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Plaintiff Cequent Elcctrical Products, Inc. (“Cequent”™), for its complaint against

defendants Valley Industries, LLC (“Valley”) and KDS Controls, Inc. (“KDS") (collectively
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INTRODUCTION

1. This is an action for damages and injunctive relief to remedy the infringement by
Defendants of United States Letters Patent Nos. 6,012,780 (“the ‘780 Patent™); 6,068,352 (*“the
‘352 Patent™) and 6,445,993 (“the ‘993 Patent™) (collectively, the “Cequent Patents™). All of the
Cequent Patents are assigned to and owned by Cequent. The Cequent Patents relate to various

aspects of an clectronic trailer brake control system.

THE PARTIES

2. Cequent is a Michigan corporation having its principal place of business at 101
Spires Parkway, Tckonsha, MI 49092, Cequent formerly did business as Tekonsha Towing
Sy'stcms. Inc.

3. Upon information and belicf, Valley is a Dclaware corporation having its
principal place of business at 1313 South Stockton Street, Lodi, CA 95240.

4. Upon information and belicf, KDS is a Michigan corporation having its principal
place of busincss at 307 Robbins Drive, Troy, MI 48083-4561.

JURISDICTION AND VENUE

5. This Court has subject matter jurisdiction over this controversy concerning patent
infringement pursuant to 35 U.S.C. §§ 271 and 281 and 28 U.S.C. §§ 1331 and § 1338,

6. This Court has personal jurisdiction over Valley for at least the following rcasons:
Valley has offered for sale and shipped products that infringe the Cequent Patents as alleged
hiercafter, into the Eastern District of Michigan; upon information and belief, Valley maintains an
established distribution network for offering for sale, sclling and shipping into the Eastern

District of Michigan the infringing products, as well as a substantial amount of other products

{601663:0} Page 2
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manufactured and sold by Valley; Valley’s infringement in the Eastern District of Michigan and
clsewhere has tortiously injured Cequent in this State and judicial district, Valley therefore is
sclling or has sold in this judicial district products which infringe one or more claims of the
Ccquent Patents; upon information and belief, regularly solicits business in this state and in this
judicial district; upon information and belicef, engages in a persistent course of conduct by
conducting business in this state and this judicial district; and upon information and belicf,
derives substantial revenue from goods used or consumed in this state and in this judicial district.

7. This Court has personal jurisdiction over KDS because KDS has manufactured
for Valley products that infringe the Cequent Patents as alleged hereafter, in the Eastern District
of Michigan and KDS’s infringement has tortiously injured Cequent in this State and judicial
district. KDS therefore is selling or has sold in this judicial district products which infringe onc
or more claims of the Ccquent Patents; upon information and belief, regularly solicits business in
this state and in this judicial district; upon information and belicf, engages in a persistent course
of conduct by conducting business in this state and this judicial district; upon information and
belief, derives substantial revenue from goods used or consumed in this state and in this judicial
district; and maintains a prineiple place of business in the Eastern District of Michigan.

8. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391(bX1),
(b)(2) and 1400(b).

FACTUAL BACKGROUND

9. Cequent has developed, makes, and sells a line of high quality electronic trailer

brake control (*TBC”) systcms that can be used on vehicles equipped to tow trailers.

[661663:0) Page 3
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10, Valley markets, sells, and distributes a TBC system under the trademark Odyssey,
which is designated with Valley's Part No. 52810 (hereinafter, the “Valley TBC System™).

11.  KDS manufactures the Valley TBC System on behalf of Valley knowing that
Valley will resell the Valley TBC System.

12.  On January 11, 2000, United States Letters Patent No. 6,012,780 title *Brake
Controller for Trailer Brakes” was duly and legally issued on an application filed by Mark E.
Duvernay (“the ‘780 inventor™). A copy of the ‘780 Patent is attached hereto as Exhibit A.

13. The ‘780 inventor assigned his entire interest in the ‘780 Patent to Recse
Products, Inc., which then merged with Towing Products, Inc., changed its name to Cequent
To'wing Products, Inc., and finally assigned its entire interest in the *780 Patent to Cequent.
chu:;nt is the owner of all right, title and interest in and to the *780 Patent, including the right to
recover for infringement.

14. On May 30, 2000, United States Letters Patent No. 6,068,352 titled
“Microprocessor-Based Control for Trailer Brakes” was duly and legally issued to Tckonsha
Engineering Company on an application filed by Mssrs. Stephen A, Zavodny, Bruce E. Smith
and Chandrakumar D. Kulkarni and Ms, Marcia S. Albright (collectively, *“the *352 Inventors”).
A copy of the *352 Patent is attached hereto as Exhibit B.

15, The ‘352 Inventors assigned their entire interest in the ‘352 Patent to Tekonsha
Engincering Company, which merged with ERS LLC. ERS LLC then assigned its entire interest
in the *352 Patent to Tekonsha Towing Systems, Inc., and Tckonsha Towing Systems, Inc. has

since changed its name to Cequent Electrical Products, Inc.. Therefore, Cequent is the owner of

[661663:0) Page 4
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all right, title and interest in and to the ‘352 Patent, including the right to rccover for
infringement.

16.  On Scptember 3, 2002, United States Letters Patent No. 6,445,993 titled *Brake
Control Unit” was duly and legally issucd on an application filed by Mssrs. Larry Eccleston,
Brucc E. Smith and Chandrakumar D. Kulkarni and Ms. Marcia S. Albright {collectively, the
“‘993 Inventors”™). A copy of the *993 Patent is attached hercto as Exhibit C.

17.  The '993 Inventors assigned their entire interest in the ‘993 Patent to Tekonsha
Engincering Company, which merged with ERS LLC. ERS LLC then assigned its entire interest
in the ‘993 Patent to Tekonsha Towing Systems, Inc., and Tckonsha Towing Systems, Inc. has
since changed its name to Cequent Electrical Products, Inc.. Therefore, Cequent is the owner of
all right, title and intcrest in and to the ‘993 Patent, including the right to recover for
infringement.

18.  The Defendants have been and are now infringing, contributorily infringing, and
actively inducing infringement of onc or more claims of the ‘780 Patent by making, using,
importing, offering to sell, and selling the Valley TBC System within this judicial district and
clsewhere in the United States.

19,  The Defendants have been and are now infringing, contributorily infringing, and
actively inducing infringement of one or more claims of the ‘352 Patent by making, using,
importing, offering to sell, and selling the Valley TBC System within this judicial district and
clsewhere in the United States,

20.  Thec Defendants have been and are now infringing, contributorily infringing, and

actively inducing infringement of onc or morce claims of the ‘993 Patent by making, using,
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importing, offering to sell, and selling the Valley TBC System within this judicial district and
elsewhere in the United States.

21.  The Defendants infringement of the Cequent Patents has been knowing, willful
and deliberate and will continue thetr infringing activities unless restrained by this Court.

22, Upon information and belief, the Defendants have jointly and severally profited
from and will continue to profit by their respective infringing activitics.

23.  Cequent has been damaged by the Defendants’ infringing activities and will
continuc to be irreparably injured unless these infringing activities are enjoined by this Court,

WHEREFORE, Cequent prays that the Court enter judgment in its favor and against
chl'cndants Valley Industries, LLC, and KDS Controls, Inc., as follows:

| A. Issuance of preliminary and permanent injunctions pursuant to 35 U.S.C. § 283

enjoining further acts of infringement of United States Letters Patent No, 6,012,780;

B, Issuance of preliminary and permancnt injunctions pursuant to 35 U.S.C. § 283
enjoining further acts of infringement of United States Letters Patent No., 6,068,352;

C. Issuance of preliminary and permanent injunctions pursuant to 35 U.S.C. § 283
cnjoining further acts of infringement of United States Letters Patent No. 6,445,993;

D. An award of Cequent’s damages, including treble damages and costs pursuant to
.35 U.S.C. § 284, for infringement of United States Letters Patent No. 6,012,780;

E. An award of Cequent’s damages, including treble damages and costs pursuant to
35 U.S.C. § 284, for infringement of United States Letters Patent No. 6,068,352,

F. An award of Cequent’s damages, including treble damages and costs pursuant to

35 U.S.C. § 284, for infringement of United States Letters Patent No. 6,445,993;

{601063:6) Page 6
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G. An award of Cequent’s attorneys fees and costs pursuant to 35 U.S.C. § 285;

H. An award of such other and further relicf as the Court may deem just and proper.

Respectfully submitted,

6 QM

Michael L. Snyder (OH Reg. No. 0040990)

David T. Movius (OH Reg. No. 0070132)

MCDONALD HOPKINS CoO., LPA

600 Superior Avenue, E., Suite 2100

Cleveland, Ohio 44114

Telephone: (216) 348-5400

Facsimile: (216) 348-5474

email: msnyder@medonaldhopkins.com
dmovius @mcdonaldhopkins.com

Brian D. Wassom (P60381)

HONIGMAN MILLER SCHWARTZ AND COHN LLP
2290 First National Building

660 Woodward Ave.

Detroit, M1 48226

Telephone: (313) 465-7594

Facsimile: (313) 465-7595

cmail: bdw@honigman.com

Antorneys for plaintiff
Cequent Electrical Products, Inc.

JURY DEMAND

Plaintiff Cequent Electrical Products, Inc., hereby demands a trial by jury on all issues

g,\-_,@/k/\

One of the attorneys for plaintiff
Cequent Electrical Products, Inc.

triable thereby.

DETROIT.1876018.1
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o A

United States Patent [ (11 Patent Number: 6,012,780
Duvernay 1451 Date of Patent: *Jan, 11, 2000
{54] BRAKE CONTROLLER FOR TRAILER 3,953,084 471976 Piiet, Jr. el al..
BRAKES 3,993,362 11/1976 Kamins et al. .
4,076,327 2/1978 Hubbard .
. 2 ; 4,295,687 10/1981 Becker et 8l .uivimmusmsnrens 303/20
[75]1 lovenior; Mark E. Duvernay, Mattawan, Mich. 4731344 1/1988 Frait et al, oo A

N 4852950 6/1989 Murakami we s 3031102
(73] Assignee: Roese Products, Inc,, Elkhart, Ind. 4915378  4/1990 NaKaMOO ewmmmsemrsmsssmsremn 303192

5,080,445 1/1992 Brearley et al. .

[*] Notice:  This patent issucd on 2 continucd pros- 51140176 9/1992 ECCIESON mumemumsmmsrsrussnens 303720

ccution appli'cntiou'l filed under 37 CI'R 5,226,700 71993 D}'BI 303120
1.53(d), and is subject 10 the twenty year 5333048  8/1994 Austin ot al. ssumsescmrenirrsens 30320
patent term provisions of 35 US.C. 5355717 10/1994 Tanaka ctal..
154(a)(2). 5423601 6/1995 Sigl 303/192
. Primary Examiner—Maithew C. Grzham
(2] Appl. No.: 08/806,810 Attorney, Agent, or Firm—XKing and Schickli

Reluted U.S, Appllcatlon Data Asystem and method are provided for conlrolliog brakes on

[60] Provisional application No. 60/015,196, Apr. 5, 1996. 3 tgnilcr being towed b)lr) a lowing vehicle. "fghc syslem
[51] Int, CL7 B60T 13700  includes an aceclerometer for sensing inclination and a rate
[52) US. €l wevesmmnrannns 303/7; 1887112 I 303/20; of deceleration of (he lowing vehicle and providing incli-
303/124; 303/24.1  bation and rate of deceleration conirol signals indicative

(58) Field of SEArch wmmsmesmne 303/20, 24,1, 124, thereof, A controller is provided that is responsive to the
303/123, 7.3, 15, 192 inclination and rate of deceleration coutrol signals received

from the accclerometer. The controller is operatively con-

[56] References Clted nected to an amplifier and these functions together to send
a proportionate brake amperage oulput signal lo coalrol the
U.S. PATENT DOCUMENTS brakes on the tratler.
3,598,453 8/1971 Rlardan .,
3,900,075  9/1075 Pittet, Jr, et al. , 11 Claims, 2 Drawing Sheets
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6,012,780

1

BRAKE CONTROLLER FOR TRAILER
BRAKES

This application claims the beneflt of U.S, Provisional
Application Ser. No. 60/015,196, Giled Apr. 5, 1996.

TECHNICAL FIELD

The present inveation relates generally to the recreational
vehicle field and, more particularly, 1o a system and method
{or controlling electric brakes on a trailer being towed by a
towing vehicle,

BACKGROUND OF THE INVENTION

Clectrical trailer brake control systems for controlling
electric trailer brakes arc well Known ia the art. An example
of onc prior art brake control system is the Reese Brakemana
I1 trailer brake control system presently being commercially
matketed by the assignee of the prescnt invention.

SUMMARY OF THE INVENTION

It is » primary object of the present iovention to provide
a new and improved brake control sysiem [or conlrolling the
brakes on a trailer being towed by a towing vehicle.
Advantageously, the brake control system may be easily
installed and requires minimum maintenance while provid-
ing highly reliable and dependable operation aver a long
service life,

Still another object of the present invention is to provide
a trailer brake conirol system exhibiticg greater sensitivity
and eohanced response beyond that presently available with
state of the art brake controllers.

Yet another object of the present invention is to provide a
“smart" brake control sysiem that automatically compen-
sales not only for chaoges in the rate of deceleration of the
towing vehicle under braking but also appropriately
increascs or decreases the brake amperage control signal as
required in accordance with actual downhill or uphill brak-
ing conditions.

Still avother object of the present inveation is to provide
a oew and improved brake control system that is able to
sense lock-up of the trailer brakes and io response thercto
systematicatly reduces the brake amperage control signal to
recffect the desired braking perfommance.

Still another object of 1he present invention is to provide
a brake contral system that climinates the “hazard light
pulsing” problem.

Yet an additional object of the present invention is to
provide a brake control syslem with manual and opliopal
remote manual overdrive s well as remote operalor inter-
face and feedback subsysiems which indicale improper
connection of the brake controller to the clectric trailer
brakes during installation and also serve Lo identify the loss
of or malfunction of brake units during operation,

Additional objects, advantages and othier novel foatures of
the invention will be sct forth in part in the description that
follows and in part will become apparent to those skilled in
tbe art upon examination of the following oc may be leamned
wilh the practice of the inventicn. The objects and advan-
1ages of the invention may be realized and obiained by
means of the instrumentalities and combinations particulacly
pointed out in the appended claims,

To achieve the foregoing and other objects, and in accors
dance with the purposes of the prescnt invention as
described herein, an improved system is provided for con-
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trolling brakes on a trailer being towed by a towing vehicle,
The brake system includes a means, such as an accelerom-
cter for sensing the rate of deceleration of the lowing
vehicle. Further, the accelerometer may be utilized to sensc
inclination of the towing vehicle: that is, the presence of the
towing vehicle traversing an uphill or downhill grade.

The system also includes a controlier, preferably includ-
ing a dedicated fuzzy logic microcontroller and an amplifier
for gencrating the brake amperage output signal to control
the electric trailer brakes, More specifically, the controlter is
responsive o inclination and rate of deceleration control
sipnals received from the accelerometer and then functions
to send a proportionate brake amperage outpul signal to
control the brakes on the trailer,

Still more preferably, the brake control system also
includes a meaos for sensing the actuation of the brakes of
the towing vehicle and a means for sending a towing vebicle
actuation signal to the controller, The controller only sends
a proportionate brake amperage outpul signal lo control the
brakes of the trailer when both rate of deceleration and brake
acluation control signals are received simullancously by the
coniroller. In the absence of the brake actuation signal, the
controller docs not send a brake amperage output signal to
iniliate trailer braking, Accordingly, any possibility of inad-
vertent teailer braking in response o sensed deceleration
occurring under non braking conditions, such as when
traversing uphill grades, is eliminated,

The brake control system also jncludes a means for
mapually overriding the system so as 1o thereby allow a
proportionate brake amperage output signal to be produced
when desired by (he vehicle aperator even in the absence of
either or both of the rate of decelecation and brake actuation
control signals. This may be desirable under certain oper-
aling conditions in order to control trailer sway or where the
vehicle operator wishes to apply the trajler brakes prior to
the vehicle brakes.

Still further, the brake control syslem inclndes a brake
amperage feedbock indicator. Such an indicator may, for
example, include a serics of LED lights, a digital gauge or
an analog gauge for indicating the amperage of Lhe brake
output signal being sent to control teailer braking, In this
way be operator is better able to moaitor the operation of
the system and may confirm, for example, brake unit loss or
malunction, The system also allows the operator to visually
adjust the braking bias between the trailer and towing
vehicle iu accordance with operator preference and current
driving conditions.

Still further, the brake control system includes a tempera-
ture sensor which is connecied to the controller to allow
compensation for temperature drifl of the accelerometer.
Accordingly, the trailer control system provides consistent
operation under substantially any reasonably anticipatable
climatic conditions,

As ao additional convenience fcature, the brake control
system may include a means for indicating improper con-
nection of the sysiem to the brakes on the trailer. Furiber, a
circuit breaker/fuse may be provided in the wiring circuit for
protecting the system from short cireuit in the event of
improper connection to the batlery or brakes of the trailer,
Accordingly, the operator installer is warned when improper
conneclion occurs and the brake control system Is simulta-
ncously protected from any possibility of damage due to that
improper coonection.

In accordance with yet another aspect of the present
invention, a method is provided for controlling the brakes on
a trajler being towed by 2 towing wehicle, The method
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includes seosing the rate of deceleration of the towing
vehicle and sending a proportionate brake amperage output
signal 1o control the brakes of the trailer, Additionally, the
method includes sensing the inclination of the towing
vehicle and adjusling the proportionate brake amperage
output signal in accordance with the scosed inclination.
Accordingly, 1he brake amperage output signal is increased
when the brakes arc applicd as the vehicle traverses dowa-
hill grades and reduced when the brakes are applied as the
vehicle traverses uphill grades so as to provide the desired
level of braking force at all times.

[n accordance with a further aspect of the method there is
a step of sensing actuation of the towing vehicle brakes and
limitiog the sending of the proportionste brake amperage
oulput signal only (o those situstions where towing vehicle
brake actuation and rale of towing vehicle deceleration are
sensed and appropriate control signals are simultaneously
received by the controller, Such an arrangement insures that
the trailer brakes are only applicd at appropriate times.

Still other objects of the prescot inveation will become
apparent to those skilled in this art {rom tho following
description wherein there is shown and described a preferred
cmbodiment of this invention, simply by way of illustration
of one of the modes best suited lo camry out the invention, As
it will be realized, the invention is capable of other different
embedimenlts and its several details are capable of modifl-
cation in various, obvious aspects all without departing from
the invention, Accordingly, the drawings and descriptions
will be regarded as illustrative in nature and not as restric-
tive,

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing incorporaled in and forming,
a part of the specificalion, illusirates several aspects of 1he
present invention and together wilh the description serves (o
explain the priociples of the invention, In the drawing:

FIGS. 1 and 1a arc schomatics of the system of the present
invention for controllig brakes on a trailer. '

Reference will now be made in detail to the present
preferred embodiment of the invention, an example of which
is illustrated in the accompanying drawing.

DETAILED DESCRIPTION OF THE
INVENTION

Relerence is now made to FIGS, 1 and la showing a
schematic of the brake control system 10 of the present
invention. As shown, the brake control system 10 includes
an accelerometer 12 such as an Analog Devices, Ine, ADX05
Accclerometer having a resolution of 5 g and a microcon-
troller 14. Advantageously, the accelerometer 12 may be
utilized to not only sense the rate of deccleration for the
towing vehicle in which the brake control system 10 is
mounted but also the 1ilt or inclination of the vehicle: that is
whether the vehicle is traveling uphill or downhill. This may
be done, for cxample, by processing the lower bandwidth
signnls from the accelerometer as tilt or inclination and the
bigher bandwidth sigoals as deceleration. Specifically, the
accelerometer 12 monitors tilt so long as no input is received
al pin number 15 of the microcontroller 14, This tilt angle is
continually updated and stored, Once the vehicle brake
lights are engapged or the manual override swilch is
depressed, a sigool is received at pin oumber 15, The signal
from the accelerometer al input 16 of the microcontroller 14
is then processed as a rale of deceleration and uphill
downhill adjusiments in the brake amperage are made in
accordance with the last stored value of the tilt aogle.
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Preferably, the microcontroller 14 is a fuzzy logic micro.
controller such as an Adaptive Logic AL220PC. As will be
appreciated from the following, the combination of the
accelerometer 12 and microcontroller 14 serves to provide
“smart” braking through the clecirical trailer brakes to which
the system 10 is connected.

More specifically, the accelerometer 12 provides an incli-
nation control signal and a rate of decelecation control signal
to the microcontroller 14 that are indicative of the inclina-
tion and rate of deceleration of the 1owing vehicle, The
microcontroller 14 instantancously processes this informa-
tion and through its operative connection to the amplifier 16
sends a proportionale breke amperags output signal along
tke control line 18 to control the brakes oo the trailer. The
greater Lhe rate of deceleration of the towing vehicle, the
greater the brake amperage output sigoal to the trailer brakes
in order to apply greater braking power. The strength of the
brake amperage output signal is, however, modified by the
sensed inclination of the towing vehicle, Accordingly, the
normal brake amperage output signal for level tecrain opera-
tion is modified and increased when downohill inclination is
sensed and reduced when uphill inclination is seosed. As a
result the system 10 of the present invention, provides full
and effcetive real time compensation for road grade condi-
tions.

As should {urther be appreciated, the system 10 includes
many additional operating fcatures that significantly
enhance the performance thereof, For example, a tempera-
turc sensor 20 is connected to the controller 14 and functions
to compensale for fluctuations in the sensing capabilities of
the accelerometer 12 due to temperature drift.

Additionally, the system 10 includes a means for sensing
actuation of the brakes of the towing vehicle and sending a
towing vehicle brake actuation signal o the controller 14,
More specifically, a wire conductor 22 is connccted between
the brake light circuit of the towing vehicle and the con-
troller 14, When the towing vehicle brakes are engaged, the
towing vehicle brake lights are encrgized and this electrical
signal is carmricd by the conductor 22 to the controller 14
thereby giving 1he coatroller an indication of towing vehicle
brake engagement, The controller 14 is programmed 80 a5 (o
only provide a brake amperage output signal along linc 18
proportionate to the sensed inclination and rate of decelera-
tion when the towing vehicle brakes have been engaged or
activated, This eliminates any inadvertent braking that might
otherwise result from the accelerometer providing a rate of
deceleration signal under conditions where braking is not
truly desircd (c.g. such as when momentum is losl raversing
an uphill grade).

The system 10 is also equipped with a means of manual
override, More specifically, a manual override swilch 24 is
provided, When the manual override swilch 24 is activated,
the controller 14 provides a brake amperage output signal to
the trailer brakes along line 18, This feature may be utilized
by the vehicle operator uader certain operating conditions
including times when the operator is seeking to conotrol
trailer sway.

The system 10 also includes a brake amperage feedback
indicator for indicating brake amperage Lo a towing vehicle
operator so that the operator is able 10 monitor operation of
the system {note fecdback line 25 in FIG. 1). Preferably, the
brake amperage feedback indicator 26 may take the form of
an LED array as shown in the drawing Figure, It should be
appreciated, however, that a digital or analog gauge could
elso be utilized, A switch, knob or otlier actuator (not shown)
may be manually manipulated by the operator to adjust the
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strength of the brake emperage output signsl as desired to
control trailer brake/vehicle brake bias or forother purposes,
Of course, the systcm 10 may also be equipped with a fuse
or more prolerably a circuit breaker lo provent damage to the
accelerometer 12 and/or cootroller 14 in the cvent (he
controller 10 is improperly connected or wired to the towing
vehicle or trailer brake system. Further, the circuit breaker
may be wired 5o as to close a circuit to a warning lamp or
beeper providing a video or audio sigaal indicating improper
conocction, '

In summary, the present system 10 scoses towing vehiclo
inclination as well as rale of deceleration in order to provide
smart braking. The system 10 compensates for uphill and
dowghill cperating conditions aod sends a proportionate
brake amperage output signal to cootrel the brakiog force
provided by the brakes of the trailer. The system 10 is also
effective to provide maximum braking power. More
specifically, the accelerometer 12 is capable of sensing a
decrease in the rate of deceleration whea the brakes lock up.
This seosed decrease in the rate of deceleration causes the
microcontroller 14 to step down or teducs (he output from
the power amplifier 16: that is, reduce the brake amperage
output signal 1o the trailer brakes, As a result, braking force
is reduced, Tlis step down reduction in the power output of
the amplificr 16 continues until the rate of deceleration again
increases as a result of the wheels with which the trailer
brakes cooperate taking hold on the road surface.

‘The system 10 also compensates for and climinates the
problem of hazard light pulsing. More specifically, the
microcontroller 14 is capable of lcarning the hazard light
pulse pattern of the vehicle and ignoring this input when
cootrolling trailer beuking. Accordingly, it should be appre-
ciated that the braking system and method of the present
invention provide a number of advantapes and featurcs
upavailable in prior art brake systems design.

The foregoing description of a preferred embodiment of
the invention has been prescoied for purposes of illustration
and description, It is not intended 1o be exhaustive or to limit
the invention to the precise form disclosed, Obvious rodi-
fications or variations are possible in lght of the above
teachings. The cmbodiment was chosen and described to
provide the best illustration of the principles of the inventicn
and its practical application to thercby cnable one of ordi-
nary skill in the art to utilize the invention io various
embodiments and with varous modifications as are suited to
the particular us¢ contemplated, All such modifications and
variutions are within the scope of the invention as deter-
mined by the appended claims when interpreted in accor-
dance with tbe breadih to which they are fairly, Icgally and
cquitably entitled,

[ elaim:

1. A method for controlling brakes on o trailer being
towed by a towing vehicle, comprising:

sensing rate of deceleration of one of the towing vehicle

and the trailer;

seosing inclination of one of the towing vehicle and the

Irailer;
geaerating a variable deceleration signal as a function of
said rate of deccleration and a varisble inclination
signal as a function of said sensed inclination;
scoding e brake amperage output signal to control the
brakes on the trailer; and

continuously proportioning said brake amperage cutput
signal in accordance wilh both said deceleration and
said inclination signals.

10

-

5

a0

33

40
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2. The method of claim 1 further including the steps of:

forwarding a towing vehicle brake actuation signal to a
controlier upon sensiog the rate of deceleration of the
towing vebicle;

forwarding the inclination signal to said controller upon
scasing the inclination of one of said vehicles; and

wherein the steps of continuously proportioning and scod.
ing the breke amperage output signal to control the
brakes of the lrailer occur when the brake acluation
control signal and the vehicle inclination signal arc
received by said controller,

3. The method of claim 2 further including the steps of:

sensing an ambient tempersature; and

forwarding a sensed temperature signal to said controller
to allow compensation for fcmperaturs drift during the
step of sensing the rate of deceleration and the incli-
nation of one of said trailer and said towing vehicles.

4, The method of claim 1 further including the step of
indicating (o a towing vehicle operator the brake amperage
50 that the operator is sble to monitor operation of the
towing vehicle and trailer.

5. The method of claim 4 further including the step of
adjusting the brake amperage control signal dependent upon
said indicating step by the operator.

6. The method of claim 1 further including the steps of:

sensing an improper connection to the towing vehicle or

the brakes of the trailer; and

indicating the improper conncction to the towing vehicle

operator.

7. The method of claim 6 further including the steps of
protecting the brake control system in the cvent of improper
connection to the towing vehicle and the brakes of the trailer
utilizing circuil breakers/fuscs,

8. A method for adjuslably controlling brakes oo a trailer
being towed by a towing vehicle comprising the steps of

sensing a deceleration of said towing vebicle;

sensing the aciuation of said towing vehicle brakes;

forwarding a towing vehicle brake actuation signal (o a

conlroller upon sensing the deceleration of said vehicle;
scosing ao inclination of one of said teailer and said
towing vehicles;

forwarding a vebicle inclinalion signal as a function of

sajd sensed inclination to said controller upon sensing
gaid inclination;

sending a continuously proporionately adjusted brake

output signal fo control the brakes of the trailer when
the brake actuation, the deccleration and the vehicle
inclination signals are received by said controller.
9. The method of claim 8 further including the sieps of:
indicaling to a towing vehicle operator a brake control
signal amperage sa that the operator is able to monitor
operation of the towiag vehicle and trailer; and

manually adjusting the brake control signal dependent
upon said indicating step.

10. A methed for controlling brukes on a trailer being
towed by a towing vehicle, comprising:

sensiog rate of deceleration of one of the towing vehicle

and the trailer;

sensing inclination of one of the towing vehicle and the

lrailer;




Case 2:05-cv-73399-NGE-SDP Document1 Filed 09/01/05 Page 15 of 50

6,012,780

7

monitoring the scnsed rate of inclination;

continually updating and storing the sensed inclination in
a memory;

sensing the actuation of said towing vehicle brakes;

sending a brakes amperage output sigosl to control the
brakes on the trailer; and

propostioning said brake amperage output signal in accor-
dance with botl said stored sensed inclination and said
deceleration signal,

8
11. The method of claim 10 further including the steps of:

scnsing an ambient temperature; and

adjusting said breke amperage outpul sigoal to allow
compensalion for temperature drift during the step of
sensing the rate of deceleration and the inclination of
one of said trailer and said towing vehicles,
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(57] ABSTRACT

An electronic brake controller for conttolling the brakes of
a towed vehicle in response to commands from the towing
vehicle, The controller implements a microcontroller (16}
that works in conjunclion with analog circuit techuology. In
a preferred embodiment, the brake controller includes an
inpul circuit (16) for penerating a brake level signal repre-
senting the braking force to be applied by the towed vehi-
¢le’s brakes, a display cirenit (22) including a plurality of
indicator lights, a power switching circuit (24) adapted for
coupling to the brakes of the towed vehicle and to the power
supply of the towing vehicls, for selectively supplying
power from the 1owing vehicle power supply 1o the brakes
of the towed vehicle in response 1o a switching control signal
supplied to a control inpul terminal, a current sensing circuit
(26) for scnsing a level of braking current supplied to the
brakes of the towed vehicle through the power switching
circuit (24), and for generating a current level signal repre-
senling the sensed level of braking current, and a microcon-
troller {10) for geoerating and supplying a switching control
signal to the control input terminal of said power switching
ciruil (24) thereby causing the power switching circuit (24)
to deliver a braking current to the brakes of the towed
vehicle that is relaled to the brake level signal supplied to the
microcontroller (10) by the ioput eircuit (16), the microcon-
troller (20) illuminates one or more of the indicator lights of
the display circuit (22) to indicate a relative level of braking
of the towed vehicle brakes and controls onc or more of the
indicalor lights lo indicate that the towed vehicle brakes are
or are not properly connected 1o the power switching circuit

(24).

76 Claims, 41 Drawlng Sheets
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