ELECTRIC UNDERCARRIAGE
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This paper proposes a novel transportation system in which existing cars would drive onto an electric undercarriage which would then ride on electrified rails.  These rails would either be the existing rail systems (e.g. metros or railroads) or new rails laid down on existing highway lanes.

The advantages of such a system is that electrical transportation costs less than by gasoline, drivers would still have the freedom to drive their cars anywhere they wish after reaching their destination, reduced traffic condition, several environmental benefits, safety, and relative ease of implementing this system compared with other approaches being considered.  Several challenges and their engineering solutions are discussed.
The Undercarriage
The electrical undercarriage would consist of four small railroad wheels like those we occasionally see on railroad trucks as they drive down the railroads.  Since car tires are spaced at the same width as rails, these railroad wheels would need to be at the same width and therefore in front and in back of the car's wheels.  The front railroad wheels would be directly connected to a standard automobile electric motor however, batteries will not be needed because the electricity would be drawn directly from the rails.  There would be a structural frame holding together the railroad wheels in their place.

The front of the undercarriage would have a wedge-shaped structure like trains have so as to throw objects on the rail to one side or another.  This wedge structure would come down far enough in front of the vehicle so as to ensure that no object were small enough such that it would miss an object yet the object were tall enough to strike the vehicle.

The undercarriage would also have two trough ramps so that the car's wheels could drive onto the undercarriage.  When driving onto the undercarriage, the car's front wheels would bump into a roller thereby stopping it in place.  At this point, the back rollers of the front tire would raise and the back rollers would adjust and raise until the back tires were secured.  The undercarriage would be on rails at all times.

The Undercarriage's Electronics

Each undercarriage would have radar and WiFi-like electronic connectors.  The main function of the radar would be to sense the distance of the vehicle in front.  A secondary function would be to detect debris on the rail if they are 
Driving Onto an Undercarriage
Drivers who plan on traveling greater than 5 miles would consider using the electrical undercarriages due to multiple benefits especially including the fact that they would save money.  They would drive to either an existing, participating rail line (e.g. metro, railroad, or dedicated new rail line) or they would drive to a participating freeway.  At many locations, there would be a lot next to the rails where numerous electrical undercarriages were being stored.  As the driver were to drive onto a lot, they would be directed by signs as to where to mount an undercarriage.  The undercarriage would already be in place on rails ready to be driven on.  The driver would simply drive onto the undercarriage until they bump into the front wheel roller.  The undercarriage would adjust until they were secured onto the undercarriage.

The driver would then enter their destination through one of three means.  A camera could read their license plate and suggest any of several locations which they had chosen before.  Secondly, they could enter their destination on a device in their car which would transmit via radio signals to a receiver in the lot.  Thirdly, they could enter their destination through their window using a panel next to the undercarriage.  The undercarriage would then be record this destination and a path would be calculated (it could take into account any hazards along the way).  The undercarriage would then begin moving along the rails.
Storage of Undercarriages

The wheels of the undercarriages would be about 18 inches high.  So after a vehicle drives off the undercarriage, the undercarriage could roll itself it a stack.  A lift would raise it and stack it on in racks.

These racks could store 10 to 15 undercarriages vertically.  If stacked slightly offset (wheel on axel) about 14 to 20 undercarriages could be stacked in the same height.  A 100 x 100 foot space (a pretty small parking lot) could store as many as 2,600 undercarriages.  With intelligent programming, undercarriages could be drawn from the closest parking spot and lowest height.  If for some reason, undercarriages were running out at a particular lot, others could be dispatched in an unmanned manner to where they were needed most.  Since they would not be bearing much weight, nor would they have much of a wind cross-section, this could be done at a fraction of what it would cost to transport a vehicle the same distance.
Merging Into Traffic

The undercarriage would then become one element in a unified system which would know the exact location of each undercarriage.  The undercarriage would know of the presence of oncoming trains of electronically linked undercarriages carrying vehicles on the main lines.  Coming out of the lot, the undercarriage would either immediately accelerate onto the main line of there were a gap or would wait and then accelerate onto the main line after a train of cars had passed.

Trains of Undercarriages
In order to take advantage of the fuel efficiency of drafting, vehicles would be platooned together into trains.  Each undercarriage would use its radar and would pull up close enough to the vehicle in front so as to take advantage of drafting.  As one undercarriage was arriving at its pull-off, it would begin to disconnect from the train and the vehicle behind it would disconnect, slow down and give it some space.  The departing undercarriage would signal a switch which would then divert it onto a deceleration rail.  The following undercarriage would then speed up and heal the gap in the train.  It is conceivable that the system could be so designed so as to have an unmanned undercarriage somewhat ahead for the purpose of absolutely detecting any dangerous debris on the rail.
Traffic Congestion

Also, each driver in a line of stopped cars will start accelerating a bit later than the car in front of them. So, for example, at a stop light it may take 20 seconds after the light turns green before you start accelerating if you are 10 cars back.  For this reason, a brief slow-down by a single driver in a congested freeway can result in a region of slowage for minutes afterward.  But, for example, subway systems never experience this phenomenon because decision making and control is singular throughout the system.

Smog

The undercarriage system could remove a good percent of medium and long-distance trips.  This might represent perhaps 30-50% of smog produced.  

Additionally, as some of the traffic is taken off of the regular lanes and compacted onto the track, decongestion of the regular lanes will result in less smog being produced from stop-and-go traffic and longer travel times.

CO2

The electric undercarriages would themselves produce no CO2 however, depending upon the source of the electricity, CO2 might be produced there.  

However, in the future, new sources of electricity will likely produce less CO2 per kilowatt-hr than currently.
Fuel Efficiency

Vehicles on the undercarriages could be platooned together in tight trains such that aerodynamics could be improved considerably.  Steel-on-steel wheels have little friction.  Also, the electric engine is much more efficient than internal combustion engines.  For these reasons, the cost of traveling by undercarriage would be less than using gasoline.  The savings passed along to the drivers would provide a considerable incentive for drivers to participate in the system.  Fuel efficiency could help keep gas prices down and reduce our dependence upon foreign oil and delay the day when peak oil is reached.
Driver Conveniences

Drivers will need to neither steer nor usually apply their brakes.  They are essentially along for the ride.  They can therefore be freed up to read, work on computers, relax, or conceivably even take a nap.  If naps were allowed, perhaps the undercarriage could include a horn which would blow if at destination, the vehicle does not drive off the undercarriage within a reasonable amount of time.
Addressing the Dangers

What if an undercarriage begins malfunctioning? What if there is a crash on the track?  Would this result is  massive casualties as a train of vehicles plow into each other?   How would the traffic get around the accident?

First, no system is perfect nor should one expect it to be.  Rather, one should first consider if the proposed system would be better than the existing system.

The current situation is that cars are being driven independently by a variety of people in various states of attention.  When driving behind a large vehicle, we cannot see very far ahead.  We all routinely have to slam hard on our brakes when we come upon a stoppage which we did not expect. 

The proposed undercarriage system would have a distinct advantage when it comes to safety.  Each undercarriage would have radar and a WiFi-like radio connection with neighboring undercarriages.  Every vehicle in the undercarriage lane would be part of a smart grid.  With this ability, cars can be paced at safe distances from each other depending upon their speeds.  Reaction times would not only be faster than with human drivers but undercarriages at the end of a train of cars could begin increasing their spacing and slowing down based upon what is happening at the front of the train which might be a quarter mile ahead.

What would happen if one of the electric motors were to malfunction?  The undercarriages could be engineered to detect if the electric motor started acting funny.  In this case, the information could be transmitted to the following vehicle's undercarriage.  The following undercarriages would slow to match the speed of the malfunctioning undercarriage.  Small bumpers on the front and backs of the affected undercarriage and the one following would meet and the malfunctioning undercarriage would be pushed until the next exit where it would exit, coast, and brake to the regular stopping point.  The car could then drive off and get back onto a working undercarriage.  The malfunctioning undercarriage could then be moved by a small fork-lift-like piece of equipment to a rack for those undercarriages needing maintenance. 

As for accidents, they will happen.  But the main question is, "Will they happen as frequently as in the current system".  By taking human judgment out of the system, a major cause of traffic accidents will be avoided.  Also, sliding off the road during slippery conditions will also be avoided because the sides of train wheels prevent sliding.  Since the tires would be off the ground, flat tires would not be a cause of stoppage.

Hazardous Objects on the Rail

But, what if something falls off the back of a vehicle ahead?  This is a real danger which must be considered to be inevitable. Currently, drivers swerve (sometimes wildly) thereby avoiding such hazards.  To address similar situations, trains are designed with wedge fronts to throw things such as cars and cows to the side in order to avoid being derailed.

Also, the rear tires of the car could sit on rollers which could be electrically powered to move slowly.  If the driver applies their brakes, they could stop the rollers.  So the rollers could act as a sensor of whether the driver were applying the brakes.  In this way the driver could apply the brakes of the undercarriage as a manual safety back-up.

This new system would be protected by side walls thereby preventing access by cross traffic or animals.  However, the undercarriages probably would need to also have a wedge shape in the front which would be strong enough to throw aside things as large as what typically falls off vehicles.  

Also, the undercarriages have radar which could be able to detect objects lying on the rails and could stop in time.  Since there is no side traffic, the front driver could actually get out of a stopped undercarriage and remove the blocking object and get back in.  There would be essentially no risk of such a driver being hit by another undercarriage vehicle.
Since computers are in complete control of the following undercarriages, the entire line of stopped vehicles could start up at the same time and accelerate at the same rate.  In this way congestion due to such an accident could be cleared up far sooner than the current human-controlled situation.

Alternately, the undercarriages could be designed in such a manner to allow the vehicle to be lowered until its tires touch the ground.  At this point the vehicle could be freed from the undercarriage and could drive to the next exit.

Actual Crashes

If a vehicle on an undercarriage actually were to hit something, will the train nature of traffic stacking cause a serious pile-up.  No, the system could be designed to always allow for enough spacing so that all following vehicles could be able to stop in time.

If there was a serious accident, rescue vehicles could drive "upstream" on the rails until they were to reach the site of the accident.  The system could then begin directing traffic to exit at a prior exit and backed-up undercarriages between the accident and the previous exit could be backed up and exited on the previous exit.

18-Wheelers

Could 18-wheelers ride the rails?  Heavy trucks could conceivably drive to special entry lots where there are much more substantial and longer undercarriages.  If advantageous, the smart system could delay the acceleration of heavy trucks until a train of trucks has just passed.

Typically, heavy trucks are required to remain in the slow lane and only use the next lane in order to pass.  Presumably the pavement of the slow lane is more substantial in order to deal the greater weights.  But how is the weight transmitted to the road?

Heavy trucks have many more wheels including side-by-side dual wheels.  The main purpose of this is to increase the surface area contacting the road thereby decreasing the pressure at any one point.  

With the rail system, the weight of the trucks would not be distributed just on the footprint of their wheels but throughout sections of track and any cross-beams employed.  With the electric undercarriage system, it is conceivable that truck drivers could be entirely eliminated from the long-distance portion of transport by developing regional stations where trucks drop off their containers onto undercarriages which are then routed to the proper destination regional station.  This would essentially provide an expanded distribution system to the current rail system with an advantage over the current locomotive system in that individual containers could be delivered to specific regional stations without having to be processed in locomotive yards.
Transition of Society to Electric Vehicles

The electric undercarriage system is remarkably well placed to transition society to full electric vehicles.  For starters, existing hybrid vehicles could be modified to draw electricity from the rails into its own batteries.  The more they take the rails, the more they would be recharged.  

Similarly, fully electric vehicles could be empowered by the rail system such that they would have ranges equal or more than gas vehicles.

In the future, any car with an electrical motor could be designed to have built-in, small train wheels so that they could ride the rails without needing to transport the mass of the undercarriage.

Development of the Undercarriage System

The development of the undercarriage itself will probably not be a major engineering project.  Compared to the development of a new car, the undercarriage would need no or little styling design, interior luxuries, air conditioning, air bags, anti-lock brakes, perfection of handling characteristics / suspension, or complicated internal combustion engine.  But the electrical undercarriage would need to be the structure, acceptance and handling of the car's tires, reliable, redundant radar and radio communications, and brakes.
However, it is the system where much of the work would be.  Research and development would need to be done on ensuring that the undercarriages have situational awareness, that they merge onto the rail at the right time and speed, that they reliably link to other undercarriages, and that the system can handle a variety of expected dangerous situations.
Any old, unused set of rails could be used to initially develop the undercarriage and electronic systems.  Existing Metro-Link type of rails or long-distance freight rail / Amtrak lines could provide an excellent, existing infrastructure for further development and initial implementation.
Funding

As this system is an electric vehicle system, the developing company may be able to apply for federal loans.  Since the system could well use existing rail systems, railroad companies may wish to invest in the developing company.  Given the large number of advantages of the electric undercarriage system and the fact that the government may wish to fund the transition of society from gas to electric transportation, private investors may consider such an idea worth investing in.
