Form Factor:
 The traction pack is configured to be rectangular shape holding several electrochemical batteries therein.  In prototyping the first traction pack, a frame of 42” X 42” X 8” was used. The eight inch dimension is the height of the traction pack when the traction pack is in the horizontal position. The shorter the height, the thinner the traction pack frame can be.  The thinner the frame, the less the motor vehicle needs to be lifted to make the exchange.  

A key point of the traction pack removal procedure is the traction pack is inserted into the motor vehicle from the bottom side of the motor vehicle. This advantage provides for the exterior of the motor vehicle need not be altered to accommodate swappable traction packs.  This position for the traction pack in the motor vehicle is optimal because of the low center of gravity that is achieved with the heavy traction pack.

The motor vehicle is lifted off of the traction pack and transport cart while the traction pack remains motionless on the transport cart.  It is during this “lift off” motion when the high current brushes on the traction pack disengage from the high current contact plates mounted to the motor vehicle. This mode of disengagement is advantageous because it enables quick, automated extractions of the traction pack from the vehicle.

Safety:

The latch pawl drive motor retains the latch pawls in place when the drive motor is at rest because of the worm gear construction of the drive motor.  The worm gear drive design prevents the output shaft from driving or turning the input shaft.  The output shaft can move only when the input shaft is turning.  This aspect of the latching system is designed to retain the traction pack in the motor vehicle in a fail-safe manor.  
Another safety feature is the motor vehicle is position next to the swapping station.  When the traction pack is not in the motor vehicle, it is on a transport cart or in the traction pack swapping station.  This arrangement keeps the transfer cart, with or without the traction pack on it, covered during the entire exchange process.  This safety feature keeps users from harms way. 

Once the traction pack has been placed on the transport cart, which typically is less then 12” high, the orientation of the traction pack remain unchanged until the transport cart positions the traction pack in the swapping station. This means that it is nearly impossible for the traction pack to fall or be dropped during the exchange process.

Error Recovery:
Reliability and serviceability is addressed by having all moving parts involved with the traction pack exchange attached to the traction pack.  The invention provides both the mechanical and electrical interfaces that have the simple part of the interface on the motor vehicle.  The complicated parts of the latch mating parts are on the traction pack.  The mechanical interface has only the support pins on the motor vehicle while the latch pawls, support pin guides, latch pawl linkage bar, latch pawl drive motor and latch pawl drive rack are on the traction pack.  
The electrical interface has only the high current contact plate mounted to the motor vehicle while the high current brushes, brush tension springs, brush shunts and high current contactors are on the traction pack.  This means the traction pack with a problem such as the latch pawls will not release because the latch pawl drive motor has malfunction.  The nonfunctioning traction pack can be exchanged with a good traction pack to send the motor vehicle on its way.  The traction pack with the issue is left behind for service.

Special High Current Brush Connection:

Accordingly, the Swap N Drive provides a quick disconnect electrical interface between the traction pack and the motor vehicle that is capable of handling large levels of electrical current continuously.  The high current brushes advantageously have a contact surface area of 5.1cm X 7.5cm which results in 38.7 square centimeters of total contact surface area.  The first prototype brushes that were used have an ampacity of 12 amperes per sq. centimeter.  This makes the ampacity of the 5.1cm X 7.5cm brushes to be approximately 460 amperes each.

The current capacity of the contact surface area of the six brushes design as shown on the front of the traction pack to be approximately 1400 ampere per polarity.  More and larger brushes may be used to increase current capacity of this design.  The high current contact plate this brush engages with is a flat plate of stainless steel.  The current limiting factor for the high current brushes beyond contact surface area is the size of the brush shunt cables that provides the connection from the high current brush to the high current contactors.  The high current brush can also be constructed to have two or more brush shunt cables for increased current capacity. 

The engagement of the high current brushes occurs in a linear fashion on the motor vehicle.  Then in the swapping station the high current brushes engages in an axial fashion as shown with the axial brush engagement motion or in a radial fashion with the carousel rotation direction for replenishing.  The single plane high current brushes actuation alternates between linear and axial or radial engagement.
Sealed Battery Technology:  

Rotating the traction pack concept used by the Swap N Drive system is possible because most of the sealed electrochemical batteries available today operate in any position other than upside down. The Ion Lithium technology along with most of the other newer electrochemical batteries can be used in any position.  This allows changing the traction pack from a horizontal to a vertical position without affecting performance of the traction pack.  All other exchange systems do not change the orientation of the traction pack from the position it sits in the motor vehicle because the wet lead acid batteries used in the past would loose the electrolyte (the liquid in the battery) if tipped on their side.
Physical Location Requirements:
The Swap N Drive allows for a fully automated traction pack exchange system in which ground excavation is not required for installation of the swapping station.  A concrete pad on top of the ground serves as a mounting for the base of the swapper and transport cart presented here.

