VOLUME|

MARS OBSERVER
Mission Fallure
Investigation
Board
Report

A report to the Administrator, National Aeronautics and Space
Administration on the investigation of the August 1993 mission
failure of the MARS Observer spacecratft.

Submitted by the
MARS Observer Mission Failure
Investigation Board

31 DECEMBER 1993




Part

A

B

C
Cl
c2
a3

D
D1
D2
D3
D4
D5

E
El
E2
B
E4
ES5
E6

F
Fl
F2

TABLE OF CONTENTS

VOLUME |
Title Page NoO.
Trangmittal  Letter
Sgnature Page
List of Members, Advisors, Observers and Others
EXECUtiVe  SUMMAIY.......cccccoeeiiieecee et B-I
First Principal Conclusion.........ccccveevenienieenesiesceens B-4
Second Principal Conclusion.......c.ccoccceiiiiiniinicciine B-4
Third Principal Conclusion’ .........ccccoceveiieeieieneieneenee B-5
Board Organizetion and Method of Investigation.........ccocoveenee. C-I
Background Chronology ......cccccveevineenenieseeneeee s C-
Board Organization........ccccevvevieeiiieeiie e C-4
Method of Investigation.. .....cccocovviieniiiiiciicnccs C-7
OVEIVIBW .ot D-I
BacKground.. ..........oeeiiiiiiiiii i D-2
Board ANAlYSIS.. o, s D-8
Likely Causes of Mars Observer Misson Falure. .................. D-12
a. Mogt Probable Cause: Leakage of NTO Through Check
ValVES ... e D-14
b. Potentidl Cause: Pressure Regulator Falure...................... D-28
c. Potentid Cause: Failure of a Pyro Vave Charge Initiator ... D-29
d. Potential Cause: Power Supply Electronics Power Diode
Insulation Failure.. ..o D-31
Board Observations and Concams.......ccccevevenenicniinicnnene. D-32
a. Gengrd Obsarvations and CoNCEMS. ......ccceevvereeriereenne. D-32
b. Sysem-Specific Observations and Concerns.. ................... D-33
Concluding Remarks.......cccooovvineenenin e, D-37
Program Higstory and Narrative Description of Mishap.. ..cooooeeeene E-I
Program Initiation, Overview and HiSory........cccevevereenne E-2
Program  Organi ZatioN........ccceceeveeveeieeneeniesee e E-18
Summary of Production and Test. .....ccoocciiiiinicccnne, E-22
a  Production SUMMary.......cocoiinniinnininciienns E-22
b. Testing SUMMArY .....ccccevvrerieieeee e E-24
Pog-Launch Events and Flight Operaions.........ccocoeevrieeencne E-27
Mars Orbital Insertion and Propelant Tank Pressurization
Sequence EVENtS.......iiiieee e E-33
Recovery ACHONS.. ..o E-36
Data ANalYSIS.. .coiviciiiiiiiies e Fl-1
Spacecraft  OVEIVIEW.. .o FI-2
Electrical Power System.......cccccvieviviinneeieneseenenens F2-1
a. EPS Functional DeSsCription.........cccoceeeeeieeneenieneniennene F2-1
b. EPS Configuration and Flight Saus......cccooooveiiiieinnnnes F2-4
c. EPS Scenarios That Could Cause Loss of Downlink.. ......... F2-4



F4

F5

F6

F7

OO TEP> QroQ

C
a.
b.
C.

® o

f.

Telecommunications

a.
b.

o

(CIeS

M
a.
b.
c

EPS Scenarios Eliminated and Rationde. .....cccccceeeveenee.

Credible EPS Failure

SCENANOS.. oo

EPS Tests and ANalySeS.......ccccoveviecieeiie i

EPS Summary .........

titude & Articulation Control System ........ccccecevvveerercennne.

AACS Functional DesCription........cccccocvvevvveveeseecinenne,
AACS Configuration and Hight Satus.......cccoceeveeeieennnne
AACS Scenarios That Could Cause Loss of Downlink.. ........
AACS Falure Scenarios Eliminated and Retionde...............
AACS Tests and ANalysSes......ccocvvveieeeieeiiescieesiee e,

AACS Assessment.. ..

ommand and Data Handling....................c.ccooeiiiin,

C&DH Functional DesCription...............cccccoooiiiiiininn,
C&DH Configuraion and Hight Saus...........................
C&DHS Failure Scenarios That Could Cause Loss of

Downlink.................

C&DHS Failure Scenarios Eliminated and Rationde . .. .........
C&DH Teds and Amy®S.......oovviiin

C&DH Assessment .

Telecom System Functi

ond Description.. .....ccccceeeveveenienne

Teecom Sysem Configuration and Hight Status. ..............
Telecom Falure Scenarios That Could Cause Loss

of Downlink..........

Tdecom Falure Scenarios Eliminated and Rationde.............
Telecom System ASSESSMENt.......cccceeveveiiieiieeciieenieen,

echanicd and Propulson System.. ........ccccveevieeieenen.

Propulson  System Description.. .......ccccceeeevieeieeciieenennns
Propulson Sysem Configuration and Hight Status. ...........
Propulson System Scenarios That Could Cause Loss

of Downlink.........

Propulson Sysem Scenarios Eliminated and Rationde.........
Credible Propulson System Failure Scenarios..................
Propulson Sysem Teds and AnAySES.........cccooeveeeenne.
Propulsion System ASSESSMENt.........cccceverereeneriennenn

Software  Functional Destription.............oooviiiiiiiin

copywy Q@0
=
s
.fD

oo

Software Configuration

and. Hight Sas........................

Software Failure Scenarios That Could Cause Loss

of Downlink..........

Software Failure Scenarios Eliminated and Rationde............

Software Assessment



F§

Natural Phenomena  cccoeeeeernenneieneseseeeeeseseeens
TS 0 P> G = 1 (= 0 1T P
b. Meteoroid [MPACLS «erereeeesrsermsssssrsesesiss s
C. CONCIUSIONS ::reererrerermrmmrmmminimrminess e

Findings and ODServations ...
Principal Findings e,
General Observations

Acronyms and Abbreviations - T,

1
F8-1
F8-2
F8-3

Gl

Hl



PART A

TRANSMITTAL LETTER
SIGNATURE PAGE

LIST OF MEMBERS,
ADVISORS, OBSERVERS
AND OTHERS



DEPARTMENTOFTHENAVY

NAVALRESEARCHL ABORATORY
WASHINGTON. D.C. 20375 IN REPLY REFER TO:

1001/002
5 Jan 1994

M. Daniel S Goldin

Adm ni strator

National  Aeronautics and Space Admnistration
400 Maryland Avenue, S W

Washi ngt on, D. C. 20546

Dear M. Goldin,

In response to your letter of 10 Septenber 1993, a Mrs
(bserver Mssion Failure Investigation Board was established to
review the circunstances that nay have contributed to the loss of
comuni cations wth the Mrs (bserver spacecraft in August 1993
The names and signatures of Board menbers are shown on the
followng pages.

Enclosed is the report of the Mrs Cobserver Mssion Failure
Investigation  Board, Wwhich consists of three volunes:

Volune |: Report  text
Volume I1: Appendi ces (2 books)
Volume I11: Wtness Statenments and Presentations

The Board wshes to extend its appreciation for the
cooperation that was extended to it by the principal Mrs oserver
contractors, the Jet Propulsion Laboratory of the GCalifornia
Institute of Technology and Mrtin Mrietta Astro Space. W thout
their assistance and suggestions, it would not have been possible

to conduct this investigation in a tinely and thorough manner.

//7227;¢0“\\\
, N

TIMOTHY COFFEY
Director of Resea

o
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PART B
EXECUTIVE SUMMARY

The Mars Obsarver Misson Failure Investigation Board was established by Mr. Danid S.
Goldin, Adminigtrator, Nationd Aeronautics and Space Adminigration. The Board was charged
to review, andyze, and evduate the facts and circumstances regarding the loss of spacecraft
communications and the falure of the Mars Obsarver misson; determine the cause of the failure;
and report the results to the Administrator.

The Mas Observer program, origindly named Mars Geoscience Climatology Orbiter
program, was recommended and developed by the Solar System Exploration Committee of the
NASA Advisory Council during the period 1981-1983. The spacecraft, orbit, and instruments
were to be designed to maximize the scientific return within a modest cogt framework. Given
gpprova for a program gart in fisca year 1985, the Jet Propulsion Laboratory (JPL), acting as the
implementing Fedd Center for NASA, was assgned responghility for managing the program,
incduding contracting with industry for the build and test of the gpacecraft bus, acquiring the
stience ingruments, and conducting the flight operations.

Mars Observer was launched from the Cape Canaverd Air Force Station on 25 September
1992. Bath the Titan 111 and the Transfer Orbit Stage vehicle worked well, dthough the first stage
of the launch vehicle suffered-a fud-depletion shutdown during launch. The cruise phase from
Eath to Mars was rdatively trouble-free, with only a few anomaies noted. The first of a series of
maneuvers designed to insert the spacecraft into an orbit around Mars had been planned to take
place on 24 August 1993. The sequence of events leading to the firsd maneuver began as
scheduled on 21 August. The fird action in this sequence involved pressurization of the
propulsion system, initiated and controlled by a sequence of software commands previoudy stored
in the spacecraft computers.

In accordance with the misson’s published flight rules, the transmitter on the spacecraft had
been turned off during the propellant-tank Pressurization Sequence on 21 August; as a result, there
was no telemetry during this event. No data from the spacecraft have been received since that time.
This lack of tedemetry has serioudy hampered an unambiguous determination of the cause of the
mishap. The Falure Invedtigation Board therefore adopted an approach that first identified
technicaly posshble falure scenarios, eiminated those deemed implausble, and then categorized
the remaining scenarios as either “posshle’ or “most probable” These scenarios were developed
for each gpacecraft system. They are included in Part F of this report.



To cary out the investigation, the Board established technical teams corresponding to the
maor subsystems of the spacecraft. The specific technical teams established were:

. Electricd Power
. Attitude and Articulation Control
. Command and Data Handling

Tdecommunications
Mechanicd, including Propulson
Software.

The teams included representation from NASA, NOAA, AFPL, NRL, and the DMSP
Program Office. Each technicd team member was required to have sSgnificant hands-on
experience in aress related to the team’s assigned system.

The investigation process involved briefings to the Board and the technica teams by JPL and
Martin Marietta Astro Space (MMAYS) to establish a basdline understanding of the Mars Observer
pacecraft and the ground system supporting its misson. Team visits were made to MMAS and
JPL for detaled subsystem reviews and for the development of failure scenarios. The Board was
adso briefed on a range of reated topics, including the NOAA-13 spacecraft falure investigation;
the LANDSAT-6 sadlite falure and lessons learned and observations from the LANDSAT-7
program and from the Globa Geosciences (GGS) program. Additiondly, the Board and the teams
closely monitored the progress of independent JPL and MMAS investigation boards.

The Board and the technicd teams began by identifying credible fallure modes and design
weaknesses in the spacecraft. Approximately 60 scenarios were developed and assessed in terms
Of:

. Conggtency with observables,
Probability of occurrence; and
. Corrddion with Pressurization Sequence events.

Four stages of filtering were involved in this process. The first stage identified those failures
that could lead to the immediae loss of telecommunications downlink. The second dStege
diminaed dl random failures, since the circumstances of this mishgp required a falure to have
occurred during the specific 14-minute period (ten minutes during which the tranamitters were off,
plus four minutes of tube wam-up time) without tdemetry. The third dage condsted of
identifying the subset of single falures from the second stage that could lead to extended loss
(hours to days) of downlink. The fourth stage was focused on the subset of the third-stage falures
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that could be correlated with the Pressurization Sequence, which included severa commands and
activities that were being executed for the first time during the misson. Those falures that
survived through the fourth stage were then examined with respect to supporting test data, analyses
and falure higory. Specific tests and analyses were identified and performed to validate or
invaidate postulated scenarios. This process permitted the Board to classfy the failures as to the
most probable cause and potential causes.

As a result of these dudies, anayses and tests, the Board was led to three principa
conclusons.

First Principal Conclusion

Despite extensve andyds of the crcumdances surrounding the misson falure of the
Mars Observer spacecraft, the Board was unable to find clear and conclusive evidence pointing to a
paticular scenario as the “smoking gun.” Most of the falure scenarios were determined to be
implausble or extremdy unlikey. The Boad was, however, unable to diminate severd falure
scenarios. From these remaining scenarios, the Board concluded through a process of eimination
that the most probable cause of the loss of downlink from the Mars Observer was a massive falure
of the presurizetion sSde of the propulson sysem. The Board dso concluded that the most
probable cause of that falure was the unintended mixing of nitrogen tetroxide (NTO) and
monomethyl hydrazine (MMH) in the titanium tubing on the pressurization dde of the propulson
sydem. This mixing was believed by the Boad to have been enabled by dggnificant NTO
migration through check vaves during the deven-month cruise phase from Eath to Mas. This
concluson is supported (but not proven) by NTO transport-rate data acquired by JPL, by
- NTO/MMH reaction smulations peformed by NRL, and by NTO/MMH mixing tests performed
by AFPL.

4 .. :s: ; d Erc . l C l .
The Board concluded that the Mars Observer spacecraft design is generdly sound. The

investigation did, however, identify issues (some unrelated to this failure) that should be addressed
and corrected prior to any flight of the same or derivative-design spacecraft.
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. Third Principal_Conclusion

The Board concluded that, dthough the result was a very capable spacecraft, the
organization and procedurd “system” that developed Mars Obsarver faled in severd aess. In

paticular, the sysem falled to react properly to a program that had changed radicdly from the
program tha was origindly envisoned. Too much reliance was placed on the heritage of
pacecraft hardware, software, and procedures, especialy since the Mars Observer misson was
fundamentdly different from the missons of the sadlites from which the heritage was derived.
The complementary strengths of JPL and Martin Marietta Astro Space (formerly RCA Astro-
Electronics and Genera Electric Astro-Space Divison) were not used by NASA as effectively as
they should have been.

Secondary Conclusions

In addition to its assessment of the most probable falure presented earlier, the Board found
that the following failures must aso be consdered as potentid causes of the loss of downlink:

- Electricd Power System failure resulting from a regulated power bus short circuit.
» Regulaor falure resulting in NTO and/or MMH tank over-pressurization and rupture

- FEjection of a NASA Standard Initiator & high velocity from a pyro vave, puncturing the
MMH tank or causing severe damage to some other spacecraft system.

The Board was generdly impressed with the spacecraft that was developed for the Mars
Observer misson. However, consdering the potentia for reflight of an identical spacecraft, or the
use of derivative designs or hardware in spacecraft currently in development or planned for future
amilar mission requirements, a number of specific concerns were noted:

. Propulsion Svstem

- Ingppropriate isolaion mechanisms between fud and oxidizer for an interplanetary
misson.
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- Lack of pogt-assembly procedures for verifying cleanliness and proper functioning of the
propelant pressurization system

- Current lack of underganding of the differences in pyro-initiator characteristics between
European Space Agency initiators and NASA Standard Initiators.

- Inadequate thermd ingtrumentation, control, and modding for the misson profile.

« Electrical Power System

- Potentid power bus short circuit susceptibility, due to improper assembly, single
component falure, or insuldion falure

» Command and Data Handling Svstem

- Critical redundancy control functions can be dissbled by a sngle pat falure or logic
upset.

- Redundant crystal oscillator (RXO) can lose one of its two outputs without remedy of fault
protection.

- The actud date of the backup oscillator in the RXO is not available in tdlemetry.

« Software/Fault Protection

- A topdown audit of fault protection requirements, implementation, and vdidation is
needed.

+ Svdems Enginecring/Flight Rules

- The flight sysem should be qudified and capable of providing indght into criticd misson
events. An example of this would be the avallability of tdemetry during critica events.

- The flight sysem should be dlowed to maintain atitude control during critical operations.

- If any rebuild or modification of the spacecraft is anticipated, the documentation should be
updated to reflect the as-built/as-flown configuration.

The Board noted that the Mars Observer that was built departed significantly from the
guiding principles origindly esablished for the program, yet the acquistion and management
drategy remained unchanged. The role of JPL in this fixed-price procurement was, a bed,
cumbersome, and did not appear to make the most effective use of the unique resource represented

B-6



by JPL. In any evert, the use of a firm, fixed-price contract was inappropriate to the effort as it
findly evolved. The origind philosophy of minor modifications to a commercid production-line
gpacecraft was retained throughout the program. The result was reliance on design and component
heritage qudification that was ingppropriate for the misson. Examples of this reliance were the
falure to qudify the travding wave tube amplifiers for pyro firing shock; the design of the
propulson sysem; and the use of a fault-management software package that was not fully
understood, The Board dso noted that the discipline and documentation culture associated with,
and appropriate for, commercid production-line spacecraft is basicaly incompatible with the
discipline and documentation required for a one-of-akind spacecraft designed for a complex

misson. Mars Observer was not a production-line spacecraft.
While the Board can find no direct linkege between the mishap and these systemic

weaknesses observed in the Mars Observer program as it evolved over the years these
weekneses, nevertheless, remain a dgnificant concern for future programs.

The Board would like to express its gppreciaion for the support provided to the
investigation by the six technica teams, the other NRL and AFPL personnd who supported it, the
NASA representatives, the JPL Project Team and Investigation Board, and the MMAS Technical

Teams.
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PART C

BOARD ORGANIZATION AND METHOD
OF INVESTIGATION

Chapter G
Background Chronol ogy

A ddaled naraive description of the circumstances and events leading up to the loss-of
downlink from the Mars Observer spacecrdft is provided in Part E of this report. The following
brief description is provided as background for the chronology of Investigation Board activities
thet will follow.

On 25 September 1992, the Mars Observer spacecraft was launched from the Cape
Canaverd Air Force Station, Florida. As discussed in Part E, the 337-day cruise phase to the
vicinity of Mas was rddivdy uneventful, with only a smdl number of anomdies noted in
spacecraft operation. It does not appear that any of these anomalies could have contributed to the
later misson failure

On 4 August 1993, the Jet Propulson Laboratory of the Cdifornia Ingtitute of Technology
began loading the Mars Observer spacecraft controls processor (SCP) with a series of commands
that the spacecraft would be cdled upon to execute later in Augudt, in order to modify its
trgectory for insartion into orbit around Mars. On 20 Augud, the last of these commands and
find maneuver parameters were inserted into the SCP.

The Mars Orbit Insertion (MOI) maneuver sequence was scheduled to begin on 22 August
(pacecraft time) with a series of actions associated with the pressurization of the bi-propdlant
fud tanks aboard Mars Observer. To protect the spacecraft radio frequency transmitter from
damage during the Pressurization Sequence (dbeit a very low probability), the software included
a command to turn off the Mars Observer transponder and radio frequency (RF) telemetry power
amplifier for a period of ten minutes, beginning a 234:00:21 UTC (spacecraft time, equivadent to
00:21 Greenwich Mean Time [GMT] on 22 August; UTC is Universal Time Coordinated - see
footnote in Chapter D1 below). This was a standard procedure that had been implemented
svead times ealier during the misson. Since the RF power amplifiers required about four
minutes to warm up completely, a 14-minute gap in downlink telemetry was expected.



Mars Obsarver tdemetry was obsarved to cease on schedule & 234:00:40 UTC, but did not
regppear as scheduled a& 234:00:54 UTC. No Mars Obsarver downlink has been observed since
that time
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Chapter C2
Board Organization

In the week following the 21/22 September loss of downlink (LOD) from the Mars
Observer spacecraft, when it became clear that it was not a temporary problem, Mr. Danid S.
Goldin, Adminigtrator of NASA, contacted Dr. Timothy P. Coffey, the Director of Research at
the Nava Research Laboratory, and requested that he serve as charman of a Mars Observer
Misson Falure Investigation Board. The Board was officidly gppointed by Mr. Goldin on 10
September 1993. The appointment letter and Board charter are attached as Appendix B of
Volume Il of this report.

The Board immediately requested briefings on the Mars Observer spacecraft and the events
preceding the loss of downlink sgnd. On 8,9, and 10 September, the Board was given a series
of overview presentations by personne from JPL, MMAS, Martin Marietta Denver, and Allied
Sgnd Corporation. These briefings described-the spacecraft; its command and data handling,
flight software, attitude control, telecommunications, electrical power, and propulsion
subsystems, the sequence of steps associated with pressurizing its fud. tanks, and a preliminary
andyds of potentid falure modes.

Due to the naure of the mishap (i.e, no physcad evidence and no tdemetry data during the
falure itdf), the Board focused the investigation on those spacecraft systems and events that
could have caused the observed downlink falure. In order to investigate as many potentia
problem aress as possble in the shortest possble time, the Board decided to form six technica
teams, each of which was respongble for evduating a particular spacecraft subsystem and its
possible contribution to the loss of the Mas Observer downlink. One Board member was
assgned to each technicd team. The teams were

. Electricdl Power System

. Attitude and Articulation Control System

Command and Data Handling System
Mechanicd Systems (induding Propulsion)

. Teecommunications Sydems

. Software.

The teams included representation from NASA, NOAA, AFPL, NRL, and the DMSP
Program Office. Team members were required to have dgnificant hands-on experience in the
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area of ther technicd team assignments. The membership of each team is provided in Appendix
E of Volume Il of this report.

A seventh team, composed of Board members, investigated other possible LOD scenarios
that were not the result of a spacecraft system failure (i.e.,, those caused by factors externd to the
Spacecraft).

Part F of this report is organized in accordance with this taxonomy.

To ensure that no conflict of interest existed for any of the Government personne assigned
to the invedtigation, al personnd granted access to Mars Observer invedigation material were
required to Sgn a Participation Agreement provided by NASA Legd Counsd, and to have an up-
to-date financia disclosure report on file. Copies of these financid disclosure reports have been
provided to NASA Legad Counsd.

The Naval Research Laboratory provided logistical and administrative support to the
Board, Technicadl Teams, and Advisors. A conference room and associated administrative area
were set asde for Mars Obsarver Board use. These facilities, protected by a cipher lock, were
adminigrativdly daffed by NRL dericd pesonnd full time during norma working hours.
Access to Mars Observer Board spaces was drictly controlled by color-coded badges issued
specificaly for the purpose. Non-Government personnel making presentations to, or meeting
with, the Board were issued specid visitor badges and were logged in and out at each visit.

A Mars Observer Board Archive was established to archive and control access to all
documentation generated by, or provided to, the Board. Identification and tracking of archive
materidl was accomplished by bar code. This achive will be turned over to NASA for
permanent retention after completion of Board efforts. News releases were handled by NASA
Public Affars after approva by the Board Chairman.

NASA provided funding for travel by non-NASA Board members. Sday and other
support for Board and technicd team members was provided by their respective Government
agencies. Adminigtrative support to the Board and the production of this report were provided
by the Naval Research Laboratory. A cost-accounting system was established by NRL to track
and monitor al costs associated with NRL support to Board operations. All travel or vidts to
other activities by technicd team members to obtain Mars Observer information were reported to
the Executive Secretary in the form of a trip report. In addition, severa interim reports were
required of each technicad team to keep the Board abreast of developments in between ‘Board
mestings.

Inquiries by technical teams to Mars Observer contractors were documented on an inquiry
requet form and submitted via specificadly identified points of contact & each contractor
organization.
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All officid Board correspondence, test results, inquiry request forms, and hard copies of
material presented to the Board are bound separately as appendices to this report.
A copy of dl trip reports, interim reports, Board meeting minutes, and other materias
reviewed by the Board during this investigation will be turned over to NASA for archiving.
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CHAPTER C3
Method of Investigation

The Mars Obsarver Misson Failure Investigation Board adopted a method of investigation
driven by the available data The spacecraft downlink telemetry failed to return on schedule after
the MOI Pressurization Sequence. The lack of tdemetry during the period of the falure Ieft the
scope of the invedtigation uncondtrained by hard evidence. As a result, a wide net had to be
flung from the outss, a first entertaining al possible scenarios that could have caused the loss of
downlink. From that point, a series of assumptions were used to filter and separate the
implausble, the unlikey, the potentid, and findly the most probable falure scenarios. This
process was agpplied by the technica teams and the results presented to the Board in plenary
Sesson.

As detailed in Chepters D2 and D3, random failures, i.e, those not associable with the
Pressurization Sequence events were deemed implausible, due to the extremely low probability
that such a falure would coincide with the 14-minute Pressurization Sequence after 11 months
en route. Falure scenarios also had to be capable of causing the loss of downlink within the 14-
minute period during which the tdemetry was off. Scenarios associgble with the Pressurization
Sequence but likdy to teke longer than 14 minutes to cause loss of downlinkwere deemed
implaugble.

Next, scenarios cgpable of resulting in loss of downlink, but not capable of explaining the
persgent inability to reestablish downlink, were eiminated. The Boad fdt that the persstence
of the loss of downlink must be interpreted as the result of ether a catastrophic spacecraft falure
or a spacecraft attitude that rendered its downlink unreceivable on Earth.

The results of the technica teams analyses of possble loss-of-downlink scenarios are
provided in Pat F of this Report. Laboratory tests in support of these andyses are briefly
described in Part F, and are included in their entirety in Appendix Q of this report.

Chapter D3 summarizes the Board's categorization of the one most probable and three

potentid causes of the perdstent loss of downlink from Mars Obsarver. Pat F of this Report
addresses this categorization in detal.
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PART D
OVERVIEW

Chapter D1
Background

The Mas Observer program, origindly named Mars Geoscience Climatology Orbiter
program, was recommended by the Solar System Exploration Committee of the NASA Advisory
Council during the period 1981-1983. The origina spacecraft, orbit, and insgruments were to be
desgned to maximize the scientific return within a fixed cost framework. This was to be the firg
gpacecraft in a series with the same development philosophy. Approval was granted for a program
dat in fiscd year 1985, and the Jat Propulson Laboratory, acting as the implementing Feld
Center for NASA, was assgned responshility for managing the project, acquiring the science
indruments, conducting the flight operations, and contracting with indusry for the build and test
of the spacecraft bus. JPL sdelected a-bus design based on that used for the Defense Meteorological
Sadlite Program (DMSP), manufactured by what was then RCA Asro-Electronics. This RCA
component became Generd Electric Astro-Space Division shortly after the sdection, and it was GE
that built and tested the Mars Observer spacecraft, The company is today owned by Martin
Marietta, and is called Martin Marietta Astro Space (MMAS).

Envisoned as a low-risk, wedl-bounded, firs-of-aseries project for focused science, the
Mars Obsaver misson underwent a number of dgnificant changes during its eght-plus year
development period. The mgority of these changes were driven by events that were externd to the
project, and included funding reductions, launch vehicle uncertainty, redirection in the number and
complexity of science experiments, and dimination of follow-on missons. The net result of these
changes was to dretch the schedule by two years, change the launch vehicle from the Space Shuttle
to a Titan 111, and increase the cost by a factor of two.

These changes aso had a more subtle, but possbly more serious effect. They led to frequent
violations of one of the badc tenets of the program: namdy that Mars Observer was smply a
dightly modified for Mas Obsarver verson of a wdl-proven, reliaddle, high-heritage-design
gpacecraft that would undertake a different misson. In fact, many of the spacecraft systems had
been s0 extensvey modified for Mars Observer that their heritage had been logt; others, whose



heritage remained intact, should have been requdified to verify thet they would function properly
on an inteplangtary misson of three years durdion (en environment for which they were not
desgned). Pat E of this report indudes a review of program changes and ther effects.

Mars Obsarver was launched from Cape Canaverd on 25 September 1992, Both the Titan
Il and the Trandfer Orbit Stage (TOS) vehides worked well (dthough there was an unexpected
trandent due to a fud depletion shutdown of the first gage). The cruise phese from Eath to Mars
was rddively troublefree, with only a few anomdies noted. The trgectory was 0 dose to the
plan that only three of the four trgectory correction maneuvers were required to hit the Mars Orhit
Insertion (MOI) am point. An atis's concept of the planned trgectory is shown in Hgure D-l.
The point where tdemelry was lodt is indicated. In order to assg the reader, an atis’s concept of
the spacecrat showing the location of various antennas, the pyrotechnic vaves, and the MMH tank
is shown in Hgure D-2.

No sgnificant problems were encountered with any of the goacexralt hardware sysems, and
al sentific indrumentation had been exerdsad and cdlibrated as necessary. Problems had been
encountered with the inartid reference flight software on 11 sparate occasions, five of which were
serious enough to put the spacecrdt into Contingency Mode. However, corrections made in July
1993 to the dar identification and processng software were expected to solve the problem. In any.
cax, the gpacecraft’'s Redundancy Management software responded properly to the mogt serious
of these anomdies placing Mas Obsarver into Contingency Mode, with thesdlar array oriented
toward the Sun and tdemetry switched to the low-gain antenna (LGA). It is dear that this portion
of the software operated gopropriately and correctly.

The series of MOI manewvers was the dngle mog important dynamic evert of the Mars
Obsarver misson. The first of seven planned orbit insartion maneuvers hed to ooccur & aprecise
time, and had been planned to take place on 24 August 1993. The sequence of events leading to
the firg of these was to begin & 234:00:21 UTC*, with the execution of the Propulson Sysem
Pressurization Block of software commands This sequence induded the firing of two normally.
closed pyrotechnic valves (one a 234:00:45:04, and the second & 234:00:50:04 UTC), that would
dlow hignpressure gaseous hdium to pressurize the nitrogen teroxide oxidizer tank and the
monomethyl hydrazine fud tank. The engine firing would occur 68 hours later. Concern exised
in the Mars Obsarver project team that the pyro-firing event might damege the travding wave tube

* Universal Time Coordinated. UTC uses Julian day and Greenwich Mean Time. 234:00:21 UTC was the actual
time the event was to occur, and equates to 00:21 GMT on 22 August (17:21 on 21 August in Pasadena). However,
the spacecraft was so far from Earth that it took the telemetry signal that confirmed execution of the event 19
minutes to reach the NASA Deep Space Network. For clarity, therefore, ground receipt time (234:00:40 UTC in
this case) will be used in this report except when otherwise specified.
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Figure D-2. Mars Observer Spacecraft




amplifiers in the spacecraft telecommunicetions system if the amplifiers were left on. Therefore,
the spacecraft's transmitter was ddliberately turned off prior to the pyro vave firing for what was
to be a period of ten minutes (plus an additiond four minutes of warm-up time, for a tota dlent
period of 14 minutes). However, communications with the spacecraft were not reestablished at the
expected time, nor in response to any of the numerous ground commands sent after the anomaly.

Within minutes of the failure to acquire downlink, the NASA Deep Space Network (DSN) of
receivers began reconfiguring in an atempt to improve reception. At about 234:01:10 UTC
(records are unclear as to the exact time), Spectral Signal Indicator (SSI) processing of the data
received by the 34-m antenna a Goldstone, Cdifornia began. At about 234:02:00 UTC, the larger
70-meter antenna a Canberra, Audrdia was brought on ling; and a about 234:02:15, SSI
processng began a Canberra Nevertheless, efforts by the Mars Observer Hight Team a JPL
over the fallowing two months were unsuccessful in restoring or detecting any communications
from the spacecraft on dther the high-gain or low-gain antennas. The initid assumption was that
an anomay had prevented the primary spacecraft transmitter from switching on, and recovery
activities were directed to that scenario.

It was dso initidly assumed that the MOI Sequence (dready loaded into the spacecraft
computers) would be executed by the spacecraft, putting it into orbit around Mars. However, it
was not known whether Mars Obsarver’s falure to communicate was due drictly to a
telecommunications problem, or to a falure in other gpacecraft systems. Therefore, recovery
attempts (commands) were directed at both the predicted capture orbit (MOI assumed) and the fly-
by point (no MOI execution).

Later in September 1993, at the request of the Failure Investigation Board, severa attempts
were made to turn on the smdl beacon transmitter in the Mars Bdloon Rday (MBR) system
(which is entirdy separate from the spacecraft transmitter/antenna equipment) and acquire that
sgna through three radio telescopes. Figure D-2 shows the location of the MBR antenna
Reception of the MBR sgnd would have proven that the spacecraft was intact, but unable to
communicate on its normad telecommunications sysem. These activities were without Success.
Unfortunately, it was not understood until this report was being written that the MBR could not be
activated if the spacecraft were in the “Safe” Mode (see Chapter F5, Section &(3)). Since
commands had been sent to place the spacecraft in Safe Mode, the MBR experiments that were
conducted in September were not conclusve. At the time of this writing, a second atempt was
being made to activate the MBR prior to conjunction of Mars Obsarver with the Sun. If this
attempt falls (and preiminary results from this second attempt have dso been negative), a third
attempt should be made after solar conjunction,

This incident is dgnificant in another way, however. The atempt to detect the MBR sgnds
was a farly dgnificant effort, and involved the voluntary cooperation of a number of radio
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astronomy groups in the U.S. and U.K. that were not otherwise involved in Mars Observer.  Yet
these initid attempts (September 1993) were doomed to falure because the spacecraft amost
certainly could not have responded to the commands sent by JPL to turn on the MBR tranamitter.
This contributed to the Boards impresson that JPL did not have as degp an understanding of the
spacecraft as the Board would have expected. The Board attributes this to the particular contract

vehicle used to procure the spacecraft.
The lack of success of al of these recovery activities led the Board to conclude that the

spacecraft most probably met with a catastrophic event on 21/22 August 1993 that terminated its
misson.
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CHAPTER D2
Board Analysis

The nature of this mishgp is such that there is neither physicd evidence nor tdemetry data
upon which to base an andyss of the fallure. The chdlenge, therefore, was to find a probable
cause without any direct evidence. To respond to this challenge, the Board used a step-wise,
process-of-elimination approach to the problem The firg step in the investigation was to focus on
those systems and events that could have caused loss of the downlink signd. The Board studied
al spacecraft sysems and identified the fallure modes that could have resulted in immediate loss of
downlink. Many of these were random falures that occasondly occur even in wdl-desgned
sygdems - a short circuit in a high-heritage, space-qualified capacitor, for example. Though
theoreticdly possible, the Board consdered these to be of extremey low probability, since the
circumgtances of this mishep required the random failure to have fortuitoudy occurred during the
gpecific 14-minute period (ten minutes during which the tranamitters were off, plus four minutes of
tube warm-up time) without telemetry. As a second step, therefore, such failures were diminated.

Next, the Board devoted considerable attention to the antenna patterns and sgnad strengths in
both the spacecraft and ground-based telecommunications systems in order to determine whether:

There were spacecraft dtitudes and configuraions in which the downlink sgnd could not
be received by the NASA Deep Space Network.
+ A spacecraft without attitude control (but gill  otherwise functiond) could receive

commands.
The downlink carrier from a spacecraft rotating about various axes could be detected by

the NASA Deep Space Network.

. There was evidence that the Deep Space Network could have missed an intermittent,
possibly weakened downlink sSgnd radiated by a dying spacecraft in the hours
immediady following the falure

A summary of the Deep Space Network response to the Mars Observer emergency is shown
in Figure D-3. In this figure, the detection limit for the high gain antenna (HGA)-to-Earth pointing
angle is plotted as a function of time for ten hours after firing the first pyro vave during the
Pressurization  Sequence. The third step in the invedigation was to diminate those falure
scenarios that were not compatible with Figure D-3.
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The fourth dep of the Board investigation focussed more closdly on those commands,
actions and software that were associated with the Pressurization Sequence itsdf, assuming that
something in that sequence triggered the falure.

The Board dso atempted to identify al factors that could have contributed to such a failure,
whether they were likely to be the cause of this particular failure or not.

In order to anadyze the Mars Observer spacecraft in a tractable manner, the Board studied its
performance characterigtics on a system-by-system basis. This taxonomy, which is used in Pat F
of this report, was as follows:

Electricd Power System

Attitude and Articulation Control System
Command and Data Handling System
Tdecommunications System

Mechanical Sysems, including Propulsion
Software.

-0 Qo0 o

The Board then integrated the results of these andyses into a spacecraft-wide evauation.

Despite lengthy and extensve andyses of the circumstances surrounding the misson falure
of the Mars Observer spacecraft, the Board was unable to find clear and conclusive evidence
pointing to a paticular scenaio as the “smoking gun.” Most of the falure scenarios were
determined to be implausible or extremdy unlikey. This is based on the spacecraft design, the
circumstances of the mishap (all spacecraft systems functioning nominally before the
Pressurization Sequence) and the requirement that the causative mechanism had to occur and cause
the loss of downlink in a particular 14-minute period after 11 months of reatively uneventful
flight. All fallure modes that were random and could not be rdaed in some manner to the
Pressurization Sequence fell into this category, and were diminated from further congderation.

Severd falure scenarios, however, were deemed worthy of further scrutiny. These appeared
aufficiently promisng to trigger further andyss, computer smulation, or testing of individud
spacecraft components that were identical to those employed aboard Mars Observer. The results of
these smulaions and tests eiminated another group of potentid causes for the loss of Mars
Obsarver. Although dl would have been damaging (and some adso would have ultimately been
fad to the spacecraft), none could completely account for the immediate and persigent loss of
downlink. Some trace of the downlink carier should have been detectable, especidly after the
Deep Space Network had been reconfigured to improve the sgnd link margin, about an hour after
the initid loss of downlink (see Figure D-3).
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Those that remained as plausible explanations for the misson falure of Mars Observer, after
the dimination of al those that could not account for dl of the observables, are briefly discussed in
Chapter D3 below, and in more detail in Part F. Before presenting the likely candidates, the Board
feels very drongly that the following points should be made:

a  Mas Obsarver was hedthy, with dl sysems operating wdl, until the Pressurization
Sequence began executing on 21/22 August 1993.

b. The Mars Observer spacecraft was generdly well designed. It did, however, contain
severd design errors that, even if not responsble for the loss of the pacecraft, should
certainly be corrected before any condderation is given to a reflight of this misson.
For example, there were severad sSgnificant operationd and environmenta attributes of
the spacecraft that were ether not known or not well understood by project personne
prior to this investigation. Some of these (e.g., failure to utilize fully the redundancy in
the redundant crystal oscillator) represent serious threats to spacecraft hedth.

c. The Presuriztion Sequence somehow triggered a dngle, faid mdfunction in the
spacecraft (either hardware or software) that very rapidly became catastrophic (eg.,
loss of power, exploson, or rapid, uncontrollable spin).

e. Although a number of random potentid falure modes were identified, all were
dismissed as being of low probability, snce the random falure would have to occur
fortuitoudy during the particular 14 minutes without downlink.

f. Severd plaugble fallure modes were identified that could conceivably have been
triggered by the pyro shock or other events teking place during the Pressurization
Sequence; however, only a smal number of these could have caused the observed
initid and perdgent loss of downlink sgnd.
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_ Chapter D3 o _
Likely Causes of Mars Observer Mission Failure

No conclusive evidence could be found that pointed at a particular fallure or series of falures
as the cause for the loss of Mars Obsarver. A number of random, single-point falures were
identified, but dl were assessed by the Board as being extremedy unlikdy to have randomly
occurred during the specific 14-minute period when telemetry was off.

Therefore, al failure scenarios sdected as probable or potentid meet the following criteria

Not random; caused or triggered by a Pressurization Sequence event or activity;
Had to be able to cause the loss of downlink in 14 minutes or less, and

. Had to explain the continued lack of downlink . i.e, were ether catastrophic to the
goacecraft (eg., exploson, loss of dectricad power, rapid spin, falure of trangmitter
tubes, etc.), or could put the spacecraft in an attitude where the downlink signa could not
be received.

Table D-I provides a summary of the -evauaion of the 59 scenarios that were examined.
Only a subset of those connected with the Propulson System and the Electricadl Power System
aurvived through the find dage.

The diminaion of a falure of the redundant crystd oscillator as a potentid cause of the loss
of downlink is worthy of a brief discusson in order to illugrate the diminaion process, and
because of the early vighility that this potentid falure was given. The concern for the RXO
revolved around the possible falure of its Unitrode trangstors, such as those that failed during the
NOAA-13 satellite ground test. The Mars Observer RXO used four tranggtors from the same lot
as those that failed on NOAA-13. Two were used to control oscillator hesters; the failure of these
could not have caused a loss of downlink. The other two were used in the power supplies for the
two oscillators in the RXO unit. However, tdlemetry indicated that both of these criticad trandggtors
were operating a the time the telemetry was turned off as part of the Pressurization Sequence. It
was assarted that the primary oscillator could have failed during the Pressurization Sequence as a
result of shock waves generated by firing the pyro vaves. The Board noted that athough the
backup oscillator in the RXO was known to be operating prior to launch, its operation was never
verified thereafter during the 1 |-month cruise phase from Eath to Mars. However, the Board
discounted a scenario in which both RXOs failed.

When a test was run on the Veification Test Laboratory (VTL) a JPL to smulate the falure
of the primary oscillator, it was discovered that the fault management software did not transfer all
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TABLE D-i. FAILURE SCENARIO ASSESSMENT SUMMARY

SUBSYSTEM/SCENARIO

ASSESSMENT TESTING/ANALYSES

BOARD

CONDUCTED

. ELECTRICAL POWER SYSTEM
- Insulation failure (4) N NO -
- Qpen_wire/circuit (5) N NO .
- Bus capacitor failure (2) N NO
» PSE power diode/chassis short B YES -
. ATTITUDE & ARTICULATION CONTROL SYSTEM
= Sun sensor # 4 failure N NO 4
- Reaction wheel failure (2) N N
- IMU_failure N JES
« Loss of primary clock reference - see RXO
. COMMAND & DATA HANDLING SYSTEM
- RXO failure/primary clock reference _N YES -
- Loss of computational/CIU functions (3) _N YES -
- Command/Control Logic failure (6) _N AQ
. TELECOMMUNICATIONS SYSTEM
- Component failures (6) N YES .
- RPA and SCU interlock failure N NO ]
- Propaqation/operational problems (5) N NO -
. PROPULSION SYSTEM
- Requlator failed open/tank overpressure (7) B NO .
- Pyro_shock failed critical component N YES .
- Pvro valve failure/NSI expelled (2) B YES -
- Unintended mixing of NTO/MMH (4) A YES J
+« SOFTWARE
- Fatal error_in_execution . N NO
- Memory_corruption N NO
Simultaneous SEP failures N NO
- Failure in fault management software N NO —
. EXTERNAL CAUSES
- Micrometeoroid impact N NO
- Solar effects N NO
A - MOST PROBABLE CAUSE B « POTENTIAL CAUSE N- UNLIKELY
Note: Numbers in parentheses indicate the number of failures if more than 1.
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important functions to the backup system For example, the spacecraft controls processor and the
inetid measurement unit IMU) were switched to the backup oscillator, but the clock divider
crcuit was not automdicdly switched. Thus, in the event of falure of the primary oscillator,
attitude control would be lost, but the RF power amplifier would ill be turned on and would

begin trangmitting telemetry on schedule. Numerous VTL smulation runs were conducted to
examine the spacecraft response to this particular fallure. One of the predictions made by these
smulations was of the high-gan antennato-Earth pointing angle. The worst case that was found
is shown in Fgure D-4, where the VTL smulation predictions for HGA angle as a function of time

ae ovelad on the HGA-boresght-to-Earth pointing requirements for sSgnd detection, origindly
presented in Figure D-3. It is dealy evident from Figure D-4 that while this falled oscillator

scenario could explain the early loss of tdemetry, it does not explain the loss of downlink sgnd

after gpproximately 1.5 hours. The Board, therefore, found that to meet the observables, both
ocillators in the RXO would have to fal. Such a double falure was conddered highly unlikely,

Therefore, the RXO falure was diminated as a potentid cause for the loss of downlink.

a. MOST PROBABLE CAUSE: LEAKAGE OF NTO THROUGH CHECK
VALVES

Fourteen scenarios were examined with respect to the Propulson Sysem. A smplified
schematic of the pressurization sde of the Propulson Sysem is shown in Figure D-5. In
examining the Propulson System, it was found that the NTO oxidizer tank was separated from the
res of the pressurization sSde of the system by two check vaves, one manufactured by Futurecraft
Corporation, and the other manufactured by VACCO Corporation. These valves were in series for
redundancy. Since for much of the cruise the pressurization plumbing was cold, the Board
proposed a scenario in which NTO migrated ether in liquid or gaseous form through the check
vaves and condensedon the cold tubing beyond (upstream of) the check vaves. This would then
theoreticaly creste a dtuaion in which liquid NTO could mix rapidy with MMH in the
pressurizetion lines when the Pressurization Sequence was executed. The Board requested that
tests be conducted by JPL to examine the leskage of NTO through check vaves identicd to those
used aboard Mars Observer.

The results of these tests are summarized in Figure D-6. The tests showed that a rather
surprisng amount of leskage of NTO could occur. An extrapolation of these test resultsto an 1 1-
month cruise period indicates that even without any vave falure, one to two grams of NTO could
have migrated through the check valves. The results aso indicate that had a sngle failure occurred
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in the VACCO valve, then severd grams of NTO would have lesked through the vaves and
condensed in the upstream plumbing. Thermal anadlyss of the spacecraft indicates that the vicinity
of PV5 and Pv6 would be the coldest part of the pressurization sysem. One would expect that the
NTO would migrate to the coldest part of the system. If some of this condensed NTO were swept
into the MMH lines and mixed with MMH during the Pressurization Sequence, a hypergolic
reaction could occur, releasing on the order of 100 kilocaories per mole of mixed NTO and MMH.

To address the movement of NTO through the system, the sequence of events during
pressurization must be consdered. This discusson will refer to Figure D-5. The firg pyro vave
fired was PV7, which pressurized the NTO tank and in the process, would clear any NTO from the
upstream line going from the heium tank to the NTO tank. It would aso force additiond NTO
into the lines going to PV5 and PV6. The next pyro vave fired was PV5 (there remains some
ambiguity as to whether it was PV5 or PV6 that was fired). This would force the NTO that was in
the line upstream of PV5 through the filter F2, through check vaves CV4 and CV2, and into the
line between CV2 and the MMH tank. This line would be expected to be filled with MMH or a
least to be wetted by MMH. The filter F2 has a 20-micron pore size and a large effective open
area. Hence it would not greetly impede the flow of liquid NTO, but would aomize it into 20-
micron droplets.

The issue then becomes how much NTO would have to mix with MMH to creste a serious
problem? The tubing involved is 3/8-inch diameter, .015-inch thickness titanium dloy (Ti-3AL-
2.5V). It requires 106 cdories to raise a one-centimeter length of this tubing from 0°C to its
melting temperature of 1668°C. It would take an additiond 53 calories to mdt the tubing. The
combustion temperature of NTO/MMH is about 3000°C. NTQ uniformly mixed with MMH &
liquid dengties is theoreticdly able to release about a thousand caories per centimeter length of this
tubing (0.5 grams NTO, 0.3 grams MMH). The 159 cdories required to met a one-centimeter
length of the tubing corresponds to burning less than onetenth of a gram of NTO. The ddtic
melting of the tube would not actudly occur like this, Snce the rapid generation of pressure by the
combugtion process would quickly force fluid dynamic motion. Also, the rate of energy release
would depend on how the NTO and MMH ae mixed. Neverthdess, this smple cadculaion
illustrates that a few tenths of a gram of NTO moving into the MMH line is a maiter of serious
concern.

The actud gStuation would be much more complex than that described above. It would be a
dynamic gtuation involving mixing, heat generdtion, themd conduction, and fluid flow. . Any
sdf-consgent solution requires numericd smulation. However, some additiond indght can be
ganed andyticdly. For example, the characteristic time required to rase the temperature of the
thin-wadled titanium tube completely (i.e, the outer surface of the tube is the same temperature as
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the inner surface) is 14 millissconds. Since thermd diffuson varies as the square root of time, the
temperature a the outer surface of the tube at, for example, 1.4 ms would be about one-third of the
temperature of the combusting fluid at the ingde surface of the tube. (These times are referenced to
the time when burning began.)

Another parameter that must be examined is the yidd dress of titanium as a function of
temperature. This is shown in Figure D-7 for the titanium dloy used in this gpplication. (For ease
of discusson, the yield stress has been replaced by the pressure in the tube that would produce the
yield dress) It should be noted that the yidd dress of titanium declines very repidly with
temperature, losng essentidly dl of its strength above S00°C. It would require about 32 calories
to change the temperature of a one-centimeter length of this tubing by 500°C. This much heat
could theoretically be produced by burning MMH with about 20 milligrams of NTO.

One must now examine the pressuretime higtories that might develop if NTO were suddenly
mixed with MMH insde the titanium tubing. For the sake of cdculation, condgder the Stuation
where a quantity of NTO moves through filter F2, through check vave CV2, and into the MMH
line, where it rgpidly and completely mixes over a distance of 5 cm and reacts with the MMH.
Since the date and quantity of the MMH in this line is not known, two different conditions to
represent different extremes will be assumed. In one casg, it is assumed that the line contains only
10 percent MMH; in the other case, it is assumed that the line is filled with 90 percent MMH.
Numerical smulations of the chemicdly reactive flow that would develop have been performed by
NRL for each case. These smulations modeled the chemicd reections between NTO and MMH
vapors, the converson of liquid to vapor; the decompostion of MMH for temperatures above
600°K; and the compressible hydrodynamic response of the maerid ingde the tubing. It must be
emphasized that these cdculations assume thorough mixing of NTO and MMH, conditions that
may or may not have prevalled in the actud Stuation.

The predicted pressure-time history for the 10 percent MMH case on the MMH tank side of
the check vave is shown in Figure D-8, for the case where two grams of NTO are injected. One
observes that the pressure rises rapidly to 30,000 psi, then settles down to 12,000 ps for severd
millissconds. Figure D-9 shows the corresponding temperature-vs-time hisory for severd
millissconds. Both figures dso show the effects of reducing the NTO to 0.2 grams and 0.02
grams.

Figure D-10 shows the pressure-time profile just behind the check valve (CV2) for the case
where two grams of NTO are injected into a tube that is 90 percent filled with MMH. Here,
because pressure rdief is tamped by the MMH, pressure rises rapidly to 70,000 ps and then fdls
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YIELD PRESSURE VS TEMPERATURE
FOR TITANIUM & TITANIUM ALLOYS
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Figure D-7. Yidd Presure for Titanium and Titanium Alloys as a Function of Temperature
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to 30,000 ps by one millisscond Fgure D- 11 shows the temperaure higory for the 90 percent
MMH-filled tube case. Both figures dso show the effects of reduding the NTO to 0.2 grams, 0.02
grams and 0.002 grams

In both of the cases amulated (10 percent MMH and 90 percent MMH), when 2 grams or
0.2 grams of NTO were introduced, the tubing would have reached a temperature above 500°C
within one millisscond. Hence, the tubing would have logt its drength (see figure D-7). The
pressures on the walls of the tubing would far exceed the yidd dress The question then becomes
will the trandent pressure lagt long enough to disrupt the tube? In the case where the pressure far
excesds the yidd pressure, one can edimae the accderdion of the tubing by ignoring the tendle
grength and treating the tubing as a fluid shell. Furthermore, one could expect that the tubing will
rupture if the tubing shdl is acoderated, sy, ten times its thickness Under these assumptions, the
accdeaion of the tubing can be edimated in a planar goproximation. For the purpose of
discusson, assume the pressure in the tube reeches 10,000 ps ad the temperature is aove
500'C. A ample cdculation shows that the time reguired to displace the tubing shdl by one sl
thickness is @out 4 microssconds Hence a 10,000 pg, the tubing shel will be dislaced by ten
times its own thickness in ten microseconds (or one hundred times its own thickness in 40
microssconds); These times ae much less than the duration of the pressure and thermd pulses In
dl likdihood, the tubing would rupture before it could cod down and regain its srength.  Indeed,
if the tubing yidd grength were low enough, the acoderated tubing wal would be Rayleigh-Taylor
undable The growth time for a mode whose wavdength eguds the shdl thickness would be a
few microssconds. Hence the tube would be expected to rupture in a few tens of microseconds

The reaults presanted above are indicative of the problems that could be encountered if a few
grans (or even fractions of a gram) of NTO were rgoidly injected into the tubing leading to the
MMH tank and thoroughly mixed with the MMH in it. If the tubing ruptured, then the hdium
pressure tank would vent through the ruptured tubing, possbly spinning the spacecraft up to rates
. 90 high as to render it usdess and possbly tearing loose extended segments, such as thehigh-gain
antenna. Because thee cdculaions assumed complete mixing, they probably represant the mogt
dressful Stuation, and should be viewed as an upper bound

The NRL dmulaions dso indicated that MMH had begun to sdfdecompose due to the high
temperaure. If this decompogtion were e to propagate through the MMH tubing and into the
MMH tank, then the gpacecrait would literdly blow up. However, the smulations that have been
performed were not able to predict whether the MMH decomposition wave would propagete into
the MMH tank. Expearimenta tess dso showed no evidence of MMH sdf-decompostion. Hence
no condusons can be drawn in this regard.

Because of the potentid impect of the JPL check vave test results shown in Fgure D-6, the
Boad requested that AFPL undetake a saies of NTO/MMH mixing teds in a configuration
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gmilar to the pressurization plumbing on Mars Observer. Tests conducted up to the time of this
writing have shown variable results. In most cases, no pressure pulses were observed. However,
in one experiment (involving 4 grams of NTO), pressures of 2000 ps and 4500 ps were measured
in different parts of the tubing. There were dso indications (from bulges produced in the gtainless
sted tubing of the test rig) that even higher locdized pressures (11 ,000 psi) were produced in areas
of the test configuration that were not monitored with pressure sensors. The duraion of these
measured pressure pulses was severd milliseconds. Another test (involving 2 grams of NTO)
showed a pressure pulse of 8300 ps with savera milliseconds duration. There is some question,
however, whether the ingtrumentation was working properly on this test. While these tests are not
true smulations of NTO-MMH mixing aboard the Mars Observer spacecraft (eg., they do not
amulate the probably dgnificant effect of zero gravity), they do indicate that gram quantities of
NTO in the MMH lines can produce significant pressure loading of these lines.

If the therma and pressure loading of the Mars Observer titanium tubing occurred and caused
a rupture of the tubing, then the heium pressurization gas would be expdled, causng the
spacecraft to spin during the 10 minute period between firing pyrovave PV5 and reactivaing the
X, Y, and Z-axis resction wheds Andyss indicates that the maximum spin rate that could be
achieved would be about 90°/sec This spin rate represents the maximum rate achievable, given a
unidirectiond gas-expulson stream with no obdructions in its path. This dtuation is unlikey to
occur in practice, as the pressurization lines are well-covered with therma insulation blankets. The
initid rupture could have blown off the insulaion blankets in the vicinity of the lesk, or left the
blanket partidly atached, splaying the exhaust plume Exhaust gases that hit the insulaion
blanket, the upper bulkhead of the spacecraft, or any other obstacles or appendages in their path
would exert forces tending to cance the spin that was induced from the initid thrust a the bresk.
Since the gas is not likely to be rdeased in a directed beam, but in a widening plume with a high
likelihood of hitting obstacles in its path, it is reasonable to conclude that only a fraction of the
energy dored in the GHe would be converted to spacecraft angular momentum. A spin rate of
between 30°/sec and 50°/sec is reasonable to assume. In addition to venting gaseous helium the
rupture should also cause venting of ligud MMH which would spray across the spacecraft
damaging cabling and exposed dectronics.

It would take approximady 14 minutes to expd the entire 10.7 Ibs of gaseous heium.
During the Pressurization Sequence, the attitude control system was deliberately disabled. When
the attitude control system was reactivated, the spacecraft would likely be spinning at a rate (greater
than 9°/sec) that would saturate both the digital and anaog dectronics of the IMU.

The momentum-unloading logic in the AACS would be unable to use thrugters to absorb
some of the momentum, since the gyros would be saturated on dl axes. For spin rates above
about 30°/sec, the gyros would remain saturated on dl axes indefinitely.
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Suration of two gyros would trigger entry into Contingency Mode. This would switch the
downlink from the high-gain to the low-gain antenna. As discussed in Chapter F5, Mars Observer
was dose to maximum range from Earth a the time of the mishep.  As a result, the Degp Space
Network required 100-second integration times to process the 9gnd from the Mars Obsarver's
low-gain antenna. It is therefore very unlikely that the DN receivers would be able to detect the
Mars Obsaver's LGA downlink if the spacecraft were oinning & high rates  If  Contingency
Mode were entered within about four minutes of firing pyro vave PV5, then the HGA downlink
would nat be tuned on, nor would the switch to the LGA downlink occur. This Stuation (i.e, no
down link) would reman for as long as the gacecraft remained in Contingency Mode.  There is
auffident energy avalable from the gaseous hdium to force entry into Contingency Mode in less
then four minutes from the time pyro vave PV5 was fired.

A rgoid rotation of the spacecraft would dso make it impossble to uplink groundcommeands
into the Mars Obsarver's computers. In addition, such a rotation rate would dso prevent the solar
aray from receiving enough Solar energy to keep the batteries charged.  Depending on the rotation
axes, they would discharge within a period of a few hours to a few days The net result of the
above events would be to render the spacecraft usdess and probably unable to communicate

The above cdculdions smuldions and podulaionsdo not prove that the rgpid mixing of
MMH and NTO in the pressure manifold dther took place or caused the falure They do,
however, show that if NTO in the quantities predicted from the JPL teds were to migrate through
check vdves CV1 and CV3, it would be a matter of grave concern, and must be congdered to be a
possble cause of the loss of downlink.

The desgn of the pressurizetion dde of the propulson sysem, while gopropriate for
gtuations where the pressure lines are warm and purged regulaly (i.e, Eathrorbiting satdlites),
was not gopropriste for the Mars Obsarver misson. This desgn pemitted the possble
accumuldion (over an 11-month period) of ggnificat quantities (grams) of NTO in the
pressurization manifold tubing, where (during the Pressuriztion Sequence) it might be rgpidly
mixed with MMH. Such mixing would have the potentid to rdesse enough energy to rupture this
tubing, or posshly even cause (via a decompaostion wave) the MMH tank to bure. Either result
would cause loss of the goacera’t. The Board cannot prove that sufficdent NTO was forced into
the MMH line and properly mixed with enough MMH to cause falure of dther the line or the
MMH tank. Neveathdess the pressnce of ggnificat NTO in regions of the pressurization
manifold where it did not belong, the potentid threat to the oacecrat that this represants, the dear
cordaion of such a falure with the Pressurization Sequence and the lack of other, more
compdling scenarios leads the Board to congder this particular falure as a probable cause of the
loss of downlink.
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In any case, this design weskness must be rectified in any reflight of the Mars Observer or
derivative spacecraft on an interplangtary misson. NASA should establish standards for the
quantity of NTO (aso MMH) tha will be alowed to accumulate upstream in the pressurization
manifold for bipropdlant sysems usng common pressurization lines.

b. POTENTIAL CAUSE: PRESSURE REGULATOR FAILURE

Falure (in the open postion) of the pressure regulator (see Figures D-S and D-12) between
the gaseous hdlium tank and the NTO and MMH tanks would cause a rapid over-pressure and
rupture of the NTO tank shortly after the firing of pyro vave PV7. This would destroy the
gpacecraft. Falure of this regulator could have been caused by:

. NTO frozen in the regulator baance orifice
Contamination blockage in the regulator baance orifice; or
Contamination in regulator seet, causng leakage.

The frozen NTQO mentioned above would have the same source as that discussed in Section a
above, namdy migration through check vaves CV1 and CV3. Unlike the chemica reaction
scenario, however, only smal quantities of frozen NTO would be required to fal the regulator.
What is required for this to happen is for the regulator temperature to be less than the freezing
temperature of NTO (11 .8°F, - 11.2°C). The Board obsarved that the temperature on the outside of
the spacecraft where the regulator and pressurization manifold were located was not well known or
well modeled. However, there was a temperature sensor on the indde of the bulkhead to which
the regulator was mounted. This sensor indicated that the temperature on the indde of the
bulkhead was about 1.5°C, which was about 22.9°F (12.7°C) above the freezing point of NTO. If
the therma conductivity between the bulkhead and the regulator was gdod, then the regulator
would have been warm enough to prevent the NTO from freezing. If, however, the thermad
conductivity between the regulator and the bulkhead were poor, then the regulator may have been
cold enough to freeze the NTO and thereby fal the regulator. The Board congders this failure to
be unlikely. However, snce: (1) the thermd environment of the regulator was not known; (2) the
falure scenario correlates with known NTO migration; and (3) the failure of the regulator provides
a smple explanation for the loss of downlink; the Board decided to retain this postulated failure as
a possible cause of the loss of downlink from Mars Observer.

Pressure regulators have been known to fal in the open postion due to particulate
contamination.  The Board could find no documentation that indicated that the proper functioning
of the pressurization system had been verified after assembly. Components were certified to be
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clean by ther manufacturers, however, no post-assembly tests were performed to actudly verify
that the entire syslem was free of contamination and functioning properly. (While not related to
this scenario, the Board adso noted that the fud and oxidizer were verified to be clean prior to
“fueling,” but were not tested afteeward to verify that the fuding process had not dirred up
contaminants) The Board concluded that it could not be assured that the pressurization system
was truly clean. The Board therefore concluded that the possbility of a pressure regulator falling
open and causing falure of the NTO or MMH tanks, while unlikely, cannot be ruled out. For the
above reasons and because this fallure provides a smple explanaion of the misson falure, the
Board decided that this failure must be listed as a possible cause of the loss of downlink.

c. POTENTIAL CAUSE: FAILURE OF A PYRO VALVE CHARGE
INITIATOR

Tests made by British Aerospace Corporation on European Space Agency (ESA) pyro vaves
and initiators that were designed to the same specifications (but were not identicd) to the pyro
vaves and NASA Standard Initiators used aboard Mars Obsarver have shown that some firings
result in the eectro-explosve initiator being gected from the vave body a Speeds of gpproximately
200 m/s. Severe damage to the spacecraft (wiring, propelant tanks) could result. For example,
one of the Mars Obsarver initiators (see Figure D-12) was located such that it would impact the
MMH tank if it were gected. This initiator (in PV6, Figure D-5) should not have fired, though
there remains some ambiguity on this point. No NASA Standard Initiator has ever been known to
exhibit this problem, but such an event is consdered possble until the exact causes of the British
Aerospace experience have been determined.

It should be noted that the initiators are gected as a result of “erogon” of the threads in the
titanium body of the pyro valve itsdf. The Board requested that the acceptance test lot of the Mars
Observer pyro valves be examined for thread erosion. It was found that these vaves had suffered
eroson of about 50 percent of ther threads, though none had faled by gecting ther initiators.
Nevertheless, since the vaves used by ESA have falled and are very smilar in design to those used
on Mars Observer, and since the Mars Observer test lot were found to suffer thread eroson similar
to that found on ESA vaves, the Board bdieves that a falled pyro vave charge initigtor must be
consdered a potentid cause of the loss of downlink, pending further studies on these valves. The
Board bdlieves that the differences between the ESA valves and the Mars Observer valves need to
be understood.
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d. POTENTIAL CAUSE: POWER SUPPLY ELECTRONICS POWER

DIODE |INSULATION FAILURE

The Mars Observer power supply dectronics (PSE) module contains several power diodes
with cathodes connected to the power bus. A permanent short in any one of these diodes would
render the spacecraft usdess. The diode cathodes am insulated from the chassis by a 0.006-inch
flexible insulator, a fiberglass washer, and conformd coating. The insulation materid is
susceptible to cuts and tears, especidly if there are burrs or irregularities in the materials separated
by the insulation. The shock from firing the pyro valve(s) could have provoked a find
breskthrough of the insulation, causing a short-circuit between the power bus and chassis ground,
and a complete falure of the Electricd Power System. The Board therefore requested that the
spare Mars Observer PSE box be opened and inspected to determine the tolerances between
components and the workmanship employed. The inspection reveded severd discrepancies. The
most serious discrepancy was a misdignment of three out of ten stud-mounted power diodes in the
boost voltage regulator (BVR), such that the diode stud was in, or very close to, direct contact with
the chasss The misdignment was due to improper inddlaion of an isolating shoulder washer.
There was no qudity control ingpection of this indalation. Five of these ten diodes have the
potentid to short the power bus directly to ground. The SI Pads (insulator/therma heat snk)
showed no bresks in the Kapton layer and passed an isolation test. However, the pads contained
embedded metd particles and scratches in the thermal materid on both sides of the Kapton.

Another mgjor discrepancy was the incorrect and incomplete gpplication of thermd solithane
to 16 PSE stud-mounted power diodes. This was required by the plan drawings Sx of the
diodes had no therma solithane at al. These were “stamped” as approved by both MMAS qudity
control and Defense Plant Representative Office @PRO) ingpectors.

Based upon this inspection of the spare PSE (see Appendix Q for a more complete report),
the Board believes tha this fallure scenario, while only weskly correlated with the Pressurization
Sequence, must be retained as a possible cause for the loss of Mars Observer downlink.
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Chapter D4
Board Observations and Concerns

In its invedtigation of the Mars Obsarver misson fallure, the Board was obligated to review
in detal the higory of the spacecraft development, the management and contractua procedures
used to develop and build the bus and its scientific instrument suite, as well as the characterigtics of
the actual hardware and software launched into space. The Board developed a number of concerns
relative to the program that, adthough they could not be directly rdlated to the Mars Observer
mishap, may have contributed in an indirect way to the falure. In addition, many of these
concerns should be carefully consdered by NASA management, since they have the potentid to
affect future spacecraft developments and operations.

The rationale and background information supporting these concerns are provided in Pat F
of this report

a. GENERAL OBSERVATIONS AND CONCERNS
(1) The tdemetry should have been Ieft on during criticad events.

(20 The toplevd sysems engineering (i.e, integretion of spacecraft sys terns under
redigic, misson-driven environmental conditions) was inadequate.

(3) The contract philosophy (firm, fixed-price contract), while agppropriate when the
program was formulated, turned out to be ingppropriate for the Mars Observer misson after 1987.
In addition, this contract philosophy limited the utilization of Jet Propulson Laboratory expertise
and oversght in spacecraft development.

(4) Ovedl software devdopment did not follow sound practices; eg., inadequate
configuration control and no independent verification and vaidation.

(5) There was fa too much reliance on heritage for spacecraft hardware, software and
procedures, especidly given that the Mars Observer misson was fundamentdly different from the
misson of the satdlites from which the heritage was derived.

(6) Severd ingppropriate trade-offs were made between redundancy and weight. For
example, the redundancy and rdiability of the propulson sysem was reduced to save a few
pounds.
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(7) Spececraft autonomy was overly relied upon and its execution was neither wel
understood nor adequately tested.

(8 There was inadequate testing of some spacecraft systems (e.g., Command and Data
Handling), and the spacecraft as a whole,

(99 The program was buffeted by many externdly driven changes throughout its history in
the 1980s, but did not have the flexibility (misson, budget, contract type) to accommodate them.

(10) There was no risk-management plan to make system-wide trade-offs between
competing requirements, caused patly by changing requirements and patly by organizationa
Sructure/contract - philosophy.

(11) The decison not to qudify the traveling wave tubes in the transmitter power amplifiers
for the shock induced by the firing of the pyro vaves was an eror. It is dso likdy tha the
Pressurization Sequence would have been designed differently had the decison been to leave the
telemetry on. A more step-by-step sequence, designed to take advantage of telemetry a each step,
could well have dlowed a potentidly catastrophic failure to be detected and corrected. At the very
least, had tdlemetry remained on, it is very likely that the cause of the falure would be known.

(12) There was too much reliance on preloaded software scripts for long command
sequences when and where it was neither necessary nor gppropriate.

b. SYSTEM-SPECIFIC OBSERVATIONS AND CONCERNS

(1) Electrical Power System

(a) There were severd single-point failure modes that were of concern:

1 There were 33 unfused capacitors, each of which could cause a falure of the
Electricd Power System.

2 Thin insulation between seven power diodes and the chassis could be subject to
break-through, causing a short circuit of the Electricad Power System
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3 Single insulation on unfused wiring from the power supply dectronics to the
fuse boards and battery chargers could be damaged and short-circuit the Electricd Power System

4 Both primary and backup RF tdlemetry systems were fed from the same fuse
board.

(b) The use of copper-clad duminum wire to save a smal amount of weight is not
good practice.

(¢) Qudity control ingpection of fabrication by both contractors and DPRO was
inadequate.

(2) Attitude and Articulation Control System

No problems were noted, except for the loss of inertiad reference on severad occasions
(primarily a software problem).

(3) Command and Data Handling Svstem
(a) Redundant crystd oscillators were not employed in a truly redundant manner. The
clock dividers did not switch to the redundant unit in some falure modes, this Stuation was not

recognized until the post-incident investigetion.

(b) There was no method of determining the hedth (i.e,osdllator output) of the
backup redundant crystal oscillator.

(©) There was inadequate testing of the complele Command and Data Handling
System; too much tegting was done in non-flight-like modes.

(d) The posshility exiged that the complete Command and Data Handling System
could be hung up and unable to receive commands, could be caused by discrete device failures,
voltage trandents or improper software commands.

(e) Three dngle-point falure modes were identified and gppropriatedy waved (i.e,
risk accepted), but a fourth was not discovered until the post-anomaly investigations.
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() The Veification Test Laboratory was not available in time to support spacecraft
system design, nor to test completely the response of the spacecraft to various failure scenarios. It
adso was not of sufficient fiddity to rigoroudy test the Command and Data Handling System in any

case.

(9) The command script for the Pressurization Sequence cdled for the skewed reaction
whed to be powered on (for firg time in 11 months) immediately after the transmitters were turned
off - it could have been tested first and/or powered on before the transmitter shut down.

(4) Telecommunications System

No problems noted except for turning off transmitters, discussed above,

(5) Mechanica Systems

(a) There was unjudified rdiance on check vadves with only Earth-orbita heritage
(where leak-proof operation would not be required for extended periods) for an agpplication
requiring flawless performance for 11 months a cold temperatures and zero-G conditions (heritage
trap), risking the posshility of the hypergolic bipropdlants mixing in the pressurization system,
with potentidly catastrophic results.

(b) Propulson system redundancy was ingppropriately removed after the change from
the Space Shuttle to a Titan I1l.

(c) There was a lack of ability to measure temperature on the pressurization side of the
propulsion system.

(d) There is some evidence that the NASA Standard Initiator (used in Mars Observer
pyro valves) could cause the threads in the valve body to fail and gect a projectile when fired, as
has been observed by British Aerospace Corporation on amilar units; a complete andysis of the
falure mechaniam is required to ensure that this threst does not exist for U.S. spacecraft using the
NASA Standard Initiator and pyro vave.
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(6) Software

(a) The software did not adways fulfill sysem requirements (eg., three software builds
were made after launch).

(b) The program had a software development plan, but it was not followed.

(c) There was no independent verification and vdidation process, violating good design
practice.

(d) The software development effort was understaffed, when compared to the magnitude and
importance of this task to the misson and the spacecraft.

(e) There was a lack of adequate software configuration control.
(f) The Redundancy Management software was not adequately understood.

(9) Software developed for Earth-orbital missons does not straightforwardly transfer to an
interplanetary misson (heritage trap).

(h) The software development process was theproblem, not the software-developing
personnel.
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Chapter D5
Concluding Remarks

Unambiguous determination of the cause of the loss of downlink from the Mars Observer
gpacecraft was hampered by a lack of tdemetry reating to the Pressurization Sequence. This
forced the Board to approach the problem by diminating the implausible in a step-wise fashion.
Those failure scenarios that remained were then considered to be possible, with some being more
probable than others.

During the find days of its ddiberations, the Board learned that the first stage of the launch
vehide had suffered a fud-depletion shutdown during launch. This could have caused a
sgnificant trandent shock to the spacecraft and its systems. The Board did not have time to
investigate whether or not this transgent might have had a bearing on the loss of downlink. The
Board recommends that NASA underteke to investigate the potentid effect of this trandgent on the
pressurization manifold. Of particular interes would be the pressure lines leading from service
vaves SV1 and SV2 (Figure D-5). Failure of ether of these lines would not have had any effect
on gpacecraft operations (and could not have been detected from the ground) until the
Pressurization Sequence was initiated. However, pressurization of the bipropelant system would
have permitted gaseous helium to be vented to space through the broken line, producing a spin-up
of the gpacecraft amilar to the failure mode described with the firgt principa finding of the Board-

As discussed in this report, the Board observed a number of systemic weeknesses in the
Mars Observer program as it evolved over the years. While no direct linkage can be made between
these weaknesses and the mishap, they do remain a sgnificant concern for future programs.

The Board would like to express its gppreciation for the support provided to it by the six
Technicd Teams; the other NRL and AFPL personnd who supported it; the NASA representatives,
the JPL Project Team and the JPL investigation team; and the various Martin Marietta Astro Space
teams that supported the Boards deliberations.
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~ Chapter F6
Mechanical and ‘Propulsion System

Chapter F1 of this report provides an overview of Mars Observer Mechanica Systems. The
only part of the Mechanicd System that could have contributed to the loss of Mars Observer is the
Propulson System Therefore, this chapter will address only Propulson System operation and

_failure modes.
a. PROPULSION SYSTEM DESCRIPTION

(1) General

The Mars Observer Spacecraft Propulsion System consists of a hydrazine
monopropellant section for attitude control, and a monomethyl hydrazine (MMH) and nitrogen
tetroxide bipropdlant (NTO) section for velocity addition and correction maneuvers. Both of these
systems are pressurized with gaseous hdium and are shown schematicaly in Figures F6-1 and F6-
2, respectively. Because it is important to understand the relative locations of Propulsion System
components, an isometric view of the bipropellant pressurization system is included as Figure F6-3.

The monopropellant section is of a conventional blow-down design used extensively by
the Naval Research Laboratory, Martin Marietta Astro-Space Corporation, and other spacecraft
manufacturers for the past 25 years. In this system, two hydrazine tanks can supply propdlant to
any of 12 cadytic hydrazine thrusters. The thrusters are arranged in two redundant branches, each
of which contain four 4.45-N thrugt units and two 0.9-N thrust units. Since this system worked
properly throughout the Mars Observer misson and was deactivated during the failure period, it is
mentioned only for completeness, and will not be discussed further.

The bipropelant section is a pressureregulated propulson sysem using four 490-N
thrus man engines to provide ddtaV and four 22-N thrust engines to provide thrust vector
control (TVC). In normal operation, only two of the 490-N engines are operated a a time; the
second par provides redundancy. The pressurant supply conssts of a carbon-filament-wound
stainless sted tank with a maximum operating pressure of 4,500 psia. Pressurant flow to the two
titanium propellant tanks is controlled by a single body, seriesredundant, hard seat regulator. The
pressurant tank is isolated from the regulator by two normally closed pyro-vaves, PV7 and PV8
and a filter, FG1. The function of these components was to preclude overpressurization of the
Mars Observer propulsion system due to any regulator seet leskage that might occur during the 1 1-
month cruise phase to Mars. In addition, the MMH tank is postively isolated from both the NTO
tank and pressurization system by normaly closed pyro vaves PV5S and PV6. The function of
these vaves was to diminate the risk of bipropelant reaction-product sdts forming during the



- T4

we1do1d d1eudydS urysisqng uoisindoad jueppdoldouoiy ’1-9 o dangdi gy

MONOPROPELLANT PROPULSION

SUBSYSTEM SCHEMA

TIC _A

L

@ PRESSURE TRANSDUCER

BBSERVICE VALVE

f PROPELLANT FILTER

H CATCHING VALVE

B 09N REA's
g 445 N REA's

|

A




£-0d

BI-PROPELLANT PRESSURIZATION

SUB-SYSTEM SCHEMATIC

?

‘ SVl
X

PVS S:\jS
o X

PVE sSv3

?

X
BERVICE VALVE

=

CHECX VALVE

NORMALLY CLOSED
PYRO VALVE

SERIES REDUNOANT
PRESSURE REGULATOR

Hgure F6-2. Ripropdlant Propulson Subsysem Schematic Program




-4

(M31A DLIJAWIOST) WAISASYNG UOIJEZLINSSAI jueppdoadig *g-94 2an31g

MMH PAES. LINE-SVS -—-\ //~- NTO FILL-5v4 +X
HE FitL.8vi "\ - 7~

"~——Mm FILL-SV3 x \ x

‘/“
< TEMPERATURE MONI TOR
POINT

|

+Y

? TO MMH TANK
TEMPERATURE MONITOR POINT

\:E:
<
o

PVe
‘ -

\
<~ TEMPERATURE MON|TOR /‘/.\ ':97 \\
\ N POINT [~ ‘t "

PVS -

-HIGH PRES.” HE-SVS '\‘ (O [\\’c NOTE: ALL TEMPERATURE MONITOR POINTS ARE LOCATED
-X S .'/ ON THE BACKSIDE OF THE HONEYCOMB PANEL,
, PV? -~ /



cruise phase. These sdts have been obsarved to lead to regulator leskage and check vave sticking
on other spacecraft. The low-pressure gassous hdium (GHe) menifold is protected from MMH
and NTO back-geaming by two pairs of check vaves (CV1/CV3 and CV2/CV4) mounted in sries
a the inlets to the MMH and NTO tanks. Each par condgts of two check vaves that are parallel-
redundant, soft-seeted and mede by different menufacturers

Prior to a ddtaV maneuver such as Mars Orhit Insation, the propdlant tanks are
pressrized by GHe to a nomind 255 psia. The Mas Obsaver spacecraft carried 1170 Ibs of
MMH fud and 1865 lbs of NTO oxidizer, each contained in its own spherica tank mounted aong
the Z axis in the spacecraft center cylinder. The bipropellant sysem uses filters, latch vaves and
thrugt vaves to isdlde NTO and MMH from the thrust combustion chambers  Service valves in
the high- and low-pressure menifolds permit filling, teding, and venting of the GHe sydem,
Savice vaves in the inlet and outlet line of the MMH and NTO tanks permit filling, tesing and
emergency offloading of the propdlants

BHectricd power, command and control functions pressureffault monitoring, and
theemd reguldion are provided to the Propuldson Sydem by the C&DH Sydem. Propulson
Sysem components for Mars Obsarver were sdlected based on MSFC-SPEC-522B for materid
resgance to dress corroson cracking and MSFL-HOBK-527E for meaterid compatibility with
MMH and NTO. Sydem componett maximum-expected-operaing-pressure (MEOP), proof
pressure and bure pressure are summarized in Table F6-1. Low-power heaters mantain proper
sysem temperaure. Only a few sysem component temperatures are monitored by the Spacecraft,
but hester drcuits contain protective shut-down drcuitry. For ground operation, the Spacecraft
propulson sysem interfaces with four propdlant cats for propdlant loading, pressurant loading,
and emeagecy offloading.

(2) Propulsion System Components, Heritage an d Redundancy
(@ GHe Pressurant Tank

1 Deiption

The GHe pressurant tank (Figure F6-4) is a .66-m (26-inch) outdde diameter
cyoformed 301 danles ded shdl tank with a grgphitelepoxy fiber overwrgp. This tank is
designed and tested to MIL-STD-1522A using fracture mechanics andyss techniques. The tank
MEOP is 4,500 psa It has been proof pressure tested to 5,625 psa and burd rated & 6,750 pSa
(actud burg a 7,180 pgg). This reaults in a desgn burg safety factor of 1.5 and a demondrated
burs safety fector of 1.6. Stress andyd's indicates a pogdtive safety margin a burs pressure based
on the ultimate drength of maerids Stress andyss and environmenta testing have demondrated
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""""" “TABLE F6-1. PROPULSION SYSTEM COMPONENT
PROOF AND BURST PRESSURES

Component Launch MEQP Proof Burst
(psia) (psia) (psia) (psia)
Bipropellant Subsystem
MMH, NTO Tanks 250 300 375 450
GHe Pressurant Tank 4200 4500 5625 : 6750
GHe High Pressure Transducer 4200 4500 6750 11250
High Pressure Service Valve (0.25 in.) 4200 4500 6750 . 11250
GHe Pyrotechnic  Valve 4200 4500 6750 11250
GHe High Pressure Filter 4200 4500 675 10000
GHe Low Pressure Filter 250 . 300 450 750
GHe Pressure Regulator 250 4500 6750 11250
Low Pressure Service Valve (0.25 in.) 80 300 450 750
GHe Check Valve 250 300 450 20000
GHe Manifold 4200 4500 6750 20000
Bipropellant Service Valves (0.5 in.) 250 400 . 600 1000
Bipropellant Pressure Transducer 250 400 600 1200
Bipropellant Latch Valves 250 300 900 1500
Bipropellant Filter 250 300 450 750
490-N Thruster 80 400 600 1000
22-N Thruster 80 400 600 1000
Bipropellant  Manifold 80 400 600 : 8850
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a desgn margin based on word-cae expected Titan-III launch loads which exceed loading
experienced during ground handling and transportation. The fracture mechanics andlyss indicates
that hazardous flow growth does not occur under pressure cyding or sudtaned loads and that a
lesk-before-burst (LBB) fallure mode is indicated. Stress analyss on the two tank bosses indicate
donificant ssfety margins for both yidd and ultimeate drength under wors-case combined |oads
(vibration and pressure).

Tank lines and fittings are proof tested a 9,000 psia. Tank tube stubs are designed
with a 4-to-1 sdfety factor. Prior to dosure weding, the finished indde and outsde surfaces of the
helium tank liner were penetrant-ingpected in accordance with MIL-STD-6866B, Type 1, Method
A. The penetrant used for the ingpection was free of chlorides All hdiumtank butt wedds were
subjected to radiographic ingpection in accordance with MIL-STD-453B, and fluorescent penetrant
ingpected in accordance with MIL-STD-6866B. The GHe pressurant tank uses a two-point mourt.
The tank liner is compaible with NTO vepor, MMH vgpor, nitrogen, isopropyl acohol, water,
and GHe. No other fluids were usad during tank processng or integration and test. CRES 301 is
compdible with MMH axd NTO pe MS-C-HDBK-527E and is highly resgant to dress
corroson cracking per MSFC-SPEC-522B.

2 Heitage
The GHe pressurant tank, MMAS PIN 2631013, is manufectured by ARDE,

Norwood, New Jassy; PIN E4299. This tank, with a different outlet tube configuration, was
ussd previoudy by MMAC on the saries 5000 spacecraft a 4200 ps MEOP. The identicd tank
with boss madification is used on the Atlas missle a 4000 ps MEOP.

3 Redundancy
- The GHe pressurant tank is a norHredundant unit.
(b) Manifolds
1 Destription
Manifolds are all-welded construction using 3A1-2.5V titanium tubing.
TitaniumHto-dainlessded trangtion tubes ae used to inddl danless sed components. Proof

pressure and lesk teds were paformed on the assembled subsysem to veify the assembly
integrity. Redundant nichrome wire heater dements are routed dong dl liquid tubing up to the
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check valves and dl tubing is over-wrapped with goldized Kapton tape for theema control. The
3A1-2.5V titanium dloy is compatible with MMH and NTO per MSFC-HDBK-527E and is highly
resistant to stress corrosion cracking per MSFC-SPEC-522B.

2 Heitage
All tubing used for the propulson system is supplied by Nikko Wolverine.
MMAS usss this tubing for dl 3000, 5000, and 7000 series spacecraft. The Mars Observer tubing
assemblies incorporated an acid etch of the weld area prior to the welding of each tube end. This
process enhances the weld quality and is now used on dl MMAC Programs.

(c) Service Valves

1 Description

Three types of service valves, MMAS P/Ns 2631025, 3264496, and 326551,
are used on the Mars Observer spacecraft: 0.25-inch high-pressure service vaves, 0.25-inch, low-
pressure sarvice vaves, and 0.5-inch, liquid service vaves Figure F6-5 shows a typicd Mars
Obsarver gpacecraft service vave. All three types of service vaves are manudly operated and
congtructed of 6A1-4V titanium. Each service vave provides three mechanicd seds to prevent
propellant or pressurant leskage: the vave seat when dosed; the ingdlation of an internd cap; and
the externd cap. The 0.25-inch, high-pressure service vaves are used to pressurize the heium
pressurant tank and to perform pressure tests on the subsystem. The 0.25-inch, low-pressure
vaves ae usd for venting the MMH and NTO tanks during loading and for conducting
pressurization tests of the subsystem. The 0.25-inch, low-pressure service valves used in the
MMH manifolds, NTO manifolds, and GHe manifolds (as wel as the hydrazine monopropellant
sarvice valves) have unique inlet fittings to prevent mismating ground support equipment
couplings, The 0.5-inch service valves are used to load and offload the MMH and NTO tanks.
Each has a unique inlet fitting to prevent mismaing. All sarvice vaves acc compatible with MMH,
NTO, water, isopropyl acohol, GHe, and gaseous nitrogen.

2 Heitage
All service vadves were manufactured by Pyronetics, Denver, Colorado; P/Ns
1846-9, 1846-126 and 1845-10. All three vaves have identicd operating and seat designs, which
are scaled for each size. This valve design has been used on spacecraft and launch vehicles for 25
years All MMAS spacecraft incorporate this type service vave. Qudification was by smilarity.
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3 Redundancy
Each vave is interndly redundant.

(d) Pressure Transducers

1 Description

Pressure transducers are used as part of the bipropdlant subsystem to measure
tank pressures of the MMH, NTO, and GHe pressurant. The high-range pressure transducer uses
a dtrain gauge sensor to produce a O-5 VDC sgnal over the pressure range of O-4500 psia The
low-range pressure transducer uses a dtrain gauge sensor to produce a O-5 VDC ggnd over the
pressure range of O-450 psia. The high-range pressure transducer is compatible with GHe, GN2,
isopropyl acohol, water, and Freon 113, while the low-range pressure transducer is compatible
with MMH and NTO in addition to the above-listed fluids.

2 Heitage
The pressure transducers are manufactured by Statham, Oxnard, Cdifornia;
P/N PA-489-4.5M (4500 psid) and PA-489450 (450 psia). Qudlification for the Mars Observer
was by dmilaity. The transducer design is identicd for al applications (except for the dran
gauge digphragm thickness). This design is used on dl MMAS 3000, 5000, and 7000 series
pacecraft, and has been used extensvely throughout the spacecraft industry.

3 Redundancy
The pressure transducers are non-redundant units.

(e) Pyrotechnic Valves (Normally Closed)

1 Description

Two pardld, normaly closed pyro vaves isolate the high-pressure GHe tank from
the regulator inlet. Smilarly, two identica vaves isolate the MMH from the NTO section of the
GHe ddivery manifold to prevent mixing of MMH and NTO vapors. Figure F6-6 shows a cross-
sectiona view of one of the pyrotechnic vaves, which were opened in preparation for Mars Orbit
Insertion. Dud O-ring seds sop externd lesks, and individudly seded inlet and outlet lines
preclude interna lesks. The vaves are actuated by a NASA Standard Initiator (NSI). The vave is
considered dud fault tolerant against mechanicd falure. The valve-firing circuit provides dua
fault tolerance agang inadvertent initiation. The vadve MEOP is 4,500 pda, proof pressure is
6,750 psia, and burst pressure is 11,250 psia
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2 Heitage

Two pyro vdve desgns ae inddled in the Mas Observer bipropdlant
propulson sysem. Bath are manufactured by OEA/Pyronetics, Denver, Colorado; P/Ns 1467-19
(high pressure) and 1467-20 (low pressure). The valves are identicd exoept for inlet/outlet tubing
wall thickness for the high- and low-pressure gpplications They are usad on the MMAS Saries
5000 and IABS Prograns When used with an OEA-produced initigtor, this modd vave hes
expaienced dructurd falures of the threeds in the vave body into which the initigtor screws This
falure expds the inigor as a proectile & high vdodty. However, no known falures have
occurred usng a NASA Standard Initiator.

3 Redundancy
Pyro vaves are mounted in pardld, providing 2-for-l redundancy.

(f) Filters

1 Desription

Bipropdlant, low-pressure GHe, and high-pressure GHe filters are inddled to
prevent contaminaion of the bipropdlant subsysem components. The GHe filters are rated a 10
mms and the bipropdlant filters are rated a 15 mms. The filters are condructed of titanium and are
desgned and dzed to trgp dl sydem and pyro vave contaminants GHe filters are located
downgream of the pyro vaves to prevent contaminaion of the pressure regulator and check
vaves The bipropdlant filters are located downdream of the MMH and NTO tanks to prevent
contaminaion of the laich vaves and thruders. The filters are competible with MMH, NTO, GHe,
gaseous nitrogen, water, isopropyl doohol, and Freon 113, The hight-pressure GHe filters have
an MEORP of 4,500 psia, a proof pressure of 6,750 pda, and a burst pressure of 10,000 psia. The
low-pressure GHe filters and the bipropdlant filters have an MEOP of 300 psia, a proof pressure
of 450 pda, and a burd pressure of 750 psia.

2 Heitage
All filters in the Mas Obsarver Propuldon Sysem ae manufactured by
VACCO Inc, Emonte, Cdiforniaz P/Ns 2631014-1, -2, -3 and 2631030. All filters ae
manufectured usng photo-etched discs sacked to produce the filter dement. These filter P/Ns are
used on the MMAS IABS and Series 5000 gpacecraft. VACCO dates that this filter desgn has
over 30 years of flight ime,
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3 Redundancy
Propulson system filters are non-redundant.

(90 GHe Presure Regulators

1 Dexiption

The Propuldon Sysem pressure regulators ae a siesredundant design.
Figure F6-7 provides a sectiond view. Each regulator stage operating mechanism is enclossd in a
plenum that senses the downstream operating pressure through a surge contral orifice a the outlet
of the regulaor body. The contral orifice is a Lee Jet design, as shown in Fgure F6-8. Each
regulator dage is cgpable of mantaning low sysem pressure within MEOP. The word-case
regulator lockup pressure, assuming a faled primary regulaor stage? is 276 psa (1.903 MPa).
The regulaor is not in use until the high-pressure pyrotechnic vaves are intided. The maximum
gpecified regulator legk rate is 30 cc/hr. The regulator is desgned to mantain the MMH tank and
NTO tank ddivery pressure to the 490-N engines & 255 psa during engine firings. The regulator
MEORP is 4,500 pda, proof pressure is 6,750 pda, and burst pressure is 11,250 psa

2 Heitage

Pressure regulators are menufectured by Farchild Controls Germantown, .

Maryland, P/N 88356001. They are packaged into severd different housng combinations, but dl

use identicd criticd-flow control pats This unit is used on LABS, Eurostar and LSAT. The

Foace Shuttle Reection Control System (RCS) regulaor incorporetes this desgn as the pilot valve
for a larger, two-dtage regulaor.

3 Redundancy
Pressure regulaors are interndly redundant 2-for-l  units

(h) Check Valves

1 Desription
Two groups of two series-connected check vave assamblies predude mixing of
MMH and NTO dter the pyro valves are fired. Each check vave assambly is internly configured
to be pardld redundant. The check vave assambly (Fgure F6-9) dosest to the propdlant tank is
menufectured by Futurecraft and has two Kalrez sedts. The check vave assambly (Figure F6-10)
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on the pressure regulator side is manufactured by VACCO and has two Teflon seats. Check vave
materials are compatible with MMH, NTO, water, alcohol, gaseous nitrogen, and GHe. Check
vave MEOP is 300 psia, proof pressure is 450 psia, and burst pressure is 20,000 psia.

2 Heritage
Mars Obsarver check vaves are manufactured by two companies, VACCO, El
Monte, California; P/N VID10782 and Futurecraft, City of Industry, California; PIN 61705.
Although of different design, both valves are designed, manufactured, and tested to the same
performance specification. Both were accepted for the Mars Observer program through
quaification by gmilaity. The vaves were designed for MMAS, Previous flight experience has
been on ther IABS and Series 5000 programs.

3 Redundancy
Check vaves are mounted in series and provide 2-for-l redundancy.

(i) MMH and NTO Tanks

1 Description

The MMH and NTO tanks (Figure F6-11) are 1.07-m (3.5-ft)-diameter, spherical,
.6428-cubic meter capacity, 6A1-4V titanium tanks. The tanks are designed and tested to ML-
STD-1522A using fracture mechanics anayss techniques. The tanks are mounted on flange-type
mounts inside the centra cylinder of the spacecraft structure. The MMH tank mounts to a centra
cylinder ring and the NTO rank mounts to the central cylinder lower separation ring. The
maximum expected tank temperature is 50°C (122°F). A stress analysis shows that tank and
mounting hardware have positive safety margins based on worst-case Titan |11 vibration and
acceleration loads. The tank MEOP is 300 psia, the proof pressureis 375 psia, and the burst
pressure is 450 psa (actua burst was demondtrated a 663 psia). This results in an in-flight burst-
safety factor of 1.5. Stress andyss indicates a postive safety margin a the burst pressure based
on the ultimate srength of materias. Stress andyss and environmenta testing have demonstrated
a design margin based on worst-case expected Titan |11 launch loads that exceed |oading
experienced during ground handling and transportation.

Tank lines and fittings are proof-pressure tested to 600 psa The MMH tank has a
maximum capacity of 532 kg (1170 Ib) and the NTO tank a capacity of 832 kg (1830 Ib). Each
tank forging was ultrasonically inspected per MIL-STD-2154 Class AA, and, prior to closure
welding, al finished surfaces were penetrant ingpected per MIL-STD-6866, Type |, Method A.
All shdl welds were radiographicaly inspected per MIL-STD-453 with acceptance criteria per
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NAS 1514, Class I. Al tank welds and heat-affected aress were given a penetrant inspection per
MIL-STD-6866, Type |, Method A, following final welding and heat treatment. The penetrants
used for the tank inspections were free of chlorides and halogenated compounds. Thetank is
compatible with MMH, NTO, Freon 113, helium, nitrogen, water, and isopropyl acohol. No
other fluids were used during processing or integration and test. The 6A1-4V titanium alloy is
compatible with MMH and NTO per MSFC-HDBK-527E, and is highly resistant to stress
corrosion cracking per MSFC-SPEC-522B. For inflight temperature control, 24 flexible laminar
strip heaters were bonded to the MMH tank and 30 to the NTO tank. Each tank and its heaters
were overwrapped with thermal blankets consisting of two layers of goldized Kapton film
Separated by a polyester mesh.

2 Heritage
The bipropellant tanks are identical, manufactured by Pressure System Inc.,
Los Angeles, Cdifornia This is a new design, qudified to MIL-STD-1522A for this program.

3 Redundancy
The propellant tanks are non-redundant units.

(J) Latch Valves

Four single-seat, torque-motor-actuated |atch valves (Figure F6-12) isolate
MMH and NTO from the four 490-N thrusters and from the four 22-N thrusters. The position of
each vave is sensed through a microswitch postion indicator, and becomes part of the spacecraft
telemetry stream. Valve actuation time is 50 milliseconds. The vave MEOP is 300 psa (inlet) and
600 psa (outlet). The proof pressure is 900 psia, and the burst pressure is 1,500 psia. The 600-
psia outlet pressure takes water-hammer-effect spikes into account. The valves provide back
pressure relief capability. The valve is compatible with NTO, MMH, GHe, gaseous nitrogen,
Freon 113, and isopropyl acohal.

2 Heritage
The latch valves were manufactured by Eaton Consolidated Controls, El
Segundo, California; P/Ns 48006010, 48005020-101, and 48005020-102. This vave design was
previoudy used on the TIROS program, and MMAS Series 3000 and 4000 spacecraft. The design
was accepted for qudification by smilarity.
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3 Redundancy
Laich valves are non-redundant units, however, ample redundancy is built into
the bipropellant sysem to overcome any single latch valve failures.

(k) 490-N Thruger Bipropdlant

1 Description
Mars Observer was equipped with four 490-N thrusters. The type of thruster
used has two valves that control the flow of NTO and MMH. Each valve has an armature that
causes a poppet to open and close the ports, allowing oxidizer or fuel to flow from the valve,
through an injector, and into the thrust chamber where combustion tekes place. The valves, which
were EB-welded and hydrodtaticaly tested to ensure lesk-free performance, ae designed to fal
sofe (fall closed) when control signd is lost. The engine eectricd components are explosion-
proof. The thruster is compatible with MMH, NTO, GHe, gaseous nitrogen, isopropyl acohal,
and Freon 113. The thruster MEOP is 400 psia. It is proof-tested to 600 psia and has a burst
pressure greater than 1,000 ps.

2 Heritage
The 490-N thrusters were manufactured by Raiser Marquardt, Los Angeles,
California; P/N R4D. This thruster was originally designed for the Lunar Orbiter and Apollo

programs. To date, over 600 units have been produced for use aboard spacecraft. This thruster
has no record of flight failures.

3 Redundancy
Four thrusters, arranged in two-set pairs, were used aboard Mars Observer.
This provides 2-for- 1 redundancy.

(1) 22-N Thruger (Bipropdlant)

1 Description
Mars Observer was equipped with four 22-N thrusters. The type of thruster
used has a torque-operated valve that controls the flow of NTO and MMH through separate ports.
A torque motor armature uses a button assembly to open and close the ports, causing oxidizer and
fud to flow from the valve through an injector and into the thrust chamber where combustion takes
place- The vaves ae desgned to fall safe (fall closed) when control signd is lost. The vaves am
EB-welded and hydrodtaticaly tested at the factory to ensure leak free performance. The thruster
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electricdl components ae exploson-proof. The thruster is compatible with MMH, NTO, GHe,
gaseous nitrogen, isopropyl alcohol, and Freon 113. The thruster MEOP is 400 psia, proof
pressure is 600 psia, and burst pressure is equa or greater than 1,000 psi.

2 Heritage
The Mars Observer 22-N thrusters were manufactured by Atlantic Research
Corp,, Buffdo, New York. This thruster design is tracesble to the Minuteman Attitude Control
System. More recently, it has been used on both Hughes and L oral spacecraft. As noted above,
the Mars Observer version is equipped with a torque motor bipropellant valve, whereas most recent
applications have used single in-line redundant valves.

3 Redundancy
Four thrusters, arranged in two-set pairs, were used aboard Mars Observer.
This provides 2-for-1 redundancy.

(m) Contamination Control

1 Description

The propulson system is a seded, welded system that is kept under an inert gas
blanket during shipping and storage to preclude entry of moisture and contaminates. All sedl
maerids ae compaible with hydrazine, NTO, MMH, and cleaningfreferee fluids. A review of dl
cleaning processrequirements (GE  specification  2280784) and materids lised on  Propulsion
System drawings was performed by MMAS to identify all cleaning solvents and verify their
compatibility with Propulsion System materials and service fluids. All Propulsion System
savicing equipment that interfaces with propulson system plumbing is equipped with filters to
preclude entry of physical contaminants. All Propulsion System fluids were tested for proper
chemica characterigtics prior to loading into the Propulson System. The NTO loading cart is
equipped with a molecular seve to reduce the NTO iron content. Service valves are capped when
not connected to the loading cat to preclude contamination. Contamination control  procedures
were enforced during dl assembly, test, and servicing operations performed on the Propulsion
system.

All inlet fittings were szedkeyed and uniquely threaded to preclude improper
connection to the service cart or other flexible lines a the launch Ste. Written procedures governed
the connection of dl lines with the spacecraft. During cleaning, propellant loading, and Propulsion
System testing, GE Quality Control personne inspected and verified al fluid connections between
the spacecraft and service equipment. Servicing operations were also closely supervised All

F6-24



propellant and high-pressure tanks were designed using fracture mechanics techniques as per GE
specification 2624847, “Fracture Control Plan for Mars Observer.” Fracture mechanics analyses
were performed to evaluate GHe gas, and mono and bipropellant tank fracture criticality.
Nondestructive evaluation and proof-tests ensured that flaw sizes were within the acceptable limits
established by the fracture analysis. The tanks were stored and integrated into the Propulsion
System under controlled conditions to prevent scratching or damaging exposed tank surfaces.
Tank mounts were designed to preclude hazardous stress concentration points by using bearing
sockets (for the MMH and NTO tanks) or spherical bearings and gimbal mechanisms (for the
helium pressurant tank). The Propulsion System was made of materials with high resistance to
stress-corrosion cracking per MSFC-SPEC-522B.

Components were cleaned and bagged at the manufacturer. Assembly,
including all tubing welds, was performed in a clean room (class 1000). Clean gaswas flowed
through the system during assembly. No system cleaning was performed

2 Heritage
The cleaning and assembly approach used on Mars Observer is typica of that
used on al MMAC spacecraft.

b. PROPULSION SYSTEM CONFIGURATION AND FLIGHT STATUS

The origina flight plan for Mars Observer called for the propellant tanks to be pressurized
five days after launch. This assumed that several large delta-v maneuvers would be needed to
correct the spacecraft’s trajectory to arrive at the MOI am point. When it became clear that these
large maneuvers would probably not be required (if the launch vehicle and TOS performed well,
which they did), JPL decided to postpone the Pressurization Sequence until 68 hours before MOI.
This decision was prompted by the desire to minimize the time during which salts might form in
the low-pressure manifold if check vave leskage alowed smal amounts of the propelants to mix
and react there. These salts could contaminate the regulator seats, causing leakage which could
over-pressurize the propellant tanks during the 1 |-month cruise phase. This condition had been
observed on the Viking spacecraft and remains an ever-present concern on long-duration missions
with a common propellant tank pressurization source.

Thus, for 11 months, the Mars Observer bipropellant system operated in a blow-down mode,

in which the propellants were pressurized by the nominal 250-psia GHe tank ullage present at
launch The low-pressure manifolds downstream of the regulators had dropped to approximately
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160 psia (Figure F6-13) when the bipropellant system was commanded to be pressurized in
preparation for MOL Fuel and oxidizer temperatures (Figure F6-14) were closely in accord with
predictions.

The Pressurization Sequence included a number of separate commands affecting all
spacecraft  systems. Appendix L contains a complete list of the individual commands in the
sequence. These directly daffecting the Propulson System were as follows:

. Items 585-588 (234:00:44:54), Enable/Arm Pyro Buses: Applies power to pyro vave
power buses A and B.

» Item 589 (234:00:45:04), Fire Pyro Vdve 7. Fires the initiaor in normaly closed pyro
vave PW, dlowing gaseous heium a 3,744 pda into the line to the regulators (R1 and
R2). The regulators dlow the GHe to pressurize the line through the cheek valves (CV1
and CV3) to the NTO tank, but a a reduced pressure of approximately 260 psia.

. ltem 591 (234:00:50:04), Fire Pyro Vadve 5. Fires the initigtor in normaly closed pyro
vave PV5, dlowing GHe to pressurize the low-pressure lines of the MMH system;
regulators reduce pressure to 260 psia.

. ltems 593-596 (234:00:50:14), Disam/Disable Pyro Buses Removes power from pyro
vave pyro buses A and B.

After pressurization, a total of seven large detaV maneuvers would be required for the
MOI sequence, which was planned to begin on 24 August 1993 and would require 118 daysto
complete. The bipropdlant sysem was to reman permanently pressurized to provide the large
quantities of fuel and oxidizer for these burns.

c. PROPULSION SYSTEM SCENARIOS THAT COULD CAUSE LOSS OF
DOWNLINK

The Propulson System Technicd Team conducted an analyss of al events that took place
during the bipropellant system Pressurization Sequence to determine which items might have
contributed to the loss of downlii and the apparent subsequent loss of the spacecraft Particular
dtention was pad to those actions that had not previoudy been performed during the misson (see
Appendix L).
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The technical team then developed a series of falure scenarios that could conceivably have
been triggered by Pressurization Sequence events. Some caused a high impulse (angular
momentum change or shock) that could have ether damaged other spacecraft components or spun
the spacecraft up sufficiently to cause signd loss or dructurd damage. Obvioudy, any kind of
explosion would result in the destruction of many critical EPS, AACS, C&DHS, or Telecom
System components, and would be fatal to the spacecraft.

Multiple component falures that were triggered by a sngle problem (materid incompatibility,
contamination, freezing, systemic weskness, etc.) were included in this andyss. Double failures
of components operating within specified limits and dtructural falures were not considered credible
and were dismissed. No gngle point falures that could lead to bipropellant system destruction
were discovered.

The failure of pressurization subsystem of its components due to over-pressure is of primary
concern  Over-pressurization could result from the failure of a pressure regulaor, or from the
reaction of propelants if they somehow came into contact with each other in the pressurization
subsysten  Temperatures resulting from the chemica reaction of MMH and NT.0 could cause
spontaneous MMH  decomposition if the mixing occurred in or near the MMH tank. The combined
effects of over-pressurization and chemica activity in the pyro vaves was adso examined

The following paragraphs discuss al of the failure scenarios postulated by the

Propulson Technicd Team.

(1) Propulsion Svstem Failure #1: Regulator Failure Caused bv N TO
Incompatibili
Chemical incompatibility between NTO and materials used in the construction of
the regulator could cause both stages of the regulator to jam or operate improperly, alowing high-
pressure GHe to over-pressurize the low-pressure side of the hipropellant system Rupture would
result

(2) P sion S Failur e #2:  NTO.E ‘in the Regulat
Balance Orifice
If NTO migrated upstream of the check valves, a drop of it might be frozen in. each
of the regulator balance orifices. Thiswould prevent both regulator stages from sensing over-
pressure on the low pressure sSde of the bipropellant system, rupturing the system
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(3) Propulsio System Failure #3: Contemination Blockage it h e
Regulator Balance Orifice
Any particulate contamination could plug both stages of the regulator balance

orifices. This could prevent both regulator stages from sensing over-pressure on the low-pressure
dde of the bipropellant system, rupturing the system.

(4) Propulsion System Failure #4: Shock or Vibration Damege to
Regulator_Seats
Shock induced by pyro events or launch-phase vibration could cause damage to the
ruby balls that seal on hard seats in both regulator stages. The resulting leakage into thelow-
pressure Side of the bipropelant system would cause over-pressure and rupture.

(5) Propulsion System Failyre #5: Regulator Seat Leakage Due to
Contaminati
Particulate contamination lodging between the ruby bal and hard seat would cause
very high leskage. Leskage through both regulator stages would over-pressurize the low-pressure
dde of the bipropellant system, resulting in rupture.

(6) Propulsion_ Svstem Failure #6: Locked Regulator Balance
Mechanism Due to Frozen NTO
NTO migration through the check valves could condense in a cold regulator body
and lock the regulating mechanisms of both stages in the open postion. This would result in over-
pressurization of the low-pressure side of the bipropelant system, and subsequent rupture.

(1) Propulsion System Failure #7: NTO in Regulator Balance Section
A large amount of NTO leaking past the check valves might condense in the
balance section of both regulator stages behind the Teflon sed ring. Since this ring seds well and
liquid NTO is incompressible, the regulator would be locked open. This would result in flow into
the low-pressure sde of the hipropellant system and subsequent rupture.

(8) Prop&ion System Failure #8: Component Fazlure Caused by Pyro
Shock
Acceeration forces caused by the ignition of the pyro valves could cause damage
or falure of sengtive piece parts and components. This potentid failure mode was dso postulated
by the AACS, C&DH, and Telcom Technicad Teams.
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(9) Propulsion System Failure #9: Critical Spacecraft Component
Damaged by Ejected NSI
A falure in the thread in the vave body of the pyro valve would alow the NSl to
be ejected as a high-velocity projectile, with potentially sufficient energy to damage critical
components.

(10) Propulsion System Failur € #]10:. High-Pressure G a s is Expelled
When Pyro Valve Case Ruptures
When the tapered ram in the pyro valve is wedged into the valve body by the firing

of the NSI, the case could be ruptured or split, alowing high-pressure GHe to escape.

(1) Propulsion System Failure #]]: NTQ and MMH Migrate Through
h [x | HrPr [zati i1:13
This failure postulates that in response to the relatively cold temperature of the
plumbing, NTO has migrated upstream of the check valves and is condensed in the line just
upstream of the low-pressure pyro valves(PV5 and PV6). When the high-pressure pyro vave
PV7 fires, some NTO remains in a “dead-ended” line and will not be pushed back into the NTO
tank. In this scenario, MMH has similarly migrated upstream through the check valves and was-
partly filled the line immediately downstream of PV5 and PV6. When PV5 isfired, NTQ is
rapidly mixed with MMH, resulting in pressures and temperatures high enough to rupture the
MMH line.

(12) Propulsion System Fajlure #12: NTO is Injected into the MMR

Pressurization Line andlor Tank and Reacts

As in postulated Propulsion System Failure #11 above, NTO migration through
the check valves would dlow liquid to be trapped in front of PV5. In this scenario, however, no
MMH has leaked into the manifold upstream of the MMH check valves. When PV5 fires, the
NTO is pushed through the MMH lines and possibly even into the MMH tank. This would cause a
violent reaction. The pressure of the chemical reaction might be high enough to rupture a line or
the MMH tank itself. Asaminimum, thiswould vent the GHe at 260 psia and the full load of

MMH.
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(13) Propulsion Svstem Failure #13: NTQ is Injected Into The MMH
and 1 mpositi
As in Propulson Sysem Falure #12 above, NTO could have been injected into
the MMH tank after firing PV5. However, the amount of NTO injected might not be sufficient to
create enough pressure to cause a rupture of the line or tank. Nevertheless, it dill might generate
enough heat to initiate the exothermic decomposition of MMH. The pressure thus generated would
exceed the burst pressure of the MMH tank, causing rupture.

1 ilur : . re Valve ' ir
ioh- r

This falure postulates that out-of-sequence firing commands or a wiring harness
error causes PV5 to be fired before PV7. If the check valves had permitted any NTO or MMH
migration into the manifold, this materiad would not have been blown out of the lines by the GHe.
Any differential pressure between the tanks and the manifold could allow either propellant to
migrate in the “wrong” direction. When PV7 was fired, the migrated propellant could be pushed
into the “wrong”“ tank, causing a rupture like that &scribed in Propulson System Failures #12 and
13 aove.

d. PROPULSION SYSTEM SCENARIOS ELIMINATED AND
RATIONALE

The following 12 candidate failure scenarios have been dismissed by the Board as an
explanation or contributing factor in the loss of the Mars Observer downlink.

(1) Propulsion Svstem Failure #I: Regulator Failure Caused bv NTO
| ncompatibility
The Mars Observer GHe pressure regulator has a very long history of usage (see
F6a.(2)(g)) in an NTO ewironment. An in-depth discusson with the engineers that designed and
have built these regulators for over 25 years reveded no instances of compatibility problems. The
mogt convincing argument to support the regulator compatibility comes from its usage on the
Shuttle  Orbitd  Maneuvering  System Regulators of identical design (but not internally redundant)
and maerid are used on the Orbiter. The Orbiter NTO system is not drained or cleaned between
flights. These regulators have been in Orbiter NTO systems for several years without experiencing
any compatibility problems. Therefore, this postulated failure scenario was considered to be
extremdy  unlikely.
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(2) Eropulsion System Failure #2: NTO Frozen in the Regulator Balance
ztcg
The orifice between the flow-control mechanism plenum and the output side of the
regulator (see Figure F6-7) is a.0054-inch diameter Lee Jet. The small orifice diameter and a
number of .004-inch diameter holes, which form a filter on either side of the orifice, make an ided
spot for a drop of NTO to be captured by surface tension forces. This drop of NTO would
normally be blown clear of the Lee Jet as the pressure changed at the regulator outlet and gas
flowed into or out of the plenum. Temperatures cold enough to freeze NTO (-11°C) would be
required to block the orifice and hold the regulator valve open. Figure F6-15 is a plot of the
temperatures measured by the sensors closest to the check valves and regulator in the NTO
pressurization line. It should be noted that these sensors were mounted to the inside of the Z panel
of the spacecraft; the check vaves and regulator were mounted to the outside of this panel (see
Figure D-12). There were no direct measurements of the temperatures of the check valves and
regulator. If there was good heat conductivity between the spacecraft Z panel and the
pressurization plumbing, then it appears very unlikely that NTO could have frozen in the regulator.
A review of predicted and measured temperatiures and an analysis (see Section e(2) of
this Chapter below) based on therma conditions a the start of the Pressurization Sequence shows
that no part of the regulator body could be colder than -4°C. This temperature is about 7°C above
the freezing point of NTO. Therefore, the regulator control mechanism should respond to outlet
pressure changes and control properly. However, since there were no actual temperature
measurements on the regulator itself, the Board decided to leave this scenario on the list of potential
failures, even though it is considered unlikely.

(3) Propulsion Svstem Failure #3: Contamination Blockage in the Regulator
Balance OQrifice
The regulator inlet is protected by a filter. For contamination to be able to block the
balance orifice, it must either have been built into the system or pass through the filter, pass
through both regulator stage seats, travel out of the flow path and into “dead ended” balance ports,
and clog both Lee Jet filters. A very large amount of contaminant would be required The
regulator passed system performance and leak tests during factory acceptance testing at both the
component and system level. Launch site procedures for propellant loading and pressurization
require adequate filtering and sampling to ensure that the system stays clean. This falure is very
unlikely because of the procedural controls, extensive filtration and the redundancy inherent to this
regulator. Even though unlikely, the Board decided to retain this scenario as a potential failure,
since the Board could not verify that the regulator was functioning properly after instalation in the
pressurization manifold (no  system-level tests were performed).
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(4) Propulsion System Failure #4: Shock or Vibration Damage to Regulator

Seats
The Mars Observer regulator design has been qualified to substantially higher

mechanical environmenta levels than were predicted for the spacecraft. During the approximately
30 years usage of this seat design, no mechanica fallures that resulted in seat leakage due to ball
or seat damage have been known to have occurred. No information was discovered during the
course of this investigation that would point to gross seat leakage as a potential concern.

) [ Failure #5;

Contaminati

Although the hard valve seat used in the Mars Observer regulator is very susceptible to
contamination-caused |eakage, several precautions were taken to mitigate this possibility. The
regulator was operated during system pressurization without gross leakage occurring. The
regulator input tubing is protected from contamination by a filter. Pyrotechnic isolation valves
between the propellant tanks ensure that no bipropellant salts could form in the seat area. These
factors, considered aong with the seriesredundant seat design, make a leak that could rupture a
tank during the 14-minute period without downlink very unlikely.

{6) Propulsion System Failure #6: Locked Regulator Balance Mechanism
due to Frozen NTO
This failure is not considered credible because it would require a much larger transfer of
NTO across the check valves than appears possible based on the JPL leak tests (see Figure D-6 and
discussion in Section e.(2) below). In addition, as discussed in Propulsion System Failure #2
above, the regulator temperatures appear to have been too high for NTO to freeze.

(7)_Propulsion Svstem Failure #7: NTO in Regulator Balance Section
As stated in-the previous failure scenario, check vave leak tests indicate that not enough
NTO would migrate through the valve to prevent the proper operation of the regulator. In addition,
any NTO migrating through the check valves would also have to leak past the sea ring protecting
the balance section. This scenario is considered implausible.

(8) Provulsion System Failure #8: Component Failure Caused by Pyro
Shock

Based upon component heritage and placement, the shock levels anticipated from pyro

vave firing were predicted to be low. Preflight testing of one set of vaves produced no failures.

At the time of this writing, a series of post-flight pyro-firing shock tests requested by the Board
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bad just been completed a8 MMAS. Although complete data andyses were not yet avalable, pyro
shock-induced accelerations a the locations of the RXO, IMU, and other criticd components
appeared (as expected) to be quite low. These tests are discussed further in Section f. below.

Although the shock from pyro-valve firing might have triggered some potentid failure
modes (eg., the find breskthrough of electrical insulation, causng a short circuit (discussed in
Chapter F2), it does not appear that it could have caused the falure of a spacecraft component,
such as theRKO, IMU, or TWT amplifier. As a result, this falure scenario was dismissed as
being implaushle. See dso the discusson of related postulated falure scenarios in Chapters F2,
F3, F4, and F5.

(9Y Propulsion System Failure #10. High-Pressure Gas is Expelled When
Pyro Valve Case Ruptures
ESA pyro vaves have been sectioned for post-firing inspections, and small cracks were
found in the vave body. In the housing subassembly (Figure F6-6), the body of the ESA vave is
much thinner than the valves used on Mars Observer. Although no Mars Observer valves have
been sectioned a visuad inspection of fired vaves identicd to those used on Mars Observer has
disclosed no cracks. In addition, no falures of the vave design used on Mars Observer have been
experienced, either in ground tests or on spacecraft with the same heritage. This failure is
considered extremely  unlikely.

(10) Propulsion_Svstem Failure #11: NTO and MMH Migrate Throueh Check

Valves and Mrx in the MMH Pressurization Manifold

In this scenario, during the 1 I-month cruise phase, smal amounts of both MMH and
NTO migrate upstream past check vaves and accumulate on both sdes of PV5 and PV6. Firing
PV5 would force the NTO into the MMH manifold, where they would react.

Test conducted at JPL at Board request (see discusson of Propulson System Failure
#12 in Section e. below) have shown that NTO will migrate through check valves identica to those
employed aboard Mars Observer. No testing of MMH leakage through check valves has taken
place to date; however, extrgpolation of check valve peformance with helium and NTO suggest
that, due to its low vapor pressure, MMH would have a very low transport rate across the type of
valve used on board Mars Observer. If a back-streaming, diffusion-type leak is assumed, the
quantity on MMH in the manifold would be too smal to rupture the tubing or components.
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(11) _Propulsion System Failure #I3: NTO is Injected Into the MMH System
Since the &compostion of MMH is an exothermic reection, it was postulaied that a
smdl NTO/MMH reaction (hot spot) could start aself-sustaining decompostion reection indde the
MMH manifold and tank. Propulsion chemistry experts consulted by the Propulsion System
Technical Team theorized that the reaction would quench; however, no test data could be found to
substantiate this theory. As of thiswriting, a series of tests were being completed at AFPL to
investigate NTO/MMH reaction temperatures, pressures, and times, and associated MMH
decomposition. These tests are discussed in Section e(2) below.

In addition, NRL has simulated the reaction of NTO and MMH in the MMH
pressurization tubing (see Section e(2) below). These simulaions indicated that such reactions
inside the tubing could generate temperatures high enough to initiste decompostion of the MMH.
However, the smulations performed to date were not able to predict whether the decompostion
wave would propagate into the MMH tank.

As discussed under Propulson System Failure #12 in Section e below, a more
likely outcome of the injection of NTO into the MMH pressurization subsystem would be rupture
of the titanium tubing a the point of reaction; Therefore, this failure scenario was dismissed as
remotely possible, but unlikely to be the primary cause of the Mars Observer mission failure.

{12) Propulsion Svstem Failure #14: L. 0 w-Pressure Pyre Valve js Fired
Before Hieh-Pressure Pvro Valve

The proper pyro vave firing sequence was verified during Mars Observer eectrica

functional tests, and during pyro valve shock testing performed with the spacecraft flight harness

and command software during system testing. This scenario was dismissed as being implausible.

e. CREDIBLE PROPULSION SYSTEM FAILURE SCENARIOS

{1) Propulsion System Failure #9: Critical Spacecraft Component Damaged
by Ejected NSI

European Space Agency test firings of pyro vaves in support of the Cluster saellite
have experienced initiator gjection on three out of four pyro valvesfired. The fourth initiator
would have gected, but was mechanically restrained. The initiator ection velocity was
approximately 200 meters per second. The upper portion of the Mars Observer (Figure F6-6) and
ESA pyro vaves ae very similar except for initiators. Mars Observer used an NSI, and ESA uses
an initiator that is manufactured by OEA/Pyronetics to Specifications that are identical to those used
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for the NSI; however, the ESA initiator is not identical in every way to the NSL Two NSIs and
two OEA initiators were test-fired to compare their performance. The OEA initiaiors produced
much faster pressure rise times and higher pressure pulses.

Examination of the two NSI-equipped pyro vaves fired during these tests and the ten
Mars Observer pyro valves that were fired during lot acceptance testing revealed that all had
suffered a amilar level of “eroson” of the threads in the titanium body of the vave.

About four threads are engaged to hold the initiator into the pyro vave body. Virtually
all four threads erode away on vaves fitted with the OEA initiator, permitting the initiator to be
gected All 12 Mas Observer-type valves showed eroson of two threads, with little damage to
the other two. The damage is reasonably uniform from vave to valve. It gppears to be unaffected
by booster charge (80, 100, and 120%), electrically fired initiator, or sympathetically fired
initiator. No damage was observed on any incond initigtor body, and none of the NSIs had been
ejected.

Theyield strength of titanium decreases rapidly as temperature increases. At room
temperature, the vave body would have sufficient margin to prevent initiator ejection. If chemical
action or detonation occurred along the thread interface, and hot gases removed parts of the
titanium threads, the margin would decrease. Some margins exist with a typical chamber pressure
of 30,000 psi, and two threads engaged up to about 500°F. All of the Mars Observer pyro valve
firing data would indicate that the valves used with NSIs have some margin, and thus are not
congdered the most probable cause of the Mars Observer mishap. However, since the margin of
safety for the threads is unknown, this failure mode cannot be eiminated as the cause of the Mars
Observer Misson Failure.

The Board has recommended to NASA tha the differences between the NSI and OEA
initiztor be dudied to determine the cause of the ESA falures and diminate any posshility of a
amilar fallure occurring on a U.S. spacecraft.

(2) Propulsion Svstem Failure #]2: NTQ is Injected Into the MMH
Pressurization Line andlor Tank and Reacts

A sgmplified schematic of the pressurization Sde of the Propulson System is shown in

Figure F6-2. The NTO oxidizer tank was separated from the rest of the pressurization side of the

Propulson System by two check vaves, one manufactured by Futurecraft Corporation, and the

other manufactured by VACCO Corporation. These valves were in series for redundancy. Since

the pressurization plumbing was cold for much of the cruise, the Board proposed a scenario in

which NTO migrated either in liquid or gaseous form through the check vaves and condensed on

the cold tubing beyond (upstream of) the check valves. Thiswould then theoretically create a
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stuation in which liquid NTO could mix rapidy with MMH in the pressurization lines when the
pressurization sequence was executed. The Board requested that tests be conducted by JPL to
examine the leakage of NTO through check vaves identical to those used aboard Mars Observer.

The JPL test geometry is shown in Figure F6-16 and the results of these tests are
summarized in Figure D-6. The tests showed that a rather surprising amount of migration of NTO
could occur. An extrapolation of these test results to the situation for the 1 I-month cruise indicates
that even without a vave failure, one gram or more of NTO could have migrated through the check
valves. The results also indicate that had a single failure occurred in the VACCO vave, severd
grams of NTO would have leaked through the valves and condensed in the upstream plumbing. A
thermal prediction of the temperature of the pressurization system was performed by JPL and is
shown in Figure F6-17. The locations of the NTO tank inlet, the NTO check valves (CV1, CV3),
the “T” in the tubing to pyro valve PV5 and the regulator am indicated

The prediction shows that the coldest parts of the system were the "T" to PV5 and the
regulator, with the regulator being dlightly colder than PVS5. However, PV5 and the tubing were
mounted above the bulkhead on plastic standoffs, while the regulator was bolted directly to the
bulkhead. There was a temperature sensor mounted on the inside of the bulkhead just below the
regulator that was reading 1.5°C prior to the loss of downlink (Figure F6-15). It has been argued
that since the regulator was bolted directly to the bulkhead, it would have had approximately the
temperature of the bulkhead. This argument was used in the discussion of Propulsion System
Failure #2 above, in which frozen NTO was proposed to cause the failure by sealing the sensor
ports in the regulator. If one accepts the warm regulator argument and accepts the Figure F6-17
data as showing that the regulator temperature was 1.5°C, then the "T" to PV5 becomes the coldest
part of the pressurization manifold In this case, the NTO would be expected to migrate to the
vicinity of PV5 and condense. This situation is actualy intuitively obvious, since the NTO check
valves were deliberately heated to 4°C and the temperature on the other side of the bulkhead from
the regulator was measured at 1.5°C. If some of this condensed NTO were swept into the MMH
lines and mixed with MMH during the Pressurization Sequence, a hypergolic reaction could occur,
releasing on the order of 100 kilocalories per mole of mixed NTO and MM

A hypergolic reaction caused by MMH and NTO mixing in the pressurization system is
a potential problem for any spacecraft that uses a common pressurization source such as employed
by Mars Observer. Tests conducted by JPL (see Section f.(l) below) to quantify the NTO that
could backstream through the check valves into the pressurization system have shown that
aufficient NTO could have migrated through the check valves during the 1 I-month cruise phase to
cause concern The probability of a reaction occurring that could damage the titanium tubing in the
pressurization system is dependent upon several factors:
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. Quantity of NTO and MMH present

. Free volume to disspate the pressure of reaction products
. Vapor, liquid, or atomized phase of propdlants

. Temperature of propellants and components

« MMH decomposition associated with reaction

. Hea disspaion into propelants and plumbing

. Temperature/strength  relationship of titanium  tubing

A series of NTO/MMH propellant interaction tests were underteken by AFPL. Figure
F6-18 is a schematic of the AFPL test rig. As of this writing, 12 separate tests had been
conducted, with highly variable results. Ten of these tests produced reactions resulting in dight
temperature increases and no significant pressure pulses. One test produced an 8000 ps spike on
one transducer channel that cannot be verified by other system instrumentation (possible recording
problems). The remaining test verified pressure pulses throughout the system The dainless sted
tube bulged ,008 to .010 inch, and distorted a flare tube ferrule. This damage indicates an internd
-pressure of 11,000 to 12,000 psi in the stainless steel tubing (0.375-inch diameter, 0.035-inch
wal thickness). Static weld-verification tests on the Mars Observer titanium tubing (0.0375-inch
diameter, 0.015-inch wall thickness) has shown burst pressures (at room temperature) of between
10500 and 12500 ps. When one consders the reinforcing effect of the ferrule deeve on the
danless sed tubing, and the greater strength of stainless stedd compared to titanium (especialy at
higher temperatures), it is reasonable to assume that if a titanium tube had been used in the AFPL
test rig, there is a high probability that it would have burst.

The lagt st of dudies ordered by the Board to evduate the likelihood of this postulated
failure scenario were undertaken by NRL, and were a series of calculations and numerical
simulations of the potential effects of NTO mixing with MMH in the MMH pressurization
manifold It was intended to answer the question: How much NTO would have to mix with
MMH to cregte a serious problem?

The tubing used in the Mars Observer propellant pressurization plumbing is 3/8-
inch diameter, 0.015-inch thickness titanium dloy (Ti-3AL-2.5V). For titanium:

Densty = p = 4507 gm/cm3
Specific heet = cp = .124 cal/(gm)("C)

Heat of fuson = 104 cal/gm.

F6-42



€v-9d
Aipwoes 191 uoneklu| HIAW/OIN SI-94 2.n6i4

PHILLIPS LAB NTO/MMH INTERACTION TEST

T ——— 260 psi HE

__C:)

3

PRE-F ILLED TUBE
“~ OF NTO

e muH FILL —NE

>M

SOLINOID VALVE

a3
HAND VALVE

FILTER

3/8 INCH LINE

1/8 INCH LINE




From these vaues, one caculates that it would reguire 106 calories to raise a one-centimeter length
of this tubing from 0°C to its melting temperature of 1668°C. It would take an additional 53
calories to melt the tubing (i.e., 159 calories to melt a one-centimeter length of the tubing,
neglecting a smal amount of heat due to phase transformation). The combustion temperature of
NTO/MMH is about 3000°C. NTO uniformly mixed with MMH & liquid densies is theoretically
able to release about a thousand caories per centimeter length of this tubing (0.5 gms NTO, 0.3
gms MMH). This satic melting of the tube would not actualy develop, since the rapid generation
of pressure by the combustion process would quickly force fluid dynamic motion. Nevertheless,
this smple caculation illugtrates that a few tenths of grams of NTO moving into the MMH line is a
matter of serious concern.

The actud dtuation is much more complex than that described above. It is a dynamic
dtuation involving mixing, heat generation, therma conduction and fluid flow. Any sdf-conds
tent solution requires numericd smulation. Some smplified numericd solutions will be presented
below. However, some additiond indght can be ganed andyticaly. For example, the character-
igtic time T required to raise the temperature of a thin-walled titanium tube of thickness € is.

where K is the therma conductivity. For titanium,
K ~ 4 x 10-2 cal/(cm) (sec) (°C)
Hence:

T~14ms

Since thermal diffusion varies as the square root of time, the temperature a the outer
surface of the tube after 1.4 ms would be about onethii of the temperature of the combusting
fluid a the insde surface of the tube. (These times are referenced to the time a which combustion
began.)

Ancther parameter that must be examined is the yield sress of titanium as a function of
temperature. Thisis shown in FigureF6-19 for the titanium aloy (Ti - 3Al - 2.5V) used in this
goplication. The yield dress of titanium declines very rapidly with temperature, losing essentialy
dl of its strength above 500°C. For our application, we must replot Figure F6-19, replacing yied
dress with the pressure in the tube that would produce the yield stress. This is shown in Figure
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F6-20. As can be seen from this figure, the static pressure that the titanium line can contain drops
from about 104 psi a 0°C to about 103 psi & 500°C. Beyond 500°C, the tubing has essentidly no
strength. From the numbers presented earlier, one can determine that 32 calories would be
required 10 raise a one-centimeter length of the titanium tubing from 0°C to 500°C. The amount of
NTO required to produce 32 calories through a reaction with MMH is about 20 milligrams.

One must now examine the pressure time histories that might develop if NTO were
mixed with MMH ingde the titanium tubing. For the sake of calculation, consder the Stuation
where a given amount of NTO moves through filter F2 (Figure F6-2) and then through check vave
CV2 and into the MMH line, where it rapidly and completely mixes over a distance of 5 cm and
reacts with the MMH. Since the state of the MMH in this line is not known, two different
conditions to represent different extremes will be examined. One case assumes that the line
contains only ten percent MMH, while the other case assumes that the line contains ninety percent
MMH. Numerical simulations of the chemically reactive flow that would develop have been
performed for each case.

A samplified chemicdly reactive flow moded was developed by NRL to provide some ingght
into the dynamics that might evolve. The gas-phase chemical reaction of NTO and MMH is
approximated by the equations,

INNTO ¢ | Mo
o - 3CRaMDNyT0| 022 |

3E 3NKTO
x - AEr -

The nondimensional factor a(T) varies from 1 at low temperature, to 100" as the
temperature gpproaches infinity to accelerate the reaction. Energy release is governed by an input
parameter AE tha can be varied, generdly in the range 60 - 120 kilocalories per mole of reactants,
and nominally specified as100 kcal/mole. Superscripts g and d label ‘gas’ and ‘droplet’ phase
components of the two fluids (NTO and MMH) respectively. A congtant factor, nomindly 0.5,
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specifies the fraction of the liquid present that resides in droplets. The remainder of the liquid tekes
up volume, coating the tubing walls. The liquid density for both components of NTO and both
components of MMH vary with density according to the appropricte Tait's Law.

The liquid droplets vaporize if the vapor pressure a the current gas temperature is higher than
the actual species partid pressure. Additiond gas reactants are aso assumed to be generated by
hypergolic interaction of the two liquids if they are both present in droplet form. These two effects
are represented by the smple equations:

d d - vp g
oN : N N (T)- N
NTO _ 3HR 1Y) d [ ngH . VR B(v)Nd [ NTO NTO]

max
NNTO

ot 022

d d vp g
aN N [N - N |
MMH _ 5HR vv) NS [ NIO] VR BWNo

Here N‘I%-O(T) and NK,IPM{(T) am the temperature-dependent vapor pressures of NTO and

MMH respectively varying the teem 3 (v) between 0.1 and 1 alows for the increase of the droplet
vaporization rate due to fluid motion and turbulence. The nondimensiondl factor for the hypergolic
breakdown, g(v), is set to 1 + B(v) for smplicity, ensuring that mixed fluids generate reactants
even in the absence of motion.

There is dso a reaction specified for decompogtion of the MMH in gas phase with energy
release, provided the temperature is above 300°C:

oNg
—‘ﬁm‘ﬂ—{*DRsmNﬁﬂm

g g
Norod _, NMMH

E==3—r—

oN&
oE MMH
5; = - 40KCALIMole —y7—

Here the nondimensional factor &(T) is zero for T < 300°C, increases to 1.0 at 500°C, and
asymptotes to 10.0 as the temperature approaches infinity. This reaction is fed by vaporization of
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the liquid MMH present when the temperature is high enough, and thus is effectively a dow two-
dage process as modeled here.

The rates in the numericd mode are controlled globaly by the four congtants indicated
above, Cg for the exothermic chemical reaction, HR for the hypergolic breakdown of the two
liquids, VR for the vaporization of the two liquids, and DR for the high-temperature, exothermic
decomposition of MMH. The nomina vaues used for these four rates are CR = 103, HR = 103,
VR = 103, and DR = 102. These are 1 ms, 1 ms, 1 ms, and 10 ms respectively, for the

characterigtic reaction times a moderate to low temperature. The decompostion of MMH is
known experimentdly to take on the order of 10 ms, even though it is quite energetic.

This amplified chemicd kinetics model was incorporated into a one-dimensond fluid
dynamics code for cdculating the flow aong the pipe. Therma excursion of the pipe wal was not
trested in this mode. The computations were performed assuming a 2-meter-long pipe blocked a
one end, and dumping into a1000-cc volume (representing the MMH tank) at the other end A
series of amulations were performed with various amounts of NTO digtributed through the volume
of the firs 5 cm of the blocked pipe. In the cdculation where the line was 10% filled with MMH,
the severd values of NTO introduced into the first 5 cm of the tube were 2 grams, 0.2 grams, and
0.02 grams. Figure F6-21 shows the pressure predicted at the closed end of the tube as a function
of time. Smilaly, Figure F6-22 shows the temperature at the closed end of the tube as a function
of time. In all cases, substantial pressures and temperatures were predicted (Recall, however,
that the 20 milligran case does not release enough totd energy to dgnificantly heat the tubing,
unless decomposition of MMH actudly occurs) Figure F6-23 shows the integrated product mass
produced. It is clear that late in these smulations, MMH has begun to decompose as a result of the
high temperature predicted Figures F6-24 through F6-29 provide the predicted pressure and
temperature profiles down the pipe a various times for the severa cases smulated.

In the calculation where the line was 90% filled with MMH, the quantities of NTO
introduced into the first 5 cm of the tube were 2 grams, 0.2 grams, 0.02 grams, and 0.002 grams.
Figure F6-30 shows the pressure-vs.-time predicted at the closed end of the tube. Similarly,
Figure F6-31 shows the temperature-vs.-time at the closed end of the tube. In this case,
substantialy higher pressures are reached than was the case in which the tube contains only 10%
MMH. Thisis because of the tamping by the high MMH fill, which slows pressure relief and
reduces the volume avalable to the expanding gas. Only the 0.002 gram case showed little effect
on a 10 millisecond-time scde. Figure F6-32 shows the integrated product mass produced. Here
again, decompostion of MMH is evident late in the smulaions. Figures F6-33 through F6-40
provide the predicted pressure and temperature profiles down the pipe a various times for the
severd cases amulated.. In this case, the presence of shock waves is evident.
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In the cases smulated (10 percent MMH and 90 percent MMH), the tubing would have
reached a temperature well above 500°C by ten milliseconds, by which time a least a few tenths of
grams of NTO would have burned (smaler amounts of NTO do not release enough energy to heat
the pipe unless the MMH decomposes). Hence, the tubing would have logt its strength within that
time (see Figures F6-19 and F6-20). The pressures on the wadls of the tubing would far exceed
the yield strength. The question then becomes: will the transent pressure last long enough to
disupt the tube?

When the pressure far exceeds the yield pressure, one can edtimate the acceleration
of the tubing by ignoring the tensle strength and treeting the tubing as a fluid shell. Furthermore,
one could expect that the tubing will rupture if the tubing shell is accelerated, say, ten times its
thickness. Under these assumptions, the acceleration of the tubing can be edimated in a planar
approximation. If r is the radia location of the shell, P is the pressure in the tube, M is the mass
per square centimeter of the tube and t is time, then:

dr_P
dt2=M

or

l‘-l’oE‘i{{"tz

where ro is the initid location of the tubing shell. For the tubing used on Mars Observer M = .17

grams. For the purpose of calculation, let P~ 10% psi (7 x 108 dynes/cm?). The tubing has a shell
thickness of .015 inches (.0381 cm). Thus the time tl required to displace the tubing shell by one

shell thickness is
t] = 4x 10-6 seconds

Hence a& 10,000 pg, the tubing shell will be displaced by ten times its own thickness in
about 10 microseconds (or one hundred times its own thickness in 40 microseconds). These times
ae much less than the duration of the pressure and therma pulses. In dl likeihood, the tubing
would rupture before it could cool down and regain its strength. Indeed, if the tubing yield
drength were low enough (i.e, temperature high enough), the accelerated tubing wal would be
Rayleigh-Taylor unstable. The growth time for a mode whose wavelengths equals the shell
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thickness would be a few microseconds. For the cases calculated, the tube would be expected to
rupture Within a few tens of microseconds of the time the gas pressure exceeded the yield
pressure/temperature  requirements  discussed  above.

The idealized caculations presented above are indicative of the problems that could be
encountered if NTO were rapidly injected into the tubing leading to the MMH tank and thoroughly
mixed with the MMH. The caculationswere performed for the dtuation where the mixing time of
NTO with MMH is short, compared with other characteristic times (eg., reaction times, pressure-
relief times, therma-diffusion times, etc). The energy release in this dStuation is governed by the
other characteristic times. If, however, the mixing time is long compared with the other
characteristic times, then the mixing will govern the energy release (for example if the NTO and
MMH never mix, i.e, infinite mixing time, then no energy is released). The calculations presented
probably represent the most stressful situation that could have developed for the amounts of NTO
introduced. In this sense, the calculations should be interpreted as an upper bound The
caculations demonstrate that quantities of a few tenths of a gram or greater of NTO are required if
direct burning of NTO with MMH is to be considered a threst to spacecraft health. For quantities
of NTO much less than a few tenths of a gram, selfdecomposition of MMH would be required in
order to create a threat to the spacecraft. The AFPL mixing test provided no evidence that self-
decomposition of MMH occurred=

If the tubing ruptured or melted, then the helium pressure tank would vent through the
ruptured tubing, spinning the spacecraft up. Asaworst case, the Board considered a rupture
downstream of the MMH pyro valves. This would result in a complete severance of the
pressurization line, creating a clean, 3/8-inch diameter orifice with unidirectiond gas expulson, A
failure of this type would be far more disruptive to the initial spacecraft dynamics than the
development of fissures or cracks spewing gas in multiple directions.

The helium pressure regulator operates with the characteristics shown in Figure F6-41,
assuming a S-psia outlet pressure and a 70°F operating temperature. The average inlet pressure to
the regulator is 2000 psia, and the average flow rate from Figure F6-41 is approximately 0.0125
Ibs/sec through the 3/8-inch diameter line

The time to expel the entire 10.7 Ibs of GHe is then:

At= 10.7 Ibs

~ 0.0125 lbs/sec = 856 seconds
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Figure F6-41. Flow Rate of Mars Observer Pressure Regulator
at 70°F and 5 psia Outlet Pressure

The average effective thrust through the 3/8-inch diameter orifice is:

= 0.375)2
F=pA =5 psia x -0 20" = 552 1bs

The totd delivered impulse in depleting al of the GHe is:

FAt = 0552 Ibs x 856 sec = 472 Ib-see
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The effective Isp of the GHe is:

472 lbf -sec
| sp= = 441 sec

10.7 1b,, GHe

The change in spacecraft spin rate may be estimated from:

dw
T=Ia=I-at-'

Fldt=Idw

LA t
Aw ==

The spacecraft mass properties at the time of the pressurization event are specified in Table 6-2

Assuming rupture a a 4-ft moment arm with respect to either the X or Z axes, the maximum
spin rates achievable can be calculated as follows:

Spin About Minimum Moment of Inertia AXxis:

Aw =%x 1.3557% = 1.6076 rad/sec = 15.3 rpm (92°/sec)

Spin About Maximum Moment of Inertia Axis:

472.x 4 - - y
Aw = 555X 1.3557 = 0.8669 rad/sec = 8.3 rpm(50°/sec)

TABLE Fé6-2 « MARS OBSERVER MASS PROPERTIES (kg « m#); CRUISE
PHASE AT PV7 FIRING.

Ixx = 22506 Ixy=-198.7
lyy = 2952.5 Ixz = -233.7
lzz = 1592.3 lyz = -120.3
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The above computed spin rates represent the maximum spin range achievable, given a
unidirectional gas-expulson stream with no obgructions in its path. This Stuation is unlikely to
occur in practice, as the pressurization lines are well-covered with thermd insulation blankets. The
initid rupture could have blown off the insulation blankets in the vicinity of the leak, or Ieft the
blanket partially attached, splaying the exhaust plume. Exhaust gases that hit the insulation
blanket, the upper bulkhead of the spacecraft, or any other obstacles or appendages in their path
would exert forces tending to cancel the spin that was induced from the initid thrust a the bresk.
Since the gas is not likely to be released in a directed beam, but in a widening plume with a high
likelihood of hitting obstacles in its path, it is reasonable to conclude that only a fraction of the
energy stored in the GHe would be converted to spacecraft angular momentum.

The problem is extremely complicated to analyze and is highly dependent upon many
unknown factors, including the size and form of the rupture, the location of the rupture, the
direction of the gas jets, and the geometry of obstacles in the line of the plume. If only onethird to
one-haf of the totd energy were converted to angular momentum (a somewhat more reasonable
assumption given the arguments above), then the predicted range of the resultant spin rate would
become:

Spin About Minimum Moment of Inertia Axis

30" /sec < AW < 46°/sec

Spin About Maximum Moment of Inetia Axis

17°/sec < Aw < 25%/sec

The question that must now be asked is. what is the maximum spacecraft body ratie a which
the spacecraft is controllable? The answer to this question depends on the totd net disturbance
torque on the spacecraft, and the absolute angular rate of the vehicle. The net torque levels affect
the trangent spacecraft atitude, while the magnitude of the high body rates would influence the
longer-term  behavior.

If the disturbances on the spacecraft were significantly less than the maximum RWA torque
capability of 0.14 N-m, and if the disturbance torque were applied dowly, the spacecraft would be
ale to control the atitude very well in the short term (minutes). However, as noted in Chapter F3
and Appendix L, the RWA was not reectivated until 234:01:00:17 UTC, ten minutes after firing
pyro vave PV5. High-frequency disturbances may be beyond the control bandwidth (-0.015 Hz)
of the sysem, even if the torque and momentum were well within the reaction whed capability. In

the scenario described above, the maximum torque avalable is about 3 N-m The reaction whedls,
even if activated, could not control this amount of torque.
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If the body rates exceed 7.4°/sec, the digital eectronics in the IMU would become saturated,
causing inertial referenceto belost. Since the momentum would also be high, emergency
unloading would be triggered. As long as the body rates are below 9°/sec, the polarities of the
raes are dill avalable from the IMU. The monopropelant thrusters would ordinarily fire and
reduce the total system momentum to less than 0.5°N-m-sec per axis. However, the attitude
control system, including the monopropellant thrusters, was dissbled daring the Pressurization
Sequence. In addition, the thrusters normaly require a 15-minute warm-up period before they can
be fired. Asaresult, in the scenario postulated here, the spacecraft would have spun up to its
maximum rotation rate (i.e., dl of the GHe and MMH would have escaped) before the thrusters
could be activated to unload the momentum.

A body rate in excess of 9°/sec would saturate both the digitd and andog eectronics of the
IMU. The momentum unloading logic does not take action if more than one axis is in Saturation.
As the nutation was damped out by energy dissipation, the spacecraft would tend to spin about the
axis of maximum inertia (15.35° from the Y-axis), bringing dl but one axis out of saturation in
most scenarios. With only one axis in saturation, unloading in the X and Z axes would
commence. As the spacecraft was precessed back to Earth-pointing, more of the momentum
would appear in the X and Y axes and would be desaturated with the thrusters. When the Y axis
spin was reduced below 7.4°/sec, that axis would aso be desaturated, since the polarity would be
available.

Higher body rates in excess of about 36°/sec would cause al axes to remain in saturaion due
to the coupling from the maximum principal axis into the X and Z body axes. In this case,
desaturation would not occur and the spacecraft would continue in an unrecoverable tumble. Such
© rates are clearly achievable in the scenario under condderation here.

When two gyros give saturated readings, the spacecraft responds by entering Contingency
Mode. If Contingency Mode were entered within about four minutes of firing pyro valve PVS,
then the expected switch-over from the HGA to the LGA would not occur. As discussed under
AACS Falure #5 in Chapter F3, VTL smulaions of a saurated IMU showed that the entry into
Contingency Mode would prevent the execution of the script to turn on the RPA-beam. This
condition not only does not alow the HGA to be turned back on as planned when coming out of
the Dblackout period, it aso does not permit switch-over to the LGA upon entering Contingency
Mode. As long as two axes remained saturated, the spacecraft would not transmit on ether the
high-gan or the low-gain antenna. Under these conditions, Mars Observer would dso be spinning
S0 rapidly as to prevent ground commands from being loaded into the spacecraft. Further, in al
likelihood, the solar panels would no longer be receiving enough sunlight to recharge the batteries
on the spacecraft. The net result of these events would be that the spacecraft would be rendered
usdess, and would likely never communicate its fate.
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There is enough energy avaldble in the GHe tank to force the spacecraft into Contingency
Mode in less than four minutes after firing pyro vave PVS. However, if Contingency Mode were
entered later than four minutes after firing pyro vave PVS (by which time the downlink should
have regppeared on the HGA), then the switchover from the HGA to the LGA would be executed.
Since Contingency Mode would have been triggered within minutes of the HGA belig reactivated,
and since the spacecraft would be spinning about an unknown axis, it is unlikely that the short-
duration HGA downlink would have been detected.

Switchover to the LGA would greatly broaden the antenna-boresight-to-Earth anglesin
which the downlink would be detected (see Figure D-3). However, while the LGA beam pattern is
large, the link margin is smdl. If the LGA had been activated by entry into Contingency Mode,
then the downlink should have been on for a minimum of several hours, until low battery charge
date forced the RPA beam to be turned off. Whether the LGA sgnd would have irradiated the
Earth long enough for the DSN to have detected it would depend on the spinning geometry of the
spacecraft. There clearly are geometries (Earth-pointing) in which the transmisson from the LGA
should have been detected, and other geometries(LGA pointing away from Earth) in which it
would never be detected. The more likely Stuation would be one in which the LGA beam paitern
swept through these extremes. If this were to be the case, detection would depend upon how long
it took for the LGA beam pattern to sweep by the DSN recaivers. As discussed in Sections a(8)
and a.(9) of Chapter F5, it is unlikdy that the LGA downlink from a rapidly rotating spacecraft
would be detected by the DSN prior to the discharge of the batteries. Rough estimates considering
the LGA beam patern and the range of spin rates suggest a DSN detection probability of less than
25%.

In some sense, the above discussion about spin rates and downlink characteristics may be
academic. Had a rupture occurred in the line between check vave CV2 and the MMH tank, then
the contents of the MMH tank would have sprayed out through the rupture aong with the GHe.
Any MMH coming into contact with electrical wiring would probably damage the insulation,
causing a short circuit and a loss of downlink.

It was adso noted in some of the smulations tha MMH had begun to decompose energeticaly
due to the high temperature. If this decompostion were able to propagate to the MMH tank and
into its contents, then the spacecraft might literally blow up. The smulations as performed are not
able to handle the propagaion of an MMH decompostion wave into the MMH tank, and the AFPL
interaction tests showed no sdlfdecomposition of MMH; therefore, no conclusions can be reached
in this regard
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After reviewing the results of the tests and simulations discussed above, it was the Board's
opinion that the unintended mixing of NTO oxidizer and MMH fuel, enabled by migration of NTO
through the check valves into the pressurization plumbing during the 1 |-month cruise phase, is the
mod probable cause of the mission failure of the Mars Observer spacecraft.

f. PROPULSION SYSTEM TESTS AND ANALYSES

Several tests were conducted in support of the Propulsion System Technical Team. They ae
described in the Section e. above.

(1) Check Valve Leak Tests

A series of tests of check valves identical to those used aboard Mars Observer were
conducted by JPL. Test results are presented in Figure D-6. A more complete report is pending
and will be included in Appendix Q if received before distribution of this report as JPL memo
IMO-353M0-93-024, “Mars Obsarver Check Vave Test Report” In addition, JPL will perform a
propellant migration analysis, based upon propellant leakage/&fusion data determined by the check
valve leak tests to determine the quantity of NTO that could be present in the pressurization
manifold The analysis will be presented in JPL memo IMO-353M0-93-025.

(2) Propellant Interaction Tests

As of the time of writing, 12 tests had been conducted by AFPL. The results are
discussed in the section of this report describing Propulson System Failure #12, above.

Liquid Bullet” Test
A test was performed a JPL to determine if a dug of 1 or 2 grams of NTO could be
accelerated by the He pressurization gas in-rush, and achieve enough kinetic energy to rupture a
pressurization line. The test failed to produce any damage to the test tube. Test results will be
released in JPL IOM353MO-93-026 “MARS OBSERVER “LIQUID BULLET” TEST
RESULTS/”

(4) Pvro Valve Body Thread Erosion Inspections

The Mars Observer ot acceptance test valves, system test valves, and flight-backup
vaves (after firing) havelwill receive X-ray, chemica and physica inspections a JPL and MMAC
Reports of these inspections will be included in Appendix Q if received before publication.
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In addition, JPL will perform a thread-strength margin anaysis based upon pyro-valve
inspection data. The anaysis will be presented in JPL-IOM-353MO-93-030 “Investigation of Pyro
Vdve Initigtor Thread Margin: Post Test Anadyss’

(5) Pyro shock Tests
A Mars Observer structural and pressurization system mock up has been built by
MMAC to determine the shock levels that result from pyro vave firing. Five firings were expected
planned Additionad data will be collected to investigate ground currents, regulator response and
pyro valve body degradation. These tests were authorized by the Board and the expenditure of
each Mars Observer backup pyro valve was individualy approved. Test results will be reeased in
a JPL report.

(6) NTO/MMH Reaction Simulations
NRL prepared the smulations and cal culations included under Propulsion System
Falure #12 in Section e above.

{7) Motion Produced bv a Ruptured Pressurization Line
NRL produced the caculations of spacecraft spin-up included in Section e. above. JPL

will perform analyses to predict with more precision the motion produced by a ruptured
pressurizetion line. The andysis will be presented in memo JPL-IMO-353-A-93-351.

NASA iti i

NRL conducted an andysis of the stress levels imposed on NSI mounting threads. It is
attached in Appendix Q as. “Stress Levels in NASA Standard Initistor Mounting Threads” by
Robert B. Patterson, NRL memo of 3 November 1993.

(9) Regulater Valve Temperature
NRL conducted an analyss of the likely temperature of the Mars Observer pressure
regulator. It is attached in Appendix Q as. “Mars Observer: Regulator Vave Minimum
Temperature” by Nelson Hyman, NRL memo 8220-374:NLH:nlh of 28 October 1993.

g. PROPULSION SYSTEM ASSESSMENT

The Propulson System used aboard Mars Observer has several weaknesses that, even if they
did not contribute to the mishap, should be corrected before an identical or Smilar spacecraft is f
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lown agan on an interplanetary mission. In addition, the Propulsion System Technical Team and
Investigation Board developed several recommendations to NASA regarding these weaknesses.

(I) Achieving proper isolation between fuel and oxidizer is extremely important, especialy
on missions where the system will not be used for an extended period of time (eg., an 1 I-month
cruise phase to Mars). NASA should establish standards (maximum amounts) for the amount of
oxidizer and fuel that would be permitted to migrate through check values, and/or react in the
pressurization manifold of a propulsion system

(2) NASA should vaidate the NTO migration test data obtained by JPL, and obtain similar
data for MMH migration.

(3) NASA should aert the users of NASA Standard Initiators of the possibility of damage
from ejected NSIs. In addition, NASA should identify the reasons for OEA/Pyronetics pyro
vavelinitiator failures in order to determine the likelihood of a similar falure of NSIs.

(4) On missions where the temperature of a component or part of a system (e.g., the
pressurization manifold) is criticd to its performance, temperaiure sensors should be provided to
obtain accurate temperature data.

(5) A comprehensive analysis of the thermal environment of the propulsion system,
including its pressurization manifold, should be required for all spacecraft on interplanetary

missions.

(6) Propulsion system components and plumbing should be completely tested after
assembly to ensure proper operation.

(7) Fuel and oxidizer should be tested for cleanliness both before and after loading aboard
the spacecraft-

(8) Spacecraft propulsion system plans and documentation should be updated to reflect the
as-built, as-flown configuration.

(9) The heritage of propulsion system used aboard Earth-orbiting spacecraft does not
automatically quaify it for use on an interplanetary mission.
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PART G
FINDINGS AND OBSERVATIONS

|, PRINCIPAL FINDINGS:

a.  The Board concludes that the most probable cause of the loss of downlink from the
Mars Observer spacecraft was a rupture of the pressurization side of the Propulsion System The
most probable cause of the rupture was unintended mixing of NTO and MMH in the titanium
tubing of the pressurization side of the Propulsion System. Mixing was enabled by significant
migration of NTO across the check valves during the 1 I-month cruise phase.

b. Any one of three additiona falure scenarios remain as a plausible explanation for the
loss of downlink from the Mars Observer spacecraft:

(1) An Electrical Power System failure resulting from a short-circuit on the
regulated power bus.

(2) A regulator failure resulting in over-pressurization of the NTO and MMH tanks.

(3) A pyrovalvefailureresulting in an NSI being expelled, damaging some other
spacecraft component;

c. A number of spacecraft design flaws and poor operating procedures were identified
that should receive close attention and resolution prior to further use in the same or derivative-
design spacecraft for similar mission applications:

(1) The propulsion system design does not provide appropriate isolation between
fuel and oxidizer.



(2) Thedifferencesin pyro initiator characteristics between the QEA/Pyronetics
used by European Space Agency and the NSI used on U.S. spacecraft must be understood and
resolved.

(3) Thermal instrumentation and control are not appropriate to an interplanetary
mission profile.

(4) The power bus is susceptible to a short circuit resulting from a single
component or insulation failure.

(5) Critical redundancy control functions can be dissbled by a single-part falure or
logic upset.

(6) The RXO can lose one of its two outputs without remedy of fault protection.

(7) There is no method of determining the health (proper operation) of the backup
crystal oscillator in the RXO.

(8) A top-down audit of fault-protection requirements, implementation, and
validation is needed.

(9) The system is not qualified to provide telemetry during al critical events.

(10) There is no flow-down and verification of system-level shock, loads, and
thermal environment to the subsystem/box level.

(11) Spacecraft attitude is alowed to drift during criticad operations.
(12) The documentation does not in al cases reflect the as-built, asflown hardware.
2. GENERAL OBSERVATIONS:
a  The Mars Observer that was built departed significantly from the guiding principals
originally established for the program. The use of a firm, fixed-price contract was inappropriate

to the effort as it findly evolved. The role of JPL in this program was a best cumbersome, and
did not take full advantage of its unique experience and expertise in interplanetary missions.
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b. Theoriginal philosophy of minor modifications to a commercial, production-line
spacecraft was retained throughout the program. The result was reliance on design and
component heritage and qualification which were inappropriate for the mission. Examples
include the failure to fully qualify the TWTs for operation during pyro-firing events, the design
of the propulsion system, and the use of fault-management software that was not fully
understood-

c.  Caution should be exercised when assessing industry expertise in delivering certain
classes of spacecraft and extrapolating that capability to completely different mission
requirements. Asan example, the processes, documentation, and culture associated with, and
appropriate for, commercial production-line spacecraft are basically incompatible with the
discipline and documentation required for a one-of-a-kind complex mission. The Mars Observer
was not a production-line spacecréft.
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PART H
ACRONYMS and ABBREVIATIONS

ACRONYM DEFINITION

41SS 4n(Steradian) Sun Sensor

A/D Analog-to-Digital

AACS Attitude and Articulation Control System
AFPL Air Force Phillips Laboratory

AGC Automatic Gain Control

ANS Array Normal Spin

AO Announcement of Opportunity

AOS Acquisition of Signal

APL/JHU Applied Physics Lab, Johns Hopkins University
AUXOSC Auxiliary Crystal Oscillator

BCA Battery Charge Assembly

BCR Battery Charge Regulator

BIT Bench Integration Test

BLF Best-Lock Frequency

bps Bit Per Second

BPSK Biphase Shift Key

BRE Bipropellant Rocket Engine

Bus Reference to Spacecraft (excluding payload/instrument)
BVR Bus Voltage Regulator

C&DHS Command & Data Handling System

C/N Carrier to Noise

CD1/2 Clock Divider 1 (or 2)

CDR Critical Design Review

CDhU Command Detector Unit

Ciu Controls Interface  Unit

CiX Controls Interface Extender

CLT Command Loss Timer

CMD Command

CMOS Complementary Metal Oxide Semiconductor
CNES Centre National d'Etudes Spatiales (French Nat'l Space Agency)
COCOMO Constructive Cost Model

CPLR 4 Hybrid coupler

CPLR 6 LGA Coupler

CRC Cyclic Redundancy Code

CSA Celestial Sensor Assembly

cv Command Verification

cw Continuous Wave

D/A Digital-to-Analog

dB Decibels

dB/K Decibel per degree kelvin

dBc Decibels above Carrier

dBi Decibels above Isotropic

dbm Decibels referenced to 1 milliwatt

dBw Decibels referenced to 1 watt



DC Direct Cunent

DMSP Defense Meteorological Satellite Program
DOR Differential One-Way Ranging

DOY Day of Year

DPRO Defense Plant Representative Office
DSN Deep Space Network

DSS Deep Space Station

DTR Digital Tape Recorder

EDAC Error Detection and Correction (EDF RAM Software)
EDF Engineering Data Formatter

EED Electra-Explosive  Device

EIRP Effective Isotropic Radiated Power
EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EPC Electrical Power Converter

EPET Electrical Performance Evaluation Test
EPS Electrical Power System

ERT Earth-Received Time

ESA European Space Agency

F/D Focal Length-to-Diameter

FB Fuse Box

FB2 Fuse Board 2

FET Functional Electrical Test

FLTSAT Fleet Satellite

FMECA Failure Modes Effects and Criticality Analysis
FOV Field of View

FP Fault Protection

FSW Flight Software

FY Fiscal Year

G Gravity

g Gram(s)

GA Gain-to-temperature Ratio

Gb Giga bit

GB Gigabytes

GDA Gimbal Drive Assembly

GDE Gimbal Drive Electronics

GE General Electric

GE ASD General Electric - Astro Space Division
GFE Government Furnished Equipment
GGS Global Geospace Science

GHe Gaseous Helium

GHz Gigahertz

GMT Greenwich Mean Time

GPS Global Positioning System

GRS Gamma Ray Spectrometer

GSE Ground Support Equipment

GSFC Goddard Space Flight Center

HEF High Efficiency

HGA High Gain Antenna



HRMS High-Resolution Microwave Survey

HZ Hertz

I&T Integration & Test

Vo Input/Output

IC Integrated  Circuit

MU Inertial  Measurement Unit

IPTO initial Power Turn-On (test)

V&V Independent Verification and Validation
JOVIAL Jules’ Own Version of an Interactive Algorithmic Language
JPL Jet Propulsion Laboratory

KABLE Ka-Bank Link Experiment

Kb Kilobit

KB Kilobytes

Kbd Kilobaud

kbp Kilobit per Second

kg Kilogram

kHz Kilohertz

km Kilometer

ksps Kilo-symbol per second

LGA Low Gain Antenna

LMC Link Monitor Console

LOD Loss of Downlink

LOS Loss of Signal

LRE Liquid Rocket Engine (TITAN)

LRR Launch Readiness Review

m Meter

m/s Meter per Second

MAG/ER Magnetometer/Electron Reflectometer
MB Magabytes

MBR Mars Balloon Relay

MEOP Maximum Expected Operating Pressure
MEU Memory Extender Unit

MGCO Mars Geoscience Climatology Orbiter (now Mars Observer)
MHSA Mars Horizon Sensor Assembly
MIL-STD Military Standard

MIPS Mega Instructions Per Second

MJ Mega joule

MMAS Martin Marietta Astro Space

MMH Monomethylhydrazine

MO Mars Observer

MOC Mars Observer Camera

MOl Mars Orbit Insertion

MOLA Mars Observer Laser Altimeter

MOT Mars Observer Transponder

mrad Milliradian

MWA Momentum Wheel Assembly

N Newton(s)

NASA National Aeronautics & Space Administration

NATO vV North Atlantic Treaty Organization Satellite 4



nm
NOAA
NRL
NRZ-L
NSI
NTO
ORS
O™
P/N
Payload
PDR
PDS
P

PLL
PMD
POR
PROM
PSA
PSE
PSK
R-S
RAID
RAM
RCS
REA
REDMAN
RF
RFI
RFP
RHCP
RLC
rms
ROM
RPA
RPM
Rs

RT
RTC
RTLT
RWA
RXO
s/c
s/w
SA
SAD
SAGD
SAGDE
SCP
ScuU

Nautical Mile

National Oceanic and Atmospheric Administration
Naval Research Laboratory
Non-Return-to-Zero  Level

NASA Standard Initiator

Nitrogen  Tetroxide

Offset Radiation Source

Orbit Trim Maneuver

Part Number

Reference to device or instrument used for mission
Preliminary Design Review

Payload Data Subsystem

Principal  Investigator
Phase-Locked Loop

Propellant Management Device
Power on Reset

Programmable Read Only Memory
Partial Shunt Assembly

Power Supply Electronics

Phase Shift Keyed

Reed-Soloman (decoder; encoding)
Real-Time Applications Interactive Debugger
Random Access Memory

Reaction Control System

Rocket Engine Assembly
Redundancy Management

Radio Frequency

Radio Frequency Interference
Request For Proposal

Right-Hand Circular Polarized
Receive LGA Cycling

Root Mean Square

Read Only Memory

RF Power Amplifier

Revolutions per Minute

Radio Science

Real Time

Realtime Command

Round-Trip Light Time

Reaction Wheel Assembly
Redundant Crytal Oscillator
Spacecraft

Software

Solar Array

Solar Array Drive

Solar Array Gimbal Drive

Solar Array Gimbal Drive Electronic
Spacecraft Controls Processor
Signal Conditioning Unit



SELTS Self-Test  Software

SEPET System-Level Electrical Performance Evaluation Test
SETI Search for Extra-Terrestrial Intelligence
SEU Single Event Upset

SLoC Source Lives of Code

SME Sun-Mars-Earth ~ (angle)

SNR Signal-to-Noise  Ratio

SPF Single Point Failure

sps Symbols per Second

SRR System Requirements Review

SSA Sun Sensor Assembly

SSt Spectral Signal Indicator

sSwi1/2 Input Waveguide Transfer Switch 1 (or 2)
TCC Time Code Counter

TCM Trajectory Correction Maneuver

TES Thermal Emissions Spectrometer

TIROS Television and infrared Observation Satellite
TOS Transfer Orbit Stage

TSE Track Static Frequency

TVC Thrust Vector Control

TWT Traveling Wave Tube

TWTA Traveling Wave Tube Amplifier

UHF Ultra High Frequency

uso Ultra Stable Oscillator

uTC Universal time Coordinated

VIMS Visual Infrared Mapping Spectrometer
VSWR Voltage Standing Wave Ratio

VTL Verification Test Laboratory

XMT Transmit

Xsu Cross Strap Unit
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National  Aeronautics and
Space Administration N

Washington, DC.
20546

Ofiice of the Admunustrator

SEP 10 03

D. Tinothy Coffey
Drector of Research
Naval Research  Laboratory
Department of the Navy
Washi ngton, DC  20375-5320

Dear Dr. (offey:

In accordance wth the Mrs Gbserver Contingency M an,
NASA is establishing a "Mars (bserver Mssion Failure
| nvestigation Board." | am hereby appoi ntmg30 you to serve as
the Chairman of this Board. Conprised of vernment  enpl oyees,
this Board wll be a working group charged to review analyze,
and evaluate the facts and circunstances re?ardl ng the loss of
spacecraft communications and the failure of the Mrs Cbserver
mssion. Your charge as Board Chairman is to determne the
cause of this failure and to report the results of the
evaluation directly to ne. Additional information on the
authorities and responsibilities of the Board is outlined in
the enclosed Investigation Board Charter.

NASA will nake available a team of support staff to assist
the Board and wll work wth you to identify and support any
financial requirements associated wth Board™ travel ‘and the
initiation of any special analyses. The immediate point of
contact at NASA" Headquarters for information, assistance, and
support wll be the Mrs Cbserver Program Mnager, WIIliam
Panter. He can be reached at 202/358-0310(office) or
703/590-0552(resi dence).

Again, | want to convey ny appreciation for your

.willi.ngness to chair the Board. Your |leadership of this group

will be instrunental in assuring a systematic review of the
Mars (hserver failure and any causes associated wth it.

cerely,

niet S. Goldin
Admi ni strator
Encl osure

REFERENCI oy
C L



MARS OBSERVER MISSION FAILURE INVESTIGATION BOARD CHARTER

PURPOSE

This establishes the Mars Observer Mission Failure Investigation Board and sets forth
its responsibilities and membership.

ESTABLISHMENT

a

The Mars Observer Mission Failure Investigation Board is hereby established in
the public interest to gather information, analyze, and determine the facts as
well as the actual or probable cause(s) of the Mars Observer loss of
communications in terms of (1) Primary Cause, (2) Contributing Cause(s), and
(3) Potential Cause(s) (pertinent observations may also be addressed) and to
recommend preventive and other appropriate actions to predude recurrence of a
similar mishap.

The Chairperson of the Board will report to the NASA Administrator.

AUTHORITIFS AND RESPONSIBILITIES

a.

The Board will-

(1) Obtain and analyze whatever evidence, facts, and opinions it considers
relevant by relying upon reports of studies, findings, recommendations,
and other actions by NASA officials, contractors, subcontractors, or
others by conducting inquiries, hearings, tests, and other actions it deems
appropriate. In so doing, it may take testimony and receive statements
from witnesses.

(2) Impound property, equipment, and records to the extent that it considers
necessary.

Note:  Impoundment may not necessarily predude release of information
General information which would normally be released or had been
released previously can continue to be released.

(3) Determine the actual or probable cause(s) of the Mars Observer mission
failure and document and prioritize its findings in terms of (a) the
Primary Cause(s) of the Mishap, (b) Contributing Cause(s), and
(c) Potential Cause(s). Pertinent observations may also be made.

(4) Develop recommendations for preventive and other appropriate actions. A
finding may warrant one or more recommendations, or it may stand alone.

(5) Provide a final written report to the NASA Administrator by
November 20, 1993. The requirements in NMI 8621 .1F wilt be

followed



b. The Chairperson will--

(1) Conduct Board activities in accordance with NMI 862 1.1 F and any other
instructions that the NASA Administrator may issue.

(2) Establish and document, to the extent considered necessary, rules and
procedures for the organization and operation of the Board, including any
subgroups, and for the format and content of oral or writteq reports to
and by the Board.

(3) Designate any representatives, consultants, experts, liaison officers, or

other individuals who may be required to support the activities of the
Board and define the duties and responsibilities of those persons.

MEMBERSHIP

The Chairperson, members of the Board, and supporting staff are designated in
Attachment A.

MEETINGS

The Chairperson will arrange for, and record the transactions of, all meetings held in
conjunction with Board proceedings.

ADMINISTRATIVE AND OTHER Sl JPPORT

a. The Director of Research of the Naval Research Laboratory will arrange for
office space and other facilities and services that may be requested by the
Chairperson or designee.

b. All elements of NASA will cooperate fully with the Board and provide any records,
data, and other administrative or technical support and services that may be
requested.

c. The NASA support personnel as specified in Attachment A can be augmented by
NRL as appropriate.

DURATION

The NASA Administrator will dismiss the Board when it has fulfilled its requirements.

CANCELLATION

This appointment letter is automatically canceled 1 year from effective date of the
publication, unless otherwise specifically extended by the establishing authority.

oy

Daniel S. Goldin .
NASA  Administrator




Members and Supporting Staff
Mars Observer Mission Failure investigation Board

MEMBERS

Chairperson:  Tiiothy Coffey, Director of Research, Naval Research Laboratory

Members: Thomas C. Betterton, Rear Admiral, USN
Peter G. Wilhelm, Director of Naval Center for Space Technology, NRL
Michael D. Griffin, Chief Engineer, NASA
Joseph Janni, Chief Scientist, Air Force Phillips Laboratory

Kathryn D. Sullivan, Chief Scientist, National Oceanic and Atmospheric
Administration

Ex Officio Member (non-voting): Leven B. Gray, NASA Code Q
SUPPORTING STAFF
Executive Secretary: Joe G. Foreman, NRL Code 8001 .1
Program Technical Liaison: William C. Panter, NASA Code S
NRL Administrative Support: Kenneth W. Lackie, NRL Code 1001 .1
NASA Administrative Support: Carrie L Sorrels, NASA Code S
Advisors:
Counsel « George E. Reese, NASA Code G
Public Affairs « Paula Clegget-lialeim, NASA Code P

James Gately, NRL Code 1230
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FIRING HISTORY OF 3/8" ALL-TITANIUM PYROVALVES
W TH

325 KG HI-TEMP BOOSTER
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NUMBER ggizvéggg FIRED (TEMPERATURE, OVER/UNDER
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INFORMATION FOR NASA REVIEW GROUP

a) Provide pressure test data for propellant tanks (bipropellant tanks).

The data generated during the tank qudification program is contained quadification
report. System level test data of the tanks during spacecraft Integration and Test resides at
the spacecraft manufacturer. The following is a amplified higory of tank testing a the
component. propulsion system. propellant loading and flight levels. The tank
qudification report and sysrem test data should be obtained from the Martin Marietta
Astro-Space Corporation. '

The bipropellant tanks are congtructed of Titanium. The tanks have a Maximum Expected
Operating Pressure (MEQP) of 300 psia Borh tanks were subjected to a proof pressure

tet of 375 psia during component acceptance test. During qualification test the
qudification unit was subjected to a burst test at 450 psia.

During Propulsion sysrem level tesung the propellant tanks were pressurized to
approximately 260 psia (regulated pressure). severa rimes. pnimanly for svstem leve
leak tests. During propellant loading. approximately 60 days before launch. rhe Oxidizer
with Gaseous Helium (GHe). The Fuel tank was filled with 5 | 2.06 KG of

onomethylhydraune (MMH), the tank was then pressurized with Helium to 290 psia.
At launch. the pressure in the NTO tank was 250.8 psia the pressure in the MMH tank
was 257.9 psia The change in pressure between launch and propetlant loading was due o
hdium saturauon of the propelants.

The following table shows the pressure and temperature of rhe NTO and MMH ranks
during flight.

Date Action NTO Tank MMH Tank
Pressure Temp Pressure Temp
{psta) (°C) (psia) 0
9/25/92
10/10/92 Launch 1 8 B8 0 by 21 2%
10/10/92 peSTCMICM-  230.6 30 206.9 25
010493 (data point)  208.7 20 203.3. 24
02/08/93 - preTCM-2 188.6 134 197.8 21
02/08/93 postTCM-2 1831 12 190.6 11
03/18/93 TCM-3 166.6 3 | ii.8 13
05/03/93  (data point) 137.4 0.4 163.3 3.5
08/19/93 pre Press. 159.2 1.! 165.1 4.3

b) Provide tes history of regulator.

The basc regulator was qudified for the Space Shuttle for use in the Reaction
Control System (RCS) the qualification tests included cextensive testing in
Oxidizr and MMH environments.

The official test histors of the regulator is contained in the regulator
qualification report and the qualification by similarity report for Mars

REFERENCE Cg2Y




Observer. Copies of the qualification reports should be obtained from the
Martin Marictta Astro-Space Corporation.

¢) Susceptibility of pressure regulator to build-up of NTO
Corrosion products.

The qualification program of the regulator for the STS application included
extensive testing of the regulator in an Oxidizer vapor environment. |'he data
from these tests arc located in the qualification report. Preliminary results of
work 1N this area by JPL and Martin Marietta Astro Space is as follows.

Attachment 1, “Oxidizer Helium Regulator Flight Experience", from NASA |CS
shows the history of this regulator during the Shuttle program usage. One
ground test regulator, S/N0035 suffered a failed closed condition during
ground test a White Sands Test tacility (WSTF). The unit was removed from the
test sctup and placed in storage for several years. The unit wus remov cd from
storage and retested and found to be tailed in the open position. A fuilure
investigation report of the open condition was written and can be obtained
from WSTT. The conclusion tn the report was * . .. it is concluded that 5N 0033
failed t0 lockup in al inlet pressure conditions was hecause of the ory swalline
formation on the outer comvolute of both main belows assemblies.” This report
fals to make a concuson as to the source of the contamination or to note that
( after a period of storage) the regulator was found to be stuck in the open
position, not the closed which led to its removal from the WSTF test. The
conclusion by NASA/ICS (attachment |, chart?) concludes that the failure(s)
were due to;

(1) The regulator was subjected t 0 non flight representitiv ¢ test
environment.

(2)  The regulator remained i n storage f or approximately 3 vears,
most probably contaiminated with residual oxidizer.

The failure investigation included an analysis of the contamination. Calcium
and Aluminum were found by Scanning Electron Microscope (SEM) and
Energy Dispersive X-Ray (EDAX) examination. These two elements are not used

in propulsion systems or test facility‘s. ['his tends to support the NASA/CS
conclusions.

These results arc considered preliminary further investigation is on going by
the JPL review board and Martin Marietta Astro-Space.

d) Other Daa Wae Hammer Andyss

Prior to launch a test was performed, using spare flight hardware, 1o
determine the effects of water hammer due to opening the bipropellant latch
valves down stream of the propellant tanks, during priming of the
bipropellant system. |-he test was performed at WSTI the data cun be obtained
from the Martin Marietta Corporation. An analysis’computer simulation was
performed by TRW under contract to JPL. The results are detailed in TRW Final
Report, "TOPEX and Mars Observer Waterhammer Analysis", 25 August 1993. E



Y. Wong and, Hl. W. Behrens, Contract No. 939293, Sales No. 60323.000 and
60323.00 1.

Both the analysis and the hardware west a WSTE indicated that pressure spikes
caused by Water/Propellant hammer during priming of the system were well
within the tolerances of the system. Priming took place approximatels 7 dayvs
after launch.

e) Other Datar How anayds for reaction Control System.

More ddfinition of informaion requested is necessary.
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NI LJA Johnson Space Cenler, Engineering Directos.
—_—

f Propulsion and Power Division

RCS Oxidizer Helium Regulator .
F“ght Experlence \ RCSubsystem September 2, 1993

« SPAXCT SHUTTLE RCS OXIDIZER HELIUM REGULATORS HAVE AN EXTENSIVE OPERATIONAL
HISTORY

- FOUR ORBITERS, EACH WITH SIX SERIES REDUNDANT HELIUM REGULATORS FOR THE
OXIDIZER SYSTEMS

- OF THE 24 OX HELIUM REGULATORS ON THE FOUR VEHICLES, ONLY SEVEN HAVE BEEN
REMOVED DUE TO FAILURES

"~ ----MAJORITY ATTRIBUTED TO PARTICULATE CONTAMINATION ON SEAT CAUSING

LEAKAGE
1 CASE OF LOW REGULATED PRESSURE DUE TO CRACKED BELLEVILLE

« 1 CASE OF HIGH LOCK-UP (-10 PSIA HIGH) DUE TO AN OUT OF CONFIGURATION

PRIMARY SPRING SUPPORT
» 1 JHSE (WERMKAGE) WHERE CORROSION PRODUCTS WERE FOUND

THROUGHOUT THE REGULATOR; SUSPECT H20 INTRUSION DURING BUILD-UP

. 17 REGULATORS FROM ORIGINAL VEHICLE BUILD ARE STILL IN SERVICE, WITH SYSTEM
EXPOSURE PERIODS RANGING FROM 433 DAYS TO 3803 DAYS

QMARGINAL CHECK VALVE PERFORMANCE HAS RESULTED IN OXIDIZER VAPOR
MIGRATION TO REGULATORS ON ALL VEHICLES

LAOD 50



lu AS Johnson Space Center, Engingering Directorate

Chart 2

Oxidizer Helium Regulator
Flight Experience

Propulsion and Power Division

RCSubsystem

Seplember 2, 1933

» WSTF S/N 0035 REGULATOR HAS BEEN SUBJECTED TO HARSH TEST ENVIRONMENTS THAT ARE
NOT CONSIDERED REPRESENTATIVEPACTUAL FLIGHT SERVICE
" ’

EP2/SYSTEMS BR

OPF PURGE TESTING WHERE REGULATOR (AND ENTIRE HELIUM SYSTEM) WAS
‘EXPOSED ‘TO 100% OX SATURATED HELIUM OVER AN EXTENDED PERIOD OF TIME

» SPECIAL TESTING IN WHICH REGULATOR WAS EXPOSED TO CONDITIONS THAT WOULD
BE EXPECTED TO INTRODUCE LIQUID OXIDIZER INTO THE REGULATOR ‘

« SIN 0035 FAILED OPEN FAILURE OCCURRED AFTER REGULATOR SAT FOR THREE YEARS ON

THE MOTH-BALLED FORWARD TEST ARTICLE

PREVIOUSLY TESTING

713 483 3704

©9-23-1983 11:42

« RESIDUAL OXDIZER MOST PROBABLY REMAINED IN REGULATOR FROM THE
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" cart | O/ | zastall | memove  pays [fFits| ___ . __ Comments —_———
WSTF Requlator¥ai, . . . . Resulting In RéR R . -
Igg§315 . L_ _}2L —— _‘I”M - - D e .| _WSTF EIOBL; leu)mge. N204_attack of NMain seat gold plate
aseco2 [ 22 oo WSTF |E1-001; leakage; gold plate ~ _ = .. .
AB7558 _20| o HSTF |EI-081; leakage; qold plate e e
AB9769 | 20| o .l . . WSTY S 1-081; leakage; goldp | a t e - . oL
ACOBS3 | 22| o e e e .| WSTF ..-_.Q§.1..- _leakage; gold plate; n“_g_ct.iou _(_gived) .
AC0745 - -l- - 20 e - S - - C A | JHSTR . [B1-081; leakage; gold plate; seal _damage e—
D820 _ | | 10/1/82 _ .emoel WSTF_HRigh leak apd lock-up; _exp. off-neminal testing
KSC Reguj aCOr F‘gl)?:}_g;:@{_c}ng_m mﬁﬂ. '_i "_ N {__ _ ' 6:-::-__ — e e —
0,2.?.011- o - -;4_;‘; - 4/12/‘8_3 " _ 12/1/82 o 598} 5 ulgh loc)L-gp due LO out-of— contiu:hn_priu_
ACO134 _ _ .:.._.. 4O 11/28/83( _ _1_2_/_1_/_83 . __.3] _ 1 iLeaxage due to corrosiog__genetate__g-a_g_g_ig_l_gg__moist
aco134 |7 ¢~ _a/i/e1|__ 1271783 974| 6 __ [ure fotrusion suspect; tube clogging poted (ACS134)
pDoi34 | Ta0 T Tajy/e3|_ e/2a/es| . _813f 7 [ Internal leakage; waived; not_removed at this time
AD1834 20 6/1/85 2/1/86] @ 2_3_5_[ .3 _|rrans. _leak; Corr. products; Suspect HZO at_b/u
ho1ss2 | aa] T Tasajes| 1271786 20711 '8 _[White contam between pilot ball and seat_ |
AL 883 |° ao| _Tasaze3l. " a1/30/88] | 2070] 8 jPropably pulled during downtime for earlier leaXage
27re10 | a2} asazes]  aa/ma/88)  2101f 9 [Cracked.t belleville spring; U2 embrittlement |
53IRF02 66i 6/1/85 3/15/93 2844 12 Metalllquart|cu|ate contam Oon prim. pilot poppet
— — ! A ..__.ml.____l Sy U U Py pu—
. Note : Instal| /_Re Rermve dates are jn sone _cases 'best._guess" nunbers _based_on_initial Rk ght _dates.
| i T ----Ir----"-'3~---\---.,._..

Vehicle powntime After 51-L And Associated Regulator Failures _ _ . _ ... R P
Veh | __jr_l—)_q\_r_nt_xy__ L N D ____-__V"_l-i.egt_xiat:or Yailuvres =~

102 12971 . R _|s/n 20 removed d right after g1-C f|i ght ]
. 103 1122 — |, - - - .o --|Nonenoted_ —
. 104 1095 — . t _is/n_44 (AD1682) - not clear why renoved from veh.

N B I j3/a_40 (Ap1883)
- is/n 42 (27RF10) - cracked belleville
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(PR104) .
1.0 Introduction

In April 1987, the NASA Johnson Space Center %]S_C) Propulsion and Power Divison requested that
the White Sands Test Facility (WSTF) perform a helium system surge activation test on the forward
reaction control system (FRCS) qudification test grticle indtdled in WSTF Test Stand 328 (TS-328).
The results were reported in TR.523-001.

In July 1987, Rockwell International (RI) requested additional FRCS testing concerning helium
regulator response characteristics. Consequently, additional testing Wasadded to the WSTF TD-523-
001, via test change request 1 (TCR-1). The testing consisted of:

. Nonfiring regulator flow tests a various inlet pressures Smulaing Kennedy Space Center
(KSC) Orhiter processing facility (OFF) ground support equipment (GSE). An identical
system was bullt a the e launch pad (PAD) after this testing was completed.

. Investigation of procedures for purging propelant contamfnanu from the helium system.
During invedtigation of purging procedures, an anomaly on the oxidizer "B secondary pressure

requlator PR104 was discovered. Tut change request 2 (TCR-2) added the PR104 exposure tests to
investigete this anomaly. Test results from both TCR-1 and TCR-2 are discussed in this test report.

2.0 Test Objectives

The test objectives were to:

' Determine the vdidity of current Operations and Maintenance Rquiremenu and Specification

Document (OMRSD) regulator checkout requiremenu and establish revised criteria if
necessary,

' Obtain enginegring data to define procedures and equipment to screen regulators for slow
response at the KSC OPF.

. Determine the effectiveness of the helium blowdown purge for remova of propellant vapors
from the helium pressurization system lines.

. Investigate the PRIG4 anomaly.

3.0 Test Summary

Tasting began in July 1987 and ended in March 1988, and was divided Into two categories. check
valve functiona tests and regulator response tests. Check valve functional tests were required to
provide basdine data on the condition of each check valve before regulator flow testing. Regulator
response tests ware conducted In four seriu: OPF regulator response tests, 800-psi helium tank
blowdown tests, PAD regulator response tests, and the OPF purge tests.
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The OPF regulator response test data showed that the regulators, with the exception of PRIM, were
generaly within accepted test criteria and flow traces were easily discernible. Additionaly, the
regulators especialy sengtive to the flow rate used at lower Supply pressures.

The 800-psi helium tank blowdown tests used the tank vent Quick Disconnect (QD). Most regulators
could not mantain regulated pressure within specification a flow In excess of 130 s¢fm.

Ths PAD regulator response tests used the regulator checkout QD, and like the 80Q-psi hdium tank
blowdown tests, most regulators could not maintain regulated pressure within specification at fiow in
excess of 150 gcfm.

The OPF purge tests evauated the effectiveness of off-loading resdua helium through the regulator
checkout QD to purge propellant vapors from the helium prururant lines. Test deta indicated that
this method was not effective in removing propellant vapors from the helium sysem. However, a
system was successfully developed to sample propellant contamination in very smal line sections and
used for the contamination purge tests.

The regulator checkout requirement procedures verified a8 WSTF are now used at KSC to Screen
regulators with Sow response and the OMRSD was changed accordingly.

Regulator follow-on tests were added and centered around the PR104 oxidizer “B® secondary
regulator failed-closed anomay that occurred during the PAD regulator tank vent tests. These tests
were performed using different contamination and flow pressures in an anempt to re-create the

anomaly, Despite all efforts, the anomaly could not be re-created and the rwon for this regulator
falure remains unexplained.

40 Test Configuration

The test configuration included the test aticle, test facility, propellant sample, and environmenta
conditions.

4.1 Test Article

The FRCS EI-081 configuration was in accordance with drawings YT70-421002 (test article
complete) and V170421003 (RCS), with the oxidizer tank swirl diffuser (SKSC3372000-11)
induction system {installed. The oxidizer system had been modified to the OY-99 configuration.
except for the unique fill/spill and regulator checkout tube routing with QD locations on opposte
panels. The modification was for the acoustic fatigue test.

Modifications are detsiled in the following drawings.

V070421702 = Tubing and instaliatioa modification
VO70-0421406-049, 058, and 060 — Tublng
V070-316235 «= Added QD mounting hole

The fud tank swirl diffuser, drawing VT70-421303, was installed to facilitae OV-99 modification&:
but the flange was not connected to the module pressurization system. Appendices A, B, and C show
the instrumentation list, discrepancy record summary, and tank cycle record, respectively.
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During the tests, the following helium regulators were present in the test article:

PART NUMEER SERIAL NUMBER LOCATION
K-284-04 18-0002 0023 PR-101
MC-284-0418-0001 00Q7 PR-102
K-284-0418-0002 0013 PR-103
MC-284-0418-0001 0035 PR-104

Before the regulaor reponse teds the FRCS hdium sydem was modified to the ful OV-9

cofiguration. TPS 3FTQA-099 ad 3FTQA-101. The modification, peformed in suppon of the

KSC propdlat tank checkout GSE vaification test, convened the FRCS tedt article to aflight twbing
configuration for future testing.

43 Tat Facility

The tes fadlity configuraion for regulaor flow tess is hown on the fud and oxidizer flow system
shemdtics provided in gopendix D. The flow sysem wes febricated, assambled. and ingdled & TS-
328. Lire legh ad componat dmuaion dudicated the KSC OFF reguldar tet fadlity
configuration.

4.3 Propdlant Samples

Oxidizer samples were taken from the auxiliay conditioning unit (ACU) a TS328 before the test
artele tank loadng. Oxidizer sample andlyss indicated thet propdlant iron contat was nat within
Soedified limits. Mdeoda deve equpmat installed & the ACU removad the excess iron from the

oxidza. Intid and final axidzer sanple reports ae induded in gopandx E Fud samples wae nat
taken because the fud sysem tests weare ddeted.

4.4 Test Condltions

Tests were pafomed a vaious temperatures and pressres  Conditloned temperatures in the tet
dand were between 40 ad 70 °F. Tes dand ambient amospheric pressre ranged  batween 12.23 to
1230 ps.

5.0 Test Description

Two groups of tests weare paformed; the check vave fundiond tests hdped to esablish besdine
aiteia for the four saries of regulator response tets  Shortly after teting was completed, original
data listings and plots of the regulator flow teds were sent to JSC and RI representatives for analysis.
Test compilations and data plats showing pressure and flow trandents on the tet article regulators
auing dfferent flov condiions are provided in gopendices G through L.

51 Check Vave Fudiod Teds

Functlonal checks of the test atide quad check vaves were performed to verify that leskege through
the poppet wis within acogpiadle limits for the various regula@or and contamingtion purge tests
Valves were checked individudly and combined, from the upstream and downstream Sides end the
leek was messred by a vaumelric lesk detedtor. Leek checks weare accomplished using high

3
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pressure helium at 250 +6 psig and low-pressure helium at 1 +£0.5 psig. Cheek valve functional test
results are contained in appendix G.

8.2 Regulator Response Tests

Regulator response tests consisted of five individual test series: OPF regulator response tests, 800-psi

helfum tank blowdown tests, PAD regulator response tests, OPF purge tests, and the PR104 regulator
anomaly and follow-on contamination tests.

Regulator response tests were performed according to this typical regulator flow test Ssquence

The manual valve was verified closed. When it was necessary to open the manua valve,
opening and running torque readings wera taken.

The regulator flow panel system shown in the schematics in appendix D was connected to the
checkout QD at MD123 and MD126, then configured for the tests. Flow test systems were a
close simulation of the acrual OPF GSE. The actud KSC system was measured to verify that
the WSTF system configuration was functionally identical. Quick disconnects MD123 and

MD126 were opened and the standard 0.5 ft* regulator flow system ullage was placed on line

According to specific test requirements, the helium tanks were adjusted to test pressure.

Depending on the test, the regulators were locked Up at varying pressures. Pressurization was
accomplished using the helium checkout panel through fuel QD MD101 and MD103 and
oxidize QD MD102 and MD104. Ambient pressure was verified on the sense port and the
helium isolation valve was activated. Then the second hellum isolation valve was activated.

The secondary sense port of the test regulator, usualy regulator “B," was pressurized to 40
41 prig and the secondary lockup pressure was verified.

Test flow was set on the test regulator using repetitive trials &s required. Flow was initiated
and terminated using the demand vave in the flow test GSE.

The data system was then enabled and when flow was initiated, the test regulator condition
was recorded.

The helium regulator leg was changed, usualy from the "B leg to the “A” leg, and the
second test regulator was flow-checked as before.

The secondary sense port was then depressurized from 40 psiato ambient pressure and the
regulator flow test was repeated.

In the OPF purge tests, the following method was used to introduced saturated vapors into the helium

system;

The area above and below the quad check valves was interconnected and then connected to an

aspiration point/isolation valve fued QD MD123 to QD MDI 11 and axidza QD MDI126 to
QD MD112.

09
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The tank manual valves, fuel MV101 and oxidizer MV 102, were closed t_md the tanks were
verified DY chemical analysis t0 conuin helium 100 percent saturated with Propellant vapors.

. The area above and below thequid check valves was evacuated by opening QD MD123 and
MD1 11, and MD126 and MD1 12, alowing the respective system to evacuate to
approximately 1 psia pressure.

. The aspiration/isolation valve was closed and the system vacuum was verified not to degrade.

o The respective manual valves, MV101 and MV102, were opened to allow propellant-sacurated
helium to be sucked into the helium systems.

6.0 Tet Results

To ensure that test requirements were met, data was reviewed after each test. Fina anaysis of the
test data was performed by RI and the OMRSD was changed accordingly.

6.1 Check Valve Functional Tests

Check valve functional tests provided baseline data on the check valve ccadition before regulator flow
tests and arc shown.in gppendix G.

6.2 Regulator Response Tests
A series of regulator response tests were conducted.
63.1 OPF Regulator Response Test

The OPF regulator response test simulated OPF conditions at KSC during regulator checkout. An
initial WSTF review of the test data showed that although the regulator lockup pressure was high at
times, the flow data was generaly within acceptance test criteria and the traces were easly
discernible. It was aso ghown that the regulators were especialy sensitive to the flow rate used at
lower supply pressures. Data was gathered as criteria for evaluating flight hardware performance.

The OPF regulator response test data and plots are provided in Appendix H.
6.2.2  800-psi Hellum Tank Blowdown Response Test

The heljum tank blowdown response test provided engineering information regarding regulator
performance st low inlet pressures. Data was used to determined whether regulator performance
could be evaluated during a 150-scfm flow with an initid helium tank pressure of 800 psia

The flow rate used in performing the tests was critica. Most regulators could not maintain regulated
pressure within specification at flow in excess of 150 gefm. Marginad regulators also could not
regulate pressures during flow rates in the 130 t0150 scfm range. At the lower flow raw, the
undershoot/overshoot was much less discernible.

Helium tank blowdown response data and plots are provided in appendix I.
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62.3 PAD Regulator Response Tests

The PAD regulator response teses Smulated the conditions chat would exist if regulator checkout were
required at the launch pad.

wo different techniques of testing regulator response characteristics at the PAD were planned. The
first technlque was to use the regulator checkout QD. The second technique was to use the tank vent
QD, which is more accessible a cht PAD. However, a falure of PR104 caused the deletion of the
wnk vent QD tests and only one technique was evauaed. Test data also provided a basdline for ¢om.
parison of flight regulators.

The PAD regulator response test data results and plots are provided in gppendix 1.
6.2.4 OPF Purge Tats

The OPF purge tests evaluated the effectiveness of the present maintenance requirement. This
requirement called for off-loading resdua helium through the regulator checkout QD, in an effon to
sweep propellant vapors from the helium pressuranc lines.

Significant time and effort were expended co verify that the systems were filled with 2 JOQ percent
saturated mixwre of helium and propelant vapors.

Sampling small system volumes was difficult and initid sample results were frequently Inconsistent.

However, refinement of chc method improved repeatability. providing sample rtsulu within an
acceptable range.

Results from chc OPF purge tesus indicated that the proposed high-flow purge would remove large

amounts of the propellant vapors, but the purge would not clean cha system to the expected levels.
Signiflcant propellant vapors remained In those Systems.

Apparently, CO0 many ‘trap’ areag not in the direct flow path existed to adlow for more complete
remova of the contamination with such a short duration helium tank blowdown.

The OPF purge test results and plou are provided in gopendix K.
63.5 Regulator Anomdy and Follow-on Contamination Tests

During performance of the PAD regulator response tests, the PR104 oxidizer “B” secondary regulator
falled-closed. Because this type of fallure had never been seen in the Shuttle program, a careful
diagnostic tart was performed on PR104 to determine the cause. Subsequent tests were performed
using different states of contamination and flow pressures to try to re-create the snomaly.

A 3-liter Hoko borle, half filled with N,O., was connected to MD126-MD112 with a"Y" connection
and the bottle was maintained approximately 10 °F above FRCS regulator temperature.  Test volume
was then dlowed to cycle with the ambient temperature swings, approximately 35-75 °F.

Although the PR104 flow performance remained duggish during these tests, daily cycling of stand
temperatures and precipitation of oxidizer liquid into the regulator area apparently did not cause
regulator performance w0 degrade further. Data showed that PR104 remaned essentidly the same and

.11
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improved dlightly after being exposed 10 these conditions for 3 weeks. No instance Of the PR104
complete failure to open reoccurred.

During the last set of flow tests, it was noted that hellum isolation valve LV102 stuck in the open
position. After severd actempts, LV102 closed but remained sluggish during subsequent valve cycles.
This anomaly may have been caused by introduction of the oxidizer vapors into the helium isolatlon
vave area

Test data and representative test plots are provided in appendix L.

7.0 Conclusions

The OPF Regulator Response test data showed that the regulators were generally within the test
criteria of the OMRSD and the flow traces were wily discernible. The regulators were especialy
sensitive to the flow rate used at the lower supply pressures.

The 800-psi Helium Tank Blowdown Response test showed that the flow rate was critical. Most
regulators could not maintain regulated pressure within specification at flows in excess of 150 sefm.

The PAD Regulator Response test used & different outlet path and like the Helium Blowdown
Response test, most regulators could not maintain regulated pressure with specification a flows in
excesg of 150 sch. .

—_ PlRY e e
The OPF Purge test results indicated that a high-flow purge through the regulator checkout QD was
not an effective method to clean the system to the expected level.

Follow-on tests were performed on the PR104 oxidizer secondary regulator when it faled closed
during the PAD Regulator Vent test. Several attempts were made to re-create the anomaly, but the
falure did not re-occur.
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JPL DESIGN APPROACH

BASIC ASSUMPTION:

USE EXISTING EARTH —— g MAKE MINIMUM CHANGES
MARS OBSERVER
ORBITER DESIGNS TO ACCOMPLISH THE MISSION >

SPACECRAFT

SATCOM K BUS

*NADIR POINTING PANEL
FOR INSTRUMENTS

*LARGE PROPELLANT
CAPABILITY DESIGN DRIVERS

® STS LAUNCH QUALIFIED . CLASS A MISSION

\ MISSION LIFE

. LAUNCH VEHICLE

. MISSION
REQUIREMENTS

DMSP/TIROS / . PAYLOAD
SUBSYSTEM REQUIREMENTS

COMPONENTS . DATA STANDARDS

+28 V REGULATED POWER

*3 AXIS STABILIZED
*PRECISION NADIR POINTING
*CENTRAL GENERAL PURPOSE
FLIGHT COMPUTER
*PROGRAMMABLE TELEMETRY
FORMATTER

*TAPE RECORDERS

MARS OBSERVER

GP -3
SPACECRAFT DEVELOPMENT 4-23-93
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JPL COMMAND & DATA HANDLING (C&DH)

COMMAND FUNCTIONS: ASSEMBLIES:
RECEIVES & ROUTES DEMODULATED INCOMING COMMANDS STANDARD CONTROLS PROCESSOR UNITS (SCP):
PERFORMS ONBOARD COMPUTATIONS 96 K WORDS OF RAM-LOADABLE VIA CDU/CIU, 20 K WORDS PROM
EXECUTES RECEIVED/STORED COMMANDS 1750-A INSTRUCTION SET, MARCONI CPU, 18/32/48 BIT ARITHMETIC
PROVIDES CLOCKS FOR SCIENCE & ENGINEERING 16 LEVEL INTERRUPT SYSTEM
’ SEU RESISTANT PROCESSOR AND PERIPHERALS
DATA HANDLING FUNCTIONS: CONTAINS ALL COMMAND & CONTROL SOFTWARE
COLLECTS, DIGIMZES, MULTIPLEXES, SYNCHRONIZES, AND
FORMATS ENGINEERING PACKETS/TRANSFER FRAMES CONTROLS INTERFACE UNIT {CIUYINTERFACE EXTENDER (CIX):
ROUTES, STORES, AND PLAYS BACK SCI. & ENG. DATA INPUT/OUTPUT CONTROL FOR SCP
PROVIDES COMMAND VERIFICATION COMMAND DECODING AND ROUTING
PROVIDES MEMORY DUMP CAPABILITY SINGLE BIT ERROR CORRECTION/DOUBLE BIT ERROR DETECTION
CLOCK GENERATION
REQUIREMENTS: DISCRETE/L.OW LEVEL COMMAND INTERFACES

COMMAND RATES/FORMATS:
COMMAND RATES OF 7.6125 TO 500 8/S (NOMINAL @ 1258/5)  SIGNALS CONDITIONING UNIT (SCU):

HARDWIRED 2000 B/S FOR GSE MEMORY LOADS HIGH LEVEL COMMAND INTERFACES
REAL TIME AND STORED COMMANDS PRE-ARM AND ARM RELAYS FOR PYROTECHNICS
COMPUES WITH COMMAND STANDARDS THRUSTER FIRE SIGNALS
STORES 1500-16 BIT PAYLOAD COMMANDS
MAXIMUM SEQUENCE » 144 HOURS DIGITAL TAPE RECORDERS (DTR):
NASA STANDARD 1.38 x 10* BITS
TELEMETRY RATES/MODES!’ 3 CROSSSTRAPPED EU TO 4 TUs
10 B/S REAL TIME
250 BIS REAL TIME & RECORD ENGINEERING CROSS STRAP UNIT (XSU)
2KB/S REAL TIME a2 RECORD TRANSFERS DATA TO TELECOMM,
8 KB/S PLAYBACK
! RECORD ENGINEERING DATA FORMATTER (EDF):
2 ﬁgzg PLAYBACK } sPacECRAFT-TOS 32 K WORDS RAM. 25 K WORDS PROM
4KS/S 1750 A INSTRUCTION SET, MARCONI CPU
8 KS/S REAL TIME 364 ANALOG, 256 DIGITAL INPUTS
16 KS/S & RECORD TIME CODE GENERATION FOR PDS/TRANSFER TO INSTRUMENTS
32KSIS S&E-1 SENDS SELECTED T/M DATA TO SCP FOR FAULT MONITORING
42.7KS/S } PLAYBACK REDUNDANT CRYSTAL OSCILLATOR (RXO):
363 K5/5 PROVIDES BASIC SIC CLOCK @ 5.12 MH2
40 KS/S 1 PART IN 10* STABILITY PER DAY
64 KS/S S&E.2
80 KS/S } REAL TIME HERITAGE:

PDS + GFE FROM JPL
CPUEDF . NEW DESIGN FOR MARS OBSERVEWLANDSAT

MAR?  SERVER CI/DTR/RXO/SCUIXSU « DMSPIATN GP/ADD - 2
SPAC *T DEVELOPMENT 4-23-93



JPL

FUNCTIONS:

RECEIVE X-BAND UPLINK, DEMODULATE COMMAND
SUBCARRIER AND/OR RANGING SIGNAL

GENERATE X-BAND DOWNLINK (COHERENT OR VIA USO)

PHASE MODULATE DOWNLINK CARRIER FOR
REAL TIME/DTR PLATBACK

PROVIDE MODULATION FOR DIFFERENCED ONE-WAY
AND TWO-WAY TURNAROUND RANGING

TRANSMIT TELEMETRY/RECEIVE EMERGENCY UPLINKED
COMMANDS DURING EMERGENCY/SAFE MODES

ACCOMMODATE Ka-BAND BEACON ENGINEERING
DEMONSTRATION

TRANSMIT S/C-TOS PLAYBACK DATA

UPLINK REQUIREMENTS:

FREQUENCY: 71457190 MHz

G/T IN dB/K
> -17.5 OUTER CRUISE/MAPPING
» -28.2 EMERGENCY MODE

DOWNLINK REQUIREMENTS:

FREQUENCY: 8400-8450 MHz X-BAND
33.6 GHz Ka-BAND

X-BAND EIRP IN dBm

> 37.5 INITIAL ACQUISITION

> 46.5 INNER CRUISE

> 81.4 OUTER CRUISE/MAPPING

> 46.0 10 BPS EMERGENCY MODE
K-BAND EIRP IN dBm

» 50 (GOAL)

MARS OBSEHVER
SPACECRAIT DEVE! OPMENT

TELECOMMUNICATIONS

ASSEMBLIES:

ANTENNA:
1.5 M P-AXIS CASSEGRAIN X-BAND ANTENNA ASSEMBLY
(INCLUDES Ka-BAND ANTENNA ON SUBREFLECTOR)
TWO HEMISPHERICAL LGAS FOR EMERGENCY/BACKUP
RECEIVE
ONE HEMISPHERICAL LGAS FOR EMERGENCY/BACK- UP
TRANSMIT

MARS OBSERVER TRANSPONDERS (MOT):
COHERENT TRANSLATION OF RECEIVED X-BAND CARRIER
TO X-BAND TRANSMIT FREQUENCY
DEMODULATE COMMAND/RANGING FROM RECEIVED
CARRIER
MODULATE TELEMETRY AND RANGING ONTO TRANSMITTED
CARRIER

COMMAND DETECTOR UNITS (CDU):
DEMODULATE THE BCPHASE MODULATED SUB- CARRIER
COMMANDS AND CLOCK SIGNALS SENT TO C&DH
TELEMETRY AND STATUS DATA ROUTED TO EDF

RF POWER AMPLIFIERS (RPA):
TWTs OPERATE AT 44 W (RF)

ULTRA STABLE OSCILLATOR (USO):
USED FOR RADIO SCIENCE: GENERATES DOWNLINK
FREOUENCY REFERENCE

HERITAGE:

TRANSPONDER : MOTOROLA » DERIVED FROM NASA STD &
MAGELLAN

CDU -NEW DESIGN « GFP

USO . PAYLOAD GFP

APA - VARIAN « DERIVED FORM HERITAGE DESIGN

LGA, HGA - DERIVED FROM HERITAGE DESIGNS

RF COMPONENTS . DSCS I, DBS, SATCOM
GP/ADD - 3

4-23-93



JPL ATTITUDE & ARTICULATION CONTROL

FUNCTIONS: ASSEMBLIES:
3 AXIS SPACECRAFT ATTITUDE CONTROL INERTIAL MEASUREMENT UNIT (IMU):
INITIAL  ACQUISITION MEASURES BODY RATES AND ACCELERATIONS
CRUISE/DRIFT “CONTROLLED ROLL" UTILIZE 3 DRIRU Il GYROS, 4 ACCELEROMETERS
. MANEUVERS
MAPPING PHASE: AUTONOMOUS NADIR POINTING MARS HORIZON SENSOR ASSEMBLY (MHSA):
. SAFE MODE MODIFIED BARNES EARTH SENSOR
SPACECRAFT ATTITUDE DETERMINATION 4 QUADRANTS
HIGH GAIN ANTENNA POINTING OPERATES IN €O, WAVELENGTH
SOLAR ARRAY POINTING OPERABLE OVER 350 TO 370 KM ORBIT ALTITUDE
PROVIDE TELEMETRY DATA FOR ATTITUDE 4 PI STERADIAN SUN SENSOR (4TISS):
MEASURED SUN ANGLE AT 4.4 MR ACCURACY
REQUIREMENTS: 5 REDUNDANT SENSOR DETECTORS

POINTING ACCURACY (/AXIS, 30):
NADIR MOUNTED
CONTROL: <10 MRAD
KNOWLEDGE: <3 MRAD
BOOM MOUNTED
CONTROUKNOWLEDGE: «25 MRAD

CELESTIAL SENSOR ASSEMBLY (CSA):
INTERNALLY REDUNDANT
STAR MAPPER FOR INERTIAL ATTITUDE REFERENCE

REACTION WHEEL ASSEMBLY (RWA):
4 BRUSHLESS DC MOTORS AND DRIVE FLYWHEELS

HGA CONTROL: <8.7 MRAD FOR ATTITUDE cONTROL TORQUING
HGA KNOWLEDGE: <3 MRAD AUTONOMOUS UNLOADING: PROGRAMMABLE SET
POINTS
POINTING STABILITY {(3a):
OVER 5 SEC: (0.5 MRAD R+P FLIGHT SOFTWARE:
<1 .0 MRAD Y RESIDENT IN C&DH scpP
OVER 12 SEC: <3 MRAD/AXIS
HGA OVER 300 SEC: <3 MRAD HERITAGE:
IMU/RWA: DMSP/ATN
MANEUVER ACCURACY (30): CSA: DMSP
SIDE VELOCITY ERROR;: SSA: NTS/SAGE/HCCM
0.01 m/s FIXED MHSA: DMSPIATN, MODIFIED OPTICS AND PREAMP
25 MRAD PROPORTIONAL SOFTWARE: DMSPIATN, NEW

MAGNITUDE ERROR:
0.05 m/s FIXED
2% PROPORTIONAL

MAF "ERVER GP/ADD - 4
SPAL \F1 DEVELOPMEN T 4-23-93
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LAUNCH CONFIGURATION

\ v ¥ MAPPING CONFIGURATION
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JPL MISSION CRITICAL
SINGLE FAILURE POINT POLICY

NO SINGLE FAILURE SHALL CAUSE:
~ PERMANENT LOSS OF DATA FROM MORE THAN ONE INSTRUMENT
~ FAILURE TO ACHIEVE & MAINTAIN MAPPING ORBIT
~ LOSS OF POINTING CONTROL
~ LOSS OF ATTITUDE RECONSTRUCTION TELEMETRY DATA
~ FAILURE TO ACHIEVE QUARANTINE ORBIT

IMPLEMENTED THROUGH BLOCK, FUNCTIONAL, AND ALTERNATE MODE
REDUNDANCY

BLANKET WAIVER FOR LOW RISK ITEMS

- STRUCTURE, BOOMS, BOOM HINGE BEARINGS, CABLING
PROPELLANT/PRESSURANT TANKS, LINES
PASSIVE RF COMPONENTS, HGA, LGAT
THERMAL BLANKETS, HEAT SHIELDS
ACTUATOR BEARINGS & ENCODER DISK, CSA OPTICS
SPECIFIC WAIVERS FOR REMAINING SFPs

- HINGE ASSEMBLIES, DEPLOY DELAY ASSY, ROTARY WAVEGUIDES
PRESSURE REGULATOR, FILTERS
CIU TO RXO & IMU INTERFACES, IMU SPIN MOTOR DURING MOI
- S/IA TELEMETRY SHUNT

1

|

MARS OBSERVER GP -8
SPACECRAF T DEVEL OPMEN 1 4-23-93



Il SPACECRAFT DESIGN HERITAGE
- ELECTRONICS

ITEM HERITAGE’ PROGRAM
TELECQOMWM :
TRANSPONDER 2C MAGELLAN
POWER AMPLIFIER 2B LANDSAT/DSCS |l
HGA 2¢C STC/DBS/LANDSAT
LGA 3
C&DH
COMPUTER 3
I/O UNITS 2C DMSP/ATN
TELEMETRY PROCESSOR 3
CLOCK 2B DMSP/ATN
GIMBAL DRIVE ELECTRONICS 2C SATCOM/GSTAR
TAPE RECORDERS 2A ATN
ATTITUDE CONTROL
INERTIAL MEASUREMENT UNIT 2A DMSP/ATN
HORIZON SENSOR 2B DMSP/ATN
CELESTIAL SENSOR 2A DMSP
SUN SENSOR 2B NTS/SAGE/HCMM
REACTION WHEELS 2B DMSP/ATN
POWER
ELECTRONICS 2¢C DMSP/GSTAR
SOLAR ARRAY 2C SATCOM
BATTERIES 2C DMSP
SOFTWARE
COMMAND & CONTROL 2¢C DMSP/ATN
TELEMETRY 3
.

MARS OBSERVER GP .4
SPACECRAFT DEVELOPMENT 4-23-923



SPACECRAFT DESIGN HERITAGE
- MECHANICAL

ITEM HERITAGE' PROGRAM
PROPULSION
490 N BI-PROP THRUSTERS 1/2A IABS
22 N Bl PROP THRUSTERS 2A INTELSAT VI
BI-PROP  TANKS 3
PRESSURANT TANK 2A SATCOM
U TR T 4|
, - 2A SATCO
MONO-PROP TANKS 2A SATCOR"IINOYAGER
MECHANISMS
DEPLOYMENT 2C SATCOM
CANISTER BOOMS 3
Q] ATLE fon soom :
2C
T
2C SAT
SECONDARY 3 com

‘KEY: 1 -HARDWARE HERITAGE
2A - DESIGN HERITAGE, NO CHANGE
2B - DESIGN HERITAGE, MINOR MOD
2C « DESIGN HERITAGE, MAJOR MOD
3 « NEW DESIGN

MARS OBSERVER GP-5
SPACECRAFT  DEVELOPMENT 4-23-93



JPL POWER SUL3YSTEM

FUNCTIONS: ASSEMBLIES:
. SOLAR ARRAY:
SUPPLY, CONTROL, CONVERT, REGULATE, DISTRIBUTE ALL TWO-AXIS GIMBALED DRIVE, SINGLE PANEL 2.3 x 1.8 M
ELECTRICAL POWER REQUIRED BY SPACECRAFT BUS AND 6 PANELS, PARTITIONED DEPLOYMENT
PAYLOAD DURING ALL MISSION PHASES REDUNDANT DIODE ISOLATION BETWEEN CIRCUITS

1400 W @ 1.4 AU, 1150 W@ 1.7 AU
CONTROL BATTERY CHARGE/DISCHARGE

\ BATTERIES:
PROVIDE COMMANDS FOR GROUND CONTROL TWO NI-Cd 42 A-HR, 17 CELLS EACH
0 TO 5°C TEMPERATURE RANGE
PROVIDE TELEMETRY FOR PERFORMANCE AND FAULT POWERS PYRO FUNCTIONS DIRECTLY
MONITORING
PARTIAL SHUNT ASSEMBLY (PSA):
CONDITION AND DISTRIBUTE EXTERNALLY PROVIDED POWER REGULATES SOLAR ARRAY OUTPUT
FOR BUS SUBSYSTEMS AND SCIENCE PAYLOAD DURING CONTROLS via ELECTRICAL MISMATCHING OF SOLAR ARRAY
GROUND TEST, PRELAUNCH AND LAUNCH PHASES CIRCUITS
PROVIDE OVER/UNDER VOLTAGE AND OVERCURRENT POWER SUPPLY ELECTRONICS (PSE):
PROTECTION CONTROL PSA
BOOST BATTERY VOLTAGE DURING ECLIPSE
POWER MANAGEMENT SOFTWARE IN C&DH CONTROL BATTERY CHARGER OPERATIONS
FUSED OUTPUTS
REQUIREMENTS: BATTERY CHARGER ASSEMBLY (BCA)
4 CHARGE RATES: 0.85, 10, 12.5,15A
28 V DC t 2% REGULATED POWER 18 VT TAPER MODES
136.5 W CONTINUOUS POWER FOR PAYLOAD DURING MAPPING
158 W PAYLOAD PEAK POWER PYROTECHNIC FUNCTIONS:
RIPPLE: 170 mV (p-p) SOLAR ARRAY RESTRAINT CABLE CUTTERS
MAXIMUM TRANSIENT: 7.5 A HGA DEPLOYMENT ASSEMBLY
MAXIMUM RATE OF CURRENT RISE: 100 mA/;ts MAG/GRS BOOM DEPLOYMENTS
MINIMUM UNDERVOLTAGE: 15 V PROPULSION PYRO VALVES
MAXIMUM OVERVOLTAGE: 38 V V-BAND
FUSES: 160
HERITAGE:
SOLAR ARRAY: SATCOM-K
ELECTRONICS: DMSP, GSTAR
BATTERY: NASA STANDARD SPECIFICATION
MARS OBSENVER GP/ADD «5

SPACECRAF I DEVEIOPMEN T 4-23-93



SPL

FUNCTIONS:
PRODUCE VELOCITY CHANGES FOR:
TRAJECTORY CORRECTION MANEUVERS (TCM)
MARS ORBIT INSERTION (MOI)
ORBIT TRIM MANEUVERS {OTM)
- QUARANTINE ORBIT RAISE MANEUVER

PRODUCE TORQUE FOR:

THRUST VECTOR CONTROL DURING THRUSTING
MANEUVERS

REACTION WHEEL MOMENTUM UNLOADING
BACKUP SPACECRAFT SLEWING

REQUIREMENTS:
BIPROP
TOTAL A’ 2.7 KMISEC
CAPACITY: 1364 KG
ISP 490 N: 308 SEC(MIN)
22 N: 280 SEC
PULSE CAPABILITY (MIN):
490 N: 18,000
22 N: 66,450
MINIMUM IMPULSE BIT:
490 N: 12.25 N-S
22 N: 0.057 N-S
MONOPROP
CAPACITY: 84 KG
ISP .88 @ MAX P (MIN):
4.5 N: 220 SEC
0.9 N: 225 SEC
PULSE CAPABILITY (MIN):
45 N: 73,150
0.9 N: 410,000

MARS NOBSERVER
SPA AF T DEVELOPMENT

PROPULSION SUBSYSTEM

ASSEMBLIES:

BIPROPELLANT:

ULTILIZES TWO 1.07 M TITANIUM TANKS FOR MMH (FUEL) AND
N,0, (OXIDIZER) LOCATED ON CENTER CYLINDER

BLOWDOWN FOR TCMs, REGULATED 255 PSI FOR MOI

FOUR 490 N AND FOUR 22 N ENGINES

ENGINE HALF SYSTEMS USED FOR REDUNDANCY
MANAGEMENT

PARALLEL AND SERIES COMPONENTS ARRANGED TO
PRECLUDE SINGLE FAILURE POINTS

PRESSURANT EQUIPMENT:
HELIUM PRESSURANT
SINGLE (0.66 M) TANK, SERIES REDUNDANT REGULATOR
GRAPHITE COMPOSITE OVERWRAP STAINLESS STEEL

MONOPROPELLANT EQUIPMENT:
TWO 0.48 M TITANIUM TANKS

EIGHT 4.5 N AND FOUR 0.9 N CATALYTIC REAS
BLOWDOWN OPERATION

HERITAGE:

BIPROPELLANT:
TANK: NEW
THRUSTERS: MARQUARDT, IABS

PRESSURANT:
TANK: GE/ASD SATCOM, SERIES 5000
REGULATOR: |ABS

MONOPROPELLANT: GE/ASD SATCOM, SERIES 3000/4000/5000

GP/ADD - 8
4-23-93



JPL STRUCTURE SUBSYSTEM

FUNCTIONS: ASSEMBLIES:
PROVIDE FOR STRUCTURAL MOUNTING OF ALL
ASSEMBLIES PRIMARY STRUCTURE:
MAGNESIUM ALLOY CENTER CYLINDER FOR
PROVIDE STABLE MECHANICAL INTERFACE FOR ALL PRIMARY LOAD PATH
SENSORS 2.1x 1.5x 1.0 MRECTANGULAR MODULE
EIGHT MODULAR ALUMINUM HONEYCOMB
ENSURE STRUCTURAL INTEGRITY FOR ALL MISSION EQUIPMENT PANELS
PHASES
SECONDARY STRUCTURE:
PROVIDE BASIC SYSTEM ALIGNMENTS THRUSTER SUPPORT BRACKETRY AND HEAT
PROVIDE FOR UNOBSTRUCTED SENSOR FOV SHEILD
TANK SUPPORTS
PROVIDE CENTER OF MASS CONTROL S/A INBOARD SUPPORT
CSA BRACKET AND SUN SHEILD SUPPORT
PURGE LINE, HARNESS, & THERMAL SUPPORTS
REQUIREMENTS:

LGA SUPPORT BRACKETRY
2500 KG TOTAL INJECTED MASS
TOS ADAPTER
MONOCOQUE WITH SKINS AND STRINGERS

"¥*" BAND SEPARATION CLAMP ASSEMBLY WITH
RETENTION SPRINGS

COMPATIBLE WITH TITAN Il

ACCOMMODATE 166 KG OF GFP

OPTICAL ALIGNMENT OF REFERENCE MIRRORS TO SPRING-ASSISTED SEPARATION
PRIMARY MIRROR BOUND 120 BOLT INTERFACE WITH TOS
PIN AND BOLT INSTRUMENT ATTACHMENT HERITAGE:

PRIMARY STRUCTURE: SATCOM K

SECONDARY STRUCTURE & ADAPTER: NEW
MARS OBSERVER

GP/ADD - 7
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JPL MECHANISMS

FUNCTIONS: ASSEMBLIES:
PROVIDES DEPLOYMENTS FOR: SOLAR ARRAY MECHANISMS:
INSTRUMENT BOOMS {MAG/ER, 6 PANELS AND 2 BOOM SECTIONS (2.8 M) CONSTRAINED FOR LAUNCH
GRS) ' PARTIAL DEPLOYMENT DURING CRUISE AND TRANSITION
HGA DEPLOYMENT vla REDUNDANT CUTTING OF RESTRAINT CABLES
SOLAR ARRAY AND PANELS BOOMS/PANEL DEPLOYMENT CONTROLLED vla HINGE SPRINGS AND
PASSIVE DAMPERS
PROVIDES ARTICULATION EOR: DRIVE MECHANISM IS P-AXIS GIMBAL
SOLAR ARRAY (MINIMIZES SWEPT VOLUME WHILE TRACKING THE SUN)
HGA . HARMONIC DRIVE WITH REDUNDANT MOTOR WINDINGS
SHAFT POSITIONS DETERMINED vla OPTICAL ENCODERS
REQUIREMENTS: HIGH GAIN ANTENNA:
STOWAGE DESIGNED TO ACCOMMODATE TITAN ENVELOPE
TITAN 1il COMPATIBLE CABLE-AND-SHEAR TIES USED FOR RESTRAINT
MULTIPLE POSITIONS FOR GRS DEPLOYMENT vla REDUNDANT CUTTING OF RESTRAINT CABLES
CALIBRATIONS DURING CRUISE AND 5.3 M BOOM OF TUBULAR GRAPHITE EPOXY COMPOSITE LAMINATE
MAPPING PARTIAL DEPLOYMENT FOR CRUISE- BODY FIXED POINTING
SURVIVE MOI MAINTAINED

2-AXIS GIMBAL DRIVE MECHANISM (SAME AS S/A) FOR MAPPING

INSTRUMENT BOOM:

2 MOTOR DRIVEN CANNISTER SYSTEMS FOR MULTIPLE DEPLOYMENT
POSITIONS

2 EXTENSIONS FOR MAGNETICS AND 3 EXTENSIONS FOR GAMMA RAY
BACKGROUND MASKING

6 M TOTAL EXTENSION

SEQUENCED DEPLOYMENT OF BOOMS FOR SPF PROTECTION

MIDSPAN PICKUP FOR CEA, ER, INBOARD MAG, AND HARNESS

BOOM RETRACTION LIMITED BY NO CABLE RETRACTION

HERITAGE:

DEPLOYMENT MECHANISMS: SIMILAR TO SATCOM & DMSP
BOOMS: NEW

MAR” "SERVER GP/IADD -8
SPA f I DEVELOPMENT 4-23.93
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JPL SPACECRAFT EXPLODED VIEW - INITIAL

GP-9

MARS OBSERVER 4.23-93

SPACECRAFT  DEVELOPMENT




JPL THERMAL CONTROL

FUNCTIONS: ASSEMBLIES:
MAINTAIN SPACECRAFT EQUIPMENT TEMPERATURES PASSIVE CONTROL ELEMENTS
WITHIN OPERATING AND NON-OPERATING LIMITS RADIATORS
SHIELDS
MINIMIZE THERMALLY INDUCED DISTORTIONS OF MULTILAYER BLANKETS
DEPLOYED BOOMS, PAYLOAD MOUNTING AREAS, PAINT
AND SUPPORTS TAPES

HEAT SPREADERS

ACTIVE CONTROL ELEMENTS:

HEATERS
DUAL THERMAL CONTROL DEVICES (OTC)
THERMOSTATS
COMPUTER MONITORING AND COMMANDS
HERITAGE:
REQUIREMENTS: PASSIVE AND ACTIVE ELEMENTS: DMSP, SATCOM
COMPUTER MONITORING: NEW
4 Dasign 8 WCA ranga lor naw ascambbng >
@————— Protollight test_ hartaga assy WEA aingo ——--——
Fhight altowable
¢ dasign tange T ’{
Typicatthght
| 10" D | 4= 25°C 9 allowatle <25 G410 P
—r v N S—
200G,  5°C 50°C 75°C
or lowet ot fower ot hugher ot highet
MARS OBSERVER GP/ADD . 8
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- SPACECRAFT EXPLUOED VIEW - FINAL

LA

HUL A

AR SurPont
g L) HADIR
S EOUIPNENT 1Panfy

GInDAt
aSun b ason

&

SOt AR ANAY ~
- X ALCEST bt

.
(¥
SOL AR AMAY DOOH

sy fOUITME R oA Iun

x ALLLNSS Panly R

‘/ VA,

MARS OBSERVER GrP-w 19
SPACECRAFT DEVEI OPMENT 4-23-93



SJPL

SUBSYSTEM DESIGN CHANGES

SUBSYSTEM INITIAL  PROPOSED FINAL LAUNCHED
COMMAND & DATA HANDLING CUSTOM LSICPU 1750 CPU
(C&DH) 64K RAM, 256 PROM 96K RAM, 20K PROM
1802 EDF 1750 EDF
2 DTRs 4 TUs, 3 EUs
TELECOMMUNICATIONS NXT MOT
6 LGA(2R,4T) 3LGA(2R,1T)
1.0 M HGA 1.5 M HGA
1 MGA

ATTITUDE & ARTICULATION
CONTROL (AACS)

POWER

STRUCTURE, MECHANISMS &
THERMAL CONTROL

PROPULSION

4 GAS BEARING GYROS
3 ACCELEROMETERS

5 SOLAR PANELS
2 X 26.5 A-HR BATTERIES

STS ENVELOPE & LOADS
RETRACTABLE LANYARD BOOM
LOUVERS

6 BI-PROP TANKS
3 MONO-PROP TANKS
MONO-PROP THRUSTERS:
4 x 22N
12 x .9N

3 DRY TUNED-ROTOR GYROS
4 ACCELEROMETERS

6 SOLAR PANELS
2 x 42 A-HR BATTERIES

TITAN Il ENVELOPE & LOADS
CANISTER BOOM

2 BI-PROP TANKS
2 MONO-PROP TANKS
MONO-PROP THRUSTERS:
8x 4.5N
4 x 9N

MARS OBSERVER
SPACECRAFT

DEVELOPMENT
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SPL

PAYLOAD ACCOMMODATION CHANGES

PAYLOAD ITEM RFP CONTRACT START UM#9 UM #16, 19, 20
INSTRUMENT 8 DELETE UVS ADD ER DELETE VIMS,
COMPLEMENT INSTRUMENTS AND UVP, ADD REPLACE RA WITH MOLA,

TES AND MOC ADD MBR
MASS (KG) 108.5 120 168 166
POWER(W) 115 130 136.5 42 A HR BATTERIES
PULSE LOADS TO 158
MAX DATA RATE (KBPS) 32 64 85.3 SAME
TAPE STORAGE (BITS) 0.52 x 108 1.04 x 109 1.38x 109 184 x 10 9
PAYLOAD COMMANDS 1024 1500 PDS BURST MODE SAME
MAX CMD RATE (BPS) 32 32 500 SAME
SIMULTANEOUS CMDS 5 10 SAME SAME
MAX SEQUENCE (HRS) 96 144 SAME SAME
FOvV STRAWMAN SELECTED LARGER MOC FOV, MBR EOV
TES DESIRED FOV PMIRRA DESIRED FOV
CONFIGURATION STRAWMAN SELECTED SPLIT PACKAGE FOR LARGE BALLAST MASS
GRS, MOC, AND PMIRR
TOTAL VOLUME (M 3 0.47 0.76 0.78 TBD
THERMAL -20" TO +30' C SAME SOME EXCEPTIONS CUSTOMIZED INTERFACES
PURGE VIMS & PMIRR TES & MOC MOLA

MARS OBSERVER

SPACECRAFT DEVEIL OPMENT

GP-12
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SPL MASS SUMMARY

PROPOSED FINAL

ELEMENT INITIAL LAUNCH
PAYLOAD 108.5 156.6
ATTITUDE CONTROL 48.4 57.8
POWER 130.5 203.7
PROPULSION 131.5 127.3
STRUCTURE 154.0 223.3
THERMAL CONTROL 33.0 36.5
C&DH 64.4 80.0
TELECOMMUNICATIONS (INCL GFP) 26.6 43.8
MECHANISMS 52.7 102.1
HARNESS 43.8 81 .0
BALANCE -0- 12.4
MARGIN 33.6 -0-

SUBTOTAL DRY MASS 827.0 1124.5
PROPELLANTS & PRESSURANTS 1328.0 1440.5

TOTAL INJECTED MASS 2155.0 KG 2565.0 KG

MARS OBSERVER GP-13

SPACECRAFT DEVELOPMENT 4-23-93
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SPL POWER SUMMARY

MAPPING @ APHELION WITH 1 TAPE RECORDING AND
| TAPE IN PLAYBACK

INITIAL FINAL
ELEMENT PROPOSED LAUNCH

PAYLOAD 109.0 130.4
TELECOMM 154.0 1445
C&DH 73.6 735
AACS 63.7 51 .0
PROPULSION 0 13.4
POWER 4.2 6.2
MECHANISMS 0 22.6
THERMAL _43.0 162.3
NOMINAL LOAD 447.5 603.9
BATTERY CHARGING 252.5 451 .0
LOSSES __0 39.0
TOTAL POWER REQUIRED 700.0 1093.9
TOTAL POWER AVAILABLE 710.0 W 1147.0 W

MARS OBSERVER GP 15

SPACECRAFT DEVELOPMENT 4-23-93
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N TR COMMAND & DATA FLOW

TRANSFER SCIENCE
ORBIT STAGE | INSTRUMENTS
< )
SIC-TOS SIC ENG 2 2
DATA DATA ol ol 2
Y ANALOG sl 2
 MEASUREMENTS =l 3
DATA_RECORD COMMANDS
| < ANALOG MEASUREMENTS
sIC COMMANDS -
DATA MMANDS
STORAGE $8S/C - — C&DH S/C ENG SOURCE PACKETS> PDS
" S&E-| DATA
DATA PLAYBACK 4 S&E-2 DATA
TIMING .
S&E S/C-TOS
DATA ¢ DATA COMMAND S
TELECOMMUNICATIONS
MARS OBSERVER G P -1 6

SPACECRAFT  DEVELOPMENT 4-23-93



JPL COMMAND & DATA HANDLING SUBSYSTEM

. DESIGN DRIVERS
- DATARATES
- DATA STORAGE REQUIREMENTS
~ DATA STANDARDS
~ FAULT PROTECTION

. CHARACTERISTICS

- CENTRAL COMPUTER FOR COMMAND AND CONTROL

- MEMORY: 96K RAM, 20K PROM

- UTILIZE GFP PDS AS INTERFACE TO INSTRUMENTS

-~ DATA RATES: 10 TO 80K BPS

—~ DATA STORAGE: 1.38 x 10° BITS, SIMULTANEOUS RECORD & PLAYBACK
CENTRAL CLOCK

. DEVELOPMENT HIGHLIGHTS

- 1750 PROCESSOR REPLACED CUSTOM LSI HERITAGE CPU. COMMON DESIGN
BETWEEN SCP & EDF. SHARED DEVELOPMENT WITH LANDSAT.

- MEMORY ADDED TO ACCOMMODATE SOFTWARE GROWTH
~ SPARE TAPE TRANSPORT FLOWN TO IMPROVE RELIABILITY

1

MARS OBSERVER GP-17
SPACF"QAFT DEVELOPMENT 4-23-93
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JPL

FUNCIIONS:

COMMANDING .« RECEPTION, VERIFICATION,
STORAGE, DI%TRIBUTION

TELEMETRY . S/CDATAFROM EDF, SIC
TIMING, ATTITUDE, CON-
FIGURATION DATA

AACS . SENSORS, ALGORITHMS,
COMMAND EFFECTORS

POWER . BATTERY CHARGE, LOAD
CONTROL, S/A POINTING

THERMAL . S/IC ELECTRONICS & TANK
THERMAL MANAGEMENT

TELECOM . CYCLIC ORBITAL OPS, HGA
POINTING

FAULT . REDUNDANCY MGMT AND

PROTECTION ANOMALY MODE OPS

CHARACIERISTICS:

WRITTEN IN JOVIAL & SOME ASSEMBLY
VMX OPERATING SYSTEM

FITS IN 96K RAM, 20K PROM

HOT-SPARE CONCEPT - BOTH SCPs RUN
SAME SOFTWARE; ONLY ONE IN CONTROL

MARS_ QBSERVER
SPAr AFT DEVELOPMENT

FLIGHT SOFTWARE

THERMAL __y, EDF

HARDWARE

IMUICSA .

MHSA >
SSE's

SOFTWARE
BAM-BASED

MX OPERATING SYSTE

MONITOR TASKS
BUS CHECK
MEM CHECK

CYCEXEC

SUBSYSTEM

OO  p

HGA > Clu
SA

UPLINK :

1T
MEOK . ,

POWER

TELECOM _,.

[
"j SOFTWARE

THERMAL

POWER
[ AACS

TELECOM
COMMAND
& CONTROL]

ERROR ; MESSAGES'

REDUNDANCY
MANAGEMENT

CONFIGURATION

CHANGES

GP-19
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JPL  FAULT PROTECTION APPROACH

BLOCK AND FUNCTIONAL REDUNDANCY PROVIDED TO ELIMINATE MISSION
CRITICAL SINGLE FAILURE POINTS. PROJECT POLICY EXEMPTS LOW RISK
DIFFICULT TO ELIMINATE SFPs. REMAINING SFPs ARE HIGHLY UNLIKELY.

CONSERVATIVE DESIGN MARGINS REQUIRED TO REDUCE RISK.

OPERATION IN DEGRADED MODES ALLOWED FOR MISSION PROTECTION
FAULT MANAGEMENT APPROACH

- IMMEDIATE RESPONSE - HARDWARE PROTECTION CIRCUITS (e.g.
FUSES, OSCILLATORS, OVER/UNDER VOLTAGE CIRCUITRY)

- INTERMEDIATE RESPONSE - FLIGHT SOFTWARE

» MONITORS OUTPUTS TO CONTROL SWITCHING FROM PRIMARY
TO BACKUP OR FUNCTIONALLY REDUNDANT UNIT

» INVOKES SUCCESSIVE DEGRADED MODES IF NO RECOVERY -
PRIORITY: 1) SAFE THE S/C, 2) SAFE THE PAYLOAD, 3) ASSURE
COMMAND LINK, 4) PROVIDE TELEMETRY

. EMERGENCY - PROTECTS AGAINST LOSS OF LINK

. CONTINGENCY - PROTECTS AGAINST EXCESSIVE POWER
DRAIN

. SAFE - PROTECTS AGAINST CATASTROPHIC POWER DRAIN
OR HARDWARE LOSS

-~ SLOWEST RESPONSE - GROUND OPERATIONS
» TREND AND FAILURE ANALYSIS
» LONG-TERM REDUNDANCY MANAGEMENT (e.g. DTR)
» RECOVERY AFTER AUTONOMOUS ACTION

MARS OBSERVER GP-20
SPACECRAFT DEVELOPMENT 4-23-93



JPL TELECOMMUNICATIONS SUBSYSTEM

« DESIGN DRIVERS

ALL X-BAND SYSTEM

- DATARATES

-~ COMMAND RATES

~ CRUISE AND MAPPING GEOMETRIES

. CHARACTERISTICS
- TRANSPONDER: MOT
— UTILIZE GFP CDU AND USO
- POWER AMPLIFIER: 44W TWT
— ANTENNAS: 2 DOF HGA (1.5 M), CGA (2 RCV, 1 TRAN)

. DEVELOPMENT HIGHLIGHTS

—~ NXT DEVELOPMENT FAILED. MOT DERIVED FROM MAGELLAN
TRANSPONDER

-~ DESIGN SIMPLIFIED TO ELIMINATE ANTENNAS BUT ASSURE COVERAGE

- CONFORMAL COATING OF TWT POWER SUPPLY ADDED AFTER SWITCH TO
TITAN I

~ KA-BAND BEACON ADDED AS ENGINEERING DEMONSTRATION
~ DUAL SUBCARRIER ADDED FOR LOW DATA RATES
~ OPERATIONAL WORKAROUND DEVELOPED FOR BOTH CDUs LOCKING UP

MARS NMRASERVER GP-21
S5PA AF T DEVELOPMENT 4-23-93
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I TELECOMMU._.ICATIONS
BLOCK DIAGRAM
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JPL COMMUNICATIONS MARGINS

l Performance of HGA with 34M HEF l

ather
PT/No THRESHOLDS

\‘
~

4 kbps

o £ D, ,
g i % ey,
o PTO e -3 Lt \9’ i
Pargy e SO v T g 372 Kbps
e oy, ,_,),:,_ PRSP P

PT/No, dB - 95%
4

2 * 2L 18.6 kbps

T B ‘“,,; * "-v.o?.")ﬁ«‘.“d;’Y\"tr’
34M Dish Elevations

Quter Guise Drift Mapping .
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JPL ATTITUDE & AK (ICULATION
CONTROL SUBSYSTEM

. DESIGN DRIVERS
~ MULTIPLE ‘FLIGHT MODES: LAUNCH, CRUISE, TCM, MOI, MAPPING, OJ-M
- BOOM INTERACTION
- AUTONOMOUS OPERATION
—~ MARS ENVIRONMENT

. CHARACTERISTICS
- 3 AXIS STABILIZED: 10 MRAD CONTROL, 3 MRAD KNOWLEDGE
~ FLIGHT SOFTWARE CONTROLLED

— SENSORS: 4r SUN, CELESTIAL, MARS HORIZON, IMU (GYROS & ACCEL)
- ACTUATORS: THRUSTERS, 4 REACTION WHEELS

. DEVELOPMENT HIGHLIGHTS
~ EARTH SENSOR MODIFIED FOR MARS ENVIRONMENT

- SDOF GAS-BEARING GYROS REPLACED BY 2DOF DRY TUNED-ROTOR
GYROS

~ EXTENSIVE ANALYSIS & PARAMETER SPECIFICATION TO MINIMIZE
CONTROL INTERACTIONS

- TIGHT TOLERANCE REACTION WHEEL BEARINGS

MARS OBSERVER GP-24
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JPLU

AACS BLOCK DIAGRAM
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JPL POWER SUBSYSTEM

. DESIGN DRIVERS
- CHANGING SUN INTENSITY: 1.0 -> 1.7 AU
- SUBSYSTEM AND PAYLOAD POWER REQUIREMENTS
— BATTERY CHARGE/DISCHARGE CYCLES

CHARACTERISTICS
~ REGULATED 28 V DC + 2% BUS
- 136.5 W CONTINUOUS FOR PAYLOAD DURING MAPPING
~ 2 DOF SOLAR ARRAY
~ 2 X 42 AMP-HR NI-CAD BATTERIES

. DEVELOPMENT HIGHLIGHTS
— SLIP RING POWER TRANSFER REPLACED BY FLEX CABLES
- SI/A AND BATTERY SIZE GREW AS REQUIREMENTS GREW

- STANDARD NI-CAD CELL DEVELOPMENT PROBLEMS LEAD TO
DEVELOPMENT OF SUPER NI-CAD BATTERIES AS BACKUP

- BATTERY RECONDITIONING UNIT DELETED DURING MASS REDUCTION
RE-DESIGN

— DESIGN ALLOWED INADVERTENT POWER TURN-ONS DURING TEST

MARS OBSERVER GP - 26
SPACECRAFT DEVELOPMENT 4-23-93



JPL POWER BLOCK DIAGRAM
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JPLU SOLAR ARRAY POWER MARGINS
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JPL BATTERY MARGINS

Allowable for maneuver = 50%
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SPLU CONTINGENCY STATUS
ANTICIPATED LIENS

EY91 EY92 TOTAL
LIENS « CONTRACT
A003 ADDITIONAL S/C TESTING (QUAL&SYS) 100 500 600

A004 CORRECT PFR CLOSEOUT DEF. 50 100 150
AO005 CORRECT RELIABILITY ANALYSIS DEF. 50 0 50
A014 |&T WORKAROUNDS FOR INSTR. PROBLM 0 500 500
A015 1&T WORKAROUNDS FOR LATE P/L 100 1,500 1,600
A016 JPL BCE TO ASD SCS ICD’S 100 0 100
A018 LARGER S/C TEAM 90 130 220
AO019 LATE MAG & RAD CHARC TESTS 40 0 40
A036 PAS SCOPE 240 240 480
A037 NEW FLIGHT S/W REQUIREMENTS 100 200 300
A044 PAYLOAD NEW 1&T REQUIREMENTS 200 1,500 1,700
A049 S/C IMPACT OF P/L DESIGN DELTAS 100 0 100
A052 SEQUENCE TEST REQUIREMENTS 100 400 500

REASON

RECOMMENDATION OF REVIEW BOARDS AND SECTIONS
JPL WON'T LIKE TDR CLOSEOUTS

ADDITIONAL FMECA, WCA BASED ON JPL REVIEW
ADDITIONAL SYS TEST TIME TO ISOLATE INSTR UNIQUE PROBLMS
INSTRUMENTS ARRIVE LATE AT GE

DOCUMENTATION FOR TEST EQUIPMENT INTERFACES
PRE-LAUNCH MOS TEAM NEEDS TO BE LARGER

WORKING IN TESTS IF LATE

SFOC |/F SCOPE

DESIGN CHANGES TO FLIGHT $/W AFTER CDR

NEW REQUIREMENTS

ADDL MASS, POWER, FOV, ETC. I.E. 49079 AND 49033

FLT SEQ VERIFICATION TESTING AT GE

NEW REQUIREMENTS/SCIENCE ENHANCEMENTS

PRESENT CONTAMINATION APPROACH INADEQUATE
SHIPPING CONTAINER DELETED FORM GE-ASD CONTRACT
MARQUARDT 490N TEST

TEST TWT ON DURING SHOCK

ADD FORMAL REVIEW OF SIC FAULT PROTECTION

S AP Lofrop Ll 2

O A T R T T S LE T T TR [T 13E3] [TH e TR T T TT TG LT RSB L O T R A T T T S T (TR

A054 STUDY/IMPLEMENT SCIENCE ECR’S 170 0 170
A056 SYSTEM CONTAMINATION ANALYSIS 50 0 50
A071 TRANSPORT FIXTURE 100 0 100
A074 BRE CONFIDENCE TEST 200 0 200
A075 TWT PYRO SHOCK TEST 60 0 60
A076 FAULT PROTECTION REVIEW/FIXES 300 100 400

TOTAL . ANTICIPATED = 7,060 10,051 17,111
PROJECT CONTINGENCY 8,532 13,263 21,795
AUTHORIZED & PENDING LIENS 8,268 1,540 9,808
ANTICIPATED LIENS 7,060 10,051 17,111
TRUEUNENCUMBEREDBALANCE -6,796 1,672 -5,124

MARSOBSERVER
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MO-SD/STR-4j |

CGE ASTRO SPACE

To : W. Mandale Jate ! 24-JUN-199(Q
From : J.2. Voce Ext . 3848
Re : Mrs Observer Shock Analysis on TWTA Cathode Support Tube

cc : D.Anderson,P.Kaskeiwicz,A.Martz,J.Matlak,G.Owen,S.Teitelbaun,
Linda (M5 87)

Ref er ences
1) MA90-MO-22, "Mrs Observer Shock Levels", J.voce, 4th June 1990

2) Watkins-Johnson Conpany IOM "Mars/Topex Cathode Support Struct
Anal ysis", J.F.Wwilson, 14th Sept 1988

The transfer wave tube assenbly (TWTA) on Mars Observer (MO) is
of slightly different design to prevoiusly flown assenblies.
The area nost changed and nost susceptible to pyro shock jnputs
is the cathode support tube.

The cathode tube assenbly for MD is shown in Figure 1. The
support tube is cantilevered from its attachnent to the base
assembly, and supports its own weight. A simlar arrangement is
used on the FLTSAT TWTA, which is shown in Figure 2. This
assenbly has been subjected to shock wthout failure. _The shock
environnent was however |ower than the MO requiremnent.

A dynamc analysis was thus carried out to determne the correct
input to the MO tube, and a stress analysis was perforned to
determ ne margins of safety and to nake a recomendation on
whet her a shock _test 1is necessary prior to spacecraft system
pyro test.

v

Shock I nput s

Shock Inputs occur from pyro firings on the M) spacecraft and
may be grouped into three categories:

i) Cable CQutters
ii) Propulsion Pyros
iii) V-Band Pyros

The enveloping shock spectrum for these events, ~ devel oped in
Reference 1, is shown in Figure 3, together with the FELTSAT
shock input.



Tage 2

Dvnamic Analvsis

A modal analvsis cf <he support =ube was carried cutly ak-ng
Finite Elenment (Fg) model. Plate eienents were U3ed t he
model which is shown in Figure 4. The first —node frequency _was
-8 xHz and the mode shape Is shown in Figure 5 This first
resonance shows that the shock ipue =° =he tube is at its
maxi um (1500 G from Figure 3).

Static  Analysis

The static analysis was carried out bg/ applying 15006 <to the
tube in the direction that sinulates the firsts mde of the
structure. The maximum stresses occurred at the fixed end of
the cube and are summarized bel ow

Stress  Type Cal cul at ed Allowable
Shear 650 psi 32000 psi
Tensile 2180 psi 48000 psi
Conpressi ve 2180 psi 48000 psi

The allowables are derived from Referetf.%e 2 an include a 1.7
Utimte material factor of safety. gins cv beée seen :

be anple even if further factors should be appl|ed (a stress
concentration factor of 10 is wused in Reference 2).

Reconmmendati on

The analysis shows that the cat hode tube can €asily withstand
the MO shock environment. It t her fore sufficient to test
the assenbly at system shock test 0”' Yy Previous testing of

simlar assenblies Wwthout fallure gives <Zurzher confidence in
the recomendation.

.

M | M
ohn Vo - avia Chu, Manager
Mechariical Analysis v Mechanical Analysis
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XARS CHSERVIR FYROTICUNIC 4XOCK TRET FROGRAX

Reference: Matlack/Zgan GEASD nemo NO-PRO~27 dated April
éV, 1¥¥0 (raquest £9r proposal).

Description Of RPP:

S provide test pians . test pProcsdulres, Tast
vehicles, tast Z2ixtures, tast Iixzpleasntation, test
executiocn, and post-test analyses to demonstrate that
the 1208-1 Mars Observer TWTA can survive ctechinic

1 TV B AN
- L2

shocks af TRD peak arvaviel whils spamsting witusus
susctaining any ge or puffering - any perzanent

degradation in performance.

7. Vv8cO to provide rscommendaticris regarding shock testing
of the 21light TWTA's.

The resferenced nmemérandum refarred in turn t0 s technical
discussion hald at V8CO Pulo Altd ONn March 23, 1990. In
this discussion, V80O suggested t if aEag8D decided tO
pursue operating pyroshock teetlng, a NATO non-f light
residual TNT could be provided [for testing to @ g
concerns rsgarding the mechanical| strength of the cathode
sypport syster | N the TNT. Thendidate NATO J6€18-8 TWT,
8/N 337R, bhas bLeen successfully tested to NATO/SKYNET
qualification requirements for sine and random vibration
(nen-operating), tampearatures, and ermal vacuum. The TWT
cathode and gun structure are identical tc the 3618~9 TWT
produced fOr t he Mars Observer am,

it is deemed necessary td dsmonstrate pyz'alhock.

1e

survivability on a Mars Obmarver| configuration TWTA, the
only candidate available for this iurpoco is the Inginearing
Model TWTA utilized for the High Voltage Vu:i!ictticm
program, ~

Roughh Order of Magnitude proposal:

Task 1:
At Teast plans, procedurss, led anslysest $43.5X
B3 Pretest of unit to be tastad: 5.9XK

TNT anly 5.9%
Tull IWTA L IOR-3

N



C: Transport of equipment, |at-up,and 5.1X
performance of tast at t{|st facility:
Note! Raguires full |r tOIt statian
including rack %ov‘r luggky_ iz
TWT only or TV test [ i f
full TwTA is ¢| be tasted,

D1 Transportation and suppoPt costar 5.0K
El Test Vehicle cost: TWT |nly S 85.,8K
Full |TWTA $281.0K
NOTER! Test may be to destructi|n - GEASD
24y retiin poesession of |tsst velicls
2843 T33t Ls Cunoluded.
r: Cutaide lLad costs: 15.0K
G: Design and fabricats test fixtures
and adeptor plates: $.0K
Total ROM cost: ™T only §47%,000

rull TWTA $385,100

VECO e SO¢ mO reaponsibility | impligit or otherwise
regarding the abpility o f the tesvehicle ¢to succoutwi:ll
survive the proposed 27 exposures ). 0 the TED pyroshock TU
levels Dut will support the tast PJrograz on a §¢¢ O fioeta
basis to help detsrmine if the flimht hardvare vill survive
nission requirezents as currentl ing detarznined, 1If tha
test vehicle does NOt survive t tsst program, VECO will

aUppuic Gustomer‘s aiforts to det 6 what modificaticns
to the =mission operational regents will ansure

sufficient margino f safetyfor

Task r§]

VSCO does not racozzmend cehe

: tagting of the flight
units. Past prograxs requiring oshock testing wrote off
the S22t valiclss e non~{lignt womthy Sollowing O xposuretg
tast levels sven though the tests a:;n succassful (and these
vere non-cperating tasts).

If GEASBD/JPL wish to perforz| ocut-of-scope operating
pyroshock testing on the flighd TWTA‘s, it is V8CO’s
position that such testing will have to be performed post-
delivery at customar’s risk and would be a violation of V8CO
warranty provisions.

VSCO will suppoert a n d perforasuch <+taating only 42 so
directed. Price, schedule, and warranty izpact vwill be
provided upen receipt Of such di receion,

TS /Tas pyroenhok
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GE Astro Space ‘

As1r0 Soucw Dygion

Cpagegt bigrset Camase.

PO Kus 300 Panceton At GLH IO
~0d 4062400

: MO- CNTA- 554
Jet  Propul sion Laborntor%_
California Institute of Technol ogy
4800 Gak Qove hrive
Bldg. 264, M. 627
Pasadena, CA 91109
ttantion: H. Robert Kinkade
Contract Negotiator Specialist
Subj ect : - MPLETI
Reference: MO Contract No. 957444
Gent | eman: 30 May 1990

Enclosed is & copy of information regue ted by System Tradeof f
studies SYS-27 “Mars Observer TWT Mechanic 3 Design Eval uation with
Regpect to Pyro-Shock and Random vibr tion. This information
includes a ROM from VARIAN, to provide ﬁ? 0- Shock Testing ror the
Mars Observer program Thia conpletes the pove task requirenents.

Any additicnal guesticns, plcasc centac ne undersigned.

Very tru ly yours,

)/}:,’/GC;;«J\/
S. Dannher
Hanager, rrogram rinancial control

CC: K. Byrne = w/encls.
N. Gausy = "
S. Danner = "
N. Miles
J. Matlack
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microwave equiprment division F‘\ 4

11 May 1990

General Ilesctris gempany |
Astro 8pace Diviaion

P. O. Box 800

Princeton, New Jersey 08543-=0800

Attantion: ¥r. J. rgan
Subiject!
Pyroshack Testing,
CG~1-P0B4=4001~-00-F¢
Refersnce:! GEASD Memo MO-PRO=31
Gantlexent

In accordanca vith tha raferanced
ordu of Nagnitude (RoX) ® atiDLIk
teating on the Mayrs Observer Progz
only and {s not a commitment bY yayq

Please contact the undersigned if y

Sincerely,

W. ¥ols
contract specialist

N

RECEIvVED
MAY 2 5 rewy

J. MATLACK

———

In raply refar to .

NKB=90-234 i . mules
S.Denns
V. Gauss
A. marte
W. Monda

Rough Order of Magnitude Propesal for

ubconerast No.

dated 20 April 1990

atbvantmhatdt da o wascas
WP WS WS G - - -y

:—.k- wigee
or performing pyroshock
'm, This is an estimats
ian Associatas, Inc.

r—

'cu have any questione.




M.Q. TWTAS - PYRO SHOCK (APRIL 90) CONT'D

RFQ FOR PYRO SHOCK TESTING WAS FORWARDED TO VARIAN 23

APRIL.
- USE NON-FLIGHT NATO TWT AS INITIAL TEST ARTICLE

- TEST OUTLINE AS FOLLOWS:
1) 3 SHOCKS IN EACH AXIS (BEGINNING AT 6db ‘BELOW

SPECIFIED SHOCK LEVEL)
2) 1ST SHOCK NON-OPERATING FOLLOWED BY FUNCTION

TEST TO VERIFY PASS/FAIL
2ND & 3RD SHOCKS IN OPERATING CONDITION WITH RF

APPLIED AND PERFORMANCE MONITORED
REPEAT STEPS 1 THRU 3 AT SHOCK LEVEL OF SPEC-3db

4)
AND AGAIN AT SPEC SHOCK LEVEL
~ TEST FACILITY/LOCATION OPTIONAL WITH ASTRO, JPL OR

LINCOLN LABS AS POSSIBLE TEST SITES

RFQ REQUESTS VARIAN RECOMMENDATION FOR VERIFICATION OF
FLIGHT MODEL TWTA OPERATING . SHOCK SUBVIVABlLITY.

RFQ RESPONSE REQUESTED BY 7 MAY.

3)

PAGE 2
P/u¢ \S;Auosx/
¢-23-93

A 4



~-

ﬁ’/‘ TACw T S

MARS OBSERVER
RECOMMENDATION FOR ACTION (RFA)
REVIEW TITLE: SPACECRAFT SYSTEM CDR
IEVIEW DATE: MARCH 20,21, AND 22,1990
SUBMITTED BY_ Al Wolfe/etc ORGANIZATION:
TOPIC: TWTA/RPA

STATEMENT OF CONCERN:
Inability to leave TWTA/RPA on during dynamic transients such as pyro shocks impacts
requirement for initial acquisition by the DSN. It also may prevent project from obtaining
real time telemetry data validating S/C pointing before trajectory correction maneuvers-

RECOMMENDED ACTION:
1)  Reassess risk of leaving RPA on during some or all pyro shocks.

2) If reliability concern is still an issue,
1)  Resolve incompatibility with DSN initial acquisition requirements

2)  Consider redoing maneuver sequence so the RPA is not turned off until after
the turns have been completed.

FOR PROJECT USE ONLY. DO NOT WRITE BELOW THIS LINE.

RFA DISPOSITION:
[J Accepted for Action 4 Accepted for Advisory d Rejected

RFA NUMBER: 34 ACTION ITEM NUMBER:

RATIONALE FOR DISPOSITION:

See RFA #1 for DSN initial acquisition. Project is considering shock testing on powered
TWT. Maneuvers are not considered to be a severe shock environment. Obtaining
real-time telemetry during maneuvers will be considered on a case-by-case basis
depending on power availability and mission risk.

COGNIZANT MANAGER: Pace /Gauss

ACTION ASSIGNED TO: Potts/Davis DUE DATE:
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J. Matlack
22 Marzh 1990
Page 2

we reviewed Prior shock teat gpectra which appear in various X.O.
documents and concluded that fyrther clarification by ¥.0. engineerin
would be helpful in determ ning the shock teot levels. Sanple data

attached.
PRS/pjl

Attachments

ccC: R. Swan/Varian
. 0Ott/JPL



M.O. TWTAS - PYRO SHOCK (APRIL 90)

ABILITY TO SURVIVE OPERATING PYRO SHOCK IS BEING

INVESTIGATED,
~ VARIAN HAS NO T&ST DATA FOR OPERATING SHOCK ON ANY

TWT OR TWTA
- ALL HERITAGE IS NON-OPERATING SHOCK
- VARIAN CONFIDENT M.O. &PC WOULD’ SURVIVE, BUT HAS

RESERVATIONS ABOUT TWT
- ANALYSIS INDICATES TWT CATHODE SUPPORT STRUCTURE IS

WEAK&ST LINK

REVIEW MEETING HELD 22 MAR AT VARIAN WITH JPL AND GE

PERSONNEL.
- PRELIMINARY MECHANICAL ANALYSIS INDICATES OPERATING

TWT HAS POSITIVE MARGIN FOR 3,000G ACCELERATION LOAD

~ CONCENSUS OPINION THAT DEMONSTRATION BY TEST SHOULD
BE PERFORMED IF MISSION REQUIRES SHOCK WHILE OPERATING

= NO NON-FLIGHT M.O0. TWTS AVAILABLE FOR TEST SAMPLES

- NATO TWT CATHODE 8 SUPPORT IS IDENTICAL DESIGN AND
NON-FLIGHT NATO Tw-1-Ss ARE AVAILABLE

PAGE 1

'PAUL SArRwOSK/
4y-23-93

A 4



The neeting attendees agreed that the optinmm test would be <o
operate the TWT as it would be operated during £light. W agreed
that a test wthout any power applied should be performed before
the operating test. Two power on test should follow the unpowered
test to establish the desired margin. Each test would consist of
three shock levels of-6 dB, -3 dB and full anplitude.

It is recommended that such a test be performed, preferably fully
powered, and a RCOM be requested from G.E. relative to the cost of
the different test options.

A copy of the Mrch 22, 1990 neeting minutes are attached for
reference.

FO sb

90-030.I0M

attach.
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F3ICM: P. Sarnoskiy/ ;

SATZ: 22 March 1990

SUBJECT: Meeting Minutes = TWTA Shock = M.0. Program

At t endees:
NASA-JP! Gz VARIAN
F. Ottt M. Kammer R. Swan
A. Kisale P. Sarnosk:i <. Wilsan

The meezing was held at Varian Space TWT facility ia Pale Alte, CA, on
Thursday 3/22/90. Mr, Frank Ot atated that the neeting was requested
ky J2L in order to assess the M.0. TWT design >egarding operation ¢hru
the snock environnent aad to provide recommendaticns. NASA would like
s cperate the TWTA during deployments (shocks) of the M.0. misxion.

Tae analysis by Varian (Attachment $1) indicates that the design h
aargia remaining for operating vibration. Hr. Kissle JPL indicated
taa: nis assessment al SO ghowed positive margin for 3,000 G shock wth
tvhe =athode hot (operating).

A consensus Opi nion was reached that based upon existing anelytical
data, 4+ is likely that the HO ?TWT would survive operating shock.
icwever. everyone felt that if it war intended for the M,0. mission tc
rely on TWT success thru operating shoek, then the capability should
se demcnstrated by teat of a sample TWT.

Vartian indfcatrd that there wvere ne X¥.0, TWTs available for testing
excepr flight nodels. They proposed that sanple(r) of non-flight NATG
TVT(s) could be used as test asamples. W then reviewed significant
aspects. of the NATOdesign and concluded that the NATO TUT woul d be an
adequat e representation of the M.0, design regardi ng shock
survivability.

fricr shock tests have beenperforned omn TWTs at GE, JPL, and Lincoln
Labs and either would be acceptable fOor M.0. tasting, if required.

The group briefly deacribed g shock test outline whichwould provide
needed informati on as fol | ows:

1} 3 shocks each axis;

2: 1lst rhock each axis i{in non-op condition fcllowed by tes-
tc verify pass8 or fall;

] 2nd|_ar(1jd 3rd shocks each axis in operating condition with RF
appl i ed;

g aggeu steps 1 thru 3 tar progresaively increasad shock
levels starting with levels 3 to 6 db below the specified
test levels and orogressing to the specified test levels.

(98 )
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JET PROPULSI ON LABCRATCRY | NTERCFFI CE MEMORANDUKM
330-NAB-9Q.19
TO 6. Pace 18 April. 1950
FROM: N. Burow '7{%/\:
SUBJECT: RECOMMENDED TEST TO DEMONSTRATE MARS OBSERVER TwT
ENVI RONMVENTS
REFERENCE: |OM  3366-90-030, "Mars Cbserver TwWT Ability to

Survive Pyro Shock Wiile the TW is Operating,"”
from F. GQt/A Kissle, 4/10/90 (attached).

A review of the Mirs Cbserver TW design was held 3/22/90 at
Varian Associates in San Jose, Ca. (Varian is providing the M,o0.
TWA under subcontract to GE-ASD). The purpose of the review was
to determne if the TW design would permt operation wthout
damage in the Mars observer shock environment.  Techni cal
representatives from GE-ASD, JPL and Varian were present. A
consensus was reached (based on analysis) that the MO TW woul d
survive the required shock environment wthout damage with the
TWA in a norm operatln?1 condition (i.e., powered). |t was

al so the consensus that this capability should be denonstrated by
margin testing before commtting to use in flight.

The referenced |OM provides nore details from the neeting and the
recommended actions to be taken to obtain the necessary test
verification. A shock test with the TWF fully powered (including
high voltage and RF drive) is strongqly reconmmended.

DISTRIBUTION:
J. Abr aham R Horttor W Moore
R Brace R Jones F. Ot
S. Butman A Kissle D. Potts
K Qurry T. Konarek R Schoenbeck
H Detweiler J. Xoukos M Traxler
R Qeen B. Madsen
C Hamlton J. Meeker
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JET PROPULSION IABCRATORY INTEROFTICZ MEMCRANDUM

TO! N. Bug{ow/ |
FROM F. Ott/A. Kissle ﬁ,/&,a‘/// e

SUBJECT: Mars Cbserver TWI Ability to survive Pyro Shock while the
TWT IS operating.

On March 22 1989, a nmeeting was conducted at Varian relative to
Mars Cbserver o) TWT shock capability. Varian was represented by
R Swan and J. Wison, GE by M Hanmmer and P. Sarnoski; and JpL
by A KXissle (a nechanical engineer) and ¥. Ot. J. WIlson of
Varian, P. Sarnoski of GE and A Kissle of JPL had independentl|y
performed calculations prior to the nmneeting.

Varian and JPL calculations indicated that the TW would survive
operating shock levels which conforned to the typical pyro shock
curve wth a peak anplitude of 3,000 gs. G E. calculations
evaluated and concurred with the Varian/JPL calculations. Wors’
case estimated values were used for the calculations. Mst of the
margin above the 3,000 G level would be expected to exist because
many of the paraneters would not be at their worst case val ue.

No person at the neeting reconmended operating the TWI during pyro-
shock on a flight mssion wthout performng margin testingi.
Varian stated that a NATO out-of-specification TW could probably
be nade available for the test. The NATO TWI design relative to
the MO TWT was reviewed and the group agreed that such a TW coul d
be used for a representative test. No MO TWTs are available for
pyro shock testing and the cost of fabricating one would be high.

The |east expensive operating shock test that could be performed
woul d involve cathode heater power only. The TWT shock capability
is Lowered by heating the cathode support during operation,
Def | ecti on of the TWT beam during shock is not expected to be a
probl em If beam interception currents exceed safe levels, TWTA
rotection circuits should remove the TW voltages: but, a cathode
eater power test would not indicate whether the TWA would turn
off because of pyro shock.

A nore expensive shock test would be with the TWI functioning as it
would in flight. An engineering power supply-exists that could be
nodified to mate with the test TWT. Probably new HV transforners
woul d have to be manufactured and install ed. Another  possible
aﬂproach would be to use the TW Test Rack that was used to tes
the Twr. Nothing was said about using such a rack for the shoc
test.
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-~8D LEVEL OF EFFQORT TASH STATEMENT

TYEE: _ _X_.. SYSTEM TRADEOFF ... MISSION DESIGN - MOS

DeTE: 9 March 1990 AUTHORIZATION NO. _SYS-I7_
REVISION _iM/A&)

TYTLG - - TWT mecnanical Design Evaluation witn Respect tO Fyro-

Shock. and Random Vibration

HOURS . 40

DESCRIFTION:

Frovide support for a technical meeting fat “Yar:an) to allow JFL
to review the internal construction or the Mars Observer TWT,
Insure that appropriate subcontractor tecnnrcal personnel and
TWT drawings are available to support discussion_ of the

mechani cal design. Frovide support for follow-up clarification
teleconference callg as required.

an understanding of the Mars Observer TWT s internal
construction 1s required to evaluate 1te ability to operate
during pyro-shock and random vibration environments. Operation
within gpecification during these environments 1€ not required:
only that the TWT not sustain permanent damage .or performance
degradation folloawing these events.

REFQORTE: N/A

SCHEDULE: - - This task; shall be completed by 1S Apri 1 1I'??2(1)-

AFEROVALS: .

oo /_/2':7/_4{@_«%_

George D. Face Jr.
Spacecratt Manager

ECriven
£ D. rACE, o,

MAR - 91323

File

"~
QEORG
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Jet Propulsion Laboratory
Cautorna insutute of Tecnnoogy

4800 Cax Grove Drive
Pasacena Calitorreg 91109

8 1B)354-4321

GENERAL EIECTRIC COMPANY
Astro-Space Division

P.0. Box 800
Princeton, New Jersey (©8543-0800
Attenticn: Mr. Sterling Danner
Program Financial Control
M/S 63
Subj ect: Ievel—of-Effort (IOE)  Authorization

Reference: (a) Contract No. 957444

Authorization No.

/ "‘/&A ) 3/

PL

=< f A-‘_G-'g
/4 {/mér-(_
“« Do ¢

’Z,.éoﬁt
i 4
Refer to: 622-RCK76: 7

A

March 12, 1990

SYS 27

Revi sion:

I n performance of : X System Trade-Off Studies
Mission Design Support

Mission Operations Support

You are hereby directed to expend wp to 40 IOE work hours for the Mars
Coserver TWI Mechanical Design Evaluation with Respect to FPyro-Shock and
Rardem Vibration as defined in the attached task statement.

It is requested that

this I0E task be ccmpleted no |later

than 4/15/90.

Very truly yours,

Raobert C.

Cantract Negoti at or Specialist

Attachment: as stated

cc: N Burow
R Jones
G Pace
D. rotts
G. Rabinson
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considered vital. While the project understood the benefit of keeping the RPA on
during these events, the loss of telemetry data would be an inconvenience but
would not be in series with mission success. Avoiding the additional cost was
consistent with other project actions at that time to contain the projected cost
growth.

Based on the above, it was decided to forgo the powered-on pyro shock test and
submit a flight rule (Attachment 8) that the TWT be turned off during pyro shock
events. No attempt was made to “fine tune” this rule during flight for cases where
the levels might have been low. To do so would have required additional analysis
to determine the shock levels, a shock test of a powered-on TWT, and modification
and test of the flight blocks and sequences. Funds were not available for this level of
testing during flight either. Without this effort, JPL would have been at risk for the
entire on-orbit performance award if we left the TWT on during pyro shock and it
subsequently  failed.

In conclusion, while | can’t imagine us not qualifying the TWT for powered-on pyro
shock should we have the opportunity to re-fly Mars Observer, the original decision

was consistent with good engineering judgement for the conditions that existed at

the time. Doing pyro shock testing at the system level and foregoing the powered- /
on TWT pyro shock test which was only an enhancement are examples of actions
consistent with the “faster, better, cheaper” and “doing more for less” concepts now
being espoused. -4 -

Distribution:

N. Burow

J. Casani

D. Evans

N. Gauss (ASD)
R Gibbs .




2

four flight RPAs on order. The first RPA got delivered in March of 1991 and was
used to support the DSN compatibility test. Subsequent deliveries were spaced over

many months.

The project did not want to commit a flight tube to support this test. In their
response, Varian had cast doubt on the subsequent flight worthiness of any tube
undergoing powered-on pyro shock (see task 2 of Attachment 4). Since we were
having problems delivering any RPAs at the time, procuring a spare tube was
essential for the test.

A separate Astro analysis at the time (Attachment 5) indicated that the tube should
easlly survive the Mars Observer pyro shock environment and recommended that
the assembly be tested at the system level only. Astro’s position was that the normal
operating mode based on their previous experience was to have the tube powered
off during pyro shock. Their experience was based on having al the pyro events
early in the mission. They were not concerned about turning the TWT off during
these times, but supported doing a powered-on test if JPL was willing to pay for it.
Powered-off pyro shock tests were subsequently conducted at the system level with
many firings. No failures occurred during these tests.

In anticipation of a powered pyro shock test, a lien of $60 K was added to the project
lien list on May 4, 1990. At that time, this lien did not anticipate the need for a spare
tube. The lien was carried and reported to NASA through the August budget
review (Attachment 6). The original estimate of $0 K was retained in the lien
listing, but when the higher contractor estimates became known, they were used in
making a decision. Attachment 6 also illustrates the difficult financial situation the
project was in at this time. The reserve for the year had been consumed by the
authorized and pending liens. Anticipated liens for a variety of development
problems required an additional $6.8 M beyond the reserve.

The status was reported to the Mars Observer project senior review board on June 6,
1990 and the NASA program manager in the June 13, 1990 program review
(Attachment 7). The project’s plans to turn off the TWT during shock events and
the prohibitive cost of the test were discussed.

The project had aready accepted the fact that the TWT beam would be cycled off
during every orbit of mapping due to power limitations. A development test of
11,450 on/off cycles of the TWT beam was successfully conducted. In addition, the
RPA was expected to be cycled on and off during system testing. A few more cycles
to turn the tube off during maneuvers and pyro shock was not considered a
problem. By launch, each RPA had undergone 142 on/off cycles with no problem.

Since the project had already accepted the loss of telemetry data during large
portions of the mission, the loss of data during pyro shock events was not



JET PROPULSION LABORATORY INTEROFFICE MEMO
GDP: 93-15

To: G. Cunningham October 28, 1993

From: G. Pace ﬁ.x/—
Subject: TWT Power State During Pyro Shock

The following is the background leading to the decision to turn the traveling wave
tube (TWT) off during pyro shock events. This is my recollection based on my notes
and memory, project documentation, and discussicns with other project personnel.

Concern about turning the TWT's off during maneuvers and pyro shock events first
surfaced after the Telecommunications Subsystem CDR on November 13 and 14,
1989. Division 33 brought this concern to the attention of the project after reviewing
the RF power amplifier (RPA) CDR package. The RPA consists of the TWT and a
matched power supply. The main topic being investigated at the time was the
potting of the high voltage power supply, but it was discovered during review of the
test plan that the TWT was to be turned off during vibration and pyro shock testing.
The Division’s main concern was the lack of telemetry data when the TWT was
turned off during maneuvers and pyro shock events.

| brought this concern to the attention of Dave Evans on March 7, 1990. On March 9,
1990, | initiated a level-of-effort SYS27 (Attachment 1) for Astro and their
subcontractor, Varian, to support a meeting to discuss the shock qualification of the
TWT. That meeting was held on March 22, 1990, at Varian with JPL, Astro, and
Varian in attendance. A consensus from that meeting (Attachment 2) indicated that
the TWT should survive pyro shock in the powered condition, but that a test was
required to demonstrate this capability. Varian stated that all of their heritage for
pyro shock was based on an unpowered TWT.

The concern was also raised at the Spacecraft System CDR on March 20, 21, and 22,
1990 (Attachment 3). The project responded that turning the RPA off during
maneuvers was a power concern not a question of survival. The project stated that
a pyro shock test with the TWT on was under consideration.

| subsequently verbally directed Astro in late March as part of LOE SYS-27 to obtain a
cost estimate from Varian to perform a pyro shock qualification test with a powered
TWT. The results of the LOE were submitted on May 30, 1990 (Attachment 4).
Varian's cost to do the test was $175 K for the TWT only and $385 K for the full RPA.
With Astro and JPL loadings the full cost to the project would have been
approximately $250 K to $550 K. This cost was high because a spare tube had to be
purchased from Varian to support the test. Recall at this time, we were having

technical and schedule problems at Varian and were concerned about delivery of the
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Reply to. GEC:250-93-187
Cctober 28, 1993

M. WIliam C Panter

Code SLP

Nat i onal Aeronautics and Space  Administration
Véshi ngt on, D.C 20546

Dear Bill:

Pursuant to your request of Qctober 15, 1993, | have attached M.
Ceorge Pace's sumary of the issues and decisions associated wth
the flight rule to turn the transmtters off during pyro shock
events.

If there is additional information or clarification required,
please do not hesitate to call.

Very truly yours,

Aol o
4 lenn E. Cln ingham
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<216 GHe Pressure Revuiators

Py

~he regulator 18 @ series-redundait requiator - Figure 3.2-8 provides o vecinann - e regulator
Each regulator stage i capable ot mantaining low system pressure within MEPolr Tre worstcane
regulator lockup pressure assuminy ¢ tatled primary regulator stage s 276 pas IV APy, The
regulator is not pressurized unul following MO/TOS separation when the puoioicchiig - aives dre
initiated.  The max regulator leak rate 1< 30 cm3/hr. The regulator is designed o muantun _the MMH
rank and NTO tank delivers pressure to the 490-N engines at 255 psia duraiy iz sings The

regulator MEOQOP is 4 5K puia. proot pressure 1s 6,750 psia, burst pressure v 1. 280 vy
32.1.7 Check Valves

Two groups of two series conncdted chieck valves preclude mixing of MMB aoe o Lnter the
pyroisolation valves are fired  fizure ~ 2-Q provides 3 cross-sectional view or e e L gdve
Check valve materisis are o mpate coowath MMH and NTO. Check vaive MEo c ey senot

4

nressure 1s 450 psia. and purt crere s 20.900 psia.

Two sertes connected checr «eives and one NC pyrotechnic actuated 1solation v trelade muvng
of bipropellant vapor during vround operations and launch. The pyrotechnie vaive desivn provides a
separate seal for the iniet and cuet cides ot the valve, The combination ! i

svstem three tault toterant woains meonamcal tatlure. The pyrovalve i not operaies Lnnd arter
faunch.

Toeoos mghes the

3218 Latch Valves

Four single seat torque motor s tuated latch valves isolate MMH and NTO trom e 1our 290-N
thrusters and from the tour 22 N tnrusters Figure 3.2-10 provides a cross-seluonal wiew of tre falcd
valves. The valves are normutly ciosed unul separation from the TOS  The posiiion of the vilve i
sensed through a microswiicn posvion indicator and valve status 1s part of e spaledrali felemetry
stream. Valve actuation ume o S0 omidhiseconds. The valve MEOP 15 300 psig niets and 600 paa
‘outlet).  Proof pressure v W00 pug Burst pressure 1s 1500 psia. The 000 paa cutier pressure tuker
water hammer spikes into sccount  The valves provide back pressure reliet capaniiny The valve o
compatible with NTO. MMBH . GHe N2 and sopropyl alcohol.

Py

2219 Service Valves

Three types of service vaives are used on the MO spacecraft; 0.25 inch high pressure service vaives
025 inch Jow pressure service valves and 0 S inch service valves. Figure 32000 snosws = tvpical
MO spacecran service v Al nrer Tvpes of service valves gre manually cpersivd nd LN
bach ~vrvice cove will provade two mechanmical sedls o prosent Sropeliant o
pressurant leakage  The two wesis aie provided by the valve seat when closed soo e InLaiation

AT

Saternal cup The 2% inon o mvn pressare service valves are used to presan

SUoTha Ltium

cressurgnt tank 4nd U ocrtoan ciesaure lests on the subsvstemn. The & 25 mon oow provsure can s
Sftused tor venuing e SINTH cno N anes duning foading @nd o conadunt pie suisvg
‘udsVstern The O 2% it Low rressure service valves used mn o the MMHE mamendc S Tor manitenos

Ad GHe manitolds 1o el as e N H rmvnnpmpcllam service valves) huave Lnigue et 1Hnngs o

A MY

"'5 ent mismating GSEococpnmes The 005 inen service valves dre used o foad snd oitioad the
MMH and NTO tanke and cacn has unigue 1niel THUNg 10 Prevent mismainy Sl senv e valve
SIMpatible with MMH . NTO water, mopropyvi sicohol, GHe, and GNI 0 SMEOF (oo end hurss

I

CTESSUres for the various service vaives can be tound 1n Table 3.2-3

PPN
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1215 490-N Thruster

Four 490-N thrusters zre provided  Figure 5.2-5 provige & . -

socliotiae o o the tipropellant
thruster valve f2ach thruster has two vajves that contron tne 0« 8 o ao MSTH

nas an armauture that Jadses 4 popper to open and close the j+ 7 Laany oo o tuet o tlow from
the valve. through an niector. and nto the thrust chamber wie o anbuee. o {anes Mace The
valves. which were tactory EB-welded and hydrostanicatly tosie © 0 asstrs o frec Dertormance., are
designed to tail sate (1l closed) when controf signal v iovt s envine solinical components are
explosion proot. The thruster s compatible with MMH_ NTor 2 He N2 wsopropvl alcohol, and
Freon 113 The thruster MEOP 15 400 psia. [t is proot teeo s rard s o nas o hurs(‘{lrcﬁsurc
equal 10 or yreater than i.000 ps1.

Fach vatve

12.1.4 22-N Thruster

The spacecrant has tour 22-N thrusters. A cross-sectional view - 2w Wi el sacee s shown n

Figure 3.2  Euach thruster has g torque-operated vaive that - =7 oo ifie toow o0 NTO and MMH

The vaive has an NToororand MMH port. A worque met -+ o cure Cor asemblv o
open and close the por<s causing oxidizer and tuel to dow troer e cao o on L imector and
into the thrust cnamper wnere compustion takes place  The v oo e tand sate ol

closed) when contron wignal s lost. The vaives are EB weides oo oo
to assure ledk tree pertormance. The thruster electrical comoenenis sre o onien nroot The
thruster 1~ compatinie with MMH. NTO. GHe, GN2. wopreps, o a0 oo besn 008 The thruster
MEOP i« 206 iy Proar tested 10 600 psia, 1t has a burst prosaie woae o Zrvsler than 1000 pa

Scaae Tonted gl the tactors

3215 Pyrotecnme \abves (Normally Closed)

Two paralicl normaliy ciosed pyrovalves isolate the high pressors
Another two <uch vives solate the MMH and NTO secuons manitold o prevent
muixing ot MMH ung NTO vapors. Figure 3.2-7 show< g crossseitionar « ow o0 fe ot e -

pyrotechnic valves. which are opened after launch. Dual O-ring ~cots wtor wxterned feaks individualiy

vthe regulator inlet

sealed infet und outlet lines preclude internal teaks. The vaives sre coiosied ™ NN esee Sectien
3.3). The vaive 1 considered dual fault tolerant agamst mechcnide. fooule Lo - ve-TiNNg Sduit
(see Section 3 3 1 <) provides dual fault tolerance against mnadverznt cutiale it Lw cave MEOP 18

4500 psia. proot pressure 15 6750 psia and burst pressure i< 1230 pa

During ground operations and prior to separation, low pressure components o scraied from high
pressure components by the NC pyrotechnic isolation valve, zng two regulator stages in series Euach
regulator stage 1s capabie ot regulating tull heltium pressurant tenr Pressure <own o ncrow e MEOP
of the bipropellant tanks  The pyrotechnic isolation vaive desion provides nilie e famd oferanie
bv redundantiv ~esting poth the inlet and outlet poMs internaits iy 7 re Lo oioaer Sac o
Pyrovalve tailure of inadvertent pyrovaive 1Initanon <dn e deivliil
transducers w the bepr pellant mamifoid  The pressurant foaainy -
BPLOA-3I711S20 o rertorm emergensy venting of the sy

pressure GHe sunsysien Cul De vented vig (he service vaive:

LY [ SN o
mantfold will measure sropellant tank pressure This will permos cerciier 000 0 Donant taie
MEOP has not neen o Levged prior o atizmpung o vent e neT adtuated
unul after TOS seperation Fadure of two reguldlor stages anc e 0 netore e dow
pressure svstem MEGP can be exceeded  The proper tunclion cil o o onr s DR on s
components and fTow control devices s veritizd by testand tie oo sl alinTolaundh st

prior to tueline por TPBPLOA-IZTLISE



MEDIUM TO HIGH RISK PARTS WAIVERS

' MEDIUM

WAIVER 59171; TES CUSTOM HYBRID: PHOTODIODE AND OP AMPL. NO ELEMENT
EVALUATION OF PHOTODIODE, AMPLIFIER OR RESISTOR; NO PIND TEST, NO
X-RAY INSPECTION

'

WAIVER 59183; MOC ADC 080 MICROCIRCUIT. AL 15 PARTS FAILED LIFE TEST
CATASTOPWICALLY DUE TO A POWER OUTAGE AND UNCONTROLLED REAPPLICATION

OF POWER. NOT ENOUGH PARTS REMAINED FOR LIFE TEST. NO LONG TERM LOT
LIFE DATA

WAIVER 59184, MOC DFP16 RESISTOR NETWORK. PARTS WERE NOT SCREENED
50 MIL-R-83401 OR JPL REQUIREMENTS. PARTS CAME FROM THE SAME MANUFACTURING
LINE USED TO MAKE MIL-R-83401 PARTS

WAIVER 591878; MOC TCD SERIES CAPACITORS. CAPACITOR TYPE WAS NEW 70
JPL AND HAD NO ESTABLISHED RELIABILITY STATUS. RESULTS OF MANUFACTURER'S
SCREENING AND LOT QUALITY CONFORMANCE TESTING ARE NOT KNOWN

MEDIUM TO HIGH

WAIVERS 59230A, 59231A, 59232A: TEST CUSTOM HYBRIDS. PYROELECTRIC
DETECTORS RECEIVED INADEQUATE QUALIFICATION TESTING AND SCREENING.
Do NOT MEET THE REQUIREMENTS FOR CLASS B HYBRIDS

Vit
q
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@ Spacecraft Propulsion Loading

- The MMH branch of the bl-propellant subsystem was loaded
wet to latch valves 3 & 4. The MMH load was ... Ibs. The
MMH tank was pressurized to 281 psi.

. The NTO branch of the bipropellant subsystem was loaded wet

to latch valves 1 & 2. The NTO load was 1848.5 Ibs. The NTO
tank was pressurized to 314 psi.

+ The GHe tank was pressurized to 4130 psi at 23%.

. All lines downstream of latch valves 1 thru 4 were pressurized
to 80 psia.



@ Spacecraft Propulsion Loading

-

GHe lines downstream of pyro valves 7 & 8 were pressurized to
4000 psla.

GHe lines downstream of pyro valves 5 & 6 were pressurized to
265 psia.

Each half system branch of the monopropellant subsystem was
vacuum loaded to the engine valves with 93 Ibs of N2H4.

Each monopropellant half system was pressurized to 360 psia.

After loading was completed monopropellant latch valves 9 & 10
were closed.

Final closeout operations torqued and lock wired all service
valves, service valve inner and outer seal caps.
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Normaily Open Valves

Table 1

Sl 1S

Part Siee Moteral Program ferocratur
N r (in) 9 ure
14646 3D Ttesnium | (- SAl sume #s 1667 --
1484-5 373 Trtunium Ul KU, ARIL-E Lee attachcd
1466+ 11 .25 Titansum | UnF(FI-F9), HS-601(NF), single -10°¢
AUSSAT, BRASILSAT dual +150°f
LX) ~
wWos-14 . Titanius | Unt(F1-59), WS-601(NF), tingle -107¢
AUSSAT, BRASILSAY oual «150%¢
1666- 15 .37S Titantum | UNF(FI-F9), AUSSAI single -10-r B
duul +150°¢
106616 375 Titanium TELSTAR samc s 1L66-)




Ar 7

Table I11
Normally Closed Valves
upur!r ?::\: Moterial Program Tenperature
——m e — e — T e e —
1667 3/ Titanium Ol ymoass -16%F, single 80X
:%‘7_] «170°F, ousl 110%
1467-5 3/8 Titenium I/XUL, AKIC-E, TELSTAR «71%C (=160°F Y _
225°C (T7°F)
“34°C (-29-F)
16467-6, -7, 3/8 Titenium SABIK-FE atbirent, wroivent, no date
-0
16879 /8 Titanium DSCS-LAGS, GBI (LWMSC/Acrojet) *25°C (-TT°F)
«71°C (+160°F)
~34°C (-29°F)
1467-10, 174 Titenium UMF(F1), UMF(F2-1) FO) HS single -30%C
601(NFY, AUSSAT, BRASILSAT dual “171°C
1667-11 yingle -107F
| dust +150°F
1646714 1/8 Titomium Minrstuce Propulsion Subaystan, | ambiont
GBI (LMSC/Aerojcl)
1647-15 3/8 Titantum UHE(F1), UHF(F2-F9) single -10“f
Cuxl *150%F
1487-16 174 Titen{un Mintature Propulxion System ambyent
1667-17 178 (orificed) | Titanium Minfature Propulsion System, amo it
CBl, (LMSC/Aerojet) )
146718 3/16 Titenium scty orof ent
1L67-19 35/8 Titonium Mars Observer %C¢ attachued
146720 3/8 Titantum Rars Observer 306 wttached
1467-21 3716 Yont Titentum Jscry o { et -
1467-22 /8 Tituatum TELSTAR 271°C (-160°F)
*28%C (775
-3L%C (-29°F)
1467-23 1/4 Titaniun Cluster «122°F
Gas -Valves -22°F
&8 F
1667 -26 3/8 Titanium Cluster *122°¢ -
’ : / «32¢f
Lujkuzi— Volves ks
16467-28 3716 Titanium ALAS »
1467-29 174 Titontum ALAS arttent
1467-30 3716 T{tanium ALAS T ent
1467-31 3716 Titamum ALAS SO ent
T (orchvd) = e i — hmvemes* S a— - emten. ™ Vg




SLE €

FIRING H STORY OF . /¢" ALI.-TITANIUM PYROVALVES
WITH

325 MG HI-TEMP BOOSTER CHARCYE

-
QUANTITY FI RI NG CONDI Tl ONS
PART QUANTI T FIRED {TEMPERATURE, OVER/UNDER.
NUMBER | DELI VERED BY OLR CHARGE, ~ ETC.)
— - - - - - - T T " :1
Single |Initiator: =-60°C/80%,—
+77°C/100%, ambient/80%

1467* --- 6 / -
Dual initigtor: -60°C/130%; |

- +77°C/130%t, ambient/ 1008 4

1467-5 34 18 71°C, 25-C, =-34°C N

[1467-9 | 65 32 71°C, 25°C, -34-c B

o ) Dual 1nitiator: 66 C, Single

1467-15 21 3 initiator: -23°C =

~ -45°C;/80% & 1203, +75-C/80% &

1467-19 |26 10 120% +25°C/1004/Dual ]

1467-20 4 - - - oo - - - —

- 1467-22 6 - o . .
Single initigtor: 0°C/80%,
1467-24 9 3 22°C/100% o _1
. pDual initiator: 50°C/1301 .

1467- 37 24 4 71°C, 24°C, -34°C _

1467- 38 12 71-c, 2&4°C, -3a.cC |

-} v ao. - Rug 3 N

Totals | 201 |76 B

—— .
[ Single i1nitiator: -60°C/80%,
+77°C/100%, ambient/80%

1466%# --= 6 e —— 4 .
Dual 1nitiat'll: -60°C/130%,
t77°C/130%. ambient/100%

1466-5 - |20 18 71°C, 25°C. -31s°C i

1466-15 40 6 Dual 1nitiate:: &6 °C, Single

— initiator: B

1466-16 3 --- -~- L _

—l1466-18 12 3 71°C, 247C, =3 B

1466-19 22 -—- --- : ]
S P N So— R — ﬁm;::—‘:)_ b S e W e S e

| Totals 97 - o 33 L L . __l

t see 10-1467
«*x sec 10-1466
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Liquid pyro valve design i

1467 - 24 Cluster flight models .
1467 - 15 SM valves (residuals from Hughs order)
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esa european space research
eSteC and technology centre
CLUSTER PROJECT OFFI1CE
DATAFAX
Rcf : PK/7210/JB/aen/820 Oate 3 SP()(etnbOv‘ 1993
From : J Bruggemann (PKQ) -
Phong - -+31-1719 844 31
-Fax # 1 +31-1719-46280 -
10 : Aldo Dominicim
NASA HQ, Washington D.C. « USA
. Fax : 4«1 202- 358 2776
To : Joe Wonsever
NASA 1 Q. . Washington D.C. - USA
fax : 1-202-358 7778

Subjeci: CLUSTER Fairlure of Pyro-valves

Subsequect 10 t he phone conversation Loddy, | am yruviding you the fol lowing
informaton (a5 & first step) on the failure of tne C1USTER pyro-valves.

. Tiivcontarty n OLA/Pyrotecnycs arc:
U [ rregericks (General Manager,)
Dean Grages {Design Engineer) .

OfA/Pyronet s . Denver, Coloraddo « USA
fax: 33-699 099|

Mormally we Jeal with QFA via our contractor-s Uarnier in G(ermany and
Brithish Aerouspace. Bristol, England.

2. Attached '+ 4 copy of a drawing of the pyro-valve (liquid valve) being
used for-(tuster. with some indication on the deficienc ies which we
have seen <0 far further details can be provided next week.

3. Attached 4re siso two tables (3 pages) which we.reccived from OEA-and

wh ich 1nc uge types which are similar to the CLUSTER valves and which
had heen tecten ynder varigus conditions.

— Kind reqaras.
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~a) During the test article firing of the initiators, the ESA
design requires a 15 m|lisecond between each firi nlgb. NASA
designs commwonly fire both initiators in parallel. However, in
the tests performed by ESA the ignition nechanism is triggered to
only one initiator the other fires in synpathy.

b) Both initiators fired and the first initiator was

expel | ed, causing damage to the test article. However, the valve
operated and opened.

c) In the test of the -15 valves ESA experienced simlar
probl ems.

d)ESA has theorized that the initial firing of the first
initiator caused damage to the threads which then failed when the
second initiator fired. (Qoss sectioning of the threads show a
sintered conglonerate of titanium and nickel at the threads. It
appears that the titanium is being eroded by the hot gases.

e)ESA uses an CEA initiator, (P/N 4704100) which is supposed
to be equivalent to the NASA Standard Initiators(NSI).

f)ESA valves are nade of titanium and wuse the 4704100
initiators which have a wder variation in dynamc output than do
t he NSIs. NASA val ves used on the Mars Observer (MO) were
titanium valves with NSIs. The val ves used on TOS were nade from
stainless steel and used NSIs. See enclosure 2 for comments from
MSFC/SR&QA.

g)OEA tested two -15 valves wth the 4704100, one valve

expelled the initiator the other experienced a blow by, however
al valves opened. In another test at OEA the valve was tested

with brackets pressing against the ignitiator housings.This valve
fired successfully.
Encl osures: (2)

cC. QR/C <hnei der
Qr/ J Wonsever
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NASA HEADQUARTERS/QR

DATE: September 7, 1993

TO QT/ M Greenfield, Director, Payloads D vision
FROM: OR/ A Damenichini Jr.

SUBJECT: Telecon w/ ESA  Results of investigation of Pyro-valve
Fail ure.

Points of Contact: NASAS A D az-358-1413
NASA B C LAM 358-2332
ESA/ESTEC J Bruggemann 31-1719 844 31 _
CEA D Franklin/D Gregas Program Engineering
(303)693-1248 X417,
MSFC R Gladwin (205)544-4155

Background: Telecon from M Dave Dale of ESTEC/ESA to M A Daz,
NASA/'S informed NASA of problens experienced by ESA wth
OEA/Pyroneticspyre-val ves. pyro-valves are used jn the Mars
(oserver, a satellite which haS already been launched and TOS a
system due to be launched during SIS 51 mssion.

Di scussion: A conference call was setup with J Wonsever(TDY at
LFRC) M J Bruggemann (ESA/ESTEC/PKQ) and NASA Headquarters (QR)

for September 37 1993. M Bruggemann is responsible” for the

anal ysi s of the pyro-valve failure and determning the causes.See
2nclosure 1 for ‘depiction of ESA valve and comments on failure.

The failure occurred to a pyro-valve(liguid val vez for the _
CLUSTER program during testing. The wvalve, p/n 1467-24, supplied
oy OEA, was qualified wusing simlarity. The failure was
catastrophic and caused damage to the test article.

The investigation which followed the incident wused CEA p/n 1467-
15, pyro-valves since there were no valves available from the [ot
used on the CUSTER test article. Valve, p/n 1467-15 is simlar
o the -24 except the inlet fuel value is a smaller dianeter,
however the value housing is the same size and nade from sane
material, TI6ALV. The valves are froma | ot produced for Hughes
Inc. During the investigation four pyro-valves were tested, three
denonstrated the same 'results of the  -24. The last valve was
oraced by steel plates on either side and no failure occurred.

}txblslervjacions made concerning the failed valves revealed the
ol | owi ng:




Electro Explosive Device System Testing

MARTIN MARIETTA ASTRO SPACE

- System Level EED Testing Consisted of the Following Steps:
1) Verification of Ordnance Harness Output Via Test Rack

Outputs of Ordnance Harness Verified using Test Rack Connected to all
EED inputs simultaneously. Each Individual Ordnance output was verified
to be Enabled, Armed, and Fired, and that no other EED input was
stimulated.

2)_Verification of EED Firings using Live EEDs

During Deployment testing, Pyros were fired using flight sequences
loaded into the SCP memory.




MARTIN MARIETTA

MARTIN MARIETTA ASTRO SPACE

Pyro Bus Enable and Arm System Diagram

(Primary Side Shown)

ﬁléggwoo: *
-BAND ENASLE ARM V-8AND PYROS
££D BUS A % BAND 1 <«
L BANO2
ARBd EARLY
SENABLE
EARLY CRLESE 2 CRASE PYROS

EED BUS A \ \\ S/AINNER SHEARTIE 1 %

Vs /

NOTE: THERE IS AN IDENTICAL GROUPING S/A DUTER SHEAR TIE 3
OF RELAYS FOR EED BUS B,
S/A OUTER SHEAR TiE ¢
¥ PYRDS Figed PRIOR A A FRAME.
To g/a3 PRCYALYES (PL1)
PYROVALVE § (&/a)

PvRo vaLve 7 (PL1)
————— ovROVALVES / 270

¥t



Electro Explosive Device (EED)
System Diagram (Primary Side Shown) VARTIN MARIETTA ASTRO SPACE

ScV | CORE HARNESS (elol] PRA PYRO 1IARNESS €tD
—. N ' \
t L ) t t '
-' ] : : :
' PYROBUS ! ' )
! — e
! T RETURN 2 ! . :
— ]
; BATT = [_”‘" : =T : :
) — ] — (]
j : - / l : —S‘L : A S N :
' L__O,,, ! | PSABATTB P”gi ' oot P RETORN 1127
! ' ' ' -~ ) [N te
) )... ] f ] () [
SPO ] 2)( '000 1 ] ] [ ]
‘ ] " L]
(NA&!—{>‘;} ARM - FP PYRO BUS UL Y i IR
> Ko T > Ty >—
- - FIEEE 3
! vl ' '
1S ABLE DTS ARM ; FBA ' X 2 '
H 28V — o ,-\: ,:rn:\ reorr H vo.on :
]
: f : !
4 '
— ' 1
FRE ~— [>——3> PRA FRE CMO e o : ;
] ! : :
: 1 (] ]
]
FUSED SWITCHED REL AY PVX "
T » - O Contin S INTERFACE i ]
< . CIX FOMIPOL S INTERFACE EX1ENOER
———— e ) f BA * [ UISE BOARD ASSEMBLY
' ‘{ o "(»- B PSADATIY PARTIAL SHUNT ASSEMDI Y BA1 TERY LERIIHAL BOARD
1289 118 M| —— A
RLY PWR

A Pl Hgr Ay ALSERBL Y
PSE - POWER SUPPLY ELECTRONI &
FBA SCU SIGHAL COMDITIONING 1441

t
(shown applisd) :
]
1
)
3>r———] QSO }~ +28v SPG - BIMGLE POINT GROUND
]
'
]

FUSED RELAY PWR




Electro Explosive Device (EED)
- -
B US COnflg u ratlon MARTIN MARIETTA ASTRO SPACE

PRA
SCU -
BCA !
£ED Pra BATTERY BATIERY oau
‘ 1 2 EED B —’ ’
= = 6

SPG

. EED HETURNS TO BATTERY NEGATIVE
. EED CONTROL RETURNS TO SPG
. BUS VOLTAGE: 18.5V TO 25.5V

. PRIMARY BUS - ONE BATTERY
BACK-UP BUS « OTHER BATTERY

. REDUNDANT EEDS ON SEPARATE
USES
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Worksheet3

KXC Llocation

AVEL-SUN-1 'Y

Shock Response Spectrum (G’s)

Pyrovalve Shock Test 4.6 9110
Solar Arrav Shock 64.3 2550
HGA Pyroshock 11.7 5000
MAG Pyroshock 6.5 3830
Separation Shock 51 3040
GRS Shock 12.9 3220

Page 1
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Pyro Shock Data PigovALVE
Accel Location Acce Name Pegk Levd @ Freg (SRS
Nadir Panel STR-NAD-2Y 24.22g @ 50 hz*

TES-1Z 1604g @ 4058 hz
Center Cylinder RWA-CY LY 1.7g @ 3830 hz
Velocity-Space Panél VEL-SPACE-1Y 3.1g @ 9110 hz
Anti-Vebcity-Space Panel  AVEL-SPACE-1Y 2.3g @ 1520 hz
Veocity-Sun Panel VEL-SUN-1'Y 0.52g @ 9110 hz
Anti-Veocity-Sun Panel AVEL-SUN- Y 4.7g @ 9110 hz

TN MARIETTA PROPIIE TARY



RF/TWTA Vel. Space Panel

MARTIN MARIETTA

MARTIN MARIETTA ASTRO SPACE

Sig. Sources: HGA Gimbal, HGA Boom, Sep. Shock, Pyrovalve

EVENT ACCEL SRGS (g) FREQ (H2) '
HGA Gimbal #1 A Vel Space 1Y 362.6 1706
A3y -1 mu-- ~7231 - NG-
VeL. S
5Y
VEL. S 0 ?(%E ?505 Rso
HGA Boom #1 Vel Space 1Y 29.3 3030
oY 12.9 4826
6Y 1a4 8116
HGA Boom #3 Vel Space 1Y 54.6 3830
5Y 58.3 4555
6Y 29.9 4299
Pyro valve Vel Space 1Y 2.7 9652
#1 Vel Space 1Y 3.5 9110

MARTINMARIFTTA Pt

TARY
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RXO Anti-Vel. Sun Panel

MARTIN MARIETTA

MARTIN MARETTA ASTRO SPACE

Sig. Sources. S/A Separation, Pyro Valve

|

EVENT ACCEL SRS (g) FREQ (Hz)
S/A #9 AVEL-SUN-1Y A8 617 S0 a5a0
FES-tZA{source) —3+6093— —#0858
MAG AVEL-SUN-1 Y 44 LS 53 T330
AVEL-SUN-3Y 108.7 6442
Pyro valve AVEL-SUN-1Y 4.6 9110
TES-1 Z (source)( La) 224 4058
1603 4058

" (source)( ;)

MANTIN MARIETTA PTOPRIETARY




Spacecraft Configuration for
Pvro Shock Test MARTIN MARIETTA ASTRO SPACE

Spacecraft powered with C&DH Subsystem operational:

o Both SCPs on and active, SCP1 in Control,

o Payload off,

o All unused pyro and thruster equipment disabled and disarmed,
o0 RWAs on and in Launch Tach, =200 rpm,

o DTRson,

o RPAs off.

Pyro firing controlled via Stored Command Sequence (script) loaded into
SCPs. Script is nominally the same as the one used in flight.

MARTIN MARKE T 1€ TARY



@ Spacecraft Pyro Firing

PYRO SHOCK TEST RESULTS SUMMARY

« Shock Tests Performed
- Separation
- GRS Sensor & Canister
- HGA
- Solar Array
- Magnetometer
- Pyrovalve

« Separation shock had less attenuation than other shocks.

. GRS, HGA Mag and Solar Array shocks had high attenuation
rates.

. Pyrovalve shock produced low responses.

. Peak shock responses are less than the design shock
spectrum of ENV-RQM-3271152.

» All systems functioned normally after pyro firings.



Spacecraft Pyro Firing Plan

Modibed Spacecrah Pyvobchnlc Device Fiting Plan

>YROTECHNIC DEVICE /LOCATION PRE-DYNAMIC DEPLOYMENT POST DYNAMAC DEPLOYMENT PYRO-SHOCXK
HGA
Gimbal Support #i 0 (a) 1 0
Ginbal Suppor! 02 0 (a) 1 0
Wiist Hinge 0 (a) \ 0
Boom Support #2 0 {a) ( 0
Boom Suppodt #1 0 (a) 1 0
Tiipod (Velocity) 0 | 0
Tripod (Anti Velocily) 0 1 0
3RS

Brackatl (Nadu) 0 | 0
Bracket (Nadit) 0 i 0
Brackat (Velocily) o 1 0
Camister Support | | o 1 0
Canister _Suppott 92 0 ! 0
MAGNETOMETER
B Camistor 0 0
S5O0LAR ARRAY -
Outer Sheaf Ties (4) 0 (b) ! 0
Inner Shear Ties (4) 0 (b} | 0
Centor Release 0 (b) 1 0
Gimbal Tiipod Sheat Tie 0 (b) 0 0
SEPARATION CLAMP
LX) Pamary 0 [ 0
[ X ) Pomary 0 1 0
{+X ) Secondary 0 \ 0
[ x ) Secondary 0 \ 0
PYROVALVES -
High Pressure #1 N/A N/A 2
High  Piessure  #2 N/A N/A 0
low Piessure ¥} NI/A N/A 2
High Pressure #2 N/A NIA 0
Noles

(@ The HGA Deploymant Assembly Is lo be deploymani lested al the assembly bvel only prior 1o Spaceciall Dynamic lesting Tosvng iy
lo ba accomplished withoul the HGA al the assembly level
{t) Tiw Solar Pannl Doploymont Assenibly ks lo be deployment fested In conpunciion willl the second spacecrall @ 1fuCly0 only prior to
Spacuciall Dynamic 1esting



Spacecraft Pyro Firing Plan

WAIVER WD 22785 Spacecraft Pytowmchiuic Device Fliing Plan

PYROTECHMIC DEVICE /LOCATION PRE-DYNAMIC DEPLOYMENT | POST DYNAMIC DEPLOYMENT PYRO-SHOCX
HGA
Gimbal Support 91 0 (a) ! .
Gimbal Support #2 0 (a) ) .
Wrist Hinge 0 (a) ) .
Boom Support 82 0 (a) ' 0
Boom Support #1 0 (a) X .
Tiipod (Velodity) ' (a) \ :
Tripod {Antl-Veloclty) ! {a) ' >
GRS
Bracke! (Nadw) ! , ,
Bracke! (Nadu) ! ) .
Brachet (Velocity) ! ! ’
Canister Support #1 ! ) .
Canlsisr Support 82 ! ! -
MAOGNETOMETER
Canister ... oA ! :
SOLAR ARRAY
Outer Shear Ties (4) 0 (b) ! .
lnes Shear Ties (4) 0 () ! 0
Center Relonso 0 (v ! 0
Gimbal Tripod Shew Tle -y -1 :
BEPARATION CLAMP
(+X ) Primary 0 X
(-X ) Primary 0 ! "
(+X ) Secondary 0 ! .
(X_| Secondary 0 ' 0
PYROVALVES
High Pressure 81 N/A N/A 3
High Presswie 82 N/A N/, 0
Low Pressure #1 N/A NIA 8
High Pressure 82 N/A N/A 0
Noles.

(3) The HGA Depioyment Assembly s lo ba deployment losted al the assembly level only prior 10 Spacaciah Dynamic testng  Jaqung 1s
10 be mocompishad withoul he HGA al tha assembly cver 5/C tripod Pre dynamuc deployments e kmied k “pop & catch’ tests
{b) The Sola Panel Deploymant Assembly 1 tg be deployment tusted In conuncton with the second spacecialt sliucture Only pror 1o

Spaceciall Dynamic lesting



Spacecraft Pyro Firing Plan

. ENV-SS-3271152 , MO System level environmental
test specification directs the number of pre and
post dynamic pyro device firings to be performed at
the Spacecraft level.

. Waiver WD 22785 proposed that the specified firing
plan be modified due to changes in Spacecraft pyro
initiated deployments. This waiver has been
approved by JPL.

. The revised plan has been further modified as
shown by Revision A dated 5/27/92. The Spacecraft

| &T schedule mandated additional modifications
to the plan.
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Contractual Requirements
Req u i red Pyro TeStS MARTIN MARIETTA ASTRO SPACE

. ENV-PPR-3271152, Mars Observer Environmental Program Policy
and  Requirements.

. ENV-DR-3271152, Performance Specification: Environmental
Design Requirements.

. ENV-SS-3271152, Mars Observer System Level Environmental
Test Specification.
. ENV-RQM-3271152, Mars Observer Assemblies Environmental
Test  Specification,

. PLN-SVER-3271138, Mars Observer Spacecraft Structural
Verification Plan.
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SPACECRAFT ~ MECHANICAL  TESTING

| SEPARATION SHOCK

SRS Listine
Analos Carlure

Arelow Cawlure Nen Veluw: 44 .4

MNin Value: -42.48 1 8% Daspiny
se ee 1 173 Octave

fFrev
3 9811
5 8119
6 3896
7.9433
10 000
12 589
15 849
19 933
25.119
31.623
-36 88 39 811
6 000 Tiae Cas) 70 09 <9 119
- = - 63 096
83-Aus-83 gzrgﬁﬂ'f JX%HON CLAMP SHOCK 79 433

100 .00
125.89

Acc (»)

83-Avuy-83

Absolute
Maxi-Nax

Asp |
® 163765
8.240726
0.499409
0.729309
1.17378
1.79529
2 .43%508
2 61863
2.89180
1.81110
2.03264
1.74113
3.74890
2.65344
7.29370
4.33936

Acceleration

Frte
158.49
199.53
251.19
316.23
398.11
301.19
630.96
794.33
1600.68
1258.9
1584.9
1993.3
2511.9
3162.3
3981.1

Aap|
3.31773
6.89860
3.83381
8.31855
13.5413
25.4492
61.4785
187.227
312.719
135.797
77 7852
91.2188
148.914
144.477
160 523



DEPLOYMENT RELEASE & SHOCK

OBJECTIVE . VERIFY OPERATION OF SEPARATION MECHANISM
VERIFY NO DAMAGE

ARTICLE - MWA'’S, ANTENNAE, SOLAR ARRAYS ON PROTO S/C
FACILITY - ACOUSTIC CHAMBER

« STE TO FIRE SQUIBS
LOADS . LIVE SQUIBS (TYPICAL FLIGHT)

. FLIGHT SEPARATION HARDWARE
- CUTTERS: BOLT, CABLE
- SEPARATION NUTS
MEASUREMENTS . ACCELEROMETERS ~ 90

CRITERIA . MECHANICAL INSPECTION CHECK LIST WWM



V-BAND SEPARATION & SHOCK

OBJECTIVE -« VERIFY V-BAND SEPARATION SYSTEM FUNCTION
« VERIFY NO HARMFUL RESULT
. DETERMINE SHOCK INPUTS TO COMPONENT;
ARTICLE . PROTOFLIGHT S/C MOUNTED ON ADAPTER
STOWED DEPLOYABLES: SA, REFLECS & ANT
TANKS EMPTY
PYROS INSTALLED
AKM SIMULATOR INSTALLED
FACILITY . ACOUSTIC CHAMBER
. STE TO FIRE SQUIBS
. BAND TIGHTENING RIG

LOADS . LIVE SQUIBS (TYPICAL FLIGHT)
. TWO TESTS
MEASUREMENTS . ACCELEROMETERS ~ 90
CRITERIA . MECHANICAL INSPECTION CHECK LIST

KEY POINT: TEST LOAD IS NOMINAL WWM
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At S b)Y -

Standard Astro Space Practice
Regarding Shock Environments ARTIN WARIETTA. ASTRO SPACE

* Environment Predictions
- Customer Specifications/Requirements
- Design Database
- Shock Propagation

* Design Requirements
- System Level
= Component Level

e Structural Verification & Test

- Component Level Tests
- System Level Tests

L

“MRBOOIRSY



42 AH Battery Pack :

MARTIN MARIETTA ASTRO SPACE

BAJTERY PACKYCE! | BATTERY PACK B (HLI

-516. (ONN.
Ji

< 4 e \
. €s
~MT6 BARS ~/

SIZE: 40.00 x 18.80 x 18.42 cm (15.75" x 7.40" x 7.25" 9 CELL PACK)
MASS: 38.2@ kgl§48066 18)42 cm (15.00" x 7.40" x 7.25" 8 CELL PACK)

CELL PACK TOTAL 70.7 kg
16.89 kg (37.24 Ib) 8 CELL PACK

Ml BaAns



Component Descriptions

MARTIN MARIETTA ASTRO SPACE

. Solar Array ,

-Six panel using 63 series cells by 416 parallel strings,
30 circuits

-2 ¢cm by 4 cm BSR type cells (26202)
-Four panels deployed for cruise crus GCO phases
-Six panels along with the boom deployed for mapping
-Two axis gimbal points the array at the sun
- Panel wiring minizes magnetic field

. DBatteries
-Nickel Cadmium cells 42 AH
-Each battery in two packs, one 8 cell pack and the other
9 cell pack
-Temperature control by TCE on each pack, thermostat
backup



Summary of Solar Array
Capability and Power Margins
i
MINIMUM  AVERAGE POWER MARGIN (WATTS)
SOLAR ARRAY wrre v ¢4 s
POWER AVAILABLE 1 SHORTED LLOSS OF 1
MISSION PHASE (WATTS) W.C.(3) BAYICELL S/A CIRCUIT NOMINAL .
INNER CRUISE 740(1) 203 - -
OUTER CRUISE 661(1) 15 - -
DRIFT 838(1) 152 . .
GC 938(2) 28 45 56 81
PERIHELION 1408(2) 42 48 129 147
APHELION 1147(2) 6 14 - 45 59
NOTES:

(1) WATTS AT 29.4V AT W.C. TEMPERATURE

(2) SA CAPABILITY AT 29V USING ORBITAL AVERAGE SUNTIME VALUES WITH NO CIRCUIT FAHL.URES.

(3) WORST CASE MARGINS WITH BOTH ONE SOLAR ARRAY CIRCUIT AND ONE BATTERY CELL
SHORTED. AT WORST CASE SOLAR TEMPERATURE/PROFILE.



Spacecraft Fusing

MARTIN MARIEETTA ASTRQ SPACE

0 FUSES ON THE 28V MAIN BUS
0 FUSES ON THE 28V PAYLOAD BUS GROUPED TOGETHER ON FBA-1

0 SINGLE FUSE FOR EACH CIRCUIT/BOX/LOAD

0 SEPARATE FUSES FOR PRIMARY AND BACK-UP CIRCUITS

0 STANDARD FUSE RATINGS AND SIZES DERATED FOR SPACE APPLICATION
0 MOUNTED ON COVERED BOARDS FOR FUSE ACCESSIBILITY

0 FUSES SIZED TO PROTECT THE BUS, CONDUCTORS, AND PINS

0 FUSES SELECTED IN ACCORDANCE WITH PAPL AND SCD RCA 496712629518
DERATING

- ADDITIONAL DERATING FOR TEMPERATURE
- MINIMUM FUSE 2.0A, MAX FUSE 7.0A (NOMINAL RATINGS)



summary of Nominal Loads by
Phase and Modes (@ 28V)
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JPL LESSONS LEARNED SUMMARY

SYSTEM CONTRACT APPROACH SAVED COST
— HERITAGE HARDWARE & S/W DESIGN REDUCED MO COSTS

— CONCURRENT PROGRAMS ALLOWED FOR SHARED
DEVELOPMENT

—~ PRODUCTION LINE APPROACH SAVED RESOURCES IN
MANUFACTURING AND TESTING

« ELECTRONIC PARTS INDUSTRY HAS MATURED. CLASS S PARTS
MAY BE DIFFICULT TO GET, BUT ONCE YOU GET THEM THEY ARE
GOOD '

+ BIGGEST PROBLEMS USUALLY OCCUR WITH NEW DEVELOPMENTS
OR UNIQUE PROCESSES

« INSTRUMENTS SHOULD BE THERMALLY ISOLATED FROM
SPACECRAFT

-« THE PROJECT MANAGER SHOULD HOLD ALL WEIGHT RESERVE

« THE LAUNCH VEHICLE RESERVE SHOULD HAVE BEEN RELEASED
EARLIER

MARS OBSERVER GP - 45
SPACECRAF TDEVELOPMENT 4-23-93



JPL PFR COMPARISON

PROJECT

CAUSE CATEGORY VOYAGER | GALILEO | MAGELLAN| MO

DESIGN 33.5% 19.9 % 24.7 % 23 %
SOFTWARE 4.0 % 6.1% 18.1 % 5 %
WORKMANSHIP 13.9 % 16.1 % 7.0% 18 %
PIECE PART 11.3 % 6.4 % 2.6 % 2 %
MANUFACTURING; 4.2 % 2.3% 2.5% 3 %
SUPPORT EQUIP. 5.1 % 14.4% 9.0 % 13 %
DAMAGE 3.0 % 2.1 % 2.3% 1 %
TEST ERROR 8.4 % 10.8 % 129 % 21 %
ADJUSTMENT 2.0 % 1.4% 0.6 % 1 %
OPERATING TIME 0.1 % 0.1% 0.0 % 0 %
OTHER ' 12.9% 18.0 % 17.9 % 13 %
NONE 1.7 % 2.4 % 2.3% 0 %
TOTAL NUMBER 3433 4500 1600 1378

MARS OBSERVER GP-44

SPACECRAF T DEVEL.OPMENT 4-23-93



JPL SPACECRAFT ASSEMBLY

OPERATING HOURS

12
10
U 8
N
| 6 ‘:il i
T
S 44 ;
2 3
0 4 5

HOURS

MARS OBSERVER
SPACECRAF T DEVELOPMENT

4000

GP-43
4-23-93



JPL

ASSEMBLY LEVEL PROTOFLIGHT TESTS

SINE VIBRATION « @ 1.5 X FA
. ACOUSTICS«FORA/M>».3
. RANDOM VIBRATION - @ FA+4DB
ACCELERATION = FOR G SENSITIVE ONLY
PYRO SHOCK - SHOCK SENSITIVE ONLY
THERMALWVACUUM ALL FOR 168 HRS
@ -20 TO+475°C

. THERMAL SHOCK (SELECTED)
. LAUNCH PRESSURE PROFILE

EMC/EMI
OTHER
SYSTEM LEVEL PROTQFLIGHT TESTS

SINE VIBRATION @ 1.5 X FA

ACOUSTICS @ FA +4D8B

RANDOM VIBRATION - ACOUSTICS ONLY OK
PYRO SHOCK - 3 EACH

THERMAL/VACUUM FOR 300 HRS

EMC/EMI
OTHER

MARS OBSERVER
SPACECRAFT DEVELOPMEN [

ENVIRONMENTAL TEST PROGRAM

APPLICABILITY

NEW ASSEMBLIES ONLY, ASD 1ST UNITS

HGA & S/A

MOST ASSEMBLIES, SOME @ < 4DB

ANALYSIS ONLY

MOST @ SYSTEM LEVEL ONLY

NEW ASSEMBLIES ONLY, ASD 1ST UNITS

. HERITAGE: THERMAUATMOS, 80 HRS
-20 TO + 75°C IF WCA OK, OTHERWISE,
FA £ 25°C

HGA & S/A

ANALYSIS ONLY

MOSTLY SAMPLED OR @SYSTEM

MAG & RAD CHARACTERIZATION

APPLICABILITY

WITH NOTCHING

ACOUSTICS

ACOUSTICS

SELECTED

THERMAL BALANCE & THERMAL/VACUUM
SELECTED

MAG & RAD CHARACTERIZATION

GP-42
4-23-93



JPL TEST PROGRAM
HIGHLIGHTS & OBSERVATIONS

« MUCH OF BOARD AND ASSEMBLY-LEVEL TESTING DONE ON AUTOMATED TEST
STATIONS

SUBSYSTEM TESTING CAN BE DONE AT SYSTEM LEVEL
BENCH INTEGRATION TEST (BIT) ADDED TO START ELECTRICAL SYSTEM TESTING

+ SPARES AND VTL NON-FLIGHT ASSEMBLIES WERE VITAL IN KEEPING FLOW MOVING
AN INTEGRATED PROPULSION SUBSYSTEM SAVES MASS BUT SLOWS TESTING

« PACKET TELEMETRY MAY SAVE EFFORT IN MOS, BUT IT SIGNIFICANTLY SLOWED
SYSTEM TEST

THE SYSTEM THERMAL-VACUUM TEST WAS KEY TO BRINGING SYSTEM TOGETHER

» SYSTEM TESTING ORDER CAN BE CHANGED TO MINIMIZE TIME WITH LITTLE ADDED
RISK *

SYSTEM SINE VIBRATION TEST REVEALED NO PROBLEMS

SIGNIFICANT EFFORT ON DEPLOYMENT TEST AND INSPECTION WAS TIME WELL SPENT
« COMMON WORK STATIONS FOR SYSTEM TEST, VTL, & MOS WOULD SAVE RESOURCES

COMMON S/C & MOS MISSION SEQUENCES WOULD SAVE RESOURCES.

MISSION SEQUENCES MUST BE SHORT ENOUGH OR RE-STARTABLE TO ALLOW FOR
TEST INTERRUPTIONS (e.g. LIGHTNING AT CAPE)

MARS OBSERVER GP-41
SPACECRAFT DEVELOPMENT 4-23-93



JET PROPULSION LABORATORY

MARS OBSERVER

CREATED: DECEMBER 12, 1991
DATE
SYSTEM TEST
DATE
FY91 | FY92
ACTIVITY L 12
JUN JUL AUG SEP [ OCT NOV | DEC JAN | FEB MAR | APR MAY | JUN
| [ S/C ASSEMBLY DELIVERIES Vo W W w W Y Yoou v W
2 | SUBSYSTEM INSTALLPTO/FETS . HaA il
3 {EPET
t [ SWAP AW 8 FLT ZREGRESSION TEST MOCEM S
; |RECEIVE PAYLOAD waen W\ Wora A 4 W 2 \\\Wren
VR : i OR8 =48R My A
3 INSTALUIPTO/FET PAYLOAD il | l
7 | SEPET 181 |
3 |MOS COMPATIBILITY | 1 1 1 1
3 |INSTR/S/C INTERACTION TEST
0| MECH. CLOSEQUT & ALIGNMENT
1| DEPLOYMENT/PYRO SHOCK TESTS X f
2{FINAL INSTALL'N 8 MASS PROPS p ¢
3| SINE VIBRATION TEST
4| ACOUSTICS TEST ' 4 1
'5| RF/EMC/EMI TESTS $ 1
16| POWER ILLUM/STABILITY TEST
17| PREP FOR THERMAL VACUUM T
18| THERMAL VACUUM TEST [
o+ e § = H-

19| MISSION SEQUENCE TEST o ) |
20 PMIRFRYMOC/ER REMOVE/REINSTALL R
21[FINAL FLIGHT ASSY I =
22| FINAL MASS PROPS & ALIGNMENT o 1
23| PRESHIP REVIEW L A\ A
24| PACK AND SHIP TOELS L 1
?\?)SMQK AW __ACCEPTANCE _WITHHELD FE1 FUNC 1IONALELEC TRICALIEST

BAs . BOOM ASSEMBLIES (HOA § S/A) (18] - AT

fAl . BATTERES aopsa . GMBAL DRNVE ASSEMEALY

CAN . CANNISTENS (MAGER & (3AS) HOA . HIOHGAN ANTENNA

ELS . EASTEIN LAUNCH SITE w10 . ININAL POWER TURN ON

EM . ENGINEERNGO MOOEL SIA . SOLAR ARAAY

EMCAMI . ELCTROMAGNETIC COMPATBLITY/INTERF ERCNCE SEPL | . SYSTEM ELECTRAICAL PERFORMANCE EvAlUATION TESI

EPET . ELCTRICAL PERFORMANCE EVALUATION TEST wH . WORKMDRSE

MARS OBSERVER

QGOP +» ¥o




JPL THERMAL CONTROL BLOCK DIAGRAM

PAVLOAD
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MARS OBSE [ IVER GP -39

SPACECRAF { DEVELOPMENT 4.23-93



JPL

THERMAL CONTROL SUBSYSTEM

. DESIGN DRIVERS
~ VARYING SUN DISTANCE
~ SHUNT DISSIPATION
- PAYLOAD THERMAL REQUIREMENTS
~ SUBSYSTEM THERMAL REQUIREMENTS

CHARACTERISTICS

- PASSIVE CONTROL: MULTI-LAYER INSULATION BLANKETS (MLI),
PAINT, TAPE, OPTICAL SOLAR REFLECTORS (OSRHSs)

- ACTIVE CONTROL: THERMOSTATS, FIXED & PROPORTIONAL HEATERS

. DEVELOPMENT HIGHLIGHTS
~ DELETED LOUVERS FROM ORIGINAL DESIGN
- CUSTOMIZED PAYLOAD THERMAL INTERFACE
~ PROPELLANT TANK TEMPERATURES

MARS OBSERVER GP -38
SPACECRAF I DEVELOPMENT 4-23-93



JPL MECHANISMS

‘ SULAI ARRAY GIMBAL
NN DRIVE ASSEMBLY

SOLAR PANREL DEPLOYMENT ASSLHBLY

MAG/LR e
DLV OYMLIT
ASSLHBLY

HGA
DLPLOYMENT .
ASSTHILY R
L B R 1115
\\:\\\\\ DLPLOYHLNT
N l I NSSEMBLY
N Y
16 \\\ |
GIHBAL e Eal ,S'
DRIVE I\
assrmm Y :
MARS OBSERVER 2308

SPACECRAFT DEVELOPMENT 4-23-93



JPL MECHANISMS SUBSYSTEM

. DESIGN DRIVERS
-~ MAG/ER & GRS CRUISE CALIBRATION REQUIREMENTS
~ MAG/ER & GRS MAPPING REQUIREMENTS
~ NADIR POINTING BUS CAUSES VARYING EARTH & SUN GEOMETRY @ MARS
~ LAUNCH & MOI LOADS
. CHARACTERISTICS
~ 2 x 6M CANISTER BOOMS (MAG/ER & GRS)
- 5.7M, 2 SECTION, HGA BOOM, 2 AXIS GIMBAL
~ 2.8M, 2 SECTION, S/A BOOM, 2 AXIS GIMBAL

. DEVELOPMENT HIGHLIGHTS

- SCIENCE BOOMS TYPE CHANGED FROM RETRACTABLE LANYARD TO
CANISTER

-~ RE-SIZING OF BOOM SECTIONS FOR INCREASED TIP MASS

-~ SEVERAL ITERATIONS ON HGA BOOM LENGTH

-~ SEVERAL DEVELOPMENT PROBLEMS WITH OPTICAL ENCODERS
~ EXTENSIVE TEST PROGRAM

MARS OBSERVER GP - 36
SPACECRAF 1 DEVELOPMENT 4.23-93



JPL PROPULSION ASSEMBLY

N\ -’-’5\}}- Y
NG s/ NS TSI

GP-35
MARS OBSERVER 4-23-93

SPACECRAFT DEVEL OPMENT



IPL BI-PROPELLANT SUBSYSTEM
BLOCK DIAGRAM
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JPL
BLOCK DIAGRAM

Bd swvi
¢ X TAHK S GHE "\~ X TANK
l@

MONO-PROPELLANT SUBSYSTEM

E @ =

SERVICE VALVE

PRESSURE TR ANSODUCER

PROPELLANTf ILTER

LATCHING VALVE

0.9 N REA’s

4.45 N REA's

MARS OBSERVER
SPACECRAFT DEVELOPMENT

GP-33
4-23-93



JPU PROPULSION SUBSYSTEM

. DESIGN DRIVERS

- MULTIPLE MISSION MANEUVER REQUIREMENTS: TCM, MOI, OTM, WHEEL
UNLOADING

- CONTAMINATION: MONO-PROP IN ORBIT, NO THRUSTERS ON NADIR PANEL

« CHARACTERISTICS
~ MONO-PROP: 84 KG PROPELLANT, 8 x 4.5 N &4 x .9 N THRUSTERS
~ BI-PROP: 1363 KG (2.7 KM/SEC), 4 x 490 N & 4 x 22 N THRUSTERS

. DEVELOPMENT HIGHLIGHTS
~ NUMBER OF TANKS REDUCED TO SIMPLIFY DESIGN
~ ORIGINAL 490 N DEVELOPMENT FAILED, ALTERNATE SOURCE SELECTED

~ PROPELLANT MANAGEMENT DEVICE (PMD) REDESIGNED TO PREVENT SCREEN
TEARING

- TANK PMD TAB BROKEN DUE TO STRESS CORROSION FROM CONTAMINATED
FREON

- LEAKING He TANK REPLACED BY SPARE

- PARALLEL BI-PROP FILTERS ADDED

SUBSYSTEM COMPONENTS DELETED DURING MASS REDUCTION REDESIGN
WAIVER REQUIRED FOR MONO-PROP CONTINGENCY OFF-LOADING

- BI-PROP VALVE REQUALIFIED

~ BLOWDOWN MODE IMPLEMENTED TO AVOID POTENTIAL REGULATOR LEAK
PLUME SHIELDS ADDED LATE TO PREVENT BLANKET EROSION

1

i

MARS QBSERVER GP-32
SPACECRAFT DEVELOPMENT 4-23-93



SPL STRUCTURE

FUNCTIONS
PROVIDE FOR STRUCTURAL MOUNTING OF ALL ASSEMBLIES ‘ SECONDARY EQUIPMENT
PROVIDE STABLE MECHANICAL INTERFACE FOR ALL SENSORS STRUCTURE é_
ENSURE STRUCTURAL INTEGRITY FOR ALL MISSION PHASES
PROVIDE BASIC SYSTEM ALIGNMENTS
PROVIDE FOR UNOBSTRUCTED SENSOR FOV gy il
PROVIDE CENTER OF MASS CONTROL

I 1

PYAO CMDS 1 ‘ TIM TO
REQUIREMENTS FROM o
COMPATIBLE WITH TITAN i

ACCOMMODATE 166 KG OF PAYLOAD SEPARATION ASSY
OPTICAL ALIGNMENT OF REFERENCE MIRRORS TO PRIMARY MIRROR -

PIN AND BOLT INSTRUMENT ATTACHMENT.

TOS ADAPTEF

STRUCTURE COMPONENTS —
PRIMARY STRUCTURE:
MAGNESIUM ALLOY CENTER CYLINDER FOR PRIMARY LOAD PATH
2.1x15x 1.0 M RECTANGULAR MODULE
8 MODULAR ALUMINUM HONEYCOMB EQUIPMENT PANELS

SECONDARY STRUCTURE: O
THRUSTER SUPPORT BRACKETS, HEAT & PLUME SHIELRS,  ~"\_ ()
TANK SUPPORT BRACKETS \ K
PURGE LINE, HARNESS, & THERMAL SUPPORTS
LGA SUPPORT BRACKETS <§

CENTER 1PANEL

TOS ADAPTER: ol e D

MONOCOQUE WITH SKINS AND STRINGERS

BOUND BOLT INTERFACE WITH TOS

"V" BAND CLAMP ASSEMBLY WITH RETENTION SPRINGS
SPRING SEPARATION

MARS OBSERVER
SPACECRAFT DEVELOPMENT

.——_——\ Y PANELS

GP - 31
4-23-93




JPL STRUCTURESUBSYSTEM

. DESIGN DRIVERS
- LAUNCH VEHICLE LOADS & INTERFACE ENVELOPE
~ WEIGHT CONSTRAINED
~ SUBSYSTEM & PAYLOAD FIELDS-OF-VIEW
~ CENTER-OF-MASS CONTROL
. CHARACTERISTICS
~ CENTRAL CYLINDER FOR BI-PROP TANKS AND PRIMARY LOAD PATH
~ MODULARIZED EQUIPMENT PANELS
~ ALUMINUM WIRE MAIN HARNESS

. DEVELOPMENT HIGHLIGHTS
- LAUNCH VEHICLE CHANGED FROM STS TO TITAN Il
- INSTRUMENT COMPLEMENT & MASS CHANGED
- SEVERE MASS REDUCTION EFFORT . I-ER SYSTEM CDR

~ BOUND BOLT INTERFACE BETWEEN ADAPTER AND UPPER STAGE (TOS)
REQUIRED ALOT OF EFFORT

- ALUMINUM HARNESS HAD NO PROBLEMS WHEN HANDLED CAREFULLY

MARS OBSERVER GP-30
SPACECRAFT DEVELOPMEN f 4-23-93



