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METHOD AND SYSTEM FOR DRIVING A 
VEHICLE TRAILER TOW CONNECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

Pursuant to 35 U.S.C. § 120, this application claims priority 
from, and hereby incorporates by reference for all purposes, 
US. patent application Ser. No. 10/967,389, entitled 
“Method and System for Driving a Vehicle Trailer ToW Con 
nector,” ?led Oct. 18, 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to methods and 

systems for driving lights or other electrical devices con 
nected to a vehicle trailer toW connector, and more speci? 
cally to methods and systems for communicating using a 
vehicle data communication network, and in response to net 
Work communication signals, providing electrical and 
mechanical connections to poWer lights or other electrical 
devices on a trailer connected to a vehicle trailer toW connec 

tor. 

2. Description of the Prior Art 
Motor vehicles that are designed to toW trailers frequently 

include a trailer toW connector near a trailer hitch or point 
Where the trailer is connected to the toWing vehicle. The 
trailer toW connector typically includes a plurality of connec 
tor pins or electrical connection points Where poWer is pro 
vided from the toWing vehicle to the trailer in order to poWer 
electrical devices on the trailer. Such electrical devices may 
include running lights, such as brake lights, parking lights, 
and turn signals. Other electrical devices may include back 
up lights, audible back-up alerts, interior lights for lighting 
the inside of a trailer, cooling or ventilation fans, or other 
similar electrical devices. Selected pins in the trailer toW 
connector are usually connected to an electrical device or 
light that serves a particular purpose. For example, there is 
usually a pin for operating the brake lights on the trailer, and 
another pin for operating a right-hand turn signal, and yet 
another pin for the left-hand turn signal. Many trailer toW 
connectors include a pin that normally remains poWered for 
operating devices that may be turned on and off by the user of 
the trailer. For example, this battery poWer pin may be con 
nected to an interior dome light inside the trailer, Which may 
be sWitched on and off by a person While they are Working 
inside the trailer. 

In the prior art, a common trailer toW connector has tWo 
back-to-back connectors mounted on either end of a housing, 
such as the arrangement shoWn in FIG. 1. As illustrated, 
trailer toW connector 20 includes connector 22 on one end of 
housing 24, and connector 26 on the other end. Connector 22 
connects to the electrical Wiring harness of the toWing 
vehicle, While connector 26, Which may be referred to as a 
“car end socket,” receives a trailer connector or “trailer end 
plug” on the trailer. Trailer toW connector 20 may include 
cover 28 that covers connector 26 When a trailer connector is 
not plugged in. Cover 28 may be pivotally mounted to mount 
ing plate 3 0, Which may be mounted ?ush against a bumper or 
other or plate or mounting bracket located near the trailer 
hitch or toWing point. Housing 24 is typically cylindrical so 
that it passes through a punched hole in the surface to Which 
trailer toW connector 20 is mounted. 

Inside of housing 24 of prior art trailer toW connector 20 are 
Wires that connect one pin in connector 22 directly to another 
pin in connector 26. Trailer toW connector 20 merely provides 
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2 
a transition or an adaptor betWeen the vehicle electrical har 
ness that is connected to connector 22 and connector 26, 
Which is securely mounted and protected When it is not in use. 
Connector 26 may be a more robust connector, designed to be 
more frequently connected and disconnected With the Wiring 
harness of a trailer. Cover 28 is a convenient Way of protecting 
the connection pins in connector 26 from moisture, dirt, or 
mechanical abuse caused by an object striking the pins. Hous 
ing 24 provides the structure for mechanically supporting 
connector 22, While also protecting the Wires and their con 
nections from dirt, moisture, and other elements. 

In modern vehicles, software-controlled electronics play a 
major role in the functioning of a vehicle’s subsystems. For 
example, there may be eight to ten intelligent electronic mod 
ules performing functions such as controlling the engine 
transmission, brakes, steering, navigation, HVAC, safety, 
security, audio, driver information, and other similar func 
tions. Though each function may be able to Work indepen 
dently, the modules may be enhanced by being connected and 
able to share information using an in-vehicle data communi 
cation netWork. Examples of such netWorks include Society 
Of Automotive Engineers (SAE) 11850, ControllerArea Net 
Work (CAN), and KWP2000. These communication proto 
cols may be used for automobile inter-module communica 
tion. 

The physical communication bus of the vehicle data net 
Work may be implemented With a simple, tWo-Wire differen 
tial serial bus system that can operate in noisy electrical 
magnetic environments. 

Forced by the increasing number of distributed control 
systems in cars and the increasing Wiring costs of car body 
electronics, the availability of a powerful and reliable serial 
data communication system for the exchange of messages 
betWeen the different control units is becoming important to 
remaining competitive in the automotive market. 

Another data communication netWork used in vehicles is 
the Local Interconnect NetWork (LIN). LIN is used for com 
munications and netWorking With a serial bus running 
betWeen intelligent sensors and actuators. The LIN speci? 
cation covers the data transmission protocol (the physical 
layer and the data link layer), and the transmission medium. 
The LIN bus is a class A protocol operating at a bus speed of 
19,200 baud over a maximum cable length of 40 meters. LIN 
protocol Was designed to communicate changes in sWitch 
settings and respond sWitch changes so that it communicates 
events that happen in “human” time (hundreds of millisec 
onds). LIN protocol supports bidirectional communication 
on a single Wire, While using inexpensive microcontrollers. 
The protocol uses an autobaud step on every message. Trans 
fer rates of up to 20 Kbaud are supported, along With a loW 
poWer Sleep Mode, Where the bus is shut doWn to prevent 
draining the battery, but can be poWered up by any node on the 
bus. 
When using a prior art trailer toW connector, many prob 

lems can arise that may cause haZardous or unsafe driving 
conditions. For example, a light on a trailer may burn out or 
become disconnected, Which may cause a driving haZard at 
night or in foggy conditions. In another situation, the trailer 
may include electrically assisted brakes, Which may fail or 
become disconnected, resulting in increased stopping dis 
tance that may pose a driving haZard. Many of these driving 
haZards arise Without noti?cation to the driver. When the 
driver does not knoW that a haZardous condition exists, the 
driver can not adjust driving techniques or immediately stop 
to ?x of the failed component. 

It should be apparent to those persons skilled in the art that 
a need exists for an improved trailer toW connector that may 
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detect and prevent electrical problems that create driving 
hazards, or that may immediately alert a driver of a potentially 
hazardous condition in the electrical system of a trailer towed 
by a motor vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which like numbers designate like parts, 
and in which: 

FIG. 1 is a perspective view of a trailer tow connector 
assembly, which is know in the prior art; 

FIG. 2 is a perspective view of a trailer tow connector 
module in accordance with the method and apparatus of the 
present invention; 

FIG. 3 is an elevation view of a partially disassembled 
trailer tow connector module in accordance with the method 
and apparatus of the present invention; 

FIG. 4 is a high-level schematic block diagram of the trailer 
tow connector module of the method and apparatus of the 
present invention; and 

FIG. 5 is a high-level logic ?owchart that illustrates the 
operation of the method and apparatus of the trailer tow 
connector module of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference now to the drawings, and in particular with 
reference to FIG. 2, there is depicted a trailer tow connector 
module in accordance with the method and apparatus of the 
present invention. As illustrated, trailer tow connector mod 
ule 32 has many of the components of trailer tow connector 
assembly 20, including connector 22, connector 26, cover 28, 
and mounting plate 30. According to the present invention, 
housing 34 is structured and arranged to accommodate, 
house, and protect electronics for communicating with a 
vehicle data network, and for switching, measuring, and man 
aging power applied to pins of connector 26 for operating 
electronic devices on a towed trailer. In the embodiment 
shown in FIG. 2, housing 34 has been elongated to provide an 
interior volume for housing electronic circuits. By using an 
elongated housing 34, trailer tow connector module 32 may 
be mounted through a hole in a bumper or mounting plate, 
similar to the mounting of trailer tow connector assembly 20 
in the prior art. 

Note that housing 34 may be made of metal or plastic or 
other similar material that protects and supports electronic 
circuits inside the housing. Housing 34 provides a weather 
proof and dirt proof seal from the back of connector 22 to the 
back of connector 26 or mounting plate 30. 

FIG. 3 shows a partially disassembled trailer tow connector 
module 32, wherein housing 34 and connector 22 have been 
removed from connector 26 and mounting plate 30. In the 
embodiment illustrated in FIG. 3, housing 34 protects and 
supports two circuit boards 36, 38. Circuit board 36 may 
include power control devices 40, which are solid-state 
switching devices used to connect power to selected pins of 
connector 26. 

Circuit board 38, which may be connected to circuit board 
36 with conductors 42, and may include logic circuits 44, 
which process control signals, measurement signals, and data 
communication signals. Pins 46 may be received by pin sock 
ets on the back of connector 22 (indicated by reference 
numeral 48) within housing 34. Therefore, circuit boards 36 
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4 
and 38 may be stacked and connected with conductors 42 and 
housing 34 may be coupled near the back side of mounting 
plate 30 so that pins 46 make electrical connection to selected 
pins in connector 22. 

In an alternative embodiment, circuit boards 3 6 and 38 may 
be circular and stacked perpendicular to a central axis of 
cylindrical housing 34. 

While in a preferred embodiment housing 34 is sealed to 
the mounting plate 30 by ultrasonic welding, other sealing 
processes such as gluing, may be used. 

Connector 22 is a standard connector used in the automo 
tive industry for connecting one portion of a wiring harness to 
another. For example, connector 22 may be implemented with 
a connector part number PA66-MD40, manufactured and 
sold by Pollak company in El Paso, Tex. Similarly, connector 
26 may be implemented with a standard trailer tow connector 
having either four or seven pins. A four pin connector may be 
implemented with a connector, manufactured and sold by 
Pollak. A thirteen pin connector for European applications 
may be implemented with a DIN ISO 11446 style connector 
readily available from several manufacturers. 

Referring now to FIG. 4, there is depicted a high-level 
schematic representation of the functional blocks of the 
method and apparatus of the present invention. As illustrated, 
trailer tow connector module 32 includes housing 34 coupled 
to vehicle wiring connector 22 and trailer wiring harness 
connector 26. Connector 22 includes a pin 60 for receiving 
power from vehicle battery 62 via wiring harness connector 
64. Vehicle battery 62 is typically a 12 volt rechargeable wet 
cell, but it may be implemented with other types of batteries 
having different voltages. Pin 60 receives a supply of power 
that will be managed, controlled, switched, and measured 
within trailer tow connector module 32. 

Wiring harness connector 64 also includes pins 66 that are 
connected to the vehicle data communication bus 68. Data 
communication bus 68 may be implemented with any one of 
several known automotive data buses, of which two of the 
mo st common data buses include the controller-area network 
(CAN), which is more speci?cally de?ned by International 
Standards OrganiZation [ISO] 1 1898 and ISO 1 1 159, and the 
Local Interconnect Network [LIN], which is based on the 
transport protocol de?ned in ISO 15765-2. Thus, data com 
munication bus 68 may be implemented with any electrical, 
mechanical, and protocol speci?cation that is robust and fast 
enough to control lights and other electronic devices on a 
towed trailer while insuring the safety and reliability for the 
user. Note that some protocols are preferred because of their 
simplicity, and hence their economic implementation. 

Pins 70 in connector 22 connect to pins 66, thereby cou 
pling data communication bus signals 68 to vehicle network 
interface 72. The purpose of vehicle network interface 72 is to 
implement the physical layer and data link layer of the ISO 
(International OrganiZation for StandardiZation)/OSI (Open 
System Interconnection] reference model of data communi 
cation. Vehicle network interface 72 is able to receive data 
from the network, transmit data via the network, properly 
handle the formatting of data, handle error detection or cor 
rection, and determine the presence and health of the data 
communication bus 68. In a preferred embodiment, vehicle 
network interface 72 is implemented with integrated circuit 
part number L9638, manufactured and sold by STMicroelec 
tronics, which is based in Geneva, SwitZerland. 

Vehicle network interface 72 is coupled to processor 74 via 
data bus 76. In a preferred embodiment, processor 74 may be 
implemented with integrated circuit part number ST72F561, 
which is sold by STMicroelectronics based in Geneva, Swit 
Zerland. Note that in some embodiments the function of 
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vehicle network interface 72 may be incorporated Within 
processor 74, Wherein both functions reside in a single inte 
grated circuit package. 

Processor 74 provides the logical intelligence to execute 
the steps or change from state-to-state to perform the func 
tions according to the method of the present invention. Pro 
cessor 74 is preferably coupled to memory 76, Which stores 
values, variable data, and instructions for the operation of 
processor 74. Memory 76 maybe separate from processor 74, 
or may be incorporated Within the integrated circuit that 
implements processor 74. In a preferred embodiment, at least 
a portion of memory 76 is programmable, either during the 
manufacture of trailer toW connector module 32, or during the 
particular installation or applications of trailer toW connector 
module 32. The programming of memory 76 alloWs trailer 
toW connector module 32 to be used on many different 
vehicles in several application. For example, smaller vehicles 
may toW smaller trailers that use feW lights or require less 
current to drive the lights compared to larger vehicles that are 
capable of pulling larger trailers With different electrical 
loads. Thus, data stored in memory 76 may accommodate the 
control and management of different amounts of electrical 
poWer for electronic devices on different trailer types or dif 
ferent trailer siZes. Additionally, different vehicle manufac 
tures may use memory 76 to program trailer toW connector 
module 32 for their particular standards or applications. 

Processor 74 is coupled by control lines 77 and 79 to one or 
more poWer control devices 78. PoWer control devices 78 are 
solid-state sWitches that are able to connect poWer bus 80 to 
pins 82 and 84 in connector 26 in response to signals on 
control lines 77 and 79. PoWer control devices 78 are prefer 
ably able to communicate their off or on status, or other status 
conditions, back to processor 74 via status lines 81 and 83. 
PoWer control devices 78 are preferably implemented With 
integrated circuit part number VND5004A and VND5012A, 
manufactured and sold by STMicroelectronics. PoWer con 
trol devices 78 preferably have a loW on resistance, in the 
range of 4 to 25 milliohms. 

In addition to the poWer sWitching function, poWer control 
devices 78 preferably include circuits for measuring and pro 
tecting the poWer control device. For example, current sensor 
86 is used to measure the current passing through the elec 
tronic sWitch Within poWer control device 78 and provide 
current sense signal 88 as an output. PoWer control device 78 
may also include thermal protection Which measures the tem 
perature of the electronic sWitch and protects the device by 
opening the sWitch When a temperature threshold has been 
exceeded. The poWer output from poWer control device 78 is 
coupled to pin 82, Which is thereafter coupled to pin 90 on 
connector 92, Which is part of the Wiring harness on the trailer 
that provides poWer to electronic devices on the trailer, such 
as trailer lights. 

Fault detection circuits 92 receive current sense signal 88 
and reference signals 96 and 98. Reference signals 96 or 98 
may be the same value, or different values, Wherein the values 
are set based upon the desired current ranges for poWer pass 
ing through pins 82 and 84, respectively. Therefore, different 
current ranges may be set for a different light, or set of lights. 
For example, the design may require a higher current for 
operating brake lights as compared to a loWer current for 
operating clearance lights or marker lights. 

The purpose of fault detection circuit 92 is to determine 
Whether or not the current passing through poWer control 
device 78 falls Within a predetermined range of acceptable 
current values. Fault detection circuits 92 are in communica 
tion With processor 74 so that processor 74 may perform 
safety or electrical protection related functions in the event 
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6 
that currents fall outside of the predetermined selected 
ranges. Note that the function of fault detection circuit 92 may 
also be incorporated Within processor 74, but it is shoWn here 
separately to more clearly disclose the invention. When the 
function is incorporated Within processor 74, processor 74 
typically includes A-to-D converters that can receive and 
process the analog current sense signal 88. 

Logic failure detector 100 is coupled to processor 74 and 
vehicle netWork interface 72 in order to detect a condition 
Wherein the processor has failed or communication With the 
data communication bus 68 has failed, or other similar con 
ditions Which Would render trailer toW connector module 32 
inoperable, possibly causing a haZardous driving condition. 
Logic failure detector 100 is preferably implemented With a 
knoWn “Watchdog” function in Which the health of processor 
74 and vehicle netWork interface 72 is determined by periodic 
signals sent to or from logic failure detector 100. If logic 
failure detector 100 detects a failure, signal 102 and 104 may 
force poWer control devices 78 into a predetermined state to 
provide some level of driver safety during the failure condi 
tion. For example, if either vehicle netWork interface 72 or 
processor 74 fails, logic failure detector 100 may turn on the 
trailer running lights and may turn off other lights, such as an 
interior dome light of the trailer. Therefore, some functions 
are turned on for safety, While other functions may be turned 
off because they are deemed not needed in the failure mode, 
or they may be turned off to prolong remaining battery life. 

Voltage sensor 106 may be coupled to poWer bus 80 to 
detect the voltage of vehicle battery 62. Voltage sensor 106 is 
coupled to processor 74 for reporting the battery voltage. 
Processor 74 may use the battery voltage to determine that the 
battery voltage has fallen beloW a threshold and that battery 
poWer should be conserved by shedding poWer loads of the 
trailer so that the vehicle may reserve enough poWer to start 
the vehicle rather than running the battery completely doWn 
to a point that the vehicle cannot be started. Note that voltage 
sensor 106 may also be incorporated Within processor 74 if 
processor 74 is able to receive analog voltages and perform 
A-to-D conversions. 

With reference noW to FIG. 5, there is depicted a high-level 
logic ?owchart for the method and operation of the trailer toW 
connector module of the present invention. As illustrated, the 
process begins at block 200, and thereafter passes to block 
202 Wherein the internal processor and other circuits are 
initialiZed. As an example, poWer control devices 78 (See 
FIG. 4) may be turned off initially, and vehicle netWork inter 
face 72 may be loaded With start up parameters, and then 
begin monitoring for communication activity on data com 
munication bus 68. Initialization parameters that may have 
been stored in memory 76 may be recalled by processor 74 
and used to set up various circuits as part of the initialiZation 
step. Additionally, processor 74 may perform some built in 
test in order to verify the operation of various portions of the 
circuit. 

After initialization, the process determines Whether or not 
the vehicle communication netWork is in a “sleep” state, as 
illustrated at block 204. If the process determines that the 
vehicle netWork is asleep, the process enters a loW poWer 
mode, as depicted at block 206. In the loW poWer mode, many 
of the circuits Within trailer toW connector module 32 are 
turned off, or put into a sleep or dormant state that uses a 
minimal level of poWer. 
Even When the vehicle ignition is turned off, trailer toW 

connector module 32 must be ready to Wake up and receive 
commands for turning on brake lights or ?ashers. 

After entering the sleep mode, the process determines 
Whether or not the vehicle netWork has changed to an “aWake” 
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state, as illustrated at block 208. If the vehicle network is 
awake, the process returns to block 204, as illustrated by the 
yes branch from block 208. If the vehicle network remains in 
the sleep state, the process periodically determines whether or 
not the battery voltage has fallen below a threshold that indi 
cates a low battery condition, as depicted at block 210. If the 
battery is not in a low condition, the process returns to block 
208, as illustrated by the no branch from block 210. 

If the process determines that the battery is low, which may 
indicate that the battery is approaching a state of discharge 
that will not start the vehicle, the battery begins to shed 
battery loads, as illustrated at block 212. In this load shedding 
mode, the process turns off loads that have been predeter 
mined as unnecessary during a low battery condition. For 
example, if the vehicle was parked, and a dome light was left 
on inside the trailer, when the battery reaches a low condition 
the load shedding step may remove power from the pin that 
supplies power to the dome light in order to preserve enough 
energy in the battery to restart the vehicle. 

Returning to block 204, if the process determines that the 
vehicle network is not asleep, the process reports a trailer 
connection status message, as depicted at block 214. This 
trailer connection status message indicates to modules moni 
toring vehicle data communication bus 68 whether or not a 
trailer is presently being towed behind the vehicle. Various 
modules in the vehicle may adjust their operation depending 
upon whether or not a trailer is present. For example, the 
vehicle transmission may adjust shift points to provide addi 
tional towing power. An antilock braking system may apply 
the brakes in a different way in an emergency depending upon 
whether or not a trailer is present. If a trailer is present, a 
warning system indicating objects are close to the rear 
bumper may be disabled to avoid constantly detecting and 
warning of the close proximity of the trailer. 

It should be understood that messages may be broadcast 
via data communication bus 68 and various modules con 
nected to the bus may determine whether or not a particular 
message is important to that module. As mentioned above, 
vehicle network interface 72 may broadcast status messages 
to data communication bus 68, and vehicle network interface 
72 may receive messages broadcast by other modules within 
the vehicle and pass selected relevant messages to processor 
74 for further processing and con?guration of trailer tow 
connector module 32. 

Next, after reporting the presence/ absence of the trailer, the 
process determines whether or not the ignition state has 
recently changed to the run state, as illustrated at block 216. If 
the ignition has changed to the run state, the process may take 
this opportunity to detect bulbs or trailer lights that have open 
?laments, are burned out, or are otherwise disabled, as 
depicted at block 218. This step may be implemented by 
applying a short pulse of power to each light and taking a 
quick current measurement to verify that the circuit responds 
in a way that indicates that the lights are working. This test 
may be short enough that the lights are not fully lit so the test 
may not be noticed by someone observing the trailer. Note 
that this lighting test step may be performed elsewhere in this 
?owchart, and need not be performed when the ignition 
changes state. 

Next, the process monitors and receives trailer electronic 
device control signals from the vehicle data communication 
bus 68, as illustrated at block 220. In this step, vehicle net 
work interface 72 receives and analyZes recent messages 
from data communication bus 68. If messages are addressed 
to the function of trailer tow connector module 32, the mes 
sage is passed on to processor 74 in order to act upon the 
message. Vehicle network interface 72 may receive some 
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8 
messages that are subsequently ignored because they are not 
relevant or applicable to functions within trailer tow connec 
tor module 32. Note that in alternate embodiments the vehicle 
data network may communicate data over the power line 
(using power line carrier data transmission), or it may com 
municate wirelessly using any one of several known wireless 
data communication techniques. 

Trailer electronic device control signals may include 
instructions to turn on particular lights, such as right and left 
turn signals, brake lights, running lights, backup lights, and 
the like. Other trailer electronic device control signals may be 
addressed to other functions on the trailer such as trailer 
brakes, trailer cooling or refrigeration devices, controlling 
trailer suspension modes, activating a backup audio alert 
signal, or operating other similar devices or passing other 
similar messages. 

Next, the process switches a solid state power control 
device to connect electrical power to a selected pin on the 
trailer tow connector, as depicted at block 222. This step may 
be implemented with power control devices 78 that prefer 
ably use MOSFETs [metal oxide semiconductor ?eld-effect 
transistor] with a low on resistance to connect power from 
power bus 80 (which is connected to a power input pin on the 
power control device) to pins, such as pins 82 and 84 in trailer 
tow connector 26. Thus, messages received from vehicle data 
communication bus 68 may cause power to be connected to 
selected pins in order to operate electronic devices on the 
trailer. For example, if the brakes are applied in the vehicle, a 
data bus message may instruct trailer tow connector module 
32 to apply power to pin 82 in connector 26 in order to light 
the brake lights on the trailer. Similarly, messages are used to 
operate the turn signals, clearance lights, and to any other 
trailer lights or electronic devices. 

Next, the process senses the current ?ow to the selected pin 
in the trailer tow connector, as illustrated at block 224. Cur 
rent sensing may be implemented in power control devices 78 
by current sensors 86. Current sense signal 88 is output by 
power control device 78. 

After sensing the current, the process determines whether 
or not the current ?ow is greater than an upper threshold for 
the selected pin, as depicted at block 226. If the current ?ow 
exceeds an upper threshold, the process will open the circuit, 
or turn off the circuit, to avoid damaging wiring or other 
components in either the vehicle or the trailer, as illustrated at 
block 228. After opening the circuit, the process then reports 
a short circuit condition, or an over current condition, on data 
communication bus 68, as depicted at block 230. An elec 
tronic module in the vehicle may receive the report and dis 
play a message to the driver prompting investigation and 
repair of the problem. 

If the current does not exceed an upper threshold, the 
process determines whether or not the current ?ow falls below 
a lower threshold, as illustrated at block 232. If the current 
falls below a lower threshold, the process reports an open 
circuit status, or a low current status, as depicted at block 234. 
The low current condition may indicate a burned out or failed 
trailer light. Thus, in blocks 226 through 234, the process 
determines whether or not the current ?owing in the selected 
pin falls within a predetermined window or range of current 
values. If the current is outside the range of acceptable values, 
the out of range condition is reported to the vehicle data bus. 

After any current error conditions are reported, the process 
determines whether the vehicle data communication bus is 
okay or working properly, as illustrated at block 236. If the 
vehicle data communication bus is not operating properly, the 
process sets the power control devices to a fail safe state, as 
depicted at block 238. The fail safe state may include turning 
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on running lights that a trailer is visible at night on the road, 
even though in the fail safe state the trailer may not have brake 
lights or turn signals. Additionally, the fail safe state may turn 
power off to accessories that are deemed not safety related, 
such as an interior dome light in the trailer. 

After entering the fail safe mode, the processor continually 
checks the vehicle data communication bus to determine if 
normal bus operation has returned. While the process is Wait 
ing for the data bus operation to return, the process may also 
check for a loW battery condition and may shed unnecessary 
battery loads, as described above in relation to blocks 210 and 
212. The fail safe mode may also be invoked if logic failure 
detector 100 determines that processor 74 is not operating 
properly. 

The steps indicated in the ?owchart of FIG. 5, and the order 
of the steps, is presented for illustrating and teaching the 
operating principles of the present invention. Persons skilled 
in the art should recogniZe that the order of the steps may be 
changed, steps may be omitted, and additional steps may be 
performed. An important aspect of the invention is the cre 
ation of an operational and intelligent module that is self 
contained and located near the trailer hitch or toWing connec 
tion With the vehicle, Wherein the trailer toW connector 
module responds to instructions on a vehicle data communi 
cation bus and reports status related to the electrical connec 
tion to the trailer to other modules operating on the data 
communication bus. Additionally, it is an important part of 
the invention that there are built-in test functions and failure 
mode operating functions Within the trailer toW connector 
module that operate even When the module is receiving poWer 
from the vehicle battery, but is not able to communicate via 
the data communication bus. 

PoWer control device 78 may also include additional sense 
circuits that implement a fail-safe monitoring feature that also 
provides for fail-safe operation if processor 74 (or its support 
ing circuitry, such as voltage regulators and oscillator) 
becomes inoperable. The fail-safe operation Will be main 
tained to provide the capability to set outputs to a predeter 
mined state. The outputs Will be held in these states until 
poWer is removed. The poWer control device Will re-evaluate 
the fail-safe condition upon every poWer on cycle. 

The method and apparatus of the present invention have the 
advantage of placing intelligent poWer control, testing, and 
poWer management in a small self-containedpackage that can 
be installed in place of the prior art trailer toW connector 
assembly. Additionally, the neW trailer toW connector module 
is easily integrated into modern vehicle netWorks containing 
other intelligent modules, and it may be programmed to oper 
ate in a variety of different applications according to the 
speci?cations of different vehicle manufactures. Addition 
ally, the neW trailer toW connector module has protection 
mechanisms to avoid damage due to short circuits in trailer 
Wiring, Wherein poWer is removed When current exceeds pre 
determined limits. When poWer is intelligently monitored and 
controlled, the need for replacing fuses may be eliminated, 
and poWer may be restored automatically When the short 
circuits are repaired or removed. The trailer toW connector 
module of the present invention may also conserve battery 
poWer in situations Where lights have been left on and the 
battery is in danger of loosing the capacity to restart the 
vehicle. 

The foregoing description of a preferred embodiment of 
the invention has been presented for the purpose of illustra 
tion and description. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed. Obvious 
modi?cations or variations are possible in light of the above 
teachings. The embodiment Was chosen and described to 
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10 
provide the best illustration of the principles of the invention 
and its practical application, and to enable one of ordinary 
skill in the art to utiliZe the invention in various embodiments 
and With various modi?cations as are suited to the particular 
use contemplated. All such modi?cations and variations are 
Within the scope of the invention as determined by the 
appended claims When interpreted in accordance With the 
breadth to Which they are fairly, legally, and equitably 
entitled. 

What is claimed is: 
1. A vehicle trailer toW connector module comprising: 
a module housing; 
a vehicle Wiring connector coupled to the module housing, 

Wherein the vehicle Wiring connector includes a battery 
poWer connection pin; 

a trailer Wiring connector coupled to the module housing; 
a poWer control circuit operable to receive input voltage 

from the battery poWer connection pin, and provide out 
put poWer output connected to a selected pin in the trailer 
Wiring connector; 

a controller circuit coupled to the vehicle Wiring connector 
for receiving communication data from a vehicle data 
bus, and coupled by control lines to the poWer control 
circuit; and 

a voltage sense circuit operable to measure input voltage to 
the vehicle trailer toW connector module and provide a 
voltage sense signal to said controller circuit indicative 
of said measured input voltage; 

the controller circuit further operable to determine Whether 
the measured input voltage is outside an acceptable 
range in response to said voltage sense signal. 

2. The vehicle trailer toW connector module according to 
claim 1 Wherein the controller circuit further includes a 
vehicle data bus interface coupled to a processor. 

3. The vehicle trailer toW connector module according to 
claim 1 Wherein the poWer control circuit further includes a 
current sense circuit for sensing the current ?oWing through 
the poWer control circuit, and outputting a current sense sig 
nal to the controller circuit. 

4. The vehicle trailer toW connector module according to 
claim 3, Wherein the output poWer of the poWer control circuit 
is adjusted in response to the current sense signal. 

5. The vehicle trailer toW connector module according to 
claim 3, Wherein the current sense signal indicates that the 
current ?oWing through the poWer control circuit is outside an 
acceptable range. 

6. The vehicle trailer toW connector module according to 
claim 5, Wherein the output poWer of the poWer control circuit 
is removed from the selected pin in response to the current 
sense signal. 

7. The vehicle trailer toW connector module according to 
claim 1 Wherein the controller circuit further includes a logic 
failure detection circuit for sensing a malfunction of the con 
troller circuit and setting the poWer control circuit in a fail safe 
mode. 

8. The vehicle trailer toW connector module according to 
claim 7, Wherein said failsafe mode comprises removing out 
put poWer from the selected pin in the trailer Wiring connec 
tor. 

9. The vehicle trailer toW connector module according to 
claim 1, further comprising a thermal sense circuit operable to 
measure the temperature of the poWer control circuit and 
provide a thermal signal to said controller circuit. 

10. The vehicle trailer toW connector module according to 
claim 9, Wherein the output poWer of the poWer control circuit 
is adjusted in response to said thermal signal. 



US 7,932,623 B2 
11 

11. The vehicle trailer toW connector module according to 
claim 1, Wherein the vehicle trailer toW connector module is 
installed in a vehicle and the input voltage is provided by said 
vehicle. 

12. The vehicle trailer toW connector module according to 
claim 1, Wherein the output poWer of the poWer control circuit 
is removed from the selected pin When said input voltage is 
outside an acceptable range. 

13. The vehicle trailer toW connector module according to 
claim 1, Wherein said poWer control circuit is operable to 
adjust said output poWer in response to a poWer control signal 
provided by said controller circuit. 

14. A vehicle trailer toW connector module comprising: 
a poWer control circuit operable to apply an output poWer to 

a selected pin in a trailer Wiring connector, and adjust 
said output poWer in response to a poWer control signal; 

a processor operable to receive input data from a vehicle 
data bus and provide said poWer control signal to said 
poWer control circuit; and 

a voltage sense circuit operable to measure input voltage to 
the vehicle trailer toW connector module and provide a 
voltage sense signal to said processor in response to said 
measured input voltage; 

said processor operable to adjust the poWer control signal 
in response to the voltage sense signal. 

15. The vehicle trailer toW connector module of claim 14, 
further comprising a current sense circuit operable to measure 
the current ?oWing through the poWer control circuit and 
provide a current sense signal to said processor in response to 
said current measurement. 

16. The vehicle trailer toW connector module of claim 15, 
Wherein the current sense signal indicates that the current 
?oWing through the poWer control circuit is outside an accept 
able range. 

17. The vehicle trailer toW connector module of claim 16, 
Wherein the processor adjusts the poWer control signal to 
reduce the output poWer of the poWer control circuit in 
response to the current sense signal. 

18. The vehicle trailer toW connector module of claim 14, 
further comprising a thermal sense circuit operable to mea 
sure the temperature of the poWer control circuit and provide 
a thermal signal to the processor. 

19. The vehicle trailer toW connector module of claim 18, 
Wherein the processor is further operable to adjust the poWer 
control signal to reduce the output poWer of the poWer control 
circuit in response to the thermal signal. 

20. The vehicle trailer toW connector module of claim 14, 
Wherein the vehicle trailer toW connector module is installed 
in a vehicle and the poWer control circuit receives input volt 
age from said vehicle. 

21. The vehicle trailer toW connector module of claim 14, 
further comprising a logic failure detection circuit operable to 
sense a malfunction of the processor and set the poWer control 
circuit in a failsafe mode in response to said malfunction. 

22. The vehicle trailer toW connector module of claim 21, 
Wherein said failsafe mode comprises removing poWer to the 
selected pin in the trailer Wiring connector. 

23. The vehicle trailer toW connector module of claim 14, 
Wherein the voltage sense signal indicates that the input volt 
age to the vehicle trailer toW connector module is outside an 
acceptable range. 

24. The vehicle trailer toW connector module of claim 23, 
Wherein the processor adjusts the poWer control signal to 
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remove the output poWer of the poWer control circuit in 
response to the voltage sense signal. 

25. A vehicle trailer toW connector module for driving one 
or more electronic devices, the vehicle trailer toW connector 
module comprising: 

one or more poWer control circuits, each operable to apply 
an output poWer to a selected pin in a trailer Wiring 
connector, and adjust said output poWer in response to a 
poWer control signal; 

a processor operable to receive input data from a vehicle 
data bus and provide said poWer control signal to each of 
said one or more poWer control circuits; and 

a voltage sense circuit operable to measure input voltage to 
the vehicle trailer toW connector module and provide a 
voltage sense signal to said processor in response to said 
measured input voltage; 

said processor operable to adjust one or more poWer con 
trol signals in response to the voltage sense signal. 

26. The vehicle trailer toW connector module of claim 25, 
further comprising one or more current sense circuits, each 
coupled to a poWer control circuit and operable to measure the 
current ?oWing through the poWer control circuit and provide 
a current sense signal to said processor in response to said 
current measurement. 

27. The vehicle trailer toW connector module of claim 26, 
Wherein the current sense signal indicates that the current 
?oWing through a poWer control circuit is outside an accept 
able range. 

28. The vehicle trailer toW connector module of claim 27, 
Wherein the processor adjusts the poWer control signal to 
reduce the output poWer of the poWer control circuit in 
response to the current sense signal. 

29. The vehicle trailer toW connector module of claim 25, 
further comprising one or more thermal sense circuits, each 
coupled to a poWer control circuit and operable to measure the 
temperature of the poWer control circuit and provide a ther 
mal signal to the processor if the temperature exceeds a tem 
perature threshold. 

30. The vehicle trailer toW connector module of claim 29, 
Wherein the processor is further operable to adjust a poWer 
control signal to reduce the output poWer of a poWer control 
circuit in response to a thermal signal. 

31. The vehicle trailer toW connector module of claim 25, 
Wherein the vehicle trailer toW connector is installed in a 
vehicle and the one or more poWer control circuits receive 
input voltage from said vehicle. 

32. The vehicle trailer toW connector module of claim 25, 
further comprising a logic failure detection circuit operable to 
sense a malfunction of the processor and set said one or more 

poWer control circuits in a failsafe mode in response to said 
malfunction. 

33. The vehicle trailer toW connector module of claim 32, 
Wherein said failsafe mode comprises removing poWer to one 
or more selected pins in the trailer Wiring connector. 

34. The vehicle trailer toW connector module of claim 25, 
Wherein the voltage sense signal indicates that the input volt 
age to the vehicle trailer toW connector module is outside an 
acceptable range. 

35. The vehicle trailer toW connector module of claim 34, 
Wherein the processor adjusts the one or more poWer control 
signals to remove the output poWer of one or more selected 
poWer control circuits in response to the voltage sense signal. 

* * * * * 
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