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INTRODUCTION


The Apollo program, which ran from 1961 until 1972, will be for ever remembered as a milestone in human endeavour. It was an extraordinary accomplishment, which demanded huge technological leaps, a colossal amount of funding and a sizeable, highly skilled workforce. Project Apollo was the largest commitment of resources made by any nation during peacetime; at its height it employed over 400000 people and cost $24 billion in total, over $110 billion in today’s money.


The reason the US devoted such resources to the program was because it was engaged in the Space Race with the Soviet Union. In the aftermath of the Second World War, deep political and economic differences created a rivalry between the two superpowers, which led to the Cold War. Although there was no full-scale armed combat directly between the two sides, each country strove for economic, scientific and military superiority. By mastering the techniques necessary for space travel, each side was not only showing the other how much more advanced they were, but that they potentially had the means to deploy a nuclear bomb anywhere in the world. Having launched the first satellite (Sputnik I) in 1957, the Soviets would again beat the US by sending the first man into space, cosmonaut Yuri Gagarin, on 12 April 12, 1961. America was clearly lagging behind. In an effort to overtake the Soviets, President John F. Kennedy laid down the challenge of ‘landing a man on the Moon and returning him safely to the Earth’. And so the Apollo program was born.


Apollo was NASA’s third human spaceflight program. The first, Project Mercury, began in 1958 and ran until 1963. Its primary goal was to place a manned craft in Earth’s orbit, which it did on four occasions. Once NASA had proved they could send a man into space they then commenced with Project Gemini, which would run alongside the Apollo program from 1961 until 1966. Its objectives were to test the space travel techniques that would be necessary on the Apollo program.


The Mercury and Gemini programs had prepared NASA’s scientists, engineers and astronauts as far as possible, but with Apollo there were many more challenges yet to face. Through the determination, focus and coordinated efforts of the thousands who supported the missions, the Apollo program would become the pinnacle of human achievement, and for ever a testament to what the human race can achieve when it sets its goals high enough.
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MACHINERY


To achieve the goal of sending someone to the Moon and back, the scientists at NASA decided upon a teqhnique they called Lunar Orbit Rendezvous. This meant that they would send a spacecraft coupled with a landing craft to orbit the Moon. Once in the Moon’s orbit the landing craft would detach and carry its passengers down to the surface, where they could then explore. On their return, the astronauts would lift off from the Moon in a portion of their landing vehicle, and return to the orbiting spacecraft. After they had transferred back into the main spacecraft the remaining section of their landing vehicle was then discarded, and they would travel back to Earth. The main spacecraft was known as the Command/Service Module, and the landing craft was called the Lunar Module.


These spacecrafts would not have the ability to get to the Moon on their own. In order to escape the pull of Earth’s gravity a huge rocket was needed, and so the Saturn V was created. It was a three-stage rocket, meaning that it was made from three ‘parts’ that would fire one after the other, with each part being dispensed with after use. The ‘V’ in Saturn V refers to the five huge F1 engines that blasted the rocket skywards at lift-off.


Although the Saturn V would become famous for getting man to the Moon, other smaller rockets were also used during the Apollo program. Early unmanned missions used Little Joe II, Saturn I, and the Saturn IB to test the rocket and guidance technology, as well as taking measurements and readings in preparation for manned missions. Aside from the Saturn V, the Saturn IB was the only other rocket from the program to take part in a manned mission, which it did on just the one occasion.


LAUNCH ESCAPE SYSTEM


This system was connected to the command module (CM) of crewed spacecraft and was powered by solid-fuel rockets. Its purpose was to quickly separate the CM from the rest of the rocket in case of emergency; specifically situations where there was an imminent threat to the crew, such as an impending explosion. It could be used up to an altitude of 30km.


INSTRUMENT UNIT


This was situated above the Saturn V’s third-stage rocket. It was a ring of instruments that provided the guidance for the Saturn rockets. Among its components were computers, control electronics, accelerometers and gyros. After it was no longer needed it was jettisoned from the Apollo spacecraft and sent into either Earth or solar orbit, or to crash into the Moon.


FINS


On each of the Saturn rockets, fins surrounded the engines at the base of the first-stage rocket. They were there to provide aerodynamic stability.
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COMMAND/SERVICE MODULE CSM


The term Command/Service Module (CSM) refers to two modules: the Command Module (CM) and the Service Module (SM). These modules remained attached to each other until the end of a mission.


The three crew were based in the CM, which was pressurised with oxygen and nitrogen and maintained at a comfortable temperature. They were positioned behind their instruments and controls in adjustable couches that provided a variety of different positions, depending on the phase of the mission and flight situation. The five windows on the CM allowed them to see out into space, and helped them when docking with the Lunar Module. The CM had twelve thrusters that were used after the craft had separated from the SM, controlling its re-entry into the Earth’s atmosphere.


PITCH THRUSTERS


Also known as reaction control jets. There were 12 thrusters on the CM, controlling pitch, roll and yaw. They each produced 445N of thrust, operating in bursts, from 12 milliseconds to500 seconds.


DROGUE PARACHUTES


After re-entering the Earth’s atmosphere, drag would slow the craft to 480km/h. The two drogues would then deploy, slowing the CM to 200km/h.


DOCKING PROBE


Used to connect the CM to the LM, and to allow the crew to move between the two modules when docked.


MAIN PARACHUTES


These were released after the drogue parachutes, slowing the craft down to 35km/h. Safe splashdown requires 2 of 3 to be successfully deployed.


STORAGE COMPARTMENTS


Situated throughout the CM, they held scientific equipment and enough food to last 3 people for 11 days.


REACTION CONTROL FUEL,OXIDISER And PRESSURANT TANKS


COMMAND MODULE
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The Service Propulsion System’s (SPS) engine was mounted at the rear of the SM. This provided the vehicle’s main thrust once the Saturn V’s rockets had been used and discarded. The SM’s Reaction Control System (RCS) comprised four thruster quads that steered the spacecraft. Inside the SM were fuel and oxidiser tanks, as well as tanks for pressurant, which was needed to push the propellants through the engine. It also housed fuel cells and batteries that provided electrical power to the CM. At the end of a mission, just before the craft would re-enter the Earth’s atmosphere, the SM was cast off and the CM would return the crew to Earth. Friction with the air would cause the SM to burn up as it re-entered.


FUEL TANK


This tank would continuously fill the sump tank until it was empty.


THRUSTER QUAD


There were 4 evenly spaced thruster quads on the SM, giving a total of 16 jets.


FUEL SUMP


This tank fed fuel directly to the engine.


SERVICE MODULE ENGINE


Produced 91000N of thrust.


NOZZLE EXTENSION SKIRT


SERVICE MODULE


HYDROGEN TANKS


These two hemispherical tanks supplied the fuel cells.


HIGH-GAIN ANTENNA


For long-range communication with Earth.


OXYGEN TANKS


These two tanks supplied the fuel cells, and the environmental control system.


OXIDISER SUMP


This tank fed oxidiser directly to the engine.


OXIDISER TANK


This tank would continuously fill the sump tank until it was empty.


FUEL CELLS


The 3 cells combined oxygen and hydrogen to generate electrical power.


DRINKING WATER
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COMMAND/SERVICE MODULE CSM


COMMAND MODULE CM


Crew:


3


Total Mass (inc. crew):


5560 kg


Unloaded Mass:


5150 kg


Habitable Volume:


5.90 m3


Pressurised Volume:


7.65 m3


Drinking Water Capacity:


15 kg


Waste Water Capacity:


26.5 kg


Batteries:


5


Total Battery Charge:


121.5 AH


Drogue Parachutes:


2 x 5 m


Pilot Parachutes:


3 x 2.2 m


Main Parachutes:


3 x 25.4 m


CM INTERIOR SPACE
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SERVICE MODULE SM


Total Mass:


24520 kg


Unloaded Mass:


6015 kg


SM TANKS


SM REACTION CONTROL SYSTEM


Thrusters:


16


Thrust (each):


450 N


Fuel:


Mono-Methyl Hydrazine


Oxidiser:


N2O4


Fuel Mass:


200 kg


Oxidiser Mass:


410 kg


SM SERVICE PROPULSION SYSTEM


Engine:


AJ10-137


Power:


91000 N


Fuel:


Aerozine 50


Oxidiser:


N2O4


Fuel Mass:


6915 kg


Oxidiser Mass:


10980 kg


CM REACTION CONTROL SYSTEM


Thrusters:


12


Thrust (each):


420 N


Fuel:


Mono-Methyl Hydrazine


Oxidiser:


N2O4


Fuel Mass:


24 kg


Oxidiser Mass:


48 kg


LM









[image: image]





LUNAR MODULE


DOCKING


HATCH


EVA ANTENNA


Allowed the LM to connect with the CSM and for the crew to pass between the two.


VHF ANTENNA


For communication with the CM.


RCS FUEL TANK


S-BAND ANTENNA


For communication with Earth.


GASEOUS


OXYGEN


RCS PRESSURANT TANK


Used for breathing.


RENDEZVOUS RADAR


Used for locating and tracking the CSM before and during docking.


RCS OXIDISER TANK


THRUSTER QUAD


THRUSTER QUAD


ASCENT STAGE


ACCESS HATCH


ASCENT FUEL TANK


ASCENT ENGINE


Used to lift off from the Moon to place the ascent stage in lunar orbit.


PRESSURANT TANK


FUEL TANK


OXIDISER TANK


ACCESS PLATFORM


DESCENT STAGE


FUEL TANK


SECONDARY SHOCK


ABSORBER


LADDER


DESCENT


ENGINE


FOOT PAD


The engine’s thrust could be varied between 10 and 60 per cent of its full capacity to ensure a soft landing.


PRIMARY SHOCK


ABSORBER


OXIDISER TANK
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The LM comprised of two stages: descent and ascent. These stages remained together as a unit until it was time for the astronauts to leave the Moon’s surface. The LM had four undercarriage legs that supported it during its stay on the Moon. These legs were folded in to save space while the craft was aboard the Saturn V, and would only be extended when the craft was in the Moon’s orbit. The LM could only operate in the vacuum of space as it was aerodynamically unsuitable to fly through the Earth’s atmosphere.


The Descent Propulsion System (DPS) was housed in the descent stage. This slowed the craft down as it approached the Moon, and provided the astronauts with enough hover time to select a suitable landing site. The DPS consisted of the pressurant, fuel and oxidiser tanks, the engine and all of their associated parts. On later missions, the Lunar Roving Vehicle (LRV) was also stowed in a compartment in the descent stage. Once the crew were ready to leave the Moon this stage would become detached from the ascent stage, and act as a launch platform. As a result the Apollo missions have left a total of six LM descent stages on the Moon’s surface.


The ascent stage comprised the crew’s cabin, which accommodated two personnel, as well as the LM’s flight controls and instruments. Inside, criss-crossing hammocks were extended for the astronauts to sleep in during their rest breaks. It was pressurised like the CM, and had four quads of RCS thrusters on its exterior that provided control. Should the SM thrusters fail, the LM thrusters were able to steer the spacecraft. The ascent stage also contained the Ascent Propulsion System (APS), which was required for lift-off from the descent stage at the end of a lunar visit. Once in orbit, after the crew had transferred from the LM back into the CM, the LM’s ascent stage would be jettisoned into solar orbit or to crash into the Moon.
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