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ABSTRACT 
All space development efforts are hindered by the cost of placing payloads in orbit. Reducing launch costs allows more mass to be placed into orbit for a given budget.  Most of the weight (mass)  in any rocket is used to launch the fuel and not the payload. Electromagnetic (EM) railguns or mass drivers would avoid that problem.  A major assumption made in the paper is that construction materials including solar panels do not have the same accelerations limits as humans.
A mass driver or electromagnetic catapult is a proposed method of non-rocket space launch which would use a linear motor to accelerate and catapult payloads up to high speeds. 
  The concept was first mentioned in the popular press in 1937. 
  In 1966 Robert A. Heinlein in The Moon Is a Harsh Mistress referred to a similar device as an "induction catapult" 
  In 1976 students at MIT under the direction of Gerard K. O'Neill and Henry Kolm built a prototype mass driver. 
 

The Electromagnetic Aircraft Launch System (EMALS) technology was fundamentally proven by the Navy in 2004 using a full-scale, half-length prototype, where more than 1,500 launches and armature maneuvers were conducted. Since 2008, component testing on the shipboard design has been underway, including full scale/full power tests of all components. A full scale test site at Naval Air Engineering Station Lakehurst, N.J., became operational in the winter of 2009 / 2010.  EMALS began operational aircraft launch testing in the summer of 2010.

In 2012 the Navy tested a prototype of an electromagnetic railgun that can fire a 40-pound projectile at 5,600 miles per hour. 
  While the latest prototype, which was delivered in January 2012, is the closest to an actual weapon, it will be in testing for at least five more years before being used in the field.  

In 2014 Elon Musk proposed the Hyperloop, a partially evacuated (reduced pressure) tube in which pressurized capsules ride on a cushion of air that is driven by a combination of linear induction motors and air compressors at an average speed of around 598 mph (962 km/h).  

The next step is to move outside the box of human and aerospace structural g limits and deal with delivering construction materials to low earth orbit cheaply.  There is no reason that construction materials and their cargo containers should be limited to the same low g levels to which humans and flight vehicles are limited too.  Removing the low g limit constraint opens up a wide range of launch possibilities using electromagnetic launch to orbit technology.  This is the major assumption of this paper.
In this paper the author will review the state-of the-art for electromagnetic launch to orbit, review several possible launch sites including New Mexico’s Spaceport America, provide a parametric cost view for a possible commercial venture, and provide a rationale for pursuing the creation of electromagnetic assisted launch complex.
Concept

The concept is simple: substitute electrical energy for chemical energy used to insert payloads into orbit.  Figure 1 is a depiction of the concept.  The implementation however is quite complex.
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Figure 1: Electromagnetic Launcher Concept (https://

 HYPERLINK "https://lifeboat.com/ex/em" lifeboat.com/ex/em )
WHY?
If concepts such as Solar Power Satellites, Space Industrialization, and mankind breaking free of Earth’s cradle are to be realized then we need to find a cheaper way to get bulk commodities into low earth orbit (LEO).  In addition a low cost, relatively speaking, fast response for orbiting vehicles like the Air Force’s Boeing X-37B would have significant strategic and tactical value.  Finally focusing on creating a new national transportation infrastructure similar to the transcontinental railroads of the late 1800’s and the interstate highway system of the mid-20th century will re-vitalize our industrial and technology like Apollo did.  We can run a different race and create capital that produces revenue or continue to squander resources on trillion dollar snipe hunts in Iraq and a capital consuming over-budget weapon systems.  Creating an electromagnetic launch (EML) complex and flight system can be one component of both the re-industrialization of America and a new defense policy based on strong space based manufacturing and space based power generation enterprises.
History
Although the precise definition of a catapult is a ballistic device used to launch a projectile a great distance with the aid of explosives we will include Jules Verne’s 1865 “Earth to the Moon” novel as the first of the genre dealing with hurling something into space.  
Electromagnetic launch (EML) of projectiles dates back to 1918 when the French inventor Louis Octave Fauchon-Villeplee invented the electric cannon which is an early form of railgun. He filed for a US patent on 1 April 1919, which was issued in July 1922 as patent no. 1,421,435 "Electric Apparatus for Propelling Projectiles." During World War II, Joachim Hänsler of Germany's Ordinance Office built the first working railgun, and an electric anti-aircraft gun was proposed. By late 1944 enough theory had been developed to allow the Luftwaffe's Flak Command to issue a specification, which demanded a muzzle velocity of 2,000 m/s (6,600 ft. /s) and a projectile containing 0.5 kg (1.1 lb.) of explosive.  From 1962 Australia operated the world's largest (500 megajoule) homopolar generator and used it to power a large-scale railgun.
  

Launch to space concepts can realistically be traced back to a Princeton physicist, Dr. Edwin Northrup, built prototypes of an electric gun in the late 1930s and described a trip to the moon that was launched by a “Northrup Electric Gun”. 
  Robert A. Heinlein in 1966 in the “Moon is a Harsh Mistress” wrote about using an electromagnetic catapult to defend the lunar colony. 
 In 1976 another Princeton physicist, Dr. Gerard O’Neill, proposed using EML to launch lunar materials for use in space construction.  O’Neill and Dr. Henry Kolm, MIT, along with a group of graduate students, build a prototype “mass driver” 

Literature Review

Although the idea of electromagnetic launch to orbit has been batted about for a long time it appears that serious, consistent research started about the time Gerard O’Neill proposed mass drivers for launching lunar materials to build space colonies.  While many of the papers are focused on the electrical aspects of EML a number of reviews and system papers are quite useful to a systems designer or a civil engineer.  Fair 
 
 presents a concise summary of EML technology in the May 2013 issue of the IEEE “Transactions on Plasma Science”.  Since the early 80’s IEEE has held an electromagnetic launch (EML) symposium on about a two year cycle.  China, Europe, and Russia are carrying out research in EML technologies and have consistently published updates of their work in the conference proceedings.  McNab 
 summarized the three main categories of EM launch techniques as: a) linear motors, b) coil guns, and c) railguns.  Makins 
 in 1994 extrapolated Magnetic Levitation (MagLev) train technology for use as the first stage of a hybrid launch system. A NASA news brief 
 in 2010 updated
Linear induction motor (LIM) uses electric currents to generate magnetic fields that propel a carriage down a track to launch an aircraft. 
  McNab 12 notes that LIMs are probably limited to about 100 m/s (360 km/h or 224 mph).
Railguns: A railgun comprises a pair of parallel conducting rails, along which a sliding armature is accelerated by the electromagnetic effects of a current that flows down one rail, into the armature and then back along the other rail. 
  Railguns generally require physical contact between the conductors (rails) and projectile that is being accelerated.  
McNab 
 in 2003 provided a system description for a railgun based launch to space operation.  The system would be used only to launch sturdy materials, such as food, water, and fuel. The payload cost would be $528/kg, compared with $20,000/kg cost estimate for using the space shuttle.  The railgun system McNab suggested would launch 500 tons per year, spread over approximately 2000 launches per year. The launch track would be 1.6 km long, 12
Coilguns: A coilgun is a type of projectile accelerator consisting of one or more coils used as electromagnets in the configuration of a linear motor that accelerate a ferromagnetic or conducting projectile to high velocity.  Coilguns do not require a sliding contact or plasma arc to operate.  However, if your payload is not magnetic then payload shell has to function as a coil. 
 
According to a spokesperson at Sandia National Laboratory in Albuquerque, NM “In just one hour a full-scale version of the coil gun launcher could shoot into orbit several satellites weighing up to 1,000 pounds each, he said. The system could be used to resupply a space station with water, fuel, food, tools, materials and anything else that could withstand the violent shock of acceleration.” 

MagLev uses magnetic levitation to propel vehicles with magnets rather than with wheels, axles and bearings. With maglev, a vehicle is levitated a short distance away from a guide way using magnets to create both lift and thrust. Maglev trains move more smoothly and more quietly than wheeled systems. Their non-reliance on traction and friction means that acceleration and deceleration can surpass that of wheeled transports. 
  Mankins 13, Ham
, and Poleacovshi 
 have extrapolated MagLev technology into the 268 m/s (964 km/h or 600 mph) range.
Status of Technology

Linear induction motor General Atomics is deploying their EMALS on the Gerald R. Ford-class aircraft carriers. The EMALS' 300-foot (91m) LIM will accelerate a 100,000-pound (45,000 kg) aircraft to 130 knots (240 km/h, 67 m/s or 149 mph). 
  
As a point of interest Table 1 lists the specifications for the Air Force’s mini shuttle the Boeing X-37B Orbital Test Vehicle (OTV).  The X-37 is designed to operate in a speed range of up to Mach 25 or 19,030 mph 
  (30,634 km/h or 8,509 m/s) on its reentry.
Table 1: Air Force’s Boeing X-37B OTV Specifications 

	Height:
	9 feet, 6 inches (2.9 meters)

	Length:
	29 feet, 3 inches (8.9 meters)

	Wingspan:
	14 feet, 11 inches (4.5 meters)

	Launch Weight:
	11,000 pounds (4,990 kilograms)



[image: image2]
Figure 2: Atlas-V Fairing for X-37B

http://www.ecardmodels.com/index.php/1-48-atlas-v-fairing-for-x-37b-paper-model.html
Railguns: In 2016 the US Navy plans to begin sea trials of a railgun that accelerates a 23 pound (10.43 kg) projectile to Mach 7 
 (5,328 mph, 8,577 km/h, 2,382 m/s).  The energy in kinetic kill projectile is about 32 megajoules 
 in SI units.  The kinetic energy equation is:
[image: image3.png]



Where m is the mass (kg), v is the speed (or the velocity) in meters per second and the resulting kinetic energy Ek is in joules.  I’ve included this relatively elementary equation and terminology to facilitate different disciplines to move across terminologies and to establish a common language for civil engineers and electrical engineers.  This energy has to come from somewhere; either rocket fuel or electrical energy. 
Coilguns are significantly less well developed as railguns.  However, they conceptually appear to be the method most likely to be used to place construction commodities, life support supplies (food, water, and oxygen), acceleration hardened satellites, and perhaps variants of the Air Force’s Boeing X-37B.  The main reason is that coilguns do not have a rail/armature physical contact or a plasma arc.  Figure 3 shows one concept of a large coilgun launcher concept firing projectiles to orbit.
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Figure 3: Electromagnetic coilgun launcher
http://en.wikipedia.org/wiki/Coilgun
MagLev: The Holloman High Speed Test Track is developing a Maglev capability that allows a test sled to levitate using magnetic forces to restrain the sled rather than an extremely stiff and violent metal-on-metal restraint system. The current sled allows for 6 HVAR (high velocity aircraft rocket) motors to be used and to date has produced speeds of 420 mph. 
  Holloman is in the process of moving to a two track guideway.
MagLifter (Conceptual): Early designs envision a 2-mile-long track at Kennedy Space Center shooting a Mach 10-capable carrier aircraft to the upper reaches of the atmosphere. where a second stage booster would fire to lift a satellite or spacecraft into orbit. 15  The launch system comprises a launch platform (sled) that can be accelerated along a 2.3-mile fixed guideway. The sled carries a powered space flight vehicle that is launched as the sled reaches maximum velocity, approximately 550 mph (885 km/h or 246 m/s). After engine ignition, the flight vehicle separates from the sled and begins a powered ascent to Earth orbit, while the sled decelerates on the guideway and stops before returning to the starting position to be readied for another launch. 
The concept flight vehicle, Argus, is a horizontally launched swept-wing craft powered by two supercharged ramjet (SCRJ), rocket-based combined-cycle (RBCC) engines using liquid hydrogen and liquid oxygen fuels. The engines are capable of efficient operation as air-breathing jets at grade, as well as pure rocket mode at highest ascent altitudes. Argus size configurations vary from 170 to 225 feet in length, with a 51- to 60-foot wingspan. Fully loaded with cargo and fuel, Argus weighs from 600,000 to 1 million pounds. The baseline configuration (smaller size) can deliver 20,000 lbs. to low Earth orbit or 11,100 lbs. to the International Space Station, with the option of inserting a passenger module into the payload bay to transport six passengers. Argus returns from orbit as a glider but has an onboard landing engine to facilitate in-flight maneuvering or taxiing upon landing on a conventional runway. 
 
 Note: the NASA concept assumes horizontal launch at sea level.  Moving to a higher altitude and an inclined launch way would result in improved performance.
What’s Possible?
Holloman High Speed Test Track has repeatedly demonstrated the ability to use rockets to accelerate sleds (payloads) along rails (physical contact) at speeds about a quarter of those needed to place payloads in orbit.  Rocket Sled: Fastest on the Ground – Unmanned, Top Speed: 6,416 mph (10,328 km/h or 2,869 m/s).  In 2003, this rocket-powered sled became the fastest vehicle on land, accelerating to Mach 8.5 over the course of a 3-mile track. The sled was propelled by a four-stage rocket and for the first 11,000 feet the track was enclosed in a tube filled with helium, which reduced friction. The sled's acceleration maxed out at 157 g's–52 times greater than the g-forces experienced during a space shuttle launch (Popular Mechanics
).
In 2008 a military rocket train was propelled down a track at nearly nine times the speed of sound thereby reaching a world land speed record for rail.  Approximately three miles of the test was inside an inflated helium tunnel.  All of this was carried out at the Holloman Air Force Base High Speed Test Track in New Mexico.. Apparently, the test track can go up to Mach 12, though they haven't thought of a reason to go that fast... yet.

Table 2: Holloman High Speed Test Track

	Date
	mph
	fps
	kmph
	kmps
	Elev.
	Mach *

	2003
	6,416
	9,410
	10,325
	2.868
	4,093 ft.

(1,248 m)
	8.56

	2008
	6,589
	9,664
	10,604
	2.946
	
	8.81

	Projected
	8,975
	13,163
	14,444
	4.012
	
	12.0


* Mach 1.0 is the speed of sound in air and is not a constant, but depends on altitude (or actually the temperature at that altitude).  At 5,000 ft., std. atmosphere, Mach 1 = 747.9 mph (1,204 km/h) 
 Std. atmosphere: 41.17 deg. F, pressure 1,760.8 lbs.-f/sq. ft., density 0.002048 slugs/cu. Ft, speed of sound 1,097.09 ft./sec. 

The Holloman High-Speed Test Track The test track is a 10 mile (16 km) long, precision-aligned track that provides scientists and engineers a platform from which to conduct their various missions. The latest project being worked on at the HHSTT is the development of a magnetic levitation track -- essentially, a track system that would guide a levitating sled over its rails.

Some Criteria, Some Data, Some Parameters
Some of the major factors affecting launch performance are: altitude, velocity and the angle of the velocity vector. 14
McNab used placing a 3,000 kg (6,600 lb.) payload in a 600 km orbit for his parametric study of a notational 2 stage rocket using EML assist.13  Table 5 is a composite summary of McNab’s Tables II and III.

The X-37B has a launch weight of 11,000 pounds (4,990 kilograms) not including the shroud or fairing.  The shroud is probably at least 14 feet, 11 inches (4.5 meters) in diameter and a length greater than 29 feet, 3 inches (8.9 meters), Table 1.  

Table 3: Launch Objectives - LEO Orbital Velocities and Required Delta-V *
	Orbital

Height

(km)
	miles
	Orbital

Velocity

(m/s)
	mph
	Allowance

Aero / Drag

25%
	Required

Delta V

(m/s)
	mph

	200
	124
	7,784
	17,408
	1,946
	9,730
	21,760

	300
	186
	7,726
	17,278
	1,931
	9,657
	21,597

	400
	248
	7,669
	17,151
	1,917
	9,586
	21,438

	500
	310
	7,613
	17,025
	1,903
	9,516
	21,281

	600
	373
	7,558
	16,902
	1,889
	9,447
	21,127


* McNab, I. R., Electromagnetic Augmentation Can Reduce Space Launch Costs, IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 41, NO. 5, MAY 2013
Table 4: Available Systems to Protect against Aero thermal Heating
	Vehicle
	mph
	Km / h
	m / sec
	Mach
	Temperature

Nose
	wing

leading

edge
	Body

	SR-71
	4,520
	7,274
	
	6
	1,200 F
	
	900 F

	X-15 
 

	4,520
	7,274
	
	6
	1,240 F

671 C
	
	460 F

238 C

	Space
Shuttle
TPS 

	17,000 @
557,000 ft.
	
	
	Nose

under side
	2,300 F

1,260 C
	
	

	X-37B
	
	
	
	
	
	
	


While this paper is focused on a coilgun launch complex for commodities (very high accelerations) it would make economic sense to share infrastructure with a MagLev launch assist system.  With this in mind the basic specifications for three advanced space planes will be listed.

The Argus/MagLifter concept 29 is 171 ft. long with a 53 ft. wingspan, and a 597,250 lbs. gross liftoff weight.  It would have a 20,000 lbs. payload capability to LEO.  

The UK has two single stage to orbit spaceplanes.  The Skylon 
 is 83.3 m (273 ft) .long with a 25.4m (82 ft.) wingspan and a gross liftoff weight of 345,000 kg (761,000 lb.).  It would have a payload capability of 15 tonnes (33,069 lb.) to a 300 kilometres (186 mi) altitude or 11 tonnes (24,251 lb) to an 800 kilometers (497 mi) altitude.  The Bristol Spaceplane, Ascenderr, is a privately funded endeavor. 
Site Selection 

Most researchers have suggested locating EML complexes at or close to the equator in order to maximize the benefit of earth’s rotation.  In addition and because of aerodynamic drag and aerothermal heating, the higher the launch complex the better off you are from a systems design aspect especially if you can incline the launch way.  However, NASA proposes a horizontal launch way located at Cape Canaveral, which is at sea level.

Although NASA has fixated on their Kennedy Space Center for their MagLifter reference system McNab 13 reviews some more practical criteria for EML LTO complex.  Taking into account Max Q (dynamic pressure), aerothermal heating and aerodynamic drag issues the higher the launch complex the better off you are.  He also notes that a location close to the equator would maximize the contribution of the Earth’s rotation speed (~400 m/s) to the launch velocity.  McNab suggests Manus Island and Emirau Island, off the northern coast of Papua New Guinea and within 3 degrees of the equator, as well as Mt. Wilhelm in the Bismarck Range of New Guinea, which reaches an elevation of 4509 m (14,790 ft.).  These are remote locations and would require a considerable amount of infrastructure development.  

The author in an unpublished white paper has suggested using a dormant volcanic cone in Ecuador.  While Ecuador is closer to the US industrial base the site would not be independent of foreign influences.  In counterpoint having the EML LTO complex located in Ecuador could be a plus in terms of creating an international “industrial” joint venture.

If we take into political and logistic factors into consideration locations such as New Guinea, Ecuador, and Kenya are not acceptable for a first of a kind EML launch complex.  If we consider the problems of working with the government at government owned facilities then locating such a complex at the Kennedy Space is an operational non-starter in addition to it being a poor techological choice.  We are left with sites in the US.
Excluding the possibility of a CERN like international partnership, which might make Ecuador a strong candidate for a follow EML launch complex that leaves the US?  For a first cut we can list the need for a west facing slope for launches to the east, workable geological conditions, down range sparsely populated areas, receptive state government and population.  We can also add that it shouldn’t be too far north.  This gives us a set of possible states: Colorado, New Mexico, West Texas, Utah, Arizona, Nevada (Yucca Mountain and the Nevada Test Site) and the White Mountains along the California / Nevada border.  
If we factor in the likelihood of opposition activists, (stakeholders who don’t have any skin in the game), and based on the author’s perceptions, we can eliminate California and Colorado.  Potential sites in Utah would have major national parks downrange so Utah is effectively eliminated for a similar reason.
Several companies are considering vertical launch sites in Brownsville and Midland Texas for conventional rockets. 
  These sites do not have the mountains needed for building an inclined launchway of the required dimensions.  In the Big Bend region of West Texas there are the Davis Mountains and the mountains around Alpine, Texas, which might be suitable.
New Mexico has significant potential given that Spaceport America 
 is located adjacent to the White Sands Missile Range, which is controlled airspace.  The Spaceport is also close to Holloman AFB’s High Speed Test Track where they are developing a MagLev Hypervelocity test track (launch way).  In addition a major rail line runs along the western edge of the spaceport.  Finally the eastward launch trajectory is mostly over sparely populate land
One of McNab’s13 notional concepts accelerates a payload at 300 g’s over a distance of 10.88 km in 2.72 seconds.  No inclination is mentioned.
Table 5: Elevation Gain and Footprint as Function of Launch Angle
	Angle of Inclination
	15
	30
	45
	60

	Launchway (m)
	6,500
	3,500
	2,500
	2,000

	Elev. Gain (meters)
	1,682
	1,750
	1,768
	1,732

	Footprint (m)
	6,279
	3,031
	1,768
	1,000

	
	
	
	
	

	Launchway (ft.)
	21,320
	11,480
	8,200
	6,560

	Elev. Gain (feet)
	5,518
	5,740
	5,798
	5,681

	Footprint (ft.)
	20,594
	9,942
	5,798
	3,280


As can be seen from the figures in Table 6 and McNab’s data it will be hard to find a site, even in the Andes, that would fit an inclined linear 11 kilometer launchway.  Some concepts McNab13 , Figure 3, shows a curvilinear launchway.  The immediate question that comes to mind is would the magnetic forces in a coilgun/maglev system be sufficient to resist the radial forces of a payload package being turned on a curvilinear launchway?  For the purposes of this paper we will assume that it will be possible launch payloads along a curvilinear launchway.
For my notional EML complex I first did a quick visual screen using google earth.  Then I went through my personal primary risk assessment – hypersonic overflights of national parks, Hi-Tech states (CA and CO) with a history of project obstructionism and narrowed it down to Spaceport America (32°59′25″N, 106°58′11″W).  I then went to the USGS website and pulled the following topo maps: Prisor Hill, NM 2013, Prisor Wells NM 2013, and Hembrillo Basin, NM 2013.  The elevation of Spaceport America is 4,595 ft. / 1,401 m and the elevation of the first ridges in the Hembrillo Basin topo is 6200 ft. / 1,890 m) giving a change in elevation of 1,605 ft. (489 meters). and is about 13.44 miles or 21.63 kilometers away.  This gives an average natural incline of about 1.3 degrees.  My notational trap line runs East from UTM 3 20 / 36 49 to 3 42 / 36 49
If we want a 10 kilometer long launch and a launch angle of 45 degrees the change in height is 7,071 meters or 23,193 ft., which is only slightly short of the summit of Mt. Everest.  Needless to say this is impractical.  Many of ELM concepts show a curved launchway resulting in an aircraft carrier like “ski ramp” launch way.   An obvious question is what can be done electrically or magnetically to turn a rapidly accelerating mass and the strength of the magnetic levitation fields needed to resist radial forces.  A similar problem re magnetic forces to resist aerodynamic lift from a flight vehicle (MagLifter) will have to be solved to accelerate a first stage flight vehicle to Mach 1.  For example V rotation (VR) for a 747-200/300 - Sea Level 15º C - Max weight 377.8 metric tons (832,907 lbs.) - With flaps 10 is 178 knots (204.8 mph / 91.6 m/s).  Consequently any speed above VR will require a means to hold the spaceplane down until launch velocity is achieved.
System Description
McNab 13 describes the electrical system, and Bergeron 27 in his description of the Holloman High Speed Track gives us a glimpse of what the facility might look like.  Putting the various components together we have the following preliminary concept.  
If we want to stay with a linear launchway and specify that the payload package or vehicle clears the eastern border of New Mexico, which is about 210 miles (228,000 meters) from the end of the notational launch way we need to ask what is a minimum launchway inclination?  The answer is about 2.78 degrees.  Working backwards and using 10,000 meters for the launchway. and an angle of 2.78 degrees we get a change in elevation of 485 m (1,591 ft.).  Using the 6,200 ft hilltop as a starting point and moving west along the 36 49 UTM latitude line we move into the  Priso Well Quadrangle and come to rest at El. 5,085 ft. or a drop of  1,115 ft..  This is 476 ft. shy of the 1,590 ft. change in elevation that we need.  Splitting the shortage by filling around and above the 6,200 ft. hilltop to bring it to an elevation of 6,438 and cutting down to 4,847 gives us a rough cut and fill operation that is 242 ft. above the elevation of Spaceport America’s runway and about 9.5 miles from the end of the runway.
Table 6: Cut and Fill for various launch angles and launchway lengths
	Angle
	Length
	y
	e1
	
	e2
	e2’

	2.78
	32,800
	1,591
	5,085
	-238
	6,200
	6,438

	3.78
	
	2,162
	5,085
	-523
	
	6,723

	4.78
	
	2,733
	5,085
	-809
	
	7,009

	
	
	
	
	
	
	

	2.78
	32,800
	1,591
	5,085
	-238
	6,200
	6,438

	
	36,080
	1,750
	5,035
	-293
	
	6,493

	
	39,360
	1,909
	4,965
	-337
	
	6,874

	
	
	
	
	
	
	

	4.78 

	39,360
	3,280
	4,965
	-1,023
	
	7,223

	
	
	
	
	
	
	


At the start we have what is equivalent to an open pit mine 1,023 feet deep with a 2,000 ft. diameter bottom.  In addition to the access ramp (haul road) there will be the launchway coming out of the pit at a 4.78 degree slope.  The launchway, constructed like an earthen dam runs 7.6 miles eastward to the 2,000 ft. diameter, artificial plateau, which is at an elevation of 7,223 ft.  
If we consider the possibility of a launchway that provides both coilgun launch capability for commodities and a maglev track for manned vehicles the causeway should probably be at least 600 ft. wide.  Using the X-37B as a baseline and assuming a shroud diameter of 16 ft., and a clearance tolerance of 6” gives us a tube 17 ft. in diameter with the coils on the outside.  In order to provide weather protection and thermal stability the launchway will probably be enclosed.  Assuming maintenance access of 12 feet either side and a lift clearance of 20 feet results in a building about 40 ft. wide and 40 feet high.  Along the path of the tube or pipeline there will be electrical substations and vacuum pumps.  The maglev track would run along the other side of the causeway.  It would also make sense to have coilgun launchway stepped down from the top of the causeway.
Construction Methods 

Dig a hole, build a mountain:  Before we look at what would be required for cut and fill we should establish a baseline of what has been done.  The Rio Tinto Kennecott Bingham Canyon open pit copper mine is over 0.6 miles (3,169 ft. / 966 m) deep and 2.5 miles (4,024 n) wide. 
 Since it is an operating mine there should be excellent cost data available for developing a preliminary parametric cost estimate.  In addition the equipment needed to dig a big hole is well known and commercially available.

Building a mountain is very similar to building an earthen (embankment) dam but without having to deal with water and hydrostatic pressure.  With earth moving equipment very similar to what is needed to excavate the beginning of the launchway there is no technical reason that the top of the mountain at the end of the launchway couldn’t be raised 905 ft. ( 275 m) while the start was dropped 905 ft. ( 275 m).  An example is the Mica Dam on the Columbia River in British Columbia, Canada, which is 244 meter (801 ft.) above bedrock. 

Assume a staging area 2,000 feet in diameter and a 45 degree slope and an  excavated depth of 950 feet to allow for an over estimation of the effort required.  This works out to 110,642,530 cu. yds. or about 149,367,415 tons (135,506,119 metric tons).  Note a design trade study would be a structural system instead of a cut and fill approach.
The MagLev launchway will probably be constructed in a way similar to how the Holloman MagLev track is being constructed. 

Facility Cost Categories
A future paper will provide data on a class 5 or 4 cost estimate. 
  The basic cost categories would be: earthwork, utilities, coilgun pipeline, coilgun coils, electrical, vacuum system, building (BOP), MagLev launchway.
Other cost categories include: expendable magnetic aerothermal shroud, second stage maneuvering motor, and R&D costs.

Cost / Benefit
Two issues associated with determining the cost / benefit of a unmanned commodities based launch complex are: what is the cost of the competition and are the launch rate requirements.  The latter issue is the chicken or the egg dilemma.  
If the coilgun complex is used to launch a variant of the X-37B then we know the cost of the competition, which is an Atlas V.  In 2013, the cost for an Atlas V 541 launch to GTO (including launch services, payload processing, launch vehicle integration mission, unique launch site ground support and tracking, data and telemetry services) was about $223 million (inflation adjusted $226 million in 2014). 
  Costs per kilogram to LEO range from $3,784 to $13,182. 
 

DARPA has a goal of a system capable of launching 3,000-5,000-lb. payloads to low Earth orbit for less than $5 million per flight at a launch rate of 10 or more flights a year ($1,000/lb. or $2,200/kg). This compares with around $55 million to launch that class of payload on the Orbital Sciences Corp. Minotaur IV expendable booster, which operates at a flight rate of around one a year,

Assume that the launch market is providing materials to build Satellite Power Systems (SPS) in LEO. Then we can take a different approach and establish a target cost by using the current average cost of electricity in the US, which is between 8 and 17 cents per kilowatt-hour.  Using data from Wikipedia’s 
 article on SPS we can establish an upper bound for a target launch cost.  Assuming a solar panel mass of 20 kg per kilowatt and a 4 GW (4,000,000 kw) satellite would result in a mass of 80,000 metric tons (176,369,840 lbs.).  Nuclear power plants take about 10 years to build while fossil fuel, carbon generating, power plants take between 4 and 5 years.  A 5 year time frame requires launching 97,000 lbs per day or 4,100 lbs per hour.  A 10 year construction time frame reduces the launch rate by 50%.  A design goal might be a 8,000 lbs. (3,636 kg) payload to LEO every two hours.
Further assume the satellite provides power 24/7, 365 days a year which is 8,760 hours.  Using $0.08 per kw-hr for construction costs and a 10 year recovery period the revenue stream would be $2,803,200,000 per year.  The result is an upper bound target of $160 per lbs. ($350 per kg) to LEO.  Granted this simple calculation does not include debt wervice and R&D costs, but it shows the concept could be economically feasible.  For reference the overnight capital costs for coal or nuclear plants is about $6,000 per kw 
 and this is for reliable base loaded power not peaking power. Our civilizations runs on base load generation not on the whims of the winds and the vagaries of cloud cover.
An interesting trade study would be the cost/benefit of adding a second coilgun launch tube in order to share the costs of the electrical system and extend turnaround time per tube.
Sell Jobs Not Technology
Many of the major infrastructure projects of the depression (1929-1941) were instigated not to create infrastructure but to put people to work.  Today politicians don’t sell funding based on creating the future but rather how many short term construction jobs are created.  Defense contractors get away with huge budget overruns not because their product is that great but because, as is the case with the F-35, they have farmed the work out to 45 different states.
The political process that keeps the Joint Strike Fighter airborne has never stalled. The program was designed to spread money so far and so wide—at last count, among some 1,400 separate subcontractors, strategically dispersed among key congressional districts—that no matter how many cost overruns, blown deadlines, or serious design flaws, it would be immune to termination. It was, as bureaucrats say, “politically engineered.” 

The program cost of the F-35 is estimated to be over 400 billion.  The cost of the USS Gerald R. Ford aircraft carrier is $12.8 billion plus $4.7 billion in R&D.  The cost of the war in Iraq against WMD and for securing the Iraqi oil fields is about $817 billion.  None of these programs have produced revenue generating products.  If the politicians are willing to sink over a trillion dollars into capital consuming projects why can’t we fund the resurgence of America’s revenue producing industries for much less?
Global Warming and SpaCe Comericalization
There are no easy choices left.  Currently there are only 5 methods of providing base load generation: hydro, coal, oil, natural gas, and nuclear.  Note that I stated “base load”.  I’ve long been an advocate of distributed renewables to create grid independence, distributed power generation, and survivability, but renewables, solar, wind, etc., will not support a civilization that operates 24/7.  Coal is being shut down due to the clamor from the anthropogenic global warming crowd.  Nuclear is almost a non-starter given the NRC regulators, the anti-nuke activists and the stumbles by industry (Three Mile Island, 1979: Chornobyl 1986, and Fukushima 2011).  Hydro is very susceptible to drought, the debate between power and crop irrigation and salmon runs.  Oil has been the cause of resource wars in the past, Japan-US 1940, OPEC 1973, and Iraq 2003.
TimeFrames, APPROVALS and Environmental Issues 
Timeframes:  While it would be worthwhile to conduct a Delphi survey of industry and universities on how long it would take to scale up current work to the size necessary to meet the requirements outlined in this paper it seems reasonable to assume 10 years to reach the point for a field test.  During this time period the basic facility, “dig a hole/build a mountain”, could be constructed and international partners brought onboard if so desired.
Environmental Issues: Major projects have been held up for years due to a few people using the courts to delay the needs, not necessarily the wishes, of the majority.  We are faced with groups that want to ban coal and groups that want to ban nuclear but they offer no alternatives to how we provide “base load” power to an energy hungry civilization.
Recent megaprojects have been delayed up to 6 years by stakeholders, otherwise known as interveners or obstructionists.  In 2002 a project I was working on was held up for two months while the prairie dog coalition held up installation of a pipeline so they could relocate a plague infested colony of rodents.  The Federal government set aside BLM lands in Southern New Mexico for renewable energy projects and environmentalists have intervened on behalf of the desert tortoise.  Consequently no one currently is willing to face the potential delays that might occur from lawsuits to prevent the building of solar electric power plants.  At some point we need to have balance and reason.
The sounds of freedom: The flight path from the proposed coilgun is over the White Sands Missile Range (WSMR) and to the north of Alamogordo.  Issues here are the dropping of the magnetic sabot into WSMR and the noise of the sonic boom.  The flight path continues over range land in Texas and would be well above the flight paths of commercial airlines.
A Different Race:Re-vitalization of America’s Technological Base

In the nineteenth century the US government incentivized and subsidized US industry to build the transcontinental railroad system in order to provide the infrastructure for economic development.  In the 30’s vast infrastructure projects such as Hoover Dam were funded to create jobs and stimulate the economy.  In the mid-twentieth century the Federal government funded private industry to build the interstate highway system.  In the 60’s America rose to the challenge and landed a man on the Moon and in doing so created whole new technologies and industries. The Airport and Airway Development Act of 1970 provides funds to the Airport Trust Fund in order to pay for airport development, as well as "acquiring, establishing, and improving air navigational facilities.   While we have examples of private / public partnerships that have executed projects successfully we also have many examples from DOE and NASA of government’s inability to bring projects in on time and on budget.  

CONCLUSION 
Coilgun technology is maturing to the point where it would seem reasonable to propose an aggressive program to develop a national electromagnetic launch complex.  The initial market would be: life support commodities for manned operations, acceleration hardened satellites, and  space planes similar to the X-37B.  Issues such as global warming, carbon, fracking, and ground water contamination indicate it would be prudent to seriously re-visit the solar power satellite concept especially if we also view such an initiative as a way to revitalize America’s and industrial base.
In summary the concepts presented are the creation of a combined coilgun / MagLev launchway between 12 and 21 kilometers long, inclined at an angle between 2.78 and 4.78 degrees.  The coilgun facility would consist of two, evacuated launch tubes, Gen 1 and Gen 2, located on either side of the MagLev launchway.  The Gen 1 tube would have a minimum inside diameter of 17 ft. (5.2 m), a payload throughput of 8,000 lbs. (3,636 kg) payload exclusive of the magnetic sabot, aerothermal protective shell, and second stage maneuvering systems.  The design to cost goal is an upper bound target of $160 per lbs. ($350 per kg) to LEO.
Funding would come from multiple sources.  Coilgun development would most likely come from DARPA with some internal R&D funding from the major aerospace companies so they can keep a dog in the fight.  Infrastructure funding might come from the Airport Trust Fund but probably not without a lot of political infighting and horse trading.  Another source of funding might be major energy companies with the justification that they are investing in helping create a carbon free energy future.
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