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POWERFUL ELECTRICAL 
MACHINES WITHOUT 

WIRE COILS 
 

The origin and potential applications of a completely 

new type of electrical machine 

 
During the last few years, Phillip Denne (www.phillipdenne.com) 
has been working with a visionary Canadian Company in Red Deer, 
Alberta, called Crostek Management Corp, which specialises in 
high technology products for the oil and gas business.    
 
Crostek (www.crostek.com) has replaced the conventional 
ñNodding Donkeyò pumpjack by a free-piston linear electric 
actuator that has a stroke of 2.5 metres and supports a load of ten 

tonnes in a non-stop pumping cycle, operating in all weathers  
 
The new machine is fully-enclosed and silent, has only one moving 
part and lightly-loaded bearings and is much more efficient than 
the conventional mechanism. 
 
The ñIntellimaxò has the invaluable property of sensing the 
pumping conditions at the bottom of the well (which may be 6000 ft 
deep) on a continuous basis and of reacting autonomously so as to 
optimise the pumping rate whilst protecting itself and the pump to 
which it is connected. 
 
The Intellimax uses a completely new type of electrical machine in 
which there are no wires and the magnetic circuit is especially 
efficient.   ñPlanar wireless motorsò have many other markets.  

 
 

http://www.phillipdenne.com/
http://www.crostek.com/
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ñPlanar Wireless Motorsò 
The origin and properties of new types of high-thrust linear electrical 
machines and of gearless high-torque rotary machines 
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1 EXECUTIVE SUMMARY 

 

1.1 High-power electric actuators. Phillip Denne has been developing new forms of 

electromagnetic machine since 1991.  The ñdual-action electromagnetic ramò was originally called a 

ñPemRamÊò and later a ñServoRamÊò and it was designed to replace hydraulic rams in motion 

bases for small simulators.   The invention of planar wireless motors arose from that previous work - 

and it is the latest advance in the technology of every kind of electrical machine. 

The new machines have attracted great interest from many other industries, including the automotive 

business.  The Defence Industry is considering their use in relation to marine and land-based weapon 

systems and the planar wireless technology has found its first high-volume use in the oil and gas 

production industry.  In response to market demand, the technology has been forced to develop 

rapidly and it is now possible to consider electromagnetic actuators as serious replacements for 

hydraulic systems in many applications.     

The new machines have been made possible by innovations that have increased the working 

magnetic flux density and simplified the control system.   Very powerful magnets are now available at 

relatively low cost to make these unusual motors. 

1.2 The gearless rotary motor It is of special significance that the machine can be 

configured as a very high torque rotary actuator, so that, for example, large control valves, shipôs 

steering gear and stabilisers can be driven directly, without gearing or cranks.   The only moving part 

in the system is the armature of the rotary actuator, which is sealed, highly efficient and clean.  No 

maintenance is required.  There are no pumps, valves, accumulators or pipe runs and the machine is 

inherently silent, with no EMC emissions and a wide control bandwidth.   

1.3 Control of hydrodynamics by motor torque  A unique advantage of the 

electromagnetic actuator for a stabiliser is that the current drive to the motor is itself a direct measure 

of the lift produced by the stabiliser fin.  That means that the action of the stabiliser does not require a 

complex control system and the current to the actuator may be simply controlled in relation to the 

required force from the stabiliser vane.  The motor will automatically position the vane at the correct 

angle to produce the demanded lift, without any need for a reference to the shipôs velocity or to the 

instantaneous sea conditions. 

1.4 Replacement of the nodding donkey.  A large planar wireless linear motor has 

been commissioned for use in oil production, as a high-tech replacement for the conventional 

pumpjack.  The new machine has many advantages, chief of which are its inherent ability to sense 

pumping conditions at the base of the well and to respond autonomously without further human 

intervention.  It is also silent, fully enclosed and very low maintenance, having just one moving part 

and lightly-loaded bearings.     

1.5 Other markets.   Powerful planar wireless machines provide a feasible replacement for 

hydraulics in many dynamic applications.  They can also be scaled down to be suitable for the 

industrial automation and in vehicle markets, superseding the ServoRamÊ in many applications     

 

1.6 Manufacturing resource.  The electromagnetic design of the motor is highly unusual 

and there are large internal forces caused by the powerful permanent magnets.   The quantity 

manufacture of planar wireless electrical machines needs special tools, clean room conditions and 

trained staff.   Nevertheless, which we now have a spectacular prototype in operation as a result of 

our work with a Canadian Company that specialises in the construction of large machines for the oil 

and gas business. 
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3  THE SPECIAL PROPERTIES OF THE TECHNOLOGY 
 

The new type of actuator was originally developed to replace hydraulic rams in 

entertainment simulator motion systems.  Engineers working in general manufacturing 

industry became aware of the technology but they always needed motors of increasing 

power, so that the peak thrust, reliability and robustness of the actuators were steadily 

improved to meet their market demands.  

Military requirements became known through Denneôs contacts with the DOD and MOD.  

Special attention was given to the needs of fighting ships and underwater craft for several 

nations and a new form of rotary actuator was designed as a result of that work.   Denne 

was then challenged to design a silent (free-armature) linear electric actuator capable of a 

thrust of 100 tonnes weight (one MegaNewton) ï which is more than two orders of 

magnitude greater than was previously possible.    The planar wireless motor technology 

then arose as the solution of that problem.  

Some of the most important technical features of planar wireless actuators 

are as follows: -    

1) Although the original planar wireless motors were designed to produce a 

large thrust/torque, the technology is of general application and the basic 

design is scaleable to suit a very wide range of thrust, stroke and speed 

specifications.  

2) The use of aluminium as the conducting material allows planar wireless 

electrical machines of all types to produce high power outputs at lower 

cost and weight than would be possible using conventional techniques.  

3) Planar wireless machines are wholly-enclosed, with no external magnetic 

or electrical fields. 

4) There are no contained fluids that may cause contamination 

5) There is an unusually-high working flux density in the (laminar) electrical 

conductors, making the machine especially efficient. 

6) The basic machine usually has a moving magnet armature and a 

stationary conductor assembly.  Because heat transfer in a laminar 

electrical system is more efficient than in a conventional coil system, 

cooling is improved and exceptionally high peak thrusts can be produced 

for short periods when required  

7) The construction of the motor is generously toleranced and it is inherently 

simple, which makes it low in cost, tough, shock-resistant and reliable 

8) It is silent in its action, with only one moving part, driving directly without 

gearing. 

9) It is highly controllable and very precise, with inherent force-feedback. 

10) The electromagnetic circuit can be configured in at least seven different 

topologies so that it may be precisely suited to its application. 
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4 GENERAL BACKGROUND OF THE INVENTOR 
 

Eur. Ing.  Phillip Denne B.Sc. C.Eng.  C.Phys.  F.I.E.E.  F.R.I   

Denne is the author of about a hundred patent applications and he has created a number of 

new technologies that have been developed and 

manufactured world-wide.     In the late 1950s, having 

worked for Siemens Ediswan to improve the 

manufacturing techniques of electronic valves and of 

some early germanium transistors, Phillip Denne 

worked for the design consultancy Rhodes Fraser 

Electronic Developments (RFED) in Hackney and 

Hemel Hempstead on photo-registration equipment for 

printing and packaging machinery, on milk-bottle quality controls, centrifuge tachometers, 

travelling-wave amplifiers for radar systems and valve modules for the first Elliot computers.   

He designed and built some of the first solid state industrial automation equipment (for 

sorting roller bearings), before becoming Engineer IC Audio for the manufacturing unit of 

RFED, which was called Gate Electronics Ltd.   Denne was responsible for the design of 

many consumer tape recorders, record-players and intercom systems, for the design of one 

of the worldôs first telephone answering machines for Pye Electronics - and for some special 

avionics for the Fairey Gannet and Rotodyne aircraft.   

In the 60s he worked for S.S. Bird in Poole on some of the 

first test gear for colour television and on ultrasonic 

equipment for pleasure craft, before becoming Chief 

Projects Engineer (industrial) for Flight Refuelling Ltd at 

Tarrant Rushton Airfield - a V-Bomber dispersal base.  For 

FR Industrial he designed and built electronically-controlled 

gearboxes, wood-knot removal 

machines, VHF paging receivers 

and high-power ultrasonic china clay micronisers.    

Denne later became Chief Physicist of Hamworthy Engineering in 

Poole, designing the oil-fired boiler control systems for Fawley, 

Pembroke, Isle of Grain, Vasteras (Sweden) and many other 

power stations in the UK and overseas.   He developed new 

combustion control systems for smaller oil or gas burners and he 

built automatic high speed ballasting/deballasting systems for 

heavy Ro-Ro transporting vessels 

In the 70s Denne set up his own consulting company 

called 70 Systems Ltd, which made audio amplifiers, 

nuclear reactor safety monitors, greenhouse control 

systems, palletiser sequencers and ultrasonic 

detectors. 70 Systems also delivered to BAE Filton 

the air ramp/dump control simulators for the SST 

(later the Concorde) aircraft numbers 001 and 002.     
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After building a series of blending 

controllers for cement manufacture, 

Denneôs consultancy company designed 

and built the first digital multi-pump petrol 

forecourt blending systems for BP and 

Shell, via Llewelyn Lewis Ltd.    

 Denne then set up a new company 
called Seldown Developments Ltd for 
the special development of the EDM 
15 ï the wordôs first 
microprocessor-
controlled dairy-farming 
equipment.  So that the 

300 cows could be correctly identified, he was 
forced to design some of the first reliable identity 
transponders.  In 1975, Seldown Developments 
was sold to the worldôs largest supplier of dairy 
equipment, Alfa-Laval, based in Sweden.    

  

In the early 1980s 

Denne designed and built Europeôs largest electronic warfare 

simulation and test facility for Marconi at Stanmore, in which many 

networked computers and microwave transmitters were tested in real 

time in the worldôs first cylindrical wideband microwave anechoic 

chamber, using real-time computer graphics to display the 

microwave environment.   

After a short period spent with Senelco in the design and 

development of advanced identification transponders for people, 

pigs, cattle and road vehicles, he decided to enter the 

entertainment business. 

In 1984 Denne created the 

highly-successful Super X entertainment simulator, the 

first of which was designed, built, tested, installed and 

opened to the Press and to the public in eleven weeks 

from receiving the order.    

The second prototype was 

exhibited at a London show and 

the first production machine was given pride of place in the British 

Pavilion at Expo 88 in Brisbane, Australia, where it operated 

faultlessly for ten hours a day, seven days a week for six months.   

The Super X machines were made in quantity in a large hanger at 

Bournemouth International Airport that was once shared overnight by 

two RAF Tornados of 617 Squadron.  



INTRODUCTORY DOCUMENT  

©Copyright Phillip Denne 1990 - 2009  9 

In 1991, realising that there was a 
better way to move a simulation 
motion base than by using 
hydraulic rams, Denne began the 
development of the cylindrical 
linear electric motor or 
ñPemRamÊò, which later became 
the ñServoRamÊò and is now 
marketed by a US Company called 
Advanced Motion Technologies Inc. 
 

The electromagnetic ram that has proved to 

have so many potential military applications 

actually arose out of another of Denneôs 

military-sourced projects - the design and 

construction of the large Electronic Warfare 

Evaluation Facility for Marconi at Stanmore.    
 

The purpose of the Marconi electronic 

warfare simulator is to subject the 

components of missile seekers, jammers and 

other electronic warfare equipment to a 

simulated battleground environment in real time, 

with real hardware in the loop.    During the 

process of designing this facility it was 

necessary for Denne to visit a number of 

installations in the USA in which similar 

equipment was under test.   In such installations 

a missile seeker head, for example, was mounted 

on an agile motion system that threw its pointing 

direction off target in exactly the same way as it 

would have been deflected by a jammer, for 

example.   The cost of the motion mechanism 

was a significant fraction of the cost of the complete simulator because it had to be capable of 

generating very high g forces in several axes simultaneously.  
 
When the Marconi Electronic Warfare Simulator 

was built, it was not at first thought to be 

necessary to simulate the g force environments 

of the equipment under test.  However, it quickly 

became obvious that the effect of the jamming 

could not be understood without some clear 

performance indicator.   The microwave 

environment itself is invisible and the 

instantaneous behaviour of the EUT was 

incomprehensible to the Engineers conducting the tests - and of course to any spectators 

such as potential clients.    


