CAUSEY's
IN REVIEW TEAM MEETINGS; DISCUSS ORGAMIZATION INVITED.
W/LLOYD STOME,

it
o
o
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HamE,

ORGANIZATION:

SYSTEMS DYNAMICS LABORATORY

MARSHALL SPACE FLIGHT CENTER

ACTION ITEM LOG

[DATE

§. M. SELTZER .. .

CHANGES OF PRELIMINARY DESIGN
RUDIT FOR DPA SOFTWARE AND
ENSURE THAT TEAM HAS LATEST
SOFTWARE REQUIREMENTS.

POLNTING CONTROL SYSTEMS
BRANCH { CONT INUED) JULY 30, 1976
NO. 1TEM ASSIGNED T0 DUk DATE BISPOSTTION
11. RECGMHEND HOW BEST TO INCORPORATE ~ CRAIGHEAD/ ASP [NTERFACE BEFINED
ON-BORRD UPDATE (AND INTERFACE) - KENNEL AGREED UPON BY
OF ACDS BY STAR TRACKER. CRAIGHEAD/KENNEL :
GROUND SENBS WP (TO
ACDS) 2 SETS OF
QUATERNIONS.
12. DETERMINE HOW BEST TO SCHEDULE SIMS ASP PLAN TO REPORT ON ALL
HARDWARE (ST, RGA, RW's} REPORTS. ACES HARDWARE AT ONE
TIME (19 AUG) UNLESS
CLYDE JONES DEMURS.
13. PREPARE PROPOSED TEAM CHARTER. SELTZER ASP
14. ATTENPT TO OBTAIN CDS-RELATED HIGHT Mid-AUGUST

WMSFC . Fouem 1304 [Re Oclakae 1970
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National Aeronautics and 3
Space Administration NMA

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabarma

35812
Resiy 1o Avn gt ED22 August 10, 1976
TO: Jistribution
FROM: ED22/Mr, Green, Systems Dynamics Laboratory

SUBJECT: Minutes of the August 2, 1976, HEAQ-B ACDS Ad Hoc Review
Team Meeting

A scheduled meeting of the review team was held August 3, 1976,
An attendees 1ist is enclosed.

Bob Woif of the HEAD Chief Engineer's Office presented a review

of the ACDS portions of the HEAO-B Observatory System Specification
(72M10067, Rev. A). Several discrepancies between the CEI and the
Subsystem Specification were identified. Team members were asked

to review the CEI specification and prepare 1lists of required changes
by August 10, 1976. It was concluded that the team should prepare
RIDs on the documentation as the review progresses. Mr. Wolf accepted
an action to provide copies of the latest Subsystem Specification at
the August 5, 1976 meeting.

The question was raised as to whether the review team charter covered
verification. The consensus was that verification was an essential
part of the review. It was noted that the term "probability"” was
used loosely in the documentation. A technical question concerning
what would happen if the x-z plane constraint of + 1° of the sun line
were violated. Mr. Wolf took an action to answer this question,

Mr. Carlile of the Project Office requested that the team plan to have
a thorough RID review early in September,

An attendee list for the August 3, 1976 review team meeting is enclosed,

Vs
(2=

Ll L

C. E, Green

APPROVAL:

/)7

Sherman M. Seltazér
Chairman, HEAQO-B ACDS
Review Team

Enclosure
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cC:
FE71/Mr. Wojtalik
ECO1/Mr. Moore
EDO1/Dr. Lovingood
EDO1/Dr. Worley
ELO1/Dr. Thomason
EPO1/Mr. McCool
ACDS Team Members

EC271/Dr.
ED22/Mr.
ELOA/Mr.
EF15/Mr.
EP24/Mr.
EDT2/Mr.
EC13/Mr.
ED12/Mr.
EC22/Mr.
EL54 /Mr,

192

Doane

Green

Hight/Mr. Cox
Rowe/Mr. Collins

Lee Jones

Kennel

Milner

Shelton

Sims

Singley/Mr. Craighead
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Name

C., Green

G. B. Doane III
H. ¥. Kennel
C. R. Sims

H. Hight

R. Milner

R. Cox

M. E. Singley
R. J. Rowe
Bob Wolf

Poc Carlile

ATTENDEES

Organization

ED22
EC21
ED12
EC22
ELO4
EC13
M&S/ELO4
EL54
EF15
EE71
HA23

August 3, 1976

Phone

3-2525
3-1418
3-4718
3~0795
3-5222
3-4638
772-3411
3-2713
3-3578
3-4217
3-1830
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Reqly to Alin o

Nationat Aeronautics and
Space Administration w

C eorge C. Marshall Space Flight Center
ilarshall Space Flight Center, Alabama

35812

. ED22 August 11, 1976
TO: Distribution
FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of August 10, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

The scheduled review team meeting wae held in the ECR at 8:00 a.m.,

chaired by Dr. Seltzer.

The chair distributed, discussed and presented the current
schedule and action item charts. These charts will be updated
for the next scheduled meeting., Mr. H. Kennel was assigned
the action to look into the angular momentum introduced in%o

the Observatory by the FPTA.

A lengthy discussion of the draft of the Team Charter was held.

The chair took copious notes which will be incorporated in a
new draft of the Charter. Much of the discussion had to do
with scoping the team's sphere of activity and the team's
interface with other functional areas, €.8., telemetry. The
Gestion of the team's interaction with the ground software

specifically the determination of the attitude gquarternions
was a topic of lengthy discussion. The chair accepted an
action to contact Mr. Wojtalik and explore this area.

The last action:discussed and assigned to Mr. Singley was in
the area of FMEAs. Mr. Singley will contact Ms. Nancy Milly
about a presentation of the FMEA status as it applies to the

HEAQ-B ACDS.
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During the course of the meeting it was decided that each
future presenter will reference the application specifications
as a part of his discussion. The team will disposition the
specifications as appropriate.

2N i
/L*/S [ R

/»v C. E. Green
APPROVAL:

Sharman M. Scftzer
Chairman, HEAO-B ACDS
Review Team

Enclosure
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Distributicn:
EE7L/Mr. Wojtalik
ECO1/Mr. Moore
EDOL1/Dr. Lovingood

EDO1/Dr.
ELO1l/Dr.

Worley
Thomason
McCool

EPO1/Mr.
ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELOL/Mr. Hight/Mr. Cox
EF15/Mr. Rowe/Mr. Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelton
EC22/Mr. Sims
EL54/Mr. Singley/Mr. Craighead
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ATTENDANCE LIST - HEAO-B ACDS Ad Hoc Review Team
August 10, 1976

Name Organization
George B. Doane III EC21
Hans F. Kennel ED12
Bob Wolf EE7L
Herman Hight ELO4
Robert Cox M&S/ELOL
R. Milner EC13
R. Sims EC22
M. E. Singley EL54
Robert J. Rowe Eris
Sherman M. Seltzer ED12
Doc Carilile HAZ3
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Reply to Attn of:

National Aeronaufics and
Space Administration -

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama

35812

ED22 August 12, 1976
TO: Addressees

FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of August 12, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

The scheduled review team meeting was held at 8:00 a.m.,
in the MIC room, Bldg. 4487, and was chaired by Dr. Seltzer.

The chair presented, distributed and discussed as necessary
the following six items.

1. Minutes of the Aug. 10, 1976, meeting.

2. Letter EE71-393-76 by R. Thomas Recio re HEAQO~B
Targeting.

3. Action Item Log.
4. Calendar of events.

5, Letter EE71-390-76 from Mr. Wojtalik to Dr. ILovingood
re confirmation of request for Team's existence.

6. Second draft of the Team Charter.

The bulk of the time was taken up by a presentation of

Mr. Hans Kennel. e presented a detailed explanation of the
maneuvering schemes of the HEAO-B attitude control system.
Emphasis was placed on the scheme for control and the software
implementation thereof (generally at the detailed flow chart
level). A number of discussions were engendered by this
presentation. Among them were various relationships between
the cocrdinate systems involved and the determination thereof.
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Mr. Kennel has begun checking on the action items assigned
him last time on the possible FPTA influence on the X-axis.
He checked with TRW who is still checking (again) with AS&E.
More data are needed to proceed. Various in-house contacts
were generated for Mr. Kennel at the meeting. Further word
on this issue will be forthcoming.

Ir Dr. Seltzer's abserce, Dr. Doane will chiir the meetings 3
of the week of August 16 which will include an extraordinary '
meeting on the eighteenth to hear a presentation by SAO
representatives. Team members who would like to bring
others who would benefit from the presentation should do so.

™
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APPROVAL:
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Sherman M. Seltzer
Chairman, HEAO-B ACDS
Review Team
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ECOLl/Mr. Moore
EDO1/Dr. Lovingood
EDOL/Dr. Worley
FLO1/Dr. Thomason
EPOLl/Mr. McCool
ACDS Team Members
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ATTENDANCE LIST - HEAB-B ACDS Ad Hoc Review Team

August 12, 1976

Name

Hans F. Kennel
C. R. Sims

R. Milner

H. Shelton

M. E. Singley
R, L. Cox

H. Hight

George B. Donae III
Robert J. Rowe
Bob Wolf
Sherman Seltzer

Organization

ED12
ECRZ2
EC13
ED12
EL5L
M&S/BELOL
ELO4
EC21
EF15
EE7L
ED1Z

Phone

L53-4718
153-0795
L53-14638
L53-4718
1532713
772-3411
}53-5222
453-1418
L53-3578
L53-4217
L53-14580
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Nattonal Aeronautics and
Space Administration W

Georga C. Marshall Space Flight Ceater
Masshall Space Flight Center, Alabama

35812

ED22 August 19, 1976
TO: Addressees

FROM: ED22/Mr. Green, Systeme Dynamics Laberatary

SUBJECT: Minutes of August 17, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

The August 17 Ad Hoc Review Team Meeting was held at 8 a.m. in
the Executive Conference Room, Building 4487. Dr, George Doane
was acting chairman.

The action item list was discussed. Action item 16 was cloaed by
Bab Wolf's answer that the reguirement for maintaining alignment
to #1* of the sun line prevented a need for further thermal analysis,
Int erim results for action item 17 were discussed. Mr. Kennel
commented that the constraint of +1° of the sun line can he main-
tained durjng rotation of the FPTA if the inertial estimate of

56 slug-ft“ is not significantly exceeded, Action item 13 was con~
sidered closed since there were no required changes to the team
charter. '

Harvey Shelton's presentation on guidance and eontrol laws was
rescheduled to August 19. The hardware people, led by Boeb Sims,

filled the break with a status on ACDS ancillary equipment. "

Mr. Sims stated that the sun sensors are identical to those on
HEAQO-A, so they were not discussed, He reported that the rate

gyro assembly is also identical to HEAO-A. The status of thie gyre

is that the qualification unit completed environmental test at Bendix.
Bendix has measured the voltage sensitivity of the qual unit to be

0.005 degree/hour valt which is acceptable to the principal investigator.

Collier Rawls reported on the Honeywell star traclker and sun shade.
The tracker spec calls for a sensitivity of an eighth magnitude star.
The sun shade design is verified by analysis only because ground
test facilities are expensive and difficult., The first flight star
tracker is also used as the qualification unit.
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John Burch d’scussed the Sperry reaction wheel assembly, Questions
arose 28 whether minimum guarantecd torgue is 17- or 20-inch ounces.

2

Mr. Burch was asked to clear up the uncertainties on the speed vs

torque curves, The first flight reaction wheecl assembly again is the

qualification unit,

Clyde Jenes reviewed the reaction wheel assembly electronics.

He

‘was asked to get a good model of the transefer function {(current vs,
terque). Mr. Jones expressed a concern that the TRW RWA elec-

tronics designers were noe lenger working on HEAO,

The next review tearm meeting is scheduled for August 19.

M{/—M»/’“‘“

C. E. Green

APPROVAL:

Ko

Sherman M, Seltzfr
Chairman, HEAO-B ACDS
Review Team

Addressees:

EE7L/Mr. Wojtalik

EC 01/Mr, Moore

EDGL/Dr. Loevingood

EDOL/Dz. Worley

ELQl/Dr, Thomason

EP0L/Mr. McCool

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
EL0OA4/Messrs, Hight/Cox
EF15/Messrs, Rowe/Collins
EP24/Mr, Lee Jones
EDR12/Mr, Kennel
ECL13 /My, Milner
ED12/Mr. Shelton
EC22/Mr. Sims
EL54/Messrs., Singley/Craighead
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Beply l¢ Attn of:

National Aeronauiics and
Spane Adrministration

George C. Marshall Space Flight Center
Marsnail Space Flight Center, Alabama

35812
ED22 August 23, 1976
TO: Add.essees
FROM: ED42/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of August 19, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

The August 19 review team meeting was held at 8 a, m. in the Executive
Conference Room, Building 4487, chaired by Dr. Doane.

Minutes of the August 17 meeting were distributed and discussed.

Bob Wolf announced that the Smithsonian Astrophysical Observatory
(SAQ) people expect to have a representative here Wednesday,

August 25, to discuss the ACDS requirements with the review team.
The SA O meeting is scheduled for 1 p.m. in the Executise Conference

Room,

The remainder of the meeting was taken up with a presentation by
Harvey Shelton. He discussed the guidance and control laws and the
various ACDS operational modes. Mr. Shelton pointed out the
ambiguity of the jitter reguirement and probability terms as used

in the cbservatory specification. He expects to submit a RID on this
at the CDR. Mr, Shelton concluded by enumerating his HEAO-B

pointing stability concerns, They are:

. Lack of analysis model verification

l.ack of nonlinear analysis

Lack of flexible body analysis detail

Lack of error budgets for celestial point

Lack of contractural requirement to document software/
hardware dynamic verification.

@ O 0 0%
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A list of the meeting attendees is enclosed.
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C. E,. Green

APPROVAL:
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Sherman M. Seltze
Chairman, HEAQO-B ACDS
Review Team

Enclosure
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ECO01/Mzr. Moore

EDO1l/Dr. Lovingood

ED0L/Dr. Worley

EL0l/Dr, Thomason

EP01/Mr. McCool

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELO04/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel
FEC13/Mr. Milner
ED12/Mr. Shelton
EC22/Mr. Sims
EL54/Messrs. Singley/Craighead
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Attendee List,

G. B, Doane, III
H. F. Kennel

R. K. Wolf
R, L. Cox
C. R, 8ims

R. W. Milner
M. E. Singley
H. L. Shelton
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National Aeronautics and

Space Administration NMA
Goorge C. Marshall Space Flight Center

Marshall Space Flight Center, Alabarna

35812

Replyto Atinol  BMD22 August 24, 1976 -
TQO: Addressees
FROM: ED22/Mr. Green, Systems Dynamics Laboratery

SUBJECT: Minutes of Aug. 24, 1976, HEAO-B ACDS Ad Hoc E
Review Team Meeting

The Aug. 24, 1976, Ad Hoc Review Team Meeting was held at
8:00 a.m. in the Executive Conference Roem, Building 4487. :
Dr. Sherman Seltzer chaired the meeting. 3

L e

The following decuments were distributed.

Minutes of the Aug., 17 and 19 meetings

Updated schedule

Propesed topic list for upcoming TRW RWEA telecon
Preliminary Agenda for the HEAO-B ACDS CDR :
Verification Plans for HEAO-A (including test results)
List of software deocuments from Mr. Hight

et G S o

Mr. Lee Jones presented the RCS for HEAO-B pointing out its :
differences from HEAO-A. :

Mr. Milner then gave a presentation on the electrical pewer
system.

Considerab’e liscussion encompassing all of the above documents
and preseatatisns resulted in the following new action items
{0ld action itemz were discussed but none clesed out}.

R T T I ST

Change %itle ot third page of proposed
ACDS CDR Agenda Mr. Wolf

Verify adequacy of time on Agenda for
software review Mr. Wolf
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See why Sept. 17 was set as a final
date for the HEAO-A ACDS test results

document review Mr. Welf
Review of ACDS test results document Mr. Sheltaon/
Mr. Cox
Updated handout re the RCS presentation -—
to be furnished Mr. Jones : :
Upon how many maneuvers per time is the
power profile based? Mr. Milner
Was HEAO-A ACDS review team recommend-
ation re LPL and undervoltage mode
Mr. Woelf

switching implemented?

The next Review Team Meeting is scheduled for August 25, 1976.
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Sherman M. Seltzer
Chairman, HEAQO-B ACDS
Review Team
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National Aercnautics and

Space Administration m
George C. Marshall Space Flight Center

Marshall Space Flight Center, Alabama

35812

Reply 1o Attn of: ED22 August 26, 1976
TO: Addressees
FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT ¢ Minutes of Aug. 25, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

|
The August 25 review team meeting was held at 8:00 a.m. in ;
the Executive Conference Room, Building 4487, chaired by : g
Dr. Seltzer. %

A discussion of the schedule showed that Mr. Jim Powers

was called out of town. His presentation will be rescheduled; ;
possibly to Aug. 31 at 9:00 a.m. The telecor with TRW on the ii
RW model question has been rescheduled for the 3lst also (at ;
10:30 a.m. in the MIC, Building 4487). 1

The following handouts were distributed.

Minutes of the 8-19-76 meeting
New Action Item log

New Schedule

Mr. Recio's Action Item Log

I TR TYOLY VY PR PR TL o) F -

The action list was discussed with item 14 being closed out. ;

The main reason for this special meeting was to hear Mr. Recio
and Mr. Kurtz express their questions and reservations

concerning the amount of observing time that may be lost

because of ambiguous guide star sightings, Ambiguous because

the star catalog in use only catalogs about 250,000 stars and
also because of unknown structural dynamics induced perturbat.ions
imparted to the star tracker - RGA coordinate system relation-
ships e.g. "hctdogging." TRW has a number of action items

they are working to help scope the problem.
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The team could not identify immediately a group
studying the structural dynamics problem in depth.

may be made to do so.
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ATTENDANCE LIST - HEAO-B ACDS Ad Hoc Review Team
August 25, 1976
Name Organization
S. M. Seltzer ED12
R. J. Rowe EF15 -
M. E. Singley EL54 ‘
H. L. Shelton ED12
R. W. Milner EG13
R. L. Cox M&S/ELOL
R. Wolf EE71
T. Recio EE71
F. Kurtz EL11
C. R. Sims BC22
H. T. Kennel ED12 -
G. B. Doane III EC21
3
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National Aeronautics and
Space Admanistration NMA

Geurge C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama

35812
Reply o Altn of EDZ22 . August 26 ’ 1976 _1‘
k:
TO: Addressees
FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of August 26, 1976, HEAO-B ACDS Ad Hoe
Review Team Meeting 3

The August 26 review team meeting was held at 8:00 a.m. in
the Executive Conference Room, Bldg. 448/, chaired by
Dr. Seltzer.

pdne b e

This meeting was somewhat curtailed because Mr. Siugely
reported in sick: he was to be a major presenter. Thus a
tentative rescheduling of his presentation to Aug. 31 at
10:00 a.m. was dene. :

Mr. Lee Jones closed out his action item to provide copies
of his updated (to HEAO-B) viewgraphs. Mr. Jones received

2 new action item i.e., to verify the positien in which

the observatory is shipped; horizontal or vertical. This may
influence catalytic particle migration into the capillary
tube in the thermal standoff area of the RC engines.

L g e R T L e et e A o "« g LA ® L B

Mr. Kennel reported that he is still working on the Lazy
Susan moment of inertia value problems. An updated letter
from AS&E still seems to confain questionable data and has
introduced a new error of 10° compared to previous published
data. Mr. Wolf is trying to find out who prepared the data.

Ms. Nancy Milly distributed a listing of the ACDS FMEA for
HEAO-B. The list revolves around pin/connector failure
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ED22 2

modes and propellant leakage failure modes. Mr. Wolf
received an action item to check into the connector
rationale followed on HEAQ e.g. dual pin single connector
vs dual connector useage.

-
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ED12/Mr. Kennel :
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EC22/Mr. Sims
E1l54/Mr. Singley/Mr. Craighead
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Reply to Atin of:

National Aeronautics and
Space Administration NMA

George C. Marshall Space Flight Center
Marshall Space Flight Center, Atabarna

35812

ED22 September 1, 1976
TO: Addressees

FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of August 31, 1976, HEAO-B ACDS Ad Hoe
Review Team Meeting

The August 31, 1976, Ad Hoc Review Team Meeting was held at 8 a.m. in
the MIC room, building 4487, chaired by Dr. Seltzer.

Mr. Bob Sims announced that the scheduled telecon on the reaction wheel
models had been cancelled. He had just received several memos that
appeared to clear up the questions on the models. Mr. Sims will repert
on his review of these memoranda as soon as possible.

The following decuments were distributed:

Updated review team schedule
Revised action item log

The probability that the ACDS CDR would slip into October was discussed.
Action items 26 and 36 were closed.

Mr. Hermon Hight made a presentation on the HEAO-L flight software.

This subject is covered in TRW document #D01137, "Flight Program Requirements
Document for HEAQ-B ACDS," dated June 21, 1976, available in the

repository.

Mr. Jim Power, HEAO Mission B Manager, gave a talk on the HEAO-B systems
requirements. He defined the ACDS driving requirements as being iable to
point the experiment anywhere te withinm 1 arc minute with a stability

of 30 arc seconds per hour and a change rate of 1 arc secend: in any

one second.

Mr. Maurice Singley discussed the groundattitude determination system.
He peinted out the problemef thedrift rate of the gyros creates.
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The review team elected to change the meeting time to 8:15 a.m. for
future meetings. The next Review Team Meeting is scheduled for

September 2, 1976,

C. E. Green
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Review Team
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National Aeronautics and

Space Administration WA

George C. Marshall Space Flight Center
gﬂ;gshaﬂ Space Flight Center, Alabama
12

ED22 September &, 1976
TO: Addressees
FROM: ED22/Mr. Green, Systems Dynamice Laboratory

SUBJECT: Minutes of September Z, 1976, HEAOD-B ACDS AD Hoe
Review Team Meeting

The September 2, 1976, Ad Hoc Review Team Meeting, chaired by Dr. Seltzer,

was held at B:15 a.m. in the Executive Conference Room, building 4487.

A revised action item list was distributed and discussed. Items 28

and 29 were closed. Mr. Shelton accepted a:. action to draft an engi-
neering change notice on jitter definition to close item 25. Mr. Carltile
explained that target selection is controlled by the Stored Command
Programmer to close item 37.

An updated review team schedule was distributed. Rescheduling of the
ACDS CDR until October 19 and 20 was discussed. Minutes of the August 31
meeting were distributed.

Preparation of RID's for the CDR was discussed. Mr. Kennel is preparing
a RID on a procedure for updating the rate gyro. Mr., Milner discussed
the still existing problem of the long pulse logic uncovered during the
HEAO-A review. A concern was expressed that verification test data are
not a contract item.

A proposed final HEAO-B Review Team report format was presented by
Dr. Seltzer and discussed by the team.

The next Review Team Meeting is gcheduled for September 9, 1976.
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C. E. Green

APPROVAL:

Sherman M, Seltz

Chairman, HEAOD-B ACDS
Reviey Team

Addressees: see page 2
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Attendee List:

Green/ED22

F. Kennel/EDiZ
L. Cox/M&S/ELO4
Sims/EC22
Milner/EC13
Shelton/ED12
Singley/EL54
J. Rowe/EF15

M. Seltzer/ED12
. Carlile/HA23

K. H. Hight/ELO4

.

o

CemE Ao mmo

September 2, 1976
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National Aeronautics and _
Space Administration m

George C. Marshall Space Flight Center
! Marshali Space Fiiyht Center, Alabarma

- 35812

; '5
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|
Reply 1o Attn of. ~ ED22 September 13, 1976 ]
é
:
TO: Addressees {
” FROM: ©.D22/Mr. Green, Systems Dynamics Laboratery g
§ SUBJECT: Minutes of September 9, 1976, HEAO-B ACDS Ad Hoc §
i Review Team Meefring g
i - The September 9 Ad dec Review Team Meeting, chaired by Dr. Seltzer, ﬁ
: was held at 8:15 a.m., Executive Conference Room, building 4487. 5
3 A list of the attendees is enclosed. g
: :
- The following documents were distributed: ;
3 o Note te Dr. Seltzer from Mr. Kennel cleosing action item 17 j
i o Revised meeting schedule for September :
1 o Updated action item list f
: o Minutes of the September 2 review team meeting
o Draft of the HEAO-B ACDS revizw team final report outline

: Mr. Kennel's note on action item 17 concerning mementum versus time
1 ’ analysis/simulation status was discussed, and the action was closed.
The note alse closed item 20.

}
(
;
%
]
;
é
'3
]
;
p
]

Mr. Sims reported on his findings concerning the accuracy and reliability
numbers for the z-sun sensor. His report closed action item 27.

Ly

The final review team report ou:line was discussed. The concensus was
that additional time was required for further study and comments
before finalizing the outline.

P R TR

Mr. Sims reviewed the component specifications for the RGA, S5A, RWA,
RWEA and STA. He concluded that ne RID's or coumments were required
on these components at this time.

iy Rt toay i Sl

e il vl R
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2

The next meeting is scheduled for 8:15 a.m., September 13, 1976, in
the Executive Conference Room, building 4487.

OfFore—

C.' E. Green
*‘ R

APPROVAL:

Sherman M. Seltzer
Chairman, HEAO-B ACDS

Review Team

Addressees: ) .
FE71/Mr. Wojtalik ;
EC01/Mr. Moore
EDO1/Dr. Lovingood
ED01/Dr. Worley

ik b e A

ELOL/Dr. Thomason ]
EP01/Mr. McCool ]
ACDS Team Members %
EC21/Dr. Doane : s
ED22/Mx. Green E
ELO4/Messrs. Hight/Cox é
EF15/Messrs. Rowe/Collins ;
EP24/Mr. Lee Jones :
ED12/Mr., Kennel ;
EC13/Mr. Milner |
€D12/Mr. Shelten :
EL54/Messrs. Singley/Craighead .
EC22/Mr, Sims ;

;

;

3

i'%/

!
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Attendee List

Green
Seltzer
Rowe

. Hight
. Shelton

Wolf
Sims
Kennel

. Morgan
. Carlile

Jones

. Doane III

IR IS

ED22
ED12
EF15
ELO4
ED12
EE71
EC22
ED12
EC22
HA23
EP24
EC21

September 9, 1976
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DRAFT

HEAQ-B_ACDS CDR REVIEN TEAWM FINAL OUTLINE

Team mission (charter)
Team composition
feam approach to meet mission
a. Accomplishments
b. Action list
Team conclusions
0 Include test results
a. Assume each item 0.K.
b. Recommend review process for test results

Decomposition of ACDS

a. Hardware (Responsible Individual)
(1) ReA (Sims)
(2) RUA (Sims)
(3) RWEA (Sims)
(4) SSA (Sims)
(5) TA ' (Rowe)
(6) DPA (Rove)
b.‘ Structural dynamics (Green)
¢. Pointing, maneuvering, & momentum management (Kernel)
d. G&. laws, stability, & operational modes (Sheitan)

221
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e.
fl
6. RGA
a.
b.
C.
d.
e,
7. RWA
“8. RWEA
- 9. SSA
- 299

2

Flight software ' " {Hight, Rowe, Cox)

Allied subsystems affecting ACDS

(1) RCS (Jones)

(2) Electrical system (Milner)

(3) Ground software {Singiey)

(4) STA {Sims)

(5) Command & data handling subsystem  (Rowe will find out)
(Sims)

Purpose and operation

Similarity and differences with HEAQ-A
Ability to perform properly (base on HEAQ-A if applicable)
"Show-stoppers"

(1) Describe

(2) Action or recommended action, such as RID, ECR
Concerns

(1) Describe
same as d above
(2) Action---

\ : (Sims)
(Sims)

(Sims)

VAL . R S e 1 e o b S il b < e b it G0 SO A T R s TR P e, A e g




10.

m,

]2.

13.

15.

16.

17.

18.

19.

20,

21.

Structural dynamics

Pointing, maneuvering, & momentum management

G&C laws, stability, and operational modes

Fiight software

Electrical system

Ground software

STA

Command and data nandling subsystem

)

Conclusions

Appe?dices

L4
L
L .

-
(Rowe)

(Rowe)

(Green)

(Kennel)

(Shelton)

(Hight, Rowe, Cox)

(Jones)

(Milner)

(Singley)

(Sims)

(Rowe will find out)
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Nationai Aerenautics and
Space Administration W
George C. Marshall Space Flight Center

Marshall Space Flight Center, Alabama
35812

Reply 1o Atnol.  ED22 September 16, 1976

TO: Addressees
FROM: ED22/Mr. Green, Systems Dynamics Laboratory .

SUBJECT: Minutes of September 13, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

The September 13, 1976, Review Team Meeting was held at 8:15 a.m. in
the Executive Conferepce Room, Building 4487. The meetlng was chaired

by Dr. Seltzer,

An updated review team achedule was distributed and discuseed. Portions
of the HEAD-B Observatory System Specification wexe discussed and the
review of the ACDS Subsystem Specification, €37-29A, was begun.

Mr. Fred Wojtalik, HEAO Chief Engineer, presented a report on the com~
pleted and pending actions resulting from the HEAO-A ACDS review, A
gummary of the HEAQO-A review team findings and the current disposition
of each is enclosed. Mr. Wojtalik was made aware of the team's un-
suceessful effort to obtain an experiment briefing by SA0. He offered
to support a two-man trip by team members to SAO to obtain the desired

information.

PR PR T T T

e i

A list of the September 13 meeting attendees 1n enclosed.

The next scheduled meeting will be September 16, 1976, at 8:15 a.m.

i~ -
)

C. E. Green

APPROVAL:

Sherman M. Sel
Chairman, HEAO-B ACDS
Review Team

Addressees: (see page 2)
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Addressees:

EE71/Mr. Wojtalik

EC01/Mr. Moore

ED01/Dr. Lovingood

EDO1/Dr. Worley

ELO1/Dr. Thomason

EPO1l/Mr. MeCoel

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELO4 /Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelton
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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Attendee List, September 13, 1976

s.
c
G
C
H.
R
H.
H.
R.
M
R
R.

226

Seltzer

. Green
. Doane IIL
. 5ims

Kennel

. Milner

Shelton
Hight
Rowe

. Singley
. Cox

Wolf

ED12
ED22
EC21
EC22
ED12
EC13
EC12
ELO4
EF15
EL54
ELO4
EE71
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SUMMARY OF ACDS REVIEW TEAM FINDINGS

(HEAO-A)

Recommendations /
Comments /Concerns

Remarks

Disposition

L33

No governing CEI for pointing
accuracy in FSA :

No governing CEI for pointing
azccuracy. ir NSA

Vehicle stability margins of safety
have not been demonstrated by a
simulation which contains a DPA
with an actual flight program

Mardware test data not available to
validate simulated models

Time responsc simulation data not
brovided for analysis

Recommend crossover valve be closed
during launch and open during normal
spacecraft operations '

Identify difference in RCS consumption
between LPL baseline and a proposed
approach to switch to the secondary
thrusters immediately upon receipt of
LPL.

CEI (3.1.1,2.5.2. 3) specifies
requirement (average bus
power) '

CEI (3.1.1.2.5.2.1)
specifies 7° half cone
angle (Sunpoint is NSA)

TRW will provide data and
discuss at MSFC week of
Séptember 30, 1976

TRW will provide data and
discuss at MSFC wezak of
September 30, 1976

"TRW will provide data and

discuss at MSFC week of
September 30, 1976

TRW 1emo (HEAO-76-310-025)

Te mmends to launch and
ope.ate on-orbit with valve
closed.

TRW will discuss. at MSFC
week of September 30, 1976

See RID IA from
HEAQO-B PLR

Correct nomenelature is
required {SCN is being
worked)

Change on-orbit
procedures

Y o Ry e A e i
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Recommendations /
Comments /Concerns

Remarks

Misposition

8.

11.

12,

13.

14,

Efforts unsuccessful for performance
of RGA performance vacuum test

RGA and STA hardware analysis results
in lower than desirable confidence in
these component

Lack of mission operation details for
ACDS failure analysis and anomaly
resolution

Recommend that as soon as an LPL signal
is given the onboard logic switch off the
primary thrusters and switch on secondary
thrusters, plus the ACDS commanded to
FSA

Provide analysis to demonstrate validity
of initial acquisition scheme, (including
concern for initial star identification)

T.ack of detailed documentation of the
downlink telemetry

IP&CL does not explain physical meaning
of engineering telemetry data for ACDS
evaluation

Test plan being formulated
between Bendix, TRW & MSFC

Project decision to use
SAS~C trackers

TRW will discuss at
MSFC week of
September 20, 1976

TRW will provide data and
discuss at MSFC week of
September 30, 1976

Data should be available
in data bas_e

IP&CL not intended to
provide explaration

Test will be performed at
MSFC October 76-Jan. 77

RGA qual test results will
be made available for
evaluation

Mission operations pro-
cedures will be available
Oct 76-Jarn 77 for MSFC
review

Contact A, Jackson/EF34

Mission Operations pro-
cedares will contain
evaluation criteria for ACDS
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Recommendations/
Comments /Concerns

Remarks

Dispesition

15,

16.

17.

18.

Insufficier: information

available to evaluate the
total ground data system
integration effort

No plans for contractoer support
of DPA software after November 1976

Unavailability of detziled software
change and problem report
documentation

Recommend that MSFC have non-
voting member on TRW software
control board

TRW PCP 021 has been
disapproved and a new
PCP will be provided by
TRW

Data is being provided to
H, Hight, EL04

Desirable to have NSFC
represantation at seiected

meetings. TRW agrecable.




Reply ta Aun of ED22

National Aeronautics and NIEA

Space Admirnistration

George C. Marshall Space Flight Center
Marshall Space Flight ter, Alabama
35812

Sept. 17, 1976

TO: Addressees

FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of September 16, 1976, HEAO-B ACDS Ad Hoc
Review Team Meeting

1976, Review Team Meeting was held at 8:15 am

The September 16, {
lding 4487. The meeting §

4

%

in the Executive Conference Room, Bui
was chaired by Dr. Seltzer.

The following listed handouts were distributed.
Record of Comments on Publications
New Action Item Log

Presentation Material on sCP (Re Action Item 4L0)
Meeting Minutes, HEAO~B Observatory System PDR

Action item L& was discussed and clcred out. A presentation on
action item 4O was given by Mr. Rowe. This presentation generated
additional questions from Mr. Wolf. Action item 38 was closed

out by Mr. Sims reporting on the Honeywell reply (2 arcmin

per time second). Mr. Shelton ciscussed the definition of

jitter re action item number 39. The accepted

JEAO-B definition of jitter has been established formallys; §
rate does not enter the definition. dJitter 1imit is defined ?
here as one arc sec motion in ope time second.

T ST R

e s giii Lt

Additional discussions on other action items occurred.

230




ED22

The Team spent the remainder of the morning continuing its
review of the HEAO-B ACDS subsystem specification.

éféfjhﬁwu{_
l%:;//’ Slrs o _

C. BE. Green

APPROVAL:

Sherman M. { _
Chairman, HEAO-B ACDS ]
Review Team %

Addressees: J
EE71/Mr. Wojtalik |
ECO1l/Mr. Moore : |
EDOL/Dr. Lovingood |
EDO1/Dr. Worley |
ELO1/Dr. Thomason f
EPOLl/Mr. McCool
ACDS Team Members

EC21/Dr. Doane

ED22/Mr. Green

ELOL4/Messrs. Hight/Cox

EF15/Messrs. Rowe/Collins

EP2L/Mr. Lee Jones

ED12/Mr. Kennel

EC13/Mr. Milner

ED12/Mr. Shelton

EL5L Messrs. Singley/Craighead

EC22/Mr. Sims
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S,

B. Doane, III

. F. Kennel

. L. Cox

. R. 8ims

. W. Milner

. W. Jones

. L. Shelton

J. Rowe

Selizer

Maurice Singley

H. H. Hight

R. XK. Wolf

Claude Green

232

9-16~76 HEAO-ACDS Mig.

EC21
ED12
M&S/EL04
EC22

EC13

EP24

ED12

EF15

ED12

453-1418

453~4718

772-3411

453-0795

453-4638

453-1242

453-4718

453-3578

B T T ST S S o U T TP T TS S R L R Ty

o

T T T

T iy T =y

e et ot




Reply to Attn of.

o ¥

National Aeronautics and
Space Administration

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
35812

ED22-76 September 21, 1976

T O Addressees
FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of September 20, 1976, HEAO-B ACDS
Ad Hoc Review Team Meeting

The September 20, 1976, Review T'eam Meeting was held at 8:15 a. m.

in the Executive Conference Room, Building 4487. Dr. Seltzer
chaired the meeting,

The team agreed tc limit the agenda for this meeting to a review of
the ACDS specification. The team concluded that the ACDS speci-
fication should be changed to be consistent with the nomenclature
uged in the hardware specification., The error budget was dis-
cussed and found to be incomplete.

The list of September 20 attendees is enclosed. The next meeting
is scheduled for September 28 at 8:15 a. m. in the Executive
Conference Room.

=y

C. E. Green

APPROVAIL:

/-y

Sherman M. Seltzer
Chairman, HEAQC-B ACDS
Review Team

cc: (See page 2)
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AddresseesLs

EE71/Mr. Wojtalik

EC01/Mr. Moore

EDO1l/Dr., Lovingood

EDO0L/Dr. Worley

ELO0l/Dr., Thomason

EPO0L/Mr. McCool

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
EL04/Messrs. Hight/Cex
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelton
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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ACDS Team Meeting Attendees, September 20, 1976

S. Seltzer, EDI12
Doane III, EC21
Kennel, EDI12
Sims, EC22
Cox, M&S/EL04
Jones, EP24
Milner, EC13
Stelton, ED12
Hight, EL04
Rowe, EF15
Green, ED22

*

OFEEFrRORD
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Raply to Atin of

National Aeronautics and
Space Administration NMA

George C. Marshalt Space Flight Center
Marshall Space Flight Center, Alabama

35812

ED22 October 5, 1976
T0: Addressees

FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of September 28, 1976, HEAO-B ACDS Ad Hee
Review Team Meeting

The September 28 Ad Hoc Review Team Meeting, chaired by Dr. Seltzer,
was held at 8:15 a.m. in the Executive Conference Room, Building 4487.
An attendee list is enclesed.

A revised reeting schadule was distributed and discussed. It was noted
that Messrs. Hoffman and Rese eof IRW would meet with the team for an
ACDS pre-CDR on Wednesday, October 6. Both would alse attend a maneu-
vering meeting on October 7.

The action item list was reviewed. Item 24, concerning the TRW reaction
wheel model, was left open pending the current reviews and meetings.
Item 35 was clesed by verifying that all ACDS equipment connectors had
been qualified by previous flight or would be qualified specifically

for HEAO-B. Item 43, concerning hardware respensibilities, was closed
by the decision to state the review assumptiens in the final report.

The ACDS CDR package will be reviewed at the next review team meeting
scheduled for 8:15 a.m., Monday, October 4, MIC Room, Building 4487,

c. E. een

APPROVAL:

S 2

Sherman M. Seltzer
Chairman, HEAO-B ACDS
Review Team

Addressees: see page 2
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Addressees:

EE71/Mr.
ECOL/Mr.
EDQ1/Dx.
EDO1/Dr.
EL01/Dr.
EPO1/Mr.

Wojtalik
Moore
Lovingood
Worley
Thomason
MeCool

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Shelten
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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Attendee List, September 28, 1976

C. Green/ED22

H. F. Kennel/ED12
C. R. Sims/EC22
R. K. Wolf/EE71
L. W. Jones/EP24 3
R. W. Milner/EC13 -
H. L. Shelton/ED12
Hermon Hight/ELQO4
Beb Rowe/EFl5

George B. Doane/EC21
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National Aeronautics and

Space Administration -

Goorge C. Marshall Space Flight Center ]

Marshall Space Flight Center, Alabama ;

35812 :
. :
| -*~-§

Repiyio Aot EDT2 October 26, 1976 ;

T0: Addressees

FROM: ED12/0r. Seltzer, Systems Dynamics Laboratory

SUBJECT: Minutes of October 26, 1976, HEAO-B ACDS Ad Hoc Review

Team Meeting
The HEAO-B ACDS Review Team chaired by Dr. Seltzer met Tuesday, 4
October 26, 1976, in the Executive Conference Room of Building 4487, 3

The Team used the time to explore at length the outline of the Final
Report. Various parts of the outline were assigned to the various
team members,

The Team also reviewed the action ftem 1ist to ascertain that no open j
items remain,

The Team will meet again Thursday, October 28, 1976, to review progress é
Qr the report.

Yoo,
sherman M. Seltzer

Chairman, HEAC-B ACDS
Review Team

Addressees:

EE71/#r. Wojtalik

ECO1/#r. Moore

EDO1/Dr. Lovingood

EDO1/Dr. Worley

ELO1/Dr. Thomason

EPQ1/Mr. McCool

ACDS Team Members
EC2Y/Dr. Doane
ED22/Mr. Green
ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones :
ED12/Mr. Kennel &
EC13/Mr. Milner
ED12/Mr. Shelton
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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George B. Doane, II'

Hans F. Kennel
C. R, Sims

C. L, Collins
Lee W, Jones
M. E. Singley
R. W. Milner
H. L. Shelton
H. H. Hight
R. J. Rowe

Sherman Seltzer
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Oct 26, 1976 — ACDS Mtg.

EC21

ED12

EC22

EF15

EP24

EYb54

ECi3

ED12

EL04

EF15

Ema2
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Reply 1o Alin ot

National Aeronautics and .
Space Adminisiration NMA
George C. Marshall Space Flight Center

Marshall Space Fhight Center. Alabama

35812

ED22

TO: Addressees

FROM: ED22/Mr. Green, Systems Dynamics Laboratory

SUBJECT: Minutes of October 28, 1976, HEAQ-P ACDS Ad Hoe
Review Team Meeting

The HEAO-B ACDS Review Team, chaired by Dr. Seltzer, met October 28 in
the Executive Conference Room, Building 4487.

Copies of the RID's submitted to TRW at the HEAO-B ACDS CDR were dis-
tributed to Team members.

The Team spent the time reviewing the TRW Action Item and Agreement
List generated during the October 19-20 HEAO-B AGDS CDR.

Bob Wolf was assigned an aection to obtain documentation showing the
disposition of all RID's submitted by the Team at the CDR.

The next Team meeting is scheduled for Thursday, Nevember 4, in the
Executive Conference Room. The purpose of the meeting is to begin

the assembly of the Team's £inal report.

.;.L. g —", PR TSN
i ,‘)/_ .orw
s A ——

:Zy’Shéfman M. Seltzer
’ Chairman, HEAO~B ACDS
Review Team

Addressees:
EE71/Mr. Wojtalik
ECOl/Mr. Moore
ED01/Dr. Lovingood
ED01/Dr. Werley
EL0O1/Dr. Thomason
EPQ1/Mr. MeCool

ACDS Team Members:
EC21/Dr. Doane

ED22/Mx. Green
ELO4/Messrs., Hight/Cox
EF15/Messrs. Rowe/Coliins
EP24/Mr. Lee Jones
ED12/Mr. Kepnel

EC13/Mr. Milner

ED12/Mt. Shelton
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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C. Green

Lee Jones

C. R. Sims

C. L. Collins
Paul Craighead
H. H. Hight

R. K. Wolf

R. W. Milner
H. L. Shelton
Hans F. Kennel
R. J. Rowe
George B. Doane, HI

Sherman Seltzer
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Attendee List — Oct. 28, 1976

ED22

EP24

EC22

EFi15

EL54

EL04

EET1

EC13

ED12

ED12

EF15

EC21

ED12
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Reply ta Afin ot

National Aeronautics and
Space ACrninslration

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
15812

ED22 November 16, 1976
TO: Addressees
FROM: ED22/Mr. Green, Systems Dynamies Laboratory

SUBJECT: Minutes of November 11, 1976, HEAQ-B ACDS Ad Hoc

Review Team Meeting

The HEAO-B ACDS Review Team, chaired by Dr. George Doane, met
November 11 in the MIC Room, building 4487.

The Team disecussed the rough draft inputs 7o the final report with

emphasis or the intreductery sections.

Questiens arose on how detailed

the final report should be ir Finished form. Dr. Doane took an aetion
to discuss this question with Dr. Seltzer when he returns from military

leave.

No additional Team meetings were scheauled. However, Team members will
be required to review subsequent drafts of the report and concur in the

final version.
C. E. Green

APPROVAL:

Sherman M. Seltpfr
Chairiman, HEAO-B ACDS
Review Team

Enclosure: Attendee List

Addressees:
EE71'Mr. Wojtalik
ECOl/Mr. Moore
EDOL1/Dr. Lovingoed
EDOL/Dr. Worley
ELO1/Dr. Thomason
EPO1/Mr. McCoel

ACDS Team Members:
EC21/Pr. Doane

ED22/Mr. Green
ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr. Lee Jones
ED12/Mr. Kennel

EC13/Mr. Milner

ED12/Mr. Sheltomn
EL54/Messrs. Singley/Cralghead
EC22/Mr. Sims
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C. L, Collins
L, W, Jones
H. F. Kennel
C. R, Sims
R. W. Milner
R. J. Rowe

G. B. Doane, HOI
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Attendee List — Nov. 11, 1976

EF15

EP24

ED12

EC22

EC13

EF15

EC21
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APPENDIX K

MEMO ED12-76-66, SELTZER TO WOJTALIK, DATED
AUGUST 27, 1976, SUBJECT: "INTERIM
REPORT OF HEAQ-B ACDS REVIEW TEAM"
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- National Aeronautics and L n (=
Space Administration N i \ oy A

GeorgoG: Marshall Spaco Flight Conter =, . * .
Marshall Space Flight Center, Alabama ‘ . .
35812

Mgy Ammot: ED12-76-66 August 27, 1976
T0: - EE71/F. Wojtalik »

FROM: ED12/S. M. Seltzer, Systems Dynamics Laboratory
SUBJECT: Interim Report of HEAO-B ACDS Review Team

The purpcse of this memorandum is to summarize accomplishments of the
HEAQ-B ACDS Review Team and to indicate cur intentions for future
accomplishments. You should have been receiving on a regular basis
copies of the minutes of each meeting., We hope this memorandum will
provide you with an instrument to advise us of any recommended
alterations to our approach in a sufficiently timely manner that we
can impiement them. :

You recall that, in the interest of expediency, I took the liberty

of convening the first meeting of the Review Team on July 23, 1976

in the absence of written direction (Encl 1). The team consists of

essentially the same membership as the HEAO-A ACDS Review Team,

representing each of the pertinent S&E organizations (Enct 2). In

addition, Bob Wolf (EE71) and C. D, ("Poc™) Carlile (HA23) have been

_invited to participate in our meetings. Bob has been participating

vigorously and has been of great assistance to the team; Doc Carlile's

- attendance and participation has been sparse and limited.

_In the absence of a crisp, precise statement of the team’s mission from
s management, the team generated a team charter {Encl 3). Therein we defined
the team composition, the team mission, and the ACDS. I reiterate here
o~ that we excluded the ground attitude determination system for the reasons
1 set forth in Enclosure 3.

B summary of our accomplishments to date is set forth chronolbgical}yﬁ
) © July 23: Initial organization and discussion of proposed mission,
* schedule, feam composition. ‘

July 27: Review of HEAD-B ACDS and associated technical documentation
by Daie Hoffman (TRW).

B e o

July 29: Development of Review Team schedule to enable team to meet
OR ob

its igation. -
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" August 3: Presentation of HEAO-B ACDS requirements and

specifications by Bob Wolf (EE71).

August 5: Presentation of HEAQ-B activation events by

| Maurice Singley (EL54).

August 10: -Final review of team charter. Review of ACDS and

CEI specs.

August 12: Report on HEAQ-B pointing; maneuvering, and momentum
management by Hans Kennel (ED12),

August 17: Report on HEAD-B ACDS hardware (Rate Gyro Assembly,
Reaction Wheel Assembly and Electronics, and Star Tracker) by:
Or. Doane (EC21) and Bob Sims (EC22). :

August 19: Report on HEAO-B ACDS GAC laws, stability, and flight
?gg$s)by H. Shelton (ED12). Report on associated software by Bob Rowe
d 5 ] ) :

H
L

August 24: Report on HEAO-B RCS and its effects on the ACDS by
Lee Jones (EP24). Report on HEAO-B Electrical Subsystem and its
effects on the ACDS by Bob Milner (ECI3). |

August 25: Report on criticisms being levelled against HEAQ-B

/ACDS from a targeting viewpoint by Tom Recio (EE71) supported by

H. F. Kurtz (EL11).

August 26: Report on critical single point failures that potentially
could affect the HEAO-B ACDS by Nancy Milly (ELS54). :
In addition to the presentations outlined above, certain action items
have been levied, worked on, and--in some cases--completed (Enc1_4).

Scheduled future activities are outlined below:

August 31: Report on concerns associated with HEAQ-B flight software
by Hermon Hight (ELO4). Report on requirements impesed by scientific
expériments by Jim Powers (HA24), If time permits (since this was
rescheduled from August 26 due to iilness), a report on ground-generated
information used by the HEAO-B ACDS by Maurice Singley (ELS4). This will

! .
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3

be followed by a telecon between interested SZE members and TRW to
define and tear away the existing confusion and misunderstanding
concerning reaction wheel dynamic modeis.

September 2: . Discuss drafts of preliminary RID's prepared for
the COR.

The remainder of the time before the COR will be useus to prepare

. RID's for the CDR and to begin work on the Team's Final Report. It

is anticipated that one day during the week of September 13, Dale Hoffman
and Dick Rose (both of TRW) will present a pre-COR to the team, similar

to the pre-PDR's and pre-CDR they presented to the Pointing Control Systems
Branch (ED12) in the past. This will enable the team to more efficiently
organize and--in many cases--obviate the RID's.

After you have had an opportunity to read this document, I would like
to talk to you and schedule a presentation by you to the team, f¥le

are interested in the status of the HEAO-A ACDS Review Team's findings
and would appreciate your advice concerning our for thcoming report.

JZMM« .‘)f ) ’;{Qb;’!;v

Sherman M. SeTtzer
Chairman, HEAQ-B ACDS
Review Team

Enclosures
b

———— -

cc:
ECO1/Mr. Moore
EDOT/Dr. Lovingoed
EDO1/Dr. Worley
FLG1/Dr. Thomason
EPOY /Mr. McCool
ACDS Team Members
R EC21/Dr. Doane
ED22/Mr. Green ‘
« ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins .- :
. EP24/Mr, Lee Jones : . : .
ED12/Mr. Kennel '
" EC13/Mr. Milner
ED12/Mr. Shelten
EL54/Messrs. Singley/Craighead
EC22/Mr, Sims ‘
EE71/Mr. Wolf

248




I T Y i

" . U e oo B ¥ Yadd ‘

/ - Goorga C, Marshall Spaco Flight Contor .
X - . Marshali Space Flight Center, Alabama . .- o '

. e et = ‘ o v

' T, . K b . . .
Mestyto M ot ED12476-58 o o "July 26, 1975 '

" T0: EE7T1/F. S. Wojtalik | . e 3
' “ CFROM: T ED12/S.. M, Seltzer, Systems Dynamics Laboratory )
.-~ SUBJECT: Formation of HEAO-B ACDS Review Team : ¥ T.‘

-  Because time before the HEAO-B ACDS CDR is short, I have taken the :

® . vome . liberty of convening the first meeting of the HEAO-B ACDS Review = | .

" Team. I have acted on oral direction which I assume will be augmented . -, ~ .. :
-wwiiiewiie by weitten direction. ST

i

. - .

T—— Wt ., R g
i

%

]

-,

' e At the first meeting (July 23, 1976) I presented the material I have

) enclosed hereto. I need to verify with you my assumed team missign
~w=— . et al. There were a few changes in the composition of the review!
- team. I assume you will ask the Laboratory Directors to name the . -
. team members they desire. - ‘ _ : SR
' I have asked Dale Hoffman to make a presentation to.the review team *
..« on Tuesday, July 27. He plans to give us a technical description of . .. g
G200 the HEAO-B ACDS, define the pertinent available documentation, and .. - _
~ %77 £e1Y us that pertinent documentation that 15 forthcoming (and when). °. . - %
\ B T s ST S L
e . Sherman M, ¢ o DS AV T T
+ 0w Chatrman, HEAQ ACDS Review Team ! LN NV J-" . :
o IR R 5 TS S R A . e T, e
- .+ Enclosure e o X i
.G As Stated i g . o 3 o '
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0 . [ '-d‘-" .“-'-‘J ;
/ Gearca G avshall Space Flis, Sobior ! .
. Ma.shiall Spags 'Hrgh! Cc,nh 1, Albima : ' :

e L R, e

Rowumnm'“ LD'I:.-?G 62 AUG 12 w8 | .

.{1T0: - EE71/Fred Kojtalik . _
FROM:  EDI2/S. M. Seltzer, Chatrian, HEAO-D ACDS Review Team
SUBJECT:  HEAO-B ACDS Rovicw Team Charter

N U T T o7 TPV o LI P S TR TP ¥

Enclosed s the chartar Tor th ”Lfﬂ B ACDS ?svi Teun} it hag ‘
- been pranaren by the Sean o oo Wl s R .‘llj ,..-g.- Lkr ;
Cresponviuilities, :n,.a.-lu.t-_L. TR Y t'aC'i'..m..u oLl Ly AT ‘
The daainens D - agneiut ., SUS Lasin SNUy WEODYG ALY .;-C'i\.'.f. o
the ground atiitude date; Nlﬁ&u?ﬁﬂ SYsTLA, MG aniinna “ha inforratisa : f
Trih o QERERETad on the ground I8 core Laet peragrasn OF of nu Chartar), . :
. e assume you orobably wili iy o WSLELLIG & TCdw 13 review trat - |
el oarb1cular1y uhurn/ pPUUILH SEudiraiiy.  ne @180 asilec that Sime o E
ooooxists ©o cope with that problem avier the HIAG-3 Con ;
T know you went to parpetuatc a review toan after thae C0R. ‘e recorrend

That you determine what items or SuDSYstE.ss you wish reviewed (such as ]
. ground attitude deuernqnabwon) and that task agreements be developed Tor . ;
= the S&E Tabor utor.es to support such efforts. . - T : - ;
St ;/ ,ﬁ’\ _.’F"L“- et .o ! . e - ) :
.%fx“»p&«;;,;%ﬁfv R . : :
.. Sherman M. Seltzér o e :
... - Chairman, HEAQ-B DS+ 2 i s e :
. Review Team . . Lo ;
T ‘ , . . |
. _Enc?osure e le e L - " ;
. - - Charter'- ... o ' R ool : g
z

. ORIGINAL} PAGE IS
zj OF POOR QUALITY
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A team composed of mowbers of the Data Systems Laboratory, the
- Electronics and ‘Control Laboratery, the Swstemg Anelyzis and
-~Integration Laboratory, the Systems Dynamics Laboratery, aud the

Pugust 12, 1976

HEAO-B ACDS REVIEW TEAM CHARTER

Structures and Propulsien Laboratory has boen convencd 4o review - -

the HEAO-B Attitude Control anu Datermination System (ACOS). Tre
© team is entitled the "HEAC-B ACLS Review Teem." -

- The mission of the team is to discharge S&E's ACDS Critica) Dezign
“Review (COR) ragponsibilily Lo assess as a tews the BIACG-B ACES

. technical adequacy end identivy any -potential or existing inadequacies.

C This will be implemented by performing an in~depth review of the HEAG-E

-+ ACDS design. This mission moy dSe defined as consisting of three steps: ..

1. Determine the ACDS performance.

2. Determine if that performance mecis the ACDS subsystem

spacification (assumed to be a c¢pocification develonad by TR to mest
" the MSFC-developed CEl specification), and if not wnere it Tails. It =
- also is assumed that the ACDS subsystem specification is $87-29, Rev. A,
-dated January 6, 1976; release dated March 17, 1976; configuration and
data man$gement dated March 22, 1976. j : . ;

-

3. leterminé if the TRU-developed ACDS subsysiem speci?ibatipn

{\meets the CEI specification (Hzt-72 M 10067, Rev. A, including ‘
. Change 15 dated April 29, 1976). Where discrépancies exist, they wiil
'be 1isted and defined in the Review Team's Final Repert.

- The team will perform this mission in time to participate in the FeAQ-B
~.ACDS CDR (presently scheduled for September 21-22, 1976 at TRY;.

- Appropriate "RID's" will be prepared before the COR takes place.

¥ Immediately thereafter the team will prepare a report describing its

< findings, including a description of the team's interaction in the CDR;
- submit the report to Mr. Fred Wojtalik; and disband.’

 The f]iéht'software'(i.e.; the software included in the on-board computer) ~”
. will be investigated only to the flow chart level. The flight hardware
: wil].be;investigapediat?1east,to the block d}agrqmrlgvgl.ithcausa block
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. member wi

.

_ Definitions

2

diagrams ﬁan be to varying deqrees of detail, the concornad tean .
1 determine the level of detail on a case-by=-case hLasis,

1. Technicaj_ggpguggx, The ACDS will meet the £CDS subsystem

. specifications during (iAD-B activation and during all operational
‘modes defined in the CEI specivication. : :

2. Techpical incviglacy.  Any ACDS itemJ-software, harduzre, or -

J‘adaiyticﬁﬁ-—that causes the ACDS not %o nieet the ACDS subsysten
- specifications during activation or during any of the operationa)

. mocdes defined in the CEI specifications

.
RIS

3. ACBS. For the;rcview team's purposes, the ACDS shall be

v assumed To be only the spacecraft-borne system that includes the
- following:

a. . The guidance and controi laws and the software and havdware

#_required to implement them,

[

b. The on-~board imp]eméntation of the pointing, mancuvering,

‘and momentum unloading schemes and the required associated on-board
-Software and hardware. :

€. The Star Trackers (S7), Referencefeyr056opé Assemblier (RGA),

'i;ReaCtion Whcel Assembiies (RWA), Rcaction Wheel Electronics Rssemblies {RWEA)
. ‘Sun Sensor Assemblies (S58), the Transfer Assembly (TA), and the Digital
" Processor Assemblies {DPA). |

d.” Those portions of the Reaction Control System (RCS) and the

fﬁfEIectrical System that interact with or otherwise affect the ACDS,

vt

H

P
N

“

¢ﬁ“th9'ACD§fﬂ‘_fu:”

e. The ACDS shall net include the ground software,

‘ f. The ground-generated information {e.g., two sets of quaternions,.
the RG t-matrix, RW matrix, target and maneuver information) used by the
ACDS is assumed to be properly and correctly determined and communicated to_

2 e et
LI ] LI
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3
' . .. . i
", ' g. That te]m.lot:ry associated with the ACOS sh2l) Le excluded
from this review. 14 is assumed, Lo mwt. tn., rc,quwt.n.uat.. bet forth
- by those who need ACDS data, . M0 e ‘
=) g ety B N A ‘-..4'-. SRR
» Sherman l-l. Se!tzer " AU e -
! Chafrman, HEAO-B ACDS N G
Review Ttam , SN S
R e CoL
r"‘ . " T [ i}
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oG AFTZAION: MARSHALL SPACE FLIGHT CENTER Jreame
SYSTEMS DYNAMICS LABORATORY |~ % _ S. H. SELTZER _
H . FOATE.
'POINTING CONTROL SYSTEMS ACTION ITEM LOG '
? BRANCH ' AUGUST 26, 1576 (REVISED:
RO, RN ASSIGNED TO ____ DUE DATE _DISPOSITION
1 PREPARE STRAM MAN SCHEDULE. C. GREEN 27 0uL 76 DISTRIBUTE 27 JULY.
1. COMMENTS ON ORGANIZATIONAL ALL MEMBERS 27 JUL 76 COMPLETED 27 JULY.
| Sc - MATERIAL FROM JULY 23. _ __ .
; w5 3. CONTACT HEAQ PROJECT OFFICE C. GREEN 27 JuL 76 BOB WOLF WILL PRESENT
- SE FOR PROPOSED 3 AUG PRESENTATION ON 3 AUG 76.
SE ON ACDS REQUIREMENTS AND SPECS. : .
Dy K. 'SET 4P PROPOSED 10 AUG PRESENTATION B. WOLF .__ 27 JuL 76 BOB WOLF SETTING THIS
IS OF EXPERIMENT REQUIREMENTS UPON ST uP.
&R _ACOS (BY SAD?) L
* 5 & 5 OBTAIN LATEST HEAQ-B CEI SPEC. €. GREEN ASP €. GREEN REQUESTED
. o | S COPIES FOR TEAM.
i, - OBTAIN LATEST B, WOLF ' 5 AUG 76 B. WOLF OBTAINED
ACDS SUBSYSTEM sPEL. o  SPEC.- - . .
E 1. CONTACT PROJECT OFFICE AND CHIEF  C. GREEN ASP BOB WOLF, DOC CARLILE,
ENGR's OFFICE FOR REPRESENTATIVE . INVITED.
AT EACH MEETING. . . _ ,
. CONTACT WOUTALIK's OFFICE FOR C. GREEN ASP MEETING TOOK PLACE
APPOINTMENT TO DISCUSS MISSION, | , WEDNESDAY, JULY 28.
: SCOPE OF TEAM ACTIVITIES. : | ‘
. LOCATE HEAO-B ACDS PERTINENT C. GREEN AsP " DOCUMENTATION LOCATED.
DOCUMENTATION, USING HOFFMAN'S _
LIST. I
8. SUGGEST THAT TOM GUFFIN PARTICIPATE M. SINGLEY AP " REP FROM CAUSEY's
| IN REVIEW TEAM MEETINGS; DISCUSS | - QRGANIZATION INVITED.
o l - N/LLOYD STONE. : -
4]
(ALL ACTION ITEMS COMPLETED ON THIS PAGE)
WRAC . Fom S8 (Fen Cutobr 19TR ME NO.




™ B maTATION: ] . MARSHALL SPACE FLIGHT CENTER MARE:
& SYSTEMS DINANICS LABORATORY . g - 5. M. SELTZSR
POINTING CONTROL SYSTEMS ' ACTION LTEM LOG _ I
BRANCH - _ {CONTIKUED) . _ AUGUST 26, 1976 (REVISED)
R -, B  ASSIGNED TO0 DUE DATE __ DISPUSITION
1. RECOMMEND HOW BEST TO INCORPORATE  CRAIGHEAD/ ASP INTERFACE DEFINED
ON-BOARD UPDATE (AND INTERFACE) KERNEL: . AGREED UPON BY
3 _ OF ACDS BY STAR TRACKER. o CRIAGHEAD/KENNEL ;
: : T L . " GROUND SENDS GP (TO
o ACDS) 2 SETS OF
. ‘ ~_ . R T T QUATERNIONS.
12, DETERMINE KOW BEST TO SCHEDULE SIS ASP PLAN TO REPORT ON ALL
HARDWARE {ST, RGA, RW's) REPORTS. ACDS HARLWARE AT ONE
- R , e T TIME {19 AUG) UNLESS
. R, T CLYDE JONES: DEMURS.
33..  PREPARE PROPOSED TEAM CHARTER. SELTZER 12 AUS 76 REVIEWED & DISTRIBUTED] -
. X3 ATTEMPT TO OBTAIN CDA-RELATED  HIGHT 31 AUG 76 COMPLETED BY MEMO.
CHANGES OF PRELIMINARY DESIGN
AUDIT FOR DPA SOFTWARE AND '
ENSURE THAT TEAM HAS LATEST -
SOFTWARE REQUIREMENTS. | S
15. REVIEW CEI SPEC AND PREPARE TEAM AT EACH
- LISTS OF REQUIRED CHANGES. : PRESENTATION
o . 10 TEAM _
18, DETERMINE REASON FOR x-y 8. WOLF Asp " CLOSED. REASON--TO
PLANE CONSTRAINT OF +1° C o OBVIATE NEED FOR A NEW
OF THE SUN LINE. N - THERMAL ANALYSIS.
| " ? P :
_ N N J
,5 ) MIAC . P X34 (o Ovtetowr 1379 mno____g____
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HEya o
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MARSHAL. -PACE FLIGHT CENTER

MNAME:

ST _ .
SYSTEMS DYNAMICS LABORATORY _ l 5. M. SELTZER 1 _
POINTING CONTROL svsn:ns ACTION ITEM LOG ;
BRANCH (CONTINUED) AUGUST 26, 1976 (REVISED)
MO, - MMM ' ASSIGNED T0 DUE DATE DISPOSITION __ - '
. DETERMINE MOMENTUM VS. TIME H. KENNEL WAITING MOME —
ANALYSIS/SINULATION STATUS, : . ‘,‘:‘E‘,{%ﬂ“‘ MOHENTS OF
* PAYING PARTICULAR ATTENTION : : : ; :
- TO “LAZY SUSAN" AND ANY X-AXIS
ATTITUOE POINTING REQUIREMENT. P
18, SET UP BRIEFING (NANCY MILLY) M. SINGLEY 12 AUG 76 TOOK PLACE
ON FMEA AND SINGLE POINT FAILURES 26 AUG.
FOR 26 AUG, 20 ]
. CONTACT F. WOJTALIK: WHY DOES RECIO SELTZER 12 AUG 76 'SRIEFING SCHEDULED
STATE ACDS PERFORMANCE UNACCEPTABLE? N FOR 25 AUG 76.
ESTABLISH BRIEFING FOR TEAM. : N
20. OBTAIN MASS DISTRIBUTION/MOMENTS  B. WOLF ASP
OF INERTIA FOR "LAZY SUSAN" FOR
HANS KENNEL. ‘, _
2x. OBTAIN MOMENTS OF INERTIA OF SINS ASP 2§ 2 (NEG-
. MOTOR/GEAR TRAIN FOR HANS KENNEL. ] L'fgfnf gn en” (NE&-]
| NEGLIGIBJE
22, SET UP PRE-COR BRIEFING ONE WEEK B, WOLF ASP Toear Teamn ¢ )
PRICR TO COR. T : y :
2, TAKE STEPS TO ENSURE TIMELY B. WOLF ASP v -
. RECFIPT OF COR DOCUMENTATION,
i.e., THO WEEKS PRIOR TO COR. (6 SEP 76) |
2. SET UP TELEGUN TO VERIFY UNDER- SN ASP SCHEDULED FOR o
STANDING OF TRW's RW MODEL (TRW _ SCHEDULED FOR
. MEMO HEAD 74-460-209). 31 AUG 76.
: ' ' -
' ]
T MAC. Pam 1308 (e Srveter 1YY “___3
t-—u-——‘
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- r&cmiumou'. . . MARSHALL SPACE FLIGHT CENTER HAME
SYSTEMS DYNAMICS LABORATORY : . , s . sevzer
POINTING CONTROL SYSTEMS ACTION ITEM LOG . ,
BRANCH (CONTINUED) | AucusT 26, 1976 (REVISED)
NO. B i ASSIGNED TO__ DUE_DATE_ DIS#OSITION
‘s5. ~ DISCUSS JITTER DEFINITION AND WOLF ' ASP ' ' -~
. REQUIREMENT WITH SAQ AT MEETING :
, 10 BE SCHEDULET. . = _
26. -~ DETERMINE NSA AND FSA DESIGN SHELTON ASP
_ VERIFICATION RATE REQUIREMENTS.
2. " RESOLVE QUESTIONS CONCERKING SIMS AP -
ACCURACY AND RELIABILITY NUMBERS S—
PRESENTED AT HEAO-B PDR FOR Y
2-SUN SENSOR. ' _ _ o
| = CHANGE TITLE OF 3d DAY OF CDR TO  WOLF AUG
T REFLECT IT IS SOFTWARE. | . e s
9./ ENSURE TRW ALLOTS SUFFICIENT WOLF NG
~ TIME TO COVER SOFTWARE IN DEPTH. ‘
30. WHY MUST COMMENTS ON HERQ-R TEST  WOLF AJG
RESULTS BE SUBMITTED BY 17 SEP?
CHANGE DUE DATE TO AFTER HEAO-8
COR. .
3. eam°T REPORY ON REVIEW OF HERO-A  SHELTON/COX 30 SEP 76 .
375, rESULTS DOCUMENTATION. ..
32. HOW MANY MANEUVERS PER TIME PERIOD MILNER
1S POWER PROFILE BASED ON? : \
3. WAS HEAO-A REVIEW TEAM's WOLF
RECOMMENDATION ON “UNDERVOLTAGE
SWITCHOVER CRITERIOK ACCEPTED?
-ﬂ-l—mthm‘m . —.“_ ‘ -
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[Groatanom MARSHALL SPAGE FLIGHT CENTER NAME:
_SYSTEMS DVNAMICS LABORATORY oo e L0 5. M. SELTZER - .
-POINTING CONTROL SYSTEMS i L P ,

BRANCH (CONTINUED) AUGUST 26, 1976 (REVISED)
.. _ " FTEM ~ ASSIGNED TO DUE DATE DISPOSITION
34, SET UP PRESINTATION BY WOJTALIK SELTZER T
: ON DISPOSITION OF HEAO-A REPORT. . L .
35. DETERMINE PREVIOUS ELECTRICAL OWOLE o
CONNECTOR EXPERIENCE w.r.t. EEE
FAILURES. , L
36. DETERMINE IF HEAO TRANSPORTED 'JONES L
HORIZONTALLY TO CAPE AND R
OETRIMENTAL EFFECTS ON RCS. ——
WPC . Furm L3804 (Mur Ouaniur- 197 [ V] e raav—
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APPENDIX L

MEMO ED12-76-87, SELTZER TO WOJTALIK, DATED
OCTOBER 13, 1976, SUBJECT: "REVIEW
OF HEAO-B CEl AND ACDS
SPECIFICATIONS"

¥%ACEDING PAGE BLANK NOT FILMED
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RAeply 1o Atin of:

National Aeronautics and ‘ ‘
Space Administration . :

George C. Marshell Space Flight Center
Marshall Space Flight Center, Alabama
35812

ED12-76-87 October 13, 1976

TO: EE71/F. Wojtalik _
FROM: ED12/S. M. Seltzer, Systems Dynamics Laboratory
SUBJECT: Review of HEAO-B CEI and ACDS Specifications

The HEAQ-B ACDS Review Team has completed their review of the HEAQ-B
CEI Specification and the HEAQ-B ACDS Subsystem Specification. Our
comments and recommended corrections are documented as Enclosures ]
and 2, respectively. A major portion of the review effort has been
to inake the two specifications compatible. Hence, the two enciosures
are closely correlated and should be handled as a package rather than
separately. It is imperative that action be taken to incorporate the
recommended changes into the exfsting specifications immediately, for
tﬁmy of our comments for the HEAO-B ACDS CDR assume corrected speci-
cations. -

Y-y | |

Sherman M. Seltfer .
Chairmsn, HEAO-B ACDS
Review Team

2 Enclosures
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cece

ECO1/Mr.
EDO1/Dr.
EDOY /Mr.
EDO1/Dr.
ED11/0r.
ELO1/Dr.
EPOY/Mr,

Moore
Lovingood
Sisson
Worley
Blair
Thomason
McCoo]

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr, Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr, Shelton

EL54/Messrs. Singley/Craighead

EC22/Mr. Sims
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Page 1 of 3

RECORD OF COMMENTS ON PUBLICATIONS _ ?;;Eemher 15, 1976
SUBJECT:
72M10067 HEAD~B Observatory System Specification
"REVISHIN NOTES FROM:
HEAQ-B ACDS Review Team (5. M. Seltzer, Chafirman)

":‘%” PAGE | PARAGRAPH | LINE® COMMENT (Exact warding of récommantdsd change must be given)

"1 2-1'3 2.1 3 | HoM 4222.1 (Applicable Documents Index) an MSFC document,
should 1ist the specific issue of any applicable document
in effect for Contract NASB-28300. The ACDS related
documents are out-of-date as listed in HOM 4222.1.

2 2-5 j 2.3.2 Add document discussed in item 8 to 1ist of documents.
3 2-11] 2.3.6.6 8 Replace TBD with "D0YV137." Add "D01140 Prefiight
Interface Software."
4 3.2 | 3.1.1.1.2 Lo1'g b Add Normal Sun Acquisition and approoriate description.
3«1 4 3.1.1.1.2 In generail the mode definitiens are incompatible with
3.2 those contained in the ACDS subsystem spec. The CEI
spec should be made compatible with the ACDS subsystem
spec definitions.
5 3-1 |3.1.1.1.2 |13 Change sentence to read: The principal gperations are:
6 3-2 13.1.1.1.2 11 Change Point Mode to read Pointing.
7 }3-2 [3.1.1.1.2| 7 |change Failure Mode to read Failure Accommodation.
8 3-2 13.1.1.1.3 7 2 Replace 72M100XX with correct number, i.e., HEADQ Qpera-
tions Control Center Document. Add this document to
paragraph 2.3.2, page 2-5.
9 3-2 13.1.1.1.3 |10-11| Delete last sentence of para. ("A high rate,..is provided")

10 3-3 13.1.1.1.4.2 The inertia data is different from both that which TRW is
using and that en p. 15, ACDS subsystem spec. Different
numerically, different with report to times inertias are
measured, and Jdifforent in that CEI spec does not include
cross product mom-nts of inertia, Recommend numerical
values be omitted from CEI spec {too much detail).

12] 3-3 3.1.1.].4.4 The beginning of this paragraph ("Communications") 1s
missing, apparently a typing omission.
12 3-5 13.1.1.1.7 Replace TBD.
13 3-17, These pages {and their contents! e.q. subsystem grounding)
3-18 have been omitted.
14 3-21 |3.1.1.2.3 Replace six TBD's.
15 3-31 B.1.1.2.5.11 & These two sections are incorrcct. Replace with section(s)
3.1.1.2.6.2 compatibie with ACDS subsystem sgec {e.g. para. 3.3.2
Operational Mades and Conditions) as modified by HEAO-B .
. ACDS Review Team recommendations, : —
 faferance 1o line number within the paragraph or subparsaraph.

ME#C. Form 1908 (Augunt 1983)
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_Page 2 of 3
_ RECORD OF COMMENTS ON PUBLICATIONS Dggszt:ember 15, 1976
BJECT:
= 72M10067 HEAD-B Observatory System Specification
AEVISION NOTES FROM:
HEAQ-B ACDS Review Team (S. M. Seltzer, Chairman)

l:;g'_‘ PAGE | PARAGRAPH | LINE® COMMENT (Exact warding of recommendad chARGS Muit be given)

15' 3-33 9 Insert the following sentences before the last sentence.
Rotation about the x axis shall be less than 1°.

17 3-3313.1.2.5.2. It is not apparent how the verbage in the CEl spec sectiof
led to the requirement stated in the last sentence of
para. 3.3.2.3 of the ACDS subsystem spec.

18 3-2213.1.1.2.5.3.4 6|Define TBD. (Error allocation to experiment sensor systen
for attitude determination purposes).

19 |{3-34|3.1.1.2.5.3.2.4 |Correct the value shown {150,000 gauss-cm3).

2

20 3-34 {3.1.1.2.5.9.2.5 |Add a new paragraph entitled Moving Masses. Desciibe
disturbances and perturbations caused by moving masses
(FPTA, etc). Specify limit of these disturbances.

21 3-34 [3.1.1.2.5.4.2 1|Delete words of two years. That shelf 1ife may not be
sufficifent for ' xample: DPA may be 2 years old
when launched},

é2 3-35 {3.1.1.2.5.4 5 {Spell accomplished correctly.

23 |3-35 (3.1.1.2.5.4.1 Replace TBD with “001140,"

24 3-35 i3.1.1.2.5.8.2 5-§ Change last sentence to: "Specific requirements of the

flight program are contained in DD11%7 and of the
emergency mode are contained in 58/-29."
{Reason: Replaces TBD.)

25 3-37 13.1.1.2.6. Ensure that modes named are consistent with those
discussed in Item 15 (above).

26 3-37 3.1.1.2.6.3 5 |(Subpara c). Change 60 1bs to 40 Tbs.

27  |3-37 {3.1.1.2.6.2 7 |{Subpara d)}. Change 50 milisecond to 40 milisecond.

28 |3-39 3.1.1.2.6.7 =====gXcept fiat propf reisure test 1a1ues for 11n%s $nd

. ‘ sure, to be
FIEETTRS S 1, e oy e um operatifa prescire, fe fe

29 3-49 3,1.1.2.12.0 3 |Replace TBD with "D01276." Add to paragraph 2.3.6.10
(p. 2-12).

30 [3-53 |3.1.2.8 On-orbit induced environment is not covered, i.e., venting
experiment motion, etc. (See para, 3.1.1.2.5.3.2,
page 3-33).

¥ Rafarsnce to line num’ﬁr g.linm_tm paragrach or subparagraph.

MAFC - Form 1908 (Augast 1980)
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Page 3 of 3

RECORD OF COMMENTS ON PUBLICATIONS

Bate:
September 15, 1976

SUBJECT:

72M10067 HEAO-B Observatory System Specification

TREVISION NOTES FROM:

HEAO-B ACDS Review Team (S. M. Seltzer, Chajrman)

tLEM . FAGE | PARAGRAPH LINE* ] COMMENT (Exact warding of racammendaad ngnga must be given}

3 3-54] 3.2.1.2 3 Is NASCOM going to support the mission instead of STON
{as indicated in the text)? If so, need to reference
explanatory document.

32 | 3-54{ 3.2.1.3 7 Define TBD {72M100XX) for HERD OCC specification. Add
to para. 2.3.6.6.

33 | 3-54] 3.2.1.4 4 | Define TBOD.

34 3-56] 3.2.2.1 6 Define TEBD.

38 3-881 3.2.2.2.4 Add software documents - D01137, Flight Program and
D01140, Preflight Interface Program.

36 3-591 3,2.4 Add new paragraph:

3.2.4 Other
[00506 ICS/EXSE Telemetry and Command
D01276 ICS Software

37 -2 | Table 4.1 Relocate the title so it can be seen (it is in margin and
cannot be read without removing staptes from C&f spec).

38 4-5 | Table 4.1 Add note: "R - See Remarks column."

39 4-19 | Table 4.1 Correct mede names to be compatible with ACDS subsystem
spec as modified by HEAQ-3 ACDS Review Team recommendatio

40 4-19 | Table 4.1 Last | Change 0.1 deg/sec to be compatible with 4CDS subsystem
spec as modified by HEAG-B ACDS Review Team recommendatio

41 4.20 | Table 4.1 Add "jitter" requirement to be compatidle with ACDS sub~
system spec as modified by HEAQ-B ACDS Review Team
recommendations.

42 | 4-20| Table 4.1 j11 Same remark as Item 39 (above}.

43 4-35 | Table 4.1 Add items h) anc i) to include comments of Items 35, 36
{above).

44 | 8-37 Add new para. 3.2.4 entitled Other exactly 1ike comment
of 1tem 36 (above).

* Referance 1o Iina numbar within ths paragraph or subparagraph.

MSFC - Form 1688 (August 1960)
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Page 1 of 4

=

RECORD OF COMMENTS ON PUBLICATIONS m2‘T$§:;:1:ember' 15, 1976
SUBJECT:
Subsystem Specification - ACDS HEAC-B (S57-29A)
AEVISION NOTES FROM:
_ S. M, Seltzer, HEAO-B ACDS Review Team

';g'_" PAGE | PARAGRAPH H wINE * COMMENT (Exact wurding of racommanded changs must be glven)

RS Need to add a preface (in some farm). In it there is a
need to clearly define the prebabilities used in the spec
including over what time duration the probabilities state
ars applicable, These definitions must be used uniformly
throughout the specifications. The manner in which TRW
will verify these probabilities must be defined. These
probability definitions must be used uniformiy throughout
the other applicable HEAD specs.

2 3 12 Change last item from TBS to DO1137.

3 3 |2 Add new item: D01138 -~ ACDS HEAQ-B Preflight Interface
Program Reguirements Document. Also add documents
referenced in Item 22 {below).

4 4 |3.1 Change quantities of DPA's from one to two.

5 4 (3.1 Change last item from TBS to DG1137.

6 4 3.1 Add new item: same as Item 3 above.

7 § |(Fig. 3.1 Add (2) under block title: Transfer Assembly.

8 5§ IFig. 3.1 Add (2) under block title: Digital Processor Assembly.

9 7 13.1.9 2 | Change to "....data processing, mode control, ....."

H) 8 |3.1.10 1-2 | Change "refer to" to "referred to as"

1 10 |3.2.2 4 | Change sentence to read "condition by ground command
either from the OCC in real time or from the SCP."

12 10 |3.2.2 4 | Follow above sentence (Item 11} with "The term ground
command implies either immediate response or command that
was stored and used later.

13 1 j3.2.2.1 1 i Change Tirst sentence te read: "....enter the Normal Sun
Acquisition mode only upon command, with initial entry
Easg§ upon Taunch vehicle separation.”

14 1T {3.2.2.1 4-5 | Change "sun point mode" to “Normal Sun Acquisition mode.®

15 1 3.2.2.1 7 | Add: "When sunlight 1s not present, the ACDS shall cause
the spacecraft to hold the attitude existing upon entry
into the eclipse condition."

16 12 3.3.1.1 4 | Check correctness of "probability .99"; shouldn't it read
“probability ,997"7

_' Rouung__c to Itne aumbar within tne parsaraph ar subparagraph,

M8FC - Form 1988 (August 198%)
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Page 2 of 4

RECORD OF COMMENTS ON PUBLICATIONS

DATE:

September 15, 1976

SUBJECT:

Subsystem Specification - ACDS HEAO-B (S5§7-29A)

HEVISION NOTES FROM:

S. M. Seltzer, HEAO-B ACDS Review Team

I.l_[l_%? PAGE | PARAGRAPH |enE COMMENT (Exact wording of recommended changs must be glvan}

17 12 13.3.1.1 7 | "{3e)" is incompatible with stated probabilities.

18 12 [3.3.2. 4 | TBD needs to be defined for the minimum time in minutes
That sunlight must be present for observatory to sun
point successfully in Normal Sun Acquisition Mode.

19 12 13.3.2.1 7 | Change last line to read: "be maintained compatible with
the star tracker spec."

20 13 13.3.2.2 22 | Insert sentence before last sentence. The attitude about
the x-axis shall be maintained within 1° (0.68 probabilit

21 13 13.3.2.2 2 | Add: “.,.from any initial attitude and body rate
compaﬁib]e with those specified in the CEl spec so long
as...

22 13 |3.3.2.2 3 | Add to end of para: "This time accounts for worst case
body rates as set 1orth in_TRW Memoranda -460-

and HEAQ-75-860-531."

23 13 |3.3.2.2 6 | Add to end of para: "When sunlight is not present,
attitude control is inactive in the First Sun Acquisition
Mode."

24 15 §3.5.1.2 4-6 | Delete last sentence of para,

25 15 |[3.5.1.2 8 | Change verbage to read: "...consist of an adequate number
of modes..."

26 15a {Table 3.1 Where is referenced Fig. 1-37 If it exists, where then
are Ffg. 1-1 and 1-27

27 15a [Table 3.1 What 1s the usefulness of last three columns (apparently
concerned with complimentary strips).

28 17 |3.5.1.6.5 4 | Change "thrust vector” to “spin axis."”

29 17 (3.5.2.2 Three TBD's need to be defined for number of telemetry
words:  analog, discrete bilevel, and digital,

30 s [3.5.3.1 3 | Change to: “...pulse commands of no less than 0.040
second,..."

3 18 [3.5.4.1% It no experiments contain fluid, delete section 3.5.4.1;
if any experiment contains fluid change "None" to "No
significant dynamic effect.”

32 18 [3.5.4.2 Change title to "Disturbance Torgues"

+ Referance to line Aumber within the paragragh or subazagraph,

MAFGQ . Form 1908 (Augasi 1083)
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Page 3 of 4

RECORD OF COMMENTS ON PUBLICATIONS

DATE:
September 15, 1976

SURJECT:

Subsystem Specification - ACDS HEAD-B (SS7-29A)

RE\ {SION NOTES FROM:

S. M. Seltzer, HEAQ-B ACDS Review Team

'Lg” FAGE | PARAGRAPH |LINES COMMENT (Exact warding of racommanded Shangs must be given)
=

33 18 ]13.5.4.2.1 Add section 3,5.4.2,1 entitled "Venting Disturbance
Torgues.” Use verbage of former 3.5.3.2.

34 18 13.5.4.2.2 Add section 3.5.4.2.2 entitled "Experiment-Induced
Disturbance Torgues" and add verbage to cover disturbance
torques due to FPTA and other experiment equipment motions
during orbhital operations.

35 3.5.4.4 1| Change "store" to “stored."

36 3.5.4.4 2-3 1 Change to "...capability to store and maneuver to 14
pre-selected targets.”

37 3.5.4.4 4 | Change to "...orbit, with storage of at least 7 orbits
in advance..."

38 22 |Table 4.1 | 22- | Put table number on each page of the table.

27

39 | 24 |[Table 4.1: £ | Change "jitter 1 €8¢ in~1 sec" to:

3.3.2.2 "Jitter
about v, z-axis: 1 §8¢ in 1 sec
about x-axis: 20 €ec in 1 sec

40 28 |6.1.1 4 | Change "Coarse sun sensing" to "+ y-sun sensor assembly.’

41 28 16.1.1.1 1 | Change "fine sensing portien" to "narrow angle portion."

42 28 6.1.1.1 3 | Change + 3° to + 30°.

43 28 16.1.1.1 4 | Change "Coarse sensing portion" to "t y-sun_sensor
assembly."”

44 28 16.1.1.2 1 | Change entive 1ine teo read: "The output of the narrow
angle sensing elements and the wide angle sensing
elements,.,.”

45 28 |6.1.1.3 1-2 | Same as Item 41.

46 28 (8.1.1.3 3 | Same as Item 43,

47 | 28 }6.1.1.3 5 | Change "Coarse sensing function" to "t y-sun sensor
assembly function.”

48 8 |(6.1.1.3 7 | Change "ten degrees" tp "3.2°."

45 23 |6.1.1.4 6.1.1.4 Paragraph does not state which sensor, wide angtl
or narrow is being addressed. Values do not agree with
equipment spet, suggest rewrite as follows: *

"+ Refarsnce te Hne number within ths paragraph or subparagraph.

MSFC. Form 1008 (Aunist 1942)
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Page 4 of 4

RECORD OF COMMENTS ON PUBLICATIONS

D,

ATE:
September 15, 1976

SUBJECT:

Subsystem Specification - ACDS HEAO-B ($57-29A)

REVISION NOTES FAGM:

S. M. Seltzer, HEAQO-B ACDS Review Team

ITEM
N

PAGE

PARAGRAPH

LINE * I

COMMENT {Exact wording ¢f réacommended changs must be glven)

T
i

50

51

52
53

54

48-50

i3

B4-40

A1-47
49

49

§.1.6

6.2

6.3
6.4.1

6.4.1

6.4

*6.1.1.4 Accuracy

The detector functions shall exhibit the
accuracies specified over the fields of view specified,

*6.1.1.4.1 MWide Angle Detector

The null accuracy of the wide angle pitch
detector and wide angle roll detector shall be within
1 3.2° with respect to the subassembly optical axfs.

*6.1.1.4.2 Narrow Angle Detector

Given the cross angle B (or .a}, the angle a
(or 8) shall be determinable from the calibrated output
characteristic within the following accuracy: the 3o
error in the indicated output shall be ¢+ 0.6° & 10% of
the true input angle within £ 20° of null and shall be
Jess than + 13% of the true input angle over the remainin
field of + 30° each axis. The true input angle is define
with respect to the subassembly axes in the ZSSA equipmen
specification,

Make 20 in-oz of this spec and 17 in-oz of the hardware
spec consistent.

Boil this entire academically fascinating tutorial
treatment down to just the requirements.

Same as Item 51 above.

Why separate columns for x, y and z? They appear
jdentical (except for one omissfon).

Take another look at the entire table. Fill in the blank
or tell why they are left blank. Update it.

Prepare a similar error budget for each of the modes as
defined in para. 3.3 {as modified by this document), not
just the attitude determination mode. The error budget
should be separated into two classes: (1} subsystem
performance specs, and (2) equipment {"block box")
equipment specs. This section should constitute a
sunmary that consists of a single place to look for any
arror source within the ACDS.

[k ="=]

L")

+ Rafaranca to line numbar within the paragrapn of SUDDATAGIAPh,

ST T T T 71 JUTON T ST

MEFC - Form 1808 (August 1941)
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APPENDIX M

MEMO ED12-76-83, SELTZER TO WOJTALIK, DATED
OCTOBER 5, 1976, SUBJECT: "REVIEW
OF HEAO-B ACDS CDR DOCUMENTATION"
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Raply o Atin of:

National Aeronautics and
Space Administration

Goorge C. Marshall Space Fligit Ceantor
Marshall Space Flight Center, Alabama

35812

ED12-76-83 : October 5, 1976

T0: EE71/F. Wojtalik
FROM: ED12/S. M. Seltzer, Systems Dynamics Laboratory
SUBJECT: Review of HEAG-B ACDS CDR Documentatien

The HEAO-B ACDS Review Team has completed its review of the COR
documentation. We have documented our comments and questions on

the two sets of enclosures (Encl 1: ACDS CDR; Encl 2: Flight Program
Requirements Document). [ "Datafax-ed" Enclosure 1 to Dale Hoffman
(TRW) last night. He telephoned me at hame (per my request) to
confirm that he received it. This will enable him to prepare for
our discussion at the pre-CDR at MSFC (MIC Room, Building 4487) on

October 6-7.

In approximately a week, you‘w111 receive our documented comments
and corrections concerning the HEAO-B CEI specification and the
HEAO-B ACDS specification. We are proof-reading them now.

Sherman M. Seltzer
Chairman, HEAO-B ACDS
Review Team

2 Enclosures
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¢c:

ECO1/Mr,
EDO1/Dr.
EDOT /Mre,
£001/Dr.
ED11/Dr.
ELO1/Dr.
EPOY/Mr.

Moore
Lovingood
Sisson
Worley
Blair
Thomason
McCool

ACDS Team Members
EC21/Dr. Doane
ED22/Mr. Green
ELO4/Messrs. Hight/Cox
EF15/Messrs. Rowe/Collins
EP24/Mr, Lee Jones
ED12/Mr. Kennel
EC13/Mr. Milner
ED12/Mr. Sheiton
EL54/Messrs. Singley/Craighead
EC22/Mr. Sims
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Page 1 of §

w

RECORD OF COMMENTS ON PUBLICATIONS “Bctober 4 + 1976
SUBJLET:
HEAD-B ACDS CDR (26Q00-460-042, 19 Octoher 1976)
HEVISTON NOGTES FROM:
S. M. Seltzer, HEAD-8 ACDS Review Team, MSFC
'L%’_* PAGE | PARAGRAPM | LINE= COMMENT (Exact worcing of recommended chenge must be glven) i .

1 1-3 - -- Glossary is incomplete (e.g., DHA, PSU, TRIU, NVE, et:).

2 2-11] 24 14 Add: ",..on-board logic upcn either separation from,.."

3 2-1 ] 2.1 15 Do you want to use the work "INSIPIENT" (as shown) or th
word INCIPIENT (different spelling, different meaning)?
Is its use as an adverb modifying “catastrophic" the
use you really intend?

4 2-2 -- - Figure 2-1 does not indicate inputs to RGA 5 and 6 from
non-essential bus power and switching commands. HNo
inputs to RGAs from Transfer Assembly are indicated.
What is the significance of dashed and solid arrows from
Transfer Assemblies for Star Tracker control?

5 2-3 -- -- Figure 2-2 is not labeled oroperly for RGA orientations.
Also, it dres not show the angle between RW's and major
axes of spacecraft.

6 2-5 | 1 last| Question, Are navrow angle ZSSA sun aspect signals used
actively in the on-board control, or only to augment
ground attitude determination?

7 2-5 | 2 6 Replace "sun point failure mode" with "first sun
acquisition mode.” This should be done throughout the
documentation.

8 2-5 | 2 8 Question. What actions have been taken to assure correcg
telemetry signals, 1.e., no inversions as received on
ground?

9 2-7 2.2 last| Add: The present planned operation is to enter NSA via

sent) command from the SCP before loss of tracking at Ascensiop.

10 2.7 - -- CEI and ACDS subsystem specification nomenclature mode
should be made compatible.

n 2-7 | 2.2 1 Comment: FSA is also initiated by LV separation signal.

12 2-8 2 4 During pointing, the x-z plane is constrained to + 1°
of the sun 1ine. This should be stated.

13 2-8 13 5 Star tracker data correction is done on the ground.

14 2-v ] - - When is the last possible date for defining operating
characteristics and calibration data for the 3T without
{mpacting either the flight ACDS or the ground software?

* ﬁl'lf.ﬂ“ 1o lina numbar vithin h‘l!‘ ml\ or luiga_q_illflﬂh.

” MAFC - Form 1148 (Augunt 1038)

2 peel- |

274

e ey i el et o e et s

s

P T T T STy T P U ST




B

Page 2 of 5

RECORD OF COMMENTS ON PUBLICATIONS

[_)ﬂ;_'ﬁ 2
October 4, 1976

SUBJECT:

HEAQ-B ACDS CDR (26000-460-042, 19 October 1976)

'AEVISION NOTES FROM:

S. M. Seltzer, HEAD-B ACDS Review Team, MSFC

ILED." PAGE | PARAGRAPH |LINE® COMMERNT (Exasct wording of racommantied change must be glvan)
15 2-9 |1 2 Question. What is the TRW rationale for not switching
: immediately to FSA instead of waiting for under voltage?

16 2-9 ] 2.2 add Summarize LPL and when enabled so 1t all can be found
at one location in documents.

17 2-10 - “- On this and all other such hlank pages, the comment
"INTENTIONALLY LEFT BLANK" should be placed, Otherwise
the recipient might suspect a printing error,

18 z-1| 2.3 When do we find out 1f the component specs are met?

In several places TRW suggests need for more tests,
(Example: App. E, memo HEAO-76-460-178, page 31).

19 2-12 To what do the four asterisks refer?

20 2-12 RW weight is 30.5 pounds instead of 29.5.

2] 2-15] 5.3.4.2 7 RGA assembly arrangement picture {s incorrect. This
jtem was wrong in the PDR; we recommended ozt that time
that it be corrected; this has not been accomplished
and is sti11 incorrect!

22 2-15 Spec is stated incorrectly.

22a Drift Characteristics: g-insensitive value should be

R instead of 3.0°/HR.

22b Voltage Sensit1v1tz g-insensitive value should be
0,0T°/HR/VOL

22¢ Magnetic F1eld Sensitivity: g-insensitive value should
be 0.2"/HR MAX,

23 2-21 - - RW weight is 30.5 pounds {nstead of 29.5.

24 2-21 o Motor Torgque: 17.0 in-oz. This is the number we have

recommended be standardized in the CEI and ACDS specs.
However, it is not the value used in a number of recent
TRW memos.

5 2-21 o Tachmeter Qutput: This value {s misleading and might
tead the reader %o assume a D.C. value, rather than
pulses, as the output.

26 2-22 - - Direction of arrow between Switching Regulator and Pulse

Width Modulator should be reversed,

* Rafarence to 1ine number within the paraeraph of subparagteph.

MAPC-Form 1908 (Avguat 1981)
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Page 3 of §

— ToATE
RECORD OF COMMENTS ON PUBLICATIONS October 4, 1976

SURIECT:

HEAOD-B ACDS CDR (26000-460-042, 19 October 1976)

REV)SION NOTES FROM:

S, M. Seltzer, PEAO 8 ACDS Review Team, MSFC

ngf . PAGE | PARAGRAPH a._m: . CONMENT (Exsit wording of reremmended changs must be glven)
27 3-1i 3 3 Should include all current SCN's {SCN 157} instead of
i stopping at SCN 7.

28 3-2.3 Define probability as it applies in each requirement.
Make 1t a useful quantity. Insert an example.

29 3-3 Define jitter per ECR submitted by the Pointing Control
Systems Branch (ED12)}, MSFC.

30 3-3 | 3.1.1.2.5]2.4 What {s significance of two probability values and how
ts each verified?

3 3-3 Add a subparagraph 3.1.1.1.2 - Performance Point Mode:
Sun Mine within 15° of S/C z-axTs, Thé zX plane sha
be within + 1° of the sun Tine,

32 34 | ...3.2.2 Update Venting per SCN 9, the experiment venting gases
total angular momentum < 500 ft-1b-sec, 1nstead of TBD.

13 3-4 ] ...3.2.3 tpdate per SCN 14, separation rates, x- 1.1%/sec,axes
perpendicular to x- 1.5°/sec.

34 3-4 | ...3.2.4 Change the value 150,000 gauss cm3 to correct one (see
recommended spec changes from Review Team).

35 3-4 | ...3.2.6 Does "Provided;" refer to "no single point failures?"

36. 3-5 | ...5.8.2 F1ight'Program: Insert comma: "...mode control, not
used...

37 3-5 | ...5.8.2 Fiight Program: Define “emergency" mode.

38 3-5 e - Power: Put a numerical value in rather than "TBD."

39 3-6 -- - SCN summary should include at Teast SCNs 1-15 or later
as appropriate.

a0 4-1 | 4.2 last] Question: Was ACDS changed to incorporate automatic
initiation of NSA at separatien?

4 4-2,-3 where omitted (such as in Action Items 6 and 7),
summarize the responses to each Action Item.

42 6-3 | Fig. §-1 | -- How does one get from Mode F-1 to Mode O (off)? Which
modes are impcssible to get to from which other modes? -
1dent{fy what dashed lines signify.

!
+ Ratarance to Hne numbar within the parssrsph or

MBFC-Form 1908 (Auguat 1968)
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Mm\.ﬁhig SEIPRTE,

Page 4 of §

RECORD OF COMMENTS ON PUBLICATIONS

DATE:

October 4, 1976

SUBJECY:

HEAO-B ACDS COR (26000-460-042, 19 October 1976)

REVISION NOTES FROM:

5. M. Seltzer, HEAO-B ACDS Review Team, MSFC

ITEM
NO,

PAGE

PARAGRAPH

LINE *

COMMENT (Exact wording of racammandsd change misst &a glven}

LX]
[

a4

45

46

47

48

49

50

51

52

53

5-4

5-5

5-9

5-13

5-24

§-4

6-8

6-20

6-21

Mode O

Mode 4

5.3.1.1

Table 5-2

5.3.2

6.2.1

Table -4

6.3.2.1

2

Add

Question: What telemetry 1s recefved 1n Mode 07 1Is

FSA on or off in Mode 0 (off)? Are there substates of
Made 07 .

Question: What determines the 64 second impiementaticn?
Wi11 this update have to be more often {f rate gyros
drift more than allowed by spec?

Some ftems are not compatible with similar ftems in the
Mission Control Procedures (correct tivie?) TRW MP-04S.

In the last para. of p. 5-7, three commands are

identified as critical., They should be so fdentified
on Table 5-2.

Same cemment as Item 45 above (Example: “TA-A First
Mode Leave "in thic document is fdentified as "TA-B..."
in MP-04S; the latter probably 1s correct).

The sentence "The wheels are then run to 2000 APM and
the maneuver begins® should read "The wheels are
accelerated and the maneuver begins,

Figure 5-9 should indicate interface between OPE and -
RGA's.

Pecommend change in procedure to allow for RG
calibration before beginning the scan for ground
attitude determination and setting the NSA scan rate
as high as possible (in real timeg.

Giscussion on NSA capability vs requirements. Include
both rate and attitude initial conditions.

Reconcile gains in table 6-4 with those in App. E,
meme HEAD-76-460-175, p.2. Reconcile difference of
maximum rate gain (15) of same memo and F1ight Program
Requirements Occument DO1137 (500).

{

Discuss resolution of problem of not meeting "Absoluté
pointing accuracy" when guide stars are separated by
less than 1.8 degrees.

~
* Retsrenca to Iine nuMBey within the parsgr:ph of subparscraph,
MEYC - Form 104 {Avguet 1985)
AN
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Page 5 of 5

RECORD OF COMMENTS ON PUBLICATIONS

‘DATE:

October 4, 1976

SUBJECT:

HEAD-B ACDS CDR (26000-460-042, 19 October 1976)

REVISION NO7 =3 FROM:

5. M. Seltzer, HEAO-B ACDS Review Team, MSFC

ITEM
O,

PAGE

PARAGRAPH

LINE*

COMMERNT {Exsct warding of recommandad ¢hENge must be g'uen)

£4

55

56

57

58

59

69

61

62

63

6-28

6-42

13-7

14-1

14.2

App. B{ Software

6.3.2.1

6.4.2.1

14.2
14.4

Documentat

1016

jon

Describe the sloshing and structural interaction
simulations that have not been released, (See App. E,
memo ~178, p. 31, which says additional modelling of
slosh is recommended. Memo also shows marginal stabilff
for variations considered and says addftional testing
of RWEA is required, p.20).

Summarize numerically the requirements for separation
rates and attitude initial conditions along with the
capabilities.

Provide detailed HEAQ-B ACDS subsystem test plans
(describe all test cases planned).

There is no problem with the system momentum test no
matter what initial momentum the maneuver was started
from,

Since the momentum at maximum FPTA speed 1s only
siightly more than 1 ft-l1b-sec there is no problem.

D-1137 of 21 Junz 1976 should be referenced, rather
than 12 January 1976,

General Comments
1. The earth magne€ic Tie'd 15 modeled as a tilted
dinole (HEAD-74-460-084) with the justification that
mignetic torques are small with respect to the gravity
gradient torques. Since the recognition of a 4w error
in the magnetic torgue model this assessment may nst be
true any more and a more accurate model of the eirth
magnetic field may be necessary.

2. Describe planned activity and schedule for resolving

effect on ACDS of telescope to spacecraft isolators.

3. In the Appendices: Portions of the TRH memos are
obsolete and hence incorrect. These ocbsolete passar .
should be identified.

4, The first time the period for one revolution of the
RW is mentioned, the magnitude should be described as
well as the fact that the direction of revolution is
identified.

~

i

& Raference to Ins numba; within the parsgraph or subparagraph.
— =

‘MAFC - Form 1985 (Augu LEED)
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RECORD OF COMMENTS ON PUBLICATIONS

GATE:

October 4, 1976

SUBJECT:

HEAQO-B F1ight Program Recuirements Document, DO1137, 21 June 1976

REVISION NOTES FROM:

5. M. Seltzer, HFAO;S ACDS Review Team, MSFC

'E‘E’” PAGE PANAGRARH | LINE® COMMENT (Exsct wording of recommanded changs must ba gtvan)

1. |10-25 H 3 Add following sentence after end of paragraph: “Note
that the first column of the body to wheel transforms
are scaled by the x to y, z position gain ratio of
27071700 (Kg in Figure 10.4-2, p. 10-14).* !

2 10-26 last There 1s a minus sign missing in the wheel to body
transform, last line, last entry {TWB12) should be
-.664463,

[] !‘.gtorﬁr.._ 0 HNE NUMBbET WIthin the BErseraph v JUDDATASIAP

MAFC - Form 1';00 (Angust 1993)
ﬁv1be4. E ¥
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10 /7076

N
'

ADDITIONAL INFORMATION REQITR:, 1)

/om State TRW's main ebjection to immediately placing the HiL et O sorvatory

: in a controlled mods (FSA) when an LPL “trigger" is givan, -
!

A How much vapacity {worst case} remaind in the batteries when the bus voltage ;
drops to 26.5 velts? Assume this happens on the first day of launch. f

3 e What action is TRW taking to precludes inndver"iam Mrigger'! of the UV sensor :
when the reaction Wheela Are manl'mg momeéntun ? %

: ; j

‘?r s Identify the HEAO.B Mission Contsdl Procedures assaciated with UV and LPL? ;
When will they be avaflable fori\&if‘é teview?

5" & What is the probability {(numbar) t!;lt 'a.n LPL "trigger' will avear on [EZAO-B j
during orbital operations? 7 ' . ;

‘I'.‘ What is the prabability (number} that the UV sensor shall be “disabled" S
onbourd Lthe HEAO-B Observatory when an LFL "trigger" might occur? f

4 "-/ J,Z:., (377

5. L. 750 Ccu/g cardoat FEl ve) )@z 0.250

T B e e s
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APPENDIX O

NOTE TO SELTZER FROM HIGHT, DATED
AUGUST 20, 1976, SUBJECT:
"ACTION ITEM NO. 14
- RESPONSE"
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NOTE ‘ August 20, 1976
TO S. Seltzer

FROM  H, Hight

SUBJECT Action Item No. 14 - Response .
Action Item No. 14 is as follows: . :

Attempt to obtain CDA related changes of Preliminary Design Audit
for DPA software and ensure that team has the latest software
requirements.

P

The following information obtained frem TRW during the week of August 16
is.the latest available information on HEAO-B flight software which TRW
had available for release:

1. DOL137, Dated June 21; 1976. CADM date August_J__, 1976 |

This is the initial baseline release-~-the first official

release, and should have all of the HEAQ-B DPA flight

software requirements specified. Nominal values of parameters _
have not yet been specified and were not available. They %
will be specified by D. Hoffman later. (1£x au}’sJ,féry) g

9. A list of HEAQ changes since the A CDR and B PDR was provided,

The last item on the list was added by me, so there may be ;
other changes not listed by TRW. Flow charts and design :
document changes were not available. In fact the Flight |
Program Design Decument has not yet been officially released

on B. The particular value MT was specified to be about equal

to 0.999XXXXX, where X = TBD., The use of the parameters MODE

and MD was basically an evolution and programmers choice, and i
will not be changed since it works and is commen with Ao‘(;}ﬁjz,LLff/

3. For areas common to A and B, the A Flight Program Design Document §
is a source of infermation, but must be used cautiously. This i
document is in the Repository (D00968).

A list of HEAO-B flight software concerns'és attached. As you can see,
most have been or are being resolved. Hopefully all will be resolved

at or by the ACDS CDR time.

2 Enel
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4. CHANGES TO DESIGN BASELINE sm:.-'::ma:znn
4| chamgeaSoncs g\ A (00
The ACDS design is based on maximum commonality of all HEAD spacecraft,
i The design changes from the HEAO-A baseline are gemerally related to the

following items:

Hardware Chang,;a,s . ' R
o Add two gyro channels ’ e o

o Addition of 4 skewed reaction wheel 'assemb‘ities

e Addition of 4 reaction wheel electronics assemblies

o Cotnection of HRY command and datia interfaces

Software Changes . "o

¢ Delete Celestial Scan mode ) _ v o

e Add HRT star tracker and reactiom wheel input
o Add RWEA command computations

# Add HRT star tracker processing

e Add on-board attitude reference wpdate

Modify command and telemetry interfaces.

,z J.‘w L2~ S:i‘ ‘o f/g_/}t) f') /)J')/*- o ) . /
C{f‘t‘ I /R ACUR T S ﬂf:r‘.-.--c.o—h - ¢

/4‘67'10'14 F‘-D/:' S Y 2 A f!f.] -4#..-"244".:;'./ _/f /A'x
/’/{4’/! .7{ {4 5".2'_.. P "/: .i,..;. .'_"_. .

. f\,_n/{f: Cor i m.w--'/mw, =()é(c."lef‘ N '1/:‘553.; s

J
;(,t, e \"'\..-l-r',' Cn ol
: . L ] oQW 1 -,‘o,,,df’“J mﬂ"&ft‘—&,t'aﬂ {M*/
Do | » WA edemporation. # " .
T e . mVEA n# "
s;ﬁmpu._ t.Aifvn- —y

A'}“"'-."- - pA 3T ) " N
.;.h)‘ hq.‘.'.‘ ‘n. o 8 Thgay o w4 (a-u Ap f“— (’t‘p . ] ‘
IR R S L Mecfd, ;ﬁt.d‘;;qa ada-u-l 27 g mcmosdim

o oaded b.] Hﬁr&""""" n. e [») ! nar ‘5. 4 iramanri wm:'ﬂmw on &mu(
T TRV ufo  initiation eF /V_S“ﬁ‘ S T '
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2.
3.

9.

» HEAO-B CONCERNS RELATED TO FLIGHT SOFTWARE

Impact of rate gyro and star irucker performanre --(Eogential"
:
CEI Spec ancmalies -- paper problem. List attached. ‘
. A
On-orbit support of flight software changes -- being worked to
an acceptable resolution of just having the equipment readily
available.

Subsystem Spec (ACDS, -= paper problems.

‘-—.._—-.-_._ e

Test results need to be evaluated -- Software Qualification Test
and ACDS (Subsystem) Test, Open until tests are performed and
reported. -

Memory Size -- ansidered adequate now with about 1000 words
spare and with recent disansfoval of many changes by Dr. Speer.

;election of nominal parameter values -- not consider.d a problem.
To be defined before qualification tests bezin: T

Adequate tests of DPA/STA/TA -- component, ACDS, aud Observatory
tests are considered reasomable.

10, 0CC/Van test adequacy -- Considered adequate, uses flight program.

11. Documentation problems -- now solved, to be recelved per DR.
_—.—_‘———

12. Visibility problems -- now solved by TIDY plus copies of changes.
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M&S OMPUTING, INC. HUNTSVILLEF.' :,L:m(a:;g:

(205) 772-341
o August 9, 1976
55-76-121

MEMO TO: System Software File

SUBJECT: Recommended Corrections to HEAC-B . v

' Observatory System Specification

REF: HEAQ-B Observatory System Specification,
Rev. A, MSFC Document 72M10067, November 15,
1974. ‘

In response to an action item requested by the ad hoc HEAO-B ACDS Review
Team, a partial review of the referenced document was performed to iden-

_tify items which need correcting or updating. This review covered only

those portions of the document related to the ACDS and its interfaces. The
attached list of change recommendations was generated as a result of this
review.

”~

rf

M// // ,wﬁzyu’“ ;,Z,

G. M. Heeschen, Jr. //”

RLC/jw
Attachment a/s

Distribution:
EL04 (2 copies)
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: ‘ Attachment
‘ Auvgust 9, 1976

55-76-121 -2-

RECOMMENDED CHANGES TO HEAO-B
SPECIFICATION RELATED TO ACDS

~ Page 3-32, paragraph 3.1.1.2.5. L. 3

The last words of the paragraph '...such as the digital computer. "
do not correctly identify a failure which automattically initiates FSA
(only under-voltage does this).

These words should be deleted.

L}
Page 3-32, paragraph 3.1.1.2. 5.2.1

The last sentence '"The rate aboutl the Z axis shall be maintained
at less than .1 degree per second,' does not show the intent that
the observatory must have some rotation (i.e.., a zero rate is
unacceptable). ‘

The paragraph should be clarified to show ffe need of a rate
about the Z axis. The inclusion of a minimum rate (e.g., .01 degree

- per second) would provide this clarification.

288

Page 3-33, paragraph 3. 1. 1. 2.5.2.4 ‘
The final phra%e ... the experiment sensor system is allocated
no more than TBD® error.' should have the TED provided.

Page 3-35, paragraph 3. 1. 1.2.5.8.1
The "TBD'" in the last sentence should be provided.

Page 3-35, paragraph 3.1.1.2. 5.8.2
The "TBD" in the last sentence should be provided,

Page 3-31, paragraphk 3. 1. 1. 2.5.1.1
Mode name, ''Sun Point,' should be changed to "Normal Sun

Acquisition.”

Also, in the mode description, this is specified as the mode first
entered after deployment from launch vehicle. Description should be
changed to delete this specification. .

Page 3-32, paragraph 3.1.1.2. 5.1.3
Mode name, ''Sun Point Failure Mode, '* shawuld be changed to

"First Sun Acquisition Mode. "
Also, the fact that this is the mode first enfered after :‘eployment

from the space vehicle should be included in the mode description.

ORIGINAL PAGE IS
OF POOR QUALITY
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APPENDIX P

NOTE TO SELTZER FROM KENNEL, DATED
3 SEPTEMBER 1976, SUBJECT:
"RESPONSE TO ACTION ITEM

.~ NO. 17"
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NUTE 3 Sept 76

TO : 5, M, Seltzer/ED12
FROM :+ H, F. Kennel

SUBJECT: Response to Action Item No, 17.

The action item reads us follows:

"Determine momentum vs, time analysis/simulation status, paying
particular attention to 'lazy susan' and any x axis pointing

. requirement.”

The Focal Plane Transport Assembly (FPTA, 'lazy susan') is rotated by
a motor through a gear traip (170:1) and a hammonic drive (200:1) to

bring a different experiment on the optical axis, To assess the maximim
angular momentum and the effect on pointing the following data was
collected (source in parentheses):

Focal Plane Transport Assembl
’ nertia (TRW, MR. Todosiev - estimate) 41.4 s.l-ftz
(ASGE, Mr. Brissette « calculated) 40.4 sl-ftz
top speed 0,235 RPM
1.41 "/sec
‘maximum angulaxr travel (ASGE, Mr. Brissette) 320°
time for max. angular travel : 226.,7 sec
Acceleration time to top speed (ASGE) 0.021 sec

deceleration time from top speed (ASGE) 0.045 sec
angular momentum at top speed 1.02 ft-lb-sec

Motor & Gear Train
Inertia (IRW, Mr. Todosiev - estimate}
top speed (Mr. Wolf) 8000 RPM
total gear ratio (Mr. Wolf) 34000 3 1
angular momentum at top speed (TRW, Mr. Todosiev) 0.02 ft-lb-sec

2.4x10"5 s1-£t?

i

Total Angular Momentum of FPTA, Motor § Gears (I.Oi ¥t-1lb-sec
about vehicle x axis -

The acceleration of the FPTA is so fast that we can consider it instnntlneous.
)

We get a vehicle x rate reaction (at E?ﬁ inertia of 1000 sl-ft

v '
vehicle x rate (.235)(41.4)/(1000) ,} 9.73x10"3 RPM
0.0584 */sec

If the x rate remains unopposed by the ACDS (ne control)

maximm vehicle x angle (320](41.4)/(1600) 13.25"
L,

T T T T T e At AL PTTCL U Y S N T Sy TS

P T P ATy

T T T PP T T L T R A e T T A S ST

e e s i e




F’.“-"l"f AR e R e Sl v ot it bt St L U LR AL

Each reaction wheel can produce torque about the vehicle x axis, However,
for 3-RW operation, only the two opposing RW's can do so without dis-
turbance of the y or z axis. We get

max. RW x torque (20)2) (sin20°)/(12)/(16) 0.0713 ft-1b

time needed by RW's to cancel FPTA moment um 14,6 sec

max. x angle (at time of mementum cancellation) 0.43°

(0.0584) (14.6)/(2)

The CEI SPECS state (3.1,1.2,5.2.2) that an angular excursion about an
axis in the y-z plane of 1° {(0.68 probability) is accptable. There is no
spec about the x axis, Therefore 0.43° max. excursion should be more than
acceptable, i.e, there is no problem during Celestial Poining.

It is apparantly desirable {in order to save experiment time) to rotate the
FPTA during the maneuver to the next target, As long as the acceleration
and deceleration of the FPTA fall into acceleration or deceleration times
for the maneuver, there is no problem. A potential problem could arise

dnring the noncontrolled phases of the maneuver when the RW's are saturated

and the control commands are nulled as g consequence, The worst case
hen the FPTA movement is initi-

angular deviation about the x axis occurs W
ated {(and the effect compensated for) during the acceleration period of the
maneuver and the FPTA is stopped right after the RW's have saturated for the

maneuver coast, An angular rate of 0.0584°/sec will appear about the x
axis that could remain unopposed until the deceleration phase of the maneu-
ver begins. For a maneuver of 180° the acceleratien and deceleration
phases last about 250 sec each and the coast phase about 500 sec.|:
Consequently a x angle of almost 30° could develop. This causes no
problem for the sucessful completion of the maneuver, but could be
objectionable from other standpoints.

Bottom Line: Reorientation of the FPTA is no problem during Celestial Point,
Reorientation during maneuvering could be objectionable from

other than ACDS standpoints (themmal, etc,).

Hans F. Xennel, ED12
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APPENDIX Q

ECR BY SHELTON, DATED SEPTEMBER 30, 1976,
SUBJECT: "JITTER DEFINITION"

1 pukDING PAGE BLANK NOT FILMER
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Demie b B T T " ave v il I
G G GHANGE REOUEST  fueptenber 30, 197F 27 1
v ) — [T T T 17 EHOM;
TR LL# ' ED12/H. Shelton
LT O8NS T T ’ T
Jitter Definition L
R LTV ER LTI R TET B 2 . R IR RSN T AN
I A [' | {reeat K_ﬁ Kovfme B . . ASAP

Crb W AR pggTROIE T AT EETULY 12TEHD ITIMEG) ARSI GTLLD BY NGMENCLATURE:

HEAG 832-11-01-100 : ' ACDS

[r1 sete omen NOLGCHH ) SYIVITY T TAsf TR DACIACHTATION AFFECTED (Specs, 1C0, #ic.)
. HEAD-B Observatory System

ACDS Performance . Specification Rev A

B - . CEI Nuamber KG 0002

ST HLLATT 1 GHAMGL § [ECHE, ECP, €R, aic1 BY NURIICH:

, None

S ISR ATION FOR CHANGE (iriciuan ffact of not mivnnnzaln) (1T nECeisry, cOntinus on MSFE - Form 2327-1, cominuation shetiy:

+

The word jitter is used several times in section 3.1.1.2.5 in specifying the ACDS
requirements. Jitter is often thought of as a rate, In this case, according. to
Mr. J. Powers {HA24) and Mr. Schwindt (Memo #HA20-76-048) jitter is not a rate.

| The intended definition should be included in the observatory spec.

i
E

. FFFECTS ON:

I ! 1 Hunfware C1 Facitity ] Seheduic {See Enclosure for impact} (] other (Specify}
XX Sorrwure KX Requirements Dacumentation (3 Cost (Estimated cost included in Entlosure ]

m BESCRIPTION GF GNI\.N.:CE {Inciude iglizance to aniciotures) [t recessary, continue on MSFC - Farm 2327-1, :onilr’witlon. them):

i

At the end of paragraph one (1) under section 3.1.1.2.5.2.2, add: "Jitter (or short
term stabilityg is defined as the attitude error variation allowed in any onc {1} secnnd
of time. DProbability of 0.68 mcans 0.68 sec of each 1 sec the allowable error must not
be cxceeded.”

Interpretations of jitter other than this can lead to a more complex and costly system
and, in fact, can lead to an erroneous design.

R Funt OF 636:2«% DATE: TELEPHONE MUMBER: OFFICE SYMBOL: )
Harvey (. Sheiton _ 8/30/76 453-4718 - EMz _

1
Fon CONCURRENCE
i_. . ) ,‘”’# F_& ORGAMIZATION DATE SIGMNATURE & OROANIZATION DATE
b rnam E;?}eltz r
lﬁhaef, Pointing fontrol Systems Br. 3Q1¥az
~ iy ¥
!

Joney €, Blaid
Lnfe-iwﬁpntroq Systems_Division
-1 1 ves M, Sisson

, © uty Director, Sys Dynamics Lab

i

i TECHElEALJ\PPROVAL
LIGHATIIRE & QAGANIZATION I DATE SIGNATURE & DRGANIZATION DATE

"\' .

- -

WMSFL - Form 1371 (Rev, March 1974}
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APPENDIX R

MEMO TO SELTZER FROM CARLILE, DATED
SEPTEMBER 28, 1976, SUBJECT: "ACTION
ITEM: DEFINE WHAT 1S MEANT BY
PROBABILITY IN SECTION 3.1.1.2.5
ACDS OF 72M10067"
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N Lonal Acronautics and ~ o,y Tm
fy =

~Space Adminisiration TR
St ot e,
George C. Murshiall Space Flight Center
Marshali Space Fight Center, Alabama 2
35812 3

[
¥!

SEP 2 € 1976

Reply to Atin of. FTA 23.76-733

TC: ED12/S. Seltzer/Chairman HEAG-B ACDS
Ad Hoe Group

FROM: HAR23/C. Carlile

SUBJECT: Action Ttem: Define what is meant by preobability
in Section 3.1.1.2.5 ACDS of 72M10067

Each reference to probability in this section coneerns the acecuracy ol
pointing or aiming of either the +X or +Z axes of the observatory. The
pointing accuracy is in terms of a half cone angle about a defined reference
point er direction.

The reference direction for jitter and stability of peiniing should be
interpreted as the directien of the axes at any instant of time during
celestial peint, then measure the error between that direction and the
instantanous direction for the specified time period, respectively.

iIf the ervor in terrns of half cone angle between the referernce direction
and actual dir:ction is measured and plotted as a distribution curve the
probability asseciated with each parameter is the fraction of the total
measured errors falling within the stated error limit,

T T T T g T T I PV S P T LTS

The measurement of each parameter should be made aver a peried
associated with the respective function.

1. Para, 3.1.1.2,5,2.1 Sun Point - This function is to keep sun on
the solar panels and to get star tracker measurements to determine _
the initial attitude. The perioé associated with this funetien sheuld be one ;

orbit.
2. Para. 3.1.1,2.5.2.2 Celestial Point -

2a. The peried associated with this funetion should be the
pointing for each target.

DT PP PETars
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2b. The respective time period for jitter and stability
(i.e. 1 sec and ! hour).

2c. Each desaturation period.

3, Para. 3.1.1,2.5.2.4 Atritude Determination - The period

associated with this function should be the pointing for each target.

Co 0. Car

D, Carlile

ey
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APPROVAL

TECHNI CAL ASSESSMENT OF HIGH ENERGY ASTRONOMY
OB SERVATORY-B (HEAQ-B) ATTITUDE CONTROL
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