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MULTIPURPOSE UHF SATELLITE (MUSAT) DATA SHEET

- PAYLOAD DATA ELEMENTS

NAME:

USER/SPONSOR:

DESCRIPTION:

SIZE:

WETIGHT:
POWER:

PROPULSION:

PYROTECHNICS:
LAUNCH SCHEDULE:

PLANNED CARRIER:

S/C~LAUNCH VEHICLE HARDWARE:

LAUNCH WINDOW PARAMETERS:

ORBITAL PARAMETERS:

UNUSUAL REQUIREMENTS:

MULTIPURPOSE UHF SATELLITE (MUSAT)

DND:DOC:EMR:DOT:DOE OF THE
GOVERNMENT OF CANADA

3 AXIS STABILIZED BUS ACCOMMODATING
UHF (400/300 MHz) AND SHF (8/7 GHz)
CANADIAN COMMUNICATIONS SERVICE

STOWED DYNAMIC RADIUS: 43 IN,

LENGTH: ~101.0'° CONFIGURATION A
161.2'* CONFIGURATION B

2500LBS. (EXCLUDING ADAPTOR AT LIFTCUT)

800 WATTS EOL 7 YRS.
(100 WATTS IN THE ORBITER BAY)

STAR SERIES SOLID PROPELLANT AKM
HYDRAZINE BLOWDOWN RCS

FOR SOLAR ARRAY AND ANTENNA DEPLOYMENT MECHANISMS
MUSAT 1 LAUNCH 1ST TO 3RD QUARTER, 1982 ‘3370 %,
MUSAT 2 LAUNCH 1ST TO 3RD QUARTER, 1984 |

RETRIEVAL & REVISIT NOT APPLICABLE
SSUS-D  (STANDARD)
POWER AND SIGNAL INTERFACE UNITS

~-MIDNIGHT PERIGEE INJECTION
-SUN ANGLE WITHIN * 250 OF SPIN AXIS NORMAL
-ELV COMPATIBLE THERMAL ENVIRONMENT ASSUMED

~STANDARD STS PARKING ORBIT

(160 MMI (CIRCULAR, 28,7° INCLINATION)
~-GEOSYNCHRONOUS TRANSFER ORBIT

(19,323 NMI HA, NOMINAL 270 INCLINATION)

-NO UNUSUAL FLIGHT OPS EXPECTED

~SPECIALIZED GROUND CHECKOUT OF COMMUNICATIONS
ANTENMA & SOLAR ARRAYS DURING CAPE INTEGRATION
MAY BE REQUIRED,
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INTER-OFFICE MEMO

" DATE; June 26, 1978

~';Parls 5-10 June, ‘1978 and Kourou,xr bl Gulana, 11~ 16 Junc,. ~fﬂ
- 1978 for-the purpose of determining the status, £a01llt1es; '
- and costs for the ESA/CNES Ariane erendlble launch vohlcle

. The meetings, as discussed. in the text, were well co- ordlnated
;and presented by Lnowledgeable ESA,  SNIAS, QEP and CNES . staff

s .data and phy51cal transport) to North Amerlca

,v1able competltor to the STS System,.

“test plan leading to first launch in. June 1979 appears -~¢\~u
feasible and the possibility of major technoloqlcal setbacks

is considered minimal. Although some details of- thie Payload/
- to be worked out, the: payload team is knowledgeable and LT
experienced:and all major. interfaces have been spe01f1ed for

‘the dedicated payload The Ariane User's Manual ‘appears. to

‘ESA also. appear clear on their responsibility for payload

-mating fa01llt1es at - the launch site are presontly being-
vfupgladed and will be both adequate and. convenient for the .

.'FORACTIO"J A L
. Ahwco(Doc'CRC\ II.R. Warren -(DOC Hddr;),fJ;E;,,ocLyer
"'Hm'NHmMA“ON D Cou?htry E Oulttner, D. Tona, G. Lew1s, B UJndS,wﬁ

: - L 0. Collins R

jmom;.,l‘ S F Archer P H;*?' S .-Em3~5 21 (Dufferln)

SUBJECT: f.".:TRIP RI;PORT VISITS.TO ESA SNIAQP SEP -IN FRA\I(,E LUROIL

. . , AND KOURQU - LAUNCH SITE;. FR . GUIANA TO INVE%TIG TE'ft'

. REFERENCE: IR THL ARIA\U’ LI\U’JCII SYSTEI\" 5 17 JUNE 1978 . ’

l}Q'JSummary:':

The.author, accomnanled by Dr. .Sr Ahmed of DOC CPC v1slted

Bellot llead,  Ariane Payload oectlon, ESA chalred all

meetlnqs and acted as olr. guide and, where necessary, Lranslator

This provided excellent ‘coherence -and completeness to. the" dual
visit. LSA were very open in their preaentatlons,/plov1d1na
up-to-date material including draft documents,tentatlve PR
policies and facility extension plans where necessary. The}‘
level of hospltallty shown ‘was commensurate: with a serious’
effort by ESA to at least convince Canada that ARIANF lo a

My assessment is that thlS launch vehlcle and launch 51te .
have.been very conservatlvely designed and implemented. .The:

Launch Vehlcle interface documentatlon and schedule are stlll

be efficiently modelled on the Delta Restraints Manual.
CONpatlblllty in thc dual launch case._
The payload test propellant handllng and launch vehlcle

payload user. The major drawback of this Centre Spatlale
Guyanalis (CSG) launch site will be communlcatlons (voice:,

Continued...../2
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Summary (Continued)

The cost policy is straightforward; a firm fixed price in
advance with no hidden costs and charges exposed after
launch. The price quoted, $22M US mid 1977 dedicated and
$15M US mid 1977 equal payload weights dual launch, will be

all inclusive of launch hardware, launch and prelaunch
operations and interface definition and control throughout
the program,

This trip report presents significant information collected *
‘during visits. The author retains both handout material,

" see list attachment 1, and detailed notes which are avail-

able for your review i1f requested. The itinerary for these
trips is presented in attachment 2,

ESA Headquarters Kickoff Meeting, 5 June, 1978

This meeting involved:

M.R. Orye ESfA, Head, Ariane Programme Office¥*
M.A. Bellot ESA, Head, Ariane Payload Division
M.R. Vignelles CNES, Chef du Projet Ariane

M.II. Hergott CNES, Systems® S

M.J-C Bouillot CNES, Avant-Projets-Promotion,*
M.Y. Guerin ESA, Payload Officer, Ariane*

M,.R. Lavand ESA, Payload Officer, Ariane

(Configuration Control) *

* part time attendance

M. Vignelles made a lengthy presentation of the design and
schedule for the Ariane launcher and the CSG. Attachment

3 provides a summary handout of this session. The additional
significant points made were:

a) The Ariane launcher has been built on existing proven
technology, where possible. For example, the first
and second stages use the Diamant B, Viking V engine.
The third stage is based upon an early MBB development
engine (Rocketdyne, L0, and Kerosene). Tankaqge

technology for the 1lst stage is derived from earlier
programs.

b) As a consequence of this conservative design approach, -

the qualification phase for the launcher is cgoing well.
Any problems appear to be in low technology items.

Continued.../3
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2.0 ESA Headquarters Kickoff Meeting, 5 June, 1978 (Continued)

b) (Continued)

lst stage - electrical system qualified

- structure qualified Sept. 1976

- cluster testing (4 engines) revealed
fatigue damage of graphite throat
insert (not present on single engine
tests). Persuing 2 materials: resin

- phenolic/silicon (95% success
probability) and carbon composite.
The first test with the phenolic will
take place in August 1978 with
qualification before year end.
L0l can be refitted with either _
material throat. Reg'd for carbon composite
Would slip L0l launch by 3 months.

2nd stage - electrical systems qualified

~ firing tests January and March, 1978
successful performance - 2 1lbf sec/
lbm higher than anticipated

- qualification commencing August,
1978 with roll control and gimballing
operating

3rd stage - 1 unit fully tested
2nd unit into test June 1978

VEB ~ qualified except for inertial platform,
‘ A modification of the stator to rotor
tolerance for the gyros was determined
to be necessary when the unit drift
went out of tolerance during random
vibration testing. Requalification
to be completed by end of July, 1978.

Fairing - qualified, including separation testing
at ESTEC. .

(c) Global launch facilities testing of propellant and oxidizer
fuel flow and pressurization systems at CSG without a launch
vehicle is underway and will be completed by end of June, 1978.
A complete launcher propellant mockup (PMU) which is
now being built up at SNIAS will be tested at CSG
between August and October. A complete electrical
mockup will, in parallel, be tested at the Site
d'Integration Lanceur (SIL) at SNIAS, Les Mureaux,
using a copy of the computer system which is now
installed at CSG. A less sophisticated electrical
systems test will then take place at CSG in November
of this year. This will be followed by a general test

Continued.../4
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LESA Headquarters Kickoff Meeting, 5 June, 1978

c) (Continued)

at CSG which will simulate a complete countdown, launch
and flight sequence. This test, to take place in
December, will exercise all parts of the system including

down range radar tracking, T&C readout and optical
tracking systems. To accomplish this test, a sounding

rocket firing will be co-ordinated w1th alrcraft
carrying transmitters and an orbital® pass' of the GEOS

satellite,

. Any modifications required to CSG will be made before
April 1979, when the L0l launcher will be delivered to
the launch site. Prior to shipment the L0l will be
completely integrated and electrically acceptance.
tested at SIL. Launch of L0l is scheduled for mid

June, 1979.

M. Orye summarized the activity underway to convince Intelsat
to fly the last 3 Intelsat V spacecraft on the Ariane
launcher.

Studies by COMSAT with FACC support had revealed two

potential changes necessary for the I-V spacecraft,
significant off-~loading of the AKM and potential structural
modifications due to pogo and chugging loading. Coupled

loads analysis has shown that pogo loading is no problem;
solar array resonance has been avoided and no structural
changes are expected, Also antipogo dampers have been

added to Ariane feedlines. FACC test environments are

being expanded to include this Ariane load to prove this
point., The. . casting for these 3 AKME has been postponed
until year end. ESA has now made a formal proposal to ‘
COMSAT and were in the process of answering numerous technical
questions at the time of our visit. ISA have stated that '
they will take any steps necessary to make CSG compatible
with conventional ETR facilities,

COMSAT requires 1723 kgm for I-V lift-off weight for its
inclination and perigee (corresponds to 1700 kgm Ariane
Standard. launch) . The present Ariane launch weight
capability of 1750 kgm standard mission will allow launch
of I-V plus a tandem COMSAT Mariteem Module package of

66 kgm.

Decision expected to be made for I~V Launch
Vehicle by 1 September, 1978,

Continued.....,
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'ESA Headquarters Kickoff Meeting, 5 June, 1978 (Continued)

The following payload complement and planned launch
schedules were provided:

Launch Payload E@unch Dagg
101 CAT June, 1979
1.02 CAT + Firewheel + Oscar 1 Dec., 1979
1.03 CAT + Apple + 1 May, 1978%%*
Meteosat 2
L.04 : CAT + Marecs +(Serio ?) 1 Oct., 1980%

* Ariane Development Flight Instrumentation Package
*% 5 month schedule margin exists

L0l and L02 will be integrated at SIL; later development
vehicles may not be if L0l and 102 are successful,

A presentation was made by M. Bouillot of the Ariane growth
and dual launch capability. This is covered in section 5
of this report.

S. Ahmed made a brief presentation of the objectives of our
study and M. Orye suggested that ESA would be pleased to
review the Ariane portion of the report prior to final issue
for their interest plus to ensure that all material is correct
and current,

Visit to SNIAS, Les Mureaux, and SEP, Vernon, 6 June, 1978

SNIAS Meeting & Tour Attendees:

" M.G., Leroy SMNIAS Asst, Marketing Manager-
‘ Launch Vehicles
" M.A, Bellot ESA
M.Y. Guerin ESA
M. Lavant ESA
M. G%lli CNES representative
S.A.

M. Leroy gave a general background talk on Aerospatiale

facilities of Les Mureaux. - launch vehicles, components, systems

Acquitaine - solid motors

Cannes - spacecraft,
and programs including their responsibilities for the sub-
assemblies and integration and test of Ariane. A complete
list of contractor responsibilities for Ariane can be found
in reference 6, see attachment 1,

! continued.,.... /6
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Visit to SNIAS, Les Mureaux, and SEP, Vernon, 6 June, 1978 -continued

A tour was provided of the Ariane facilities at Les Mureaux.
The first visit was to the lst stage tank assembly area
including dome orange peel section welding facilities, and
complete tank assembly and x-~raying shops. This facility and
all other Ariane manufacturing areas in Europe are designed
for a capacity of 6 launchers per annum, although only 4 per
year are anticipated. Of interest is that the lst stage tank
is designed for minimum weight and requires pressurization
(hoop stress) prior to filling to prevent rupture due to
gravity forces from the propellant.

A second area visited was the SIL, see pictures reference 7
attachment 1, This facility, at the time of our visit,
contained the propellant mockup in various stages of assembly,
a complete VEB to be used for electrical checkout, the M4
complete first stage and a standard fairing. The building
has been designed so that the lst stage is assembled adjacent
to the remainder of the vehicle with umbilicals between the:
two sections.

SEP Meeting and Tour Attendees:

M. Bachelot, SEP Head of Ariane lst and
) 2nd Stage Project

M. Bellot ESA '

M. Guerin ESA

M. Lavant ESA

M. G%lli CHES

S.A.T

A tour was provided of the test stands and control block houses
for lst, and 3rd stage launcher sections, see reference 8,
attachment 1., There are 3 test stands for the cryogenic third
stage with 2 control rooms. One stand is set up for the engine
only, but the other two can test the total stage. By April;

1979 they will have completed 4 complete stage firings. The

first stage test stand PF20 has a control centre which closely
matches the lst stage control equipment at CSG. They are

-presently preparing for test of the M3 first stage at the

end of June, 1978. Again, when in production, this facility
will be able .to build up and test 6, lst, 2nd and 3rd stages
per annum. Acceptance firing tests will be carried out on
all 3rd stages but definitely not on lst stages.

¢

Continued..../7
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Visit to SNIAS, Les Mureaux, and SEP, Vernon, 6 June, 1978

During this tour it was stated that Ariane costs for development
through L04 launch are projected to be $1 Billion. A second

‘tour was provided of the engine assembly shop for the lst and

3rd stage engines; 2nd stage is manufactured at Dornier and
delivered directly to SNIAS. Here we saw the buildup of
L0l hardware 'in progress.

Spacecraft Visits to SNIAS and SEP, 7 June, 1978

These meetings and tours were not associated with Ariane but
rather for the authors to learn of spacecraft hardware
capabilities.

SNIAS Meeting and Tour Attendees:
M. Rouyer SNIAS, Head of Industrial

Applications, Subsystems
' M. Gauthier )

M., Benedetti ) SNIAS, under M, Rouyer
M. JEmain )
S.A,

A demonstration of the magnetic suspension momentum wheel
technology was provided which showed that the device is
developed and marketable. This wheel is available in 100
n.m,. sec,50 n.m. sec and 10 n.m, sec sizes, the latter being
for reaction wheel applications. SNIAS hopes that the 50 n.m.
sec wheel will be used on H-Sat and 10 n.m.sec wheels used on
SPOT, the planned French Earth Resources Satellite. Three(3)
year life testing will commence in October of this year and
COMSAT has already been testing a version of the 100 n.m,sec
wheel. This wheel operates at up to 24,000 rpm,.

M. Rouyer then provided a tour of the micromechanics laboratory
at SNIAS. Here thrusters, pressure reqgulators, passive nutation
dampers, pyrotechnic housings, tankage, antennae and momentum
wheels are fabricated and assembled. This laboratory is expert
in working withititanium and other metals but is not qualified
for electronics assembly. SNIAS have a new inexpensiYe process
for tankage construction which they call"superelastic'whereby
they inflate the tank into a mandrel at 900°C with air pressure.
The author retains handout material on SNIAS spacecraft
equipment.

SEP Meeting Attendees: M,J. Corai SEP, Head of Spacecraft

. Products
M. Marion SEP, Thruster Systems
S,A.2
Continued...../ 8
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Spacecraft Visits to SNIAS and SEP, 7 June, 1978 (Continued)

" This meeting involved the discussion of SEP's activities on

hydrazine and cold gas RCS and solid AKM (MAGE) equipment,
Handout material is expected to be provided by SEP. This

company appears competent in conventional hydrazine technology
for thrusters of the 2 to 14 N class including development of
CNESRO catalyst. Additionally, undexr CNES funding, SEP are
developing a .1 to .3N thermal decomposition. hydrazine thruster
with and without power augmentation. Development hardware should
be in test by the end of the year. The SEP Solid AKM (MAGE)

was flown on GEOS and it is hoped that an upgraded version will
be chosen for H-Sat.

SEP surface tension tankage was first flown in 1972 on the D5A
program. New designs are being investigated for future 5/C
applications and for fluids other than neat hydrazine (eg. MMII,
N204). SEP has built an RCS System (freon cold gas) for ISEE.
The SEP magnetlc suspension momentum wheel (5 axis complexity)
is being shipped to COMSAT. ESTEC, however, favour the SNIAS
design and future activities are uncertain.

While at SNIAS, M. Nguyen, ACS Guidance and Control Manager for
Ariane, was consulted for more detailed information on this
launcher system, see flow chart in attachment 3. Ille explained the
functions of the on-board computer (OBC), autopilot, inertial
platform (IP) and associated sensors and interface units. He
made it clear that the IP contains accelerometers for 3rd stage
guidance and .that gyros are temperature compensated for drift
through an automatic 10 hour calibration routine which is
activated just prior to launch. Another routine is performed

to align the vehicle on the pad using the on board accelerometers,
The on-board system autopilot computes present position, attitude
and time to go. before 3rd stage cutoff (insertion) throughout
the mission. It then optimizes the attitude to minimize the time
to go. Automatic protection features include engine shutdown

if thrust degradation is severe (to avoid destructive failure)
and backup operation based on a preloaded nominal launch tape

if sensor inputs become anomolous. Certain hardware components
are non redundant due to weight constraints (eg. OBC, IP,
Autopilot) but backup subroutines are provided within computer
units. It is interesting to note that the accelerometers on the
second stage are not used for guidance, but only for limitation
of lateral loads during lst stage firing (at maximum dynamic
pressure 40-95 sec into flight).

ESA Headquarters Meeting, 8 June, 1978

Morning session concerned payload documentatlon.v Present for
this meeting were: -

M. Bellot ESA
M. Guerin ESA
M. Lavand ESA
M.P. Rasse CNES, Ajoint au Chef de Projet Ariane

Continued.,.../9
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ESA Headquarters Meeting, 8 June, 1978 (Continucd)

This discussion concerned the responsibilities of the user and
ESA for payload interface with the launcher and was centred

around the draft revised section 6 to the Ariane User's Manual,

see reference 2 attachment 1. In summary:

a)

' b)

c)

d)

e)

f)

g)

Attachment #4 from the above reference shows the
responsmbllltles and activities for the usexr, the ESA

and CSG. What is not shown is the initial feasibility
study, the scope of which is mission dependent. This
study is most important in the case of a dual launch, for
it is here that ESA establishes viability of the combined
payload.

Each user provides the application to use Ariane (DUA), a

.detailed technical interface document which ircludes

mission and launch campaign information, upon completion

of the feasibility study phase, ESA subsequently generates
an Interface Control Document (DCI) for the combined payload

cargo and launch vehicle which is put under configuration
control. All subsequent LESA documents are for the total

cargo. The exception is safety where reviews with individual
payloads are likely. A draft DCI was provided, see reference

3 attachment I.

The safety and other documentation requirements appear very

similar to those presently in existence at ETR for
expendible launch vehicles,

ESA plan:to perform 2 coupled loads analyses for the user,
the first during feasibility and the second late in the:

program.

Information received on schedule of activities appears
compatlble with both an operational and an experimental
satellite development program, see upcoming study report.

Additional information on
- safety requirements
- mission analysis
- production of interface drawings
-~ launch support and training of payload crew
was received and will also be presented in the
study report. :

It was recognized that with the dual launch additional

time willi be required by ESA for review and integration
of payload data submissions.

Continued,,.,./10
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ESA Headquarters Meeting, 8 June 1978 (Continued)

h. An organization chart, for the ESA Ariane project was
provided, see attachment 5.

The afternoon session addressed the subjects of the dual launch
capability and costs. M. Naumann, Head of the Ariane
Development Section, presented the status of the dual launcher.
An announcement had been made about 1 week before our visit of
the choice of SNIAS to design and build the Systeme de Lancement
Double Ariane (SYLDA) and the contract was still pending.
Attachment 6 presents a sketch of the Sylda structure which
will house a "lower" Delta Class satellite and will support
structurally an "upper" Delta Class satellite. 2As was presented

b%/ M. Bouillot on 5 June, 1978, the SYLDA is expected to weigh.:
160 kgm nominal (180 kom maximum) and will replace the standard

40 kgm adapter. With the present launch weicht, this would allow
a total of 1750-120 = 1630 kgm for the cargo or 815 kgm per
payload (1793 1lhs) for equal weight payloads. For the initial
operational phase, however, ESA will offer the STS/PAM weight
capability to foreign users and will utilize the excess weight

for their own piggyback payload. Eventually it is planned to
upgrade the Ariane launch weight capacity to 2300 kam for
geostationary transfer orbit payloads. This could bhe accomplished
by:

a) increasing pressure in the first

and second stage tanks from 53,5

to 59 bar _ 1900-2000
b) stretching the 3rd stage from 8 kgm

to 10 tonnes +
c) adding 2, 6 tonnes solid rocket boosters - 2300 kgm

through a 2 stage process and if the decision were made to proceed
with these modifications next year, then the first stage upgrade and
the maximum capability would be available by February, 1982 and
February, 1983, respectively.

This upgrading should add approximately 3%-5% to the unit cost.
The maximum design weight for the SYLDA to carry for the
upper payload is 1200 kgm,

Discussions of the: :
-separation sequencing of the payloads and SYLDA plus the

availability of telemetry to confirm these operations
~envelope constraints of the upper and lower spacecraft

(inner spacecraft compatible with STS/PAM diameter bhut
not length with vertical cradle launch)

Continued..,../1ll
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5.0 ESA Headquarters Meeting, 8 June 1978 (continued)

-spacecraft collision and control study results

~environmental loading (detailed analysis just getting
underway) with a model of 2 MARECS spacecraft - results

to be available in September, , Although there is some
concern on the part of users with regards to lateral loading.
for the upper spacecraft, ESA are anticipating loads less
severe than STS/PAM.)

-electrical connections and RF transparency were held.

M. Naumann indicated that the schedule for SYLDA

developnent is as follows:

"

Phase 1 conceptual design to PDR Dec, 1978
Phase 2 detailed design Apr. 1979
Phase 3 to CDR Nov. 1979

Phase 4 delivery of LO4 equipment June 1980
The first SYLDA flight will then be L0y,
in October, 1980.

Because of the necessary tandem missiqn,,both payloads must be
compatible as to launch window, transfer orbit parameters,
spinrate and attitude at separation.

M. Naumann departed leaving M, Bellot to explain the LSA
Ariane costing policy. The main points presented were:

a) the Ariane is basically designed for European consumption
and autonomity. TForeign users are, however, encouragec
and, although ESA program members will have launch date
priority, ESA will honour all commitments to foreign

payloads without bumping downstream in favour of a
member payload.
|

b) military weapons are not acceptable payload equipment,

c¢) the foreign user will enter into a firm, fixed price
agreement with ESA for the total launch program including
planning and documentation, manufacture and test of the
launcher, vehicle transport to Kourou, propellants and
launch services as well as payload checkout, loading

and mating activities. There will be no post launch
cost surprizes,

d) the FFP cost for the standard Ariane geosvnchronous
transfer orbit (perigee alt. 200 km, apogee alt. geosynch
and inclination 9.5%) launct program is $22M US micd 1977
dedicated or $15M US mid 1977 for an equal weight dual
launch program (ie: $30M total with extra co-ordination,
analysis, and longer launch campaign). This price also
includes the SYLDA, where applicable,

Continued...1l2
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5.0 ESA Headquarters Meeting, 8 June 1978 (continued)

f)

g)

e)

the reimbursement schedule is as follows:

10% Launch - 30 months
10% L-24

25% L-18

25% L-12

20% L~G

10% Launch

the LV will be insured (at a 10% premium of launch
vehicle cost to the user or at the rate prevailing at the
time of launch for equivalent launchers) to provide for

a free 2nd launch in the event of a LV failure. However,
ESA will not be providing spacecraft insurance against

a LV failure, either to replace the spacecraft or to

pay for lost revenue. They agree that it would likely

be economical to work through the same insurance company
as the one used by ESA. They have been dealing with
Bowerings in England with regard to the I-V proposal

but have not broached the subject of the dual launch with
them as yet.

the question of who is responsible for delays in the

case of a dual launch and the costs to be incurred has
not been investigated as yet by ESA. Their first thought
is that they may not consider 2 spacecraft with tight
launch window constraints as compatible. Also, they

may not schedule 2 foreign users together during the
early operational phase, but rather could have ESA sg/c

in storage ready to provide the piggyback payload with
little risk of schedule slip.

a)

b)

s .
- .

6.0 ESA Headquarters Meeting, 9 June 1978

' The meeting on this date was held with M. Bellot and concluding
remarks with M, Orye to discuss any outstanding questions, The
following is 'a brief summary of pertinent points:

the $15M cost applys to both the present and future
SYLDA and absorbs the 3% differential discussed
earler,.

if the ESA is the partner on an early dual launch,

ESA will make every effort to provide the ETS/PAM
weight capability for the $15M US mid 1977.

Continued,.../13




TRIP REPORT (S.F. ARCHER -5-17 JUNE, 1978) PAGLE 13

6.0

7.0

ESA lleadguarters Meeting, © June 1978 (continued)

c) the author made the point that the loadinog factor in
the case of an ESA dual launch is essentially 22/30
or 73%. This is equivalent to the STS factor of 75%.
However, it would appear that the dual rayload Ariane
would be more tailored to the capabilities of the
launcher and should have a higher factor. Of course some
differential is required but $8' appears steep.

d) the inside SYLDA "lower" payload position appears to us
to be less favoured in areas of;

- access

- s/c envelope

~ potential PF transmission limitations

- extra LV failure rodes

- potential damage durinc vertical
inteoration

- hicher orbit dispersions

- etc.

and it was succoested that ESA micht consider a nrice
break for the inside location. !!. Bellot indicated
that in fact sore LCuropean users nrefer that location
and that no such cost reduction is anticipated.

e) it was stated that the feasibility costs are included
in the FFP quoted, even in the dual launch programs.

f) LSA indicated that if Canada were to procure both halves
of a dual launch and take responsibility for the
interface between the 2 spacecraft, some reduction from
the $30! total price could be necotiated, In the
ultimate case where the S/C were desicned to avoid the
neec for SYLDA and there was a single interface with the
launch vehicle with no significant extension to the
launch carpaign schedule, the vrice would come down
much-closer to the $22M value.

General Corments on the French Guiana Launch Site

During the travel to and from Kourou and while in the locale
several pertinent points became evident about the logistics
of the Fr. Guiana launch site:

a) RKourou, with support from remote tracking stations
and Cayenne facilities (port, power ceneratlon.

‘communlcatlons etc,) contains approximately 7,500
skilled" people out of a total population of 45,000
in French Guiana. The rerainder of the Dopulatlon,
in sharp contrast, are mainly unskilled.

Continued.../14



TRIP REPORT (S.F. ARCHER - 5-17 JUNE, 1978) PAGE 14

7.0 General Comments on the French Guiana Launch Site (continued)

b)

c)

d)

e)

the weather 1s very constant with yearly temperature
extremes of 20° to 36°C and with humidity seldom

below 90%. The rainy season (4.5 metres in 197€) lasts
from December to July with a respite in March and
heavier rainfall generally after March. The working
atmosphere at CSG requires airconditioning in the
offices and labs and the complete launch tower for
Ariane is enclosed from the elements. Despite this,
the weather was exceptionally clear during our visit
with rain on 3 days out of 7. 'The wind velocity is
generally very constant at 5-10 m/sec and earthquakes
and hurricanes are not a threat. Although we were
told that there is rarely an electrical storm, we
experienced brief lightning flashes one evening.

the hotel accommodations at present are only the llotel
des Roches (100 rooms) which is on the ocean with good
restaurant and entertainment (pool, tennis courts,
etc.,) facilities. It is quite modern and reasonable
in price - $24 per night single including breakfast.
This hotel also has some detached cottages with
cooking facilities (~ {5 ) at $38 per night. 2A second
hotel, Albia, is being rennovated and will open
shortly. A third hotel is planned. These hotels

are owned (controlling interest) by CNES who subsidizes
them. as necessary.

Kourou has all necessary services including a hospital,
town: centre, power generation station, 4 schools, etc.
Most people speak French but one can generally get by
with English and gestures.

Cayenne airport, Rochambeau , 1s capable of
landing large transport (c5n) aircraft. The local
Kourou/CSG airfield is only capable of handling Twin
Ottér type aircraft and there are no plans to enlarge ‘
its capabilities. The Cayenne harbour, visited on ‘
16 June, 1978, has a pier of length 309 m but continuous |
dredging is requlred to keep the channel open to shipping |
at the mouth of the Cayenne river. The distance from
either the port or the airport to CSG technical centre |
is approximately 70 km over a two lane paved road which . |
is acceptable for spacecraft transport. Modifications |
in some curves are being made to permit passage of the
propellant mockup hardware which will land by ship after
a 14 day trip from LeHavre, France. Some telephone
cables are required to be temporarily cut to allow 6m
clearance height during transport. ESA have done a cost
and time tradeoff and have concluded that all major
launch. vehicle shipments to Kourou will be made by sea.

"Continued..../15
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General Comments on the French Guiana Launch Site (continued)

f) telephone communications with Canada are a concern.

The author required 45 minutes to place a call from the
hotel and the charge is approximately $8.40 per minute.

Additionally, the calls are manual through Cayenne and
duration of calls can be charged incorrectly. From

CSG, a call was placed in 7 minutes to Toronto.
Communications with France, Europe are automatic

at $3.75 per minute.

g) at present it is necessary to take approximately 1 to
1} days to travel between Canada and Cayenne with an
overnight stop on one of the Carribean Islands. Our
choice of Trinidad was not convenient because of
lengthy immigration and customs Procedures plus the
rerioteness of the airport from the hotels of downtown
Port of Spain.

Meetings and Tours at CSG - 12 June, 1978

The agenda for the visit to CSG was scheduled around
availability of launch complex facilities since facility
propellant loading testing was underway at the tower. On
each day, however, facility inspection was correctly arranged
prior to conference room meetings to discuss these facilities.

This day, two visits were conducted, the first to the Ariane
launch tower, the second to the AKM storage buildings.

As previously mentioned, the mobile tower is an enclosed
structure: which can be atmospherically controlled. At the
spacecraft access level, the floor is moveable vertically and is
stationed nominally at a height of 40 metres. An elevator
with airlock services this level, there are inside and outside
stairs and access is provided to showers and an emergency
shute escape system. Figure 1 shows a plan view sketch of

the spacecraft level facilities. Cleanliness, class 100,000
will be maintained in this area once the spacecraft is inside
with external doors closed. There is a spacecraft clean
airlock with extendible curtains for removal of the payload
from the transportation container. There are 2 crane systems;
the 20 tonnes container crane is removed outside prior to
removal of the spacecraft from the container.

Power is provided, as required, including conditioning to North
American voltages and frequencies, via the Kourou power station
(EDF) and in the case of interruption of service, on-site
batteries provide no-break power to the S/C and computer

‘systems while diesel generators handle other launch site and

vehicle power needs. The tower withdrawal takes from 15 .to
45 minutes depending upon the working platforms in place
at the time,
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Meetings and Tours at CSG - 12 June, 1978-(Continued)

The AKM storage buildings (3) are 25' x 25' x 15' hook

height with manual 2 tonne cranes. Humidity control is
difficult at present (up to 80%) due to open access ports
above the door for crane travel. :Otherwise it is an acceptable
facility including smaller buildings for pyrotechnic storage.

Following these tours we were introduced to the CSG Deputy

.Director and Technical Director, M. Bascond and spoke briefly

about the site characteristics. This year's operating budget,
ineluding maintenance, for the range is 134 M FF,

The afternoon session consisted of a tour of the Mission and
Safety Control Centres which are lccated in the Jupiter

Building at the Technical Centre plus a safety meeting.

Present were:

M. Bellot
M. Oelker
M. Beguin
M. Barban
M. Bouchet

ESA

ESA Launch Site Officer

CNES, ﬁEputy Safety Director
CNES, Payload Operations Manager
CNES, Payload Installation, CSG

As per normal practice, the safety officers are isolated from

the mission control. They operate from visual sichtina for

the first 25 seconds and a special redundant radar and computer
system thereafter., Trajectory is plotted in real time on

top of the nominal profile and they have ultimate responsibility
for detonation of the vehicle if necessary. The mission

control centre receives all data from the Supporting centres

via the adjacent telecommunications building (Mercury).

]

Note that'the Technical Centre is apprOhimately 12 km downrange

from the launch site.

Pertinent'points in the safety meeting were:

a) the safety manual is not yet available although the
French version will be released in July, 1978

b) the four phase safety program which was described is
per standard practice and the review schedule is
compatible with typical spacecraft review milestones

c) we were assured that sufficient training on general
operations and hazardous procedures would be provided
to an arriving spacecraft team,

Continued.../17
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8.0

Meetings and Tours at CSG -~ 12 June, 1978 .- (Continued)

d) the plan for flow of the spacecraft on site through
facilities

Bl spacecraft checkout

B2 AKM preparation

B3 Spacecraft hazardous procedures
(AKM Mating, RCS filling) and
cargo integration

is logical and appears to maintain adequate safety
for personnel and hardware.

e) Dr. Ahmed received a single copy handout on safety
pollcy which will be included in the study report.

Meetings and Tours at CSG - 13 June, 1978

Two tours were conducted, the first to the Launch Control
Centre (LCC) at the launch site and the second to the

AKM preparation building (B2) and the 51te of the future
B3 building.

M.A. Merdrignac, who is the Director of Launch Site Operations
and will likely be the Launch Director (COEL), narrated the
tour of the LCC which has provision in the main room for 2
payload consoles and backroom area which could house a complete
STE if necessary. 1In discussions it became evident that

CNES & ESA are thinking along the lines of the ETR payload

crew disposition for launch, with a power crew in the LCC,

the spacecraft T&C (STE) station in the Bl integration buildine
where it was orlglnally set up for off line processlng and a
s/C mlssion direcotr in the MCC.

The launch operations are automated from L-6 minutes with the
capability of human intervention. Operations are so hectic
that communications between payload and COEL are by a series
of coded push button status lights, not voice communications.
Only the computer can launch Ariane. Any holds during the
terminal count (last 8 seconds) auvtomatically recycles to the
L-6 minute mark,

The computer facilities in the LCC are impressive. There are
2 main computers; Kl which controls the launcher electronics
and K2 which controls the launcher propellant loading and
pressurization systems,

Continued.../18

s -
LA P T N ST R P PP L SO LN e AN




TRIP REPORT (S.F, ARCHER -5-17 JUNE, 1978) PAGE 18

9.0 Meetings and Tours at CSG - 13 June, 1978

a)

c)

. - Y -
.

For my money, the LCC is located uncomfortably near to the
launch tower even though it is essentially underground.

The AKM preparation building is adequate for space, cranes,
etc, but is not a clean room., The author took an action
to determine whether a clean room environment is required
during this operation.

A meeting was held in the afternoon concerninc launch
operations. Present were:

M.A. Merdrignac CNES, COLL
I:'. Bellot LESA

. Oelker ESA

!, Barlan CHEES

M, Bguchet CNES

SL.A,

We were referred te the CSG books of reference 4 attachment
1l as the basis for our discussions.

1

The main points presented are as follows:

the Ariane "integration in Furope® policy for
development vehicles is compatible with what was
done for Diamant B and most efficiently utilizes
specialist personnel when troubleshooting is
necessary.

we discussed the spacecraft schedule from arrival

at the Pad to launch -and our estimate (3-4 days)
prior to fairing installation was approximately
double the timespan CHNES was usincg. There is no
cohcern, however, since the spacecraft is allowed

to arrive earlier, if necessary, and there should be
no finanacial impact.

the launch vehicle processing after the ship arrives
at Cayenne through launch is now 43 working days.

CNES are working hard to reduce this tire., The
study report will present the details of the schedules
discussed,

RCS pressurization was discussed and it was stated
that if the RCS tanks have a 2:1 burst to max. op.
pressure ratio, pressurization should take place
remotely while on the pad.

Continued..../19
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9.0

10.0

Meetings and Tours at CSG - 13 June, 1978 (Continued)

e) the spacecraft will be relatively free to power up.
and communicate with the ground support equipment
except during LV pyrotechnic installation and filling

- operations. At other times, RF compatibility checks
will be required between the spacecraft and Ariane.

Meetings and Tours at CSG - 14 June, 1978

Visits were provided to the Bl payload checkout building (Venus),
to the Diane ESOC uprange VHF telemetry and tracking station

-and to the Montagne de Pére CNES/Ariane downrange telemetry

and tracking station.

M. Fouchre, CNES Co-ordinator of Works and Building and M,

M. Bouchet, M. Oelter and M. Bellot accompanied us on the tour
of Bl, This facility is being upgraded to enlarge the airlock,
increase the hook height in the airlock end of the hibay from
7 to 11 metres and provide convenient. areas to house STE -
equipment. The building will maintain class 100,000 clean
room conditions and is adequate for dual Delta claqs &/c
checkout (420 sq. metres hibay area) including office space
for 2 teams of ~ 25 spacecraft personnel. Chemical mixing

and RCS cleanliness checking areas are provided inside the
building. Power will be no-break as with the launch site

and provision has been made for mounting roof antennae for

RF communications to the spacecraft when at the PAD., Normal
general support such as workshops, tools, slings, xerox
services will be provided within the basic user charge,

The Bl complex (as well as B2 & B3) must be completed by
November 1979 to support L0, operations,

Mr. Saguin, CNES provided the narrative at the Dianne Station.
Figure 2 shows the communications network which was explained
during this visit. Diane is not LV oriented and its mission
for Ariane will be to monitor the CAT technoloay packadge-
which operates in the VHF band. This station monitors
Meteosat and will record Apple and Firewheel telemetry and
perform ranging on these spacecraft,

M. Bouchet instructed us on the facilities and function of

the Montagne de Pere (Galliot) station which is situated south-
east of the launch site, downrange by approximately 20 km from
the pad. It is the first tracking station in the chain for
Ariane which also includes Cayenne (Montabo), Belem (Salinopolls
mobile station), Natal and Ascension Is. For the development
vehicle, Galliot monicrs 6 on-board telemetry systems; during
the operational phases there is only one LV telemetry transmitter
and data is reduced from 1500 to 700 parameters. The main
autotrack antenna is 10m diameter, 43 db Sband. This station

is the only one having data reduction capability so all raw
data (except Ascension) is sent here for quick look analysis

by CSG prior to transmission to Toulouse for detailed analysis.

Continued,..,./20
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10.0 Meetings and Tours at CSG - 14 June, 1978 (continued)

a)

b)

c)

a)

e)

£)

g)

A meeting was held in the afternoon concerning payload

processing facilities. In attendance were:
M. Bellot LSA
M. Oelker ESA
M. Bouchet CNES*
M, Baculn CNES
£ S.A.

* main speaker

The main points discussed were:

CNLS are workinc to a strawman schedule for complete
payload processing of 33 days from arrival at Bl to
launch.

S/C weiching will take place in B3, In this building an

area has been prepared for spin balancing, but as yet
no such equipment has been ordered because the users
do not require it and Ariane doesn't require it.

it is assumed that the spacecraft tear. will bring any
required spacecraft alignment equipment.

in general, clean garments, on-site hardline
communications, propellant and AKM storage, propellant
chemical analysis, office space, protective equipment
(eg. breathing apparatus), S/C container for transport
B3 to pad in addition to previously mentioned qerV1ces,
will be part of the basic user charce.

with 2 spacecraft in the dual launch program there will
be some stretch in the schedule while at B3. This will
be minimized by parallel integration onto SYLDA halves
followed by the SYLDA mating to form the cargo. Perhaps
2~3 day extension can be anticipated.

the CSG responsibility for the cargo commences when the
payload is mounted into SYLDA,

attachment 7 presents sketches Of the planned Bl, B2
and B3 plan views.

Continued...../ 21
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11.0

12.0

Visit to Isles dés.Salut, 15 June, 1978

This visit was arranged by CNES and was attended by:

M. Cremel CNLS, Director of Kinetheodolite
Tracking Station on Isle Royale

M. Bellot ESA

M. O§lker ESAh

S.A.

This station on the north side of the gecsynchronous
trajectory and another located on Montagne de Pere (south

of the trajectory) automatically optically track by infra-
red sensing the flight of Ariane and on a clear day they
should be able to see 3rd stage ignition ~1,000 km away from
their position. This system automatically records vehicle
co-ordinates and transmits this data to the tracking radar
so they can acquire quickly. High (850 frames/sec) and low
(20 frames/sec) cameras plus TV coveradge are provided, the
latter hooked into the mission control centre. This station

is located 18 km from the launch pad.

Conclusions

This report only discusses the highlights of the extremely
informative trip. As can be seen from the text, ESA/CNES
expended significant resources to provide Canada with a
cormplete and current picture of the Ariane program. The
program appears to be well in hand with knowledgeable and
responsive personnel co-ordinating the activities. Sufficient
material has been obtained to permit a meaningful comparison
to be made with the STS launch costs.

x%g%méwbg{lgigzﬁf

Stephen F., A¥cher
Staff Engineer - Satellite Systens
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ATTACHMENT # 1

ARIANE DOCUMENTS RECEIVED DURING

VISIT TO ESA HEADQUARTERS AND KOUROU LAUNCH
SITE

Ariane User's Manual, AR(75)01, Issue 1, Revision 2, Octoberxr, 1977

Draft Revision, Chapter 6, Documentation, to AR(75)01, received
5 June, 1978.

Specimen ESA Dossier de Controle des Interfaces, DCI 10/32, for
L02, for information only, 30 March, 1978

Ariane Launch Vehicle Presentation Books, ESA October 1977

For COMSAT; Launch Vehicle Parts 1 to 5. Guiana Space Centre
Parts 1 to 3

Ariane Overall Vehicle General Concept, Summary of M. Vignelles'
Presentation, 5 June 1978

Air and Cosmos, Special Ariane Issue
Set of Prints of Spacecraft Integration Laboratory (SIL)
SEP Ariane Package, including:

a) General SEP Brochure
b) Position of SEP in the Ariane Progect
(With English Translation)

Le Centre Spatial. Guyanais, CNES, Europa 2 Vintage 1974
Centre Spatial Guyanais Package, including:
a) Le Centfe Spatial Guyanais, from La Recherche
Spaticle, Vol. XIII, No. 4
b) Les Moyens de Mesure du CSG, from La Recherche Spatiale,
Vol XIII, No., 6

Paper on the Intrastructure of the Port du Degrad des Cannes
(Port of Cayenne)

Sketch of SYLDA, ESA (CR-99-04)

Presentation of Dual Launch Capability by M. Neumann, ESA, June 6,
1978.

Paper on Lanceur Ariane, Simulation of Guidance, by B. Humbert
and H.P., Nguyen, Aerospatiale

ESA, Ariane Organization Chart.
{
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ATTACHMENT #2

ARIANE INVESTIGATION - ITINERARY

DATE

Monday, 5 June, 1978

Tuesday, 6 June, 1978

Wednesday, 7 June, 1978

Thursday, 8 June, 1978

Friday, 9 June, 1978

Saturday, 10 June, 1978
Monday, 12 June, 1978
Tuesday, 13 June, 1978

Wednesday, 14 June, 1978

Thursday, 15 June, 1978
Friday, 16 June, 1978

Saturday, 17 June, 1978

ACTIVITY

ESA Headguarters Kickoff Meeting
~ Description of Ariane
- Status of Development and
Qualification
- DOC Presentation on Study
Objectives

Visit to Ariane Facilities at ENIAS,

Les Mureaux and SEP, Vernon, France

Non Ariane Visit to SNIAS, Les

Mureaux and SEP, Vernon re: Spacecraft

Equipment

ESA Headquarters Meeting
- Payload/Ariane Interface
Documentation (a.m.) :
- Dual Launch Capability
- Costing Policy

ESA Headquarters Meeting
- Discussion of Outstanding
ITtems

Travel - Paris to Kourou, Fr. Guiana

= Visit Launch Tower, Mission Control Centre

- Safety Meeting,

-Visit Launch Control Centre
-Launch Flight Operations !eeting

-Visit Payload Facilities & Tracking Stations

-Payload Operations Meeting

-Visit Optical Tracking Station, Isle Royale

~Visit Cayenne & lort

-Travel to Trinidad (1 Day Stopover req'd)

-Arrival Toronto.
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ARIANE

OVERALL VEHICLE Summary of

M. Vignelle's

GENERAL @@NCEPT "} Presentation

5 June, 1978.

s

ARIANE HAS :

- THREE STAGES

— TWO “ONE CUT” SEPARATION SYSTEMS
— CENTRALIZED INSTRUMENTATION BAY
-~ BULB-SHAPED FAIRING

TOTAL WEIGHT | 208 T
OVERALL LENGTH 47 m
FIRST STAGE DIAMETER 3.8 m
UPPER STAGES DIAMETER 2.6 m
FAIRING DIAMETER 3.2 'm

USABLE DIAMETER INSIDE FAIRING 3 m

I . .
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ARIANE - FIRST STAGE L 140

GENERAL DIAMETER  3.80m

DATA TOTAL LEMGTH 18.40m

ERIPTY MIASS 13270 kg
: {without retro-rockets)

-~ PROPELLANT FILLED 147.67T(UDMH+N, 0,)
- MASSES AIASS OM RAMP  160.84 T
| MiASS AT LIFT OFF  156.55 T

UMBURNMNT 815 kg
(mean value)

| BURNMING TIME M FLIGHT 145s
| PROPULSION SYSTERT FOUR VIKING I
PROPULSIOH ‘gach gimballed in one axis

DAYTA | SEA LEVEL DATA  TOTAL THRUST: 2 445 ki
SPECIFIC IMPULSE: 248.6 s

VACUUM DATA  TOTAL THRUST: 2 745 kN
SPECIFIC IMPULSE: 281.3 s i




STAGE

eneral view

\RIANE




ARIANE — SECOND STAGE L33

GEMERAL | DIARMETER  2.60 m

' TOTAL LENGTH  11.505 m
S { without interstage /%)

: 3 283 kg Before separation /%
BRY MASS 3 118 kg Afier separation 1%

(without interstage 2, with retre and acceleration rockets)
MASSES PROPELLANT FILLED  33.088°kg (UDMH+N,0,) 372005

UNBURNT 137 kg
{mean value)

MIASS AFTER SEPARATION Eﬁ,lﬂﬁ“@ 2}’.‘/48!@
MASS AT BURN OUT "3 268 kg

SURNIG TIME IN FLIGHT 138
Pﬁ?@&%l@@@ PROPULSION SYSTER  OME VIKING IV EMGINE

VACUUR DATA  THRUST 708 kN
SPECIFIC IMPULSE 283,55 miniwwm
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ARIAME - THIRD STAGE N3

GENERAL o DIAMETER 2.6 m
- DATA TOTAL LENGTH  9.0%1 m

DRY MASS 1157 kg wexivem:
{atter separation % and re En m@?fﬁ‘&g jettisoning)

MASSES  PROPELLAMT FILLED 8 236 kg { Hy,+0, )

UMBURNT 67 kg
{mean valus)

FROPULSION SYSTEM 17 ENGINE
1

BURNING TIME I FLIGHT
- OVERALL RIXTURE RATIC

VACUUM DATA  THREUST: 60 kN
~ SPECIFIC IMPULSE: 437 s

(/ 90 M v it
. fudl Steqz

( A47-3 Azl J[n)\
4‘44\?&;9&& 4
L.l o s - .




NSTRU

VEHICLE

ARIANE

MENTATION BAY
view

T
general




ARIANE

GUIDANCE AND CONTROL CONCEPT
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Launch Vehicle Interface Study - STS Trip Report, 16-28 April, 1978

1.0 Background

From about 1980 and beyond, there will be two launch vehicles
available for the class of communications satellites of interest to
Canada. One is the re-usable U.S. Space Transportation System (STS)

.and the other is the European Space Agency's expendable 'Ariane' System.

For planning future, DOC missions (e.g., MUSAT) and to make a judicious
choice between the two available launch systems, it was necessary to
establish (a) the technical capabilities, (b) the related logistics,

and (c) the direct and indirect costs of each launch system, The
technical capabilities of each system are published and seminars have
been given by the developers. The logistics involved and the related
costs of each launch system have not been readily available to potential
users, The present launch vehicle interface study to estimate these
costs for each system has been undertaken jointly with Canadian industry
(S. Archer of SPAR). The re-usable STS is being addressed first. In
order to build up a data base, an AIAA sponsored space shuttle symposium
was attended followed by visits and meetings with Rockwell Space
division (STS contractor), Hughes Aircraft Corporation (Spacecraft contractor
and STS user with a Delta class spinning solid upper stage), McDonnell
Douglas Astronautics Corporation (Spinning Solid Upper Stage developer),
Ford Aerospace and Communications Corporation (Spacecraft contractor

and STS user with an Atlas-Centaur class spinning solid upper stage),
NASA Kennedy Space-Center (responsible for STS ground operations), and
NASA Johnson Space Center (responsible for STS flight operations).
Useful information and documentation were obtained during the visits.
The significant information obtained has been summarized in this trip
report.

2.0 AIAA Space Shuttle Symposium (Los Angeles)

The significant presentations (relevant to our study) were made
by John Yardl ley (Associate Administrator for Spaceflight, NASA/HQ),
George Jeffs (President, North American Space Operation, Rockwell Interna-
tional), J. Michael Smlth (Director, STS Customer Services, NASA.HQ), and

Hal E. Emigh (Dlrector, STS payload 1ntegratlon, Rockewell International).

TANTAID RO 2 7540 21.865.6699 L FOFUi;'lE NORMALISEE 22d DE L ONGC
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On the STS development program itself, due to the main engine
turbo-pump problems, Rockwell announced that they could not see the
first manned orbital flight occurring before June 1979 (though NASA
spokesmen stuck to the March 1979 date). The other major problem was
the software development for the GPC (general Purpose computer). On
STS mission commitments, flights 1 to 1l were committed.and space was
still available on flights 12 to 22. 1In response to Steve Archer's
question with regards to the possibility of STS provided thermal shrouds
for payloads, Mr. Yardley stated that the new design profile for payloads

‘was for them to be capable of withstanding direct sunlight for 30 mins,

deep space for 90 mins and earth radiation indefinitely. He added that

if any shrouds were still required, they would be the responsibility of
the STS user. In our conversations with the other attendees we heard
that the Hughes SBS and ANIK~C could only stand 7 minutes of direct
sunlight, the TRW TDRSS about 9 minutes and the Ford Intelsat-5 about
30 minutes. Obviously, the shuttle design and operational profiles

are being influenced by Intelsat-5. The Hughes spinner can stand the
30 minutes of direct sunlight if it is allowed to spin in the payload
bay. Hughes were trying to get this accepted by NASA, We did not find
out the solution for TDRSS' thermal problem. It is suspected that it
will be ejected as soon as the payload bay doors open in parking orbit.

Mr. Smith gave the standard NASA speech on cost, but also
included a typical NASA charge for a SSUS-D payload. Including optional
services at JSC and KSC, he estimated the total launch services to be
$6.836 million for a March 1981 launch. He added that NASA's model
included 3 aborts for every 100 missions. NASA only guaranteed a
free re~flight if the mission was aborted through their fault. NASA
or any of the payload users would not be held responsible for any
damages caused during a mission. He also stated that NASA was
developing a policy to address the case if the shuttle schedule slips
extensively, and would be announced in September 1978. With regards to
the STS reimbursement guide JSC 11802, he stated that it would be issued
in November 1978. (We were subsequently given a preliminary copy at
JSC and a similar copy was also sent to H.R. Warren by JSC).

Mr. Emigh gave a very general paper on engineering and
manufacturing interfaces. All the attendees were given a copy of the
STS User handbook.

. 3.0 Rockwell International at Downey

The meeting with Rockwell was with the STS User Services
Center staff. The Rockwell attendees included: H.E. Emigh (Director,
STS payload integration), G.F. Dowdall (Programs development, advanced
programs), S.L. Eilenberg, R.C. Starkey, J. Canetti and J.0. Mattzenauer.

The significant points made were:

a) Rockwell regarded itself as the optimum cargo integrator (both
McDonnell-Douglas and TRW -are also trying for this role and it is
expected that NASA will hold a competition). Rockwell had gone
ahead, and established a self-financed "User Services Center'.



o R Sn O SN ol 0N SN OGN ) SN NN G SN G N N

b)

c).

.d)

e)

-3-

For a SSUS-D free~flyer such as ours, the major interface would

be with McDonnell-Douglas. Rockwell had already provided McDonnell
with mathematical models of the shuttle structure. Rockwell felt
that the thermal work should be done by themselves as "cargo inte-

grators'.

Mr. Emigh gave us an overview on a typical user program flow (as
Rockwell sees it). He also gave us a copy of a paper that had
been presented about a week earlier. It included his flow diagram.

It was indicated that JSC 07700 Vol. XIV will be phased out by
NASA and ICD 2-19001 would takes its place for orbiter/cargo
standard interfaces. This would then be the 'core' interface
document from which a payload unique interface document would
be developed.

In general discussions, Rockwell indicated that typical coupled
loads analysis done by them to date had ranged from $15K to -$46K.
On launch insurance, they indicated that there are two groups
available, one in Washington D.C. called Coroon and Black and
another in New York called Marsh and McLennan. The premiums
being quoted were about 6% compared to lO° for expendable

launch vehicles.

4,0 Hughes Aircraft Corporation at El Segundo

We met with Dr. Z.0. Bleviss (launch vehicle specialist) and

A.D. McLennan (Systems Engineer) of HAC. The significant points made
were:

a)

b)

c)

d)

e)v

The draft SBS payload integration plan and the associated launch
support services plan were being reviewed by all the concerned
parties. (It was recommended we try and obtain these from JSC).

The loads analysis was being done by McDonnell—Déuglas and the
thermal analysis by Rockwell.

The draft launch site support plan indicated that all work done
prior to entering the Vertical Processing Facxllty at the Cape
would be charged as an optional service.

The total weight of SBS with the SSUSD and its cradle was
around 9000 lbs.

We were given a NASA document indicating their thinking on the
overall flow of a program. '
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5.0 McDonnell-Douglas Astronautics Company

. We met with F.E. Peake (Manager, launch vehicles programs
extensions), M.J. (Bud) Schmitt (Director marketing, advanced space

programs and. launch vehicles), and L.W. Gale (Director - PAM program,

Delta programs).

The significant information obtained from MDAC is as follows:

~a) They are progressing satisfactorily on the PAM (Payload Assist

Module in their terminology and SSUS, Spinning Solid Upper Stage,
in NASA terminology). They had just had a PDR with NASA on the
PAM (or SSUS). ’

b) The revised PAM user requirements document is expected to be
ready by the end of the year, however they made us a comprehensive
presentation (we have a copy of the Vu-graphs) of the PAM-D
capabilities, its interfaces, standard costs, and optional
costs projected to 1980. A typical PAM-D including optional
services is projected to cost about $3.5 million in 1980.

C ) MDAC's preferenta is to work directly with the useﬁ rather than

through NASA.

d) On other technical details, the PAM cradle offers both a mechanical
and electrical interface for the payload. MDAC does the main
physical interfacing with the orbiter through its cradle. Active
nutation control can either be done with the PAM controller or
the payload could carry the nutation controller. For SBS, the
nutation control is done by the Spacecraft and for Intelsat-5,
it 'is done by the PAM. Intelsat-5 has its own nutation controller
for post-PAM-separation nutation control.

e) In the present NASA mission models, all PAM payloads are in the
aft end of the payload bay. In the cargo integration at the Cape,
the aft end of the cargo bay planned is to be integrated first.

f) Payload customers may buy an option for a back-up Delta (ELV)
- launch until 1 Oct., 1979 by paying $300K. This money should
be paid at the heginning, and is non refundable if the STS is
used. It will be applied towards the cost of a Delta launch,
however, if it is used. .

6.0 TFord Aerospace and Communications Corporation

At FACC, we met with P.D. Crill' (Manager, Spacecraft preliminary
design), S. Kulick (Advanced Space systems engineering) and J. Harvey
(STS-Intelsat-5 electrical interface engineer). The information
obtained was:

a) COMSAT laboratorles does the main interfacing with NASA for the
STS launch. Ford deals with COMSAT only. Hence, the launch
‘agreement, the project implementation plan (PIP) and PIP Annexes
are COMSAT responsibilities with Ford support as required.
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b) Intelsat-5 is presently slated for the 18th niission of the crbiter.
Timeline planning at KSC is going on and presently calls for 6 weeks
at the Cape. This was considered excessive by Ford and some revi-
sions are likely. :

c) The performance of the SSUS is controlled by signing an orbital
_ incentive type of an agreement with MDAC.

d) The present plan by Ford is to turn on all the bus electrics, as
well as the main receivers just before cargo bay close-out. Then,
Ford's only worries are the arming of the two motors (PAM and
Apogee) and the turn-on of the main tpansmitters.

e) TFord does not plan to carry out any R.F. testing of the satellite
at the Cape (KSC).

f) We were shown the qualification model Intelsat-5 solar array that

~ was being tested in Ford's 39 ft dia spherical vacuum chamber. We
were also shown the dynamic/thermal model of the satellite being
assembled. Finally, we were shown a NATO-3 spinner being checked
out to ensure that its despun platform locks on to a simulated
Earth.

g) . We then obtained a briefing on Ford's conceptual answer to the
HAC Syncom-4 using a bi-propellant perigee stage. The concept
optimally exploits the STS cargo bay as per the present NASA
pricing policy. Ford's corporate plans did not include any
company funded advanced development effort.

7.0 Kennedy Space Center

We attended a briefing on STS launch site processing facilities.
The principal speakers for "free-flying" payloads were J.W. Johnson
(Manager, automated payload program), J.R. Atkins (Director, Safety,
REQA, and protective services) and D.K. Gillespie (Chief, Center
resources planning staff). We then had a separate meeting with
Mr. J.W. Johnson and Mr. R. Gunter (responsible for free-~flying
commercial payloads). The briefing included a tour of the STS related
launch facilities. The significant information obtained was as
follows: ’ .

a) We obtained the current copy of "Launch Site Accommodations
Handbook for STS Payloads', K-STSM-1u.l, K-STSM-09, Vol. VI dated
14 March 1978. Next update is expected in October, 1978.

b) For SSUS-D type payloads, the Delta spin facility, where we would
integrate our spacecraft with the apogee motor, and the payload
with the SSUS-D could be a potential bottleneck. Alsc the spin
balance table is limited to 5000 1bs. NASA does not plan to
improve this facility,and considers this as a user's problem.

\
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¢) In view of the SSUS type payloads being integrated first in the
lower end of the vertical cargo transporter, the potential problem
of damage during integration of the upper payloads has been reco-
gnized by NASA. A possible solution was to provide a "catcher'" to
minimize this possibility. This "catcher" in turn affects the
clean air flow patterns and may be detrimental from a cleanliness
point of view. NASA does not as yet have an acceptable solution
for this, and the cost of whatever fix is found will have to bg
borne by the users.

d) Attempts are underway to arrange the KSC safety reviews
back-to-back with the JSC safety reviews. This is to minimize
the effort and thus the costs of the spacecraft contractor
related to safety. The recommendation was made to consult with
KSC early in a program on ground operations safety to minimize
design costs.

e) In response to a request for a typical SSUS-D launch services
support plan (in form of a bar-chart), we were referred to a
Mr. Arthur Bilotta (who is developing it for SBS). Mr. Bilotta
was on leave, and was contacted by phone on 3 May 1978. He has
promised to send us a package of a 'typical' S$US-D plan.

f) A typical cost for off-line services at the Cape were quoted at
$208K. This would be reduced for subsequent ground operations
of similar satellites to about $120K.

g) At the general discussion session, Mr. John Clark of RCA (former
Director of NASA Goddard Spaceflight Center) in making a general
comment gave advice to NASA to charge a fixed average fee for
ground support services depending on the class of payload viz.
SSUS-D, SSUS-A or IUS, and do away with itemized services. This
would save money for both NASA and the user by reducing bookkeeping.

8.0 NASA Johnson Space Center

This was our final meeting on the STS with the NASA Center
that has the ultimate responsibility for the STS engineering interface
with users. Our meeting was with the "Shuttle Payload Integration
and Development Office" (SPIDPO) led by Mr. Glen Lunney (and his deputy:
Cliff Charlesworth). Under them are three groups called: STS utiliza-
tion and planning (headed by Carl Peterson), STS Operations (headed by
Leonard Nicholson), and Systems Engineering (headed by Larry williams).
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A user obtains his flight assigmment from Peterson's group,
develops his Project Implementation Plan (PIP) with Nicholson's group
and develops the detailed Interface Control Documents (ICDs) with
Williams' group. Our visit was coordinated by a Mr. Wayne Eaton
from the planning group. We had unstructured meetings with Glen
Lunney and Cliff Charlesworth and a more formal presentation from
STS subsystem specialists (E. Schlei on safety, W. Boone on flight
operations, B. Holder on Structure, A. Joslyn on thermal, P. Westmore-
land on Avionics, S. Blackmer on software, R, Schomburg on re-imburse-

_ment anhd V. Ettredge on SSUS payloads). Finally, we were given a

short tour of the STS simulation facility and the Mission Control
Center (MCC) by a Mr. William Der Bing.

The significant information obtained from JSC was:

a) SPIDPO nominates a project engineer as a single STS technical -
point of contact for the user after the earnest money of $100K
is paid.

b) The launch services agreement signed with NASA/HQ refers to the
Project Implementation Plan (PIP). The PIP is a statement of
work identifying the various activities required from NASA and
the User and is made ready before tlie launch service agreement
is signed. The activities are detailed in the "'Annexes' to the
PIP. The Annexes are developed and finalized right up to about
a year before launch. The KSC launch site support plan becomes
one of these annexes. The engineering documents and related
drawings of the Annexes become the Interface Control Documents
(ICDs).

c) On safety, it is the user's responsibility to 1dent1fy hazards
with his payload. NASA will hold about four reviews to ensure
that safety requirements have been met.

d) Any payload operations done through NASA is con51dered and
optional service. . .

e) NASA does not plan to do any coupled loads analysis in the
standard service except a verification analysis six months
before launch.- Also, we were told that there was an orbiter
resonance around 17 to 20 Hz.

f) After landing, the temperature in the cargo bay could go as high

. as 200°F before ground cooling services are attached and working.
This may influence the design of hydrazine tanks from safety
considerations. NASA's planning assumes about 3% aborted missions.

g) Under certain limitations, and for a charge, user may transmit
from his spacecraft in the orbiter cargo bay. The limitations are
the frequency bands and radiated power that the user can employ.
The charges are fov NASA to check that the frequency and power
do not interfere with their system and the other payloads. All
Commands,; while the payload is still in the bay, will have to be
sent through the Mission Control Center (MCC). A
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h)

5

k)

1)

-8~
Until the cérgo bay doors open and the orbiter Ku band antennas
deploy, the_orbiter/ground communications link is in S-band.

Present planning 6nly allows for shuttle launches from 30_minutes
after sunrise to 30 minutes before sunset. This allows aborted

. flights' landings to take place in daylight. This restriction

may be lifted after more experience is gained on the STS.

Payloads will be allowed to spin in the cargo bay for thermal
protection of the payload, This will only be allowed during the
transition phase from expendable launch vehicles to the STS.
(Hughes have had success in their pérsuasion of NASA).

In view of the charges quoted by MDAC for their PAM, some
spacecraft companies are thinking about their own perigee
stage (e.g., RCA-AED). '

Typical SSUS-D Project Implementation Plans and Launch Site
Support Plans will be mailed to us during the week of 1 May 1978.
We will also receive an orbiter thermal math model.
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sexc- Trip Report on Ariane Launch Vehicle Interface Meetings, 5 June to 16 June 1978

TBET

1.0 Background

Ex
~

Further to my STS related trip report of 8 May 1978, this trip report
covers our (S. Archer of SPAR and I) data gathering effort on the European
Space Agency's 'Ariane' launch vehicle. We first visited ESA Headquarters
in Paris to obtain information on the development status of Ariane and to
hold direct discussions on launch costs to non ESA users. This visit was ;
followed by a visit to the new Ariane launch facilities at Kourou (French i
Guiana) to obtain information on the range, range safety requirements and
.range-operations for a typical appllcatlons satellite of the Thor-Delta or
Atlas-Centaur class. This memo summarises the 51gn1f1cant information
obtained during the VlSlt.

2.0 5 June 1977, ESA Hq.

Meeting with: Mr. R.M. Orye Head, Ariane Programme Office of ESA i
Mr, A. Bellot Head of Ariane Payload Division ‘
(reports to Mr. Orye)
Mr. R. Vignelles Head of Ariane Project at CNES
Mr. Hergott Project.Engineer reporting to Mr.
. Vignelles .
Mr. J.C. Bouillot in-charge of Ariane advanced
projects at CNES

- The main topic covered in the meeting was the development status of
Ariane, Mr. Vignelles of CNES gave us a briefing on the status of the various
Ariane subsystems and propulsion stages. The significant problem identified
was an erosion of the first stage engines' graphite throat insert during _ |

developmental testing. A proposed fix was to use a phenolic insert and
repeat the test in August. If the fix fails to work, a more expensive
alternative would be to use a carbon/carbon composite material insert with
testing proposed for December 1978. This last approach would cause a three
month slip to the currently planned LO-1 launch on 15 June 1979, It would
not, however, affect the LO-2 schedule because of existing schedule margins.

The second significant piece of information was provided by Mr. Orye,
who mentioned that the Ariane now guarantees 1750 kg in transfer orbit
(9.50 inclination) instead of the published 1700 kg. He also added that
Ariane was still a competitor with STS for the Intelsat 5 launches, and-a
formal decision was expected in Seéptember 1978. Intelsat was now requesting
~a transfer orbit capability of 1789 kg because of a maritime package that
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Intelsat wanted to add to the payload. This requirement could be met by the
Ariane because of the lighter payload attach fitting used by Intelsat and

by the off-loading of the apogee motor in view of the smaller transfer orbit
inclination (9.5° compared to 28°) for a Kourou launch. In the structure
qualification tests, of Intelsat 5, Ford has been asked by Intelsat to add-
a test simulating lst stage cut-off of the Ariane.

In the long-term, ESA also wishes to attract Delta class payloads on
the Ariane. Mr. Bouillot of CNES gave us a presentation pn plans to further
increase the capabilities of Ariane to 2300 kg (in transfer orbit) from the
present 1750 kg. The plan calls for using existing technology. It involves
increasing the combustion chamber pressures in the first and second stages

‘by 10%, increasing the third stage propellant loads to 10 tons from the

present 8 tons and for the strapping-on of solid propellant boosters to the
first stage. The 2300 kg capability would allow the Ariane to launch .two
Delta-PAM class payloads along with the supporting SYLDA (Systéme de Lancement
Double Ariane) hardware. This Ariane capability is expected by mid 1983,

At this point, we were joined by Mr. Y Guerin and Mr. R. Lavaud,
who report to Mr. Bellot. Mr. Bellot was identified 4% our main ESA inter-
face throughout the visit. We gave Mp. Guerin the questionnaire we needed
answered to indicate the documentation exchanges, the scope of the documen-
tation, and the schedule to be followed for an Ariane launch. We agreed to

- meet with Mr. Guerin again on 8 June 1978.

3.0 6 June 1978, Aerospatiale (SNIAS at les Mureaux) and Sociecte Européenne
~de Propulsion (SEP at Vernon) on Ariane

Both SNIAS and SEP are ‘important contractors on the Ariane. SNIAS
has the system integration contract under CNES, and SEP the propulsion
system contract under SNIAS. We spent the morning at SNIAS and the afternoon
at SEP. Mr. Bellot of ESA accompanied us durlng both visits.

At Aerospatiale, we were shown around by Mr, G. Leroy, their Assistant
Marketing Manager for launch vehicles. We were shown the fabrication shop of
the first stage tanks, the simulation facility for the guidance and control
subsystem and the system integration facility. It is proposed to completely
check the electrical integration and partially check th€ mechanical integration
at the last mentioned facility of the launch vehicle prior to shipment to
Kourou. We saw checks being carried out on the propulsion mock-up of Ariane,

. which was to be used to qualify the fuelling facilities at Kourou, and also

to generally validate the launch fac111t1es

© At SEP, we were shown the test stands for the third stage and first
stage followed by a visit to SEP's engine fabrication facility. At the end
of the day, we had a short meeting with Mr. Bachelot who is responsible for
the first and second stage work at SEP. The second stage has been sub-
contracted to Germany. ~

4.0 7 June 1978, SNIAS and SEP

While ESA Headquarters was working in pfeparing answers to our
questionnaire, we re-visited SNIAS and SEP to obtain information on some of
their non-Ariane work which could be of interest to Canada.

veo/3
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At SNIAS we met Mr. Rouyer, who is in charge of satellite related
work at les Mureaux. He gave us a briefing followed by a demonstration of
their magnetically suspended momentum wheel. They proposed to start life
tests in October. This was followed by a meeting with Mr. Nguyen who is
in-charge of the guidance and control system development of Ariane at SNIAS.
Ariane's orbit inclination in transfer orbit is chosen to allow orbit insertion
at an equatorial crossing without any coast periods. The on-board computer
(OBC) autonomously controls the stage cut-offs, separations, and starts
from about 30 seconds before lift off. .The only command that can over-ride
the computer is a destruct command. The.OBC primary software uses information
from the third stage inertial platform to fly a pre-determined trajectory
and orientation. If the inertial sensors behave in an anomalous manner, the
OBC switches to an automatic sequencing mode. The latter guarantees 1nsert10n
into transfer orbit, but of a lesser accuracy than that of the primary
system. Later, we were also shown some of the secondary propulsion hardware
designed and fabricated at SNIAS for earlier French satellite projects.

At SEP, we met with Mr. Corai, who is in charge of secondary pro-
pulsion systems. The present work at SEP is to develop new catalyst systems
for hydrazine thrusters. In parallel, they are also working on electro-
thermal thrusters. They have suspended their co-operative effort with
Teldix (Germany) on a magnetically suspended momentum wheel in view of the
more advanced work at SNIAS. Their solid propellant apogee motor develop-
ments were going on, and one of their motors was presently baselined for
H-Sat. They promised to send us more details on their apogee motors in the
mail. '

5.0 8 June 1978, ESA Hq. | _ .

We met with Mr. Bellot, Mr. Guerin, and Mr. Lavaud of ESA, and with
Mr. P. Rasse of CNES. Mr. Rasse is the deputy project manager on Ariane.
Later in the day, we were given a presentation on the status of SYLDA
(Systeme de Lancemenpt Double Ariane) by Mr., Naumann of ESA.

Mr. Guerin gave us an overview of a typical project flow if we
were to launch on a dedicated Ariane flight. He identified the documentation,
the scope of the documentation and the schedule of documentation exchange.
His references 1nc1uded two ESA/CNES documents that were to be issued in

~June 1978 (Reglement de Sauvegarde) and Dec 1978 (Manuel du Centre Spatial

Guyanais). We were promised copies in the mail on publication of the
documents.

Mr. Naumann who is in charge of the SYLDA procurement at ESA gave us

~a brief presentation on SYLDA. Separation of the upper-most satellite, the:.

cap covering the second satellite and the second satellite itself would
occur in automatic sequence within 200 seconds after third stage cut-off
using the On-Board Computer. The proposed schedule for SYLDA development .
was:

Phase 1 - Preliminary Design Review - Dec 1978
Phase 2 - Detailed Design Review - April 1979
Phase 3 - Critical Design Review - Nov 1979
Phase 4 - Hardware delivery - June 1980

Flight readiness review - August 1980
Launch on LO-4 - September 1980

I ' Y7
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The probable contractor for SYLDA would be SNIAS. The first payload for
SYLDA is a MARECS satellite on the inside with probably SIRIO (Italy) on
top. .

6.0 9 June 1978, ESA Hq.

We met with Mr. Bellot and Mr. Orye. Part time with the latter

- because he had - just returned from a quick visit to Intelsat in Washington.

Mr. Bellot gave us a briefing on the ESA Ariane launching and;pricing
policy. The significant points made were:

(1) At the time of application for an Ariane launch,
an ESA member would get preference over a non-ESA
member. However, once a commitment had been made on
a launch date to a non-ESA member, it would not be
possible for an ESA member to displace that
commitment.

(2) The launch program would be managed by an ESA led
CNES team.

(3) The launch costs in mid 1977 U.S. dollars for a
dedicated launch were $22 million. For a SYLDA
double launch (including costs of SYLDA and the
associated integration costs) the price in mid 1977
U.S. dollars was 15 million per satellite. There
was no differentiation between costs for an inner
or outer satellite of the SYLDA.

(4) An additional premium of 10% would provide insurance.
(5) ESA tracking network costs are an option to be
negotiated. We were provided with a copy of the
ESA VHF network User's Guide dated Feb. 1978.

We then met with Mr. Orye briefly to thank him for ESA's éo—operation.
He indicated that Mr. Bellot would accompany us to Kourou to guide us around.

7.0 12 June 1978, (CSG, Kourou

We met with Mr. G. Oelker (ESA resident representative at CSG),
Mr. Bouchet (payload facilities at CSG), and Mr. Barban (payload operations
at C5G). Accompanying us was Mr. Bellot., We were first taken to the launch
tower for an in-site briefing on the status of the tower. We then met with
the CSG acting director, Mr. Bescond who gave us an overview of CSG and its
role in the Ariane program,

In the afternoon, we were shown films on the Ariane program and
CSG. This was followed by a visit to the Mission Control Centre and the
safety room. We were provided a briefing on safety procedures in using CSG
and Ariane by the Assistant Safety Director, Mr. Beguin,

000/5



8.0 13 June 1978, CSG, Kourou

We met with Mr. Merdrignac, the person in-charge of the launch
control centre. He gave us a briefing on the launch control facilities.
We were then given a tour of the apogee motor storage building and the apogee
motor preparation building. In the afternoon we had a meeting on launch
operations with Mr. Merdrignac.

" 9.0 14 June 1978, CSG, Kourou

We were shown the spacecraft preparation building that was belng

modified to accept very large satellites (hook height of 10 m), and would
have cleanliness standards of class 100,000.

We then visited one of the VHF satellite tracking stations of CNES/
ESA situated in Kourou. Mr. Seguin, who is in charge of the station gave us
an overview of the capabilities of the station. This was followed by a visit
to one of CSG's radar tracking stations of rocket launches.

The afternoon was spent getting into details of the proposed satellite
support facilities. The final satellite preparation building (where apogee
motor mating and hydra21ne filling would occur) was still on the drawing
boards. We were given a copy of the layout of the building.

10.0 15 June 1978, €SG, Kourou

We were taken to the off-shore islands to be shown an infra-red
tracking station to monitor rocket launches from CSG.

We left Kourou on the 16 of June.
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ATTACHMENT A

Statemcut of Work

Shuttle /Ariane Interface Study.

General

By studying available documentation and by visiting NASA centers, ESA/CNES

centers and appropriate industries, identify and quantify the effort required to

interface typical communications satellite payloads with elther the Space Shuttle or

‘the Ariane Launch System.

This study addresses in particular the software and documentation interfaces

rather than the physical (mechanical & electrical) interfaces between spacecraft and

launch vehicle.

Specific Tasks

The study should include, but not be limited to a review of the following mattercs:

a)

b)

¢)

d)

e)

£)

all user-prepared documentation eg. project Integration plan,
safety documentation, flight operations/nctwork plans, [lipht readlness

reviews etc...

coupled~loads analyses that are required Lor the Shuttle/S5US/Payload
combination (or the Ariane/Payload combination). In partleular

identify analyses beyond those covered by the normal launch aprecment.,

thermal analyses--in particular identify the work that will be required
beyond that which is covefed as part of the normal launch agreewment .
Establish respective areas of responsibility between launch vehicle
supplier and the user with respect to thermal control of the payltoad

prior to its release.

launch agreements and/or memorandum of understonding between utier

and NASA or ESA.
optional/custom services. (cost for non-standard efforts)

contract milestones, including documentation referrcd to In (a), (b),
(c) & (d) above.



Attachment B - cont'd

g) launch cost and payment schedules, including cost for use of launch

site facilities during the launch campaign.,

h) obtain technical,schedule and cost information on Ariane dual launcher
capability.

i) identify user responsibility with respect to the following STS/Payload

interfaces:

"o Power
o  TI&C
o Communications

"o Safe and Arm requirements

i) detérmine_special provisions required of the user for satellite/SSUS
control between the time of separation from the Shuttle and ignition

of the perigee motor eg. active nutation device.

Typical Payload

The GP Eus'with MUSAT payload, as defined by Spar under contract OPC 76-00054
shall be used as the basis for this study. In cases where the interfacc tasks or costs
are substantially different for the case'of an‘Atlas-Centaur éized péyload, use

Intelsat V as a typical payload.

Deliverables

Twenty copies of a final report will be required at the conclusion of the

study.
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STS RELATED DOCUMENTS

Figure D-1 represents the NASA (User Information
Services) condensation of many documents designed
to support the major parts of the STS User
Handbook. The Figure also identifies which of
those documents are available at the Spar and
CRC:DOC libraries,

The complete list of the documents obtained during
the course of the study which are available at the
Spar and CRC:DOC libraries, is as follows:

- Space Transportation RI

- Capabilitied Calculator
Utilization Services Brochure

- Payload Safety Guidelines Handbook, Lyndon B,
Johnson Space Center - July, 1976 - J.S8.C.
11123

~ NASA - AIAA - STS User Symposium - Proceedings
to follow. Integrating Payloads into the Space
Trangsportation System - Rockwell

-~ User Information Services - February 21,
1978

- User Flight Assignment

- Determination of Charge Factor

- NASA - Small Self-Contained Payload Program -
September, 1977,

- Planning and Designing Payloads for the Space
Transportation System (A.A.S. Seminar) - March,
1978 R.I. -~ H. Emigh

- 8TS/Payload Integration Activities Plan -
H.A.C. - April 19, 1978

-~ P.,A.M. User's Requirements Documet - McDonnell-
Douglass Corp. MDC G7044A - PAM-A - May, 1978,
MDC G6626A ~ PAM-D - May, 1978

ey
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The MDAC Payload Assist Module (PAM) -
McDonnell-Douglas Corp. 3J1-89025A - April 20,
1978 - Presentation to DOC

- Preliminary - Rec. 20/4/78 - Mission Speci-
fic Analyses and Sexrvices

- Preliminary -~ Rec. 20/4/78 - Baseline Mis-
sion Analyses and Services

KSC Space Transportation System Project -
shuttle Payloads Launch Site Processing Sumpo-
sium - April 24-25, 1978. Presentation Mate-
rial.

Lyndon B. Johnson - Space Traﬁsportatlon System
- User Handbook, July, 1977 (two copies)

Shuttle Payloads Launch Site Processing Sympos-—
ium - Final Program April 24-25, 1978 - John F.
Kennedy Space Center - Florida

NASA - Flight Assignment Doc. - October, 1977
JSC - 13000-0

NASA - Launch Site Accommodations Handbook for
STS Payloads

STS Utilization Planning - Shuttle Payload
Integration Development Program Office, JSC -
Presentation by D. Edgecombe, Batelle

NASA Headquarters — PIP's and Launch Sexv,
Agreements; Memo Lunney to Lee, December 21,
1977

Payload Integration Plan - January 13, 1978 -
Space Transportation and Office of Space and
Terrestrial Application Payload (OSTA-1)

Payload Integration Plan - STS/TDRSS -~ Space
Transportation System and Data Relay Satellite
System - December 1, 1977
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NASA - S-78-1505 - JSC 27/4/78 - Briefing Out-
line (Eaton, JSC)

NASA - Initial Issue of "Safety Policy and
Requirements for Payloads Using the Space
Transportation System", Yardley, June 16, 1976

Proposed Addendum to JSC 13830 to explain the

Procedure for Experiment Group Type Payloads -
Jsc, 27/4/78

Shuttle Vehicle/Cargo Standard Interface Speci-
fication - SL~1-0015, 27 June 1977, JSC (Obso-
lete)

SPIDPO Initial Contact Safety Briefing, Pre-
sented 27/4/78, E. Schlei, JSC

ES2-BWH - 4/78, shuttle Payload Structural/
Mechanical Working Group, Payload Integration
Activities, Presented 27/4/78, B. Holden, JSC

Thermal Design Criteria, Presented 27/4/78, JSC

Optional Services Table, - Preliminary, Pre-
sented 28/4/78, Lunney, JSC

JSC - 11802 S8TS Reimbursement Guide, February,
1978, Final Review Copy

Typical RI Standard Engineering Support Pro-
ducts and Milestone Summary, Preliminary, Pro-
vided 28/4/78 by W. Eaton JSC

List of PIP Annex Titles, Provided 28/4/78 by
W. Eaton, JSC

Space Shuttle Interface Control Document, Level
II, JSC ICD 2-19001, Formerly SL-I-0015,
Shuttle Orbiter/Cargo Standard Interfaces
November 16, 1977
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Documentation from AIAA/TMSA conference
Space Shuttle - March/April, 1978

STS PAM-D Launch Site Ground Operations
Preliminary April 1978

Physical Dynamic Thermal Electrical and
Processing Characteristics of the Space
Cargo Bay - R.I., March, 1978
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ARIANE RELATED DOCUMENTS

With the exception of the CSG Manual the following
documents are available at the Spar and CRC DOC
libraries:

- Ariane User's Manual -~ AR(75)01, Issue 1,
Revision 2, October, 1977

- Articles reproduced from AIR and COSMOS number
709 (March 11, 1978) updated following the ESA
council meeting of April, 1978

- Reglement de Sauvegarde - 1978 edition ~‘CNES,
CSG (English version to be‘'available later this
year)

- CSG Manual (still to be published)

- Specimen Copy of D.C.I. (interface control
document) '

- Presentation to Intelsat on November, 1977,
containing:

Ariane - Scope and Summary
- Development Plan
- Qualification Plan and Current Status
= Vehicle Performance
- — Reliability Assessment
CSG - General Presentation
= Plan of work, Qualification and
Current Status
- Launch Preparation
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JSC-11802, STS REIMBURSEMENT GUIDE

FINAL REVIEW COPY, FEBRUARY, 1978
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INTRODUCTION

This guide provides users of the Space Trans-
portation System {STS) with a source of informa-
tion for estimating charges associated with STS
services to payloads.

The Space Transportation System encompasses
all hardware systems and support equipment, facili-
ties, and manpower to deliver payloads to Earth
orbits and perform on-orbit operations and experi-
ments. Its primary components are the Space
Shuttle, Spacelab, and upper ‘stages. The Space
Shuttle provides the basic transportation to and
from near-Earth orbit and is the basis for the
"standard price” to users. The Spacelab (on-orbit
operations) and upper stages {transportation to
higher orbits) are optional flight systems for pay-
loads with "optional prices” in addition to the
standard price.

This guide should be used both during early
payload planning and during the final design
phase. During early planning, a payload designer,
using this guide, may be able to lower transporta-
tion cost by altering the payload design. When a
payload design is considered firm, the user organi-
zation can refer to this guide in financial planning
to assess the total phased cost effect of STS
utilization, -

The prices listed are in fiscal year 1975 dollars.
Those portions subject to escalation will be escala-
ted according to the Bureau of Labor Statistics
index for compensation per hour, total private.

Pricing and other data are based on the best
current information. However, this guide may be
amended by NASA at any time and is not an
offer to sell or act as an agent for any potential
user. The resulting launch agreement negotiated
with the user shall supercede thjs document to the
extent of any inconsistency.

Users of the STS will reimburse NASA in ac-
cordance with their needs for various services. In
general, these services fall into the following three
broad categories that dictate the charge to be cal-
culated for a given payload.

1. Standard Space Shuttle services

2. Optional flight hardware systems

3. Optional payload-related services



This guide is organized to provide a building-
block approach to estimating prices. It begins with
standard Space Shuttle transportation charges and

" the standard services available to all payloads. Part
- 2 explains optional flight hardware systems and

methods of calculating current charges for each of
these payload options. Then, in part 3, the user
learns about the current optional payload-related
services. Price ranges are included for some; others
will be negotiated on the basis of payload require-
ments and anticipated cost to.the Government.

After the user has estimated his payload heeds,
he can proceed to part 4 for information about
flight schedules and billing schedules. Schedule
options are also available at extra cost.

Finally, with all the general information assem-
bled, the user can find examples and formulas in
part 5 to show exactly how his own costs are
calculated. This information should enable a user
to make cash flow estimates from which a finan-
cial analyst can confidently estimate the net pres-
ent value of a launch, its real-year cost, or any of
several cost criteria to determine the launch sce-
nario that best suits the user's needs.

The worksheet on the facing page is designed

to help users be sure they have included all fac-

tors in estimating costs. It is not an official form

for submittal. Step 1 occurs primarily within the
user organization; however, calculations may re-
quire reference to this or other documents. The
ensuing steps follow the same order as this guide.

Supplemental information in this guide will help
a user better understand the STS and the terms
of his contract with NASA.

All users should refer to the NASA manage-
ment instructions (NMl's), series 8610, on reim-
bursement for Shuttle services (appendix C). These
instructions set forth NASA policy to users under
launch agreements and responsibilities for putting
these policies into effect. )

As a user needs other information, he will find
references to additional documents and organiza-
tions. In the United States, initial contacts for
planning and general questions should be addressed
to the Space Transportation Systems Operations
Office, mail code MO, National Aeronautics and
Space Administration, Washington, D.C, 20546,
telephone {202) 755-2344, Federal telecommunica-
tion system (FTS) 755-2344,

Users outside the United States should address
initial inquiries to the Office of International
Affairs, mail code |, National Aeronautics and
Space Administration, Washington, D.C. 20546,

CHARGE
EVERY
R VLOAD STANDARD SPACE SHUTTLE SERVICES
(PART 1)
OPTIONAL FLIGHT HARDWARE SVSTEMS
GPTIONAL
CHARGE AS SPINNING SOLID SPINNING SOLID INTERIM FLIGHT
o UIRED UPPER STAGE UPPER STAGE UPPER STAGE |  SPACELAB i
{PART 2) (DELTA CLASS) {ATLAS-CENTAUR CLASS)
OPTIONAL PAYLOAD-RELATED SERVICES
OPTIONAL . - ADDITIONAL
CHARGE AS VEE,’:;S&R PAYLOAD ADDT',TP',?ENAL CARGO PAYLOAD Ry $5C POCC CUSTOM
reauireo | VRRISULAR | speciauist | o Tovs | Accommo. REVISIT SERVIGES SERVICES
(PART 3) DATIONS

Building-blocl approach to usor chargos.



COST-ESTIMATING WORKSHEET

1. PAYLOAD SIZE _
Determine your payload's weight and length. (Include airborne support equipment, clearance (part 1), flight kits

required {part 2), possible weight effect of optional payload-related services. If additional information is needed,
consult the references in appendix B.)

2. USER CLASS
Determine your user class {from part 1, ''Reimbursement categories').

3. PRICE CATEGORY
Decide whether a dedicated or shared flight is required (part 1, ‘’Reimbursement categories’).

4. TRANSPORTATION {DEPLOYED) SPACELAB

Calculate the Shuttle transportation If you are a Spacelab user, skip steps

price {from part 1, ""Standard charge’’). 4 to 6 and instead refer to part 2,

If a non-U.S. Government user, add ""Spacelab,” for complete instruc-

the use fee, tions on price determination. The
Spacelab price is a combination of:

5. OPTIONAL SYSTENS e Transportation cost

Total the costs of all optional hard- Operations cost

ware desired (part 2) and add. Use fee {for non-U.S. Government
users) :

8. OPTIONAL SERVICES Optional services cost

Determine the optional payload-

related services desired (as Spacslab total

differentiated from the standard
services in part 1, "‘Standard
Space Shuttle services ")

and the total cost (from part 3),
and add.

7. LAUNCH SCHEDULE

Determine your desired launch date, which will enable you to decide if you want special launch
schedule options (part 4). You can also determine if you would prefer to be a standby user,
Calculate these costs from part 4.

Total

8. PAYMENT SCHEDULE
On the basis of the launch schedule, you can determine your payment schedule (normal or accelerated, from part 4)

and (by use of the examples in part 5) estimate with escalation for a selected year.



. Standard Space Shuttle services and charges

Optional flight systems

Optional payleoad-related services

Special fees and schedules

Calculation of reimbursements

Appendixes
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STANDARD SPACE SHUTTLE SERVICES

Every user of the Space Transportation System
(STS) wil! receive the siandard services described
in this section as part of the standard Space

‘Shuttle transportation charge. it should be noted

from the outset that these descriptions and discus-
sions are necessarily generalized to incorporate a
broad spectrum of payload characteristics and ob-
jectives.

Specific descriptions of services provided for a
given user will be detailed in the launch agree-
ment, the payload integration plan, and the launch
site support plan. Those documents are bilateral
agreements which are negotiated between the users
and NASA for the purpose of providing specific
definition of management roles and responsibilities,
technical activities, and schedule requirements to
assure an effective operational interface of the
payload with the STS. The launch agreement,
which can be considered the user’s contract, con-
tains the legal, financial, and NASA Headquarters
commitment to provide the STS service at a deter-

mined price. The payload integration plan defines .

the vehicie interfaces, preliminary mission require-
ments, etc., and includes a listing of optional sarv.
jces. The launch site support plan outlines the
launch service activities to be provided at the
launch site.

- Management responsibilities

For the launch of a payload and associated
services, NASA will designate (1) an STS mission
coordinator who will serve as the NASA interface
for all financial and policy matters and (2) an
STS payload support manager who will be respon-
sible for arranging and managing all NASA support
provided to the user. The laiter will be the inter-
face for all liaison with the user regarding the
implementation of the launch agreement.

The user will, in turn, desighate a payload man-
agar who will be responsible for ensuring that all
required user funciions are performed. This user
payload manager will be the formal interface for
all liaison with NASA for the launch and associ-
ated services.

NASA rocponsibliitiec

The following responsibilities are undertaken by
NASA . toward successful implementation - of the
launch agreement as negotiated with . the user.

{. Furnishing and updating interface specifica-
tions and other design and operations documenta-
tion necessary to aid the user in assuring compat-
ibility of the payload with the Shuttle, Shuttle
flight environment, and NASA telemetry, tracking,
and command support committed to each payload
launch.

-~ 2. Providing for thorough preparatibn and

checkout of the Space Transportation System for
each payload launch.

3. Managing, with the consultation of the user
payload manager, the Shuttle/payload integration,

4. Regulating user access to and operation of
the payload from the delivery of the payload to
the cargo integration facility through the time of
separation in orbit or return of the payload to
the user,

5. Conduciing the launch and associated services
in a manner that will satisfy the requirements and
launch schedule agreed upon with the user.

Uger rosponoibilitios

To enable NASA to furnish the proper launch
and associated services, the user will ba responsible
for the following.

1. Delivering a flightworthy payload to the
launch site on a schedule compatible with the
firm launch date that has been established by
NASA.

2. Providing associated payload ground-support
equipment and personnel required to prepare the
payload for launch.

3. Providing to the NASA all mission require-
ments and constraints necessary for NASA to pro-
vide STS software, optional hardware, operations
procedures, and other agreed support and services.

4. Incorporating provisions into the payload de-
sign specifications and test programs to assure
compatibility of the payload with all STS inter-
faces including cargo integration test equipment




and other design and operations restrainis that
may be encountered during prelaunch and launch
activities.

5. Providing to NASA, for review and concur-
rence, payload design specifications pertaining to
the payload interfaces and compatibility with the
launch operations; providing test plans for qualifi-
cation and flight acceptance testing of the pay-
load. ' i

6. Providing to NASA whatever payload teleme-
try, tracking, and command systems performance
data are required to determine that the payioad

systems are compatible with the NASA network
for any network support that is committed by -
NASA. )

7. Providing to NASA all information and docu-
mentation regarding hazardous systems of the pay-
foad and ground equipment that may be required
to confirm compliance with NASA safety require-
ments. :

8. Providing payload discipline training to the
NASA crew and to Payload Operations Control
Center (POCC) personnel.




Elight plenning and

‘operatlons support

Flight planning and operations are provided as
part of the standard Space Shuttle transportation
charge. These services are sufficient to support a
flight from the John F. Kennedy Space Center
(KKSC) carrying three crewmembers and able to
provide up to 1 day of in-orbit payloads opera-

tions for deploying a free-flying system. Preflight

planning and training necessary for -normal crew
and ground opsrations are included. A flight data
file is generated to provide the crew with docu-
mentation and reference material neaded for STS
activities.

The interdepandent areas of flight planning and

‘operations support are: utilization planning, flight

operations planning, flight design, crew activity
planning, training preparation, flight simulation,
and Mission Control Center (MCC) operations.

Utillzotion planning

Utilization planning, which is the responsibility
of NASA, involves integration of approved missions
into flight manifests and flight schedules. Users,
therefore, must provide payload mission require-
ments and objectives, flight data requirements and

‘constraints, and payload descriptions.

Payload requiremenis must also bs made avail-

able to NASA regarding STS/payload interface, tra-

jectory, time of launch, crew activities, training,
STS systems support, and payload hardware inte-
gration.

Flight eporatlens planning

Standard services of flight operations planning
involve both preflight and real-time support. Stand-
ard' payload preflight planning services include inte-
gration of onboard payload display and data man-
agement sofitware requiremenis with those of ihe
STS, developing payload flight rules and rationale
with respect to crew safety for various payload
contingencies, development of JSC POCC interface
procedures with elemenis in the MCC, and famil-
larization training on JSC POCC facilities to user-

providsd personnel. Additionslly, one or two JSC
engineers will ba assigned to assist the user in de-
veloping onboard and ground support. plans,
KSC/JSC/other data Interfecs tests, as well os
work with the user in submitting ground support
requirements. _

Standard real-time payload support services in-
clude one or iwo JSC flight controllers who will
assist the user during real-time operations. One of
the flight controllers will function as the user's
primary interface to. the STS operations. He will
assist the user in making flight plan changes and
will work with the user to help develop alternate
plans and crew procedures to accomplish payload
objectives commensurate with crew safety. The
other flight controller will also work closely with
the user to resolve payload data routing problems
and to verify status and accomplishment of
payload-related flight objectives. Additionally, as
part of the real-time standard service, JSC will
provide flight control support of the Shuttle dur-
ing launch and entry and support of  on-orbit
Shuttle operations.

Flight doolgn _

The standard flight design activities provided by
NASA for each flight encompass such factors as
trajectory, consumables, attitude and pointing, and
navigation analysis used to develop a basic flight
profile. Users must provide payload mission plans
for NASA to use in developing flight requirements.
The flight design includes launch, ascent, on-orbit
payload handling, deployment, communications,
abort analysis, separation/recontact, simulator data
packs, navigation aids, crew charts, rendezvous, and
proximity operations,

The standard planning approach involves sets of
orbital destinations (inclination, altitude), flight
phases (launch, on-orbit time line, deployment/
retrieval ssquences), maneuver sequences (rendez-
vous, orbital adjusiments, deorbit), and crew activ-
ity time blocks. Standardized flights will be used
if they are consistent with the specified payload
objectives.



Crow astivity planalng

Standard crew activity planning generates a time
line plus the necessary procedures and crew refer-
ence data for a given flight. Users are responsible
for performing the payload planning,  scheduling,
crew procedures, and tradeoffs necessary to accom-
plish their payload flight requirements. In - turn,
NASA will provide the STS planning and activity
scheduling necessary to support payload activities,
as well as to maintain crew and vehicle safety.

Standard services provided to the user include a -

STS summary crew activity plan (CAP) defining
available payload activity time blocks and an inte-
grated summary crew activity plan, which inte-
grates the payload time line provided by the user
with the STS activities. Also provided will be the
STS detailed time lines and STS ‘“‘crew execute’
data. This includes the STS flight data file con-
taining crew procedures, which are based on flight

‘techniques that have been developed for standard

STS flight operations.

Real-time support includes any required changes to
STS activities including STS functions supporting
payload operations, coordinating payload crew activity
changes with the STS flight control team and the
POCC; STS pointing information and any required
attitude profiles; coordination and maintenance of
update messages to the crew; and maintenance of data
bases for STS crew activity planning and STS crew
procedures.

Trolnlng proparatien

All STS-related training, both for crewmermnbers
and ground personnel, is provided by NASA; all
payload-related training is the responsibility of the
user.

The services provided to the user fall into threa
categories: planning/scheduling, development, &and
implementation.

During- the planning/scheduling staga, NASA
works with the user to ascertain training require-
ments. Once thess fequirements ars determined,
NASA will make an analysis to verify flight sup-
port feasibility of training opsrations. Flight-unique
documents (plans, schedules, etc.) are then devol-
oped and training schedulss are established.

During the development stags, revision .of train-
ing plans (scripts, facility configuration require-
ments, etc.) and procedures is done only to the
extent of inserting flight-unique "execute’” data
and generating briefings on- mission. raquirements.

The implementation stage is concerned with
managing the required training for all operations
related to Orbiter capability.

Flight clmulation _

Simulators and trainers are maintained at JSC
as part of standard NASA simulation support. The
Shuttle mission simulator and the Shuttle pro-
cedures simulator are routinely used for training
required for all flights (flight-independent training),
as opposed to specialized training to meet the re-
quirements of a specific flight. These simulators
can also be used in real time to help solve in-
flight problems.

Users can take advantage of these and other
JSC trainers to train the flight crew in payload
operations. The Shuttle mission simulator has full-
fidelity forward and aft crew stations. It can be
expanded to simulate payload support systems and
interface with the MCC for integrated crew/ground
simulations.

Misolon Contrel CGentor oporationo

For all flights, MCC operations provide systems
monitoring and contingency support for all STS
clements, provide two-way communications with
the crew and with onboard systems, perform flight
data collection to a central site, and provide both
preflight and in-flight MCC/POCC operational inter-
faces to coordinate flight operations. For flights

with attached payloads, additional standard services .

ara provided, such as systems monitoring, con-
tingency . support, and system support for un-
attended operations; software support; interface
systams support; and other ltems related to com-
bined POCC and MCC tasks. These standard serv-
icas also include a ground team 1o develop pre-
flight documentation.

For deployment and retrieval flights requiring
litile or no checlkout or spscial training, the MCC
will follow a standard plan that requires considera-




tion only of trajectory and deployment and re-
trieval conditions. For those flights involving signi-

" ficant crew and sysiems interfaces, real-time telem-

etry and voice command system capability will ba
provided. The telemetry processing will include
only those payload data received in the
operational data stream that are required for STS
interface responsibilities.

For flights with upper stages, MCC will provide
systems monijtoring, contingency support, and oper-
ational support to the upper stage through deploy-
ment. Payload data (either transmitted through the

Orbiter or indepsndently of it) will also ba made
available if thoss data are required (0 support
flight operations,

Standard real-time <ervices are processing and
operating support for Shuttle-compatible telemetry,
command, and trajectory formats; logic processing;
and display capabilities via Orbiter television, in
the MCC, or in the POCC. Real-time voice inter-
faces beiween the flight crew and the STS ground
ieam, as well as recording of command and con-
trol data for . real-time wuse, are also standard
services.



Englnoering Integration

Standard engineering integration services are pro-
vided as part of the Space Shuitle transportation
charge to ensure cargo elemenis and flight cargo
compatibility. NASA will utilize user-furnished car-
go element data.on a mutually negotiated schedule
consistent with NASA flight cargo integration
activities. '

Standard STS environments, interfaces, and pro-
visions are defined in several documents (appendix
B), which the user should use as a basis for pay-
load interface design until formal engineering inte-
gration activities begin. This time period is gen-
erally more than 3 years before flight.

Approximately 2 years before flight, NASA will
perform a cargo compatibility assessment, utilizing
the user-provided cargo element data. This assess-
ment will establish the cargo element compatibility
with the Shuttle and with the other cargo ele-
ments in the areas of loads, thermal characteristics,
electromagnetic interference/electromagnetic compat-
ibility, contamination, physical interfaces, weight
and center of gravity, electrical power, active cool-
ing, communications/commands/data, displays and
controls, and crew activities time lines.

Approximately 1 year before flight, NASA will
perform a flight verification engineering assessment,
utilizing the user-provided updated and/or final car-
go element data. An analysis in sufficient detail
will be conducted to establish the flight worthiness
of the cargo for loads, thermal characteristics, elec-
tromagnetic interference, contamination, and physi-
cal interfaces.

Additionally, as a part of the engineering serv-
ices, NASA will provide documentation updating
and repository service for the payload-to-Orbiter
unique interface control document (ICD), installa-
tion and removal drawings, and integrated sche-
matics that depict Orbiter-to-payload interfacss
based on payload data submitted.

Launech site support

Included in the standard Shutile transportation
charge are the following activitles at KSC: inter-
face verification, installation of the cargo into the

Orbiter cargo ‘bay, checkout, and monitoring and
prelaunch control of payload functions,

The launch site support plan will be the official
launch site commitment for support and services
to be performed. After consultation betwesn
NASA and the user, this plan will be mutually
prepared and encompass the necessary planning
and coordination beginning before arrival of user
hardwsre at IKSC through launch.

The user will retain prime responsibility for
testing, checkout, and servicing of the payioad"
while STS manageament will assume responsibility
for payload installation and compatibility verifica:
tion with the Shuttle.

Safety

A safety program will be implemented in ac-
cordance with NASA safety policies. Safety reviews
will be conducted as mutually negotiated to deter-
mine the safety and compatibility of launch opera-
tions in support of the user’s program schedule.

Interface verlfication

Satisfaction of interface verification requirements
that are not related to safety will be negotiated
and mutually concurred upon by NASA and the
user. It is anticipated that this verification will be
accomptlished within the normal testing, checkout,
and integration of the user's payload. Spacial inter-
face verification activities are negotiable as deemed
necessary by the user or NASA.



REIMBURSEMENT CATEGORIES

Standare user classes

Users requesting Space Shuttle services from
NASA will be in one of three classes. Reimburse-
ment to NASA for flight costs is calculated differ-
ently for each class. Therefore, the first thing a
prospactive user must determine in estimating his
costs is to which class he belongs.

Non-U.S. Governmoent

The non-U.S. Government class of user encom-
passes:

O Private individuals or private organizations in
the United States {including its territories, the Dis-
trict of Columbia, Panama Canal Zone, and Puerto
Rico) and public organizations that are not part
of the Federal Government.

O Private individuals, public or private organiza-
tions, or governments of foreign nations, or inter-
national organizations. Exceptions (qualifying for
lower flight prices) are the governments of Canada
and of nations participating in Spacelab dsvelop-
ment (through the European Spacs Agency) when
they are- conducting experimental science or expari-
mental applications missions with no near-term
commercial implication that have bsen undertaken
on bshalf of government agencies. The NASA Ad-
ministrator will determine the missions that qualify
for this exception.

0 Agencies of the U.S. or Canadian government
or the European Space Agsncy if, in requesting
Shuttle services from NASA, they are acting for
users in this classification.

Clvillan U.S. G@vemm@m

The civilian U.S. Government class of users en-
compasses all civil Federal agencies that request
Shuttle services from NASA.

Department of Dofonso

The Department of Defense (DOD) is consid-
ered a separate .class of user bacause of its active
involvement in flights from Vandenberg Air Force
Base, The DOD operates under a special agresment
with NASA and is not addressed in this docu-
ment.

Speclal user classes

Bueoptienol dotormirotion poyload

Spacial consideration is given to users having an
experimental, new 'use of space or having a first-
time use of space that has great potential public
value. This is called an exceptional determination.
An example of a possible exceptional determina-
tion is this situation: A medical organization has
developed what it considers a probable cure for an
infectious diseass, but must conduct experiments
in a remote location free from danger of contami-
nation. An STS Exceptional Program selection
process is used to determine which payloads qual-
ify and, in all cases, the NASA Administrator has.
final authority in the decision. Payloads receiving
exceptional determination can be for either dedi-
cated or shared flights.

Small oelf-contalnod paylead
A small self-contained payload is defined as a
package for research and development weighing less
than 200 pounds (91 kilograms), smaller than 5
cubic feet {0.14 cubic meter), and requiring no
Shuttle services (power, depioyment, etc.). These

payloads are flown on a space-available basis.

Price categories

Once the user class has bezen established, a user
should next determine which price category is ap-
plicable to his payload. Thess categories are the
same for all user classes. °

A dedicated flight is defined as one on which
the user has exclusive use of the entire Orbiter
cargo bay. . &

A shared (standby or nonstandby) flight is de-
fined as one on which the payloads of two or
more users share an Orbiter cargo bay. A non- .
standby user follows a firm launch schedule. A
standby user is flown at NASA's convenience with-
in a prenegotiated 1i-year period, thus giving the
Government greater flexibility in flight planning
and giving the user a price discount.




STANDARD CHARGE

The price charged to users for standard Space
Shuttle transportation will be based on estimated
costs -accrued over a 12-year period. This price
will bz fixed (except to adjust for inflation) for
flights in the first 3 full fiscal years of STS oper-
ations. Beginning with fiscal year 1984, the price
may be adjusted annually to ensure that total

. oparating costs are recovered over a 12-year

periad.

The prices listed are based on 1975 dollar
values unless otherwise noted. Escalation for in-
flation will be computed according to ‘the Bureau
of Labor Statistics index for compensation per
hour, total private.

Standard Space Shuttle price
for dedicated users

Ussr class Cost, $ X 105 (1975 base)
Transportation | Constant
charga )
b
Non-U.S. Government 18.271 4,298

Civilian U.S. Government 18.0% N/A
Canada and ESA 18.0% N/A
Exceptlonal Program 11.0to 14.0 N/A

" 80ptional use fee for reflight Insurance Is 0.271.
b Facility & Equu‘lomevd: Depreciation 0,334
Fleet Procurement 1,453
KsC A-011

Dedicated flighto

The basic chargss to users of a dedicated flight
are shown in the accompanying table.

The price to non-U.S. Government users is est
at a level to recover a fair share of the total
operations costs plus a ‘‘use feg"” to cover costs
associated with use of Government facilities and
support equipment, and STS fleet acquisition. This
use fee is not subject to escalation. Like the
transportation charge, it is fixed for the first 3
full fiscal years of tho operational phase.

Reflight insurance Ig included in the price for
non-U.S. Government users. It guarantsas one
Shuttle reflight for each payload iaunch if the
first flight fails through no dsfect In the payload,
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or fault of the user, user contrectors or subcon-
tractors, and if the first payload is returned safely
to the launch site or if another payload is pro-
vided by the user. This is not applicable to pay-
load failure, but applies only when NASA is un-
able to carry out its negotiated responsibility.
Civilian U.S. Government users {and foreign gov-
ernment users who have qualified for this price, as
described under “‘User classes’”) pay a price de-
signed to recover a fair share of total operations
costs. These users are not assessed a use charga.

Shared flights

A shared-flight user will pay a percentage of
the dedicated-flight price. The price for all pay-
loads (except Spacelab elements, explained fully in
part 2, and small self-contained payloads, describad
in the next subsection) is based on launch weight
or length and is calculated as follows.

i. To calculate a weight load factor, the user
should divide the payload weight by the total
Shuttle payload weight capability at the desired in-
clination, .

Standard orbit inclinations are offered to users
for flights originating from the Eastern Test Range
{KKSC launch). Thess inclinations and corresponding
weight capabilities are:

Launch Inclination, Weight capability,
site deg Ib (kg)
KSC 28.5 65 000 (29 484)
KSC 56 57 000 (25 855)

2. To calculate a length load factor, the usar
should divide the payload length (plus 6 inches
{15.2 centimeters) for clearance) by the length of
the cargo bay, 720 inches (1829 centimeters).

3. To dotermine a8 chargs factor, the ussr
should now divide the load factor (length or
weight, whichever Is greatsr) by 0.75. However,
the offcctive chargys fector |8 nover greater than
i.0.




4. To determine the price for his payload, the

‘user should multiply the price of a dedicated

flight (plus a.use fee, if applicable) by the calcu-

lated charga factor. :

The payload-sharing nomagraphs are provided

to

help a user  quickly determine the approximate
price. A more detailed explanation is also in part

5.

A standby user will recelve a discount of 20

psrcent of the calculated shared price.

Speclal uger classes

Excoptienal dotormlination payload

A dedicated flight that has received an excep-
tional determination will cost in the range of $11
million to $14 million. The price for such a pay-
load that can share a flight will be calculated in
the same wav'as_ other shared-flight payloads.

The NASA Administrator will select those pay-
loads eligible for the spscial flight price.
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8mall self-contolncd payload If Shuttle services are required, the price for

The price for a small self-contained payload will these services will be individually negotiated. Reim-
be negotiated on the basis of size and weight in bursement to NASA will be made when the pack-
the three general categories that follow. If either age is scheduled for flight.

volume or weight exceeds the maximums shown,
the payload is in the next higher price category.

Volume, fi3 (m3)  Weight, Ib {kg)  Cost, $

1.5 (0.04) 67 (30) 3000
2.5(.07) ~ 100 {45) 5 000
5 {.14) 200 (91) 10 000
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OPTIONAL FLIGRT SYSTEWMS

For purposss of this document, optional flight
systems aré defined as those hardwsre end items
that can be integrated into the Shuttle Orbiter for
launching payloads to geosynchronous {ransfer
orbits (upper stages), for extending the basic
Orbiter capabilities (flight kits), or for offering the
user a general-purpose orbiting laboratory for
manned and automated activities in near-Earth
orbit (Spacelab). The basic services are briefly de-
scribed in this part, along with the current price
determination for each sysiem.

Each option is describad ceparately. However,
the user chould remembsar in estimating costs that
some options tend to go together. Furthermors,
some of the optional flight systems are often
related to optional payload-related services,
described in part 3.

A user will pay a fixxed price (subject to escala-
tion) for any of these flight systems in addition
to the price for the standard Space Shuttle trans-
portation previously described. The prices shown
may be adjusted at the time of negotiation.




UPPER STAGES

The expendable upper stage is a Shutile-
launched vehicle for spacecraft missions with alti-
tudes, inclinations, or trajectories bsyond the basic
Space Shutile capability. Two upper stage systems
are currently available.

One system uses a solid propellant, spin-
stabilized stage, called the spinning solid upper
stage (SSUS), of two basic sizes. One size SSUS
accommodates the current Delta expendable launch
vehicle class of missions (SSUS-D)} and the other,
the Atlas-Centaur faunch vehicle class of missions
(SSUS-A). Both SSUS stages are used as a perigee
kick stage for placement of a spacecraft on its
proper transfer trajectory. The other upper stage
system, called interim upper stage (lUS), is a
solid- propellant, three-axis stabilized, multistage
system to be used for delivery of single or multi-
ple spacecraft to geosynchronous orbits and high-
energy escape trajectories.

Upper stage systems

System Maximum paylosad
weight capability,
Ib {kg)
SSUS-D (geosynchronous transfer) 2400 (1088)
SSUS-A (geosynchronous transfer) 4400 (1996)
1US (geosynchronous orbit) 5000.(2268)

Spinning solid upper stage

NASA has recently negotiated agreements in
which the McDonnell Douglas Corporation has
agreed to develop, at its expense, SSUS systems
and offer them commercially to STS users. As
implied by the nature of those agreaments, NASA
policy is to encourage the participation of corpora-
tions in this and similar activities, t0 encoursge
open competition in a free market for these goods
and services, and t0 encourage STS users to con-
tract directly with these corporations for SSUS
launch services.

The NASA/industry agreements establish a ceil-
ing price to be charged to users by the supplier
of SSUS baseline systems and services in 1875

dollars and further establish that escalation to
the price (as compounded annually from the 1975
dollar base} will not excesd the amounts spacified.
These baseline prices include SSUS vehicle expend-
able hardware, use of ground-support equipment
and airborne support equipment on a rental basis,
and McDonnell Douglas launch support services,

In addition to the baseline SSUS system,
McDonnell Douglas will provide to each user the
mission analysis, hardware, and services as may be
unique to each mission at an additional charge to
be negotiated. For specific technical, programmatic,
and cost data on SSUS/payload assist module
(PAM) systems, inquiries should be directed to
McDonnell Douglas Astronautics Company, 5301
Bolsa Avenue, Huntington Beach, California 92647,
Attention, Director of PAM Programs.

Interim upper stage

The interim upper stage system, under develop-
ment by the Department of Defense, consists of
three vehicle configurations: a standard two-stage
vehicle, a twin-stage vehicle, and a twin-plus-
spinner vehicle. The two-stage vehicle is used for
delivery to geosynchronous orbit; the twin-stage
and twin-plus-spinner, for high-energy Earth escape
missions.

The procurement price for two-stage 1US launch
cervices for a baseline mission will fall within the
rangz of $10 million to $12 million. The price for
the threestage configuration will bs within the
range of $12 million to $14 million.
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SPACELAB

The price to be charged a user requiring Space-

lab hardware is computed using different criteria

than those of other payloads. The basic reasons
for those differences are to take the downweight
limitations of Spacelab into account and to prop-
erly charge a user according to the pro-rata share
of that Spacelab hardware required by the user.
Because of the nature of anticipated Spacelab
flights, certain standard services designated by
NASA differ in some respects from those standard
services available to other users. These standard
services are discussed in this section, accompanied
by descriptions of certain optional services that
will be peculiar to Spacelab users. Also included is
a full explanation of Spacelab price determination.

Standard Spacelab services

Each Spacelab launched will receive certain
standard services as part of the basic price.

The user will be entitled to full or pro-rata
share of Shuttle services and Spacslab hardware;
e.g., core segment, tunnel, ground-support equip-
ment set.

Tunnel adapter and airlock mounting kits, nec-
essary on Spacelab module flights, are used in
conjunction with the Spacelab tunnel and provide
the capability to mount an Orbiter airlock in the
cargo bay on the upper hatch of the tunnel
adapter. This enables payload operations to con-
tinue uninterrupted by Orbiter extravehicular activ-
ity because crewmembers can move back and forth
frorn the Orbiter. crew compartment to the Space-
lab module. The cost for installation, removal,
maintenance, and use of these kits is included in
standard Spacelab cost for module missions.

Standard Spacelab missions will be launched
from KSC Space Center for a duration of 7 days
with standard mission destinations,

NASA will provide training and accommodations
for a three-person Shuttle flight crew, accommoda-
tions and STS training for a two-person payload
specialist crew, and will operate the user’s payload
if requested. Spacelab flight planning, real-time
command and control, as well as prelaunch pay-

load integration and compatibility verification will -
ba performed by NASA.

As part of on-orbit operations, NASA will pro-
vide standard Spacelab electrical power, Spacelab
environmental control and life support, onboard
data acquisition and processing services, use of
standard Spacelab monitoring and control facitities
on the ground, and voice communications between
the onboard crew and the ground,

NASA will review the necessary payload specifi-
cations and test data required to determine the
safety and compatibility of launch, onorbit, and
re-entry operations.

Upon request from the user, NASA will support
payload design reviews to resolve problems and
anomalies. This activity will be jointly agreed upon
by the user and NASA,

Users contracting for pallet- only payloads are
entitled to locate minimal controls as agreed by
NASA in a pressurized area to be designated by
NASA., No sdditional chargs is made for this serv-
ice.

Users contracting for dedicated pallets are en-
titled to the entire volume above the pallet; users
of dedicated modules are entitled to the entire ex-
periment and storage volumes of the pressurized
module respectively. -

Optional Spacelab services

Certain optional services are available to Space-
lab users for an additional price, which will be
negotiated at the time of preparation of the
launch agreement between NASA and the user.
These optional services are as follows.

1. Additional mission time beyond 7 days

2. Delivery of Spacelab to a nonstandard incli-
nation

3. Training and use of additional payload spe-
cialists beyond those spscified in the standard
service

4. Mission-dependent training of NASA parson-
nel when requested to operate the user's payload

5. Integration of the user’s payload onto pallets
and/or into racks
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6. Custom integration or testing requirements

7. Additional resources and additional experi-
ment or crew time required beyond the user’s
pro-rata share '

8. Special access to and/or operation of the
payload

9. Postmission or additional in-flight data proc-
essing
" 10. Additional loan time for racks and pallets

11. Special communication coverage

12. User software development for the Orbiter
command and data-management system computer

13. Special payload support equipment, such as
instrument pointing systems, scientific airlock

Spacelab price determination

The price chargad a Spacelab user is the sum
of the Shuttle transportation flight price, the
Spacelab operations price, and any optional serv-
ices required by the user. The basic price will be
fixed for the first 3 full fiscal years of the STS

‘operations phase and will be updated periodically

for the remaining years.

There are three basic types of Spacelab flights:

® Dedicated Spacelab flight — on which a user
requires an entire Orbiter flight for the Spacelab
elements he is using. (A Spacelab elemant ‘is de-
fined as a long module, short module, or paliet
segment.)

® Dedicated element/shared flight — on which
the user requires an entire Spacelab element (or
elements) flown on a shared Orbiter.

® Shared element/shared flight — on which the
user requires only a part of a Sbacelab element

(or elements) and, therefore, only part of - the

Orbiter cargo bay.

Transperiation prico

The Shutile transportation price for Spacelab>

flights is based on either a dadicated element or a
shared element. Both dedicated and shared ele-
ments can be flown as shared-flight payloads.

2-4

The Shuttle transportation flight price for a
standard dedicated Spacelab is shown in the ac-
companying price table..

Transportation price for Spacelab
[Dedicated Shuttle flight]

Mission type Price, $ X 10°
{1975 dollars)

Pressurized module

Non-U.S. Government ussr 22.271

Civilian U.S. Government user 22.000
Paliet only

Non-U.S. Government user 20.571

Civilian U.S. Government user 20.300

The transportation - flight price for a Spacelab
dedicated element/shared flight is based on a pro-
rata. share of the price listed in the transportation

price table for the appropriate user class. This

pro-rata share is based on the appropriate load
factor, which the user can calculate from the ac-
companying table. load factors for combinations
of module and pallet missions can bs determined
by adding the calculated load factor of each ele-
ment. :

The load factor is then divided by 0.76 to
determine the charge factor, The calculated charge
factor (subject to a maximum of 1.0 and a mini-
mum of 0.01) is multiplied by the price listed in
the transportation table to determine the transpor-
tation price for that payload.

The transportation flight price for a Spacelab
shared element/shared flight is also based on a
pro-rata share of the total price chown in the
transportation table. The formula for calculating
the shared-element load factoy is shown in the
table.

In determining the bssis for these load factors,
the following definitions and criteria apply.

O Expsriment voluime in the pressurized module
is defined as the sum of the user's payload vol-
ume in recks and in the aisle. Raclt volume (de-
fined relative to basic rack configuration) is de-
fined as the volume of one or more rectangular
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_parallelepipsds that totally enclose the user's pay-

load. Width dimensions shall bs either 17.75 or
37.01 inches (45.1 or 94.0 centimeters). Height is
computed in - integral multiples of 1.75 inches

(4.445 centimeters). Depth dimensions shall be
24.09 or 15.82 inches (61.2 or 40.2 centimeters).
Aisle space volume is defined a3 the volume of a
rectangular parallelepipad that totally encloses the

Calculation of dedicated-element load factors

. [Shared Shuttle flight)

Use greater of length or weight
Element
Laength calculation Weight calculation

Pallet 02X N W, Ib + {2747 X N} /W, kg + {1246 X N)
32000 b 14515 kg

Short module 0.47 w w
32000 b 14516 kg

Long module 0.62 W-—--——————-' b+ 17934 -———----—W' kg + 8135
32000 Ib 14 5615 kg

W  Payload weight, which includes the weight of the user’s payload and the user’s
pro-rata share of the weight of NASA mission-dependent equipment carried to
meet his needs. It does not Include the weight of standard Spacelab cansumg-
bles used for a 7-day flight.

N  Number of pallets necded by user,

Calculation of shared-element load factor
[for Shuttle transportation price)

Usa greater of weight or volume

Pressurized
module

Elemont
Weight calculation Volume calculation
Pallet Total payload weight, Ib Payload voluma, fe3
19 559 2119
Total payload weight, kg Payload voluma, m3
8872 60

Total payload waight, ib
14 065

(2 X experiment volume, ft3)+ storage volume, 13
1413

(Toml payload weight, kg) ((2 X expariment volume, m3)+ storage volume, m3)
6380 40

25
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user’s payload. The minimum length of any edge
for computing purposes is 11.81 inches (30.0 cen-
timeters). _

@ Storage volume in the pressurized module is
defined as the volume of one or more rectangular
parallelepipsds enclosing the user's stowed payload.
No edge of the paralielepiped should be computed
as shorter than 11.81 inches (30.0 centimeters).

® Volume of the user’s pallet-mounted payload
is defined as the volume of a rectangular parallele-
piped enclosing the pallet payload and all user-
dictated mounting hardware. No edge of the paral-
lelepiped should be computed as less than 11.81
inches {30.0 centimeters).

Load factors for combinations of shared module
and pallet missions can be determined by adding
the calculated load factor for each shared element.

The load factor is divided by 0.75 to determine
the : charge factor (subject to a maximum of 1.0
and a minimum of 0.01). The charge factor is
multiplied by the transportation price to determine
the user’s cost.

Spacolab eporatiens price

The operations price for a dedicated Spacelab
element is shown in the pricing table: The opera-
tions price for a .shared element is calculated on
the basis of the user’'s share of the Spacelab ele-
ment. This is called a load fraction {to differen-
tiate it from the load factor used for the Shuttle
transportation price) and is calculated according to
the accompanying table.

Spacelab dedicated-element price

Price (1975 dollars)

Short module $1 340 000
Short module and one pallet 1 670 000

_Element or combination

Short module and two pallets 2 000 000
Short moduls and threg pallets 2 340 000
l.ong module 1 670 000
l.ong module and one pallet 2 000000
{.ong module and two pallets 2 340 000
Pallet plus chore of igloo 434 000

Load fraction calculation
[for shared-element flight)

Use greater of weight or volume

Pressurlzed Total paylosd weight, |b

Element
Weight calculation Volume calculation
Pallet Total payload weight, |b Payload volume, 13
4890 530
Total payload weight, kg (Paylocd volume, m3)
2218 15

(2 X experiment volume, fta)’« storage voluma, 3

module 14 065

/

1413

6330 /

e

(Total payload weigit, kg“s \£'2 X experiment voiums, m3)+ storage vosume, mS)
40
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The calculated load fraction is divided by 0.75
to determine the charge factor. (The charga factor
for a module .is subject o a minimum of 0.01
and a maximum of 1.0; the charge factor for a
pallet is subject to a minimum of 0.04 and a
maximum of 1.0.) The element charge factor is
multiplied by the price of the dedicated element
to determine the operations price.

The operations price must then be added to
the transportation price already calculated.

NASA may, at its discretion, adjust up or
down the calculated load factors or load fractions
for special weight or space requirements, including
but not limited to:

o Excessive local or total volume

® Sight clearances, orientation, or placement
limits

© Clearance for movable payloads

© Unusual access clearance requirements

O Clearance extending beyond the bounds of

" the normal element envelops

0 Extraordinary shapss

Spacelab use fee

© Substantial differences bstween upweight and
downvwveight

The adjusted values will be used for computing
costs and prorating services. -

Spaeolab use fco

The use fee for non-U.S. Government users lIs
based on utilization of Spacelab facilities and
equipment at KSC and JSC and utilization of the
hardware required for the configuration the user
selects for his particular mission. It is added to
the transportation and operations prices. This fee
is also prorated for shared-element users on the
basis of the load fraction.

KSC and JSC facilities
and equipment
Ground support equipmeant

Total

Mission-independent
Spacelab hardware
Long module
Short module
Pallet
Igloo {instrumentation
packags)
Mission-dependent
Spaceleb hardware
Single experiment rack
Double experiment rack
Viewpoint
instrument pointing system
Optical window
Flight recorder

Item Proration factor | Fee (constant)
Shuttle Charge $229 000
factar
Shuttle charge 43 000
factor
272 000
Spacelab slement
chgrge factor
389 000
340 000
25 000
119 GO0
Space elemeant
charga factor
1 000
i 000
1 000
66 000
2 000
1 000
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FLIGHT KITS

" The Orbiter is dssigned to provide zdequats
standard interfaces that can bz used by or gdapted
to most potential payloads. Additional support
systems — flight kits — ore available as an op-
tional service to extend the basic Orbiter capabil-
ity. These flight Kits are briefly described in this
section. The accompanying tables will help a user
determine his cosis. The prices listed are subject
to escalation and the current basic prices may be

A serial Impact cost is also part of the user's
cost. 1t Is ossociated with the total installation
time and is determined ot the time the launch
agresment Is ncgotiated. The maximum assessment
can bs calculated from the cccompenying sarial
time table. To make this calculation, the wuser
should total the installation times for all kits to
be used, then subtract 16 hours; total the removal
times and subtract 8 hours. The remaining hours

adjusted.

above the

Flight kit dimensions and prices

bsssline should be ‘multiplied by

Flight kits Length, ft {m) Weight, b {kg) Cost, 1975 dollars®

OMS dslis-V kit

1 kit 9 {2.745) 16 302 (7 401) $219 6356

2 kits 9 (2.745} 29 468 {13 379)

3 kits 9 {2.745) 43033 {19 6537}
Docking module 7 1(2.135) 3777 (1715) 12 957
Dolta nitrogan tanks 3(0.915) 114 {52) 6 389
Delta wsste tanks 3 (0.915) 200 (21) 3 174
PRSD/EPS tank sst Kits

Uppsr 9 (2.745) 1 664 {710) 66 823

Tank sat () 9 (2.745) 1564 {710) 112 743

Tank sst {6} 9 {2.745) 1564 (710 114 840

Tank ¢t {7) 9 {2.7456) 1684 (710} 114 p40
Second remote manipulator systom N/A (N/A) 1150 (522) 23 529

%plus sorial Impact cost, If any.




$13750 to determine a maximum potential assess-
ment. However, installation of kits in parallel or
other faqtdrs can shorten this time.

The user must also edd the weight and length
of each chosen flight kit to his payload size when
calculating the Shuttle transportation cost.

Serial time impact

i installation Removal

Flight kits time, hr time, hr
OMS delta-V kit 22 22
Docking module 55 16
Delta nitrogen tanks 17 6
Delta waste tanlk 22 10
PRSD/EPS tank sets {upper) 25 5
PRSD/EPS tank set (5) 225 105
PRSD/EPS tank sets (6 or 7) 145 105
Second RMS 20 8

OMS delta-V it

The OMS delta-V kit consisis of auxiliary pro-
pellant tanks that provide an additional 500 ft/sec
(152 m/sec} velocity to. the Orbiter in orbit. This
kit is designed to increase the Orbiter mission
capability and has no direct interface with the
payload. As many as three kits can be added to
the integral orbital maneuvering subsystem (OMS)
propellant tanks to produce a total delta-V capa-
bility of 2500 ft/sec (762 m/sec).

Docking module

The docking module kit is installed in the
Orbiter cargo bay when mission requirements call
for other orbiting vehicles to dock with the Shut-
tle Orbiter. It incorporates a docking device similar
to that demonstrated in the Apollo-Soyuz Test
Project.

Second remote
manipulator system

A kit providing a second remote manipulator
arm can be located on the right side of the cargo
bay opposite the baseline remote manipulator
system (RMS). Like the baseline system, the RMS
kit consists of a 50-foot (15.24-meter) manipulator
arm, the controlling machanism (independent of
the other arm and operated from the crew com-
partment), and a jettison system. This kit allows
for multiple deployment of payloads or allows
both arms to manipulate one payload togsther.

Delta nitrogen tanks

The delta nitrogen tank kit consists of a spheri-

‘cal tank ({weighing 59 pounds (26.8 kilograms)

dry} that can provide 45 pounds (20.4 kilograms)
of useable nitrogen for Orbiter living space atmos-
phere, The number of tank lits necessary depends
on the length of the Shutile flight desired. The
kits are located in the Orbiter midfuselage betwesn
frames forward of the wingbox.

Additional nitrogen tanks required®

Mission days Tanks
7 1]
12 1
18 2
24 3
30 4

8Tanks are cdded on extended flights as roquired
to compansate for 5.32 ib/day (2.41 kg/day) cabin loaksge.
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Delta waste taniks

The delta waste tank kit consists of a single -

cylindrical tank with a capacity of 2.5 cubic feet
(0.0708 cubic meter) of water. The waste tanks
coilect wastewater gsnerated by the crew. Kits to
provide additional tanks are required for mission
length or crew size above the baseline.

Estimated additional waste tanks required

Number of Tanks required for —
crewmembers
mission length, days
7 12 18 24 30
4 1] 1 2 4 5
6 1 5 7 9

PRED/EPS tank sots

Kits are available to provide additional electrical
power for payioads. The baseline Orbiter has 1530
kWh (5508 megajoules} of energy and the Orbiter
itself typically uses 204 KkWh/day (734 MJ/day).
Each kit provides an additional 840 kWh (3024
megajoules). A kit consists of two sets of liquid:
hydrogen tanks and two sets of liquid oxygsn
tanks for the power reactant supply and
distribution/electrical power supply (PRSD/EPS)
systems.

Each tank series is considered a separate option,
depending on its location in the cargo bay. The
configuration of the payload will determine which
kit is required. Their locations are as follows.

PRSD/EPS tanks (upper): These kits are locatsd
above the cargo bay liner and as many as four
kits can be used to provide a total additional cap-
ability of 3360 kWh (12 096 megajoules).

2-10

PRSD/EPS tank et (5): This kit is in the
cargo bay below the liner.

PRSD/EPS tank cot (6 cnd 7): These Kits aro
also located in the Orbiter cargo bay bslow tho
liner. ) '
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OPTIONAL PAYLOAD-RELATED SERVICES

Users that require services above those provided
in the standard price and optional flight systems
may be accommodated by optional payload-related
services. Some options are common to many pay-
loads and others are custom-tailored to specific
payloads. Some of the common options have been
identified in this part; additional ones will be in-
cluded as they become baselined. '

The custom options will be negotiated when re-
quested by the user. These negotiations will tale
into account feasibility, responsibilities, implementa-

Common optional sarvices

tion, and price. Options of this type are thermal
loads analysis, dynamic loads analysis, custom mis-
sion planning, payload data processing, etc.

A summary of the prices (in 1975 dollars) for
the common payload-related optional services is
shown in the table. The following sections describe
the services. The final price for all payload-related
optional services will be determined during NASA/
user negotiations contingent on specific user re-
quirements. )

Options Price range, 1975 dollars

Extravehicular activity

Payload specialist and training

Additional time on orbit

Payload revisit

JSC Payload Operations Control To be negotiated
Center (POCC) :

Launch site services To be negotiated

60 000 to 100 000 each

75 000 to 100 00O each

300 000 to 350 000 per day
300 000 to 400 000 per flight®

Additional cargo sccommodations |- 48 000+ per payloed (F\QKMD[\U

8Estimated incurred costs only (launch costs and optlonal ssrvices

not included).




EXTRAVENICULAR ACTIVITY

Exiravehicular activity (EVA) includes all activi-
ties for which crewmembers don space suits and
life support systems and perform operations inter-
nal or external to the. cargo bay volume. A
planned EVA can be scheduled by a user to com-
plete a payload mission objective.

Every Orbiter flight is capable of providing the
equipment and consumables required for two EVA
operations, each lasting. a- maximum of 6 hours. If
additional payload EVA's are needed, the addi-
tional consumables and eduipment weight will be
allotted to that payload.

The NASA will assume the cost for baseline’

equipment development and production and stand-
.ard (not mission-unique) STS crew training, specifi-
caily:

1. Two 6-hour EVA's per flight performed by
one or two NASA crewmembers ' .

2. Remote manipulator system support to EVA

3. Standard support equipment, such as tools,
restraints, lights, television

4, Voice communications

The user will assume the cost for EVA systems
provisions, EVA support equipment, and EVA
crew training that is payload-specific.

Depending on the complexity of the EVA re-
quired by the user, the following functions and
hardware will be performed or provided by NASA:
extravehicular mobility unit and communications
equipment, flight design, flight oparations support,
crew activity planning, and training. The individual
cost to perform the functions and provide the
hardware dictates an EVA price rongs of $60 000
to $100000. The cost for any mission-unique
EVA support equipment is not .included in this
price range. The final price will be determined at
the time of user negotiations with NASA and will
be contingant on specific user requirements.
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PAYLOAD SPECIALIST AND TRAINING o

A payload specialist is a crewmember responsi-
ble fof operation and nianagement of the experi-
ments or other payload elements that are assigned
to him or her, and for the achievement of their
objectives. This crewmember may either be a
NASA employee or come from the user organizal
tion. The payload specialist will be an expsrt in
experiment design and operation.

This option will apply if user requirements indi-
cate the need for this crewmember. If the user
selects this optibn, NASA wiil provide flight opera-

tions training (except payload-unique training),

equipment, and supplies’ to support the payload
specialist during the mission, o
The payload specialist will receive flight-
independent training (which involves those crew
tasks necessary for any crewmember to function
effectively during a flight) and participate in inte-
grated simulations for the specific flight. A typical
training schedule will extend for 12 months, but
for some payloads the user may want the candi-
date to be screened longer before the flight, thus
increasing the duration of training. Usually, 2 of
the 12 months will be spent in formal classroom
and trainer/simulator training during which the
payload specialist must be dedicated nearly full

time. 'The remaining time will be allocated to
STS/payloed flight plan intsgration and reviews,
flight techniques meetings, and flight requirements
implementation reviews which will require payload
spacialist only part time. For some complex pay-
loads, the dedicated training may require more
than 2 months. "

It will be the user's responsibility to provide
the payload specialist with payload discipline train-
ing.” R

The charge to the user will include the cost for
preflight trainingtand in-flight equipment and sup-
plies (Government-furnished equipment, food, bio-
medical needs). The individual cost for each of
these dictates a price range of $75000 to
$100 000 for as many as 7 days on orbit.

Not included are the payload specialist’s per-
sonal costs while attending on-site training at JSC.

In addition to these costs, the weight of seats,
personnel, and consumables is added to the pay-
load weight.

If a trained payload specialist makes repeated
flights, the cost for later flights will be negotiated.
It will depend on specific user requirements and
the payload specialist’s need for further training.

MONTHS BEFORE LAUNCH

2 11 10

8 7 6 6 4 3 2 1

CANDIDATES NAMED . A

EARLIEST RECOMMENDED DATE
TO START STS TRAINING

PAYVLOAD DISCIPLINE TRAINING A
FLIGHT-INDEPENDENT PART TIME
TRAINING -A
DESIGNATION OF PRIME
- PAYLOAD SPECIALIST A
NEARLY FULL
STS FLIGHT-DEPENDENT TIME
TRAINING A A
Typical training schedulo for a payload specialist.
3-3
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ITIONAL TIWE ON ORBIT

One- day of mission operations Is included In
the standard sorvices 10 a pavioad as part of basic
Space Shuttle transportation.

For dedicated flights, 1 day of mission opara-
tions is defined as a 24-hour period from launch
to landing. A user requiring additional time for
mission oparations will bg charged a daily rate.

"For shared fiights, a theoretical mission duration
for each payload will ba determined on the basis
of how much time the individual payload would
require if it were on a dedicated flight. This theo-
rotical misslon duration will define the time ac-
countable to each payload. Therefore, time on
orbit involving orbital translation maneuvers, sta-
tionkeeping, and attitude maneuvers for purpose of

Orbiter . transition from one payload’s objectives to
another's will be a NASA rasponsibility and will
not be considered in determination of charges for
this option, '

Any situation involving the need for more than

ong standard day of on-orbit time will dictate the
purchase of this option. These situations include
repair or servicing a payioad, photographic or ob-
servation sequences, or more than 7 days use of a
Spaceiab. '

The price for additional time on orbit ranges
from $300 000 to $350 000 per day. The final
price wiil be determined at the time of ussr nego-
tiations with NASA contingent on specific user re-
quirements.




PAYLOAD REVISIT.

The payload revisit option applies to users re-
questing transportation services to replace, retrieve,
or service an orbiting payload. Replacement, -re-
trieval, and servicing are quite different mission
activities and the costs reimbursed to NASA re-
flect these differences.

Replacement

All users replacing an orbiting payload will be

- charged the launch cost {dedicated or shared) of
the replacement payload plus any additional op-

tion{s) and/or incurred costs that may be required
as a result of the replacement activity. -

Retrieval

Users requiring" a dedicated flight for a retrieval
mission will reimburse NASA according to the
dedicated-flight-price provisions of this document.

Shared-flight users will contract for a retrieval
performed at NASA’s convenience. In this situa-
tion, - NASA performs the retrieval when a
retrieval-compatible mission is scheduled to fly to
the approximate orbit of the user's payload. Users
are not guaranteed a specific retrieval time frame.
For this type of “opportunity’’ retrieval NASA
will be reimbursed the retrieval support equipment
launch cost according to the shared-flight prices in
part 1, plus any additional options and/or incurred
costs that may be required as a result of the re-
trieval activity.

S@wﬁ@ﬁn@

Users - requiring a dedicated flight for a servicing
mission will- reimburse NASA the dedicated-flight
price. Shared-flight users may contract either for a
firmly scheduled revisit to service or servicing per-
formed at NASA’s convenience. The scheduled ser-
vicing revisit will cost the shared-flight price, com-
puted on the assumption that materials and hard-
ware will be exchanged on an essentially one-to-
one basis {(of weight or length).

Shared-flight users who require only an inspec-
tion and are willing for this to be done at
NASA's convenience will reimburse NASA only for
any additional options and/or incurred costs that
may be. required.

Price estimeation

The price for the payload revisit option is the
sum of ‘the charges for a dedicated or shared
flight {listed in part 1), additional optional services
{described separately), and any incurred cost for
the revisit. These incurred costs include the re-
sources required for flight design, preflight and
real-time operations support; crew activity planning;
training and simulation support. The price range
for these incurred costs is $300 000 to $400 000
for any one of the types of revisit missions. The
final price will be determined at the time of user
negotiations with NASA contingent on specific
user requirements.
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JSC PAYLOAD OPERATIONS CONTROGL CENTER

The JSC Payload Operations Control Center
(POCC) enables the user to support real-time oper-
ations involving his own attached -payload. The
POCC includes support for both payioad systems
and science functions. The systems function in-
cludes Orbiter interface responsibilities as well as
payioad hardware ‘systems support. The science
function includes all payload scientific data evalua-
tions and payload objective determination. :

The basic purposes of the POCC are:

® To permit users on the ground to support
and interact with the onboard crew

® To provide ground command capability to
enhance crew efficiency or operate experiments

® To perform payload activity rescheduling re-
quired by contingencies -or experiment results

® To provide payload contingency analysis be-
yond crew capability _

® To provide greater latitude in the selection
and design of experiments ’

e To increase the return on mission objectives
as set forth by the user

The iwo basic support modes are host and
limited. .

in the host mode, the POCC provides facilities
with a standard complement of capability for data
monitoring, payload commanding, and voice com-

" munications with the crew and the Mission Con-

trol Center {MCC). The user provides all the pay-
load operations personnel necessary to support
real-time payload activities including real-time com-
mand and control, real-time data evaluation, sci-
ence planning, and experiment performance moni-
toring, as well as payload system troubleshooting.
The JSC will provide only those personnel neces-
sary for POCC familiarization training, procedures
coordination, and equipment anomalies.

In the limited mode, the user provides part of
the payload support and NASA provides payload
support in selected areas s may be agreed upbn.

The training and simulation required of the
POCC operations personnel will depend to a great
extent on the self-containment of the user’s pay-
load. Generally, POCC personnel will receive basic
training in various areas such as MCC familiariza-
tion and operations of the POCC consoles.

The requirements of the payload’ will determine
additional training in such areas as telemetry -oper-
ations, ground data systems, data management and
Orbiter systems. POCC personnel training will also
include STS and POCC integrated simulations using
the MCC and the Shuttle mission simuiator as
necessary.

The charge for use and services of the POCC
will be based on four individual cost categoriss, as
follows. . .

1. Cost for NASA personnel required to prepare
for and perform real-time POCC support as re-
quired by the user. ‘

2. Use chargz for office gpace, POCC facilitics
and common office corvices required by user par-
gonnel for proflight, flight, and postflight time por-
iods.

3. Cost for manpower and facilities to accom-
modate unique payload POCC training and mission
simulation activities.

4, Cost for spscialized services, such as flight
data reduction, voice transcripts, video tapzs, data
lines to distant user locations.

Because of the variable nature of the POCC re-
quirements for individual payloads, the price will
be determined at the time of user negotiations
with NASA.




LAUNCH SITE SERVICES

Launch site support services and facilities above
those standard services inciuded in the basic price
are available at KSC and adjoining Caps Canaveral
Air Force Station. These are described in detail in
the "KSC Launch Site Accommodations Handbook
for STS Payloads” (KK-STS-M-14.1).

The price for the facilltles shown in the table
will cover utilities, operation and maintenance
costs, and basic janitorial services. Non-U.S. Gov-
ernment users must also pay a constant-doiiar use
fee. The prices shown are for use of the facility
by one payload; a facility with the capability for
multiple payloads ‘is not dedicated.

If a user requires faciiity modification, an addi--
tional charge wili bs made. .

The price for support services will be deter-,
mined by the amount and kinds of services re-
quired. Those that are not a part of KSC over-
head will be priced indlvidually. At the time a
preliminary payioad Integration plan is issued, KSC
will identify the potential services that may be re-
quired, based on experience with simiiar payloads.
The final llst will be negotiated as part .of the
launch agreement.

Optional launch site facilities

Facility Price per day, | Use fee per day,

1975 dollars constant dollars
Delta spin test facility 1326 1007
Explosive safe area 60 1326 ioo7
Hangat AM 1328 1007
Hangar AO 1326 1007
Hangar AE 1326 1007
Hangar § 1326 1007
Spacecratt asssmbly 1326 1007

and encapsulatioh
facillty no. 2
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ADDITIONAL CARGO ACCOMMODATIONS =

The additional cargo accommodations option

will be available to those users who desire (1) .to -

assure - themselves of Orbiter compatibility by their
use of existing Orbiter or Orbiter-type equipment,
(2) autonomous avionies checkout capabilities in-

dependent of other payloads, (3) minimum Orbiter

integration, installation, and checkout time, and
(4) a full line of Orbiter accommodations services.
NASA will provide Orbiter hardware in the pay-
load station on the aft flight deck and in the
cargo bay for maximum flexibility of mixed cargo
integration for each flight. The major hardware
items which comprise this capability are: (1) fiex-
ible multiplexer/demultiplexer (MDM) and associ-
ated ground-support ‘equipment (GSE), (2) power
distribution unit, (3) frequency division multi-

3-8

. plexer, (4) timing buffer amplifier, (5) cables in

the aft flight deck and cargo bay, (6) payload
switch panel,. (7) closed circuit tolevision, and (8)

" manual pointing control.

This option would provide the user with the
usa at his own site of a flexible MDM, and associ-
ated GSE, and a power distribution unit for 3
months before his launch date to check out opera-
tion of his payload. The MDM/GSE will bs used
to simulate the operation and connsctions of the
hardware to the payload station. The charge reim-
bursable to NASA for this option is $48 000 for
each use. Any user requiring this complement of
hardware for an additional period of time over 3
months will be assessed an additional charge of
$2800 per wesk.
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SPECIAL FEES AND SCHED

ULES

-This section outlines the normal schedule for

reimbursement to NASA and the normal launch

schedule, which are directly related. The remaining
sections of part 4 describe options the user can
exercise to deviate from standard flight and billing
schedules, and the special fees associated with
each. S : .
All prospactive users, regardless of reimburse-

ment class, must pay NASA $100 000 earnest

money before contract negotiations for a flight
begin (except earnest money for a small self-
contained payload is $500). This nonrefundable
earnest money (in 1975 dollars) will be applied to
the user’'s first payment, or will be retained by

" NASA if negotations are not completed. This ear-

nest money is normally paid 3 vyears or longer
before the desired launch date.

Billing schedule - ‘

The basic billing schedule for all users begins
33 months before the planned launch date. Users
who contract for Shuttle services on shorter notice
(1) will pay a higher total cost and (2) will have
to_pay on an accelerated schedule. This accelerated
payment schedule will be used for short-notice
contracts unless some offsetting advantages accrue

Payment schedule

: . Payment due, %
Contract Total,

initiation | Months before launch 9

33 27 21 15 9 3

Nominal schadute | 10 10 17 17 23 23| 100
{more than 33
months before
launch date)

Accelerated

schedule
{months bofore
launch date)
27 t0 32 2t 17 17 23 23| 101
21 to 26 40 17 23 23] 103
15 to 20 61 23 23| 107
9to 14 90 23| 113
3t08 122 122

to the U.S. Government in an accelerated launch
schedule. (In that instance, the Government may
walve some or all reguirements.)

The schedule for both normal and accelerated
payments is shown. All reimbursements to NASA
will be made before the flight except for those
items negotiated in the launch agreement as actual
|ncurred costs.

Flight schedule

On a normal schedule for a dedicated flight, 3
years before the flight NASA and the user will
identify a desired launch date within a period of
90 days. One vyear before the flight, firm launch
and payload delivery dates will be identified by
NASA. The firm launch date will be within the
first 60 days of the original 90-day period.
Launch will oceur on the firmly scheduled launch
date or within 30 days thereafter. The payload
must be ready to launch for the duration of that
period.

On a normal schedule for a shared flight 3
vears before the flight NASA and each user will
identify a desired launch date. Launch will occur
within a period of 90 days, beginning on-the de-
sired leunch date. One year before the flight, firm
launch and payload delivery dates will be coordi-
nated among the shared-flight users. This firm
launch date will be within the first 30 days of
the original 90-day period. Launch will occur on
the firmly scheduled launch date or within 60
days thereafter. The payloads must be ready to
faunch for the duration .of that period.

A 20-percent discount on the standard flight
price will be given to shared-flight users who fly
on a space-available (standby) basls. NASA will
provide launch service within a prenegotiated per-
iod of 1 year. Payloads must be ready for de-
livery to the launch site on the first day .of that
1-year period and must sustain that condition. until
actual delivery. The user will be notified 60 days
before the firmly scheduled launch date. The pay-:
load must bz available at the launch site on the
assigned delivery date and ready to launch for a
period cof 60 days after the firmly scheduled
launch date.




SCHEDULE OPTIONS

Future fixed price

‘A fixed-price aption for future flights in a
given year beyond the 3-year fixed-price period
will be made available to users already contracting
far STS launch services. NASA shall be reimbursed
the -user's flight price compounded at 8 percent
for each year beyond the fixed-price period. The
fee for this option is $1 million (in 1975 dollars)
payable at the ‘time the earnest money is paid.
The option fee will be applied to the user’s first
payment, The user will exercise this option by
contracting for the fiight on the normal 33-month

. reimbursement schedule, or the option fee will be

retained by NASA.

Guaranteed launch date

In aorder to ensure that space will be available
for flights in a given future year, scheduled launch
options (in which NASA will provide a launch
during a 90-day period) will bs givgn to STS users
already contracting for flights. The fee for a guar-
anteed launch date option is $100000 (in 1975
dollars) applied to user's first payment. The user
will' exercise this oaption by contracting for the
flight on the normal 33-month’ reimbursement
schedule, or the option fee will ‘bs retained by

NASA.

'F;,loating launch date

The “floating launch date” affords some flexibi-
lity in choosing a launch date. The user negotiates
a contract and begins payment according to a ten-
tative launch date at least 33 months away. This

~option costs 10 percent of the flight price in

effect when the contract is negotiated and the fes
must be paid at that time. The fee is in addition
to ather charges and is NOT applied to later pay-
ments due. When the user notifies NASA of a
desired launch “date (anytime 1 (year or more
before the dssired date), a firm launch schedule is
negotiated. If the user requests a firm launch date
less than 12 months in advance, ' the short-term
callup fees apply. :
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This option permits @ user who expects to need
a launch at some uncertain time in the future to
contract for a flight without specifying a firm
launch date; thus, no postponement fees result.

Accelerated launch date

Users who reschedule a launch so that it occurs
earlier than the planned launch will pay on an
accelerated-payment schedule, Users who exercise
this option must pay any back fees, so that they
will be charged the same total cost as users who
contract late. (The only exception would be if
earlier payments had been lower because adjust-
ments for inflation occurred after those payments
were made.) For example, a user on a 33-month
schedule who had aiready made two 10-percent
payments and then wanted a 15-month launch
would owe 41 percent (the difference between the
20 percent already paid and the 61 percent due
on the new schedule) and then would continue
payments on the 15-month schedule. If the time
the user notifies NASA of acceleration is less than
1 year from the new launch date, short-term call-
up reimbursements wilt also apply.

Short-term cailup

Users who want to contract for flights less than
1 year before the desired launch date can elect
the short-term callup option.

For a dedicated flight scheduied at least 3
months before launch, assuming NASA can accom-
modate the user, the only additional costs will be
those incurred on the accelerated-payment sched-
ule. Shared-flight users, in addition to paying the
higher costs on the accelerated-payment schedule,
must pay a load factor recovery fee. This fee de-
pends on how lang before launch the shart-term
callup is exercised and on the availability of other
payloads for the flight.

Users of either shared or dedicated flights who
contract less than 3 months before the lsunch
date will be charged the estimated additional costs
to NASA, if these users can bs cccommodated at
all on such short notice.
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Shared-flight users who want a launch date less
than 12 months away and elect to ba considered
on a space-available basis will not be sassessed
short-term callup fees.

Postponement

If the user incurs problems ﬁmt»temporarily
preclude launch during the initially negotiated
launch period, postponement options are available.

. Most of them involve additional fees.

No additional fee is required for dedicated-flight
and nonstandby shared-flight users who notify
NASA more than 1 year before the scheduled
flight date and who postpone only once. Similarly,
standby users can postpone 6 months or more be-
fore the beginning of their negotiated 1-year
launch period without additional fees and a new
launch period will be negotiated.

After the first postponement, or for any post-

" ponement occurring less than 1 year before the

planned launch, dedicated-flight users must pay a
fee of 6 percent of the flight price.

Nonstandby shared-flight users must pay the b
percent plus ‘an occupancy fee. The occupancy fee
{explained further in NMI 8610.8, attachment E)

.depends on how long before launch the option is

exercised and on the availability of substitute pay-
loads. The philosophy is that the user should bear
any additional costs caused by schedule changes he
requests. ¢

Standby shared-flight users will pay the 5 per-
cent and the occupancy fee if they postpone less
than 6 months before. the planned 1-year launch
period. :

If any postponement causes a payload to be
launched in a year when a higher price has been
established, the new price will apply.

Cancellation

Any user who cancels a flight must pay 10

" percent of the flight price. In addition, for shared

flights, an occupancy fee wili be assessed non-
standby users who cancel less than 1 year before
the scheduled lsunch date or standby users who
cancel less than 6 months before the planned
launch period.
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CALCULATION OF REIMBURSEMENTS

From the precading parts of this document, it
is evident that there are many ways to use the
STS to transport payloads to orbit. For any given
user’s launch or series of launches, a number of
combination,s‘of services is available to meet the
user's needs. Each combination .of standard serv-
ices, pption,a] flight systems,. optional payload-
related _services, and speciél fees and schedules to
sa_iisfy the user's requirement is a scenario or
strategy the user. must evaluate financially to de-
termine the best way to use the STS from his
perspective. Each scenario characteristically has its
own. total price and cash flow.

!

This part explains the methodology the NASA
uses to calculate the total price for payload trans-
portation to orbit on the STS and the schedule of
reimbursements or cash flow due from the user to
the NASA. Included are the formulas from which
a financial analyst can confidently estimate the net
present value of a launch, the real-year cost of a
launch, or other cost criteria to determine the
launch scenario that best suits the user's service
needs. Schedule and financial “interfaces between
the NASA and user are illustrated in the accom-
panying flow diagram. '

Uger NASA
Linfarms NASA of: Determines:
6 Payload size & Category .
@ Destination @ Whether dedicated
© Dasired schedule or shered Which datermine
payload flight
i
User price
NASA znd Ugsr @ Mgkes earnast monsy paymant

initial pianned launch date
dstermings roimbursemant

© Jointly astablish
launch perlod

@ Dacides whether or not to purchese
cost and/or schedule optlons on
future flights

@ if sharing fiight, decides whether or
not standby discount Is dosired

cchedulo
Peyment due, %
Contrect Totel,
initiation Months before leunch %
3 27 2 15 9 3
: Nominai scheduie {more 10 W0 17 17 23 23 100
. thon 33 mo baforo
: feunch datal
Accelorated schedule (monthe
batoro leunch dato)
27 10 32 21 17 17 23 8 101
211026 40 17 23 28 103
‘U Jon: 15t0 20 81 23 23 107
war optlon: 9to 14 90 23 13
© Short-torm callup 3t08 122 122
© Space aveileble
Problems
No problems

Lozding to
o Postponemont
& Cancellation

!

Cost Impeet (lounch scheduls)

Launch es planned
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THE LAUNCH PRICE

The price for STS launch services is the sum of
the following costs.

1. The portion of cost for standard services
(dedlcated or shared) (from part 1).

2. The costs of optional fhght systems (from
part 2).

3. The costs of aptional payload -related services
{(from part 3).

4, The costs of special fees and schadules (from

_part 4).

The price consists of two segments for calcul'a-
tions of the reimbursement scheduled or cash

5-2

flow. Segment 1 of the price is that sum of costs

expressed in this document in terms of a January

1, 1976, dollar base, ‘which Is subject to ‘escala-
tion. Segment 2 ‘of the price is that portion of
the price which is not subject to escalation, such
as the use fee charged non-U.S, Government users.
For shared flights, the charge factor (from the sec-
tion- “Reimbursement categories” in part 1) applies
to both segments of the price for standard ssrvices
and the costs of any optional services are added
as a whole to determine the total price.



'THE CASH FLOW

‘Fhe payment schedule (part 4) for reimburse-
ments expressed in terms of -‘percentage .of total
price : per ‘specified time .periods before launch
applies to both segments of the price. However,
the price should be separated into both segments
(escalated and nonescalated) and spread according
to the percentages to facilitate cash flow analysis.
Those prices expressed in January 1, 1975, base
dollars are subject to escalation as determined by

the Bureau of Labor Statistics index for compensa-

tion per hour, total private.
When a payment becomes due, the escalated
segment of the price is raised to current value by

applying the index multiplier to the base price .

due. The index value Is calculated from the future
value formula for compound interest as follows.
The actual values for the index i are inserted in
the equation from January 1, 1975, to the current
date. '
index multiplier

=+ X+ XA+D X L X (1+9)
Jan.75 Feb.75 Mar.75 current

For example, the value of the index. to raise
January 1, 1975, dollars to October 1, 1977, base

~dollars is 1.263, and this multiplier would apply

to a payment due in October 1977,

-To estimate the future payments value, an
index value may be assumed. The ex_amplés in this
section assume. an annual rate of 7 percent per
year. Therefore, the monthly index multiplier is
the 12th root of 1.07 or 1.005654 to apply as an
estimate of the monthly index in the future.
Assuming October 1, 1977, as the current month,
then the future payments cost can be estimated as
follows.

Future value payment
= (1.263) X (1 + 0.005654)" X R

where 1.263 is the actual index multiplier through
October 1, 1977, 0.005654 is the monthly index
assuming. 7 percent per year escalation, n is the
number of months from October 1977 to the due
date of payment, and R is the portion of the
total price due in January 1, 1975, base dollars.
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EXAMPLES OF REIMBURSEMENT CALCULATIONS

The tables in this ssction provide some typical Examples include combinations of standard serv-

examples of how reimbursements to NASA and ices, optional - flight systems, optional payload-
the payment schedules are calculated. Examples 1 related services, and speciel fees snd schedules.

and 2 are for similar payloads in different user
classes. Example 3 is a representative Spacelab cal-
culation. ‘A series of launches by the same user is
calculated 'in example 4. SR

Example 1. Civilian U.S. Government user, shared payload, using SSUS-D

PAYLOAD INFORMATION

Numberf Name’ Launch date Length, - Weight, Orbital Chargs
’ in. (m) b (kg) inclination, factor
. deg
1 |cwit shered| MAR 1981 [108.00 (274)| 8000 (3628.8) 285 | 02

Anticipated date of earnast money payment is MAR 1978.

Pricing (in millions of 1975 dollars) is based on the following data

Not Subject } Applias to flight

Services required subject to t0 1
. escalation | sescalation

Standard sarvices :
Dedicated flight price ! 18.000 Yes

Optional flight systoms )
SSUS-D 2.000 Ycs
Optional flight-related ssrvices | °
Spin test facility 013 Yos
Spin test facility 0.010 Yas
NASA SSUS agent . .250 Yos

PAYLOAD PRICE SUMMARY

Not subject to | Subject to
Part of prico oscalation cscalation
Civil shared charge fcctor = 0.2
Shared-flight price . 3.600
Optional charges 0010 2.263
Total’ 0010 5.863
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Example 1 (concluded)

SPACE TRANSPORTATION SYSTEM PRICING REPORT

Months Payment Percent . Escalated portion of payment Nonescalated | Projected’
before due of total portion of total

launch date. _duse 1975 | Real-year | Escalation paymant - escalated

dollars | dollars (est) factor payment

36 MAR 78 0 0.100 | 0.130 1.300 0.000 0.130
33 JUN 78 10 486 643 1 1.323 001 644
27 DEC 78 10 586 .801 1.367 001 802
21 JUN 79 17 997 1.409 1.413 .002 1.411

15 DEC 79 17 997 * 1.458 - 1.462 .002 1459 -
9 JUN 80 23 1.348 2.040 1.513 002 2.042
3 DEC 80 23 1.348 2.110 - 1,565 .002 2.112
Total 5.863 8.590 - 010 8.600
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Example 2. Commercial user, shared payload, using SSUS-D

PAYLOAD INFORMATION

Number| ~Neme | Launch dste Length, Weight, . Orbital : Cherge
in. (m) : o {kg) Inclination, | factor
. deg
1 Nongovt shared | MAR 1981 | 108.00 (2.74) 8000 {3628.8) 285 - 02

Antlcipated date of earnest money payment is MAR 1978.

Pricing (in millions of 1975 dollars) is based on the following data

_ Not Subject | Applies to flight
Services required subject to to : ‘1
ascalation | ascalation
Standard services
Dedicated-flight price 18.27% Yeos
Dedicated use fess
Facility and equipment 0.834 Yeos
depraciation
Flest procurement 1.453 Yes
KSC 2.011 . Yes
Optional flight systems
SSUS-D 2.000 Yes
Optional flightrelated ssrvicas
Spin test facility : 013 Yes
Spin test facility .010 Yes
NASA SSUS agent ' .250 Yos

PAYLOAD PRICE:SUMMARY

Part of orice Not subject to | Subject to
p escalation ascalation
Nongovt shared chargy factor = 0.2
Shared-flight price 3.654
Use fess 0.860
Optional chargss 0.010 2.263
Total 870 5.917
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Example 2 {concluded)

SPACE TRANSPORTATION SYSTEM PRICING REPORT .

Months Payment Percent - Escalated portion of payment Nonescalsted | Projected
before due of total . portion of total
launch date due 1975 Real-year | Escalation | = payment ascalated
dollars | dollers {est) factor payment
36 MAR 78 0 0.100 0.130 1.300 0.0600 0.130
33 JUN 78 10 492 650 1.321 .087 737
27 DEC 78 10 592 .809 1.367 087 .896
21 JUN 79 17 1.006 1.422 1.414 - .148 1.570 .
15 DEC 79 17 1.006 1.471 1.462 .148 1.619
9 JUN 80 23 1.361 2.059 1.613 .200 2.259
3 . DEC 80 23 1.361 2.130 1.565 200 - 2.330
~ Total 5.917 8.670 - 870 9.540
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Example 3. Spacelab mission,

v

dedicated Orbiter

PAYLOAD INFORMATION

Number Name . | Launch date .| Length, - Weight, Orbital Charge
in. {m}) o (kg) inclination, factor
deg ’
1 Spacelsb SEP 1983 720.00 . 32000 56.0 1.0
{Non-U.S.) {18.28) {14 515.21)

Anticipated date of earnest money paymant ig SEP '1980.'

Pricing {in millions of 1976 dollars) is based on the following data

, Not "Subject | Applies to flight
Services required subject to 0 1
escalation | escalation
Standard services
Dedicated-flight price 18.271 Yes
Dedicated use fees
Facility and equipmant 0.834 Yes
depreciation
Fleet procurement 1.453 Yos
KSC 2.011 Yes
Optional flight systems
Long module and pallet 2.000 Yes
Tunnel adapter .200 Yos
Spacelab use fee 611 Yes
Optional payload-releted services
7 extra days 2.450 Yos
PAYLOAD PRICE SUMMARY
P fori Not subjcct to | Subject to
artof price escalstion sscalation
Spacelab (non-U.S.) charge factor = 1.0
Shared-flight price 18.271
Use foes 4,298 '
Optional charges 611 4.650
Total 4.809 22.921
6—8 .




Example 3 (concluded)

SPACE TRANSPORTATION SYSTEM PRICING REPORT

Months Paymant | - Percent Escalated portion of payment Nonescalated | Projscted
before due ‘of totel p - portion of total

launch dato - due 1975 | Real-year Escalation payment escalsted

s dollars | dollars (est) | factor payment

36 SEP 80 0 0.100 0.154 1.640 0.000 0.154
33 DEC 80 10 2.192 3.430 1.666 491 3821

27 JUN 81 10 2,292 3.710 1.619 491 4,201

21 DEC 81 17 3.897 6.524 1.874 .36 7.359

15 JUN 82 i7 3.897 6.749 1.732 .835 7.683

9 DEC 82 23 5,272 9.445 ) 1.792 1129 10.674

3 JUN 83 23 5.272 9.770 1.853 1.128 10.899
Total 22921 39.781 - - 4909 44,690




Example 4 ~ Nongovernment, muttiple launches

PAYLOAD INFORMATION

Number Name Leunch | Length, ° Weight, - Orbital- .| Load - | Charge
date in. {m) o (kg) | inclination, | factor | factor
T [ : <. deg . .
1 Nongovt 1 | MAR 1981 | 108(2.74) | 7000(3176) | 560 | ‘0450 | o0.20
2 Nongovt 2 | .NQV 1982 |. 1Q8'(2.74) 7500.(3402) 56.0 160 20
3 Nongovt 3 | SEP 1983 108 (2.74) | 8000, (3629) 56.0 A80 ¢ .20

‘Anticipated date of earnest money payment is MAR 1979. Anticipated date of contract signing is

JUN 1979, : .

Pricing (in millions df 1975 dollars) is based on the following data.

Services required Not subject Subject to Applies to flight(s)
to escalation escalation ] 2 3
Standard services '
Dedicated-fiight price 18.271 Yos Yes Yes
Dedicated use fees ’
Facility and equipmant depreciation 0.834 Yas Yes Yas
Fleet procurement 1.453 Yes Yas Yes
KSC 2.011 Yes Yes Yes
Optional flight systems
SSUS-D 2.000 " Yes Yes Yes
Second RMS .149 No No Yes
Optional payload-related services
SAEF-1 . 027 Yas Yas Yes
SAEF-1 1 020 Yes Yes Yea3
Special feas and services
Floating launch date 40 percent of total price No No Yes

Program assumes 26.3 percent Inflati'on from JAN 1, 1975, through OCT 1977 and 7.0 percant pev

12 months thereafter.
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Example 4 (continued)

LAUNCH PRICE SUMMARY" .
Part of price Notsubject | Subjectto | -
to escalation | escalation .
Nongovt 1 charge factor = 0.20
Shared-flight price” - 3.654
Use fees ) 0.860
Optional charges .020 2.027
Total R .880 5.681
Nangovt 2 charge factor = 0.20
Shared-flight price: ) . 3.654
Use fees 860 :
Optional charges .020 2.027
Total .880 5.681
Nongovt 3 charge factor = 0.20
Shared-flight price 3.654
Use fees - .860
Optional charges 020 2.176
Total ) .880 5.830
Floating lsunch fee : .088 583
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Example 4 (continued)

SPACE TRANSPORTATION SYSTEM PRICING REPORT

Projected

Months Payment Percent Escalated portionn | .Escalation | Nonascalated
before due of total of payment factor portion of total
launch date due 1976 Real-year : peyment escalated
dollars | doflars {est) paymant
Nongovt 1
24 MAR 79 | Earnest 0.100 0.139 1.390 0.000 0.139
money o
21 JUN 79 40 2172 3.071 1414 .362 3.423
16 DEC 79 17 966 1.413 1.463 150 4.663
9 JUN 80 23 1.307 1977 1.513 202 2.179
3 DEC 80 23 1.307 2.045 1.565 202 2.247
Subtotal 5.852 8.645 - 806 9.651
Nongovt 2 ;
33 FEB 80 10 568 .840 1.479 .088 ".928
27 AUG 80 10 568 .869 1.530 .088 957
21 FEB 81 17 966 1.629 1.5683 1560 1.679
15 AUG 81 17 966 1.681 1.637 150 1.731
‘9 FEB 82 23 1.307 2.213 1.693 202 2.415
3 AUG 82 23 1.306 2.288 1.7562 202 2.490
Subtotal 5.681 9.320 - .880 10.200
Nongovt 3
61 June 79 Floating - 583 .824 1.413 .088 912
launch fes
33 DEC 80 10 583 912 - 1.564 .088 1.000
27 JUN 81 10 683 944 1.619 088 1.032
21 DEC 81 17 991 1.659 1.674 180 1.809
15 JUN 82 17 991 1.716 1.732 150 1.866
9 DEC 82 23 1.341 2.402 1.791 202 2.604
3 JUN 83 23 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>