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Continuum Control Corporation

The Piezoelectric Connection

Back in 1880 Paris, Jacques and Pierre Curie (the future husband of Marie Curie) discovered something interesting. When subjected to an electric charge, certain crystals would change their shape very slightly. He found that the reverse was also true: applying pressure to change the shape of the crystals caused them to produce an electric charge.  This was dubbed the piezoelectric effect from the Greek word piezein, meaning “to squeeze.” 

Today sensors based on the piezoelectric effect are used to measure dynamic changes in mechanical variables in thousands of industrial and technical applications from aerospace and biomechanics to machine tools, compressors, engines, oil drilling equipment, even skyscrapers.

Continuum Controls designs, manufactures, and markets next-generation system components for actively sensing – and also controlling -- structures of many kinds. Our SMARTPLY™ systems solve structural control, vibration, and monitoring problems for demanding customers in a wide range of industries including sporting goods, automotive, rail, aerospace, and the military.

Essential Technology for Next-Generation Solutions 

SMARTEK System is one that can sense sense and respond to its external environment in a beneficial manner.  Examples might include golf shafts or tennis racquets that sense a person’s swing and compensate, bridges and buildings that sense overloading during earthquakes and stiffen in response, and helicopter blades that adapt for different flight regimes to maximize fuel efficiency, flight speed, and lifting capability.

Based on a patented technology developed at MIT by the company’s founders, Continuum’s SMARTEK system is an integrated product composed of two basic elements: a SMARTPLY™ transducer and a Self-Powered™ electronics package. At the heart of the SMARTPLY transducer is a unique piezoelectric material that converts electrical energy to mechanical energy and vice versa.  With this conversion capability, the transducer can then perform two functions: it can sense motion, and it can create motion (actuate).
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Smart Ply is a composite material comprising 1) piezoelectric fibers capable of the energy conversion function, surrounded by 2) a polymer matrix, and 3) electrical connections to deliver & carry-away electrical signals.  

With this structure SmartPly delivers the traditional advantages of a composite like graphite including higher strength, lighter weight, and conformance to curved or complex shapes.  In addition, the distributed nature of the piezoelectric fibers allow for collective sensing or actuating over a very large area. This highly desirable set of attributes is unique to SMARTPLY. 

· Can be worked like graphite: stronger, more durable, and can conform to complex shapes

· Can be used like graphite: integrated & directly bonded into other composite materials

· Can be manufactured like graphite: large area sheets, for low cost processing

SMARTEK systems can be used virtually anywhere other standard or advanced materials would be employed.  But SMARTEK systems are significantly easier to use and dramatically less costly for product insertion. Our technology can also greatly reduce product life-cycle costs and improve system performance.

. 

Applications. Markets. 

The potential applications for smartek systems are numerous and varied, covering a wide range of industries from sporting goods and automotive, to biomechanics, engineering, aerospace and many more. Manufacturers in these and many other industries are continually in search of new ways to make their products better, faster, stronger and lighter.  They want products that are smarter -- able to sense and react to their environment – and products that can address structural control, vibration, and monitoring problems in advanced materials.

[VISUAL:] Tennis racket

Sporting Goods 

SMARTEK systems can be used in tennis racquets, golf clubs, baseball bats and other sports equipment to dampen vibration, increase power, and customize performance to suit the player.

[VISUAL:] CELL PHONE/MILITARY WALKIE-TALKIE/HAND-HELD DEVICE

Electronic Communications

Smartek  technology is being used instead of batteries to power consumer and military electronics products.  Kinetic energy generated by a moving person is converted to electricity by a SMARTPLY™ system and reused to power the device.  

[VISUAL:] FIGHTER JET (RIGHT ONE?)

Aerospace

Smartek systems can be used to assure the structural health of military aircraft. SMARTPLY continuously monitors the integrity of the aircraft’s structure and, through an RF signal, reports any structural problems to the aircraft’s computer.  This can greatly reduce maintenance costs by reducing the number of required preventative structural inspections.

[VISUAL:] HELICOPTER / SUBMARINE

Military Vibration Control Systems

Military Vehicles

By selectively reducing vibration, smartek systems can enhance the performance of helicopter rotors, improve the performance of fighter jets and improve the stealth capabilities of submarines. 

[VISUAL:] RAILROAD TRAIN / PASSENGER CAR

Transportation

SMARTEK systems in trains and other vehicles can dampen vibration to reduce interior noise and improve passenger comfort.

[VISUAL:] ROBOTICS / CHIP MANUFACTURING / VACUUM VALVES, PUMPS / MEDICAL BLOOD PUMPS, DIALYSIS MACHINES 

Industrial Motors And Pumps

A Smarttek actuator system can be used as the moving component in valves and pumps for a large variety of industrial and technical applications from robotics to medical equipment. The result is a more compact profile, lower parts count and reduced power needs.

Sensors, Monitoring, and Power Generation

· Application: providing materials and electronics for “structural health” sensing, and energy harvesting for remote sensors in next generation Smart Aircraft, Ships, Bridges

· Technology Advantage: Proprietary electronics technology enables energy harvesting from sources of mechanical vibration; Smart ply provides potential for highly integrated sensors in large graphite composite structural systems (airplanes for example).

· Benefit to OEM Customer: Possibility of continuous power for sensors and equipment in environments where batteries are not feasible; reduced cost for infinite operation; an enabling technology for vast arrays of sensors for “condition based maintenance” in structures

Automotive/Rail

· Application: Noise reduction for interior of automobiles and rapid transit rail

· Technology Advantage: Smart Ply stronger and more robust than its piezoceramic counterparts; conformable to curved shapes, can be integrated into existing manufacturing methods.

· Benefit to OEM Customer: Enabling technology for effective low cost method for reducing interior noise, thus increasing value of vehicle to customer, or allowing cost effective design trades with structural materials (i.e. reducing noise caused by using lighter weight, stiffer materials)

Military Vibration Control Systems

· Application: vibration reduction for helicopter blades, noise reduction in underwater vehicles, fighter aircraft tail vibration reduction

· Technology Advantage: Smart Ply enables large area integration & effective cost for realistic sized vehicles

· Benefit to OEM Customer: greatly reduced life cycle costs for equipment maintenance, improved performance (underwater stealth, faster flight, higher payloads, etc.)

The Company

Continuum was founded in July of 1998 to satisfy these important market needs by leveraging five years of its founders research, $5M of prior research funding, patents licensed from MIT, and Continuum technologies (patents pending) in the SMARTEK field.  The company’s goal is to become a publicly held corporation that designs, manufactures, and markets SMARTEK components for its OEM partners.  

The Company is working to protect its unique position by licensing from MIT the SMARTPLY™ technology that its founders developed at MIT and processing other patents for technologies that Continuum has developed in-house, such as Self-Powered™ electronics.
To date Continuum has developed a technology base using the patented SMARTPLY™ and Self-Powered™ electronics technologies that serve as its core platform for developing products in the targeted markets.  Continuum has developed and shipped prototype products to 14 customers in the sporting goods, automotive, aerospace, and military markets.  The company has ongoing developmental programs with customers in each of these markets. The goal of each of these programs is to develop high-volume production products that solve customer problems using a mix of technologies unique to Continuum.  In addition, Continuum has received feedback from dozens of additional companies who are interested in using a Continuum SMARTEK product in the future.  The Company has won numerous Small Business Innovation Research grants, currently totaling over $1M per year, from government agencies to further enhance its technological lead.

Inserts: biographies.

COPY NOTES

piezoelectric (pê-â`zo-e-lek’trik, pê-ât`so-e-lek’trik) adjective

Of, pertaining to, or characteristic of crystals that can convert between mechanical and electrical energy. An electric potential applied to a piezoelectric crystal causes a small change in the shape of the crystal. Likewise, physical pressure applied to the crystal creates an electrical potential difference between the surfaces of the crystal.

Piezoelectric Effect
 This refers to the appearance of an electric potential across some faces of a crystal when it is under pressure, and of distortion when an electric field is applied. Pierre Curie and his brother Jacques discovered the effect in 1880. It is explained by the displacement of ions, causing the electric polarization of the crystal's structural units. When an electric field is applied, the ions are displaced by electrostatic forces, resulting in the mechanical deformation of the whole crystal. Piezoelectric crystals are used in such devices as the transducer, record-playing pickup elements, and the microphone.

piezo- prefix
Pressure: piezoelectricity.
[From Greek piezein, to press tight, squeeze.]

The Product

A SMarT System can sense and respond to its external environment in a beneficial manner.  At the heart of the system is the transducer – a unique energy conversion material that converts electrical energy to mechanical energy and vice versa.  With this conversion capability, this type of material can then perform two functions: sense and actuate.  The biological equivalents of these SMarT system capabilities are nerves and muscles, respectively.  The final system component is the controller logic (electronics), whose biological equivalent is the brain.  




Continuum’s SMarT system is an integrated product composed of two basic building blocks: a Smart Ply™ (the transducer) & a Self-Powered™ electronics package (the brain). The Smart Ply™ is a patented product composed of “active” piezoelectric fibers embedded in a flexible epoxy matrix while Self-Powered™ electronics are unique systems designed by Continuum using off-the-shelf components.

Continuum creates value for its customers by possessing the unique capability to solve numerous structural control, vibration, and monitoring problems using its two building block technologies.  For example, within the sporting goods market, Continuum’s technology is being used on tennis racquets to dampen vibration (helping to prevent “tennis elbow”), increase power, and supply player-selectable racquet properties.  In the power generation market Continuum’s technology can be used as a continuous power generating module in numerous consumer and military electronics products (eg, cell phones or Army soldiers’ communication gear) to replace finite-lasting battery power.  In this concept, energy generated by a moving person is captured by a Smart Ply™, stored by the Self-Powered™ electronics, and returned to a productive use – powering an electronic product. 

Just one of the numerous aerospace products possible is a concept that could be used on the US Air Force’s next-generation aircraft, the Joint Strike Fighter (JSF).  Continuum will potentially use its technologies to monitor the structural health of each aircraft.  The Smart Ply™ would be used to continuously monitor the integrity of the aircraft’s structure and, through an RF signal, report any structural problems to the aircraft’s computer.  This system would allow the Air Force to greatly reduce its maintenance costs (a major goal for the JSF program) by dramatically reducing the number of preventative structural inspections required by its maintenance personnel.

III.  The Market and Competition 

Continuum has identified several large market opportunities.  SMARTEK sporting goods is a proven, near term market opportunity.  Access to multiple market segments can be provided through a single parent company, where an exclusive arrangement with a single company can generate opportunities in tennis racquets, skis, golf clubs and others that offer annual revenues to Continuum of $5M-$20M.  Power Generation markets such as battery-powered, mobile consumer and military electronic products are expected to generate revenue of over $15M in three to four years.  Markets such as automotive and rail may offer much larger opportunities ($100M+), by providing, for example, interior noise reduction in luxury cars or passenger trains.  Finally, military and aerospace markets may provide the product demand to support multiple $100 million opportunities for Continuum.  A recent study has shown that the cost benefits for improved productivity of a single Army CH-47D helicopter using a vibration reduction system in its blades is as high as $7 million
. The 10-year JSF program is expected to generate over $50M in revenues for its chosen SMARTEK contractor.

Competition in the rapidly growing SMARTEK field is fragmented.  Small companies such as SMA Inc. and Dynalloy offer shape memory alloy materials but these materials have the disadvantages of requiring large power sources and are difficult to integrate into structures.  Several mid-sized companies and division of larger companies (eg, Motorola, CeramTec, and EDO) offer piezoceramic wafers but, compared to Continuum’s SMARTEK Ply™, these products are brittle, have size limitations, and do not conform to curved surfaces.  Continuum’s most direct competitor is Active Control Experts (ACX), Inc. Magazine’s 74th fastest growing company in 1998.  ACX offers a packaged piezoceramic wafer that has been used in the K2 ski and bicycles, snowboards, and the Worth baseball bat.  However, ACX’s product lacks the cost competitiveness, conformability, and scalability of Continuum’s SMARTEK Ply™ and ACX does not have a product to compete with Continuum’s Self-Powered™ electronics.  

Continuum considers its strong intellectual capital to be its competitive advantage.  The SMARTEK Ply™ technology development alone required over 5 years and $5M of funding.  Most of the practical processing and design skills reside only in Continuum employees.  Given even large sums of funding, a competitor would not be able to duplicate the technology for 1-2 years, giving Continuum a significant first mover advantage. The Company is working to protect its unique position by licensing from MIT the SMARTEK Ply™ technology that its founders developed at MIT and processing other patents for technologies that Continuum has developed in-house, such as Self-Powered™ electronics.
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