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INDEPENDENT TRAILER SWAY 
CONTROLLER 

BACKGROUND 

The present invention relates to controllers for mitigating 
trailer sWay. 
A trailer being toWed by a toW vehicle can begin to sWay for 

many reasons including road conditions, Weather, tra?ic con 
ditions, load position, load quantity, and vehicle speed. 
Excessive trailer sWay can cause the toW vehicle to lose 
control. 

SUMMARY 

The invention provides, among other things, an indepen 
dent trailer sWay controller mountable on the tongue of a 
trailer. The independent trailer sWay controller includes a 
trailer length input that receives length data indicating a 
length of the trailer. The controller also receives output length 
data. A sWay sensor measures sWay movement of the trailer 
and outputs sWay data. A trailer sWay detector module 
receives the length data and sWay data and determines a level 
of trailer sWay based on the length data and sWay data. The 
trailer sWay detection module then determines Whether the 
level of trailer sWay exceeds a predetermined threshold and 
outputs a trailer sWay condition signal if the level of trailer 
sWay exceeds the predetermined threshold. A brake controller 
module receives the trailer sWay condition signal and, in 
response, outputs a brake enable signal received by a trailer 
braking unit. The brake enable signal causes enabling of a 
trailer brake to apply braking force to one or more trailer 
Wheels to mitigate trailer sWay. 

The invention also provides a method of mitigating sWay of 
a trailer With an independent trailer sWay controller. The 
method includes receiving length data indicating the length of 
the trailer and receiving sWay data output from a sWay sensor 
indicating a sWay rate of the trailer. The method also includes 
determining a level of trailer sWay based on the length data 
and the sWay data and determining Whether the level of trailer 
sWay exceeds a predetermined threshold. If the level of trailer 
sWay exceeds the predetermined threshold, braking control 
signals or outputs are generated. The signals cause a brake of 
the trailer to apply braking force, thereby mitigating sWay of 
the trailer. 

Other aspects of the invention Will become apparent by 
consideration of the detailed description and accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a toWing system including an indepen 
dent trailer sWay controller according to embodiments of the 
invention. 

FIG. 2 illustrates the trailer of the toWing system including 
an independent trailer sWay controller according to embodi 
ments of the invention. 

FIGS. 3a-c illustrate the trailer at various sWay angles 
relative to a toW vehicle. 

FIG. 4 illustrates connections betWeen a trailer, a toW 
vehicle, and an independent trailer sWay controller according 
to embodiments of the invention. 

FIG. 5 illustrates an independent trailer sWay controller for 
use With a trailer including an electric braking system. 

FIG. 6a illustrates an independent trailer sWay controller 
for use With a trailer including a hydraulic braking system. 

FIG. 6b illustrates a hydraulic braking system for a trailer. 
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2 
FIG. 7 illustrates an independent trailer sWay controller for 

use With a trailer including a hydraulic or an electric braking 

system. 
FIG. 8 illustrates a housing of an independent trailer sWay 

controller according to embodiments of the invention. 
FIG. 9 illustrates a method of mitigating trailer sWay using 

an independent trailer sWay controller according to embodi 
ments of the invention. 

FIG. 10 illustrates a 7-pin trailer plug and receptacle. 

DETAILED DESCRIPTION 

Before any embodiments of the invention are explained in 
detail, it is to be understood that the invention is not limited in 
its application to the details of construction and the arrange 
ment of components set forth in the folloWing description or 
illustrated in the folloWing draWings. The invention is capable 
of other embodiments and of being practiced or of being 
carried out in various Ways. 

FIG. 1 depicts a toWing system 100 including a toW vehicle 
105 and a trailer 110 that is pulled by the toW vehicle 105. The 
toW vehicle 105 is coupled to the trailer 110 by a hitching 
system 115, such as a hitch ball and hitch ball receiver. In 
some embodiments, other hitching systems are used to couple 
to the toW vehicle 105 to the trailer 110. 

FIG. 2 depicts the trailer 110 in greater detail. The trailer 
110 includes an independent trailer sWay controller 120 and a 
frame 125 With a tongue 130, a front cross beam 135, and a 
rear cross beam 140. The tongue 130 includes a hitch ball 
receiver 145 at a ?rst end and extends to the rear cross beam 
140. The tongue is located at the approximate midpoint 150 
betWeen a right Wheel 155 and a left Wheel 160 of the trailer 
110, also referred to as the longitudinal axis 150 of the trailer. 
The right Wheel 155 and left Wheel 160 are joined by an axle 
165. Attached to each Wheel 155 and 160 are trailer brakes 
170 used to supply braking force to the associated Wheel. In 
some embodiments including a hydraulic braking system, a 
hydraulic braking unit 173 (see, e. g., FIG. 6B) is included on 
the trailer 110. The trailer brakes 170 are surge-hydraulic 
brakes, electrically-controlled (non-surge) hydraulic brakes, 
electrically controlled brakes, or another braking system, 
each of Which includes additional components not depicted in 
FIG. 2. The independent trailer sWay controller 120 is usable 
With various trailers including multi-axle trailers and trailers 
of different siZes and is not limited to use With the trailer 110 
of FIGS. 1-3c. 

FIGS. 3a-c illustrate sWay angles that form betWeen the 
toW vehicle 105 and trailer 110. The toW vehicle 105 includes 
a midpoint (or longitudinal axis) 175. In FIG. 3a, the axis 175 
of the toW vehicle 105 and the axis 150 of the trailer 110 are 
in alignment and the sWay angle (6) is Zero. The axis 175 and 
axis 150 are in alignment, for instance, When the toW vehicle 
105 and trailer 110 are both traveling in the same direction 
(e.g., straight ahead). In FIGS. 3b-c, axis 150 and axis 175 are 
no longer in alignment, for instance, because of trailer sWay 
or turning of the toW vehicle 105. The angle created about the 
intersection of the axis 150 and axis 175 is the sWay angle (6). 
The intersection of the axis 150 and axis 175 is at the Z-axis, 
Which extends out of the page perpendicular to the plane of 
the page. In this description, the sWay angle (6) is described as 
being Within +/—l80 degrees. In FIG. 3b, the sWay angle (6) 
is positive (betWeen Zero and +180 degrees). In FIG. 30, the 
sWay angle (6) is negative (betWeen —l80 and Zero degrees). 
In some embodiments, other naming and labeling conven 
tions are used With respect to the sWay angle (6). For instance, 
the sWay angle (6) may be betWeen Zero and 360 degrees. The 
sWay speed is the rate of change of the sWay angle (6). The 
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sway acceleration is the rate of change of the sWay speed. The 
sWay oscillation rate is the frequency at Which sWay speed 
changes from positive to negative (i.e., the rate at Which the 
trailer sWays back and forth). The level of trailer sWay or sWay 
rate includes one or more of the sWay angle, the sWay speed, 
the sWay acceleration, and the sWay oscillation rate. In some 
embodiments, the sWay angle, sWay speed, and sWay accel 
eration are detected With respect to a Z-axis at the estimated or 
actual center of gravity of the trailer 110, as opposed to the 
hitching system 115. In such an embodiment, the sWay angle, 
rate, and acceleration are the yaW angle, yaW rate, and yaW 
acceleration of the trailer 110. In other embodiments, the 
sWay angle, sWay speed, and sWay acceleration are detected 
With respect to a Z-axis at another location on or near the axis 
150. 
As shoWn in FIG. 4, the independent trailer sWay controller 

120 is coupled betWeen a trailer plug 200 and toW vehicle 
receptacle 205 to attach the independent trailer sWay control 
ler 120 to the toWing system 100. The trailer plug 200 is 
inserted into a controller receptacle 210 and the toW vehicle 
receptacle 205 receives a controller plug 215. For trailers With 
hydraulic surge braking system, a controller receptacle 218 
receives a trailer plug 216 to enable the independent trailer 
sWay controller 120 to control the trailer brakes 170. In some 
embodiments, one or more ofthe plugs 200, 215, and 216 are 
receptacles and the receptacles 205, 210, and 218 are plugs. 
Additionally, in some embodiments, the plugs 200 and 216 
are combined into a single plug or receptacle and the recep 
tacle 210 is a plug. The receptacles 205, 210, and 218 and the 
plugs 200, 215, and 216 are 7-pin trailer connectors (see, e.g., 
FIG. 10). In some embodiments, different connectors are 
used. 

FIG. 4 also illustrates exemplary signal lines 220 betWeen 
the toW vehicle 105 and the trailer 110, including: running 
lamps, back up lamps, poWer, ground, right tum/brake light, 
left tum/brake light, and a brake control line. When plugs 200 
and 215 are coupled to receptacles 210 and 205, the indepen 
dent trailer sWay controller 120 is coupled to one or more of 
the signal lines 220. The independent trailer sWay controller 
120 is able to drive control signals on the signal lines 220, 
monitor signals sent on the signal lines 220, and receive 
poWer via the signal lines 220. In some embodiments, the 
poWer, ground, right turn/brake, left turn/brake, and brake 
control signals are not passed through With the independent 
trailer sWay controller 120coupled to monitor and drive the 
signals. Rather, these signals from the toW vehicle 105 are 
received by the independent trailer sWay controller 120 at 
inputs separate and independent from outputs to the trailer 
110. Thus, the independent trailer sWay controller 120 is an 
intermediary betWeen the trailer 110 and the toW vehicle 105, 
and the toW vehicle 105 is not operable to directly control the 
trailer 110. Rather, the independent trailer sWay controller 
120 outputs along signal lines 220 to the trailer 110 either in 
response to signals from the toW vehicle 105 or on its oWn 
volition. Some signals, such as the signals for controlling 
trailer running lamps and back up lamps, are passed-through 
in some embodiments Without monitoring or controlling by 
the independent trailer sWay controller 120. Hydraulic brake 
controls 221 are driven by the independent trailer sWay con 
troller 120 and sent to the hydraulic braking system via plug 
216 and receptacle 218. 

In a surge-hydraulic braking system, the (hydraulic) trailer 
brakes 170 are enabled Without control signals from the toW 
vehicle 105. When the toW vehicle 105 sloWs, the force of the 
trailer 110 against the sloWing toW vehicle 105 is redirected to 
cause an increase in pressure in the hydraulic brake lines, 
Which enables the trailer brakes 170. Thus, the trailer brakes 
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4 
170 are controlled by mechanical forces rather than electric 
signals betWeen the toW vehicle 105 and trailer 110. HoWever, 
in non-surge hydraulic braking systems Where the trailer 
hydraulic brakes are controlled by electrical signals from the 
toW vehicle, additional connections are provided betWeen the 
toW vehicle and independent trailer sWay controller 120. 
When the toWing system 100 is operated Without the inde 

pendent trailer sWay controller 120, the trailer plug 200 is 
inserted directly into the toW vehicle receptacle 205 to couple 
the signal lines therebetWeen. When coupled, the toW vehicle 
105 is operable to provide poWer and ground to the trailer 110 
via poWer and ground lines, enable and disable the brake/tum 
signal lights via the right tum/brake and left tum/brake con 
trol lines, and enable and disable the brakes via the brake 
control line. Although each of the signal lines 220 are 
described as an individual line, each of the signal lines 220 
may include one or more electrical couplings (e.g., Wires), 
optical couplings, or other means to transmit one or more 

control signal. Furthermore, in some embodiments, addi 
tional signal lines are coupled betWeen the trailer and the toW 
vehicle. 
The independent trailer sWay controller 120 is a modular 

unit that is selectively attachable to the trailer 110 and other 
trailers, for instance, post-manufacture. As Will be described 
in greater detail beloW, the independent trailer sWay control 
ler 120 is con?gurable to adapt to various siZes of trailers, 
various trailer loads, and various trailer braking systems. 
Thus, a user is able to sWap the independent trailer sWay 
controller betWeen multiple trailers as needed. For trailers 
110 including surge-hydraulic braking systems, the hydraulic 
braking unit 173 is also added post-manufacture to the trailer 
110 so that the independent trailer sWay controller 120 is 
operable to control the trailer brakes 170. 

FIGS. 5, 6a, and 7 depict independent trailer sWay control 
ler 120a, 120b, and 1200, respectively, eachbeing an example 
of the independent trailer sWay controller 120. FIG. 5 depicts 
the independent trailer controller 12011, which is used With a 
trailer 110 that includes an electric trailer brake system. The 
controller 120a receives poWer at the poWer supply input 225 
from the trailer battery control line of the signal lines 220, 
poWer and ground lines of the signal lines 220, or a local 
poWer source (e. g., a battery of the independent trailer sWay 
controller 120). The poWer supply input 225 is coupled to an 
electronic control unit (ECU) 230a and the brake light/con 
trol relay 235. An ECU, such as ECU 23011, is a microcon 
troller that includes (or is connected to) memory such as 
RAM and ROM and executes softWare that can be stored in 
the RAM (particularly during execution), the ROM (on a 
generally permanent basis), or another non-transitory com 
puter readable medium such as other memory or disc. If 
necessary, the microcontroller can be connected to such 
memory or a disc drive to read such softWare. The ECU 230a 
may be implemented as a microprocessor or other program 
mable device (e. g., a ?eld programmable gate array (FPGA), 
an application speci?c integrated circuit (ASIC), or the like) 
With suitable memory and I/O devices. 
The ECU 23011 is coupled to a sWay sensor 240, a trailer 

length setting dial 245, a poWer lamp 250, and the brake 
light/control relay 235 and communicates With a cabin indi 
cator 251 Wirelessly. The sWay sensor 240 measures sWay rate 
and outputs the measured sWay rate (sWay data) to the ECU 
23011 as a digital or analog signal. The measured sWay data is, 
for instance, output as a digital signal representing a value 
from Zero to sixty-four, Where the higher the output value the 
larger the sWay speed detected. The ECU 23011 is operable to 
derive sWay oscillation, sWay acceleration based on the sWay 
speed. In some embodiments, the sWay sensor 240 performs 



US 8,571,777 B2 
5 

the derivations and provides the sway oscillation rate and 
sWay acceleration to the ECU 23011 in addition to the sWay 
speed. In some embodiments, more than one sWay sensor 240 
is provided to provide redundancy in case of failure or error in 
one of the sWay sensors 240. In some embodiments, the sWay 
sensor 240 is a yaW sensor that measures and outputs yaW rate 
data. 

The trailer length setting dial 245 outputs an indication of 
a length of the trailer 110. The trailer length setting dial 245 is 
on the outside of a housing 247 of the independent trailer 
sWay controller 120 such that a user (e.g., the driver of the toW 
vehicle) can adjust the length setting. The housing 247 is 
depicted in greater detail in FIG. 8 and described beloW. For 
instance, the trailer length setting dial 245 includes eleven 
settings betWeen ten feet and tWenty feet, Where rotating the 
dial varies the setting one foot at a time. Of course, various 
length ranges are possible and various precision levels are 
also possible in other embodiments of the invention. Further 
more, other input devices, such as a sliding tab, a sliding lever, 
push button inputs, etc. are used in place of the dial 245 to 
input the length setting either alone or With an analog or 
digital display. The length setting of the trailer length setting 
dial 245 is output to the ECU 230a and used by the ECU 23011 
to calculate Whether a trailer sWay situation exists that 
requires corrective action (e. g., application of the brakes, 
Warning to the driver, etc.). The length of the trailer is not 
necessarily the total length of the trailer from hitch to the far 
back end (e.g., from hitching system 115 to rear cross beam 
140 or to a bumper (not shoWn). In some embodiments, the 
trailer length setting dial 245 is used to output an indication of 
the length from the hitch to the center of gravity, the hitch to 
the front axel or rear axel, the center of gravity of the trailer to 
one of the trailer axels, etc., Which are all lengths of the trailer 
110. 
The poWer lamp 250 is one or more lights on the outside 

housing of the independent trailer sWay controller 120a hous 
ing. The poWer lamp 250 is used to indicate that the indepen 
dent trailer sWay controller 12011 is operating correctly (e.g., 
With a green light), has detected trailer sWay (e.g., With a 
blinking light), or is operating incorrectly (e.g., With a red 
light). In some embodiments, a single bulb With different 
blinking patterns is used to indicate correct operation, faulty 
operation, and trailer sWay detection. Thus, the poWer lamp 
250 provides a visual indication of the operation of the inde 
pendent trailer sWay controller 12011. 

The cabin indicator 251 is an indicator for the driver of the 
toW vehicle 105 to indicate the status of the independent 
trailer sWay controller 12011. In some embodiments, the cabin 
indicator 251 is a light-emitting diode (LED) providing visual 
status indications such as detection and mitigation of trailer 
sWay conditions. In some embodiments, the cabin indicator 
251 mirrors the indications provided by the poWer lamp 250 
described above. In some embodiments, the cabin indicator 
251 provides an audio indication either in addition to or in 
place of the visual indication. The cabin indicator 251 is 
depicted as communicating Wireless With the ECU 230a con 
nections. In some embodiments, hoWever, a Wired connection 
is used betWeen the independent trailer sWay controller 120a 
and the cabin indicator 251. 

In the electric trailer brake system, the independent trailer 
sWay controller 120a outputs a brake signal to control 
enabling or disabling of the trailer brakes 170 in response to 
determining Whether trailer sWay condition exists. The ECU 
230a includes a trailer sWay detection (TSD) module 252 and 
a brake controller module 25411. The TSD module 252 
receives the sWay data from the sWay sensor 240 and the 
length setting from the trailer length setting dial 245. The 
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6 
TSD module 252 determines the level of trailer sWay based on 
the sWay data and the length setting. The TSD module com 
pares the determined level of trailer sWay With a predeter 
mined level to determine Whether excessive trailer sWay is 
occurring (i.e., Whether a trailer sWay condition exists). If a 
trailer sWay condition exists, the TSD module 252 sends a 
message or signal to the brake controller module 254a indi 
cating that the trailer sWay condition is present. 

In response, the brake controller module 254a generates a 
brake enable signal and provides it to the brake light/control 
relay 235. The brake light/control relay 235 is normally open. 
When the brake light/control relay 235 receives the brake 
enable signal, the relay closes and provides the poWer input 
from the poWer supply input 225 to a gain setting dial 255 and 
to trailer brake lights 260. Depending on the current setting of 
the gain setting dial 255 applies a gain to either increase the 
voltage level output to the trailer brakes 170, reduce the 
voltage level output to the trailer brakes 170, or apply no gain 
and forWard the voltage level as-is to the trailer brakes 170. 

Similar to the trailer length setting dial 245, the gain setting 
dial 255 is on the housing 247 of the independent trailer sWay 
controller 120. The rotation of the gain setting dial 255 alters 
the level of gain applied to signals received and output by the 
gain setting dial 255. For instance, in some embodiments the 
gain setting dial 255 is positioned betWeen —5 and +5. The +5 
position is intended for use While toWing heavy trailer loads 
Where additional braking force is desired. The —5 position is 
for use While toWing of light trailer loads Where reduced 
braking force is desired. In some embodiments, the gain is 
adjustable betWeen Zero and +10 (i.e., the gain setting dial is 
not operable to reduce the voltage level of a signal received). 
In other embodiments, the gain is adjustable betWeen +5 and 
+15 (i.e., at least some increase is alWays applied to the 
voltage level of the signal received). In some embodiments, 
the signal output by the ECU is an encoded digital value 
supplied directly to the trailer brakes 170 that indicates the 
level of braking force to apply. In these embodiments, a 
separate enable/disable brake lights signal is supplied to the 
brake lights 260. 

FIG. 6a depicts another embodiment of the independent 
trailer controller 120!) for use With a trailer 110 that includes 
a hydraulic brake system 275. The controller 120!) similarly 
receives poWer at the poWer supply input 225 from either the 
trailer battery control line or poWer and ground lines of the 
signal lines 220. The poWer supply input 225 is coupled to the 
ECU 23019 and the brake light/control relay 235. Similar to 
the ECU 23011, the ECU 2301) includes the TSD module 252 
and a brake controller module 2541) and is coupled to a sWay 
sensor 240, a trailer length setting dial 245, a poWer lamp 250, 
and the brake light/control relay 235. The sWay sensor 240, 
trailer length setting dial 245, poWer lamp 250, and TSD 
module 252 operate as described above in relation to the 
independent trailer sWay controller 12011 of FIG. 5. 

In contrast to the ECU 23011, the ECU 2301) includes a 
brake controller module 2541) that is coupled to a hydraulic 
brake system 275 (see FIG. 6b), a normally closed (NC) valve 
button 280, and a pump run button 285. The brake controller 
module 2541) is coupled to and controls the hydraulic brake 
system 275 via the hydraulic brake controls 221 including a 
normally closed valve control 290 and a pump control 295. 

Turning to FIG. 6b, the normally closed valve control 290 
and the pump control 295 are coupled to a normally closed 
valve 300 and a pump/motor 305, respectively. The normally 
closed valve 300, the pump/motor 305, a one Way valve 310, 
a brake ?uid reservoir 315, a surge brake actuator 317 (for 
surge-hydraulic braking systems), and the trailer brakes 170 
are interconnected by hydraulic lines 320 (e.g., pipes or 
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tubes) for containing and transmitting hydraulic ?uid. The 
one Way valve enables hydraulic ?uid to ?oW from the pump/ 
motor 305 to the trailer brakes 170, but not from the trailer 
brakes 170 to the pump/motor 305. In response to an enabling 
control signal along the pump control 295, the pump/motor 
305 pumps hydraulic ?uid from the brake ?uid reservoir 315 
through the one Way valve 310 to build hydraulic pressure in 
the hydraulic lines 320 and activate the trailer brakes 170. To 
release the built-up pressure in the hydraulic lines 320 and 
deactivate the trailer brakes 170, the normally closed valve 
300 is opened by the normally closed valve control 290 and 
the pump/motor 305 is disabled by the pump control 295. 

The surge brake actuator 3 17 is included in surge-hydraulic 
braking systems. The surge brake actuator 317 causes an 
increase in pressure in the hydraulic lines 320 in response to 
sloWing of the toW vehicle 105, Which causes the faster 
moving trailer 110 to push against the toW vehicle 105. The 
more force from the trailer 110 to the toW vehicle 105, the 
more braking pressure in the hydraulic line 320 caused by the 
surge brake actuator 317. The pressure in the hydraulic lines 
320 is released by reducing the forces from the trailer 110 on 
the toW vehicle 105. For example, increasing the speed of the 
toW vehicle 105 relative to the trailer 110 Will release pressure 
in the hydraulic lines 320. Thus, surge brake actuator 317 and 
the hydraulic brake controls 221 are each independently oper 
able to increase pressure in the hydraulic lines 320 to cause 
braking of the trailer brakes 170. 

Returning to FIG. 6a, the brake controller module 254!) 
receives a signal upon activation of the NC valve button 280. 
In response, the brake controller module 2541) sends an open 
signal to the normally closed valve 300. The NC valve button 
280 is usable by an operator to manually clear brake lines of 
pressure, e.g., for maintenance purposes. Additionally, the 
brake controller module 254!) receives a signal upon activa 
tion of the pump run button 285. In response, the brake 
controller module 2541) sends an enable signal to the pump/ 
motor 305. The pump run button 285 is usable by an operator 
to manually build brake pressure to test the brakes or to clear 
the hydraulic lines 320 of brake ?uid, e.g., for maintenance 
purposes. 

FIG. 7 depicts the independent trailer sWay controller 
1200. The independent trailer sWay controller 1200 is oper 
able to be coupled to either a trailer 110 With an electronic 
brake system (similar to FIG. 5) or a trailer 110 With a hydrau 
lic brake system 275 (similar to FIGS. 6a-b). Thus, the inde 
pendent trailer sWay controller 1200 includes both the com 
ponents of the independent trailer sWay controllers 120a and 
12019. The independent trailer sWay controller 120c operates 
as the independent trailer sWay controller 120a (an electric 
brake mode) if coupled to a trailer 110 With an electronic 
braking system and operates as the independent trailer sWay 
controller 120!) (in a hydraulic brake mode) if coupled to a 
trailer 110 With a hydraulic braking system. A mode selector 
330 is usable by an operator to select the mode of the inde 
pendent trailer sWay controller 1200. 

FIG. 8 depicts the housing 247 for the independent trailer 
sWay controller 1200. The housing includes tabs 355 With 
through-holes 360 for coupling to the tongue 130 of trailer 
110. The housing includes the tWo receptacles 210 and 218 
and plug 215. The operator couples the independent trailer 
sWay controller 1200 to the trailer 110 using receptacle 210 
and to the toW vehicle 105 using plug 215. If the trailer 110 
includes a surge hydraulic braking system, the operator also 
couples the independent trailer sWay controller 1200 to the 
hydraulic braking unit 173 of the trailer 110 using receptacle 
218. Additionally, the receptacles 210 and 218 include a lid 
365 for preventing dirt, Water, etc. from reaching the recep 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
tacles 210 and 218. Although not depicted, the plug 215 
includes a similar lid in some embodiments. 
The independent trailer sWay controller 120a includes a 

housing similar to housing 247, except that the NC valve 
button 280, pump run button 285 and mode selector 330, and 
receptacle 218 are not included. The independent trailer sWay 
controller 120!) includes a housing similar to housing 247 
except that the gain setting dial 255 and mode selector 330 are 
not included. In some embodiments, the receptacles 210 and 
218 are combined into a single receptacle generic across the 
independent trailer sWay controllers 120a, 120b, and 1200. 

In some embodiments, an additional offset dial (not 
shoWn) is provided on the housing 247. The offset dial is used 
to indicate to the ECU 230a, 230b, and 2300 the distance 
along the axis 150 betWeen the sWay sensor 240 and the Z-axis 
Where sWay is measured (e.g., the distance betWeen the sWay 
sensor 240 and the center of gravity of the trailer 110 or the 
intersection of axes 150 and 175). 

FIG. 9 depicts a method of controlling trailer sWay using an 
independent trailer sWay controller such as independent 
trailer sWay controller 1200. In step 400, the independent 
trailer sWay controller 1200 is coupled to the tongue 130 of 
trailer 110. For instance, the independent trailer sWay con 
troller 1200 is mounted using nuts and bolts to secure the tabs 
355 to the tongue 130. Additionally, the appropriate recep 
tacle(s) (e.g., one or both of the receptacles 210 and 218) are 
coupled to the trailer 110 and the appropriate plugs (e.g., the 
plug 215) are coupled to the toW vehicle 105, thereby permit 
ting the transfer of control signals and poWer signals betWeen 
the trailer 110, the independent trailer sWay controller 1200, 
and the toW vehicle 105. Furthermore, the poWer lamp 250 
and cabin indicator 251 indicate that poWer is on and Whether 
the independent trailer sWay controller 1200 is operating cor 
rectly or has a fault. 

In step 405, the independent trailer sWay controller 120c 
determines a mode of operation. For the independent trailer 
sWay controller 1200, the ECU 230c determines the mode of 
operation (e.g., electric or hydraulic brakes) by receiving a 
mode selection signal from the mode selector 330. After 
determining the mode, the ECU 230c proceeds to step 410. 

In step 410, the ECU 230c receives settings information, 
such as the trailer length from trailer length setting dial 245. 
In step 415, the TSD module 252 receives the sWay data from 
the sWay sensor 240. In step 420, the TSD module 252 deter 
mines Whether a trailer sWay condition exists using the sWay 
data supplied from the sWay sensor 240 and the trailer length 
setting supplied from the trailer length setting dial 245. 

In general, the higher the level of trailer sWay (e. g., one or 
more of the sWay oscillation rate, the sWay acceleration, and 
the sWay speed), the more likely a trailer sWay condition 
exists. HoWever, different thresholds of each of sWay oscilla 
tion rate, sWay acceleration, and sWay speed are used to detect 
trailer sWay condition for a shorter trailer versus a longer 
trailer. For instance, a longer trailer Will have loWer thresholds 
because its increased siZe creates a dangerous driving situa 
tion at loWer sWay oscillations, sWay accelerations, and/or 
sWay speeds than a shorter trailer. LikeWise, a shorter trailer 
Will have higher thresholds because its decreased siZe and 
different center of gravity location require a higher sWay 
oscillation rate, sWay speed, and/ or sWay acceleration before 
a dangerous driving situation occurs. By altering the trailer 
length setting using the trailer length setting dial, the ECU 
230 is able to alter the thresholds to more accurately detect 
trailer sWay than, for instance, a trailer sWay controller With 
only default threshold settings used for various trailer siZes. 

If no trailer sWay condition exists (i.e., the detected trailer 
sWay does not exceed a certain threshold), the ECU 230c 
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returns to step 405. If trailer sway exists (i.e., the detected 
trailer sWay exceeds a certain threshold), the ECU 2300 pro 
ceeds to step 425 to mitigate the trailer sWay. In step 425, if in 
an electric mode, the brake controller module 254a outputs a 
brake enable signal to the brake light/ control relay 235, Which 
causes activation of the brake lights 260 and trailer brakes 170 
as described above. If in a hydraulic brake mode, the brake 
controller module 2541) outputs an enable signal via the pump 
control 295 to the pump/motor 305 to cause activation of the 
trailer brakes 170. Additionally, in the hydraulic brake mode, 
the brake controller module 254a outputs a brake enable 
signal to the brake light/control relay 235, Which causes acti 
vation of the brake lights 260. 

In some embodiments, the ECU 2300 also causes a visual 
indication of a trailer sWay condition to the driver cab (e.g., 
via a signal sent along the other line of the signal lines 220), 
to the poWer lamp 250, or both. In some embodiments, the 
trailer sWay condition is indicated by transmitting a control 
over Wire or Wirelessly to the cabin indicator 251 to cause 
illumination of a light emitting diode (LED). The ECU 230c 
returns to step 415 for the TSD module 252 to receive the 
updated sWay data and proceeds to step 420 for the TSD 
module 252 to determine if the trailer sWay condition persists. 
The ECU 2300 continues to mitigate the trailer sWay (via the 
actions taken in step 425) until, in step 420, the ECU 230c 
determines no trailer sWay condition exists. 

Step 405 is not necessary for the independent trailer sWay 
controllers 120a and 120b, as they each have a single mode 
that is not selectable. Rather, the ECU 230a and ECU 230b 
proceed from step 400 to step 410, bypassing step 405. For 
ECU 23011, the remainder of the method of FIG. 9 (i.e., steps 
410, 415, 420, and 425) is performed by the ECU 23011 as the 
ECU 230c performs them in the electric mode. Similarly, for 
ECU 230b, the remainder of the method 400 (i.e., steps 410, 
415, 420, and 425) is performed by the ECU 23019 as the ECU 
230c performs them in the hydraulic mode. 

FIG. 10 illustrates the receptacle 210 and plug 215 as 7-pin 
trailer connectors. The receptacle 210 is cylindrical and 
inserted along line 445 into a cylindrical receiver 447 of plug 
215. The receptacle 210 is a male connector With six female 
pin receivers (e.g., pin receiving 450). The plug 215 is a 
female connector With six male pins (e.g., pin 455). The 
receptacle 210 also includes a single pin 460 to be received by 
the receiver 465. The plug 215 also includes the lid 365. 

Thus, the invention provides, among other things, an inde 
pendent trailer sWay controller for mitigating trailer sWay. 
The independent trailer sWay controller is modular and, thus, 
sWappable betWeen trailers. The independent trailer sWay 
controller also includes a length dial to indicate the length of 
the trailer to Which the controller is mounted. The length dial 
enables a more accurate determination of the center of gravity 
of the trailer and, in turn, Whether a trailer sWay condition 
exists that is to be mitigated. The independent trailer sWay 
controller also includes a gain dial to adjust the braking force 
used to mitigate trailer sWay. The gain dial is increased for 
heavier trailer loads and decreased for lighter trailer loads. 
Additionally, the independent trailer sWay controller is oper 
able With multiple braking systems, including an electric 
braking system and a hydraulic braking system. In some 
embodiments, a hydraulic unit (e.g., similar to that shoWn in 
FIG. 6b) is added to a hydraulic trailer to enable the indepen 
dent trailer sWay controller to control the hydraulic brakes. 
Various features and advantages of the invention are set forth 
in the folloWing claims. 
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10 
What is claimed is: 
1. An independent trailer sWay controller con?gured to be 

mounted on a trailer, the independent trailer sWay controller 
comprising: 

a ?rst electrical connector operable to selectively couple 
the independent trailer sWay controller to an electrically 
actuated frictional trailer braking system; 

a second electrical connector operable to selectively couple 
the independent trailer sWay controller to a hydrauli 
cally-actuated frictional trailer braking system; 

trailer length input operable to receive length data indicat 
ing a length of the trailer and output the length data; 

a sWay sensor operable to sense sWay of the trailer and 

output sWay data; 
a trailer sWay detector module operable to receive the 

length data and the sWay data, determine a level of trailer 
sWay based on the length data and the sWay data, deter 
mine Whether the level of trailer sWay exceeds a prede 
termined threshold, and output a trailer sWay condition 
signal if the level of trailer sWay exceeds the predeter 
mined threshold; and 

a brake controller module operable to receive the trailer 
sWay condition signal and, in response, output a brake 
enable signal over at least one of the ?rst electrical 
connector and the second electrical connector to be 
received by a trailer braking unit to enable a trailer brake 
to apply braking force to one or more trailer Wheels to 
mitigate trailer sWay. 

2. The independent trailer sWay controller of claim 1, fur 
ther comprising a gain input device for receiving a gain 
amount from an operator, the gain amount adjusting the brak 
ing force applied to mitigate trailer sWay. 

3. The independent trailer sWay controller of claim 1, 
Wherein the brake enable signal is a pump control signal that 
causes a hydraulic pump of the trailer to pressuriZe hydraulic 
lines and, thereby, enable the trailer brake. 

4. The independent trailer sWay controller of claim 3, 
Wherein the brake controller module further includes a valve 
control output coupled to a pressure release valve of the 
hydraulic lines that, When controlled to open by the brake 
controller module, releases hydraulic ?uid to disable the 
trailer brake. 

5. The independent trailer sWay controller of claim 1 fur 
ther comprising: a tWo vehicle connector operable to selec 
tively couple the independent trailer sWay controller to a toW 
vehicle. 

6. The independent trailer sWay controller of claim 1 fur 
ther comprising a mode selector including at least an electric 
brake position and a hydraulic brake position, the electric 
brake position indicating to the independent trailer sWay con 
troller that the trailer brake is an electric brake and the hydrau 
lic brake position indicating to the independent trailer sWay 
controller that the trailer brake is a hydraulic brake. 

7. The independent trailer sWay controller of claim 1 fur 
ther comprising a housing, Wherein the trailer length input is 
coupled to an outside surface of the housing to receive input 
from an operator of the independent trailer sWay controller. 

8. The independent trailer sWay controller of claim 1 fur 
ther comprising a housing including at least one of a pump run 
input device and a normally closed valve input device, 
Wherein activation of the pump run input device causes a 
hydraulic pump to pump hydraulic ?uid through hydraulic 
lines to one of pressurize the hydraulic lines and bleed the 
hydraulic lines, and Wherein activation of the normally closed 
valve input device causes a normally closed valve to open to 
alloW depressuriZation of hydraulic lines. 



US 8,571,777 B2 
11 

9. A method of mitigating sway of a trailer With an inde 
pendent trailer sWay controller con?gured to be mounted on a 
trailer, the method comprising: 

receiving length data indicating a length of the trailer from 
a trailer length input on the independent trailer sWay 
controller; 

receiving sWay data output from a sWay sensor indicating 
sWay rate of the trailer; 

determining a level of trailer sWay based on the length data 
and the sWay data; 

determining Whether the level of trailer sWay exceeds a 
predetermined threshold; 

generating and outputting braking control signals over one 
of a ?rst electrical connector coupling the independent 
trailer sWay controller to an electrically-actuated fric 
tional trailer braking system and a second electrical con 
nector coupling the independent trailer sWay controller 
to a hydraulically-actuated frictional trailer braking sys 
tem if the level of trailer sWay exceeds the predetermined 
threshold, Wherein outputting the braking control sig 
nals causes a brake of the trailer to apply braking force, 
thereby mitigating sWay of the trailer. 

10. The method of claim 9, further comprising: attaching 
the independent trailer sWay controller to the trailer; electri 
cally coupling the independent trailer sWay controller to the 
trailer through at least one of the ?rst electrical connector and 
the second electrical connector; and electrically coupling the 
independent trailer sWay controller to a toW vehicle. 

11. The method of claim 10, further comprising: detaching 
the independent trailer sWay controller from the trailer and 
decoupling the independent trailer sWay controller from the 
trailer and the toW vehicle; attaching the independent trailer 
sWay controller to a second trailer; electrically coupling the 
independent trailer sWay controller to the second trailer 
through at least one of the ?rst and second electrical connec 
tors; and electrically coupling the independent trailer sWay 
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controller to a second toW vehicle, Wherein the trailer includes 
a different type of braking system than the second trailer. 

12. The method of claim 9, further comprising determining 
a mode of the independent trailer sWay controller, Wherein the 
mode is one of an electric brake mode and a hydraulic brake 
mode. 

13. The method of claim 9, further comprising: receiving a 
gain amount from an operator using a gain input device; and 
adjusting the braking force applied to mitigate trailer sWay 
using the received gain amount. 

14. The method of claim 9, Wherein the braking control 
signals include a pump control signal output to a hydraulic 
pump of the trailer that pressuriZes hydraulic lines and, 
thereby, enables the brake. 

15. The method of claim 14, further comprising disabling 
trailer brakes after mitigation of trailer sWay by outputting a 
valve control signal to open a pressure release valve of the 
hydraulic lines. 

16. The method of claim 9, Wherein the trailer length input 
is coupled to an outside surface of a housing of the indepen 
dent trailer sWay controller. 

17. The method of claim 9, further comprising illuminating 
a lamp to indicate that a trailer sWay condition exists and 
illuminating a brake light to indicate enabling of the brake. 

18. The method of claim 9, further comprising receiving a 
pump run control signal from a pump run button on a housing 
of the independent trailer sWay controller; and in response, 
causing a hydraulic pump to pump hydraulic ?uid through 
hydraulic lines to one of pressuriZe the hydraulic lines and 
bleed the hydraulic lines. 

19. The method of claim 9, further comprising receiving a 
valve open control signal from a normally closed valve button 
on a housing of the independent trailer sWay controller; and in 
response, causing a normally closed valve to open to alloW 
depressuriZation of hydraulic lines. 

* * * * * 


