
Spiral Magnetic Gradient 
Motor Using Axial Magnets

Thomas Valone, PhD, PE
Integrity Research Institute

Consulting Fellow, World Innovation Foundation

Space, Propulsion & Energy Sciences International Forum (SPESIF), 
February 23-26, 2010, Johns Hopkins University, sponsored by the 

American Institute of Physics,  DOI: 10.13140/2.1.4755.7126 

IEEE Magnetics Society, DC Chapter, April 23, 2021

Archived on ResearchGate.net, ScienceDirect.com 



Spiral Magnetic Motor Explanation

Diagram taken from

Popular Science, 
1979

Reviewing Kure Tekko 
Japanese patents

Electromagnetic Switch



Spiral 
Magnetic 

‘Wankel’ Uses 
Less Current 

than 
Conventional 

Motors



New Switch for Spiral Motor

Yellow = sensor
Green = magnetic switch

Rotation 
direction

Rotation 
direction

MR-PZT Crystal Switch

“The amazing thing is that the energy fields of a crystal can be used without 
plugging it into a power station.” - Dr. Seth Putterman, Nature, May 4, 2005



Spiral Magnetic Motor is a Linear Induction Motor



Magnetic Wankel Replication
Requires Substantial Pulsed Electrical Input

Built by Harry Paul Sprain, 2001, US Patent #6,954,019



Why Switch to Magnetic Energy?



52-page review article Published 
March 17, 2021

Open Access
https://doi.org/10.4236/gep.2021.93007

Since 1950:
Population 3x

Carbon Emissions 4x
Energy Consumption 5x

3-4-5 
Triad

https://www.scirp.org/journal/paperinformation.aspx?paperid=107789



Simple Demo  88% Perm-Mag Powered

Credit: Tom Schum for 
spiral stator construction

Click on arrow > above to run short SMM video promo or visit YouTube link.

2-minute promo video
for our successful 2017
Indiegogo campaign

www.youtube.com/watch?v=2edLkAk0YOU  


Spiral-Design Permanent Magnet Motor V3

jtvalone

20171207

Completion of Integrity Research Institute's prototype for motive power from permanent magnets, using innovative commutation techniques never combined with such a motor before now. The Archimedean spiral-design of the stator magnets generates a constant magnetic force for 90% of the cycle. Switching the magnetic field briefly at the critical part of the cycle is planned to be accomplished with low light solar and a low power electronics/actuator. More advanced "zero power" switching modes will also be implemented and tested for an optimal production-ready model.

Completion of Integrity Research Institute's prototype for motive power from permanent magnets, using innovative commutation techniques never combined with such a motor before now. The Archimedean spiral-design of the stator magnets generates a constant magnetic force for 90% of the cycle. Switching the magnetic field briefly at the critical part of the cycle is planned to be accomplished with low light solar and a low power electronics/actuator. More advanced "zero power" switching modes will also be implemented and tested for an optimal production-ready model.





Gradients Are Used for All Power

• Thermal gradient is used for heat pump
• Voltage gradient is used for electricity 

“pumping” of current
• Gravity gradient is used for hydroelectric 

power
• Pressure gradient used for natural gas and 

water pumping
• Magnetic gradient is used for nothing so far



The net Force 
created on the ball 
bearing = the 
magnetic field 
gradient multiplied 
by the induced 
magnetic moment, 
as with the Stern-
Gerlach Experiment

Hartman Patent #4,215,330

Side View

10 degree incline

drop-off

--Modern Physics, Schaumm’s Outline Series, Gautreau et al., McGraw Hill, 1978

Their experimental setup: The magnetic field B is 
more intense near the pointed surface at the top than 
near the flat surface below, creating a slope in a 
graph of B vs. z , which is the gradient dB/dz. 

Steel ball 
bearing #4

Top View

Fz

z

Inhomogeneous Magnetic Fields = 
Magnetic Gradient

Two experimental examples that utilize the magnetic field gradient



Spiral Magnetic Motor (SMM) 
Uses the Magnetic Gradient

Popular Science, June 1979

Hartman Patent 4,215,330

θ
φθ d

dBMF cos=

dz
dBFZ φµ cos= z



Spiral Magnetic Motor (SMM)
Archimedean spiral is used 

for SMM stator magnets 
where r = 6 + θ/2 and B(r) is 

linearly dependent on θ 

6”

Creates a constant torque for 
90% of each cycle

F = ∇U where U = M ∙ B and

         r rU M B M Bθ θ= +

         r rU M B M Bθ θ= +



SMM Governing Equations

r
BMB

r
MF rr

∂
∂

+
∂
∂

=
θ θ∂

∂
= rBMT

2
2
1 EU oE ε=

o
B

BU
µ

2

2
1=

For a maximum B field in air of 20 kG 
(2 Tesla), UB = 2 MJ/m3

For a maximum E field in air of 
3 MV/m, UE = 40 J/m3

2,000,000 = 40 X 50,000 !

Maximize radial B field (Br) for maximum torque
0

ENERGY DENSITY CONSIDERATIONS: B-FIELD = 50K x E-FIELD

∫= θdTW



Experimental Results
Five SMM rotor 
diameters were 
tested: 1, 3, 4, 
6, 10 inches 
(25.4 cm)

kG

▲ = rotor, ♦ = stator magnetic flux density
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		rotor diam (in.)		1.25		3		4		6		10

		5		33		50		23		42.9		42.9

		15		46		120		52		57.3		66.7

		25		67		150		90.5		93		85.7

		35		86		200		140		110		100

		45		100		200		200		120		120

		55		120		200		183		150		150

		65		100		150		167		175		150

		radians		velocity in radians per second for each rotor

		0.4		2.607		3.95		1.817		3.3891		3.3891

		0.8		3.634		9.48		4.108		4.5267		5.2693

		1.6		5.293		11.85		7.1495		7.347		6.7703

		2.4		6.794		15.8		11.06		8.69		7.9

		3		7.9		15.8		15.8		9.48		9.48

		3.8		9.48		15.8		14.457		11.85		11.85

		4.6		7.9		11.85		13.193		13.825		11.85

		Kinetic E		0.0714		10.2		28.9		120		802

		millijoules)

		Iw = ang mom		0.0153		1.28		3.62		17.1		133

		milli kg-m/s

		mass (g)		14		110		175		420		1380

		rotor diam (in.)		1.25		3		4		6		10

		stator B field (kG)		1.6		2.1		3.3		5.1		5.4

		rotor B field (kG)		2.5		4.5		4.7		6.3		6.4
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Phototransistor Data Acquisition



Spiral Magnetic Motor Angular Velocity
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Peak KE, Back Torque, Mass, B-Field

5 Rotors Tested: 1.25”, 3”, 4”, 6”, 10”

10” rotor: 
0.80 joules

Phototransistor detail

Peak Values:
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		milli kg-m/s
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Iw = ang mom
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Rotor Torque and Potential Energy for One Cycle

Torque Measurement T= r x F

∫= θdTW

Positive 
Work 
Region

Negative Work Region

315°

Positive net work required to 
move latched rotor at 315° to 
end (starting point) at 360° :

W =  0.52 Joules

when starting at 0.78 J KE

Note: 315/360 = 87.5%
Derivative (slope) of Energy = Torque
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Sheet1

		Degrees of Arc		0		55		110		165		220		275		286		296		306		316		327		338		349		360

		Torque (N-m)		0		-0.18		-0.18		-0.18		-0.18		0		0.13		0.38		0.89		1.4		1.1		0.51		0.25		0

		Integration of Torque Curve (J)		4.95		9.9		9.9		9.9		4.95		0		0.715		2.55		6.35		11.45		13.75		8.855		4.18		1.375

								The torque is the slope of the potential energy curve, as F is gradient of U.

		Summation						39.6						0		88.825										49.225

		Pot Energy		39.6		34.65		24.75		14.85		4.95		0		0.715		3.265		9.615		21.065		34.815		43.67		47.85		49.225

										Both of these need to be graphed with a numerically linear X-Axis
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Torque on 10" Rotor

Degrees of Arc - not to scale

Torque (N-m)
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		Degrees of Arc		0		55		110		165		220		275		286		296		306		316		327		338		349		360

		Torque (N-m)		-0.18		-0.18		-0.18		-0.18		-0.18		0		0.13		0.38		0.89		1.4		1.1		0.51		0.25		0

		Integration of Torque Curve (J)		0.17226		0.17226		0.17226		0.17226		0.08613		0		0.012441		0.04437		0.11049		0.19923		0.23925		0.154077		0.072732		0.023925

						W or PE = F x dl where dl is arclength (or T dθ where dθ x .0174 rad/deg) so 0.0174 is correction to get Joules

								The torque is the slope of the potential energy curve, as F is gradient of U.

		Summation						0.77517						0		1.631685										0.856515

		Pot Energy		0.77517		0.60291		0.43065		0.25839		0.08613		0		0.012441		0.056811		0.167301		0.366531		0.605781		0.759858		0.83259		0.856515

		PE x.0174 (J)		0.013487958		0.010490634		0.00749331		0.004495986		0.001498662		0		0.0002164734		0.0009885114		0.0029110374		0.0063776394		0.0105405894		0.0132215292		0.014487066		0.014903361
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Torque on 10" Rotor

Degrees of Arc - not to scale

Torque (N-m)
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Potential Energy (J)

Angular Displacement (degrees) - not to scale
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10" Rotor Potential Energy (J)
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Prof. Eric Laithwaite’s Suggestion 
for Increased Torque

Place metal plate of particular permeability underneath rotor in order to produce:

Favorable Hysteresis Currents

Laithwaite  Eric, Propulsion Without Wheels, English Univ. Press, 1970



Hysteresis Depends on 
Permeability and Resistivity*

te
H
B β

πµ
−−= 2

81

Designing the Growth of Eddy Currents to Match Rotation Speed

te
H
B β

πµ
−−= 2

81 )4/( 2µδπρβ =

*Bozorth, Ferromagnetism, J. Wiley & Sons, 2003

ρ = resistivity, μ = permeability, δ = thickness of plate, H field is suddenly applied

Choosing aluminum or copper for example, the permeability will be the same as free 
space (μo = 4π x 10-7), which is very low and the resistivity is also low. Choosing an 
aluminum plate that is about a centimeter (1 cm) thick would also be a good choice 
since the thickness of the sheet "delta" is squared and also in the numerator. Altogether, 
the calculation shows a relatively slow build-up over a tenth of a second and only about 
30% at a millisecond after the stator field magnet is applied to the rotating disk, which is 
in keeping with a delayed eddy current that will push instead of retard the changing 
flux as would be normally expected from Lenz’ Law. 



Wiegand wires are FeCoV bistable 
Vicalloy (2 coercivity regions)

US 1973 patent # 3,757,754

Used for years for auto ignitions 

Provides repeatable magnetic pulse

Pop. Science 
May, 1979

Vicalloy creates Barkhausen jumps of magnetic domains that align quickly



Inverse 
magnetostrictive (MS) 
effect combined with a 
piezoelectric material 

(PZT) and voltage

MS-PZT



Magnetic Switching for SMM 

IRI V-Track Dual SMM 
with Radial Magnets

Switching can be applied 
to the top stator magnet

Piezoelectric Actuator that bends 
with very little voltage applied



MS-PZT 
Magnetic Switch 

Replicated
MagnetoStrictive (MS) rod surrounded by ring magnet

Piezoelectric (PZT) cube with DC pulsed electrical input, 
timed to rotation speed

Short demo video online by Dr. Valone,
showing various spiral magnetic motors,
that have a commutation point at the end 
of the spiral which requires a magnetic
pulse to overcome the barrier.

The above MS-PZT switch converts a 
voltage pulse, with virtually no current, directly
into a magnetic pulse, at very high efficiency



Spiral Magnet Motors Online

Roobert33



Multi-Stage SMM



Conceptual Block Diagram for SMM Switching Module 2018
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ResearchGate Reports 3,600 Reads up to 2021 
“Permanent Magnet Spiral Motor for Magnetic Gradient Energy 

Utilization: Axial Magnetic Field”

“I look forward for the advancements in this unique area. PS, I do a lot of work in the 
energy efficiency space, and your motor would be welcome, so let's please keep in touch. ”

Richard Costello, PE, MSEM, BSME, CEM
President - Acela Energy Group, Inc.

Email from Session Chair 
at AEE World, 2019
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