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SPACE SHUTTLE LAUNCH SYSTEM 1972–2004

INTRODUCTION

It was a stock techno-thriller subplot in the 1970s and 1980s: a Space Shuttle launch during a fictional Third World War – an Air Force Shuttle, launched on a military mission to help the United States win the war. Frequently, these stories involved the Shuttle in combat – the first-ever space combat. Sometimes the Orbiter won its fictional encounter. More often, it was destroyed.

Reality followed a different course. Military use of the Shuttle has been tentative, reluctant, and fleeting. Operational shortcomings, rather than military action, have caused Shuttle losses. Rather than being an orbital bomber or daring spy plane, the Shuttle has been a space-age dump truck, a high-tech 18-wheeler.

The Shuttle was conceived when space was seen as the new high ground. It was thought that those who commanded space could keep the rest of the world’s nations penned on Earth, much as Nelson’s navy kept Revolutionary France trapped on the European continent. Its design shows the influence of a perceived military role: the size of the payload bay, the maximum weight of any payload delivered to orbit it was designed to carry, even its double-delta wing sprang from the military missions it was intended to support.

When the Shuttle finally flew, new realities emerged. The new high ground proved a vulnerable ridgeline, where you could be picked off by invisible enemies hidden in undergrowth. Manned space flight was as public as Times Square on New Year’s Day, complicating clandestine operations. Space is an incredibly hostile environment, better fit for electronic robots than human beings, and many uses of space – such as the Global Positioning System – had not been conceived in the late 1960s when the Shuttle design began.
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Replicas of Christopher Columbus’ ships sail past the Orbiter Endeavour at Launch Pad 39B as Endeavour awaits liftoff on its maiden voyage, STS-49. Photographed during the Columbus quincentennial in June 1992, it illustrates the link between explorers throughout time.

The Space Transportation System – consisting of an orbital space plane, solid booster rockets, and an external fuel tank – was a compromise, with all the limitations that compromises often entail. It has proved less satisfactory than its champions promised. It never delivered a once-a-week launch rate, polar launch capabilities, or even a payload of 65,000lb into low-Earth orbit. It is more expensive than expendable launch vehicles.

Despite its limitations the Shuttle remains revolutionary. Both it and the spacecraft deployed from it are still the only successful reusable spacecraft. The Shuttle gives humans unprecedented access to low-Earth orbit, allowing ordinary individuals to travel in space. Remarkably flexible, it has made projects like the International Space Station (ISS), the Hubble Space Telescope (HST), and Long Duration Experiment Facility (LDEF) possible.


DESIGN AND DEVELOPMENT

Genesis

In 1969 man reached the Moon and the National Aeronautics and Space Administration (NASA), began to consider its next major endeavor. A manned space station seemed achievable, if transportation costs to low-Earth orbit could be reduced. A reusable launching system – a space shuttle – promised the requisite savings, so NASA proposed a combined station/shuttle initiative.

The initial shuttle design proposed by Maxime Faget, NASA’s chief designer, was completely reusable. A manned, fly-back first stage that was the size of a Boeing 747 airliner, but could out-perform an X-15, would launch, carrying an Orbiter. At staging, the Orbiter, which would be larger than a 707 airliner, would launch from the first stage. The first stage would turn around, and fly back to the launch pad. Both first stage and Orbiter had straight wings allowing them to glide to a landing on a conventional runway at airline speeds. Liquid-fueled rockets would power both, and the system could carry a small (20,000–30,000lb) payload.

It was too expensive. NASA could get funding for one of the two projects and about half of the other. Neither project could be justified in isolation: without a space shuttle, a space station could not be maintained. Without a space station, there was insufficient justification for a space shuttle. Seeking extra funds, NASA approached the Air Force.

By 1970 the United States Air Force (USAF) had been striving for a manned military presence for nearly a decade. Two manned programs – Dyna-Soar and the Manned Orbiting Laboratory (MOL) – had been started and then abandoned. Dyna-Soar, a manned orbital spaceplane initially intended as an orbital bomber, evolved into a payload delivery system before cancellation in 1964. MOL, a manned reconnaissance platform, had been abandoned the previous year, in 1969. The seven astronauts reassigned to NASA. When NASA offered the Air Force a chance to get back into manned space flight, the Air Force was interested.
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This model – currently on display at Johnson Space Center – shows the original Shuttle concept: a manned fly-back first stage, and a straight-winged Orbiter, capable of landing at airliner speeds. (Author’s collection)
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The Manned Orbital Laboratory (MOL) was the military’s second effort to create a manned military presence in space. The program was canceled in 1969, and the seven astronauts assigned to it were transferred to NASA. Ironically, they provided commanders for most of the first Shuttle missions – another program that started as a military effort, but ended being transferred to civilian use.

Air Force–NASA partnerships were common. The X-15 and XB-70 mach-3 bomber were joint Air Force–NASA projects. NASA’s launch facilities at Cape Canaveral, Florida, as well as facilities at White Sands (New Mexico) and Edwards Air Force Base (California), were shared with the Air Force, as was the joint research on lifting bodies and hypersonic aircraft performance; the Air Force sometimes provided the funding for these projects. NASA obtained aircraft used to support this research from the Air Force. The Air Force MOL used a militarized version of the NASA’s Gemini manned space capsule. A jointly developed shuttle seemed natural.

The Air Force knew that without its support NASA would not get a space shuttle. Reconnaissance was a major space military mission and the United States’ principal foe, the Soviet Union, had significant bases in the Arctic. To fly over all of the Soviet Union American military reconnaissance satellites needed high-inclination orbits.

The Earth’s rotation assists spacecraft launching due east. Increasing an orbit’s inclination reduces this assistance. Launches due north (or south) get no rotational assistance. With launch inclinations in excess of 90° the Earth’s rotation reduces the speed of the vehicle. A launch system that puts 30,000lb into orbit launched due east may only carry a 5,000lb payload into the 97° inclination orbit required for observation. The Air Force already planned optical reconnaissance satellites – the Keyhole series – that weighed up to 40,000lb. These required a payload bay that was 15ft across and 60ft in length. Upgraded (by means of adding larger solid rocket boosters) Titan III boosters could place these into a 97° inclination orbit. Faget’s design could not.

The Earth’s rotation moves the launch site after launch. A rocket launched from the United States crosses roughly 1,100 nautical miles west of its launch site when it has completed one orbit. Due to range safety, satellites requiring inclinations greater than 65° were launched on the Pacific coast, from Vandenberg Air Force Base. This put a spacecraft over the Pacific Ocean after completing one orbit.

To land on American soil – critical for classified military payloads – the Air Force required the ability to fly crossrange (perpendicular to the direction of the orbit) 1,100 nautical miles. The Air Force also planned missions that were to be completed in one orbit. The vehicle would go up, launch or retrieve a payload, then return to Earth at an American military facility. Faget’s design had less than 200 miles of crossrange capability, and was thus impractical for the military.
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By Authority to Proceed, the Orbiter design had evolved to a double-delta wing, but one with twin rudders, raised wing tips, and jet engines for landing. This was a heat transfer model of the design used by Rockwell to refine the craft. (Author’s collection)

The Shuttle design was altered to accommodate Air Force requirements. The larger payload bay and the increased payload – 65,000lb when launched due east – increased the size of the entire system. A double-delta design was adapted – with a broad triangle forming the wings and a narrow triangle merging the wing to the fuselage. The double delta improved performance at hypersonic speeds – this increased both crossrange capability and vehicle heating during reentry. Additionally, a delta wing has a higher sink rate and stall speed. Faget’s straight-winged craft landed at a stately 130 knots. A delta design sizzled down the runway at 190 knots.

Budgetary pressures further complicated these requirements. Previous aerospace craft operating in hypersonic environments, such as the X-15, were made from titanium, using the titanium structure as a heat sink. A “hot-structure” Orbiter would have been the largest titanium airframe ever constructed, and consequently, fantastically expensive.

However, a new insulator was being developed – silica tiles. The insulating silica was light, would not oxidize, and could withstand temperatures up to 2,500°F. This promised a reusable insulation that permitted an aluminum-frame vehicle. It was much less expensive than titanium. Not surprisingly, NASA opted for this thermal tile system.

NASA also reduced costs by substituting strap-on boosters for the fly-back first stage. Initially these were liquid-fueled, but the costs and complexity of liquid-fueled boosters prompted NASA to investigate the use of solid rockets.

Solids were cheap and reliable, burning a mixture of powdered aluminum and ammonium perchloride oxidizer. Their thrust was comparable to that obtainable with liquid oxygen and kerosene, a common rocket fuel. Although the proposed Shuttle would require solids larger than those used before, a solid rocket booster would cost much less than a liquid booster. The solid rocket casings would also be sturdy enough to be retrieved and reused.

Once lit, however, solid rocket boosters (SRBs) burned until they were exhausted. Aborting a launch while they were burning was impossible. All previous manned spacecraft used liquid-fueled engines that could be throttled. NASA chose to accept the risk inherent with SRBs.

NASA contracted for a new motor for the planned Shuttle fueled with liquid oxygen-liquid hydrogen (LO2-LH2). Initially they demanded an engine that could generate 415,000lb of thrust, with a motor that was to be reusable and throttleable. After Air Force requirements increased the payload to 65,000lb, NASA changed the engine requirements to 550,000lb of thrust.

The liquid hydrogen and oxygen fuel affected the vehicle design. Liquid hydrogen is bulky and makes up one-seventh of the total fuel weight in a LO2-LH2 system, while accounting for three-fourths of the volume. It is light, however, and can be stored in lightweight tanks. Proposals were drafted for storing liquid hydrogen in disposable, external tanks. The proposed Orbiter shrank.

NASA finally put all of the liquid fuel in an external tank, producing the configuration used today. The orbiting spacecraft would be built from aluminum with a silica-tile thermal protection system. Launched with LO2-LH2 engines, it would use double-delta wings for reentry and draw fuel from a large external tank. Attached to the external tank, two solid rocket boosters provided the first stage impetus.

A painful birth

NASA had its design. Success depended upon coordinated completion of several disparate technologies. Both propulsion systems were unprecedented. The Space Shuttle Main Engine (SSME) was larger than any comparable LO2-LH2 engine, throttleable and reuseable. The SRBs were so big that, unlike any of their predecessors, they had to be built in sections. While the aluminum structure simplified construction, that gamble was predicated on an untested thermal tile.

NASA’s proposal arrived as the United States’ economy experienced “stagflation” – economic stagnation combined with inflation. NASA funding came from the discretionary budget – the small fraction of the Congressional spending that could be cut. Always on the budget chopping block, NASA starved its other programs to fund the Shuttle – abandoning the space station, and canceling three Apollo Moon missions.

NASA used extravagant claims to sell the Shuttle: they declared that the Shuttle would make space flight as routine as a bus ride; it could launch once a week; a fleet of four Orbiters would complete 400 missions in ten years; every object placed in orbit would start into space aboard the Shuttle. Based on an economic analysis conducted in 1970, the Shuttle would recoup development costs after 506 launches, and on its next 400 missions NASA would clear a profit.
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The difference between the SRBs and SSMEs can be clearly seen in this view of a Shuttle launch. The solid fuel – a mixture of powdered aluminum and ammonium perchloride – burns with a bright white flame. The liquid-hydrogen and liquid-oxygen of the SSMEs yields an almost-invisible blue flame.

The numbers were based on optimistic assumptions – that the Shuttle would increase demand for space by cutting costs of access, that enough payloads would exist to ensure each Shuttle launch was full, that inflation remained under control. Most importantly, it assumed development would follow schedules. Any slip – whether due to development difficulties or budget cuts – upset the coordination of several mutually dependent and technically challenging development programs. The Shuttle experienced both budget and developmental problems.

The Space Shuttle Main Engine (SSME) proved the first hurdle. Pratt and Whitney, the losing bidder, challenged the contract awarded to Rocketdyne in 1971. Engine development stopped until the challenge was settled, in 1972. The Main Propulsion Test Article (MPTA-098) – used to test the Space Shuttle Main Engines – only began construction in 1974. The SSMEs proved to be the program’s laggard child, delaying the first launch by at least six months.

NASA awarded the Orbiter contract to Rockwell International (formerly North American Aviation) in August 1972. Rockwell was also named the system integrator. Martin (later Martin-Marietta) won the External Tank contract, and built it at their New Orleans, LA factory. Marshall Space Flight Center (MSFC), a NASA center, retained responsibility for integration and final assembly of the Solid Rocket Booster, parceling the contracts for the structure to McDonnell Douglas Astronautics in Huntington Beach, CA, and the rocket motors to Thiokol (later Morton-Thiokol) in Wasach, UT.

Rockwell divided the Orbiter contract among major aerospace manufacturers in the United States. Rockwell used Orbiter structural groups – major subassemblies – as the partitions. Grumman (now Northrup-Grumman) in Beth Page, NY, received the subcontract for the wings, General Dynamics in San Diego, CA, built the mid-body, and McDonnell Douglas, in St. Louis, MO, developed the Orbital Maneuvering System and the aft Reaction Control System. The Shuttle was now dispersed throughout the country. If Congress canceled the program the effects would be felt in many Congressional Districts.

The Shuttle required new launch and processing facilities. NASA began converting the two Saturn launch pads and Saturn support buildings, such as the Vehicle Assembly Building (VAB) at the Kennedy Space Center (KSC) for Shuttle use. The Air Force agreed to convert their never-completed MOL launch pad at Vandenberg AFB – Space Launch Complex







From prototype to flight
















Evolution in the flight era
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