











the Future

Spacelane Development

exceed the speed of sound. The Ger-
mans had even more ambitious plans
with a piloted “A” variant which, like
S&nger's Racketenbomber, would
have been capable of bombing North
America.

Post-War

If the thinking done in Europe during
the 1930s represents a preliminary
stage in spaceplane research, then
the next phase probably occurred in
the United States at the end of World
War 1l

Plans had been laid by the US Air
Force in 1944 to tackle the sound bar-
rier. This was broken in 1947 when
Captain Yeager flew the X-1 research
aircraft to Mach 1.06. The triumph was
an overture for a succession of X-
plane variants which nudged the
speed and altitude records upwards.

The next target was clearly to fly to
the edge of space.

Calls were put out by the NACA (Na-
tional Advisory Committee for Aero-
nautics) for vehicle designs. One- of
the proposals that came back in 1953
was the Drake-Carmen composite
vehicle from NACA’s own High Speed
Flight Station. The upper stage of this
TSTO (Two-Stage-To-Orbit) concept
would separate at altitude and then
boost to orbit before descending on a
gliding flight path.

Many other designs were poured
over but the craft which eventually
received a go-ahead in 1955 was the
X-15. This first flew in 1959 and went
on to become the most successful high
speed and altitude research aircraft
ever built.

The X-15 flew to the edge of space.
Indeed, the plane exceeded the

The NACA's Drake-Carmen TSTO Spaceplane.

threshold of 80.5 km (50 miles) on ten
occasions and earned the pilots their
astronaut wings. Everything augured
well for the final target, that of devel-
oping a true orbital spaceplane.

Into Orbit?

During the early and mid-1950s the
USAF had examined a range of orbital
strike and reconnaissance craft con-
cepts. BOMI (Bomber-Missiie), de-
vised by Walter Dornberger (late of
Peenemunde), System 118P and
Brass Bell were all conceived at the
Bell Aircraft Corporation, ROBO was
a winged orbital rocket bomber project
under investigation in USAF research
facilities. HYWARDS was to be a re-
search aircraft aimed at validating the
preceding systems.

Finally, in 1957 and, interestingly,
just one week after Sputnik 1 had been
launched by the Soviet Union, the
USAF drew the various programmes
together and announced the initiation
of DYNA-SOAR (Dynamic-Soaring).
This evolved into a small piloted delta-
winged orbiter launched on a modified
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Titan booster. With an expendable
booster system, however, it was
clearly not a true spaceplane and
merely represented another techno-
logical step towards total reusability.

USAF personnel were still ponder-
ing total reusability, however, in the
shape of Aerospaceplane, a SSTO
(Single-Stage-To-Orbit) vehicle that
would be,

“..of tremendous big winged design ...
propelled from the ground horizontally by
turbojets. The craft would carry liquid
hydrogen and would scoop oxygen from the
upper atmosphere which would be liquified.
With fuel thus obtained ... the vehicle would
be ready to penetrate space and then to
return to the atmosphere for landing at an
airfield.”

Space Daily July 18, 1962, p.75
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(1) A-4b Winged Rocket

(2) - (4) Piloted “A” Variant

This project would have been virtu-
ally impossible to achieve in the early
1960s and it was no surprise when it
was cancelled in 1963. DYNA-SOAR,
by this time labelled X-20, was also
shelved in the same year. US re-
sources were being funnelled into the
Apollo and Gemini programmes and
the aerodynamic way into space
seemed well and truly eclipsed by the
tried and tested ballistic systems.

Europe

In Germany, however, Eugen
Sénger was lobbying hard for Europe
to develop a form of spaceplane, the
Aerospace transporter. He worked
with the Junkers company on a TSTO
design as a precursor to an SSTO
vehicle. Messerschmitt-Bolkow-
Blohm (MBB) were also looking at a
TSTO spaceplane.

MBB TSTO concept of the 1960's.
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Ukrainian - the Russian alphabet does
not even have a letter “i".
Although there is currently only one
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experimental An-225, it is clear that
further aircraft can easily be con- ‘
structed using components from the |
An-124 production line. Its potential is !
enormous. Not only does it have the
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capability to carry up to 275 tonnes, it |
has an impressive 10,000 km range to |
carry an unfueled MAKS or HOTOL to |
remote launch sites. As one example of |
its flexibility, when the HOTOL team ‘
wanted to design for operations out of
the “hot and wet” launch site at Kourou
and it appeared the take off accelera-
tion would be too low. The Antonov
designers rapidly came up with a
scheme for an eight engined version,
by simply podding the inboard engines
in pairs - the wing was already strong
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MAKS Orbiter and Extemal Tank

Kerosene
Tank

A Liquid Oxygen
H Tank

Prepared by British Aerospace Space & Communications Lid

enough for the extra forces involved.

The An-225's suitability as a SSTO
carrier is not just because it can camry a large payload. The
detailed design is also intended for the role. It has suitable
hardpoints on its back and provisions for many of the other
systems needed for this task. This was partly to enable it to
be a camier aircraft for the Buran space shuttle, but also
because it had been designed from the start as a launch
platform for MAKS. This brings us to the history of the MAKS
project

History

In 1982 the US Air Force had a proposal for an air launched
Space Sortie System. This was a small reusable vehicle
intended to be operated in much the same way as a military
aircraft, and to perform “rapid access” missions to low Earth
orbit with minimal payloads. The orbiter vehicle was to be
carried aloft by a modified Boeing 747-200, and used a drop
tank (with about two thirds of the propellant) and a winged
reusable orbiter which carried the remainder of the propel-
lants, engines, crew and payload. The Space Sortie Sys-
tem used “off the shel’ engines in the form of nine RL-10s
as used on the Centaur stage. In addition a further seven
RL-10s were installed in the tail of the 747 to augment the
thrust and provide a high flight path angle for separation.

The Space Sortie System was seen as a way of providing
an “on demand” small launch capability, operating out of

conventional military airfields and capable of being
launched into a varlety of orbits at short notice. In theory
the Sortie vehicle could have flown over any point on the
Earth’s surface within 90 minutes of take off. The winged
orbiter would then have sufficient cross-range io land at a
predetermined Air Force base within the USA. Unfortu-
nately the carrying capability of the Boeing 747 restricted
the system payload to about 3 tonnes into a 28.5 degree orbit
and less than a tonne into a polar orbit (were the real mili-
tary interest lay). With such a limited capability the idea died
before it could be turned into hardware, like so many prom-
ising concepts before and since.

About the same time as the USAF was looking at the Space
Sortie System, NPO Molnija started looking at a similar
system based on the An-124, This was the birth of the MAKS
project. Like the American study they found the concept
technically viable, but the carrying capability of the An-124
restricted possible payloads to the point where they were
too small to be of interest. in 1985 the study moved to con-
sidering launching from the new An-225 and the Council of
Chief Designers approved development of the An-225 with
one of the defined requirements being to carry MAKS. A little
later work also started on a new engine for MAKS, the
RD701, which is discussed later.

Vehlcle
The current MAKS configuration has

Forward RCS

Payload Bay

Forward
Equipment Bay

MAKS Orbiter

a 20m long winged orbiter and a single
drop tank containing all the ascent
propellant in an arrangement similar to
the USA Space Shuttle. At separation
from the An-225 the MAKS stack (or-
biter plus tank) is 36.3 m long and
weighs 275 tonnes of which 27 tonnes
is the orbiter, 11 tonnes is the dry ex-
ternal tank, and the remaining 237
tonnes is propellant.

The drop tank is a major difference to
the Interim HOTOL concept. It has a
maximum diameter of 6.4 m and is
largely manufactured from aluminium/
lithium alloy. The forward hydrogen
tank is separated from the oxygen tank
by an insulated “common bulkhead” in
a similar arrangement to that used on
the USA Centaur and Saturn 5. The
kerosine tank is in the rear of the elon-
gated tear drop shape. Because the
propeliants are stored externally from
the orbiter it is much smaller than the
Interim HOTOL (see table). A conse-
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Another interesting feature of the RD-701 is its use of a
deployable nozzle extension which is lowered into place
when the engine is in near vacuum to increase the perform-
ance. This increases the engine length from 3.8m to 5.4 m
and gives an exit diameter of 2.4 m. When in place and op-
erating in the oxygen-hydrogen mode the RD-701 has a
specific impulse of 4532 N sec/kg; some 100 N sec/kg higher
than the US Space Shuitle main engines.

As with the US Space Shuttle the engine is fed from the
external tank, via fast acting couplings on the undersurface
of the orbiter, through into the rear of the payload bay into
the engine’s feed pumps. Also like the US Space Shuttie the
orbiter has integral orbital manouvering engines for orbit
injection, rendezvous, and reentry manoeuvres.

Mission

The launch process starts with the MAKS Orbiter being
integrated to the external tank. The payload is then installed
within the payload bay and the complete Orbiter/tank as-
sembly is then lifted onto the back of the An-225. The pro-
pellants are loaded into the external tank just before take
off.

At the end of the runway the whole assembly weighs 620
tonnes. After a conventional aircraft take off, the An-225
carries MAKS to an altitude of between 9 km and 10 km with
an airspeed of Mach 0.8 (240 m/s). Up to one hour can elapse
between take off and the launch of the MAKS orbiter. In this
time the An-225 can travel up to 750 km from the airfield.
This gives wider range in fiexibility in launch time and incli-
nation than a fixed launch site.

The separation manoeuvre is a delicate one. The MAKS
vehicle must perform a pull up to separate it from the An-
225, and light the rocket engine without damaging the car-
rier aircraft. As with the Interim HOTOL it is likely that the
An-225 will perform a powered dive manoeuvre with a pull
up, at the moment of separation. Although by way of con-
trast the US Space Sortie System proposed another ap-
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proach of climb and “push over” to separate.

At ignition the engines must provide maximum thrust
driving the MAKS vehicle, which is heavy with fuel, into an
ascent trajectory out of the atmosphere. So the RD-701 is
in its tripropellant mode. When the pressure has dropped to
close to vacuum the nozzle extension is lowered to increase
the expansion ratio and hence Improve the engine perform-
ance.

When all the kerosine has been used the engine switches
to liquid hydrogen and oxygen mode and is working at
maximum performance. In this mode the engine thrust is
reduced by more than half. This Is acceptable as the sys-
tem is now considerably lighter than at launch due to the
propellant that has been burnt.

Like the Shuttle, MAKS discards the external tank before
reaching orbital velocity, leaving it to destructively reenter
the Earth’s atmosphere and burn up. The MAKS orbiter then
uses the smaller orbital manouvering propulsion system to
reach its final orbit, which can be between 200 km and 800
km altitude. After performing the mission MAKS would
perform a deorbit burn, reenter the atmosphere, and then,
like the Shuttle, it would glide down to a runway landing at
the launch site.

For a typical “transport and maintenance” mission to a
space station such as Mir, MAKS would carny a rendezvous
system, a “Mating Module”, and a pressurized cargo com-
partment. The Mating Module would be mounted in the
payload bay immediately behind the crew compariment. In
addition to connecting the crew cabin and cargo compart-
ment, it would carry an expanding adapter tunnel with the
docking interface on it. This would be the connection to the
space station. The Mating Module has an internal volume of
3 m? and the cargo compartment a volume of 20 m®. If addi-
tional crew were required the pressurised cargo compart-
ment would be replaced by a passenger module. MAKS
could also carry a manipulator similar fo the Shuttle Cana-
darm or the Hermes HERA system.

Other mission for MAKS could Included satellite deploy-
ment, conducting non deployable experiments, reconnais-
sance (military and civil) and satellite repair or recovery.

Programme

Since 1982 NPO Molnija have made considerable prog-
ress on the concept. The An-225 has flown and proven its
performance. The RD-701 is 25% of the way through its de-
velopment, and engineering mock ups have been made (see
figure). MAKS structural models for strength and interface
evaluation and a cockpit mock up for human interaction
analysis have also been constructed.

Overall there has been considerable progress on MAKS
development and NPO Molnija believe that a properly
funded programme could achieve a first flight in 1987 with
the system operational by 1999. This would meet the origi-
nal intention of the HOTOL programme to get a reusable
launch system with low cost on demand access to space in
operation before the end of the century.

The NPO Molnija estimate the development costs at
around 3.5 billion ESA accounting units (au). British Aero-
space using West European costings estimated 8.2 billion
au for the total programme. This difference is interesting in
that it highlights the lower costs in the GIS. This is partly the
lower labour costs, but is also a measure of the more effi-
cient project management methods used. A joint ESA/CIS
programme would probably cost somewhere between these
two estimates, although it is to be hoped that ESA nations
can absorb some of the cost effective project methods of
the CIS approach, rather than inflict its expensive methods
on to the GIS.

The Future?

There are now two proposals (Interim HOTOL and MAKS)
based on the An-225 that would meet the HOTOL project
objective to achieve low cost on demand delivery into orbit
before the year 2000. So which is the best way forward?
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with the US planned for 1995.

The future of the Russian space pro-
gramme is however in doubt due to fund-
ing problems, but it is hoped to keep Mir
in orbit beyond its originally intended
lifespan until at least 1996. Manakov and
Poleshchuk are expected to return to
Earth in the Soyuz TM-16 landing capsule
on about 14 July.

Cosmonauts Anatoly Solovyov and
Sergei Avdeyev, who had been aboard
Mir since 29 July 1992, returned safely to
Earth on 1 February in the Soyuz TM-15
landing capsule touching down on the
steppes of Kazakhstan.

The next manned flight to Mir will be the

Long-Stay Mir Missions fo
Continue in 1993

The Russian manned flight programme of 1993 got underway with the launch of
cosmonauts Gennady Manakov and Alexander Poleshchuk In Soyuz TM-16 and
its docking with the Mir space station In late January. The docking procedure
provided a test for a manned docking system that may be used in a Joint mission

fourth Russian-French flight with French-
man Jean-Pierre Haignere (back-up
Claudie Andre-Deshaye) spending 20
days at Mir before returning to Earth in the
Soyuz TM-17 landing capsule. This mis-
sion was originally planned for 1994 but
was brought forward to 1 July 1993 in the
absence of other contenders for cosmo-
naut-research flights. The accompany-
ing cosmonauts, who are expected to be
Tsibliyev and Kaleri, will return to Earth
in January 1994.

For the end of 1993 a main Mir mission
is planned with a physician to spend a
year and a half in space.

The PSLV, which incorporates ad-
vanced liquid propulsion technology, is a
successor to the Augmented Satellite
Launch Vehicle, successfully launched
in May 1992 after several abortive efforts.
The PSLV is one of two powerful rockets
that India is developing. The other is the
Geostationary Launch Vehicle, whose
planned development by 1996 will give
India an undisputed intercontinental bal-

India Set fo Launch New Space Vehicle

A four-stage Indian rocket, the Polar Satellite Launch Vehicle, will place a one-
ton remote-sensing satellite in orbit on its first launch in March from Sriharikota,
Indla’s main launch pad, which is close to the city of Madras.

listic missile capability. According to the
Indian government, the development of
the PSLV and GSLV will make India seli-
reliant in space technology and enable it
to compete in the multibillion-dolar inter-
national space market. India has the most
advanced space programme in the Third
World. In 1980, it surprised the interna-
fional community by placing a satellite in
orbit.

March

STS-55/Spacelab D2: Second German
Spacelab mission with heavy ESA in-
volvement. Launch delayed until early
March.

STS-56/Atlas 2: Follow-up of Atlas-1 mis-
sion for atmospheric applications and
science. Launch scheduled for late
March but may be delayed.

April
Ariane V57: Launch of Astra 1C telecom-
munications satellite with Arsene as
secondary passenger.

STS-57/Eureca: Retrieval mission of
ESA’s Eureca platform.

May
Ariane V58: Launch of Hispasat 1B and
Insat 2B telecommunications satellites.

June
Ariane 5 M1: First firing test of solid rocket
booster with flight structure in Kourou.

September
Ariane V59: Launch of Spot 3 and Stella
for France.

ESA Launch Diary for 1993

Ariane Programme and Space Shuttle
Involvement

October
Ariane V80: Launch of Intelsat VII-F1
telecommunications satellite.

Ariane 5 M2: Second firing test of the
Ariane 5 solid rocket booster with flight
structure in Kourou.

November
Ariane V61/MOP-3: Launch of ESA’s
meteorological satellite Meteosat MOP-
3 and the Mexican telecommunications
satellite Solidaridad 1.

Maser 6 and Texus 31 sounding rocket
launch with major ESA payload participa-
tion.

December
STS-81/HST servicing: Repair mission
of Hubble Space Telescope with ESA
astronaut Claude Nicollier on his second
shuttle flight.

Ariane V62: launch of DirecTV1 and Tha-
icom telecommunications satellites.

Dates of launches are very dependent
on many factors such as readiness of
spacecraft and/ or launcher system and
may remain unknown for quite some time.

— S875-55 ——
ESA’s Spacelab in
Launch Delay

Europe and ESA look forward to being
once more in the forefront of manned
space flight with the launch of the
second German Spacelab mission (D-
2). The original February launch has,
however, been put off untll at least the
second week of March to allow inspec-
tion of all 22 pumps of Columbia’s
engines following a mix-up Involving
the use of old instead of new metal
clips to hold the pumps’ seals in place.

Columbia carries in its cargo bay the
ESA developed Spacelab on a 9-day mis-
sion to conduct fundamental research. A
crew of seven astronauts, five from NASA
and two payload specialists from DLR -
the German Aerospace Research Estab-
lishment - have the task of carrying out
some 90 experiments, 32 of which have
been funded and developed under ESA
responsibility for scientists from univer-
sity and research institutes spread all
over Europe.

Spacelab, as a manned orbiting labo-
ratory, has already flown six times. The
year 1993 marks the 10th anniversary of
the first flight in November 1983 (STS-9/
Spacelab 1).

As was the case for the Spacelab D-1
mission in 1985, DLR has been entrusted
by the German Federal Ministry for Re-
search and Technology (BMFT) with the
project management, the training of the
scientific astronauts and the operation of
the payload. DLR’s dedicated space
operations control centre for D-2 is lo-
cated in Oberpfaffenhofen, near Munich.

Pegasus Launch

At 9:32 am EDT on 9 February, a Pegasus
rocket launched from a B-52 aircraft at
43,000 feet altitude and some 80 miles off
Florida’s east coast carried a Brazilian
environmental sciences satellite into
Earth orbit.

From an altitude of about 550 miles, the
satellite, built and owned by Brazil, is to
be used to collect environmental data
from ground sensors in the Amazon River
Basin and surrounding rain forests and
replace the need for arduous ground trips
into remote regions.

Delta Launch

A Delta ! rocket blasted off at 9:55 pm on
2 February from Cape Canaveral Air
Force Station to launch the 18th of a se-
ries of navigation satellites. The $65 mil-
lion Navstar Global Positioning System
satellite is capable of locating receiver-
equipped military personnel within 50
feet and measuring their speed to within
a fraction of a mile per hour and giving
time to within a microsecond. US military
forces relied heavily on Navstar satellite
during the Gulf War. Civilians using the
satellites can determine their positions
within 325 feet. The Air Force eventually
wants 24 Navstars in orbit 12,500 miles
high.

LAUNCH REPORT ==
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Clipper for power, cooling and the con-
trol interface. A customer can take as
long as it likes to fit a cargo into a
module and then launch it on the next
available Clipper.

Adding to this flexibility is the fact
that since the Clipper does not drop
stages after launch and because of its
inherent reliability, it need not be
launched only from coastal sites.
Since the craft ascends vertically for
the first part of the launch, like any
rocket, noise pollution is kept to a mini-
mum and the launch sites could be
incorporated into existing airports. It
also, incidentally, means that no car-
rier vehicle is necessary to move a
Clipper from one launch site to an-
other: the craft merely does a suborbi-
tal hop.

Reusability and a long service life
are, of course, a major feature. It is
important to note, however, that this
extends beyond the basic structure of
the craft to all the components and
subsystems. The Space Shuttle is
reusable but its engines and many
other onboard systems must be serv-
iced or replaced between launches. In
contrast, MDSSC is specifying a 20
year lifetime for the structure of the
Clipper and a minimum of 200
launches between major overhauls on
the engines, figures comparable to a
modern jet airliner. All of the electrical
and hydraulic systems are also de-
signed for iong, maintenance-free
service.

“Alriiner” Approach

Long component service lives are
made possible by the Clipper’s 4:1 dry-
weight to payload ratio, almost 2.5
times that of the Space Shuttle. Low-
ering the spacecraft's mass to such a
low level, for a given payload size,
enables the designers to use simpler
and more reliable, albeit heavier,
engines and other essential compo-
nents. it also enables them to use
more engines in the base of the craft.
This last means that each engine may
be run at a greatly reduced power leve!
during flight. The normal operating
level for the Clipper’s engines is to be
90% of rated power; the engines would
go to 100% of full rated power during

Schedule for the development of the Delta Clipper.
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DESIGN

FIRST SUBORBITAL
FLIGHT CAPABILITY

DC-X

H
[ / i

MANUFACTURE M !
f START FLIGHT ENVELOPE EXPANSION

an emergency abort situation (two
engines out), could safely be driven to
110% for limited periods and redline
(damage to the engine is probable) at
115%. In contrast, the Space Shuttle’s
main engines, which must be com-
pletely overhauled and tested be-
tween flights, routinely operate at
105% of rated performance.

A long service life pays back for two
reasons. First the cost of constructing
a launch vehicle can be amortised over
many launches. It also means that
every Delta Clipper, and every compo-
nent, may be flight tested before its
first cargo-carrying launch. It is never
necessary to fly a critical mission with
unproven hardware.

As part of its “airliner” approach to
space operations, MDSSC is currently
working with the Federal Aviation Ad-
ministration to develop a set of criteria
for fleet-certifying the Delta Clipper in
almost exactly the same way that air-
liners are certified. This certification
requires a vehicle designed to operate
within a specific set of margins with
respect to thermal and mechanical
loads, and to incorporate aerody-
namic controls capable of handling the
entire span of normal and some abnor-
mal flight conditions. It also covers all
the craft's maintenance and support
infrastructure, both equipment and
procedures.

Like an airliner, the Clipper is being
designed so that it can either continue
with flight or safely abort and land
under a wide variety of conditions.
During takeof, it will be able to achieve
orbit if any two engines fail, and will be
able to safely land on half of them. It
will be capable of landing in any flat
area after hovering to burn off fuel if
an emergency landing is necessary. It
is being designed for all-weather ca-
pability and will be able to land under
the 43 knot sharp-edged wind gust
conditions required by the FAA for
commercial aircraft. The end result is
maximum confidence that the craft is
both safe and reliable under all rated
conditions. Not only can the Clipper
operate under conditions that shut
down current launch vehicles (e.g. the
frequent delays in Space Shuttle
launches due to inclement weather at
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the emergency landing sites), but it will
yield significant reductions in insur-
ance premiums, both for the carrier
and for the customers.

The airline-style operating ap-
proach also extends to the launch
support facilities. The Delta Clipper
does not require a complex launch
facility or gantry. The launch pad con-
sists of flame ducts and support pylons
(to save weight, the landing gear is not
designed to support a fully-fuelled
vehicle). The cryogenic fuel-handling
equipment is built into the pad and the
entire refuelling operation made as
automatic as possible. No special ve-
hicles or facilities will be required to
service the Clipper or to load the cargo
modules. Everything can be done on
the pad with crdinary scissor-jack
trucks of the kind now used in airports.

Even more importantly, the Delta
Clipper’s airliner approach to rocket
design reduces launch costs by reduc-
ing the number of people required to
support the system. It will require less
than 600 people per craft, including
administrative personnel - a number
comparable with that required by
commercial aircraft. The rugged, re-
dundant design of the structure, en-
gines and control systems means that
very little servicing will be required
between launches. Most servicing will
be accomplished during routine main-
tenance operations. In addition, the
Clipper is designed for maintainabil-
ity, so that service that is required can
be performed easily and quickly. En-
gines can easily be pulled out for serv-
icing, and all line-replaceable-units
(primarily avionics) that need most
maintenance are easily accessed via
the cargo bays. The fleet certification
procedure helps to ensure that com-
ponents will not fail between sched-
uled overhauis (as ilong as normal
flight margins are not exceeded). As a
result, it is predicted that the Delta
Clipper can be turned around between
landing and launch in less than a week,
possibly even within a day.

From a Long History of ideas

The craft is the end result of over
thirty years of designs and dreams. Its
roots began in the late 1950s with the
Douglas Alrcraft Reusable Interplane-
tary Transport Approach (RITA), a
nuclear SSTO rocket which used en-
gines similar to the recently an-
nounced Timberwind nuclear rocket.
RITA was based, in turn, on work done
by Douglas Aircraft for a nuclear-
powered bomber for the US Air Force
earlier in the decade. Chief design en-
gineer for the Douglas Missiles and
Space Department and in charge of
the RITA work, was Maxwell Hunter.

In 1969, Douglas Aircraft aero-
space engineer Philip Bono proposed
a series of SSTO designs [1], based
upon the Rocketdyne “aerospike”
engine design. Bono had joined
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The crew also activated an experi-
ment which was designed to examine
fluid and nutrient flow through a rotat-
ing chamber. This device will be flown
on a later Shuttle mission carrying
cancer cells. In ground laboratories
these cells tend to move out of the
nutrient and impact the chamber
walls, but in space the cells remain
suspended in the fluld allowing full
development without disturbance.

The atmospheric pressure in the
cabin was lowered to 10.2 psi in order
to reduce the level of nitrogen in the
bloodstreams of Mario Runco and
Greg Harbaugh in preparation for their
spacewalks scheduled for Flight Day
Five.

Crew members took part in a series
of physics experiments with students
from schools in New York, Ohio, Michi-
gan and Oregon. The experiments
were televised and the crew answered
questions from the students.

Flight Day Four

Mario Runco and Greg Harbaugh
checked out the EVA spacesuits which
they planned to wear for the spacewalk
scheduled for the following day and
reported that the suits were in good
condition.

The astronauts took photographs to
add to the collection of Earth surface
photographs which have been re-
turned since the early 1960s. The
photos are catalogued by the Earth
Observation Project at the Johnson
Space Center, which provides a liai-
son to various ongoing scientific re-
search efforts around the world, and
enables Shuttle crews to record fea-
tures of interest to scientists. (See
Spacefifght, January 1993, pp.27-30
for details).

TDRS ground controllers repotted
that TDRS-6 (after achieving orbit
TDRS-F was redesignated TDRS-6)
was being moved to its checkout posi-
tion southeast of Hawaii at a rate of 2.9
degrees of longitude per day. Follow-
ing successful checkout, the TDRS-6
would be moved to its position of 62°W.

Flight Day Five

The EVA scheduled for Flight Day
five was the first in a planned series of
spacewalks to be performed during
the remaining three years leading up
to the on-orbit assembly of the Space
Station in 19986.

Mario Runco and Greg Harbaugh
left the Endeavour's payload bay air-
lock hatch at about 5:50 am, about 40
minutes behind the planned schedule
as the donning of their spacesuits and
preparation of the gear had taken
somewhat longer than planned. They
performed a variety of tasks designed
to define the differences between
spacewalks on-orbit and simulations
in training on the ground. The two
climbed back into Endeavour’s airlock
at 10:11 am.

Crewmembers

The five-member crew included four vet-
eran astronauts who had each flown once
before. John H. Casper, 48, Col. USAF
was commander of Endeavour’s third
flight and had flown as pilot on Atlantis’
STS-36 mission in February 1990 and
was selected by NASA in May 1984.
The pilot for STS-54 was Donald R.
McMonagle, 38, Col.,, USAF who had
flown as mission specialist aboard the 8-
day April 1991 STS-39 flight of Discov-
ery. He was selected by NASA in June
1987.

Mission Specialist-1 was Gregory J. Har-
baugh, 35, a civilian who went to work, at
NASA in Houston following his gradu-
ation from college in 1978, He was se-
lected as an astronaut in June 1887 and
later flew on STS-39 also.

Mission Specialist-2 was Mario Runco,
Jr, 39, Lt. Cdr., USN. A former New Jer-
sey State Police trooper, Runco tco was
selected as an astronaut by NASA in June
1987 and served as mission specialist on
STS-44 in November 1991.

Mission Specialist-3 was Susan J.
Helms, 33, Major, USAF. She was se-
lected as an astronaut in January 1990.
STS-54 was her first space flight.

Due to the late start the spacewalk
was slightly shorter than planned;
however, the majority of the planned
tasks were accomplished. Flight con-
trollers chose to end the spacewalk at
the previously planned time despite
the late start in order to allow work with
the DXS instruments to continue. One
of the mission rules governing this,
and the upcoming spacewalks in the
series, makes the EVA activity lower
in priority than the experiment opera-
tions, and prohibits an EVA from im-
pacting major experimental activities.

The DXS instruments, after under-
going heating and flushing of their P-
10 gas (a mixture of argon and meth-
ane), were providing good science
data. The DXS team and the Houston
Mission Control Center personnel
worked together to reschedule mis-
sion time to provide the DXS instru-
ments with additional observing time.
Because there had been periods dur-
ing the mission when DXS had not
been planned to operate, controllers
were able to provide up to 15 additional
orbital opportunities for DXS observa-
tions. By this time the DXS science
team was reporting high quality data
that was as good as that anticipated
before the flight. The port instrument

appeared to be yielding data with
greater than anticipated efficiency.
This was felt to be due to the instru-
ment’s electron rejection magnets
doing a better job in screening out
electron contamination from the
Earth’s radiation belts than had been
expected.

Flight Day Six

On their final full day in space the
crew shut down one of Endeavour's
electricity-producing fuel cells. This
was a step in certifying the orbiters for
long duration periods while docked to
the Space Station later this decade.
Shutting down the fuel cells will be a
routine occurrence in the Space Sta-
tion operational era since the electric-
ity for the Shuttle orbiter can be pro-
vided by the station without using up
the orbiter’s fuel cell reactant supply.
The operation went as planned with
the number 2 fuel cell being shut down
during the period when the orbiter was
undergoing its checks and tests for the
landing during much of the day. Both
shutdown and restart went well.

Reaction jet flrings and systems
tests as well as CGBA deactivation
and stowage operations took up much
of the day. Preparations for landing
envisioned two possible landing op-
portunities for Endeavour at the Ken-
nedy Space Center; one at 7:02 am on
orbit 95 and one at 8:38 on orbit 6.

Flight Day Seven

Due to a shallow ground fog on the
KSC runway, flight controllers chose
to take the second of KSC’s landing
opportunities on the morning of Janu-
ary 19. About an hour before the land-
ing Endeavour fired its manoeuvring
engines to slow its speed and begin its
descent. Re-entry and approach went
well, The orbiter passed high over the
Kennedy Space Center in the morning
sunlight and began a sweeping right
turn that took it out over the Cape
Canaveral Alr Force Station and the
Atlantic Ocean before curving back to
line up with KSC’s runway 33. Touch-
down came at 8:38:17 am approxi-
mately 1,500 feet from the runway’s
threshold. The orbiter rolled approxi-
mately 8,700 feet before stopping.

By 2:00 pm Endeavour was back in
the Orbiter Processing Facility's work
bay one for deservicing and for the
preparations which will lead to its next
mission: STS-57.

TDRS Spacecraft Launch and Operational Status

Spacecraft Mission Functional Longitude
Status before/after
TDRS-F launch
TDRS-1 STS-6 Apr 5, 1983 Partial 171°W/85°E
TDRS-2 STS-51L Jan 1986
TDRS-3 STS-26 Sep 29, 1988 Partial B62°W/171°W
TDRS-4 STS-29 Mar 13, 1989 Full 41°W/41°W
TDRS-5 STS-43 Aug 2, 1991 Full 174W/1T74W
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SATELLITE DIGEST ==

Satellite Digest is our regular listing of world space
launches. It is based upon a more detalled monthly
satellite listing published by the Molnlya Space
Consultancy prepared by Phillip S. Clark.

SATELLITE DIGEST-250

Spacecraft Int’l Launch Launch Mass Orbital Inclin. Period Perilgee Apogee Notes
Desig. Site Vehicle kg Epoch deg min km km

Superbird A1 1992-084A Dec 1.95 Kourou  Ariane 42P 2,780 Dec 12.34 0.09 1,436.09 35,759 35,814 1
Molniya-3 43 1992-085A Dec 2.08 Plesetsk Molniya 1,750 ? Dec 14.47 62.83 717.77 416 39,939 2

&1 STS-53 1992-086A Dec 2.57 KSC Discovery 87,565 Dec 3.85 57.00 91.01 318 331 3
DOD-1 1992-086B Dec 2.57 10,530 Dec 3 57 91.9 370 370
Cosmos 2223 1992-087A Dec 9.48 Tyuratam Soyuz 7,000 ? Dec 10.21 64.66 89.85 241 293 4
Cosmos 2224 1992-088A Dec 17.53 Tyuratam Proton-4 2,200 ? Dec 17.51 2.30 1,448.43 35,877 36,179 5
Navstar 17 1992-089A Dec 18.94 ER Delta-2 1,667 Dec 31.32 54,75 717.98 20,040 20,325 6
Optus-B 2 1992-090A Dec 21.47 Xi Chang CZ-2E 7,650 ? Dec 21.79 28.13 97.14 208 1,036 7
Cosmos 2225 1992-091A Dec 22.50 Tyuratam Soyuz 6,500 ? Dec 23.61 64.91 89.73 214 309 8
Cosmos 2226 1992-092A Dec 22.53 Plesetsk Tsykion-3 1,000 ? Dec 23.23 73.63 116.03 1,479 1,526 9
Cosmos 2227 1992-093A Dec 25.25 Tyuratam Zenit-2 9,000 ? Dec 26.30 71.02 101.96 849 854 10
Cosmos 2228 1992-094A Dec 25.84  Plesetsk Tsyklon-3 2,000 ? Dec 26.17 82.53 97.75 633 669 11
Cosmos 2229 1992-095A Dec 29.56 Plesetsk Soyuz 6,000 ? Dec 29.86 62.81 90.45 218 376 12

NOTES

Superbird is a Japanese satellite, operated by Space Commu-~ assumes that the complete satellite reached orbit, aithough it
nications Corporation, Tokyo and used for domestic commu- is clear from debris found under the ascent path that at least
nications in Ku- and Ka- bands. Satellite body is a box 3.4 part of the satellite was destroyed during the ascent. Although
metres high, 2.4 metres x 2.2 metres with a solar panel span delivered to the correct orbit, the third stage failed to fire,
of 20.3 metres after deployment. Mass given above is at probably because of the damage which it and the satellite
launch: on station the mass is 1,665 kg and at the end of its sustained during the journey to orbit. Actual time time was
operating life the mass should have dropped to 1,255 kg. 11.20 GMT.

Deployed over 158°E. Actual launch time was 22.48 GMT. 8 Fourth generation photoreconnaissance satellite belonging to |
Communications satellits, co-planar with Molniya-3 34. Shape either the topographic/mapping sub-group (lifetime about 45
is cylindrical body, 1.6 metres diameter, 3.8 metres long with days) or a new special sub-group first flown in 1989 (lifetime
six vanes of solar panels deployed to give a windmill appear- about 80 days). Details of the satelfite design are unknown.
ance. 9 Geodetic satellite in the GEO-IK series. Design apparently
First flight of shuttle orbiter Discovery after refurbishment. based upon the Tsikada-class navigation satellites. Cylinder,
Crew comprissd D M Walker (commander), R D Cabana (pi- approximately 2 metres diameter and 2.1 metres long plus
lot), G S Bluford (mission specialist, MS-1), J S Voss (MS-2) gravity-stabilising boom plus ten vanes of additional solar
and M R Clifford (MS-3). Orbiter has a body diameter of 5.5 panels deployed.

metres, body length 37 metres and wingspan 23.8 metres: 10 Second successful launch of Zenit-2 booster in five weeks af-
mass given above is that projected for landing. Launch was at ter three successive failures. Satellite is believed to be an
13.24 GMT and landing at Edwards Air Force Base was 20.44 ELINT payload, details of which are unknown, Orbital plane is
GMT. Primary payload was DOD-1, the final primary Depart- 90° away from Cosmos 2219, launched 1992 November 17,
ment of Defense classified payload to be carried into orbit by and is identical with the orbital plane intended for the failed
the space shuttle. Mass quoted above includes support equip- launches in 1980 October and 1991 August. Zenit second
ment which remained in the shuttle orbiter's payload bay. stage disintegrated soon after satellite deployment - the first
USSPACECOM has not released orbital data for DOD-1 and disintegration of a Zenit rocket body in orbit.

that quoted above is taken from the Rockwell International 11 Cosmos 2228 believed to be a small Worldwide ELINT satel-
STS-53 Press Information publication. Landed December lite, the appearance of which is unknown. Co-planar with Cos-
9.86. mos 2058.

Payload is fifth generation photoreconnaissance satellite, ex- 12 Tenth Bion biological satellite to be launched. Carried two
pected to remain in orbit for seven months or more. Design monkeys, plants and insects: payload included ESA’s Biobox
details unknown, but probably cylindrical (diameter 2.3 experiment. Spacecraft design based upon the original Vos-
metres, length 7 metres ?) with a spherical re-entry capsule. tok craft sphere cylinder with a diameter of 2.4 metres and a
Similar Cosmos 2183 (1892-018A), launched 1982 April 8, still length of 5.9 metres. Descended on 1993 January 10. Orbital
operating as Cosmos 2223 began its mission. data of spacecralft at time of recovery still awaited -as this Table
Cosmos 2224 is fourth satellite in the Prognoz remote sens- is closed for publication: similarly, the decay notice for the
ing series, previous satellites having been Cosmos 1840, Soyuz third stage had not been issued through to 1993 Janu-
Cosmos 2133 and Cosmos 2208. The latter two satellites are ary 5. ‘
currently operating over 336°E. No description of this class of

satellite is available. As of 1993 January 4 the satellite was stil ADDITIONS AND UP-DATES

drifting in an orbit close to the one listed above. 1978-024D Molniya fourth stage from Molniya-{ 39 launch de-
Eighth flight of Block 2A Navstar satellite. Satellite is a cylin- cayed from orbit 1992 Dec 11.

der plus four vanes: approximate dimensions 2.4 metres long, | 1980-002F Molniya fourth stage from Molniya-1 468 launch de-
1.8 metres diameter and a span of 5.3 mstres. Mass quoted cayed from orbit 1892 Dec 4.

above includes propellant: dry mass is 844 kg. Actual faunch 1987-040A Gorizont 14 has been rediscovered by USSPACE-
time was 22.28 GMT. COM after being lost in June-July 1992. 1t is now drifi-
Optus-B 2 is an Australian communications satellite, previ- ing in the following orbit - 1992 Nov 22.88, 5.87°,
ously known as AUSSAT-B 2: launched by Chinese as a com- 1,474.55 minutes, 36,406 km, 36,667 km, 24¢°.
mercial venture. Satellite is a Hughes HS-801 model. Central | 1991-072A Cosmos 2184 decayed from orbit 1992 Dec 12.
body of satellite a box 2.3 metres on each side with a solar panel | 1992-054B CZ-2E second stage from Optus-B 1 launch decayed
span of 22 metres (if they are deployed). Diy mass of satellite from orbit 1992 Dec 12.

1,272 kg: propellant mass approximately 1,700 kg. Satellite 1892-081B Molniya third stage from the Cosmos 2222 launch de-
should have been deployed close to 160°E. The above mass | cayed from orbit 1992 Dec 28.
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Dornier Systems.

MERIS will be central to ESA’s
first Polar Earth Observation
Mission (POEM 1), which will
monitor the environment on a
global scale providing complete
coverage of the Earth every three
days.

The spectrometer is program-
mabile in flight from the ground,
allowing it to undertake a general
monitoring role or focus on a par-
ticular environmental concern
when it arises. It differs from ear-
lier instruments, such as SPOT,
LANDSAT and CZCS, in that pre-
selection of speciral bands is not
necessary.

Scheduled for launch on the
European Polar Platform (EN-
VISAT) in 1998, MERIS will im-
age the Earth in the visible and
near-infrared wavebands with a

UK Firm to Build ESA
Satellite Spectrometer

CHISLEHURST, Kent. Sira, the UK instrumentation technology
and space hardware company, has been awarded a contract by
ESA for the third phase of MERIS (the MEdium Resolution Imag-
Ing Spectrometer project), which Is the world's first remotely-
pregrammable Imaging spectrometer designed to be operated
on an Earth-orbiting satellite. The award follows detailed design
and prototyping work by Sira as part of an internatlonal team
headed by Aerospatiale, reporting to ESA’s prime contractor,

ground resolution of 250m and a
spectral resolution of 1.25nm.

This combination of spatial and
spectral ranges makes MERIS
ideal for detailed water quality
and land measurements, such as
plankton content of sea-water,
depth and bottom-type classifi-
cation, monitoring of extended
pollution areas and synoptical
monitoring of vegetation. There
is also interest in deriving atmos-
pheric data from the output of
MERIS.

The final construction phase of
the MERIS project will take the
spectrometer through structural,
engineering and qualification
models to the final flight model
stage. Flight models and spares
have been timetabled for delivery
in mid-1996.

ity on Ariane 4”.

SPELDA is an integral part of
the external structure of the
launch vehicle and provides the
largest internal usable volume at
minimum mass. It was initially de-
veloped under an ESA contract
between 1982 and 1986 with the
initial production of six being de-
livered between 1985 and 1989.
Between 1986 and 1989 the
SPELDA !Improved Programme
(SIP) led to significant improve-
ments to the design and produc-
tion methods. In 1987 Arianes-
pace and British Aerospace
Space Systems signed a Memo-
randum of Understanding for the
production of 20 SPELDAs. Brit-
ish Aerospace is currently work-

New Structure for Ariane 4

BRITISH AEROSPACE SPACE SYSTEMS, Stevenage, UK has
delivered to Arianespace the first protofiight Mini SPELDA.
SPELDA (Structure Porteuse Externe Lancement Double Ariane)
is the French acronym for “Structure for double launch capabil-

ing on the final batch and looks
forward to further orders.

The original and subsequent
SIP programmes covered the
development of Short and Long
SPELDAs. During 1890, Arianes-
pace saw an opportunity to add a
Mini version to the programme to
significantly enhance the flexibil-
ity of Ariane 4. British Aerospace
was selected to develop Mini
SPELDA in January 1991.

The first flight using the Mini
SPELDA, Ariane 4 Flight V58, is
scheduled to take place in May
when the new structure will house
the Insat 2B satellite inside and
support the Hispasat 1B satellite
on top.

MCDONNELL-DOUGLAS. Dur-
ing the space shuttle’s second
space station assembly flight,
two propulsion modutes will be
positioned on Freedom. Two
more will be added following man-
tended capability, and an addi-
tional pair prior to permanent
manned capability.

Early modules will have 13
thrusters, located at both ends
and on the top of each module. On
later modules the number of

Propulision Module Tesfts

thrusters will be scaled down to
nine. The thrusters can be fired
independently, allowing precise
positioning of the station.

Static firing test of propulsion
development units has now be-
gun at NASA’s White Sands Test
Facility in New Mexico with units
having 10 small thrusters, each
with an operational range of 9 to
25 pounds thrust, and three large
thrusters with 20 to 55 pounds
thrust.

Eureca Retrieval

ESA, Paris - Within five months of
its launch on 31 July 1992, more
than three quarters of the
planned experiments on-board
Eureca had been successfully
completed and the remainder
should be completed by mid-Feb-
ruary 1993.

The satisfactory progress of
the mission proves the underly-
ing concept of operating a com-
plex space research facility by
means of satellite autonomy and
on-board operations that are pre-
programmed and controlled dur-
ing scattered daily control centre
contact times totalling only
around 5% of the duration of the
mission on average.

Eureca, currently orbiting at an
altitude just below 500 km, is to be
retrieved together with its experi-
ments and samples, at the begin-
ning of May 1993 by Endeavour
on flight STS-57.

The Eureca mission’s output
consists of experimental data
that is sent regularly to the ground
for scientific and engineering
analysis, materials processed in
the very low residual gravity that
is offered by the Eureca mission,
samples exposed to space, sur-
face forces research, space par-
ticle collection and new technol-
ogy applications.

While a significant portion of
the mission’s yield is contained in
its abundant and continuous data
generation, the primary mission
objective is the analysis in
ground-based laboratories of
biological and material samples
and the ability, in principle, to re-
use the spacecraft and payloads
again in a later flight.

To date, more than 122,100
data requests (on average
around 800 per day) from various
remote  locations/investigators
(experiment home institutes,
DLR’s Microgravity user Support
Centre, industry and ESTEC)
have been served by the Eureca
Data Disposition System (DDS)
at ESOC, using mainly packet
switching public data networks
(PSPDNSs) to transmit a total data
volume in excess of 8000 million
bytes (on average around 35
Megabytes per day).

o
Astronaut Chief

NASA - Robert “Hoot” Gibson has
besn named chief of the 88-mem-
ber astronaut corps replacing
Dan Brandenstein, who left the
space programme in October
1992. Gibson, who became an
astronaut in 1978, has com-
manded three shuttle flights, the
most recent in September 1992
and served as shuttle pilot once.
His wife, Rhea Seddon, is also an
astronaut. Loren Shriver, who
has flown in space three times,
has been named deputy chief
astronaut.

Space Mirror Test

MOSCOW - A 20-metre wide mir-
ror made of Kevlar coated with a
thin layer of aluminium and
shaped like a parachute was
successfully unfurled from a ro-
tating Progress spacecraft in
orbit close to the Mir space sta-
tion at 7:53 pm (EST) on 3 Febru-
ary. The experiment, which
lasted 8 minutes, was the first
tentative step in a project to pro-
vide nighttime illumination for
polar areas. At the end of the
experiment the reflector was de-
tached from the spacecraft and
destroyed on re-entry.

Since the reflective banner
was orbiting the globe, the spot
on Earth moved quikly across
Europe toward the former Soviet
Union.

Two UK Institufes
Join ISU

OXFORD - The Extreme Envi-
ronments Laboratory (EEL) and
the Oxford School of Architec-
ture of Oxford Brookes Univer-
sity are to become an affiliated
campus to the ISU (Intemational

Space University) for Space
Architecture.
The Cranfield Institute of

Technology, with its partners,
has likewise won affiliation for
the Space Physical Sciences.

A permanent site has been
selected for the Central Campus
of the International Space Uni-
versity at Strasbourg and is to be
in operation by 19895-86.

An advanced communications
system, known as ISUNET, will
link the I1SU Central and Affiliate
Campuses electronically  with
world space agencies and indus-
try providing instant access to
the leading scientists, engineers
and space-related projects in the
world.

Radar Altimeter
for ERS-2

ROME - The radar altimeter for
the ERS-2 Earth observation sat-
ellite of the European Space
Agency has been delivered by
Alenia Spazio to Dornier (DASA
Group). The launch of ERS-2 is
expected sometime in 1994 and
is part of the Earth surface obser-
vation mission which began in
1993 with the launch of ERS-1.

The radar altimeter which was
developed by Alenia Spazio and
installed on the ERS-1 is perform-
ing very well in observing both the
ocean surface (topography and
condition) and the polar ice
sheets.

Alenia Spazio has also been
given a contract worth about 100
billion lire for a radar altimeter to
be installed on board ESA’s
ENVISAT satellite which is due to
replace the ERS series.

INTERNATIONAL SPACE REPORT ==
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been made to produce a light-weight
structure. Two years ago, when
Sander became project manager, he
inherited a complicated, folding de-
sign for the SIR-C antenna. The rea-
son for this state was to leave rcom in
the shuttle bay for another payload.
However, with the heavy demands of
SIR-C/X-SAR on shuttle resources
such as power and crew time (the
experiment will operate 24 hours a
day), it would seem unlikely that a
second payload could be accommo-
dated, other than volumetrically.
Therefore, it was no loss to change
plan and build a solid, massive struc-
ture in place of the original design, and
the benefit was a reduction in complex-
ity and cost. The SIR-C antenna is the
most massive piece of flight hardware
ever built at JPL and has a mass of
10,500 kg, dimensioned 12 meters by
4 meters.

The complete scientific program of
SIR-C/X-SAR spans several disci-
plines: geology, hydrology, ecology
and vegetation science, oceanogra-
phy, and meteorology.

Among the geological questions to »

be addressed are some related to
patterns of past glaciation and tec-
tonic history. The ability of the radar to
penetrate extremely arid sheets of
sand will allow mapping of buried
structures, including paleodrainage
features.

Water often gives a distinctive radar
signature, and, for example, soil-
moisture measurements will be fea-
sible as one of several hydrological
parameters to be determined.

An important aspect of ecological
studies is the evaluation of the status

of rain forests. Models will be devel- |

oped to discriminate between
backscatter responses from a canopy
of vegetation and the underlying soil.
The structure of canopies and the
identification of vegetation types are
within reach of SIR-C/X-SAR.

The Topex/Poseidon  mission
launched in August 1992 (see the
December 1992 edition of this column)
is using a radar aftimeter to investigate

the patterns of circulation of the |

oceans, SIR-C/X-SAR observations
will complement these measure-
ments, contributing to the theory of
wave imaging and internal wave be-
haviour.

An imponrtant ingredient in meteoro-
logical studies is the measurement of
rainfall on a global basis. SIR-C/X-
SAR will undertake a proof-of-concept
demonstration of rainfall measure-
ment from space.

The SIR-C/X-SAR mission has
three signs of a space classic in the
making: good science with an evolu-
tionary frack to facilitating even better

science; technological advances in an

important area; and another notch on
the stick of successful international
collaborations.

SPACE AT JPL ==

Zones for Planefs

Searches for extraterrestrial intelligence are aimed at finding evidence at
the high end of the blological scale while searches for extra-solar-system
planets probe the basis for biology as we envisage It. Methods of detecting
planets about other stars are varied and Include not only direct imaging but
also indirect technlques such as measuring the “wobble” induced by a
planet in the slowly evolving track of a star across the sky. A new method
has recently been utllized to analyze the structure of material known to be
orbiting certain stars and has found indications that this structure may, In

part, derive from imbedded planets.

Earlier in this century, the favoured
theory for the origin of the solar sys-
tem was the tidal hypothesis devel-
oped by Sir James Jeans (1877-1946)
and Sir Harold Jeffreys (1891-1989).
In this scenario, a star passing by
chance through the neighbourhood of
the Sun drew material from that body
through the action of gravitational
force. The solar material, rather than
falling back to its place of origin, was
induced to orbit the Sun and eventu-
ally produced the retinue of planets
which we know today.

However, subsequent scrutiny was
not kind to the tidal hypothesis, and
currently the nebular hypothesis holds
sway as the root principle of cosmog-
ony. This theory presumes that a por-
tion of a molecular cloud within our
galaxy collapsed as a result of gravi-
tational forces within the cloud, form-
ing a protostar. When temperatures
rose high enough within the protostar,
nuclear reactions were initiated: a
star, our Sun, was born. (The philoso-
pher immanuel Kant (1724-1804) and
the astronomer and mathematician
Pierre Simon Laplace (1749-1827)
had each formulated a version of the
nebular hypothesis.)

During the protostar phase, the in-
falling material formed a roughly
spherical structure enclosing the cen-
tral object. Later, in the so-called T
Tauri phase (T Tauri is a star in the
constellation Taurus and serves as a
model for low-mass stars in this por-
tion of their development cycle), only
a disk of material remained around the
Sun. For our Sun, after planetary for-
mation was complete, very little else
of the disk remained.

Drs. Kenneth A. Marsh and Michael
J. Mahoney of JPL have applied a few
basic ideas of physics to thinking
about how the process of planet forma-
tion, if it were taking place in the cir-
cumstellar disk of a T Tauri star, might
be observable from the Earth.

The first idea, already extant in the
astronomical literature when they
began their research, is that a gap in
the circumstellar disk would be cre-
ated as a planet started accreting from
the primordial material. Tidal disrup-
tion by the growing protoplanet is
thought to be the primary mechanism
of zone clearing, complemented by
gravitational resonance effects be-

tween the protoplanet and other cir-
cumstellar material.

For the next step in the chain of
reasoning, it is necessary tc note that
temperature decreases in a circum-
stellar disk with increasing distance
from the star. This is intuitively plau-
sible since the disk material is heated
by radiation from the star. For the class
of T Tauri stars, the temperature fall-
off has been estimated to be approxi-
mately proportional to the square root
of the distance. Thus, if particle A were
four times the distance from the star
as particle B, A would have a tempera-
ture one-half that of B.

Now, one cannot directly measure,
as in thermometry, the temperature of
a point in a circumstellar disk. How-
ever, there is a relation between the
wavelengths of light emitted from a
particle in the disk and the tempera-
ture of that particle, and it is possible
to measure the amount of energy
being emitted from the whole disk of
particles as a function of wavelength.
The crucial point of the argument of

Effect of Gaps on Spectral
Energy Distributions

|Spectral Dip Caused by the
Range of Missing Temperatures
| Corresponding to Gap in Disk

Net Spectrum of Disk ‘Com-
ponent is the Superposition
of Planck Functions for a
Range of Temperatures
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The dotted lines outline four illustrative “Planck
functions®, each of which describes the energy
{vertical axis of chart) radiated over a spread of
wavelengths (horizontal axis of chart, wave-
lengths measured in microns) by a particle of
matter at a certain temperature. The Planck
functions shift to shorter wavelengths (to the
right) for warmer particles. For a ring of particles
about a star - a circumstellar disk - a gap in the
disk would manifest itself as a dip in the energy
spectrum as measured from Earth. One cause of
a gap might be clearing due to planetary forma-
tion. NASA/JPL
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Russian Space Transportation
Possibilities

Sir, | have been reading with great interest the prospects of
cooperation between ESA and Russia in developing
spaceplanes and space station hardware. It shows the need
for a shuttle type spacecraft in the 20-24 t gross weight
category or about a quarter of the weight of the US STS or
CIS Buran.

If Hermes is to be used for Mir-2 station support as well,
then the ARS/MK2 will not have sufficient power to deliver
an effective payload to 51.6 degree inclination. The Proton
KM launcher could in principle launch the Hermes with its
resource module, delivering greater payload to the required
inclination. 1t would give Hermes the unique flexibility of
supporting both 28.5 and 51.6 degree inclinations for space
station operations.

On the other hand the proposed Maks spaceplane does
provide an attractive solution to low cost payload delivery
replacing eventually the current SL4, SL6 and Tsyklon
launchers. its unique RD-701 fits in the thrust category of a
second stage for the Zenit launcher. The Proton KM’s new
LH,/LO, escape stage would also fit as a third stage for the
Zenit 3 launcher. Together they would boost Zenit's pay-
load/height characteristics considerably.

NPO Molniya seems to have more than one design for the
spaceplane [1]. One design puts the cosmonaut cabin
behind the payload bay. No main engines would fit in this
version.

M.Q. HASSAN
The Middle East
Reference

1. Interavia/Aerospace World Business & Technology, October
1992, p.124.

Soviet Launch Vehicle Classifications

Sir, In my previous letter, published in the August 1992 issue
of Spaceflight, | guessed that Chelomei’'s UR-200 rocket
might be used for launching the Polyot manoeuvring space-

craft in 1968-64 and that Korolyev’s SS-10 Scrag ICBM was
probably used for two first FOBS-related missions in 1966.

My further inquiries have shown that, though the reason-
ing behind above statements is true, the conclusions turned
out to be too far-reaching.

1. The UR-200 was indeed supposed to launch the Che-

lomei-made ASATs of which the Polyots were proto-
types [1]. But the UR-200 was test-fired with a live first
stage only [2] and the Polyots were to be launched by
the production-line two-stage R-7 (the SS-6) boosters.
Since third stages were in a short supply, the Polyots
were launched underfueiled and used their own engines
for an orbit insertion [3].
So, the SL-5 launcher was in fact neither A-m nor the “D-
0” UR-200. It did not exist as a separate type and was
the saine basic A launcher, which already bears two DoD
designations - the SL-1 and the SL-2!

2. The Scrag (its equivalence with the SS-10 was assumed

from Congressional Reporls) was indeed designed as a
FOBS weapon and its genuine name was the GR-1
standing for “global rocket”. However, it was never
launched and its designers ironically nicknamed the GR-
1 “an intercontinental missile Moscow to Leningrad” [4].

Thus, the “E” class of the Sheldon system had o emerge,
but failed to do so.

MAXIM V. TARASENKO

Centre for Arms Control,

Energy and Environmental Studies,
Moscow Institute of Physics and Technology
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ence, Moscow, March 30, 1992.

2. lgor B. Afanasyev, Privale communication.
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SPACE '93 - SPACE INITIATIVES

WHITE ROCK THEATRE, HASTINGS, E. SUSSEX

Be sure to join the British Interplanetary Society at Hastings to mark the
actual birthday of our 60th Anniversary Year, The weekend promises to
be very exciting and with a few surprises.

Besides an excellent programme with contributions from an internationat
selection of speakers, there will be a display of exhibits from six Aero-
space Companies.

Once again Hastings Council are holding a Reception for alt Space '93
participants and spouses, with entertainment from a surprise personality.

On Saturday morning the Mayor of Hastings will formally welcome everyone to Hastings and start the programme.

A Gala Banquet is arranged for Saturday evening at the Falaise Hall, situtated in the pretty gardens of White Rock.
Roy Gibson and Garry Hunt will be After-Dinner Speakers. A special presentation of the BIS Space Achievement
Medal will be made to Dr W I.McLaughlin of the Jet Propulsion Laboratory, California.

Come to join the Society in celebrating its 60th Anniversary Year birthday in great style.

For more information about the weekend and details of the Programme please send a 34p stamp to The British
Interplanetary Society, 27/29 South Lambeth Road, London SW8 1SZ.
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—SOCIETY MEETINGS DIARY

LECTURES

Venue: All Lectures will be held in the Conference
Room, British Interplanetary Socisty, 27/29 South
Lambeth Road, London SW8 1SZ.

Admission Is by ticket only. Members should
apply In good time enclosing a sae. Subject to
space being avallable each member may also
apply for a ticket for one guest.

it may occasionally happen that, for reasons out-
side its control, the Soclety has to change the
dates or topics of meetings. Where time allows,
every effort is made to avoid inconvenience to
members either by notice of change in
Spaceflight or by special advice to each partici-
pant. Please, therefore, always recheck the
scheduled meetings in the latest issue.

Armchair Interstellar

Exploration
A.T. Lawiton

Although he dreams and plans, it is very un-
likely that many men will undertake manned
interstellar flight. For those who will never go
to the stars - the stars must come to him.

Developments in tfechnology e.g. interfer-
ometry, large apertures, new types of high
resolution detectors and high fidelity data
links will enable this to happen.

As of now they allow us to see solar cycles
on other Sun-like stars, detect planetary dust
clouds around them and deduce the possible
presence of Jupiter like planets.

These techniques can be extended with
precision spectrometry to form a catalogue
of stars with planetary systems closely re-
sembling our own Solar System.

This is Armchair Interstellar Exploration
whereby if we do go, or send a one way robot
as proxy, we will have maximum chance of
success in locating other life forms.

17 March 1993 7 pm - 8.30 pm

Mission Control and
Control Cenfire
Operations

D.E.B. Wilkins

The lecture will discuss spacecraft opertions
in general, the technology involved and the
practice of operations since the early days of
space flight.

The lecture will not dwell on the historical
aspects of spacecraft control though refer-
ences will be made to the significant ad-
vances achieved in those early years, 1957 -
1969.

The lecture will be presented in three parts:
Past, Present and Future, and will be based
on the experience and activities of the
speaker in the fields of Spacecraft Control
and Systems Engineering.

The early NASA Manned Mission control
methods will be briefly discussed and the
ESA experience in scientific and applica-
tions missions described in some detail to
~ expand discussion on Mission Control.

Cassini

Mr C. Cochrane

Cassini is a project planned by ESA and
NASA for a spacecraft to survey the planet
Saturn and its environs. During the joumey
fo Saturn, fly-bys and investigations will by
made of asteroids and Jupiter. After arrival
at Saturn the spacecraft will orbit the planet
for a further four years, using remote sens-

ing to examine its satellites, rings and the
planet itself. A sophisticated probe will be
released in the first orbit to land on the mys-
terious moon Titan, to explore its atmos-
phere and surface.

The presentation will describe the scien-
tific objectives of the mission, its trajectories
and explain the engineering problems of the
Titan Atmosphere Probe, concluding with a
review the feasibility of the proposed solu-
tions and present the innovative features of
this fascinating mission.

Results from ERS-1

Dr G.E. Keyte
DRA Farnborough

The European Space Agency’'s ERS-1 satel-
lite was one of the most complex remote
sensing satellites ever launched. Despite its
complexity, it has functioned almost per-
fectly since launch in 1991 and has enabled
a wide range of research and application
projects to be undertaken.

This paper briefly describes the main char-
acteristics of the ERS-1 instruments and
gives an account of their ‘history’ since
launch. Some of the main results obtained
from each of its instruments are reviewed,
covering both the two microwave instru-
ments (the Active Microwave Instrument and
the Altimeter) as well as the instrument pro-
vided by the UK, the infra-red radiometer
(ATSRY). It will conclude by reviewing the
future development of microwave remote
sensing satellites after ERS-1.

48th Annual General

Meeting

The 48th Annual General Meeting of the
Society will be held in the Society’s Confer-
ence Room, 27/29 South Lambeth Road,
London SW8 1SZ, on Saturday, August 14,
1993 at 12 noon. Details of the Agenda will
be published in due course.

Admission is by ticket, available to Corpo-
rate Members (i.e. Fellows of the Society)
only, who should apply in good time enclos-
ing a stamped addressed envelops.

Council nomination forms are obtainable
from the Executive Secretary. These must
be completed and returned not later than 12
noon on May 22, 1993. If the number of nomi-
nations exceeds the number of vacancies,
election will be by postal ballot. Voting pa-
pers will then be prepared and circulated to
all Corporate Members.

SYMPOSIA &
CONFERENCES

24 March 1993 10 am - 4.30 pm

European Rocketry
in the 1930's

As part of the Society's Anniversary Year the
History Working Group are holding a Sympo-
sium on European Rocketry in the 30's.
Contributions have been invited from Ger-
many, France, Russia and the UK. The 30's
is seen as a particularly interesting decade
in that much theoretical and practical work
was undertaken that laid solid foundations
for later projects.

Whilst much publicity has surrounded the
experimental and theoretical work carried
out in Germany an enormous amount was
also carried out elsewhere, particularly in

Russia. Much of this story has yet to be told.
Advance Registration is necessary.

Registration: Forms are available from the
Execulive Secretary. Please enclose a sae.

Electric Propulsion

of Spacecraft

Dr D.G. Feamn
DRA Farnborough

A one-day technical symposium under the
chairmanship of Dr D.G. Fearn, Defence
Research Agency, Farnborough, Hants.
Papers will be presented on the status of
different ion thrusters and propulsion sys-
tems under development as well as other
topics relevant to electric propulsion.
Venue: The Conference Room, British Inter-
planetary Society, 27/29 South Lambeth
Road, London SW8 1SZ.
Advance Registration is necessary.
Registration: Forms are available from the
Executive Secretary. Please enclose a sae.

Soviet Astronautics

The symposium is in its 13th year as an event
which reviews the space programme of the
former Soviet Union. The programme for
1993 will include talks on the following top-
ics: The Biosputnik programme up to 1983;
USA-Russian Manned Cooperation 1892-
1995: update on the Manned Operations on
Mir; Obscure Unmanned Soviet Satellite
Missions, and others still to be decided. A
Film will be shown including clips never seen
before in the UK. There will be opportunities
to ask questions of some of the leading ex-
perts on the Soviet Space Programme in the
West:

Venue: The Conference Room, British Inter-
planetary Society, 27/29 South Lambeth
Road, London SW8 1SZ.

Advance Registration is necessary.
Registration: Forms are available from the
Executive Secretary. Please enclose a sae.

VISITS

. 31st March 1993

London Teleport
(lsle of Dogs)

A one-day visit with briefings and tour open to a limited
number of members interested in the EUTELSAT and
similar programmes.

Pre-registration is necessary. Details of programme
and Registration forms are available from HQ on re-
quest. (See p.78).

21 May 1993

Royal Aircraft Establish-
ment/Defence

Research Agency
(Farnborough, Hants)

A one-day visit with briefing and tour open to a limited
number of members interested in remote sensing,
advanced propulsion systems etc.

Pre-registration is necessary. Details of Programme
and Registration forms are available from HQ on re-
quest. (See p.78).

LIBRARY

The Society Library Is open to members on the first
Wednesday of each month (except August) be-
tween 5.30pm and 7pm. Membership cards must
be produced.
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