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HYBRID TRAILER SYSTEM 

This application claims bene?t of, and priority to, US. 
Provisional Patent Application No. 60/883,2l5, ?led Jan. 3, 
2007, US. Provisional Application No. 60/883,2l 9, ?led Jan. 
3, 2007, and US. Provisional PatentApplication No. 60/950, 
014, ?led Jul. 16, 2007, each entitled “HYBRID TRAILER 
SYSTEM.” The complete speci?cations, drawings, attach 
ments and disclosures of US. Provisional Patent Application 
Nos. 60/883,2l5, 60/883,2l9 and 60/950,0l4 are incorpo 
rated herein by speci?c reference. 

FIELD OF INVENTION 

This invention relates to a hybrid trailer system and appa 
ratus. More particularly, the invention relates to a system and 
apparatus for placing one or more motors on a trailer to assist 

in operation of the trailer. 

BACKGROUND OF THE INVENTION 

At present, there are no trailer axle assemblies knoWn 
being produced that can collect kinetic energy during decel 
eration of the vehicle, and retrieve that energy for accelera 
tion. In particular, there is no such assembly in a package that 
can be easily retro?t into neW or used trailers, including 
semi-trailers, that is completely self-contained, and can be 
connected to an ordinary, unmodi?ed semi-tractor. Conven 
tional semi-tractors do not have the room to add a neW or 

retro?t hybrid system. 
Current tractor trailers received their poWer from an ICE 

located in the tractor. The trailer provides only the means to 
handle the load. When an ICE tractor accelerates from rest, 
the engine emits large amounts of pollutants. ICE does not 
have high torque from Zero to loW RPMs. When the tractor 
decelerates, the brakes from the tractor and trailer must dis 
sipate large amounts of kinetic energy through heat or by 
“jake braking,” the process by Which the energy is pushed 
back through the ICE causing large amounts of noise. 

Current tractor-trailer systems also have a loWer response 
time to tra?ic ?oW changes due to the heavy load being 
hauled. A tractor’s ICE can only provide so much poWer for 
quick acceleration. 
Some semi-trailers are equipped With ABS (anti-lock 

breaking system) as a part of their braking systems to help 
stabiliZe the trailer. ABS only helps the trailer Wheels get 
better traction during deceleration, hoWever. 

The use of batteries to poWer an electric motor on a semi 

trailer is knoWn, but a problem With the use of batteries is the 
high amount of poWer that these devices must absorb in a 
short period of time during braking. Batteries can hold large 
amounts of poWer, in general, but they charge and discharge at 
sloW rates. Increasing the charge and discharge rates results in 
a shortened lifespan of the battery. In addition, all batteries 
have a limited life span, and need to be replaced periodically. 
Batteries also contain corrosive elements that can spill if 
damaged. 

Accordingly, What is needed is a system to collect kinetic 
energy during deceleration of the vehicle, and retrieve that 
energy for acceleration, While being easily retro?t into neW or 
used trailers, including semi-trailers. The system should be 
self-contained that is completely self-contained, and can be 
connected to an ordinary, unmodi?ed semi-tractor. The sys 
tem also needs to charge and discharge large amounts of 
energy at a fast rate, and should have a multiple-axis detection 
system. 
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2 
SUMMARY OF THE INVENTION 

In one exemplary embodiment, the present invention com 
prises a system and method for toWing a trailer, including but 
not limited to a semi-trailer, Which overcomes the above 
draWbacks of prior art systems and methods. The invention 
can be easily retro?t into neW or used trailers, and is self 
contained With loW maintenance. By placing the system in or 
on the trailer, the system becomes a hybrid system. 
The system provides poWer and braking to the respective 

trailer Wheels, as needed, to help stabiliZe the trailer. While 
batteries may be used to store energy, the system also may use 
capacitive storage units, Which charge and discharge large 
amounts of energy at a fast rate. Said units also are safer than 
batteries When damaged. 

In an exemplary embodiment, the present system has a 
multiple-axis sensor system. A three-axis accelerometer sys 
tem can detect the vehicle’s acceleration and deceleration 
(x-axis), inclination and turning force (y-axis), and hoW 
rough the road is, and Whether the trailer has gone off the side 
of the road (Z-axis). With Wheel sensors, load sensors, and 
proportional control of the brakes and motor poWer to the 
axles and Wheels, superior load stabiliZation can be achieved. 
The present system alloWs for quieter and even silent 

regenerative braking of the trailer after the energy storage 
systems have reached capacity by using resistive load banks, 
thereby eliminating the need for “Jake breaking.” 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic diagram of a dual motor trailer 
con?guration in accordance With one embodiment of the 
present invention. 

FIG. 2 shoWs a schematic diagram of a single motor trailer 
con?guration in accordance With another embodiment of the 
present invention. 

FIG. 3 shoWs a schematic diagram of a single motor trailer 
con?guration in accordance With another embodiment of the 
present invention. 

FIG. 4 shoWs a vieW of the present invention in use With a 
poWered jack in accordance With another embodiment of the 
present invention. 

FIG. 5 shoWs a schematic diagram of a semi-trailer slider 
assembly in accordance With another embodiment of the 
present invention. 

FIG. 6 shoWs another schematic diagram of a semi-trailer 
slider assembly in accordance With another embodiment of 
the present invention. 

FIG. 7 shoWs another schematic diagram of a semi-trailer 
slider assembly in accordance With another embodiment of 
the present invention. 

FIG. 8 shoWs another schematic diagram of a semi-trailer 
With slider assembly in accordance With another embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is a system and apparatus for a 
hybrid trailer. FIG. 1 shoWs an exemplary embodiment of the 
present invention comprising tWo motors 2 in electrical con 
nection With an energy storage system 4, a brake actuator 6, 
and an electronic controller 8. The electronic controller 8 
monitors the trailer connector 10 for a variety of signals for 
operator action, including but not limited to braking, turn 
signals, and back-up signals. The trailer connector 10 also can 
monitor in real-time a variety of trailer operations, including 
but not limited to the speed of one or more trailer Wheels 12, 
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torque, and one or more accelerometers 14 or similar sensors 

15. The energy storage system 4 may comprise one or more 
energy storage devices, including but not limited to batteries, 
capacitors 20, or some combination thereof. 

Capacitors 20 as means of energy storage have several 
advantages. Capacitors can store energy at fast rates. The 
regenerative energies from a trailer, including a semi-trailer, 
need to be transferred from the vehicle’s momentum to a 
stored charge in a matter of seconds. Capacitors can handle 
these rates Without degradation in operational life, Whereas 
batteries cannot. Capacitors have a discharge half-life Within 
a period of days, Which is adequate for the starting and stop 
ping to Which the typical trailer is subjected. 

Batteries, even if properly maintained (e.g., proper tem 
perature, ?uid levels, and proper discharging/charging), have 
a lifetime of only a feW years. Capacitors, on the other hand, 
can last decades before replacement. In addition, supplemen 
tal poWer, such as through a 7-pin signal cable, can supply 
enough energy to boo st the generator to charge depleted stor 
age capacitors or other energy storage devices. 

FIG. 2 shoWs another exemplary embodiment comprising 
a single motor 2. In this con?guration, the motor is connected 
to the Wheel axle 18 through the differential 16. FIG. 3 shoWs 
yet another exemplary embodiment comprising a single 
motor 2. 

In other con?gurations, a motor 2 can be placed on each 
axle 18 of the trailer, or a motor 2 can be used in conjunction 
With each Wheel 12. Alternatively, a single motor 2 can be 
used for a trailer regardless of numbers of axles or Wheels. 

Motors 2 can be mounted in a variety of Ways and locations 
on the trailer, including hub mounting, axle mounting, differ 
ential mounting, or frame mounting. The motor or motors 2 
poWer the axles or Wheels of the trailer, and recover energy 
through regenerative braking. PoWer may also be provided or 
generated from the vehicle pulling the trailer, or by a poWer 
generator located on the trailer. PoWer is transferred to the 
trailer axles and Wheels by typical means, such as differen 
tials and/or gear trains. Means of storing and releasing energy 
can be electrical, hydraulic, pneumatic, or similar means. 
A motor Without magnets such as an induction or sWitched 

reluctance motor is able to freeWheel When in normal trailer 
operation Without generating any unneeded voltages.Accord 
ingly, in one embodiment, use of such motors simpli?es the 
design of the poWer-sWitching electronics for the motor and 
generator. A sWitched reluctance motor can produce large 
amounts of torque at Zero and loW speeds, Which is desired. 
This type of motor also is synchronous, thus instantaneous 
changes in speed and torque can be made. 

Placing one or more motors on a trailer as described above 

assists various aspects of operation of the trailer. These opera 
tions include toWing and hitching. In addition, the invention 
promotes safety in operation, including assisting in prevent 
ing jack-kni?ng, controlling sWerving, and control of the 
trailer during breakaWays. The system also can counter shift 
ing in the trailer load during operation (Which often happens 
When transporting live animals or liquids). The controller 
compensates through accelerations and braking of the trailer 
Wheels as appropriate to keep control. This also assists in 
stability control When encountering speed bumps, potholes, 
or driving or falling off the edge of the roadWay. 

PoWer can be provided to assist the pulling vehicle When 
starting or accelerating, and in start-and-go driving condi 
tions. The internal combustion engine of the pulling vehicle 
must produce high poWer at loW speeds at high torque When 
pulling from a stop or sloW rate of speed. The pulling vehicle 
engine under these conditions typically emits high levels of 
pollutants, has loW fuel mileage, and operates at the loW end 
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4 
of its ef?ciency curve. The motor or motors 2 can ease this 
load by providing poWer to the trailer Wheels, easing the load 
on the pulling vehicle and causing the pulling vehicle engine 
to be more e?icient. PoWer may also be provided during 
conditions Where the toWing load on the pulling vehicle is 
increased, such as When the trailer is being toWed in hilly 
conditions. 

With the boost in poWer during acceleration and When 
going up an incline, the toWing vehicle can reach a particular 
speed more quickly and Without expelling large amounts of 
pollutants. The regenerative braking during decelerations and 
When going doWn a decline recharges the system. Together, 
this balances the energy loading of the system. 
The electronic controller controls the application of poWer 

depending on input from various sensors or accelerometers 
14, 15, Wheel speed, trailer connector inputs, and various 
other sources of input. In one exemplary con?guration, dual 
accelerometers may be placed at a 90 degree angle relative to 
each other, With each at approximately 45 degrees relative to 
longitudinal axis of the trailer (i.e., at 45 degrees relative to 
the direction of travel). The vector mathematics of the tWo 
accelerometers, along With Wheel speed and other inputs, 
enables the electronic controller to determine if the trailer is 
going up or doWn a hill, hitting a bump or pothole, turning a 
corner, accelerating, or braking. 

Accelerometers 70, 72, 74 on tWo or three (or more) axes 
may be used. In the three axis con?guration, this provides 
three axes of acceleration and angle to effectively monitor the 
trailer’s status. The x-axis 70 monitors acceleration and 
deceleration of the trailer (i.e., along its length), and the angle 
of inclination of the trailer. The y-axis 72 monitors the turning 
force, or side-to-side motion, and the banking of the road. 
This information, along With the monitoring of the inner and 
outer free-Wheeling speed sensors on a non-poWered axle, 
can tell the system electronics the degree and rate of turn. The 
Z-axis 74 monitors a component of vertical motion, so as to 
monitor the smoothness of the road, and other inconsistencies 
such as pot holes or one set of Wheels coming off the side of 
the road onto the shoulder. The three axes can be at substan 
tially right angles to each other, but need not be. The system 
can brake the Wheels individually, and poWer others, to keep 
the trailer stable. 

In one embodiment, the system monitors Wheel speeds and 
accelerometer direction and magnitude for indication of 
acceleration. Wheel speed can be measured in a variety of 
Ways, including, but not limited to, Wheel speed sensors 24. 
By applying an incremental torque and Watching the Wheel 
speed the controller can calculate the mass of the trailer load. 
The controller can then apply the proper amounts of torque to 
assist in acceleration Without pushing the vehicle. 
By monitoring signal lines 36 and the pneumatic brake 

lines 38, the system of the present invention can obtain an 
indication of What the driver (and the toWed vehicle) is doing. 
The pneumatic valve bank 40 can monitor the incoming pres 
sure from the toWing vehicle and the outgoing pressure to the 
individual pneumatic brakes 44. By monitoring the feedback 
pressure of each Wheel’s brake lines, and their respective 
Wheel speeds, the system can determine hoW the brake for that 
Wheel is performing. Monitoring of pressure can be accom 
plished by one or more pressure sensors 42. The system can 
brake the Wheels individually and poWer others to keep the 
trailer stable. This combination of braking and poWering at 
the same time Will help the trailer track the toWing vehicle. 
This is of importance in all driving situations, including, but 
not limited to, straight-aWays, curves (e. g., by applying more 
poWer to the outer Wheels than the inner Wheels), and circum 
stances Where there is a difference in road mediums (e. g., one 
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set of tires off in the shoulder and the other on the blacktop 
road; dirt roads; Wet roads; and icy roads). Because the sys 
tem of the present invention can determine if the road condi 
tions are slippery (such as due to ice, snoW, Water, or other 
substances on the road), it can take proper precautions in the 
method of braking and motoring, or, if the situation arises, 
turn itself off. 

PoWer can be regained through regenerative braking. The 
present system can Watch the brake signal from the trailer 
connector, the deceleration of Wheel speeds, and/ or the accel 
erometer direction and magnitude data for indication of brak 
ing conditions. Regenerated energy Would be stored in the 
energy storage system 4, Which may include one or more 
batteries or capacitors 20 as described above, until the energy 
storage system is fully charged. Regenerative braking thus 
may occur until the energy storage system is fully charged, or 
until the Wheel speed has dropped to a minimum level. Nor 
mal braking, such as hydraulic braking, can then take over. 
The electronic controller can apply the proper amount of 
braking to each Wheel, or to the Wheels on each side of the 
trailer, to keep the trailer from “pushing” the toWing vehicle 
and thereby reduce the potential of jack-kni?ng or other dan 
gerous conditions during operation. 

In one exemplary embodiment, an electro-hydraulic brake 
actuator 6 may be used as the regenerative braking interface. 
Said actuator may comprise a large capacity reservoir, 
hydraulic pump, solid state electronics, and adjustable pres 
sure output to the brakes via an interface, such as a serial 
interface. When regenerative braking is in effect, the hydrau 
lic brakes provide the proportion of braking that needs to be 
made up for the appropriate deceleration. As the trailer sloWs 
doWn, the regenerative braking becomes less prominent, and 
the hydraulic braking ?nishes the stop. 

In another embodiment, the regenerative braking can be 
continued after the capacitors or energy storage devices have 
reached maximum charging capacity. Excess energy could be 
directed or dumped into load resistors 50, as shoWn in FIGS. 
5-7. This dumping of load can be proportionately applied to 
both capacitors and resistors as the system reaches maximum 
charging capacity While still providing maximum braking 
capacity. By doing this, the trailer maintains even braking and 
lightens the load on the mechanical braking system. Regen 
erative braking into the capacitor and/ or resistive load along 
With the pneumatic brakes that are controlled through a pneu 
matic valve bank eliminates the need for the tractor to imple 
ment the need for loud “jake-braking.” By applying both 
regenerative braking and friction braking, the vehicle can 
brake much faster With shorter stopping distances. This sys 
tem also reduces Wear on the brake system and drive train. 

In another exemplary embodiment, the generator portion 
of the system can be used to supply poWer to the trailer, such 
as for refrigeration, heaters, and/ or lights. This external poWer 
58 may also be used to energiZe the cargo, or portions thereof, 
that the trailer may be carrying. 

In another con?guration, the present invention can enhance 
safety by controlling the trailer during a break-aWay situation. 
When a break-aWay situation is detected (such as by a break 
aWay sWitch 80 tethered from the trailer to the toWing vehicle, 
or by a loss of signal from the pneumatic and/or electrical 
lines), the electronic controller can apply the brake actuator to 
apply the brakes and also poWer the motors (if necessary) to 
keep the trailer upright and true, and keep the Wheels in 
maximum braking traction to the road. The accelerometer and 
Wheel speed sensor data also can enable the controller to 
determine the course and direction of the trailer, alloWing the 
controller to apply the proper amount of braking to the respec 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
tive Wheels to keep the trailer on a straight and upright course 
(thereby preventing the trailer from tipping and rolling over) 
until it comes to a stop. 

In yet another embodiment, the system of the present 
invention may be embedded Within the slider unit 90 of a 
semi-trailer 94 (see FIGS. 5 to 8). Existing trailers have only 
pneumatic brake lines 38 attached to the slider from the main 
body of the trailer. Existing sliders can be moved either for 
Ward or backWard to help balance the load on the trailer’s 
axles. Because the present invention can be completely con 
tained With the slider unit, existing trailers can be easily 
retro?tted With the neW mechanism. DoWn times for conver 
sion Would be minimal. NeW trailers being built also Would 
have quicker assembly times With this con?guration. The 
invention Would only have the existing pneumatic brake lines 
reattached (including, but not limited to, With a quick cou 
pler), and a cable to monitor the existing signaling cable 36 
(Which typically is 7-pin for current semi-trailers) that con 
tains the lines for poWer, brakes, signals, and marker lamps. 
The motoring/regenerating on/off can come either manually 
(such as using a sWitch on the slider or elseWhere) or remotely 
(e. g., by monitoring the brake line). In one embodiment using 
the latter method, if the driver taps in rapid succession a 
certain number of times (three, for example) on the brakes, 
the unit Would toggle on and off. An indicator light or lamp 92 
on a side or each side of the slider unit could be used to 
indicate its on/off state, and could be positioned to be visible 
in the rear vieW mirror of the tractor or pulling vehicle. 
The trailer controls may be independent of the toWing 

vehicle or tractor, or may be connected to the toWing vehicle. 
The connection to the trailer controls, Wherever located, may 
be Wireless or by Wires or lines. 
The system also may be used for autonomous trailer hitch 

ing or movement With a jack 30 on a set of coaster Wheels 32 

or tracks (Which may be useful in muddy conditions) at the 
hitch beam, as shoWn in FIG. 4. The jack may be poWered. 
The motor or motors 2 can then be used to drive the trailer in 
forWard or reverse. Where tWo or more motors are used, the 

motors can also be used to assist in turning the vehicle, by 
running the motor on one side and not the other, or running the 
motor on one side in reverse. The operator can use a controller 

34, such as a pennant hand-held controller or Wireless device, 
to control trailer movement. This means of operation can be 
useful in moving a trailer to a vehicle for hitching, or moving 
a trailer independently of a toWing vehicle, such as moving or 
backing a trailer into a tight storage or parking spot. 

In another embodiment, on-scale or load sensors 98 may be 
used to gauge the mass of the trailer load. The sensors may be 
in either load cells, the air suspension systems, or another 
suitable location. This Will help the system calculate hoW 
much torque to apply through the motors to help assist the 
trailer in forWard motion (but not too much so as to push the 
trailer). Similarly, this method can be used to help the brakes 
provide the right amount of deceleration. 

In yet another embodiment, all of the data collected and/or 
generated by the system can be stored. This storage can be in 
the controller 8. This data can be retrieved by a laptop, 
memory stick or device, or by Wireless transmission, and used 
to monitor the driver, the truck, and the load. 

Thus, it should be understood that the embodiments and 
examples described herein have been chosen and described in 
order to best illustrate the principles of the invention and its 
practical applications to thereby enable one of ordinary skill 
in the art to best utiliZe the invention in various embodiments 
and With various modi?cations as are suited for particular 
uses contemplated. Even though speci?c embodiments of this 
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invention have been described, they are not to be taken as 
exhaustive. There are several variations that Will be apparent 
to those skilled in the art. 

We claim: 
1. A regenerative braking system for a toWed vehicle, com 

prising: 
one or more motors mounted on a separate slider unit 

adapted to be removably attached to a toWed vehicle, 
said motor or motors adapted to recover energy from 
regenerative braking of the toWed vehicle When the 
slider unit is attached to the toWed vehicle; 

an energy storage system mounted on said slider unit in 
electrical connection With said motor or motors; and 

an electronic controller mounted on said slider unit and 
adapted to monitor a trailer connection betWeen the 
toWed vehicle and a toWing vehicle When the slider unit 
is attached to the toWed vehicle. 

2. The system of claim 1, further comprising: 
at least one multiple-axis sensor mounted on the slider unit. 
3. The system of claim 1, Wherein the energy storage sys 

tem comprises one or more capacitors or batteries. 
4. The system of claim 1, Wherein the motor or motors are 

adapted to apply poWer to one or more Wheels of the toWed 
vehicle When the slider unit is attached to the toWed vehicle. 

5. The system of claim 1, Wherein the electronic controller 
controls the application of poWer from the motor or motors 
based on data from the trailer connection. 

6. The system of claim 1, Wherein the toWed vehicle is a 
semi-trailer. 

7. The system of claim 1, further comprising one or more 
load resistors connected to the energy storage system. 

8. The system of claim 1, further comprising a brake actua 
tor. 

9. The system of claim 1, Wherein energy generated from 
the system is used to supply poWer to cargo being transported 
on the toWed vehicle. 

10. The system of claim 1, Wherein the system can be 
turned off from a toWing vehicle. 
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11. The system of claim 1, Wherein Wheels of the toWed 

vehicle can be independently poWered or braked by the sys 
tem. 

12. The system of claim 1, Wherein there is a motor for each 
Wheel or axle of the toWed vehicle. 

13. The system of claim 1, further comprising: 
a load sensor connected to the electronic controller, the 

load sensor adapted to determine the mass of the load in 
the toWed vehicle, Wherein the controller determines the 
amount of torque the motor or motors need to generate to 
assist in the acceleration or deceleration of the toWed 
vehicle based on input from the load sensor. 

14. The system of claim 1, Wherein the motor or motors are 
sWitched-reluctance motors. 

15. The system of claim 2, Wherein the motor or motors are 
adapted to apply poWer to one or more Wheels of the toWed 
vehicle When the slider unit is attached to the toWed vehicle. 

16. The system of claim 2, Wherein the electronic controller 
controls the application of poWer from the motor or motors 
based on data from the multiple-axis sensor. 

17. The system of claim 2, Wherein the electronic controller 
controls the application of poWer from the motor or motors 
based on data from one or more of the folloWing: the multiple 
axis sensor, the trailer connection, and the Wheel speed of the 
toWed vehicle. 

18. The system of claim 2, Wherein the multiple-axis sensor 
comprises three axes: an x-axis adapted to monitor the accel 
eration and deceleration and angle of inclination of the trailer; 
a y-axis adapted to monitor the turning force and banking of 
the driving surface; and a Z-axis to monitor the smoothness of 
the driving surface. 

19. The system of claim 7, Wherein regenerative braking 
continues after the energy storage system has reached maxi 
mum charging capacity by directing excess energy to the load 
resistors. 

20. The system of claim 10, Wherein the system can be 
turned off by three or more taps of a brake on the toWing 
vehicle. 


