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The total annual sales of electric motors in 1993 was 10-20 million kW (US Department 
of Energy (DOE), 1993 extrapolation); however with electric motor and generator 
systems as the integral component in any electric vehicle, renewable, or alternate energy 
strategy for the foreseeable future, it is easily predicted electric motors or generator 
annual sales will escalate, particularly with the likely adoption of Electric Vehicles (EV) 
and Wind Turbines.   

Before the cartel control of high performance rare earth (RE) permanent magnet (PM) 
material by China (e.g., neodymium, dysprosium, etc.) and before the significant 
escalation of pricing over the last few years by simple supply and demand economics, the 
US Department of Energy (DOE) put immense R&D into high performance PM electric 
machine systems, which at the time were perceived to be most efficient. The US 
Department of Energy (DOE) 2011 Annual Progress Report shows electric machine 
research is vibrant with its affiliates, such as Toyota, Honda, Hyundai, etc; particularly 
for PM-less motors/generator. Still, significant amounts of DOE research dollars are 
devoted to PM electric machine systems, perhaps to justify the immense investment in 
past PM R+D or due to manipulation from the PM cartel. This lock-step with PM electric 
machines seems foolish for the following considerations:  

RE materials are used in many applications but in comparison, PM electric machines 
use the significant amount of RE materials. Alternatives to PM electric machines 
would leave RE materials to more critical applications without alternatives. 
Field weakening research is of particular interest for PM electric machines to achieve 
higher speed bandwidth and better reliability of the electronic controller. Field 
Weakening of PM electric machines is always accomplished by effectively adding 
magnetizing MMF (e.g., windings with magnetizing current) to the PM electric 
machine.  Ironically, the original marketing advantage of PM electric machines was no 
magnetizing MMF, which is already an uncomplicated, inherent feature of PM-less 
transformer type machines, such as Induction motors and SYNCHHRO-SYM; 
Recent PM research includes: 1) material science, such as nanotechnology, to better 
utilize the scarce RE PM materials or to substitute with ferrite (one-tenth the BH 
product?), samarium-cobalt (even rarer and more expensive?), etc; 2) PM Halbach 
arrays for approaching a sinusoidal field distribution and lower noise, etc; and 3) so-
called parallel flux path topologies, which require higher core saturation material 
research to be useful. But the results of any PM material research is likely to raise the 
performance of magnetic core material used in all electric machines, including PM 
electric machines;  
The safety issues and field repair issues of PM electric machines with a persistent 
magnetic field and the environmental issues associated with mining raw PM materials 
seem to be continually ignored;  
Some of the non-PM electric machine technologies being researched include resonant 
rotor circuits in a singly-fed speed-based induction (asynchronous) electric machine 
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system or traditional field-wound circuit in a singly-fed synchronous electric machine 
system, both of which are singly-fed electric machines with slip ring assemblies. 
Doubly-fed machine research is restricted to unlike pole-pair induction doubly-fed 
electric machines and the HSU-I, because a brushless, symmetrical stable, wound-rotor 
[synchronous] doubly-fed electric machine (e.g., SYNCHRO-SYM) has never been 
realized by affiliated establishments of the DOE. The insight of some countries, such 
as Japan, see no solution to the Chinese RE cartel and are refocusing on Induction 
(e.g., non-PM) electric machine research for their hybrid vehicle market;   
RE mining is environmentally devastating. The lax environment and labor laws of 
China forced the few minable (and smaller) reserves of neodymium in other countries 
with more realistic environmental laws uncompetitive. Fortunately, the escalating cost 
of RE materials is environmentally compensatory and as a result, mines previously 
closed in other parts of the globe are reopening but on a 10 year schedule to qualify the 
new environmental protection efforts. Still, the reopening of environmentally friendly 
mines will never be competitive with the alternate mining operations in China and as a 
result, China will always have higher profits and opportunity for market manipulation 
with little confidence for lower prices; 
Although China mines nearly 97% of the neodymium, virtually all the dysprosium, 
which is an important temperature stabilizing ingredient, is indigenous to China and as 
a result, China owns virtually all PM electric machine manufacture and RE processing 
facilities, which should flag concern. For instance, Molycorp is reopening its RE mine 
in the USA but employed China to process the mined materials, perhaps to satisfy 
environmental requirements.  Furthermore, the USA legislated the strategic stockpiling 
of RE materials and China is requiring return of retired RE products to their facilities 
for recycling. 

Analysis provided by an article from Bloomberg magazine (October 31 – November 6, 
2011), “The story of one man who used a little persuasion –and a lot of luck-to win the 
rights to millions of tons of rare earth,” suggests a 2 megawatt wind turbine generator 
comprises 372 Kg of neodymium rare earth material (RE) and 60 Kg of the much rarer 
and more expensive dysprosium RE with neodymium to dysprosium at 6 to 1 ratio, which 
equates to 0.2 Kg/KW of neodymium and 0.03 Kg/KW (3x10-5 ton/KW) of dysprosium 
for PM electric motors and generators. The article also suggested 2 Kg of dysprosium and 
neodymium in the Honda Prius, which equates to an electric motor of 15 HP 
“continuous” and perhaps 30-40 HP burst peak power.  The article goes on to mention a 
mining company, Ucore, is “predicting” dysprosium production to be 180 tons per year, 
which will make it the largest producer of dysprosium outside of China. If the prediction 
of Ucore comes to fruition, the world could supply 400 tons of dysprosium per year, 
which equates to 10 million kW of PM electric machines (400/3x10-5 kW) under the 
present 0.03 Kg/kW dysprosium mixture and without considering the other important 
uses of dysprosium that would significantly (certainly) cut into the dysprosium supply 
chain beyond PM electric machines. Considering the average electric vehicle (EV) of 
today has at least 100 KW of electric motors, 10 million KW is tantamount to the 
production of only 100,000 EV per year (without considering the annual sales of PM 
electric machines in the 10-20 million KW commercial markets of electric motors). 
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Paradoxically, the US government suggest more than 200,000 EV per year is needed for a 
viable EV industry and infrastructure?  

Like fossil fuels, the practical supply of neodymium and dysprosium, of which PM 
electric machines consume prodigious amounts, is finite and with this understanding, PM 
material will continue to escalate in price by simple supply and demand economics, 
regardless of any mitigating efforts short of the collapse of the global economy. Some 
companies are seeking alternative electric machines without PM, such as the specialized 
Induction or transformer-type electric machines, which leave PM materials available for 
more critical applications without alternatives. The best transformer-type of electric 
machine system is SYNCHRO-SYM, which has higher power density, higher torque 
density, higher efficiency and lower cost than all other electric machine types. 


