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A new era in satellite operations — the era of orbital service and
repair - begins in the spring of 1984 on the STS-41C Space Shuttle
mission. A team of astronauts will replace a faulty module on the
Solar Maximum Mission satellite, known as Solar Max. Repair is
necessary because three small fuses in the attitude control system
failed, leaving Solar Max unable to point its instruments precisely
at targets of observation on the sun. The crew also will repair
scientific instruments aboard this orbiting solar observatory.

Fortunately, Solar Max is the first of a new breed of satellites built
of standardized components and designed to be repaired in space.
The faulty attitude control module is one of three replaceable, box-
like units that control power, commanding, and positioning of the
satellite. These units are part of the multimission modular spacecraft
system, which makes up the lower portion of the Solar Max satellite.
The upper portion, the observatory, contains seven different instru-
ments for solar research.

The National Aeronautics and Space Administration (NASA) will
introduce daring technology and procedures to restore the satellite
in a feat never before attempted in space. Using a jet-powered
backpack called a manned maneuvering unit, one Shuttle crewman
will fly 90 meters (100 yards) from the Shuttle cargo bay to the
slowly spinning spacecraft. The astronaut will not be connected to
the Shuttie by the usual tether line but will move freely through
space. Although the maneuvering unit was tested by astronauts
during a previous Shuttle flight, this will be its first use in regular
mission operations.

When the astronaut reaches the satellite, he will capture it with an
attachment device and stop its rotation by activating the maneuver-
ing unit’s thrusters. When Solar Max is stabilized, the Shuttle will
move 9 meters (10 yards) below it. Then, the remote manipulator
system arm will grasp the satellite and lift it onto a platform in the
Shuttle’s cargo bay, the “workshop” for the repair operation.

After Solar Max is securely latched to the support platform, the
astronauts will begin the repair tasks. They will use a special module
service tool to replace the malfunctioning module with a new one,
enabling scientists once again to point the sophisticated instru-,
ments on the solar observatory toward specific areas on the sun.
The astronauts also will repair two accessible scientific instruments
on the satellite, but they will not attempt repair of a third malfunc-
tioning instrument that is more difficult to reach.

The crew for STS-41C, the Solar Maximum Repair Mission, includes:
Commander Robert Crippen; Pilot Francis R. (Dick) Scobee; and
Mission Specialists, Terry Hart, Dr. George D. Nelson and Dr. James
van Hoften. The crew rehearsed the repair mission at facilities around
the country. Although they are cross-trained and can assist each
other in various roles, each has been assigned specific tasks during
the mission. As the commander, Crippen will be responsible for
flying and maneuvering the Shuttle during rendezvous, retrieval,
repair, and redeployment of the satellite. Scobee will assist Crippen,
operate the flight support system and coordinate the repair mission.
Hart will operate the remote manipulator system. Nelson and van
Hoften will share the repair tasks during two extravehicular activities
(EVA). Rd

Solar Maximum Repair Mission “Firsts”

First Shuttle rendezvous and capture operation
with a free-flying spacecraft

First Shuttle era spacecraft repair

First Shuttle era instrument repair

First Shuttle reboost of a free-flying spacecraft

First direct ascent launch of the Space Transportation System
First operational use of the Manned Maneuvering Unit

First operational use of the Multimission
Modular Spacecraft Flight Support System

First operational use of the Manipulator Foot Restraint
First use of the EVA power tools
First extensive checkout of a spacecraft berthed to the Shuttle

First use of a Payload Operations Control Center at a remote
location from the Mission Control Center

First return of spacecraft hardware that has been in space
for several years
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Studying the Sun [ Launched high above the clouds and
filtering atmosphere on February 14, 1980, the Solar
observatory was a source of very detailed information the
sun. For the first nine months of the planned two-year mission. the
te ected spectacular new data. Hundreds of scientists
jathered at NASA's Goddard Space Flight Center in Greenbelt
Marylar and at ground observatories around the world to watct
the sur i study solar flares
These s r flares are tremendous explc r that rack the IT
sending rad and matter toward Earth. Within t aft
erupts, solar matter bombarads the tartr ften interrupting ]
commur ations or causing brilliant auroras. Flare urr t fr
juently during the sun's active cycle, which peaks every 11
Scientists declared 1980 the n Year and la i
Solar Max in an effort to learn more about flares and the sun during
this active period
Flares, like thunderstorms on Earth, are complex single instr
ment can monitor all their features. The Solar Max « y

arries several different instruments that can observe

simultaneously. Six of the instruments monitor flare radiation in parts
f the electromagnetic spectrum from visible light through ultraviolet
and X-ray emission to gamma rays. Scientists can use data from
these instruments to understand better how flares start, how they
release their energy, and how they affect the Earth. A seventh

instrument on board the satellite monitors the sun’'s total radiatior
Small changes in the sun’s radiant output iIld dramatically affect
the Earth's weather and climate. After tracking hundreds of flares

before the satellite lost its fine pointing control

and
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scientists

numerous aiscoveries railsed many new questions t the
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sun

Repalr Mission Rationale There are many reasons for

repairing Solar Max and extendin g tsnm | solar Max the only
DSE aitory currently in orbit. A successful repair will restore
77-millior aitellite at an estimated one-fourth of its replace

1aw extena the yperationa fe f the € v for
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Many pieces of the solar flare puzzie are still missing. and scientists

need continuous and very precise measurements of flares to deter
mine how they affect the Earth. Using the insight gained from nine
ntt f prior Solar Max observations and three years of data
nalys entists can pinpoint what they need to watch. Results
the earlier observations will guide plans for the renewed mission
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By the time Solar Max is restored, the ycle will have f
gressed four years to a quieter phase tuated by strong
ess frequent flare activity. Scientists w 3ve an unforeseen char
to focus on the quieter sun and compare different phases of s
activity. Solar scientists can renew their search for solar-terrestria
connections. As a revived Solar Max beams more information t
Earth, they may understand more clearly why explosions on the
sun bombard the Earth with energetic particles that disrupt
munications, endanger orbiting spacecra mage power statior
and alter the chemistry of the atmosphere
Solar scientists will not be the only one t f the f y
itude control module IS replaced a pservatory IS or
again working properly. The scientif nity at large w
onger be virtually helpless to save equipment that malfunctior
space. The mission will demonstrate th he Shuttle can be L
as a space repair vehicle supplied with crews and parts to service
satellites. No longer will it be necessary to abandon multimi
jollar spacecrafts because of localized hardware problems
During the Shuttle era of orbital repair and modular design, satellite
may no ionger have to rely on expen: pack-up component
designed into systems to prevent their rallure. Other major observ
atories designed with replaceable modules for orbital servicing

including Space Telescope
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ure satell
dures and hardware demonstrated in the
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Capturing Solar Max

EVA I Timeline
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Astronauts enter MMU Astronaut captures

airlock and checkout Solar Max
don manned flight

Manipulator arm
holds satellite and
berths it to flight
support system in
! Shuttle cargo bay

maneuvering unit
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meters (1,000 feet). While the Shuttle is parked 90 meters (100
yards) from Solar Max, one astronaut will fly the distance to the
satellite and use the manned maneuvering unit to stop its rotation

In the unlikely event of a malfunction, the maneuvering unit and
contingency procedures are designed to protect the astronaut’s
safety. The orbiter would move toward the stalled crewman and
scoop him into the open cargo bay. This precision maneuvering
capability has already been demonstrated in flight

Grabbing a moving satellite is a challenge, because even a weight-
less satellite retains all the momentum of its spinning. Practicing in
a manned maneuvering unit simulator, the crew demonstrated that
the backpack’'s 1.7-pound thrusters can be used to stabilize objects
rotating faster than Solar Max. The satellite is predicted to be rotat-
ing at 1 degree per second or 1 rotation every 6 minutes. The
astronaut will match the satellite’s rotation, using the manned
maneuvering unit to maintain his position while he docks with the
satellite. To dock, he will connect a trunnion pin attachment device
called a T-PAD, that is carried between the maneuvering unit hand
controls to a trunnion pin protruding from Solar Max. The astronaut
will remain docked to Solar Max, using the maneuvering unit thrus-
ters to stabilize the satellite until the Shuttle’s remote manipulator
arm can grapple it
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The Shuttle will then move into posi-

Berthing Solar Max
tion 9 meters (10 yards) below Solar Max, and the robot arm wi

move upward and grapple an existing fixture between the satellite’s
solar observatory and the multimission modular spacecraft base
During the retrieval operation, the astronaut operating the arm from
inside the Shuttle must avoid hitting and damaging the delicate solar
arrays that power the satellite

When the robot arm has a secure hold on the satellite, the astronaut
will remove his attachment device and move clear of Solar Max
while the arm brings the satellite to the flight support system in the
rear of the Shuttle’s cargo bay. The berthing ring will be in the
horizontal position when the arm moves the satellite to the support
platform. Crew members inside the Shuttle will close the jaw-like
berthing latches located on the ring around pins on the satellite
When the latches have secured Solar Max in place, the arm wi
release the satellite. Then Solar Max will be rotated into the correct
position for repairs. During this operation, the ring must be tilted
slightly to keep the satellite’s solar arrays from hitting the orbiter
Meanwhile, the astronaut who is using the manned maneuvering
unit will return to the orbiter and stow the backpack in the cargo
bay

Before the repairs begin, specialists at NASA-Goddard will turn off
Solar Max's power. The crew can control power flow to the satellite
once it is connected with the flight support system. Space Shuttle
heaters will be used to keep the satellite at the proper temperature
and provide power for the satellite as needed

NASA intends to berth the satellite during daylight, which lasts for
60 minutes during each 100-minute orbit of the Earth. Some of the
repairs will be performed as the Shuttle moves through half-hour
nights, but orbiter lights and astronaut helmet lights will allow repairs
to continue .
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Repairing a Scientific Instrument Deploying Solar Max

EVA Il Timeline

Astronauts enter Replace Replace

airlock and prepare electronics electronics
for repair box box
Sy s



Replace Checkout satellite
electronics for deployment
box
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Renewing Solar Science B

The Era of Orbital Repair



REPAIR MISSION CREW

A. Robert L. Crippen

STS-41C Commander

B. Francis R. (Dick) Scobee,

STS-41C P

SAB

C. Dr. George D. Nelson,
STS-41C Mission Specialist

D. Dr. James D. van Hoften
Mission Spe

E. Terry J. Hart,

STS-41C Mission Specia
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