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Attention: R. E., Easley, BC43
Avionics Procurement Section

Contract No- : WAS9-13207

.Sub;]ect- CSCL Final Report for NASA/JSC Contract NAS9- 13207
"Technical Support for Guldance Navigation, and Control
Space Shuttle Program,' :

‘Reference: (1) Data Requirements List (DRL) Line Item No, 2 of
: the Contract Statement of Work, ‘

Gentlemen:

Attached is the CSDL F'inal Report for the subject contract. This
report is being submitted in accordance with reference 1 above.

This document summaries the results of the entire contract work
by providing a description of the tasks conducted and a list of the reports
- and memos d=zlivered to Rockwell International Corporation, Space
Division in fulfillment of this contract,

These reports, memos, and the monthly progress reports constitute
the document:ition of the efforts expended on each of the tasks, and also
include the re¢ commendations and conclusions based on the experlence and
results obtair.ed, : -

Any questions pertammg to the final report should be directed to the
-undersigned.

Norman E. Sears
CSDL Shuttle Program Director

/dim
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TITLE: »

OBJECTIVE:

STATUS:

50 ENGINEERIKRG

CONTACT:

DL ENGINEERING

CCNTACT:

START/FINISH

DATES:

TASK NO. S3TD-GNEC 1
]

Teview Baseline GWNEC Systen

Perfform a review of current GN&C Dbaseline systen
identifying problem areas; implied constraintsy
effacts on costs, schedule and reliability. -
Provide possible changes and additions ﬁitb
rationale, justification or basis-foc same. Draw
on flight experience of previous operational
system where appropriate. Look specifically at
reliability, failore detectionk ‘coveraqe and

computer sizing.

Completed - (Redirected under GN&EC - 12 & 17)

M. Campbell

H, Seatrs

1 November 1972 to 28 February 1973

SSTD GN&C-| -~ 11/73
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REPORTS AND

MENMOS:

1

2}

3)

4}

5)

6)

72-50~2, dated 11 Decewmber 1972.
a) MIT/DL Nemo, "Racent Crev Safety

Probability Studies,"™ &, December 1972,

72-8D-3, dated 12 December 1972.

a} Shuttle Software Hemo No. 50 Revw 1,
"Sizinq Estimates for Primary and Backup
GNEC Software," 30 November 1972, | "

72-SD—Q dated B Decenmber 1972.

a)' DD  Hemo Né. 715, "dissimilar vs simiI;r
GRCS Back-up Pros and Cons Summarcy," 29

Novenber 1972,

- 72-52-5, dated 1% December 1872, "Status

Review of SSTD-GNEC-1. M

72-5n-14, dated 28 becember 1972,
a) DD Memo No. 709 Rev. 1, "Computer System-
Beliability for the Shuttle," 8 December

1972.

i

(
72-5D~-15, dated 27 Decetber 1972,

a}) Shuttle Software  Memo No. 50 Rev42.

nsSizing Estimates for Primary and Backup

SSTD GN&C-1  11/73
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8)

GNEC Software," 19 December 1972.

73-50~-4 dated 8 January 1973.

a})

b)

a)

b}

c)

. d)

e}

f)

"Lightning Protection Study," Excerptéd
from Task 28-5, Vol. 4.

"Enforcement-of Single Computer Type:
Apollo Experience," Excerpted from Task

28-5, vYol. 4.

- 73-5D-10 dated 6 February 1973.

"Dedicated Wire vs Data Bus," Excerpted
from Task 28-S Vol. 2,

#Rredundancy Managenment Concepfs for the
Assuned DCD5,* Excerpted from Task 28-S
Vol 4.

®"Improving Coverage (Error Detection and
Isolation) Over That Afforded by -BITE,™
Excerpted from Task 28-5 Vol. ﬂ..
"Built~-In Tests", Excerpted fron Task
28-5 vol, 4,

"Consistency Tests," Excgrpged from Task -
28-5 Vel, 4. |

"The Reliability Impact of Mission Abort
Strategies On Kkedundant ¥light Computer
Systems,® 1973 IEE Paper by R. Filene

and W, Daly, December 1972,

 SSTD GN&C-1  11/73
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9)

10

1M

12)

13)

73-5b-~13, dated 9 February 1973-

a)

January 1973 Review

Material for SSTD GHEC-1.

Presentation

73-5D~25, dated 15 Febraury 1973,

a)

"Shuttle Avionics Co

mputer

Systenm

Studies,™ Task 28-5 Vol. 4 Decenber

1972,

73-5b5-40, dated 5 March 1973,

a)

b}

E-2529, MSTS 'Data Management Systen

Design (Task 2}," June 19

70.

"AGC/SHUTTLE Studies Report," December

1970.

»

73-sD~-01, dated 6 March 1373.

a)

a)

b)

<)

DP Memo No. 696, "The
Bi-Phase Coding on a

Septenmber 1972.

- 73-5D-52, dated 20 March 1273,

"Reconfiguration Control,"™

from Task 28-5, Vol.4, .

DD Memo No. 726 Rev.
Tolerant Reconfiqguration
{Mod I}, 9 Februmary 1973,

Do Nemo No. 733 Rev.

SSTD GN&C-1

nechanics of

Data Bus,® 12

1, ™A

Control

1, "

11/73
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Unitw

Fault
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14)

15)

4)

e)

4]

Tolerant Beconﬁiquration Control Unit™
(Bod II), 23 February 1973.

DD Memo No. 735, "A Fault Tolerant
Reconfiguration Control Unit? (Nod IID),
9 March 1973,

DD Memo No. 729 Rev, 1, "Tine Vaffinq
Coverage®, 23 February 1973.

DD Memo No. 737, "Reliability of Yoting

Systems," 12 March 1973.

73-5D-60 dated 10 April 1973.

a)

b)

0D Memo HNo. 730 BRev, 3, “Thouqhﬁs on the
feaning and Rpplication of Coverage®",-9
April 1973. .

DD Mero No. 746, "Yote with 5

Computers," 10 Aapril 1973,

73-5D0~-109 dated 5 July 11973.

a)

*shuttle Avionics Computer . Systenm

Studies (Task 28-S} Yolume 5v,

SSTD GN&C-1  11/73
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TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CCETACT :

DL ENGINEERING

CONTACT:

START/FINISH

DATES:

- FEPORTS ANWD

MEMOS:

TASK NO, SSTD-GREC 2

D
Computer Compatibility Study
Prepare a document describing the compputer
executive and coding system at MIT/DL to the
extent regquired to: a) determine feasibility of
adapting MIT/LL computer progranms .to rup on SD 360

computers and vice versa, and b) to estimate the

magnitude of the effort involved,
Completed .
M. Campbell

E. Russell

1 Rovenmber 1972 to 12 Decenher 1972

1) 72-5b-7 dated 12 Decenber 1972.

' SSTD GN&GC-2. 11/73
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32
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35
36
37
38
39
40

2)

J)

o

a} "Computer Compatibility with  North

American Rockwelln,

73-5D-12 dated 9 February 1973.
a) "Transmittal of the MIT/DL MAC Coumpiler

Progran®™.

73-5D~36 dated 26 February 1973,
a) "Transmittal of MNIT/DL Users Guide to

MAC 360",

73-50=-110 dated 3 July 1973.

-

a) "Transmittal of CSshL MAC Compiler

Programs™.

“SSTD GN&C-2  11/73
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TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CCHNTACT:

DL ERGINEERING

CONTACT:

START/FINISH

DATES: -

REFPORTS ARND

MEMGS:

TASE NO. SSTD-GN&C 3

GNEC Systen Functional and Performance

Requirements Definition

Perform studies and analysis to define GKNEC
functional and perforrance requirements fecr all
flight phases except for those aspects which are

pure control functions,

Completed : -
M. Canphbell
G. Edmonds

1 Noverber 1972 to 1 March 1973

1 72-35D-6 dated 12 December 1972.

SSTD GN&C-3  11/73
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a)

b)

c)

d)

e)

£)

g)

h)

234  STS Meno #14-70, "Modeling of
Pressure—altimetér System for - Entry
Navigation Studies", dated 10 June 1974.
232 STS Memo 17-70, *A VOR/DME Error
Model for ésv Navigation Analysis";
dated 1 July 1970. .

23A STS Memo #20-70, ™A Simplified Bodel
for Propagation of Inertial @avigation
Errors", dated 6 July 1970. ]
234 STS Memo #22-70, "SSY  Reentry
Navigation Studies Using Baramétric
Altimeters and VOR/DME Heasufements,y
dated 14 July 1970. ’

237 STS Memo #10-71, "Drag MNeasurements
as a Possible Means of Reducing Altitude
Estimations Errors During S5V Entry”,
dated 25 Januwary 1971.

2332 STS Memo #14-71, "Use of Velocity-
Indexed Feedback to Stabilize Altitude
Estimates During Entry”, dated 1 March -
1971. |

23A STS HMeno #26—&1, "Stabilization of
the Altitude Componént of the Orbiter's
State-Vector Estimate During Entry",r
dated 9 April 1971.

23A STS Memo #29-T1, ®DNE Error Models

SSTD GN&C-3  11/78
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2)

i)

3}

k)

1)

a)

b)

<)

Used in Entry VNavigation Analysis",
dated 19 Hay 1971:

23A S5TS Hemo #44-71, "Entry and Landing
Navigation for 55V Orbiter Using IMU and

Precision PRanging Systen®, dated 9

" September 1971.

23Fh STS Memo #49-71 Rev. 1, "Entry and
Landing Navigation Study for SS¥Y Drbitéf
ysing PRS Navaids®, dated 4 October
1971, |

23R S5TS Memo #11-72, "Entry and Terminal.
Phase Havigation for SSY Orbiter Using
MLS as AILS and VOR/DME™, dated {6
February 1972. )

25& STS Meno tu1—?2,.“navigatioﬁ Errors

on Various Shuttle . Approach

Trajectories®, dated 14 June 1972.

- 72-5D-9 dated 20 December 1972.

MAC Program 0Osed to Complite TPS _?eiqht
dated 19 December 1972,

23A STS ‘Hemo #62-72, "Insertion Errors
for Ss¢Y Orbiter On Once-Around SPO
rrajectory”, dated '11 December 1972.
23a  STS Mewo  #64-72, MINU  Error

Sensitivities for Normal Entry from 270
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3

)

n. mi, Earth Orbit", dated 19 December

1972,

F2-8D~11 dated 21 December 1972. B

a)

b)

H b)

c)

234 STS Hemo $264~70, “Report on Orbit
Navigation Studies for ssv", dated July
1970, ' : ’

Meme from G. Muller (MIT/DL) to D.

Engels (NR) dated 20 Deceaber 1972,

- 72-8D-16 dated 28 December 1972.

-

232 5T5 Memo #52-72, "sShuttle UY Horizon

Sensing orhit Navigation Performance

Part I: Effect of ] Matrix

Reinitialization Frequéncy énd Values",
dated 13 ¥November 1972,

232 STS Memo #60-72 MsShuttle UV Horizon
Sensing Orbit Navigation Performance
Part II: Horizon Sighting Direction and
Frequency Reguirements", dated 15
December 1972.

Spaca Shuttle GNEC Fquation Document
£21, "Shuttle ‘OUnified’ Navigation

Filterm, dated 21 Hovenmher 1972,
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109
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111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

126

127
128
129
130
LKD)
132

131

134

5)

6)

7)

8)

9)

72-50-17 dated 29 Decenhar 1972,
a) femo from G. Huller MIT/DL to M. Madden

(NR} dated 28 December 1972.

72-5D~-18 dated 29 december 1”72..

-a) 234 STS Memo #67-72, *"Covariance of

Deviation in fliqht Ppath Angle at Entry

Interface', dated 22 Deceaber 1972.
73-5b-2 dated 2 Februwary 1973.

a) 233 5T Memo #3~-73, "Covariance Hagrix
for IMU Alignment Errors and Correlation
.Hatrix between Alignnent and State
Vector Estimation Errors"; dated 3

January 1973,

73-3D-11 dated 8 Pebruary 1973.
a}) HIT/DL Memo, “Once~Around SPO Trajectory

Data for NR", dated & February 1973,

73-5D-14 dated 2 February 19713,
a) Transmittal of ™Januazy 1973 Review
Presentation Material for SSTD

GNEC-3,u487.n

SSTD GN&C-3 11/73
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136
137
138
139
140
181
142
143
144
145
146
147
148

149

150 .

151

10)

1M

12)

73-5D~-20 dated 2 February 1973.
a) 23h STS Hemo No. 68-72, "s-Matrix
Propagation Using an Approximate Driving

Noise Model", dated 2 January. 1973,

73-5D-21 dated 9 February 1973,

a) 232 STS Memo No, 5-73, "ILS Erfqr Model
for Shuttle - Rpproach and Landing
Navigation Studies," dated 18 January

1973,

73-5D-23 dated 13 February 1973.

a) 23 STS Memo No. 60-72, "Shuttle UV
Horizon Sensing Orbit © VWavigation
Performance Part II: Horizon Sighting
Direction and Freguency Requiréments,"

15 bDecemhbher 1972,

SSTD GN&C-3 11/73
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TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGINEERING

CCFTACT:

START/FINISH

DATES:

REPORTS ARD

BENOS:

TASK WO, SSTD-GN&C &

B

Comjonent Requirements Definition

Perform Studies and Analysis to determnine
functional and performance requirements, alignment
tolerances, and acceptable error buddgets for all
components of the GNEC system for all £flight

phases,

Complete -

M. Campbell

N Sears

B December 1972 to 1 March 1973

| .
SSTD GNEC-3,~4E~7 were conducted together since

the ohiectives were interdependent and

SSTD GN&C-4  11/73



27 .

.28
29
30

‘required common simulation and analytical

effort. The summary of the reports and memos

~issued for GNEC-3,-4E-7 are listed under SSTD

GNEC-3 only.

SSTD.GN&C-4%  11/73
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TITLE:

OBJECTIVE:

STATUS:

3D ENGINEERING

CONTACT:

DI ENGINEERING

CONTACT:

START/FINISH

DATES:

REPORTS AND

MEMOS:

TASK NO. SSTD-GNEC §
Reviev of Mission Requirements

Review, critique and ;update mission requirements
documentation supplied by SE to determine
adeguacy,‘ accuracy and depth of coverage.

Identify the critical nissions which strongly

influence design.

Conplete
8. Campbell
N. Sears

10 Novemher 1972 to 1 February 1973

1) 72-8D-13 dated 27 December 1972,

a) DG Memo No. 1312, "Peviaw and Comments

SSTD GN&C~5 11/73
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28
29
3o
31
32
33
34
as

36

b}

a)

on NAR 'Design FKeference Mission Data.
Book', dated 22 December 1972.

DG Memo Ko, 1813, "Review of
'preliminarcy Mission Planning Guidelipes
and Constraints!, dated 26 Decenber

1972.

73-5D-15 dated 9 February 1973,

Transmittal of January 1973 Presentation

Baterial for SSTD GNEC-5,

' SSTD GN&C-5  11/73
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TITLE:

OBJECTIVE:

STATUS:

5D ENGINEERING

CCNTACT:

LL ENGINEERING

CONTACT:

START/FINISH

CATES:

EEEORTS AND

MENMOS:

TASK NO. SSTD-GNEC 6

2

GHEC Development Plan

Prepare a preliminary GNSC Development Plan in
several levels of detail showing the GHNE&EC
development efforts required to Critical Design
Review including start apd completicn date and
brief task descriptions. Exclude those aspects

which are pure control functions.

Complete
M. Campbell
N. Sears

10 November 1972 to 23 February 1973

i} 73-5D+7 dated 15 Janvary 1973.

SSTD GN&C-G 11/73
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28
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30
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32
33
kT
s
38
37
38
39
40
41
42

a)

MIT/DL Memo, "List of Documents Used On
Apollo for the Definition - and
Procurement of the GEN System", dated 10

)

January 1973,

2) 73~-5D-16 dated 2 February 1973,

. a)

Transmittal of January 1973 Review

Presentation Material for SSTD GNEC~6.

)3) * 73-5D-30 dated 16 February 1973,

a)

Transmittal of Rough Draft of MIT/DIL

Prepared "GN&EC Developaent Plan®,

4) * 73-5Sp-35 dated 23 February 1973..

a)

Transmittal of Final Report on "GN&C

Development Plan®,

SSTD- GN&C-6  11/73



TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CCNTACT :

DL ENGINEERIRG

CONTACT:

START/FINISH

DATES:

EEFORTS AND

TASK ¥NO. SSTD-GN&C 7

GNEC Analysis Math Models & Erron Budgets

Derive and document math models and error budgets
for all major GNEC aésemblies {I¥0, Optics, etc)
and environment models {wind, gravity,'etc) "to
level of .details required fo; use in berformauce

analysis studies, Both deterninistic and

stochastic models shall be derived and will

inclnde characteristics of ground based equipament,

i.e., TACANS, ILS, etc. »

Conplete

‘M, Camphell

B. Sears

17 Wovember 1972 to 15 February 1973

SSTD GN&C-7 11773
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28

29

30

i
32

33

MENOS:

SS5TD GNEC-3,-85-7 were conducted together since

the objectives wete interdependent and

required common sipulation and analytical

‘effort, The summary of the reports and memos

issued for GN¥BC-3,-4E-7 are listed under SSTD

GNEC-3 only.

SSTD GN&C-7 11/73
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TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CCNTACT :

CL ENGINEERING

CONTACT:

START/FINISH

LATES:

FEFORTS AND

MEMOS:

1)

TASK NO, SSTD-GNGEC 8
Revievw of GNEC Software Requirements
Review and dritique prelininary baseline softvare
requirenents to determine adeguacy of coveraqge and
level of detail, Review each identifiable module
considered with respect to correctness and depth-
of definition, amount of structuring, and

partitioning of GN&C modules functions,

Completed
M. Campbell.
J. Kernan

17 Bovenber 1972 to 1 February 1973

7T2-5D-12 dated 21 Decemher 1972,

SSTD GN&C-8 11/73
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30
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35

a) MIT/DL Report C-3875, "ARaview of
Shuttle GNEC Software

" Zequirements Document as a

space
Design

Flight

Programming Specification®, dated -21

December 1972.
73-50-17 dated 2 February 1971,

a) Transmittal of January 1973

Material Prepared for 55TD GNEC-8,

' SSTD.GN&C-8  11/78

Review
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TITLE:

OBJECTIVE:

STATUS:

SD ENGIHNEERING

CONTACT:

DL ENGINEERING

CCNTACT:

START/FINISH

DATES:

Entry

TASK NO. SSTD-GNEC 9

Interface Dispersions and Ravigation

Uncertainties

Determine position ard velocity deviation and
navigation uncertainties at entry interface
for Mission 3 with or without star-horizon
navigation updates and for a 7 day 100 mi

orbit using star-horizon navigation.,

Determine INU alignment procedure and state

vector update procedure etc.

Conpleted

M.

Campbell /N, Madden , . -

N. Sears/E, Huller

26 December 1972 to 14 February 1973

SSTD GN&C-9  11/73



27

28

29
. 30
31
32
33
34
35
'38
37
38
39
40

41

42
43
44
45

46

47
48
49

50

REPORTS AND

MENOS:

us

2)

)

)

72-5D-17 dated 29 December 1972,
a) Transmittal of Nemo to . Madden from G.

Muller, dated 28 Decembor 1973.

72-50-18 dated 29 December 1972,
a) 23p STS Hemo No. 67-7Z, "Covafiance pf
Deviation in Flight-Path Angle at Entry

Interface”, dated 22 Decenber 1972,

73-5D~1 dated 5 January 1973,

a) Transmittal of Memo to #. Madden from G.

‘Muller, dated 4 December 1972.

73-SD-22 dated 14 February 1373.

ay  23A STS Memo No. 1-73, "Short Term

performance of Shuttle IR Horizon
Sensing Orbit Favigation System?, dated
4 Januacy 1973.

b} 23 STS Hemo No. 2-73, "Entry fnterface‘
Navigation _Uncertainties", & Janunary

1973,

SSTD GN&C-9 11/73



& wow

O WV ™ ~N & W

12
13
14
15
16

17

18

19
20
21
22
23
24
25
26

TITLE:

OBJECTIVE:

!

STATOS:

5D ENGINEERING

CCHNTACT:

DL ENGINEERING

CONTACT:

START/FINISH

DATES:

EEPORTS AND

TASK X0, SSTD-GNEC 10

Use of Transponder or Ground Tracking for INU

Calibration and Alignment‘ During Boost and

Insertion.

betermine orbit insertion accuracies achievable
using transponders or ground tracking for state
updates and INU calibration and alignment during
boost and insertion. Both gimballeﬁ platforms and

strapdown inertial reference units shall he

considered, .

Complete
M. Campbell/M. Madden
N. Sears

1 February 1973 to 2 May 1973,

SSTD GN&C-10 11/73



27
28
29
30
n
‘32
33
34
35

36

17
38
39
40
41
42
43
4l
45
46
47
48
49
50
51
52
53

MEMOS:

1

2)

3

4)

3}

73-5D-19 dated 9 Febrﬁary 1973,
a) Transmittal of January 1973 Review

Presentation MNaterial for SSTD GFEC-1Q.

73-5D~-55 dated 29 March 1873,

a) 234 STS M¥emo No, 21-73, "Refraction

Frror HNodel for One-Way Doppler™, B8

March 1973.

" b) 23A STS Memo No. 22-73, "Heasurement—

Sensitivity Vector for One-Way Doppler
during Powered-Boost Phase", 13 MHNarch

1973.

73-5D~-57 dated 4 April 1973,

“a) 234 STS #emo No. 27-73, "Including

Refraction and Transmitter location Bias
Errors in One-%¥ay Doppler Statistical

Analyses™, 27 March 1973.

73-5D-75 dated 2 May 1973.

a) 234 STS Hemo No, 3B-73, "Boost Phase
Mavigation Using One-¥ay Doppler and IHNU
Measurements®, S Haf 1971,

73~5D-86 dated 17 May 1973.

a) 233 3TS femo No. 41-73, *"Shuttle

SSTD" GN&C-10  11/78



sS4

55"

56

57

. 58

- 59

Boost-Phase VNavigation®, 11 May 1973,

6) 73-5D-102 B June 1973,

a) 234 ST5 Memo Ho. 50-73, "Boost-Phase
Navigation Rith One-Way Doppler and TINU

leasurements®, 29 May 1973.

SSTD GN&C-10 11/73



13
15
16
17
18
19
20
21
22
23
24
25

26

TITLE:

OBJECTIVE:

STATUS:

SO ENGINEERING

CCNTACT:

D1 ENGINEERING

CONTACT:

START/PINISH

DATES:

REFORTS AND

MEMOS:

TASK N0, SSTD-GRSC 11
rpproach Guidance Energy MNanagement Study

Provide Consultation and analysis support of
Mchbonnell-Douglas Corporation (St. Louis) in their
simulation studies for Sb ofF Shuttle orbiter

enerqy management technigues during transition and

‘approach.

Caompleted
H, Ehlers
4. Elias

5 January 1973 to 20 March 1974,

1

1)  73-5D-8 dated 15 January 1973,

'SSTD GN&C-!\\ APR 74



27

28 -

29
30
31
32
33

34
35
36
37
38

39

40
41
42
43

44

45

46

7

ug

49

50

51
52
53

2}

3)

4}

5)

a) 234 5T5 HMHemo #4-73, "Approach Guidance
can be used for Boost Aborts", dated 8

Januacy 1973.

b} - Space Shuttle GNEC Equation Document

#23, "Rnergy Dissipation . Bate Guidance

for Approach Phése", Janvary 1973.

73-5D0-18 dated 9 February 1973.

a) Transmittal of January 1973 Review

Presentation Haterial for S5S8TD GNEC-11,

-

73-5SD-43 dated 8 March 1973,
a) 23A STS Memo No. 11-73, “Approach Phase
Guidance-New Besults with Winds", dated

#

6 February 1973.

73-SD‘G2ldated 18 April 1973.

a) 234 STS  Nemo  No. 29-73, MVORTAC
Reference Guidance System for Terminal
Area Energy #¥anagement (TAZM)", 2 april

1973,

73-5D-79 dated 7 May 1973,
a) 23R STS HMemo No, 36~73, "Energy Rate
Switching Criterium for Vortac Reference

Guidance System,™ 26 April 1973,

SSTD GN&C-1l APR 74



54
55
56
57
58
59
60
61
62
63
64

65"

66
67
68
69
70
71
72
73

6)

7

8)

73-5D-116 dated 27 July 1973,

a)

b)

230 STS  Mewo No, . 61-73, "Targeting
Criteria for TAEM Guidance®, 16 July

1973,

237 STS Memo Vo, 62-73, vgind
Compensation Problems in TAEX Guidance",

17 July 1973,

74-5D-3 dated 5 February 1974,

a)

Shuttle Memo ©No, 10E-74-1, "Interface

-

Between Alpha =-- Transition and TAENM

Phases"™, 18 January 1374,

74-5D-18 dated 5 April 1874,

al

CSDL. Report C-4082, "Space Shuttle GEN
Equation -- Document ¥o. 27, Terminal
Area Energy  Management (TAEM) -~

Guidance," March 1974,

SSTD GN&C-il  APR 74



& =3 o0

10
1"
12
13
14
15
16
17
19
19
20
21
22
23
24

25

26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGIHEERING

CONTACT:

START/FINISH

CATES:

REPORTS AND

MEMOS:

TASK NO. SSTD-GNEC 12
Backup GNEC Computer Minimal Sizing

Considering more than half of the storage space in
the onboard backup GNBC'computer is allocatedxfor
system functions (housékeeping), conduct a study
to determine maximum in depth reduction of these
functions. In particulér, investiggte minimél
display,'control and moding and FDI (replace with
simple voting mechanism) functions. ‘

Completed
M. Chadvick
J. EKernan

29 January 1973 to 16 February 1973

k]

'SSTD GN&C-12 1I/73



27
28
29

30

1

73-3D~-29 dated 16 February 1973.

a)

MIT/DL Shuttle Software Memo FNo. 51,
"Sizing of the CNEC System Functions®,

dated 15 Pebruary 1973.

SSTD GN&C-12  11/73



10

"

12,

13

14

15

16
17
18
19
20
21
22
23
20

25

26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

PL ENGINZERING

CONTACT ¢

START/FINISH

DATES:

REPORTS AND

NENOS:

TASK MO, SSTD-GNEC 13

]
Orhit MNavigation Using Various sSensors
Orbi¢ navigation studies shall be performed - for
missions to be specified including Missioens 1,2 32

& 3B.

Completed

M. Madden . o,

E. Huller

1 Februaary 1973 to 1 October 1973 {Redirected to

$STD GREC-24 and 29.) ' .

1) 73-5D-42 dated 6 March 1973,
a} HIT/DL Memo from E. HMuller to N,

Madden,' GNEC TD No, 13 orbit Navigation

'SSTD GN&C-13  11/73



27

28
29
30
31
32
33
34
s
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50

2)

3

u}'

: )

b)

Study", 2 March 1973,
234 STS Memo No. 61-71, "Status Report
on Shuttle Ground Beacon orbit

Navigational Analysis," 8 December 1913.

73-3D-50 dated 16 March 1973.

)

233 STS Yemo No. 20-73, "oOrbital
Navigation Using Variocus Sensors', déted

8 March 1973,

73-5D-53 dated 21 March 1973..

a)

234 S$TS Memo No, 16-73, "Navigation
Sensor Study for a Short Mission (3M)",

dated 2 March 1973,

73-5D-87 dated 17 May 1973.

a)

234 STS Memo No. 39-73, "dHorizon Sensor
Brror Study Using Correlated Noise with

a Six Component Sensor®™, 8 May 1973,

73-5D-103 dated 13 June 1973,

a)

23n STS Hemo No. 51-73, "Havigation Hith
Altitude  Measurements Only Using a
Horizon Sensor and a Radar Altipeter, 31

May 1973.

SSTD GN&C-13  11/73
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-~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

TITLE:

OBJECTIVE:

STATUS:

SC ENGINEERING

CCHTACT :

DI. ENGINNEERING

CCNTACT:

START/FINISH

CATES:

REPORTS AND

MEMOS:

' TASK NO. SSTD-GN&C 14

2

GNEC Performance Analysis for 150K Orbiter Design
An integrated GHNEC énalysis of several short
missions shall be performed to include missions

37, 3R & several once-around missions.

Completed

M. Madden

G. Levine

19 February 1973 to 2 Rugust 1974,

1) 73-3D-27 dated 15 February 1973.
a) Acknowledgement of the BReceipt of Data

from NR for SSTD GR&EC-14,

- SSTD GN&C -14 AUG 74



27
28
29
30
3
32
33
34
35
36
37
38
39

4o

41
42
43
4y
45
56
47
48
49
50
51
52

53

_2)

3)

4)

5)

6)

73-5D-34 dated 23 Pebruary 1973.

a) 23A STS Memo <¥Ho. 13-73, "Launch-Pad
Alignment of IMD by Gyro-Compassing
-~Effect of Gyro Errors on Aliqnmenﬁ)

Accuracy", dated 12 February 1973,

73-3Db=-3% dated 28 February 1973.

a} 232 STS Memo FNo. 13-73 (Rev..ﬂ,
"Launch-Pad Aligament of IMU by Gyro-
Compassing--Effect of Gyro Errors on
Alignment Accuracy®, 12 Febrdﬁry 1973:

h) 234 STS Memo No. 17-73, "Post-Blackout
Entry and Approach Phase Footprints for

the ¥R 150K Orbiter Vehicle," dated 26

r

February 1973,

73-5Dh-44 dated 7 March 1973.
a} 238 Memo No. 72-67, {(Rev3), "Parameters

for GN&C Subsystemr Error Models"™,

73-5D-48 dated 15 March 1973.
a) PG Hemo No. 1817, "Star Availability for
Space Shuttle INU Alignment with fThree

Star Trackers", dated 3 March 1973,

73-5D-482 dated 17 April 1873.

a) 23S Memo No. 78-73, "Kalman Filtering of

'SSTD GN&C -1% AUG 74



54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
78
75
76
77
78
79

80

7

8)

9

10}

Star Measurements for Space Shuttle INMO

Alignment"®, dated 18 April 1973.

73-5D~49 dated 16 March 1973. >

a)

23N STS Memo No. 11, "Black-out of Radio
Transmission During Re-entry of STSw,

dated 10 September 1970,

73~5D~56 dated 30 March 1973.

a)

a)

a)

b)

23K S8T5 HMemo Wo. 19-73, "kipproach and
Landing Navigation Perfornance Usiﬁg
Updated VOR/DME AND ILS ERROR MODELS,™ 8

March 1973. _ -

73~5D=-59 dated 9 April 1793.

Transmittal of Space Shuttle GNEC
BEguation Documents peftinent to. SSTD

GNEC-14, (16 documents).

73-5D-63 dated 18 March 1973.

23A STS Memo®™  No. 10-71, "Drag
Measurement as a Possible Means for
Reducing Altitude ‘ Estimation Frrors
During SSV Entry," 25 January 1971.

234 STS #emo No. 26~71 "Stabilization of

the Altitude Conmponent of the Orbiters

SSTD GN&C - 14 AUG 74



g1

B2

83
84
85
86
a7
- 88
89
90
91
92
.93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

1

12)

13)

State=Vector Estimate During Entryv, 9
april 1971. ’

c) 23A 375 Memo No. 10-73, "Entry Apprcach
and ' Landing Naviqation_ Studies™, 2,

Frhruary 1973.

72-5D-91 dated 23 May 1973. ‘
a) 232 S5TS5 Memo No. U2-73 “Gunidance aﬁ&
‘ Naviqation System Performance Study for
#ission 3% 2borts™, 11 Hay 19713, _
b) 232 S5TS Memo No 45-73, "Sensiéivity of
State Estimimation Errors to IMU Initial
Alignment Errors--Estimiation and Mo
Errtors®, 16 May 1973,
c) 237 Memo No. 46=73, "Calculation of INU
- Error Sensitivities fronm Correlations

Retwean State~Estimation and Ing

Errors", 16 Hay 1973,

73-5D-95 dated 30 May 1973.
a) 23A STS HMemo No. 48«73, "Shuttle Entry
and Transition Phase Guidance

{Viewgraphs)", 21 May 1973.
73~5D~97 dated 1 June 1973,

a) 23A STS Memo No. U49-73, “Recent Approach

and Landing Wavigation Sﬁudies", 29 May

SSTD GN&C ~14 AUG 74



108
109
110
111
112

113

1My
118
116
17
118
119
126
121
122
123
124
125
126
127
128
129
130
131
132
133
134

14}

135)

16)

17

1973.

73-5D-99 dated 7 June 1973.

a) 235  Memo ¥o. 72-67, Rev. 4, "Parameters
for GNEC Subsystem Error Models", 6 June

1973.

73-50-108 dated 2 Jﬁly 1973. ‘

a) 234 STS Hemo No. 54-73, "Sensitivitf‘bf
Required TPS Weight to Variations in
Vehicle State at Entry Interface,
-¥ission 3A Abort", 18 June 1973. )

b} 23X ST5 HMemo No. 56-73, "Addit;onal INg
Performance Studies for HMission 3A

Abort”, 18 June 1973.

73~5D~14 dated 20 July 1973.

a) 232 STS MHemo HNo. 63-73, "Wavigation=-

System Performance for 3Jii~Abort Mission-
Latter Part of Entry to Touchdowa", 12

July 1973.

F3-5D-115 dated 23 July 1973.

a) 231 STS Memo No. 55-73, "Thrust
Direction Turning Rate for large Central
Angle Shuttle. Deorbit' #aneuvers®, 19
June. 1973,

b) 23n STS MHemo No. 57-73, "Effect of

' SSTD GN&C -14 AUG 74



135
136
137
138

139

140
141
142
143

tan

145

146

147
148
149
150
151
152
153
154
155
156

157

158
159
160
161

18)

19)

20}

21

c)

Performing Shuttle Deorbit at T/¥

pifferent from Targeted Value", 20 June

1873.

234 STS HMenmo

No.

58-73, "The Space

Shuttle Project Should Use Epheneris

Time Rate and Epheneris Tinme {of day).,"

3 June 1973.

73-5D-122 dated 1 August 1973,

a)

23 5T5S Men

0

No. 66-73, "Hission

#3A-Abort Perforpance bata with One-Way

Doppler Measurerents During Boost™, 1

August 1973. SSTD GN&EC-T4 &6/73.

73-50-143 dated 13 Septenmber 1973.

a)

10E STS Memo

No

,

« 71-73, vThe Leap

Second", 11 Septenber 1973.

73-5D-187 dated 21 September 1973,

a)

10E STS Mepco
Maximum Range

September 1973.

No.

RTLS

74-73, "Generation of

Glide Tradjectory 17

73=-5D=-150 dated 10 October 1973,

a)

bl

10E STS NMepmo No. 75~73, "Verification of

the Onified

Pove

red Flight Guidance

Prograa”, 27 September 1973.

CSDL Memo dated

17

September from J.P.



16.2
163
164
165

166

167
168
169
170
171
172
173
174

22)

23)

‘Higgins, "Errata for Space Hsuttle GNEC
Eguation Document’ No. 28, Unified Power

Plight Guidance, June 1973,

73-5P-159 dated 9 Noveaber 197..
a) 10E STS Hemo No. B0-73, "Maxipum Range
RTLS Glide Trajectories from 205,000

Pt"., 2 November 1973.

73-5D-173 dated 12 Decenber 1973.
a) 10E STS Memo No. 85-73, "Astronaut
Kodification of the Rendezvous

Seguence," 5 December 197:.

SSTD GN&C -4 AUG 74
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12 .

13
14
15
16
17
18
19

20

21

22
23
24
25
26

TITLE:

OBJECTIVE:

STATUS: .

SLC ENGINVEERING

.CORTACT:

DL ENGINEFRING

CCNTACT:

START/FINISH

" DATES:

REEORTS AND

BENOS:

TASK No. SSTD-GNEC 15
GNEC Yehicle Software RFD Definition
Conduct a study to deterpine a) the forpat and
arrangement of each BERFD to facilitate integration
of the group, b} the potential ©problems inherent
in the integration ©process, and c}‘ preferred

methodeloqgy for integratiom.

Complete ) .
D. Engels
N. Sears

1 Pebruary 1973 to 1 May 1973

T

1)  73-SD-73 dated 26 Februacy 1973,

a) MIT/DL Eeport No. C-3899%, "Design of the

SSTD GN&C-15 ll_/73



27

28
29
30
3
32
33

.

GNEC Flight Software Specification¥, 26

February 1973,

2) . 73-sSD-74 dated 1 May 19713,

a)

Shuttle Managegent Memo No,
"Examples of

Specifications®, 30 April 1973,

'SSTD GN&C-15 11/73

A y
~

25,

Shuttle GNEC Software



[+ ]

12
13
14
15
16
17
18

19

20

21
22
23
28
25
26

L= Y I N

SSTD GN&C -16 AUG 74

-

U K s :
TASK NO. SSTD-GNEC 16
. TITLE: GN&C Performance Requirements Report
OBJECTIVE:

1. Determine the functional and performaﬂte
requirements of the GE&W subsysteﬁ and its
major components {e.d. IND).

2. Prepare and deliver a report describing these
requirements, the error models used, error
sensitivities and error -hudgets for . GEN
copponents, g

3. This SSTD is the Preparatidn of the final
report for SSTD: GNEC-14.

STATUS: Completed .

SD ENGINEERING

CONTACT: D. Engels

DL ENGINEERING \
CCRTACT : G. Levine



27
28
.29
30

31

32 .

33
3u
35
36
k¥

- 38

39

40

START/FINISH

CATES:

FEFQRTS AND

MENOS:

1 March 1973 to 2 August 197h. -

This S5TD is essentially preparing a report of the

GNEC Performance Requiremenfs and Functional
Requirements as determined by the simulation

effort of SS5TD GEEC-14, The 5D agreed to

.accept - the docunents listed under SSTD

GNBC-14 as the initial documentation of‘
results obtained +to date, and. future effort
under SSTD GN&EC-14 be documented as various

simulation Tesults as they are completed.

r

" sSTD GN&C -16 AUG 74



TITLE:

OBJECTIVE:

'STATUS:

5D ENGINEFRING

CCNTACT:

DL ENGINEFRING

CONTACT 2

START/FINISH

DATES:

REPORTS AND

TASK NO., SSTD-GN&C 17

GNEC bperatinq System Software Definition

"

.Define and describe the contents of the
follohing functions in the GNEC computer:
System utility, subroutine library, subsysten
control and moding, subsystenm fault detection
and isolation, subsysten c&libraﬁion and
testing, commom ‘pool ‘and temporary storage,
entry routines, 7 , .

Complete
H. Chadwick
J, Kernan

H

.

15 Februarcy 1973 to 18 May 1973, .

SSTD GN&C-17 APR 74



27
28
29
30
31

3z,

33
34
35
36
37

MEMOS:

1

2)

73-50-29 dated 16 February 1973.

a} MIT/DL Shuttle "Software Memo No. Sf,.
nsizing of the GNEC Sy;tem Functions™,
gated 15 Pebruary 1973..

73-3D-90 dated 18 May 1973,

a) MNIT/DL Shuttle Software Memo No. 52,

"pescription and Size of GN&C Systen

Functions"™, 15 May 1973. .

-

SSTD GN&C-\7 APR 74
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@ ™ On

10
1
12
13
14
15

16

17

18

19

20

21

22
23
24

25

26

TITLE:

OBJECTIVE:

"STATUS *

SD ENGINEFRING

CONTACT:

DL ENGINEERING

CONTACT:

START/FINISH

DATES: ©

REPORTS AND

MEMOS:

TASK NO. SSTD-GNEC 18
Summary of MIT/DL Analysis Prograws

Prepare and deliver to . SD a sunrary list of the

4

comrputetr programs in use or available for use at
MIT/DL of value for current and future anaiysis qf
Space Shuttle GN&EC and provide a hrief deéscription

of each.

Ccocumplete

M. Chadvick

G. Levine

1 Barch 1973 to 15 June 1973

1 73-5D-47 dated 14 March 1973.

a) 234 SGA Memo Nos L-72, "Genmeral Least ..

SSTD GN&C-18 11/78



27
28
29

30

31
32
33
34
35
36

37

38
19
40
61
42
43

4y

45

46

47

48

49
50
51
52
53

"

b)

<)

4)

e)

f)

q)

Square, Least Power, and Chebysher
Function Fitting Subroutines  for
Discrete Point Sets", dated 12 September

1972,

sSpace Shuttle GN6C Equation Document No.
b Rev. 3, "Precision State and Filter

Weighting Matrix Extrapolation.®

Space Shuttle GNSC Egquation Docuament No. .
10, Reav. 1, "Conic Required Velocity

betermination",

-

MIT/DL HMemo “Osers Guide to SMRSST.

-

LAMBERT", dated 18 November 1971.

Space Shuttle GNSC Fquation Document No.
5, Rev 2,, "Rapid Real-time State and
Filter Weighting Matrix Advancement

During Specific Force Sensing®,

23F STS ¥emo No, 47-72, "Numerical-
Integration of the W-Matrix by the
Average-—-G '(Heun) Method", dated 16

August 1973, *

23A STS -~ Heno No. 18-73, "HNR,

SSTD GN&C-18  11/73



54

55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80

2)

3)

ASTRODYN-A Copprehensive MAC Subroutine
for Astrodynamicl Calculation"”, dated 1

March 1973,

>

h} MAC Program <Cards and Listing for

LEASTSQR, LEASTPWR, CHEBSHEV,  TEST

LEASTSQ and TEST CHEBSHEV.

i) #AC Program Cards and Listing for
RVWXHEUN, RVWXTRAP, and KEPLER, |

i) MAC Program Cards and Listing for
LAMBERT, MRSHRINV, RXPLREQN AND -SEARCH:

>

x) MAC ©Program Listing for WHR. ASTRODYN,

73-50-58 dated 5 April 1973,
a) 234 STS Memo No. 30-73, ‘'"Summary of
MIT/DI, Astrodynamic and Mathematical

Analysis Programs” 3 April 1973,

73~-5D-64 dated 19 April - 1973,

a) MIT/DL Memo to M.C Chadwick from E.S,
Muller, *®MIT/DL Rendezvous and oOrbit
Navigation Analysis Conputer Programsh,

16 April 1973.

b}y  MIT/DL- HNemo to M.C., Chadwick €£from J,

'SSTD GN&C-18 11778



81

82

83
84

85

86

87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

"

&)

5)

6)

Higgins, "Shuttle Boost Simulator,” 19

¢

April 1973,

73-SD-78 dated 3 Hay 1973.

a) MIT/DL Memo to M. Madden from E. Muller,

nTransmittal of Program Decks and

Listings for Error VYector Generation

AL

Koutine”, dated 3 May 1973.

73-5D-=84 dated 15 May 1973,

a) 234 SGA Memo Na, 2-73, "adding Procegs
Noise to a Square Rout Covariance Matrix
via "“REP,.HOUSEBIG™, 14 May 1973
b) 'Kaminski, et al., IEﬁE Transactions on
Control, Vol. AC-16 VNo. 6, December
1971, "Discrete Sgquare koot Filtering, A

Survey of Current Technigques®,

<) 23h 3TS HMepo No. 495, "MAC Programs to:
Triangularize a Matrix by Householder

Transformations®,

d) Progran Listing and Cards for the

REP.HOUSEBIG Progran.

73-5D-105 dated 15 June 1973..

SSTD GN&C-18 11/73



108 , ‘ a) MIT/DL Memo from B. FKriegsman to D.

109 . Engel, "Guidance and Navigation Systems
110 - Analysis Progratns-Boost, Entry and
111 - : " Landing,"™ 13 Jume 1973. ) >

RS

. ~ SSTD GN&C-18  11/73



["URE 8

10
1"

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26

TITLE:

QBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGINEERING

CONTACT :

START/FINISH

DATES:

REPDRTS' AND
HENOS:

-

TASK NO. SSTD-GNSC 19
£

Passive Rendezvous Sensor Reguirements Definition
Define and describe functional and performance
reguirements for a Shuttle passive rendezvous

Sensgrla

Conplete
R. Varian/i. Bologna
G. LevinesE. HKuller

1 February 1973 to 20 February 1973.

1) - 73-$p-32 dated 20 Februacy 1973.
a) MIT/DL Memo, "Passive Rendezvous Study
Results (Task 19)" dated 16 TFebruary

1973.

SSTD GN&C-19 11/73



27
28
29
30
31
32
33
34
35
36

37

2)

3)

73-3$0-38 dated 27 Pébruary 1973,

a)

73-5D-51 dated 19 March 1973,

-a)

MIT/DL Memo, "Continuwation of the
Passive Rendezvous Sensor Requiremenis
Definition Task," dated 26 February

19713,

MIT/DL Memo, "Updated Radar Seacrch Angle
Requirements for Mission 3B", dated 16

March 1973.

SSTD GN&C-19 11/73



(VIR S ]

O o} =~

10

"
12

13

14
15

16

17

18

19

20.

21

TASK NO. SSTD-GHEC 20

TITLE: Simplified Shuttle Abort GEN Study
OBJECTIVE: TBD
STATOS: . Withdrawn

5D ENGINEERIKG

CCNTACT: D. Engels

DL ERGINEERING

CCNTACT ¢ ) ¥. Sears
START/FINISH

CATES: IBD

REBORTS AND

MEMOS:

.
1%Y

SSTD GN&C--20 AUG 74



W N

[Y- T - I

10
11
12

13
14,
15
1
17"

18

19

20
21
22
23
24

25

26

TITLE:

OBJECTIVE:

TASK NO. SSTD-GHEC 21
INU DerivédTnttitude and -Attitude Rate

Determine  the attitude and ahgularl"rate
characteristics which can be derived fpom l}HU
information, Determine the accuracy of the
attitude and rate estimates ohtainable in teras of
randqm noise, bias, qudntizaﬁion and effecti#e
bandwidth.

Preliminary results shall cbn§ist "of the
achievahlé on-crbif accuracy with parametric
qimbéi transducer quantization of 20,'uo, and 8¢
arc seconds with and without the use of star

tracker data.

Finql results shall include an apdate of the
above (if required); and shall coasider asceﬁt and
entfy in addition +to on-ofbit. Final resulté
shall alsc consider the existence.of ‘other ercor
contributors and allow application of the résults
to different candidate ‘IBB'S and off-nominal

mission conditions,

| SSTD .GN&C-21 11/73



27

28

29

30

31
32
33
34
35
36
37
38
39

40

g1

42
43
44
4s

46

STATUS:

SD ENGINEERING

CONTACT :

DL ENGIBEERING

CONTACT: .

START/PINISH

DATES:

REPORTS AND

MEMOS?

S

1)  73-5D-B0 dated 8 May 1973,

Completed
J. Jansen

G. Edmonds/R; Schlundt

7

9 April 1873 to 23 April 1973,

-

a) . $SV Memo No. 73-23C-7, "State Estimator
for the Shuttle 0n—0rbit_&utopilot,“.19-
April 1973. '

'b)  §SV Memo No. 73-23C-8, "On-Orhit Angular
Velocity.Estimation_hccuracies Using IMU

Gimbal Angle Measurements”, 1 May 1973, .

SSTD GN&C-2I 11/73



10
11
12
13
14
15
16
17
18
19

20

21

22
23
21

25

26

TASK HNO. SSTD-GNEC 22

+

TITLE: . Passive Rendezvous Sensor Requirements Definition

{Extension)

OBJECTIVE:

L

‘z 2)

Define required measured parameters aund

required accuracy of these measurements

(random and bias) for HMission 3B for two

basic operétional nodes: -

a) Autonatic -=- assumes filterin§ of.
navigation measnrementé (eeg. uéinq the
finified Navigation FPilter) and automatiC‘
execution of braking and | L0S cor-
rections. . ) -

b) Manual -- asstmes display of rav
meashrement data from which astronaut
can’ make appropriate Lraking and 10S

corrections,

Measurements considered will bhes: range,

range rate, LOS angles, angle rates,

Define 5ensor requi;ements {(accuracies,
maximum acquisitibn gange} for general
passive rendezvous mission (other than 3B).

a) Consider using star tracker to track:

SSTD GN&C-22 11/73



27

28
29
30
- 31
32
33
38

35

36

37
.38
39
40
41
42
43
4y
45
46
47
48
49
50
51
52

53 .

STATOUS:

S ENGINEERING

CONTACT :

DI ENGINEERING

CONTACT:

START/FINISH
DATES:

:
REPORTS AND

MEHOS:

target using reflected sunlight at 1long
ranges with skin tracking radar at short

ranges,

. »
b) Examine different possible rendezvous
trajectories,

3 Determine sources and wmagnitudes of wmax-min
range limits for conduct of rendezvous
mission 3B.

{this TD is an extension of TD #GNEC-19) .

Completed

M. Canmpbell

'N. Sears

18 March 1973 to 1 October 1973,

"

L]

73-SD-51 dated 19 March 1973,
a) ‘HIT/DL Memo, “Opdated Radar Search Angle

Requirements for Hission 38 ({Task 19},

SSTD GN&C-22 11/73



54
55
56
57
58
59
60
61
62
63

64

65

66
67
68
69
70
71
72
73
74
15
76
17
78
79

80

o

2}

3

.n)

3)

dated 16 March 1933.

73-5D-67 dated 24 April 1973,

a)

HIT/DL Memo to A. Bologna, "TD No. 22
{Fendezvous Sensor Study)*", from E.

Muller, dated 24 April 1973.

73-5D0-70 dated 24 april 19713,

2)

73-5D-72 dated 26 April 1973.

a)

234 STS Memo No, 33-73, worbiter
Rendezvous and T?rminal' Phase Analysis

{Viewgraphs)™, 1% April 1973,

MIT/DL Memo to A. Bologna,- "TD No. 22
(Rendezvous Sensor Study)*, from E.

Muller, dated 26 April 1973,

‘73-SD-88 dated 17 May 1973,

a) -

b)

o)

23A STS Hemo No, 52-71, "The Secondary
Constraints Enployed in the oOrbiter
Rendezvous Targeting Program"”, 15
Octoher 1971,

234 STS  Heno ¥o. 55-71, ™A sSkylab
Rendezvous Trajectory Computed with the

Orbiter Targeting Progras", 12 October

1971,

23a . STS HMemo VNo. B-72, "The Iterative

SSTD GN&C-22 11/73



81
82
83

84
“ 85
86

a7

88

89
90
91
92
93

95
95
97
98
99

100

101

102

103

108

105

106

107

138

6)

7

d)

e)

£)

9)

Rlgorithm Used in the =Zlevation Angle
Search - in the Rendegzvous Targeting
Program®", 11 February 1972.

23A STS Memo No. 9-72, "Users Guide;lo
the Shuttle Rendézvous Targeting
Program", 12 March 1972. )

23K STS Memo Wo, 15-72, "The Design of
the Shuttle = Rendezvous Targeting
Program”, 8 March 1972, |

232 STS Memo No. 35-73, "The Computation
of the Mission 2 Rendezvous Profile
Using the Shuttle Rendezvous Targeting
Program", 2 May 1973, -
MIT/DL Report E-2713,’ "Rendezvous

Targeting for Space Missions", September

1972,

73-5D-89 dated 17 May 1973.

a)

23N STS -Hemo No. 4u4-73, "Rendezvous
Senéor Regquirements for Long Range
Rendezvous Missions and Search Angle
Requiresents for Mission 3BY, 15 May

1973,

3

73-5D0-92, dated 23 May 1973,

a}

HIT/DL Memo to BR. Reid from E. Muller,

"TD Nos. 22 and 23%, 22 May 1973.

'SSTD GN&C-22 11/73



w W

o

w3

11
12

13.

14

15
16
17
18
19
20
21
22
23
24
25
26

TITLE:

OBJECTIVE:

o

TASK NO, SSTD-GN&EC 23
>
Effezt of Thermal Aéonditioniﬁq Operation on
Shuttie Navigation System Performance
J

In order to determine the effect of thermal
conditioning operations‘ on orhiter navigation
systzm performance a parameter study is reguired.
The following task is defined to aid in-qenerating
the desired data for this study.

Determine the on-orbit - navigationél
perforrance degradation between the baseline
navigation' technique ({wings leyel'usinq horizon
sensors) and a barbecue (EBD) ngvi@ation ;ebhnique

{slow roll obtaining horizon weasurements when the

" gensor configuration centerline passes ‘through

nadir) assuning 8 hours without navigation

folloved by 3 to 12 hours of

a. baseline navigation to steady-state condition
{no BBO}.

b, BBQ naviqation; Hith‘ya single measurement
made every 12 min, to steadystate or 12 hours

whichever occurs first.

C. BBQ navigation with a single peasurement nade ’

SSTD GN&C-23 11/73



27
28

29

30

31
a2
33
3
35
736
37
38
39
hO
41
42
43

4y

45,

e
47
48
hs
50
51
52
53

.1

every 20 min to ;teadystate or 12 hours

whichever occur first,
d. Case b, and c. augmented with altitude data.
a. case b, and c. with horizon sensors replaced

-with one~way doppler for which measurement

frequengy and durations are T3D.

- \‘_..‘H.
Performance will be evaluated by conparing
on-orbit covariance patrices after 1, 1.5, 2, 3,
and 5.5 hours of navigation and by comparing entry
interface covariance métrices and flight péth.
angle uncertainites after naviqaéion periods of
1.5, 5.5 hours, and after steadystate or 12 hours.
’

issunptions and Initial Conditions

1. Eight thours of on-orbit ‘oéeration without
.naviqation. ‘
2. Ny aliqnﬁent alloved -just prior to the
initiation of navigation.
3, Initial SV and ‘alignment accuracies
consistent with 1. and 2.
4. BBD wmode performed with body ¥ axis in the
orbit plane and perpendicular to the sun line
{sun synchronous orhi;}. . Roll motion is
maintained about this axis at 0.5 deg/Se§

(0.3 deg/sec for case c) while the ¥ axis is .

SSTD GN&C-23 11/73



54
55

56
57
58
59
60
61

62

63

64
65
66

- 67

68
69
70
71
72
13
74
15
76
17
78
79
. 80

SD ENGINEBERING

CONTACT:

ENGINEERING

naintained locally level by a normal to the
orbhit plane rotation at orbit rate,
The orbital parameters for the circular orbit

are ' -

e
n

104 deg

100 nm

o
]

4

The deorbit maneuver raquirements assume

baseline deorbit (sinqgle OMS retro) for 150K

.+ 1h. Orbiter and TBD 1b. payload and

propellant load.
Coverage for one-wvay doppler will be such

that the frequency of tracking periods will

Hhe TED and the duration of tracking will bhe-

TBD for each period. Tracking stations will
be TBD only. Assume nax utilization: di.e.,
nav,. seguence begins at a Ia;-long sugh that
the greatest numberkef ground stations can be

used during the nav. period.

Completed

El

Reid

Huller

SSTD GN&C-23 11/73



81
82

83

8y

85
86
87
88
89

© 90
91
92
93
94
95
96
97
98
53

100
101
102
103

108

105

106

START/FINISH

DATES:

REPORTS AND

MEMOS:

LXS

9 April 1973 to 22 April 1973

1)

2y

3)

4y

3)

73-5D-65 dated 23 April 1973. ) S

a)

MIT/DL Memo to M, Madden, "TD Ho. 239,

from E. Muller, dated 20 Aapril 1973.

73-5D-73 dated 30 April 1973..

a)

MIT/DL Memo to H. Madden, "TD No. 23
{Case e - 'Gne-way Doppler}®, from E.

Muller 27 April 1973, T .

73-5D-76 dated 2 May 1973.

a)

MIT/DL Memo to R. BReid, "TD NHo, 237,

from E. Huller dated 3¢ April 1973,

73-5b-92 dated 23 May 1973.

a)

MIT/DL Memo to B. Reid, YD Nes, 22 and

‘23, from E. Muller, 22 May 1973.

73-5D~93 dated 22 May 1973.

a)

23F STS Hemo HNo. 43-73, "Effect of
Barbegque dode and Doppler Antenna
Constraints on Shuttle Orbit Navigation

Performance", 15 Hay 1973,

SSTD GN&C-23 11/73
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10
11
12
13
14
15
16
17
18
19
20
21

22

23
24
25
26

TITLE:

OBJECTIVE:

STATUS:

S0 ENGINEERING .

CONTACT:

DL FNGINEFETHNG

CCNTACT @

START/FINISH

DATES:

KEBORTS AND

MENOS:

TASK NO. SSTD-GNEC 24

=
Support of Navigation Evaluation
Design and run a number of test cases in order to
support the evaluation and comg:rison'of the TRW
and ©Draper Laboratory mavigation filters. Also
provide technical consulation as required to

support this effort.

Terminated
D. Engels
G. Levine

20 April 1973 to 2 August 1974.

1 73-5D-68 dated 24 April 1973,

a) Notification to the SD of transmittal of

. SSTD GN&C -24 AUG 74

.



27
28
29
30
N
32

33.

34
35

36 -

7

38
39
40
41
42
43
54
45
46
47

48 -

49
50
51
52
53

M

b}

c)

a)

e}

)

q)

h)

i)

- H

the followihq documents to Intermetrics.
MSC Internal Note No. 71-FH=-343, “State
Propagation in the Mulitphase Filter"; dated
Angqust 30, 1971.
HiT/DL 'E—2637, "Results of Space Shutt}e
Computer Floating - Point Precision Study",
January 1972. ~ "
Space Shuttle GNEC Equation Document No. 5,
gev 2, "Rapid Real-Time State and Filter
Weighting Matrix Advancement during Specific
Force Sensing", November 1972.
space Shuttle GN&EC Equation Décument Ho; 4
Rev. 3, "Precision State and Pilter
Weighting Matrix Extraéolationﬂ, october

1972.

‘space Shuttle GNEC Equation Document No. -3

Rev. 2, "Conic State Extrapdiation", October
1972,

Space shuttlé GN&C Egquation Document No. 12,
Rev. 24 "Entry Approach and landing
Navigation", -

space Shuttle GNEC Equation Document No. 16,
nstation-Keeping Favigation®, March 1972.
Space Shuttle GNEC Equation Document No. 21,
tshuttle Unified Naviqatibn Filter", November
1972.

wGround ~Beacon Orbit Navigation Analysis",

SSTD GN&C -24 AUG 74
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L
55
56
57

58

59 -

60
61
62
63
64

65
66
67
58
69
70
71
72
73
74
75
76

77

78

79

80

"

k)

1}

m)

n)

o)

P)

q)

r)

E.S. Maller Jr. HIT/C%DL.

23X STS MHeno No. 11;72, *Bntry and Terminal
Phase Navigation for 55V Orbiter Using MLS or
ATLS, and VOR/DME", 16 February 1973. s
232 STS Menmo No. 23—72, "Entry, Approach and
Landing Névidation Routirne", 28 March 1972,
232 STS Memo No. 41-72, "Navigation Errorsﬂpn
various Shuttle Approach Trajectories", 14
June 1972.

232 STS 'Memo No. 44-72, June 1372. M"Schene

of Inhibiting Crosstrack Updates on Near

Pirect Overhead Beacon Passes {Shuttle Ground

‘Beacon ©Orbit NRavigation System)"™, 1 Rugust
1972, L,
23K STS Memo NHo. 53, "Comments on Navigation

‘Errors Using Various Wavigation dids During a

Space Shuttle Reentry and . Landing", 17
October 1972. '

232 STS HMemo No. 68-72, W-HMatrix Propagation
Uzing an Approximate Driving HNoise Model, 2
Januvary 1973. A

2332 STS Memo No. 5-73, ILS Errtor Modei for
Shuttle approach and Landing Naviqation
Studies", 18 Janvary 1973;

232 STS Memo Ho. 9-73: "Shuttle Navigation
Filter Presentation at ESC (HPAD) Meeting, 18

January 1973",.1 February 1973.

SSTD GN&C -24 AUG 74



81
g2
83

a8y

85
86
87
as

89

50 -
91.

92
93
34
95
96

37

98

99

100

101,

102
103
104
105
106

107

ay

s)

t)

u)

2}

3)

)

23p STS5 Memo No. 10-73, "Entry Approach and
Landing Navigation Stddies", 2 Pebruary 1973.
23K STS &eno No. 12-73, YRecommended Pilter
State Dimension in Unified Navigation Filter
for Each Shuttle Mission Phase”, § February
1973, |

231 STS Memo No. 19-73, Mapproach and Landing
Navigation Performance Using Updated VOR/DBE

and ILS ¥rror HModels™, 8 March 1973.

- 73-5D-69 dated 23 April 1973.

a) Transmittal Jletter to Intermetfics of

documents listed ahove for 73-SD-68.,_

"73-5D-82 dated 11 May 1973.

.a)  Transmittal of the following memno to

Intermetrics: Space Guidance Analysis
Memo No. 4-70, “Exolicit Analytic
Expressions for the Terms in a Spherical
Harmonic Expansion of +the Gravitational
Acceleration Due to Oblatemess", 26 Hay

1473.

73-5D-123 dated 3 August 1973.
a) C5DL Memo to D. Engels from E. Muller/P.
" Kachmar, "ITest Case Results for TD No.

241, 31 July 1973..

3STD GN&C -24 AUG 74



108
109
110
111
112
113
114
115
118
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

"

3)

6)

7)

8)

N

Il

73-5D-127 dated 10 August 1973,

a)  23A STS HMemo No. 68-73, "ID No. 24 with
Enclosure Test Case Results for TD No.
2y,

73-5D-156 dated 30 October 1973. R

a) 10E STS Meno Ko, 79-73, "Measurement

Second. Partials--Shuttle Entry and
Landing - Mission Phases", 19 October

1973,

73-SD-164 dated 7 December 19713

a)

10F SIS Memo No. Bi4-73, JM¥avigation
Filter Evaluation for Orbit Navigation
Phase-Preliminary Results", 26 Noveaher

1973.

73-5D-166 dated 10 December 1973.

a)

10E STS Memo No. 83-73, "Navigation
Filter Evaluation for Eatry and Landing
Phase-Preliminary Results", 19 November

1973,

. . L]
73+5D-4 dated S February 1974. :

a)

Shuttle Memo No. 10E-74~2, "Entrylahd

Landing HNavigation PFilter Studies®™, 21

SSTD GN&C -24 AUG 74



135
136
137
138

139

140

141

142

143
144
145
146
147
148
149
150
151
152
153

154

155
156
157
158
i59
160
161

"

10)

1)

12)

January 1974,

- hy Shuttle Hemdo No. 10E-7#-3, "deasurenent

Residuals on Selected Entry and Landing

Simulation Runs,” 29 January 1974,

74-SD-6 dated 15 February 1974, o oo

a} Shuttle Hemo NFNo. 10E-74-8, "Comparisan

of Entry-Navigation-Filter UnderWei-<
ghting Schemes with Largs Initial

Condition Errors', 31 January 1974,

Lk} Shuttle Memo No. 10E-7L-5, "Havigqation -
Errors During Entry-¥o TACAN, Baro or

OWD Updates"™, S5 Februacy 1974.

c) Shuttle Meno No; 10E-74~10, "Shuttie
Navigqation Pilter Evaluation (Orhit

Navigation)," € February 1974.

7t-5D-7 dated 4 March 1974.

a)  Shuttle Memo No. 10E-74-11, "Small State
Size and lovw Update Rates for the
Entry-and-Landing HFavigation Filtér", 7

]

February 197ﬂ.l

74-5D-9 dated 12 March 1974.

SSTD GN&C -24 AUG 74



162 : a) Shuttle Memoe No. 10E-74-7, "Shuttle

QJ

163 7 _ " Navigation Pilter Evaluation Hiséion
164 - ' Phase: Rendezvous (No. 2 of GLy», 12
165 , " Februoary 1974. >
166 ' ' '

iG? 13y 74-s5p~-11 dated 14 ﬁarch 1974,

168 . : | a) Shuttle Memo No. 10E~-74-6, "Shuttle
169 ‘ Navigation Filter Evaluation Hissi;n
170 ‘ Phase: Rendezvous {No. 1 of 4),m &6
171 February 1974.

172 .

173 : 14y ‘TQ-SD-_15 dated 28 ﬂarch‘ 1974,

174 . . A} Shuttle Hemo No. 108-74-9, "Shuttle.
175 l 7 | Navigation Filter Evaluat::_on Mission
176 : _ Phase: Rendezvous (No. 4 of 4)," 20
177 “ February 1974,

178 _

179 . 15) 74-SD-15 dated 29 March 1974.

180 | | ' a)  Shuttle Memo No. 10E-74-8, “Shuttle
181 ) Navigation Pilter Evaluation Mission
182 . Phase: Rendezvous ([No. 3 of 4),w 20
183 R February 1974,

184 |

185 & 16) 74-5D-25 dated 12 June 1974.

186 . a) -Shuttle Memo No. I10E-74-27, "Navigation
187 _ Filter Covariance Formulation Accuracy
7188 | ' ' Studies-Viewgraphs Presented at Jsc

SSTD GN&C -24 AUG 74



189 ! Mavigation Panel Htg., 16 April 1974," 3
190 - - . June 1974.

191

RN

sSTD GN&G -24 AUG ™
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LV B

10
;11
12
13
14
15
16
17
18
19
20
21
22
23

24

25

26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DI ENGINEERING

CCNTACT:

START/FINISH

DATES:

-

REPORTS AND

MEMOS:

[
PASK NO. SSTD-GNEC 25

GNEC Sensor Procurement Specification Suppeort

Draper Laboratory will support +he SD in the
reviev 0f selected GNEC system sensor procuremenf-
specifications and make recommendations to the SD

for modifications, corrections or additicnal

‘information or requirenents for such .

specifications.

‘Completed

D. Engels
G. Edmonds/R. McRern

16 April 1973 to 15 December 1973,

1} 73-5D-66 dated 24 April 1973,

$STD' GN&C-25  AFR 74



27
28
29
30
31
32
33

34
35
36

37

38

39
140
41
42
43
by
U5
46
47
48
g
50
51
52

53

2)

3

8}

5)

a) MIT/DL Memo to D. Engels and A, Zeitlin,
ﬂ nouick Review of - Preliminary IMU S.0.W.

and INU P.S.", dated 20 April 19?3.

73-5D-77 Adated 3 May 1973,
a) 235 Memo No, 77-73 (Rev, 1) "Questions
in Support of Shuttle IMU Performance",

A

12 April 1973,

72-5D-920 dated 23 May 1973..
a) 235 Menmo #88-73, "Review of Préliminary-

SD IMU Procurenment Specification',

73-5D-100 dated 7 June 1973,
a) DG Memo No, 18272, "Proposed Baseline
Shuttle Display Generator Hardware

Instruction Set", .31 May 1973-Rev.1,

3=SD-101 dated B June 1973,
a} 234 STS Memo Xo. 51-73, "Tolerances for
Pitot-Static Dynapic Pressure Measuring

Systea™, 31 Hay 1973.
b} 232 STS Memo Wo. 52-73, BARO-Altimeter

Requirements for Entry, Appreach and

Landing Favigation,"™ 31 May 1973.-

sSTD. GN&C-25 APR 74



54
55
56
57
58
59
60
61
62
63
64
65
66

67

68
69
70
71
72
73
74
75

76

77

78
79
80

6)

7)

8)

9}

10}

1M

73-sD-107 dated 29 June 1973,

a) DG Meno No. 1B29, ﬁComparison of Display
Lengths As a Function of Display
Generator Instruction Sét", 20 June

1973,

73-50-112 dated 16 July 1973, ,

a) 23S Memo No. 93-73, Trip Raport-HAR, 4-5.

June 1973v, dated 19 June 1973, .

' 73-5D-116 dated 26 July 1973.

a) 235 Meao No, 11(¢-73, "Response to NAR SD

IL 392-JBP-73-013, Reliability HMcdels
for Monitored Redundant Systems”, 24

July 1973.

73-5D-117 dated 26 July 1973,
a} 23S Hemo N¥o. 111=73, YTrip Report-North
Rmerican Rockwell Corp., July 16/20,

1973," 25 July 1973, .

73-5D=-120 dated 31 July 1973,
a) 235 Hemo No. 109-73, "The Shuttle and

Gimkal Flip®, 23 July 1973..

L]

73-5D-128 dated 13 August 1973, .

a) 23S Hemo Mo. 96-73, "Inflight Alignment

SSTD GN&C-25 APR 74



81
82
83
84
85
86
87
88

89

90

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

12) -

13)

\.

Errors*Star.Tracker", 26 Jdane 1973.

b) 23S Hemo VWNo. 106-73, "Hisalignmenf of
Star Tracker to NB“, & July 1973,

c) 235 Memo No. 102-73, "Space Shuttle Star
Tracker Errors", 6 July 1973, _

d} 235 Memo No, 10B8-73, *"Space Shuttle Star
Tracker Locations", 19 July 1973, . 2

e} 235 Memo No. 112-73, "58 Uncertainty
Resulting from Sighting on Two Stars-A
Conprehénsive Perspective®, 26 July .
1973, _

£) 103 Hemo No. 1-73, "The Uﬁcertainty in
the NB to SM Transformations®, 7 August

1973.

73-5D-130 dated 14 RAugust 1973.
a) Intralab Memo No. 10J—u—?3, "Results of
Recent Runs of Shuttle Crew Safety

Prohability Program", 14 Auqust 1973,

73-5D-133 dated 21 Auqust 1973.
a) oG Hemo No., 18272, "Proposed Baseline
Shuttle Display Generator Hapdware
Instruction Set", 31 Hay 1973 Rev, 1.
b) DG Hemo No, 1829, Comparison of Display
File Lengths as a Function of Display

Generator Instruction Set" 20 June 1973,

' SSTD GN&C-25 APR 74



124
125
126

127

128

129
130
131
132
133
138

.c)

d}

14) T73-3D-135 dated 22 August 1973, N

a).

a)

b)

DG Hémo No, 1835,r"circuit and Packaging
Technology for Shuttle Display
Processor™, 19 July 1973, '

DG Memo No, 1836, PMS Annunication-

System®”, 30 July 1973.

-

Intralab Hemo No. 10J=-2-73 Rev. 1,
"Coveraqge Consideration%, 20 August

1973,

15)  73-5D-138 dated 6 September 1973.

Intralab Memo No. 10J3-9-73 ;Improved Ing
Model for Simnlation of Kalman Filter in
INU Alignment,™ 23 Augﬁst 1973,

Intralab HMeno No, 100-10-73, "Sope
Comments on Spaée Shuttle Inertial
Reference Units Fine aliénment with the

Optical Sensorsﬁ, 29 hugust 1973,

16} 73-5D-154 dated 19 October 1973,

a)

b}

Intralab Membrandum No. 10J-14-73, “wiMm
Stable MHember Hisalignment Resulting
from Multiple Error Sources®, 1 October
1973.

Intralab Hemorandum) No. 107-16-73,
"Possible In-Flight Calibration and/or

Test -of Space Shuttle Star Trackers", 27

'SSTD GN&C-25 AFR 74



135
136
137
138
139
140
141

142

“

September 1973,

+

17) 73-5D-161 dated 14 November 1973, .

a)

SSTD .

GN&C-25 APR 74

Intralab Memo No. 10J-27-73, "Revision
of Barometric Altitude Appendix of 235
Memao XNo, T2=-67 Parameters for GNEC

Subsystem Error Hodels®", 7 November -

1973,



16
17
18
19
20
21
22

23

24

25
26

TITLE:

OBJECTIVE:

STATOS:

| SD ENGINEERING

CONTACT :

DL ENGINEERING

CONTACT:

START/PINISH

DATES:

REPORTS AND

MEHNOS:

TASK NO. SSTD-GN&EC 26

EY

Support of Intermetrics INQ FDI  Test Plan Study

Provide technical consultation to Intermetrics
Inc. as required to support their effort to SD for
the definition of a Test Plan for the Shuttle INU

faul: detection and isolation (FPDI} verification.

Completed
D. Euqels
R. McKern

23 April 1973 to 15 November 1973,

1)  73-5D-141 dated 12 September 1973,
a) Avionics HMemo Fo. 73-17,‘"Hu1£ip1e Ing
sSystemn Shuttle~ Baseline Testing at

NASA/HSFC®, 25 July 1973

5

. . SSTD GN&C-26 11/73
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11

12

13

14

15

16 -

17
18
19

20 -

21
22
23
24

25
26

TITLE:

OBJECTIVE: .

STATUS:

5D ENGINEERING

CGNTACT:

DL ENGINEERING
CCNTACT :

i
START/FINISH .

BATES:

REFORTS AND

MENOS:

TASK NO. SSTD-GNEC 27
Entry Guidance Evaluation Study
This effort will be a joint dessign evaluation
effort between 5D, J5C, and CSDL. The objectifé
will be to evaluate various entry guidance
concepts with respect to perfornance accuracy,
GNEC computer requirements sensitivity to various
mission and vehicle parameters, and other criteria

to be defined in the early part of this effort.

Terminated
D. Engels
B. Kriegsman

2 July 1973 to 2 August 1974,

SSTD GN&C -27 AUG 74
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28
29
30
3

3z

33
3y
35
36

37

38
39
40
41
u2
43

)

45

45

47

48
49
50

59
52
53

L

1)

2)

.3

4)

- 5)

a)

73-5D=126 dated 10 August 1973.

23A,§TS Bemo No,' §9-73, "Entry Guidance
Systen Evaluation-Status Report%", 3

august 1973,

73~5D~152 dated 23 October 1973.

a)

T0E  STS HMemo WNo. 77-73, "Shuttle Entry
Guidance Display & Crew Interface",e16

0ctober 1973.

T3-5D=-165 dated 7 December 1973,

a)—

10E STS HMemo No. 82-73, "Effect of SA
Alinement Errors on WNavigation Errors
After Blackout-3B Entry Trajecfory_from

100 - n. mi. Ocrbitv, 15 November 1973.

73=-5D-170 dated 11 December 1973.

2)

10E S5TS5 Memo No. 76-73, Entry Guidance
System-Performance Evaluation™, 12

October 1973.

73-5D-174 Qated 20 December 1973.

a)

b}

10E 515 Memo No. 87-73, "Entry-Guidance-
Systen pecformance Evaluation--Final

Data", 3 December 1973.

¥

10E STS Memo No. 89-73, “"Details of a
Reference Trajectory Guidance Concept

SSTD GN&C -27 AUG 74

-
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55
56
57
58
59
60
61
62
63
64
65
66

6)

7

for Shuttle Entry and Transition®, 14

Pecember 1973. -

73-5D~175 dated 26 December 1973. s
a} 10E STS Menmo No. 88~73, "Entry Guidance
Sytem Performance Comparisoas", 14

Decenber 1973.

74-5D-1 dated 2 Janunary 1974.
a) 10E STS Memo HRo. 90-~73, "Timing and
Sizing Studies of Three Shuttle Entry-

Guidance Algorithms®, 18 December 1973.

SSTD GN&C -27 AUG 74
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12
13
14
15
16
17
18
19

20

21.

22

23
24
25
26

- -

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

"CCHRTACT :

DL ENGINREERING

CCNTACT:

START/FINISH

DATES:

FEEORTS AND

BENOS:

TASK NO., SSTD-GNEC 28
GNEC 6 DOF Stability Evaluation Study
This effort is to investigate the stability of the
¥C5 and gquidance during the entry phase of the
Shuttle landing. FExisting simulations of the GNEC
systems will be used and modified as required to

support this effort. . .

Comnpleted ' -
D; Engels
G. lLevine/D, Fraser

15 June 1973 to 15 Kovenber 1973,

17 T4 -5D-2 dated 3 Januacy 1974,

SSTD GN&C-28 APR 74
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28

29

a) 10E STS Memo No, 91-73, "Stability
Evaluation of Shuttle Entry Guidance and

Control Interaction", 27 December 1973,

Bl

SSTD GN&C-28 APR 74
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12
13
14
15
16
17
18
19
20
21
22

23

24
25
26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGINEERING

CCNTACT:

" START/FINISH

DATES:

REPORTS AND

MEMOS:

TASK NO. SS5TD-GH

One-way Doppler Navigation Performance for va

Mission Phases.

This effort is an extensioﬂ of SSTD-GNEC 10
of Transponder on Ground Tracking for
Calibration and Alignpent during Boost
Insertion) to include one-way doppler data

Shuttle navigation during all mission phases.

Completed
D. Engels
B, Kriegsman/G. Muller

4 June 1973 to 10 February 1974,

1) 73-SD-102 dated 8 Jume 1973,

SSTD GN&C-29 APR 74
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27
28
29
30
31
32
33
a4
35
36
37
38
39
40
41
42
43

4y

45

46

47

48
49
50
5
52
53

2)

3}

)

35)

a) 234 573 Memo HNo. 50-73, "Boost FPhase
Navigation With Dné-way Doppler and INUO

Measurements", 29 May 1973.

73-5D-106 dated 26 June 1973,
a) CSDL HMemo to M, Hadden from E. Muller,

"One-Way Doppler HModel", 26 June 1973.

73-50-121 dated 1 August 1973,

a) 232 STS Memo HNo. 65-73, '"Boost-Phase
Navigation Studies with One—Way-Doppler
and IMU Data-New Sensors and Acguistion

HodelsY, 1 August 1973,

73-50-134 dated 21 August 1973,

ai Data transmitted to R. Loeliger, July
27, 1973.-

b) Pata transmitted to R, Loeliger, Augqust
1, 1973,

c) Memo to B, Loeliger from E, Muller dated
3 fAugust 1973, "Doppler Study {TD VNo.
29) ~Ground Station Performance?®,

d) Data transmitted to R. Loeliger, Aungust
7, 1973,

73-50-136 dated 5 September 1973,

" al CSDL Meno to E. Loeliger from E. Muller/

P. FKachmar, "Additional Results for

'SSTD GN&C-29 APR 74 |
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55
56
57

58

53 .

Doppler Study (TD29), 4 September 1973,

6) - 73-5D-146 dated 20 September 1973.
a) 10E STS Memo No, 72-73, "Entry-through-
Landing Wavigation with (One-Way Doppler

and Radar Altimeter," 13 September 1973.

SSTD GN&C-29 APR 74



TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGINEERING

CONTACT:

START/FINISH

DATES:

REPORTS AND

TASK NO. SSTD-GNEC 30

Appenaix to the Requiremeﬂt formulation Document
(RFD) |
The appendix to the Requirements Formulagion
Document is to contain the algorithms that define
the GNEC equations for the Space Shuttle. It is-
requested that C5DL determine procedurés,
quideiines,and checklists that will serve as an
aid to the documentation and verification of the

RED.
Completed
L. HdGéha

M. Hamilton

1 Auqust 1973 to 14 September 1973.

' SSTD GN&C-30 - 11/73



27

28

29
3¢

kS|
32
33
3y

35

MEROS?

1

2}

"

73-5D-131 dated 17 August 1973,
aj) CSDL Preliminary Report E-2793,
order Software Requirements®,

1973,

73-5D~144 dated 14 September 1973, -

a) CSDL Report B-2793, TVHigher

Software PRequirements", RAugust

"Higher

August

order

1973.

SSTD GN&C-30 11/73



10
11
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13
14
15
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17

18

19
20
21
22

23

24

25

26

.

TITLE:

OBJECTIVE:

STATOS:
SD ENGINEERING

CONTACT:

DL ENGINEERING

CCNTACT:

TASK WO. SSTD-GHNE&EC 31 .

GNEC Systenm Fault Detection, Isolation and
Recovery (FDIR) study '

. .,Lj‘--.
1) Review crew safety and nsission success
reliability requirepents’ and determine thef
resul;ing redundancy . management reguirementé on

!

the GN&C System FDIR.

2y Conduct an initial evaluation of possible FDIR

concepts for the overall Gu&C systeﬁ level. . The

»

current GN&C baseline and its operating modes will.:

be used as the basis of this study;

3) Develop a preliminary FDIR design'butling for

the overall GN&C systenm.
Complate

R. FEllison

G. FEdponds

SSTD GN&C-31 APR74 .
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30

TR

32
33
34
35
36
5

38

39.

40
41
42
43
uy
43
46
47
48

459

50
51

52

53

START/FINISH

r -

DATES: . 27 August 1973 to 5 November 1973.

REPORTS AND
MEMOS

1)

2)

3

73-5D-155 dated 30'October 1473.,

73-5D-1401 dated 7 September 1973. .
a) Introlab Mdemo No, 10J-8-73, "Augneﬁted

Coverage Matrix", 27 August 1973. .

b) Intralab Mazo = Ho. 105-11—73, "Cgéw.
Safety Probability Impaét.of pombining”
Datg from all Redundant Elements rather
than Designating ai Prime Element®, 3;

-

August 1973,

a) Digital Developnent Hemo No. 173, Rév;. 
1, m"The Effect of shuttle Flight
Fomputer‘ Failures", October 5, 19&3.,.

b} int;oalah Memorandum No. 102-20-73, .
"proposed Conbined Optics IMD FDI for

_Costing Flight", 15 October 1973..

73-5D-157 dated 8 November 1973,

a) CSDL Report R-733, "Space Avionics-A
Redundant IMU On-Board Checkout and

ReQunﬁancy Management System", September

'SSTD GN&C-31 APR 74



LT

b) ISS Memo No. 73-112, "Hultiple L

Systeam Baseline Testing at NASA/HSFC,":

4)  73-5D-158 dated 8 November 1973..
‘a)  CSDL  Report 'T-560, "An  Adaptive
Technique for a Redundant--Senéor_

Navigation Systen®, February 1973,

SSTD GN&C-31 APR 74
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16
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21
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26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT :

TASK MO, SSTD-GNEC 32
Boost Ahorts-Powered Flight Guidance Phase

€506 is reguested to sﬁpport Rockwell in iﬁe
definition of 5Shuttle Boost Abort modes - in
particular once around moaes and the powered phasé
of RTLS wodes, ‘Interaction with SD in~house
trajectory shaping}vehicle constraint definitioﬁ
efforts are requested in order to meanianully
define the reguisite guidance policies.

CSDL will ©perform studies on the powered. portion
of once around and RTLS aborts including
off-nominal vehicle effects, Powvered abort
quidance policies will be integrated with nominal
policies to provide a unrified concept. CSDL will
participate in design reviews at JsC and on-site

study efforts at Eockwell as requested,
Conpleted

J. Hill/D. Engels

' SSTD GN&C-32 APR 74



27

28

25

30

31

32
33

' DL ENGINEERING

CONTACT:

START/FINISH

DATES:

REPORTS AND

MENOS:

W e

T. Brand

15 October 1973 to 1 February 1974,

SSTD GN&C-32 APR 74
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14
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25
26

TITLE:

' OBJECTIVE:

STATUS:

SD ENGINEERIWG

CONTACT:

DL ENGINZERING

CONTACT:

START/FINISH

TASK KO, SSTD-GN&C 33
Software Reguirements Documentation Support.

Assist Rockwell in the review of Functional

u.

Software DPocumentation - and suggest formats and

organization for such Jdocumentation, CsDL will

participate dim the generétion of functional

* requirsnents and algorithm selection and

specification under Rockvell direction for
inclusion in the functional software requiréments

docunrents. This effort will 4include a review of

»

possible documentatien organization consistent
with the -software program structuring concepts

being proposed for the Shuttle Avionics Systen.

Completed
L. McGaha

G. Levine/M. Hamilton *

15 October 1973 to

SSTD GN&C-33 APR 74
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28
29
30
31
32
33

.34

35
36
37

38

39
 46
11

42
43

4L

45.

4o
47

48

- 49

EATES: l . 15 October 1973 to 20 February 1974,

REPORTS AND
MEMOS:

1)

2)

3}

-

"\

4

73-50-~167 dated 10 December 1973,
af CSDL Memo to L. McGaha from G, Levine,

"Paview of Software Requirements

Document Book I “~Veolume III, 2 November

1973 Issue"™, dated 6 December 1973,

73-5D~171 dated 11 December 1973,

a) .CSDL Report Ko, P-017, "An Exapmpple of
Algorithm Comparison Using ‘Higher order
Softvare Criteriav, 6 December 1973,

b) CSDL Report No, 9-019,.A Disgussion;of
Higher Order Software Concepts As They

Apply to Functional Reqguirements and

5pecifications®, 5 Decenber 1973, .

74-5b~-8 dated S5 HMarch 1974,
a) CSDL Document C-4034, Space Shuttle GNEC
Equation Document = ¥o, 25 Rev, 1, Conic

State °~ Extropolation™, Feﬁruary 1974,

'SSTD GN&C-33 APR 74
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14
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16
17
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20
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22
23
24
25
26

TITLE:

OBJECTIVE:

$TATUS:

SD ENGINEERING'

CONTACT:

DL ENGINEERING

CCNTACT :

START/FINISH

LATES: i

REPORTS AND

MEMNOS 2

TASK NO, SSTD-GNEC 3B
Deorbit Targeting.

Perform studies aimed at defining the shuttle
deorbit targeting algorithms, Studies shall
include performance in face of off-nominal

parameters, system failures, (i.e. OMS one engine '

‘shutdown), vehicle and subsystem constraints, .

Cancelled
L. HKcGaha .
T, Brand/#., Tempelman

15 october 1973 to 15 February 1974.

L]
)] 73-5D0~153 dated 29 October 1973,

a) - 10E STs Memo No,  78-73, "Single ana

'SSTD GN&C-34 APR 74
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28

29
30
31
32
33
34
35
36
37
38
.39
40
41
42
43
By
45

46

2)

3

4)

Double Manuever Deorbits from Elliptical

Orbits", 18 October 1973,

73-5D-160 dated 12 Kovember 1973,
a) 10E S5T5 WMemo No., 81-73, "Fuel Penalties
Associated with the UOse of Phasing

orgit", 5 November 1973, .

73-3D-168 dated 10 Decewmber 1973,
a) 10E STS MWemo No. 85-73, "Using. of a
Phasing orhit to Mitigate .Reentrﬁ”
Conditions in the Deorbit Problem%, 3

December 1973, .

Th-5D-10 dated 13 March 1974,

a) Shuttle ¥emo No, 10E~74-13, "Analytical
betermination of the Coﬁip Trajectory
¥hich Satifies the Deorbit Entry
Interface Constraint,® .Q Harch 1?7&.‘

L.

-
- d

SSTD GN&C-34 APR 74



@~ o W e

D

11
i2
13
14
15
16
17
18
19
20
21
22
23
24
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26

TITLE:

OBJECTIVE:

STATOS:

ST ENGINEFRING

CONTACT:

A

DL ENGINEERING .

CCHTACT :

START/FINISH -

DATES:

TASK NO. S5TD-GNEC 35
Adaption of TAEM and AUTOLAND Guidance to HFT
1) Identify HFT mission and trajectory.

-,

2) Identify vehicle/trajectofy differences- from

"conventional"™ TAEM/A.L.

3} Identify TAEM/A.L. test/verification data to be

berfurmed during HPT.

.

i) Analyze effects of unégrtainties/failures

during HFT and possible remedies.

Discontinued

A. Elias

15 January 1974 to 2 August 1974

SSTD GN&C -35 AUG 74
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29

3¢ .

31

REEORTS AND

MEMOS:

. Initiation of this task was awaiting official

definition of amission ard vehicle configuration

for ALT.

'SSTD GN&C -35 AUG 74
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TITLE:

OBJECTIVE:

TASK WO, SSTD-GHNEC 36
e

Study the Feasibility of Extending TAEY to 130,000

ft.

Study the feasibility and determine the advantages
and dJisadvantages associated with extending the
baseline TAEM guidance concept to be initiated ag
an altitude of 130,000 feet. The concept uhicﬁ
yould be éxtended‘to the highér alfitude is to use
Fnergy/Weight {E/#) versus Range {B) for control
of ener@y via bank ‘reversals. A gfbund track

predictor would be used which is suitable fof

predicting the ground track to runway threshold

‘and applicable for the proposed flight phase. The

heading control during +this phase would bhe to

qﬁide the orbiter to tangency +to the heading

calignment «circle. | The study would require

evolving any essential additional algorithms
necessary to operate over the proposed fliéht
range, and to properly interface with the entry

guidance system. ‘ 1

The potential advantage of this method over

' SSTD' GN&C -3¢ AUG 74
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31
32
33
34
a5
36

37

38
39
40
41
u2
83
44

45

46

87

4s
49
50
51
52
53

STATUS:

SD ENGINEERING

CONTACT ¢

DL ENGINEERING

the current phase Four (4) entry quidance is that
it would  have a more natural interface with - the
baseline TAEM guidance system below 70,000 feet.
Hence, it would enable the guidance system below
T70,000. feet to more easilj satisfy its design
cbjectives. The task would include developing and
evaluating the pilot displays which  would
presqmably be similar to those currently used for

TAEM quidance below an altitude of 70,000 feet.

The study should include an investigation of

the feasibility and limitations to méking a change

at 130,000 ft. Altitude to the landing direction.
This would require the necessary retargeting and

rd
providing correction for navigation  errors

.existing after blackout in the presence fo the

most adverse design winds. The lowest altitude
shall .be determined for which a change in 1andiﬁq
direction canr safely be made in the absence of

winds and with design w¥inds.

Completed

H. Ehler

SSTD GN&C -36 AUG 74
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55
56
57
58
59
60
61
62
63

CONTACT :

START/FINISH

DATES:

REPORTS AND

MEHMOS:

15

L}

a)

Elias
Macch 1974 to 2 August 1974,

T45D-32 dated 15 Auqust 31374,
CSDL  Shuttle Memo No. 10E-74~42, "Early TAEM

Initiation", 29 July 1974,

SSTD GN&C -36 AUG 74
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TITLE:

CBJECTIVE:

STATUS:

SD ENGINEERING

CCNTACT:

DL ENGINEERING

CCNTACT:

)

START/FINISH

DATES:

REFORTS AND

HENOS:

TASK NO.

SSTD GN&C~37

Support of Powered Flight Guidance Working Group

Provide engineering analysis and simulation
support needed by the Powered Flight Guidance
Working OGroup in order to establish a unified set
of baseline guidance algorithms for all
exvatnospheric mauneuvers; i.e. ascent to orbit,
boost abort, rendezvous, <orbit shaping, and
deorbit.

Terminated

D. Engels

T. Brangd ,

1 FERRUARY 1974 TO 2 AUGUST 1974..

1) 74-5D-19 dated 30 April 1974.

SSTD GN&C -37 AUG 7 4
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a)

a)

a)

b}

a)

b)

.a)

CSDhL Report c-4109, "space Shuttle G&N
Equation Document No. 246 Revision 1, Unified

Powered Flight Guidance, "april 1974.

) T4-5D-22 dated 14 May 1974.

CSDL Shuttle Memo MNHo. 10E-74-21, "Shuttle
Ieorbit Burn Performance for T/¥ Different
from Targeted Value", 4 May 1974, |

3y 7&-50;27 dated 16 July 1874.

€SDL Shuttle Hemo No. 10E-74-29, “3TLS Fuel
Depletion Throttle Aldcrithm for the Powered
Explicit Guidance Program," 11 Juone 1574.
¢SDL Document No. C-4108, "Space Shugtle GEN .

Equation Document WNo. 24, Rev. 2, Unified

Powered Fliqght," June 1974,

4y  T4=-5D-30 dated 1 August 1974.

CSDL Shattle Memo No. 10E-T4-31, "Simﬁlified
BTLS Fuel Depletioun Throttle Rlgorithm for
PEG," 27 June 1974,

CSDL Shuttle ®2omo No. 10E-74-33, "Powered
?light Guidance Comnpensation for Non=-
Keplerian Gravity EZffects During Deorbit," 17

July 1974.

5) T4-5D-31 dated 13 RAugust 1974.

CSDL Shuttle Memo No. 10E-74-41, "Closed Form

'S STD GN&C -37 AUG 74



54
55
56
87
58
59
80

aj

Ccornic Required Velocity for Deorbit Mode," 5

August 1974,

&) 74-5D-33 dated 15 August T974.
CSDL Shuttle Memo No. 10E-74-40, "Used of the

Powered fxplicit Guidance Program for Orbit

| Shaping," 8 August 1974,

'SSTD GN&C -37 AUG 74



O @~ 0

10
11
12

13

14
15
16
17
18

19

20
21
22
23
24
25
26

TITLE:

OBJECTIVE:

TASK NO. SSTD GNEC-38

P

Assesscent of Navigation Sensor Errors on Shuttle

PBO Footprint capability

Using an agreed wupon Shuttle Entry Trajedtdf}

assess +the footprint sensitivity to deviation in

vehicle position and velocity.

Formulate correct statistical mathods for
assessing platform component failures at PBO

footprint.

Using existing data where available, determine
significant platfora parameters and trajectory

phases to be investigated.

Using +the data from steps 1-3 above, deternmine
allovable margins for platform errors exceeding 3

sigma.

Using a trajectory program W#ith coupled 'GEN,
determine curves of failure. magnitude vs, the
required time to detect and switch with the

failure. These curves are determined by comparing

SSTD GN&C -3¢ AUG 7 4



27
28
29
30
31
32
33
34
35
36
37

38

39
40
41
42
43
By
4s
46
47
48
49
50
51
52
53

STATOS:

SD ENGINEERING

CONTACT:

DL ENGINEERING

CONTACT 3

START/FINISH

DATES:

REPORTS AND’

MEMOS

magnitude of observed trajectory error against the

allowable footprint margin determined in Step 1.
Terminated \
A. Madni
G. Levine/B.-Krieqsman
1 May 1374 to 2 August 1974
1)  74~5D-23 dated 31 May 1974.
a) CSDL  Shuttle MHemo No, 10E-74-26, HIKU

FDI Requirements for Entry-and~Landing

Phase, Preliminary BResults", 30

1974,

2) 74-5D-28 dated 16 July 1974,

a) CSDL Shuttle Memo No. 10E-74-32, “Entry

Nay

and Landing Navigation Analysis”, 2 July

1974,

3)  74-5D-29 dated 19 July :197bL.

'§STD GN&C -38 AUG 74



54
55
56
57
58

a)

CSDL Shuttle Memo No. 1Q0E-T4-37, "Post
Blackout Naviqation Errors as a Result
of a Temporary IHU Failure During Period
from Deorbit to End of Blackout®, 16

July 1374,

SSTD GN&C -38 AUG 7 4



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

TITLE

OBJECTIYVE:

STATUS:

SD.ENGINEFRING

CONTACT : -

DL ENGINEERING

CORTACT:

START/FINISH

DATES:

TASK NO. SSTD-PMS 1.0

Inflight PMS BRole

1) Define the role of the PMNS in orbiter subsystem
managemnent considering: wnission requirements &

vehicle regquirements,

2) Review the NCC-H functioné which are presently
done for Apollo, ‘ Identify_ the bandidate PHS
functions as they relate to configuration,
criticality and redundancy for subsystenm
ﬁqnaqement}

Conplete
®. Minor
G. Silver

13 November 1972 to 19 April 1973,

SSTD PMS-4. 11/78



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

4y

REPORTS AND

MENMOS:

L}

2)

E))

4)

73~5D~3 dated B January 1973. s
a) . "suhmittal of Preliminary PMS Study

Report—-P¥s 1,1," 8 January 1973.

7T3-5D~5 dated 10 Januvary 1973,
a)  "Submittal of Preliminary SSTD-PHS-1.2

REPORT", 10 Janvary 1973,

73-50~-26 Aated 8 March 1973,
a) vSybmittal of Update SSTD-PHS-1.2

REPORT", B MARCH 1973.
73-5D~-45 dated 9 March 1973,

a). n"Submittal of Update Report for PNS 1,1

Task"™, 9 March 1973.

SSTD PMS-1  11/73



N

16
1
12
13
14
15
16
17
18
1%
20
21
22
23

24

25

26

TITLE:

OBJECTIVE:

STATUS:

SD ENGINEERING

CONTACT:

DL ENGINEERING
CONTACT:
START/FINISH

DATES:

REEORTS AWD

HENOS:

TASK MQ. SSTD-PHS 2.0

P¥S/GNEC Relationship

1. Develop candidate relationship between GN&EC &
PM3

2. Analyze the total GNEC tasks to be performed
and develop candidate relationships betwesen
the two subsystens. ) -

Complete

R. Hinor

G. Silver

22 Hovember 1972 to 19 April 1973,

' SSTD PMS-2 11/73



27
28

29

30

31
32
33

34

1)

2)

73-5n-9 dated 1 February 1973,
ay nsnbmittal of Preliminacy PMS 2.0 Task

Feport?, dated 1 February 1973.
27-5D-54 dated 26 Harch 1973,

a) "Submittal of Update Report PHNS .2.0

Task®, dated 26 March 1973,

SSTD PMS-2 11/73



10
11
12
13
14
15
16
17
18
19

20

21
)

22
23

24

TITLE:

CBJECTIVE:

STATUS:

5D ENGINEERING

CONTACT:

D1 ENGINEERING

CONTACT:

START/FINISH

PAIES:

REPORTS AND

by

MEMOS:

TASK NO. SSTD-PHS 3.0
b

PMS Phasing Alternatives

Using data developed in Tasks 1 & 2, develop FNS
alternatives

Conpleted

R. Minor .

G. Silver/T. Lawton

2 Januwary 1973 to 2 April 1973

1 73-5D~33 dated 21 Februarcy 19713.
a) RSSTD-PMS 3.0, Preliminary Peport

Submittal®, dated 21 February 1973,

- SSTD PMS-3 11/73
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10
1
12
13
14
15

16
17
18
19
20
21
22
23
24

25

26

TITLE:

OBJECTIVE:

TASK ‘NO. SSTD-PHS 4.0

bDefinition of Punctional Software Concept for the

PM5 Function

Define a software conceﬁt for the PN5 (non-GNC)
using the PMS concept defined in previous SSTD-PMS
tasks 1 fhru 3. Consider and work wiﬁh the HAL
definition anad evaluatioﬁ teams to define needed
ﬁAL language statements which right be PES unique.

Prelirminary output skall include a general
description of the c¢oncept' and general flow
diaqfams in a detail sufficient for the subsysten
designers and software _téams tS understand 1the

concept.

_Update outputs shall include more detailed
descriptions of the concept and flov diagranm
blocks, as well as more detailed Flow diagrams and

descriptions.

A report on HAL lanquaqé suitably shall also
be generated aftef proper consultation with the

HAL team,

SSTD PMS-4  11/73



27

28
29
30
1
32
33
3y
35
36
37
kY|
" 39
40
41
42
43
ny
45
46
47
48
49

590

STATUS:

5D ENGINEERING

CONTACT:

DL ENGINEFRING

CONTACT :

START/FINISH

DATE:

REPORTS ARD

MENMOS:

v

MAAD/RI shall support this task by providing

subsysten functional path definitions and related

measurement priority designations, ®

Completed

W. Harris

G. Silver

6 April 1973 to 27 BAugust 1973

. 73~-5D-96 dated 29 May 1973.

a) Submittal of Initial Report on PHS 4.0.
2 73-3D-111 dated 16 July 1973,

a) Submittal of Update Report of PNS Task

4.0.

SSTD PMS-4 11/78



10
L]
12
13

14

15
16
17
18
19
20
21
22
23
24

25

26

TITLE:

OBJECTIVE:

TASK NO. S5STD-PMS. 5.0
Define a Possible PMS Annunciation Concept

Define tn  preliminary form a | display an
annunciator concept fof PMS which minimizes crew
actions to identify andr retrieve the hiqh level
information needed to aid in suhsysten manaqement

applicable to the PMS monitored subsystanms.

Preliminary outputs shall be a report with
sketches and general flowv diagraans ija sufficient
detail for subsystem designrers and software teans

te understand the concept.

Update ountputs shall further dJdefipe the
concept, considering the comments of the NAAD
technical reviewers and describe the methods of
decoding the PNS table information from PMS task

4.0 for activation of the indicators.
NAAD/NI support of this task shall include

comments and unique display'requirements as vell

as coordination with the subsystem design teanms.

SSTD PMS-§5 /73



27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
4y
45
46

STATUS:

SD ENGINEEBING

CCNTACT:

DL EYGINEERING -

 CONTACT:

START/FINISH

DATES:

REPORTS AND .

MEMOS:

Completed

W. Harris

G. Silver/K. Goodwin

7 May 1973 to 27 Auqust

n 73~5D-104 dated 18

a) Submittal of

5.0.

2) 73-5D=-119 dated 31
a) Submittal of

'5.0.

1973.

*

June 1973,

Initial Report of PMS Task

July 19713,

Update Report of PMS Task

SSTD PMS-5 /73



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

TITLE:

OBJECTIVE:

STATUS:

5D ENGINEERING

[

CONTACT:

DL ENGINEERING

CONTACT :

START/FINISH

TASK MO, SSTD-PMS 6.0

>

Contingation of S$ST0 PMS 1.1, 1.2, 2.0 and 3.0 -

. The tasks previously worked as PMS 1.1, 1.2, 2.0,

and 3.0 will be continwed on a low level- as

:

required bhasis.

The effort will include, for example, further
definitions o©of the consupables maragement and

trend analysis capabilities,

FEfort 1is expected to be dependent aupon
corfiguration changes, and/or requirerents updates

as defined by NAAD/RI.

" Completed

¥. Harris

G, Silver

SSTD PMS-6 - 11/73



27
28

29

30
N
32
33
34
35
36

DATES: 6 April 1973 to 7 September,1973.

REPORTS AND
MEMGS:

n

2)

73-5D-137 dated 31 Auqust 1973.
a) Submittal of consemables Management

Portion of PMS Task 6.0.

73-5D-139 dated 7 September 1973.

a) Submittal of Update Feport PEMS.Task 3.0.

SSTD PMS-6  11/73
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