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Progress since 1950: Ever larger research machines to reach 

increasing power outputs. Fusion takes more power than 

originally expected.  

Tokamak type fusion machines have reached 70% break 

even power for a few seconds. Time limit due to magnetic 

instability and temperature shielding. Break even is defined 

as power output = energy input; supporting system power not 

included. Ultimate goal is continuous, self supported 

operation at the 100X level.  

 

Inertial pulsed laser machines have reached near break 

even, but only for a few nanoseconds.  A final system would 

be pulsed operation. 

Almost every major country has a Tokamak research facility.  
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Engineering Challenges, some examples: 

For Physicists: Plasma properties at 100,000,000 degC; 

magnetic fields, interaction with H ions, cyclotron heating of 

neutral particles,  

For Mechanical Engineers: design of fusion source for a 

power plant; design, manufacture of very large machine parts 

built to tight tolerances, assembly of complex machines; 

Project management 

For Electrical and Instrumentation Engineers: How to 

measure and control a hot plasma, metallurgy of magnets 

and vessel walls, design and construction of 

superconducting, liquid He support 

Civil Engineering: Layout of a large facility; earthquake 

proofing foundation 

Bio Engineering: protection of operating personnel from high 

energy particles 
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ITER project initiated in 2006, ground 

broken in 2010.  

 

Major problems are (as usual) political, 

funding and design 



4 4 4 4 

The 3.5 MeV is available for heat, which heats a liquid 

coolant. Also,  some authors believe part of the 14.1 MeV is 

available due to interaction of neutrons on the vessel walls.  

From there on the process is similar to a steam or nuclear 

power source.Take the Hay Road plant, rip out the coal/gas 

fired part and replace with fusion part. 

 

The H H fusion can also generate energy but is 1/40th of the 

DT-TR fusion 
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Don't have to use the word “nuclear”. 

 

Tritium is radioactive with a lifetime of 10 years, but hopefully 

all the tritium will convert to He. 

 

The cost of both the power plant and the fuel would be less 

than existing sources – according to prevailing theory. 

 

The only “fuel” needed is sea water. to supply deuterium; 

tritium is generated from lithium. The tritium “breeder” idea is 

to be tested shortly using the JET Tokmak. 



6 6 6 6 

The present record for break-even is 0.7 in the JET for  

fraction of seconds 

This does not include the support facilities, such as liquid He 

cooling plant, vacuum pumps, water pumps, etc 

 

An example of consequences is fission, where the extent of 

waste disposal, pubic reaction and safety problems were not 

realized at the start 

We don’t know if the tritium breeder idea will work.  JET 

project is setting up a test.  

The infrastructure for the ITER is expensive, but long range 

the fusion plant is expected to be much less expensive than 

conventional fuel plants.  
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After ITER us next phase called DEMO, which is a power 
plant prototype. It will have less scientific instrumentation 
and be less costly?? Design of DEMO depends on findings 
from  ITER 

ITER was origninally International Thermonuclear 
Experimental Reactor. Now, somebody found that iter is 
Latin for “The Way”. Your choice. 
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For heavier and more energy yielding element fusions, the 
temperature has to be much higher 
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D/T reaction is “easiest” one that gives heat energy 

Heavier nuclear reactions are possible but require more 

energy for fusion  

 

The high temperature is needed to overcome the coulomb  

forces resisting fusion. 

The theory is that particle velocity is equivalent to energy or 

heat. 

 

The sun runs at 10 million degrees, but has much higher 

gravity than earth. Earth requires 100 million degrees.  Until 

now, ions tend to become unstable in a relatively short time 

compared to what is needed for fusion to occur.  A larger 

plasma volume is needed to allow us to control the ions 

better so they have more time to interact and “fuse”. 
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No one has even suggested using atomic energy as power 
source for a fusion power plant; what a relief! 

 
Lawrence Livermore seems to have downgraded the 

importance of Fusion Power research, and turned to 
weapon research. 

 
Tokamak was developed as a idea to contain ions in the 

1950s. 
 
Stellerator was developed in US, but dropped in favor of the 

Tokamak. Germany continues to pursue.  
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LL  seems to have given up on break even for fusion; is becoming 

focused on military applications. 
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Original idea was to have a circular cross section “donut” 
shape. Later, a “spherical” approach was shown to have 
more capability, resulting in the “D” shaped cross section. 
This shape allows tighter magnetic coupling and a larger 
plasma volume.  
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Tokamaks started “small”- the size of a single lab room. They 
have grown in size and power over the years.  
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The magnets produce a helix spiral on the entire plasma Originally, 

the engineering precision requirements to produce the plasma 

configuration were too high. As newer technology has solved some 

of these problems, hope has returned for this configuration.  



15 15 15 15 

This is an attempt to reduce the size of a fusion reactor;  
applications to airplanes, small power plants are visualized. 
This project is reportedly supported in Lockeed's Skunk 
Works.  
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The Japan Tokamak is slightly larger than JET, and is just 
now coming on line. 

Both the Korean and JET have reported reaching plasma 
temperatures of 150 million degC (about 160 million degF) 
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MIT work has split off to a commercial venture, 
Commonwealth Fusion Systems. It seems that the 
coronavirus has halted all essential work, as is the case 
with the ITER project. 

 
As design issues arise with ITER, the total Tokamak 

community digs in to contribute. As design issues are 
solved, the results are usually incorporated in the smaller 
units.  
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Scientists came to realize that a bigger plasma volume was needed 

for a Tokamak to reach a controlled and greater than break even 

operation. So far, break even has not been reached for even a few 

nanoseconds. Several theoretical studies show that the ITER 

volume is at the threshold of breakeven operation. Initially, ITER 

aims for 10X energy out/ energy required to heat the plasma; 50 

MW in, 500 MW out.  
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How to get Deuterium Hydrogen from water? From the web; 

First use a chemical process to separate H2O from D2O, 

them electrolysis to get D ions. 
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Out west there  are 1.5 million gallon standpipe reservoirs  

 

The standpipe reservoir in Brandywine Town Center is 

500,000 gallons  
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The seven-story Tokamak Complex 

This detailed cutaway shows the buildings of the Tokamak 

Complex (Tritium, Tokamak and Diagnostics buildings, from 

left to right) and the seismic isolation system underneath the 

Complex. Once the Tokamak Building has been completed, 

and it matches the height of the Assembly Building, the 

temporary wall between them will come down and the rails 

for the heavy lift overhead cranes (in yellow) will be 

extended. 
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Vacuum vessel sector sub-assembly tool 

Six stories high, made of 800 tonnes of steel, two Sector 

Sub-Assembly tools will work in concert to equip the nine 

sectors of the vacuum vessel before their transfer to the 

Tokamak Pit. 
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Central solenoid 

A tall electromagnet--the central solenoid--is at the heart of 

the ITER Tokamak. It both initiates plasma current and drives 

and shapes the plasma during operation.  
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Note the Diverter and particle source feed sections 
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Central solenoid 

The central solenoid is the "backbone" of ITER's magnet 

system, allowing a powerful current to be induced in the ITER 

plasma and maintained during long plasma pulses. Thirteen 

metres tall, four metres wide and one thousand tonnes, it's 

also one of the largest components of the machine. 
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The stainless steel vacuum vessel houses the fusion 

reactions and acts as a first safety containment barrier. It is a 

double-walled, hermetically sealed steel container that is 

equipped with 44 openings, or ports, to allow access for 

remote handling operations, diagnostics, heating and 

vacuum systems.  
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The instrumentation and control bays as they enter into the 
toroidal vacuum vessel.  
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Toroidal field coils 

Eighteen "D"-shaped toroidal field magnets will surround the 

torus-shaped vacuum vessel to confine the plasma particles. 

Measuring 17 metres in height, 9 metres in width, and 

weighing in at 310 tonnes each, these coils rank among the 

largest components of the ITER machine. 

The coils are arranged in 9 sections and assembled using 

the tool shown earlier. 
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Poloidal field coils 

Six ring-shaped poloidal field magnets will surround the 

toroidal field magnet system to shape the plasma and 

contribute to its stability by "pinching" it away from the walls. 

The largest coil has a diameter of 24 metres; the heaviest is 

400 metric tons. 
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The ITER cryostat 

16,000 m³ in volume, 30 metres in height and as many in 

width—the ITER cryostat is not only one of the world's 

largest vacuum chambers, it's also by far the most complex. 
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ITER's ion cyclotron antenna 

One of the two 45-ton ion cyclotron accelerator and  resonant 

particle heating antenna systems that will deliver 10 MW of 

heating power each into the ITER machine. Heating 

frequency is in the 75 to 350 GHZ range. 

 

Individual tubes about 50 mm diameter heat and accelerate 

neutral particles that hit the plasma ions to impart energy. 
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The diverter section is located at the bottom of the toroid, and 

carries away waste gases and heat. This is in the most intense 

magnetic field section, and also the hottest part overall. Materials 

technology has only recently provided materials of steel and 

ceramic alloy which can survive.  
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The cyostat heat shield is the first element to be inserted into 
the ITER Tokamak. The building environmental shield 
surrounding is in place, and is several feet of concrete. 

Elements to be placed in the Tokamak in the near future 
are being assembled in the part of the building behind the 
Tokamak area, and will use heavy lifting cranes to move 
and place them.  

 
The concrete containment walls are seen in the background. 

Personnel will operate behind these walls. No personnel 
can be inside the containment walls due to high energy 
neutron flux. 
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Most of the building structure is completed. This was funded and 

supplied by the EU.  Note the green area, where the parts from a 

number of nations arrive and are assembled into final parts, tested 

and then craned into the spherical Tokamak area.  
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Layout of  plant. The site is about 500 acres. Located in southern 

France. It will reqire abut 600 MW when the Tokamak is being 

fired up, and about 100 MW at other times.  
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EU supplies 45% of the funding. The rest of the nations, 9% each. 

The funding is either money or parts.  

 

China, the European Union (yes, including England), India, Japan, 

Korea, Russia and the United States.  
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ITER International School. Note the heavy concentration on 

Plasma Physics and control of plasma. 

 


