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First and the Only Rare Earth Magnet Producer in USA 

There are many other rare earth magnet 

suppliers, but their requirements are 

supported by foreign suppliers. 

EEC is the only remaining vertically 

integrated U.S. SmCo producer 
remaining in the country. 

1. EEC Introduction 
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47 YEARS OF INNOVATION 
Marlin Walmer 

• Founder of Electron Energy Corporation 
• Pioneered the processing and 

subsequent commercialization of an 
entirely new class of permanent 

magnets (SmCo) in 1970. 

EEC Founder 
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EEC is founded in 1970 (in a Milk House 

with 2 employees) as Marlin Walmer 

pioneered the processing and 

subsequent commercialization of an 

entirely new class of permanent 

magnets (SmCo) 

40,000 square foot facility was built to support 

the steady growth of business from 1970-1985 

(Rapid growth of business) 

Moved to 10,000 

square foot facility 

on Main St. 

Landisville 

Developed Temperature 

Compensated SmCo that 

have near-zero change in 

magnetic field over 

temperature changes 

1970 1985 2012 2002 1972 2014 
Mid 

70’s 
1960’s 

Founder Marlin Walmer is working 

at Hamilton Watch pioneering 

platinum-cobalt magnets for the 

world’s first electric watches 

Hamilton Watch’s 1st electric watch named the 

“Ventura”…made famous by Elvis Presley. 

EEC History 

Add a new 45,000 square foot facility now 

housing the magnet finishing operation  

EEC “Milk House” is recognized 

as an ASM Historical Landmark 

www.asminternational.org/membership/awards/historical-landmarks 

EEC has received 25 SBIRs & 

STTRs awards since 1996 from 

NASA, DOE, NSF, EPA, and 

DOD 

Patented Ultra-High Temp 

SmCo 2:17 magnets in 2002 

which operate at 

temperatures up to 550°C 
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EEC Introduction 
Headquarter 
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Strong and highly skilled engineering support body  

for efficient realization of customer solutions  

 +14 Engineers with a passion for 
customer magnetic solutions 

 Material adaptations for specific 
needs 

• Production requirements 

• Laboratory scale materials 

 FEA Analysis (2D & 3D) 

 Application Engineering 
development and advisory services 

 Testing capabilities 

 Analysis of magnetic properties 

 Over 200 publications 

 Diverse engineering team with 
scientist from China, Romania, India, 
South Korea, & United States 

EEC Technology Center 
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EEC Applications 

Magnet 

Components 

Magnet 

Assemblies 

Applications 

Markets 
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TWT, Circulators& Isolators 

Gyroscopes 
Accelerometers 

Motors  
Generators Sensors 

MRI for 
medical   

NMR  
Oil & Gas Exploration 

Motion Communications 

Defense 

Aerospace Instrumentation Sensors Medical 
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EEC Magnets for Defense Applications 
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[Source: Wikimedia] 

Gerald R. Ford Aircraft Carrier 

http://www.gandoza.com 

EEC Sm-Co magnets are used  

in nuclear reactor 

for the Gerald Ford Aircraft Carrier. 

On 11/17/2013, Navy launches world’s most 

advanced nuclear aircraft carrier.  

Image courtesy of Navy 

EEC High Temperature Magnets are used for the Nuclear Aircraft Carrier and Submarine. 
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THz Wave Technology 

DARPA Photo illustration 

DARPA VISAR program for AC-130 Gunship 

(Photo by Northrop Grumman) 

The world’s first THz-class traveling-wave tube amplifier.  

Source: dailymail.co.uk 

• THz waves are found between microwaves and infrared on the 

electromagnetic spectrum. This type of radiation was chosen 

for security devices because it can penetrate matter such as 

clothing, wood, paper and other porous material that’s non-

conducting.. 

• Security – Image resolution similar to that viewed with the 

human eye under visible light.  Scanning detect explosives, 

plastic weapons and drugs from tens of meters away.  

• Health - T-ray is a lot safer than an X-ray because its radiation is 

non-ionizing.  

• Communication – Having a much higher frequency than 

microwaves, there is huge potential for them to be used to 

create wireless networks exceeding 100 GBs/s. 
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Mars Rover Curiosity  
The $2.5 billion robotic explorer, 

landed on the Red Planet  

Aug. 6, 2012.  

EEC Magnets are used in  
gyro systems for Curiosity Rover 

on Mars.    
 

 

Length: 10 feet (3 meters) 

Width: 9 feet (2.7 meters) 
Height: 7 feet (2.2 meters) 

Mass: 1,982 pounds (899 kilograms) 

[Photo courtesy of NASA] 
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Proton Therapy Technology 

Fig 4. FEA Magnetic field distribution 
(field gradient 150 T/m, 1.5T at pole) 

Fig 5. Focusing magnets consist of 24 segments of 
Sm2Co17 material adhered into Halbach cylinders and 
encased in nonmagnetic stainless steel and placed in 

Lexan safety/mounting cases.   

C 

D 

Proton radiosurgery is a specialized form of proton therapy 

characterized by the precise delivery a high dose of radiation in a 

single treatment session to a small target such as a brain tumor 

metastasis.  Recent research has suggested that magnetic focusing 

of the proton beam immediately upstream of the patient could be 

used to reduce this particle scattering leading to improved dose 

distributions, dose rate and more efficient dose delivery. 

Quadrupole Magnet for Proton Therapy 

[H. Choi, L. Haley, J. Liu, G. McAuley, and A. Wroe, ‘Design and 

Development of Permanent Magnet Based Quadrupole for Proton 

Radiosurgery Applications’, Proceedings of the 24th International 

Workshop on Rare Earth and Future Permanent Magnets and Their 

Applications (REPM 2016), August 28~Setember 1, 2016, Darmstadt, 

German.] 

Fig 6. Beam spot symmetry of 186 MeV 
focused proton beam revealed in EBT2 film 
(A & B) and diode detector (C & D) data 
is indicative of quality quadrupole fields. 
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Replacing EM with PM  

Watt Balance is an electromechanical weight measuring instrument to define a kilogram 

mass by comparing electrical power to mechanical power. 

[Source: NIST, May 2012 IEEE ] 

[NIST-3 Superconducting Magnet] 

[Source: NIST, May 2012 IEEE ] 

[NIST-4 Watt Balance installed underground 2014] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Successfully replaced the electromagnet  

with permanent magnet systems 
with 100 ppm at 0.5T 

[NIST-4 Permanent Magnet] 
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2. Project Description 

Kick-off meeting at BNL in April 2016 
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BNL eRHIC Configuration 

 

   

Layout of highly advanced and energy efficient eRHIC collider 

[Source: BNL] 

 The magnetic structure of two vertically stacked 

recirculating beamlines is based on permanent magnets.  

 Main idea of FFAG lattice approach and PM technology is 

to lower machine construction and operation cost.  

           8/8/2017 
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Why Permanent Magnets? 
1. No Power consumption results in significant construction, operation and 

maintenance cost reduction. 

2. Occupy small volume as compared to the electromagnets or the same area of 

useful magnetic field. 

What Goals? 
1. Manufacture prototype magnet using a permanent magnetic material. 

2. Projects of interest:  

– eRHIC Electron Ion Collider in the present RHIC tunnel (~4500 magnets). 

– Proton cancer therapy for medical treatment. 

Magnet Development for Future EIC 

1. Conduct design, construction, and testing of a tunable focusing quadrupole 

magnet prototype with high performance at low cost. 

2. Achieve specifications (Field gradients 34.42 T/m, Field gradient error ≤ 0.1%, Good 

field region R13.4+2mm, Length 1.010 m for BD & 1.187 m for QF) 

What Objectives? 
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Progress Update as of Aug 7, 2017 
 

Task 1: Magnet Design Finalization – Phase II Year 1 Q1~ Q2 

 1.1. Finalize design modification with open mid-plane and pole-alignment adjusting mechanism (Complete).  

1.2. Verify the magnetic field performance (Complete).  

1.3. Optimize the mechanical structure and make mechanical drawings (Complete).  

1.4. Set the details of pole measurement and field testing procedure (Complete). 
 

Task 2:  1st Magnet Prototyping – Phase II Year 1 Q3 ~ Year 2 Q1 

 2.1. Order the parts of magnet, laminates, Ni-Fe alloy, and retention fixtures (Complete).  

2.2. Fabricate assembly base and fixtures (Target Date 8/21/2017).  

2.3. Make subassemblies and assemble 0.3-m long magnet. (Target Date 12/18/2017) 

 

Task 3:  1st Magnet Measurement and Testing – Phase II Year 2 Q1 Future Work 

3.1. Check mechanical alignment using FARO laser tracker (Target Date 12/22/2017).  

3.2. Measure magnetic field gradient using a customized 2D probe on XYZ station (Target Date 1/15/2018). 

3.3. Conduct magnetic field correction and magnetic alignment (Target Date 1/29/2018). 

3.4. Check the repeatability test (Target Date 2/19/2018).  
 

Task 4:  2nd Magnet Fine Tuning and Production – Phase II Year 2 Q1~Q3 Future Work 

4.1. Fine tuning the first prototype design if necessary.  

4.2. Produce a 1-m long, full length 2nd magnet assembly.  
 

Task 5:  2nd Magnet Field Testing and Delivery – Phase II Year 2 Q4 Future Work 

5.1. Verify magnetic field performance and make final adjustment. 

5.2. Deliver to BNL for beam performance evaluation.  

3. Achievements 
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Final Design Configuration 

Company Proprietary 
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Magnetic Circuit Design 

3D Nonlinear FEA Field Contour Map for 1-m Long Magnet Assembly 

 Peak field 1.74T (no saturation). 

 Section View of 1-m long  3D model 

(Field data is plotted on the 

symmetric plane z=0).  

 FEA Field Gradient 35.00 T/m  

        (vs. 34.42 T/m required) 

 FEA Field Gradient Error  0.02% 
         (vs. <0.1% required) 

Temperature Compensators 
Carpenter R2799 Ni-Fe Alloy 
Layer THK 5mm  
                                                                            Magnets N44SH Br = 13.5 kG typ. 

Company Proprietary 
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Field Harmonics 

3D FEA Field Harmonics Results for 1-m Long Magnet Assembly 
 The harmonic coefficients are related to the azimuthal variation of the field components. 

 The longitudinal dependence of harmonic term allows analyzing the behavior in the fringe field region. 

 The Fourier decomposition of the magnetic field along a circle at a given longitudinal position yields the harmonic 

terms of the field at a reference radius.  

n = 1  dipole,  
n = 2  quadrupole,  
n = 3  sextupole, 
n = 4  octupole, etc… 

BNL feedback: It is ideal that the rest of harmonic coefficient is less than 1/10,000  of quadrupole coefficient. 
 

Note:  
•R =12mm: plotting radius 

•Z: longitudinal position.  

•Z = 0 mm: symmetric plane. 

•Z = 500 mm:  end of assembly. 

 

Company Proprietary 
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Mechanical Stress Analysis 

Mechanical Stress Analysis for 1-m Long Magnet Assembly  

Conditions:  1) the magnetic force (2,000 lbs) is applied on each pole. 

 2) the gravity is taken into calculation.  The assembly weighs 3,000 lbs.  

 3) the steel pole is made of magnetic low carbon steel and regarded as solid part, not laminations.  

 4) all nonmagnetic steel material is SS316. 

 5) the base is placed on the ground.  

Stress Distribution  Displacement Distribution  

Note: The yield strength of low carbon steel and SS316 is 34 ,000 and 19,000 psi, respectively. 

Company Proprietary 
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Stainless steel housing to be  

fixed to stationary end plate 

Modules to be attached to  

center plate and positioned 

one at a time 

[Reference: NIST Watt Balance Assembly in 2013] 

Magnet Assembly Plan 

Quadrupole Magnet Assembly using Die-Set 

 
 Top and bottom 

plate are fixed 
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Magnet Test Plan 

Magnetic Field Uniformity Test 

Magnet Uniformity Test Modular Sub-assembly Uniformity Test 

• Can be measured using Helmholtz Coil 

• Magnetic flux variation < 1% 

• Magnetization angle < 3-5º 

• Flux through surface perpendicular to 

pole piece 

 

• 3D field mapping around pole tip 

• Precision XYZ station with 3D hall probe mounted 
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4. Schedule & Deliverables 

Deliverables 
 

1. 300-mm long, modular quadrupole magnet – Qty 1, Target Date: 2/19/18.  

2. 1-m long full length, modular quadrupole magnet – Qty 1, Target Date: 11/20/18.  

Task Milestone Description %of 

time 
Year 1 Year 2 

1 HER magnet design finalization 10 

2 HER 1st magnet prototyping 30 

3 HER 1st magnet testing 15 

4 HER 2nd magnet fine tuning and production 30 

5 HER 2nd magnet testing and delivery 10 

6 Report 5 
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