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Abstract

In this paper, I summarize the use of solid motors in or-
bital launch vehicle upper stages and satellite propulsion
systems, concentrating on United States rocket motors.
Early attempts to use the apogee motor technique were
unsuccessful, but after a several-year gap apogee motors
became a common feature of payloads. Over several gen-
erations of solid rocket technology, as launch vehicle fi-
nal stage motors have been replaced by more powerful
successors, the older motors began new roles as space-
craft apogee motors. Some motors have been used in
a large number of different roles, and I describe several
of the most widely used examples. Finally, I give a brief
overview of the motors used in worldwide space programs.

Pioneer Days

This year marks four decades since the launch of the first
artificial satellite PS-1 by the Soviet Union. The Soviets
used liquid rocket engines for space applications almost
exclusively until the 1990s, with the exception of deor-
bit engines, although the Korolev and Nadiradze bureaus
did develop solid propellant ICBMs. In other countries,
however, solid rocket motors have played a key role in
delivering satellites to their final orbits for most of the
years since Sputnik. America’s first orbital launch at-
tempt, Vanguard TV3 in Dec 1957, used a Grand Cen-
tral Rocket 133-KS-2800 solid motor as its orbit insertion
stage. Of course, the solid motor never fired on TV3 as
the shot ended in an ignominious pad explosion, but the
GCR stage did successfully enter orbit on two later mis-
sions with the Vanguard 1 and 2 satellites. Two months
later, a successful Jupiter C shot placed Explorer 1 in or-
bit. The upper stages for Jupiter C were developed by
the Jet Propulsion Laboratory; they scaled down their
Sergeant missile motor to make the RTV (Reentry Test
Vehicle) motor. The original RT'V motor used a polysul-
fide fuel in a steel case; the Explorer 1 satellite was built
around the final stage RT'V motor. Explorer 4 introduced
a higher performance polyurethane fuel and the Pioneer

3 lunar probe saw the use of a titanium motor case for
the first time.

The first satellites used a stack of stages firing in se-
quence with relatively little coast time, with the final
stage providing orbital insertion a few hundred kilometers
downrange. Most of these early satellites were in ellipti-
cal orbits with relatively low perigees. In 1957, William
Pickering and his team at the Jet Propulsion Laboratory
realized that they could easily lengthen the orbital life-
time of their low-perigee Explorer satellites by including
a small ‘Two Pound Rocket Motor’ which would wait on
a timer to fire until the satellite had made exactly half a
circuit of the Earth. Now this was before we got clever
about active satellite attitude control, and their plan was
to mount the motor nozzle upside down, so that retaining
its inertial attitude half an orbit around would leave the
nozzle pointing back along the velocity vector, allowing
the burn to raise perigee and prolong the orbital lifetime.
Pickering gave this idea the colorful name of the 'Kick in
the Apogee’ technique. At around the same time the rival
Navy team at China Lake (Naval Ordnance Test Station
or NOTS) came up with the same idea and discussed it
with Pickering; there is some question that the concept
may go back as far as Peenemunde, but Pickering was
definitely responsible for the name, which led to today’s
term of ‘apogee kick motor’.

The first launch attempt was made by the NOTS
team in July 1958. Their small cylindrical satellites were
launched by a four-stage vehicle from an F-4D Skyray.
This was the first attempt to launch a satellite from an
aircraft, similar to today’s Pegasus system. The satellite,
nicknamed ‘NOTSnik’, was originally intended as a mil-
itary weather satellite. It was modified as a diagnostic
payload for the Project Argus high altitude nuclear tests.
The ‘NOTS 3 in. Spherical Motor’ would have provided
the kick in the apogee. The aircraft took off from China
Lake and headed out to the ocean for the drop; 53 minutes
after launch the apogee motor would have fired to place
the satellite in a 2400 km circular orbit. Despite some
claims from NOTS team members, most analysts believe
that all six launches in July and August of 1958 were fail-
ures well before the kick stage would have come into play.



JPL’s try was in connection with the Army’s inflatable
Beacon satellite in October of the same year, but once
again the technique could not be tested, when the upper
stages separated prematurely during first stage burn and
inital orbit was not reached. [Sources: Jupiter Bimonthly
Summary No. 12, JPL, 1958; Project Pilot Informal Re-
search Package, NOTS.] After these two failures, the solid
apogee motor remained in limbo for several years. Ex-
plorer 6 used a small perigee rocket to increase its apogee
in Aug 1959; in April 1960 a technique similar to that
of apogee motors was used for the first time, but using a
restartable liquid rocket - the Transit 1B navigation satel-
lite was placed in circular orbit when the Ablestar rocket
reignited after a 20-minute coast phase. In early 1963, a
series of small classified Lockheed satellites used a solid
motor to enter a higher circular orbit after deployment
from CORONA recon satellites: I don’t have any details
on this motor.

It was in Feb 1963 that the apogee technique got
its first real test, when the Syncom 1 satellite carried a
Thiokol solid apogee motor to geosynchronous altitude.
Unfortunately, the motor seems to have exploded on ig-
nition, and Syncom 1 was lost. It was not until July
1963 that the ‘kick in the apogee’ concept was brought
to fruition, when a JPL kick motor successfully placed
Syncom 2 in a circular synchronous altitude orbit.

Widely used motors

The NOTS team were also involved in the Air Force’s
Pioneer lunar probe, which had a similar design to their
own satellite and included a Thiokol lunar orbit insertion
motor in place of the NOTS kick motor. In that same
hectic summer of 1958 this first American moon probe
attempt met a fiery end over Cape Canaveral. Its Thor
Able launch vehicle carried the the first Allegany Ballis-
tics Lab (ABL) X-248 fiberglass-cased solid motor, soon
known as Altair. Altair was the first of several solid mo-
tors to be used as ‘universal’ final stages serving a variety
of launch vehicles. A prototype version of Altair, the X-
241, was also used as the third stage of the NOTS vehicle.
In 1959 the X-248 was used on Atlas Able and on the final
Vanguard launch, while in 1960 it became the final stage
for both the new Thor Delta and the all-solid-propellant
Scout. Altair was also used as a final stage for the subor-
bital Javelin and for the Sergeant-based Journeyman and
Shotput sounding rockets, and the Martin Bold Orion
antisatellite weapon. A scaled up Altair, called Antares,
provided another Scout stage. An improved Altair 2 ver-
sion was introduced in 1963. Altair 2 was used on Scout
and Delta, as well as on the unusual OV1 vehicle. Mul-
tiple OV1s were strapped to Atlas rockets and fired sep-
arately into orbit carrying their payloads.

Altair was so successful that clones of it appeared.
First on the scene was Grand Central Rocket, which had
now become Lockheed Propulsion Co. Its high mass ra-
tio MG-18 stage was used instead of the X-248 on six
Scout and Thor launches used to orbit classified weather
satellites.

In 1965 Altair began to be phased out by another
clone called the FW4, made by UTC of San Jose. The
fiberglass cased FW4 was externally a slot-in replacement
for ABL’s Altair, and a lot of reference books fail to make
the distinction between them. However, FW4 was more
powerful and had the highest mass fraction of any con-
temporary stage. FW4 became the standard Scout and
Delta third stage and was also used on the later OV1 and
Burner 1 missions. It last flew on a 1983 Scout mission,
being phased out in its turn by Thiokol’s Star 20, also
known as Altair ITI.

Another widely used motor is Thiokol’s Star 37, which
well illustrates the diverse uses that a single motor design
may be put to. The first Star 37 was developed as the soft-
landing retromotor for the Surveyor lunar probes in the
1960s. Shortly afterwards, it was drafted for use as the
upper stage on the Thor Burner 2 rocket used to launch
military weather satellites, before reaching its most well
known role as the Delta rocket’s final stage for most of
the 1970s, replacing the Altair series in that role. The
Star 37 was also used as a kick stage to boost the Pioneer
and Voyager probes on their way to the outer planets,
and the Helios probes down toward the Sun, the only
times the Atlas Centaur and Titan Centaur probes have
used an extra stage beyond the Centaur. Star 37 was
also used as a payload orbit insertion motor with Atlas
and Thor: the launch vehicle inserted the payload on a
suborbital trajectory, and the Star 37, which is counted as
part of the payload, fires at apogee to place Tiros-N class
weather satellites or other payloads in their final orbits.
Most recently, as launch vehicle power has increased, the
Star 37 has been used as an apogee motor for the GPS
navigation satellites, continuing 30 years of growth for the
same basic design.

Another interesting motor from the early years is the
BE-3, also known as Alcyone (one of the Pleiades). Her-
cules built the BE-3 as the retro-rocket for the early
Ranger moon probes. The 1962 Block II Rangers were
meant to dump a balsa-wood capsule on the lunar sur-
face, and the BE-3 would fire just before touchdown to
lessen the impact. In the event BE-3 never got the chance
to prove its mettle, as none of the three Block II Rangers
launched reached the Moon in working order. Neverthe-
less, BE-3 went on to be a small success story. It was
used in 1963 as the kick motor for the US Air Force’s Vela
satellites. The Velas were placed in orbits with apogees
of 100000 km, and BE-3 fired to make them circular. In
contrast to Ranger, Vela was highly successful and in the



late 1970s later Vela satellites were still being used to
search for illegal nuclear explosions. Next, in 1964, BE-3
was used as a reentry stage for the Athena test vehicle.
Athena was a small rocket launched from Green River
in Utah; during descent towards White Sands the BE-
3 would ignite to punch the reentry vehicle back down
to the desert at high speed, simulating reentry of a larger
missile. A couple years later, it was pressed into service in
the same role for the SPARTA rocket, flown in Australia
by a joint US/British/Aussie team and using the vener-
able Redstone as its first stage. For the last SPARTA
flight, the profile was changed as BE-3 was fired during
ascent to place itself and Australia’s first satellite into
orbit. In 1974, BE-3 was again used as an upper stage,
this time as the fifth stage of Scout E, which flew a single
mission to place the University of Iowa’s Hawkeye satel-
lite in elliptical orbit. The last use of BE-3 that I know
about was in 1984, when it was again used as an apogee
motor on a multiple Delta Explorer payload, and placed
Germany’s Ion Release Module satellite in its final orbit.

I emphasize these varied histories because there’s a lot
of discussion about launch vehicle reliability these days -
and I think you have to factor in individual stage reli-
abilities. Of course the same motor flying as a launch
vehicle stage and as a reentry test vehicle may have very
different avionics attached to it, and we’ve seen in re-
cent years commercial launch vehicles based on existing
motors which have run into unexpected problems, but
having burned the same motor design a large number of
times has to count for something.

US Motors in the 1960s

In the mid 1960s the first geostationary satellites were
launched. Syncom 1, the first satellite to try and reach
synchronous altitude, used a small Thiokol motor, but
Syncom 2 and 3 used a motor developed by JPL and
Thiokol’s comsat apogee motor business languished for
some time as it concentrated on other rockets. JPL also
provided apogee motors for Early Bird (the first Intel-
sat) and the ATS technology development satellites. ATS
5, which flew in 1969, was the last satellite to carry a
JPL motor, the swansong of JPL’s involvement in space
propulsion. From now on, JPL would concentrate on its
planetary exploration expertise.

Aerojet moved in to fill the vacuum. The Sacramento
company, which of course was originally a von Karman
offshoot, provided the SVM (Space Vehicle Motor) series
of comsat apogee motors, SVM-1 of 1966 to SVM-7 in
the late 1970s. SVM-1 powered the Intelsat II satellites
in the 1960s, SVM-2 was aboard Intelsat III, SVM-4 was
the Intelsat IV motor, and SVM-5 was used in the SMS
and GOES weather satellites. SVM-6 was on the first

two NATO 3 satellites, and SVM-7 was apogee motor for
the initial Satcom birds from RCA/East Windsor, the
ancestors of today’s Lockheed Martin A2100s.

Another successful apogee motor of the 1970s was
UTC’s FW5, a scaled down version of their Altair-class
FW4 upper stage. The FW5 was the apogee motor for
Hughes’s HS-333, the first real production series comsat
which pioneered the Anik, Westar and Marisat series.

By this time, in the late 1970s, Thiokol was ready
with a new line of products which would lead to a dom-
inant presence in the US market. Thiokol had provided
small kick motors in the Star series for scientific satellites
throughout the 1960s and 1970s. In 1968 the Star 17 was
used as apogee motor for the Radio Astronomy Explorer,
and in 1969-70 the same motor went to geostationary or-
bit in the Royal Air Force’s Skynet I and NATO’s first
satellite, NATO IIA. But the Star 17 was too small for
most comsats. 1976 saw the first flight of the Star 27, as
apogee motor for Canada’s Communications Technology
Satellite. Star 27 took over from Aerojet’s SVM as kick
motor for the later GOES weather satellites and NATO 3
comsats, and made 11 flights as kick motor for the Block
I GPS navigation satellites.

Star 27 was Thiokol’s first comsat apogee motor to see
wide use, but its success was eclipsed by the Star 30 which
came on line in 1980 to power the Hughes HS-376 and the
RCA advanced Satcom satellites. Unlike the other motors
I've talked about, Star 30 has been used exclusively as
an apogee motor for geostationary comsats, and it’s now
made over 80 flights.

As payloads get larger and rockets more powerful, the
motors move upward in the vehicle. The Star 37 has been
replaced as a third stage by the Star 48 PAM-D, but in
turn replaced the Star 27 as an apogee motor, first for
the FLTSATCOM Navy comsat and more recently for
the GPS Block II satellites and Loral’s Intelsat-5 class
comsats. The Star 48, in turn, has seen some use as a kick
motor, for Magellan’s Venus orbit insertion and Ulysses’
solar orbit kick stage.

The Present Day

The role of solid motors changed in the 1990s. Apogee
motors are becoming less common as comsats take ad-
vantage of the operational flexibility of liquid propellant
systems, but it seems clear that the relative simplicity
of the solid motors will ensure a niche for them for the
forseeable future. The Shuttle and expendable launch ve-
hicles with profiles matched to it created a new market
for perigee kick motors. Notable among these in the US
are UTC’s Orbus series: the big Orbus 21 makes up the
first stage of Boeing’s IUS and the single stage of OSC’s
Transfer Orbit Stage, and the Orbus 7 used as the perigee






