
Business Description 

Apex Drive Laboratories, Inc. (Apex) offers electric motor and  

generator technology suitable for transportation and renewable  

energy  applications.  The technology offers unique performance 

advantages at a price point currently unavailable in its class.  With 

product already released to market, Apex is well positioned to be-

come a leader in high performance, cost-effective drive solutions. 

 

Emerging Markets 

Electric Vehicle (EV) Market 

This multi-billion dollar industry is developing a fast growing niche  

in the global vehicle market in both the consumer and commercial 

sectors.  Demand for hybrid electric vehicles (HEVs) is expected to 

grow 20% annually through 2010.1 Interest in zero-emission battery 

electric vehicles (BEVs) also continues to rise, but is presently an 

underserved market.   

 

Renewable Energy Markets:  Wind and Wave 

World renewable power generation is projected to grow 1.6%  

annually to 2030.2  The $100+ billion wind market is on the  

forefront, growing faster than any other energy source.3   Power  

generation by wave energy is a presently underdeveloped  

technology.  With wave power having the highest energy  

density of any renewable resource, the potential market for  

a successful method of delivery is paramount. 

 

 

Execution of pending interna-

tional agreements to end  

greenhouse gas emissions, a 

growing trend for environmental 

responsibility and erratic surges 

in fuel prices are expected to 

dramatically impact both the EV 

and renewable energy market 

projections in the coming years, 

further increasing the sustainable market opportunity for Apex.  

 

Meeting Market Need 

Currently, the primary barriers in both the EV and renewable  

energy markets are cost, performance and availability.  Apex  

overcomes these limitation with proven, patent protected  

technology. The highly efficient Apex drive system offers signifi-

cantly lowered implementation and maintenance costs to eliminate 

the hedge currently impeding mass market adoption.  Demand for 

uncompromising performance is met via higher torque and power 

density in an advanced form factor that will complement current and 

future product architecture.  This high performance, cost-effective 

system is consumer ready and available now, able to meet present 

day market demands as well as future market potential.  

 

Apex Market Focus 

Sectors within the transportation and alternative energy  

markets able to fully realize the competitive advantage of the  

motor’s unique technology include applications that require: 

 

50W-350kW of Power 

Within this power range, the motor is competitively priced for  

volume manufacturing and optimizes the mechanical strengths of 

the technology.   Exceptions to this may be equipment that is highly 

specialized and/or unique, such as military or medical applications, 

or in luxury and/or recreational products where the margins allow 

for a high expense in exchange for  ultra-high performance or  

custom products. 

E X E CUT I VE  SUM M AR Y  
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Apex DDS2 Direct Drive System for Electric Vehicles. 

Detail NdFeB permanent magnets 

1 Freedonia Group, World Hybrid-Electric Vehicles to 2010, October 2006 
2 Energy Information Administration, International Energy Outlook 2008, June 2008 
3 Global Wind Energy Council, Global Wind Report, December 2005 



      

 

High Torque at Low Speed 

Focusing on applications that require maximum torque 

(rotational force) at low speed, capitalizes on the uniqueness   

of the technology and meets a critical need within the market.  

Present transportation and alternative energy applications rely 

on a gearbox or transmission to meet performance needs.  

Apex eliminates the cost and maintenance of conventional  

design with a direct drive system. 

 

A Unique Form Factor 

With a smaller size and lighter weight than motors offering  

comparable performance, the Apex motor offers unique  

advantages when form factor is a high priority.  Higher powered 

applications with a limited and/or narrow space budget will 

benefit from Apex’s distinct ability to stack multiple motors side 

by side to achieve the same power rating as one large motor. 

 

A Cost Effective Solution - Designed for Manufacturability 

The Apex design does not require complex machinery to  

fabricate cores, coils and/or rotors.   Components called for are 

inherently easier to specify and quality control.  In ramping up 

for production, the Apex design is easily outsourced to multiple 

contract manufacturing partners, thus alleviating the need for 

massive up-front capital investment by leveraging low-cost 

manufacturing capabilities and facilities around the globe.  

Cost-effective solutions are found in the modular design,  

tooling processes and use of common parts.  

 

Additional Opportunities 

Considering that 70% of all electric energy goes through an 

electric motor, there is a vast range of potential applications  

for the Apex technology.  In order to capitalize on the economic  

opportunities outside of the company’s target markets, Apex  

will offer licensing opportunities within a specific field of use.  

Potential applications would include industrial machinery,  

consumer products (like appliances, computer or office  

equipment,  heating/cooling units, etc.), military, medical  

devices and large-scale transportation including commercial  

rail, marine and air.  
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APEX DESIGN ADVANTAGES 
 

Axial Flux Permanent Magnet motor and alternator 

offer an exceptional power density and efficiency 

within a “pancake” style form factor. 
 

Brushless DC motor for increased efficiency, safety 

and overall reliability. 
 

High Stall Torque allows for a high performance, 

rapid acceleration that is complemented by optimal 

work at both low and high speeds. 
 

Patented U-core design focuses the magnet force 

within the motor, yielding a higher power density than 

conventional motors. 
 

Scalable architecture (50W-350kW) easily configur-

able for a full-range of market applications. 
 

Designed with a focus on manufacturability, cost-

effective solutions are found in the modular design, 

tooling processes and use of common parts.     
 

From N+1 Phase (up to 10 phases)  

architecture for smooth torque output. 
 

Hall Effect Commutation for high torque at  

low speeds. 

  - or - 
 

Sensorless Control for high speed systems. 

 
Apex DDS2 Comprised of two individual motors, the DDS2 

is shown here in a partial chassis.  Due to improved  

geometry and maximized magnetic loading within 

the motor, there is no need for a gearbox.  

This transmission-free vehicle also has  

dual wheel differential thanks  

to the location of the  

drive system. 



Technology Overview 

Apex has developed a new class of Axial Flux Permanent Mag-

net (AFPM) DC machines.  With its double-stator-single com-

posite rotor configuration and segmented U-shaped core, the 

Apex motor offers more torque per kilogram (torque density) 

compared to conventional air cooled machines.   

 

Like other AFPM motors, the Apex motor uses the entire  

diameter of the motor to generate torque.  However, distinct 

differences are found in Apex’s use of segmented flux paths  

(for flow of magnetic force) and limited steel construction.  

Heavy and costly steel laminations are only used where they 

are necessary for conducting magnetic flux.  This allows  

structural elements to be made of lighter and cheaper  

materials, reducing the cost of total weight of the motor  

without compromising performance. 

Product Development 

Within the last twelve months, the Apex team has:   

Developed a strategic customer/investor, allowing Apex  

to focus on designing, characterizing and providing a direct 

drive solution for neighborhood electric vehicles (NEVs).   

2) Pilot production of a 14.3 kW motor that  can be sold to  

a variety of markets.  3) Pilot  production of a proprietary 

controller optimized to the Apex motor.  4) Advanced patent 

portfolio which currently includes two issued patents, a CIP for 

the “U” core design, inter- 

national protection for  

the design and a non-

provisional patent 

pending for har-

monic reduction.    

5) Expansion of Apex 

design into additional 

market sectors: Current 

customers applications  

include  a) High speed  

electric motorcycle   

b) High performance 

pure electric race car 

that meets 2008 Formula 1 requirements for regenerative  

braking.  c) Alternator for Heavy Duty EVs.  Validation of  

potential customers with interest in the Apex technology  

for  a) in-line generator for wind turbines  b) direct drive  

wave generator  c) hybrid electric school bus conversions.   

5) Developed prototype “hub motor”.  6) Developed initial 

concept for ironless high power density motor for vertical 

lift of unmanned aircraft.  7) Developed stationary power  

motor-generator  suitable for home, industrial and  

automotive applications. 
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 US 6,552,460B2/April 22, 2003/Brushless Electro-Mechanical Machine  

 US 6,930,433B2/August 16, 2005/Brushless Electro-Mechanical Machine 

 US Non-provisional Patent Application 11/205,264/August 15, 005/

Brushless  Electro Mechanical Machine 

 International Patent Application/PCT/2006/031,730/ August 14, 2006/

Brushless Electro Mechanical Machine 

 US Provisional (Patent Pending) on the Harmonic Reduction in EMF  

INTELLECTUAL PROPERTY 

Apex Alternator  Developed for  an 
undisclosed industry leader, the Apex 
alternator is designed as an alternative 
power unit for “long haul” vehicles. 

Apex DD14  

14.3 kW motor  

initially released in 

December 07 at the  

International EV 

Symposium. As a 

set of motors, it is 

the power source 

for DDS2: Direct 

Drive System for 

Electric Vehicles. 

Apex Geometry (shown as single  

U-Core) Unique topology of the Apex 

motor allows for a segmented flux  

path of the stator which reduces the 

dependence of coil space on the 

amount of iron and reduces the  

length of the flux path, eliminating  

the unnecessary yoke area found  

in conventional AFPM motors.   
 

Result: Increased torque density. 
 

Conventional Geometry (shown as 

partial stator) Because the windings  

at the inside radius are severely  

constrained, a conventional slotted 

AFPM stator design has limits of  

increasing the number of turns.   

This geometry limits the optimization  

of the flux path, reducing the amount  

of flux that can be generated. 
 

Result: Decreased torque density. 


