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ABSTRACT

A brake system with an integral proximity sensor for providing an.indication of a
condition of the brake system. The brake system includes a bfake drum, a brake shoe, a
brake pad, and a position sensor. The brake pad is connected o a pad mounting surface
of the brake shoe. The brake pad and brake shoe are movable from a dlsengaged posmon
where the brake pad is spaced apart from the brake drum to an engaged. posmon where
the pad is in forcible engagement with the brake drum. The position sensor is coupled to
the brake shoe for sensing the position of the brake shoe with respect to the position
sensor. The position of _the brake shoe with respect to the position sensor provides an

indication of one or more conditions of the brake system.
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BRAKE SHOE PROXIMITY SENSOR.

Technical Field
The present invention relates to brake sensors and, more parttcularly, the present

invention relates to a brake shoe proxmuty sensor for drum brakes of a land vehicle.

Background Art
Owners and Operators of vehicles havmg drum brakes need to know the brake’s

- state of adjustment and brake wear to ensure safe operatlon of a vehicle. Brakes that are

out of adjustment may not supply, a suffic1ent amount of stopping power or may drag

causing unnecessary wear and may cause the brakes to overheat. Brakes that are womn

' lbeyond an acceptable level may not supply a suﬁiclent amount of stopping power for safe

operation of the vehicle.

~ Some drum brakes are actuated by an S-cam or Z-cam assembly. S-cam brakes

are actuated by a pneumatically driven push rod, which rotates a cam shaft on which the

S-cam is mounted. The S-cam forces a pair of brake shoes against an intertor surface of a
brake drum. Itis known in the art to measure the angular rotation of the S-cam to

determine the adjustment of the brakes and wear of the brakes. However to employ this

] method calculatrons must be performed to convert the angular rotation of the S-cam to an

esttmated travel distance at the brake shoe center. This calculation differs dependtng on

the brake size and type, as well as the effective radius of the S-cam.. For example, a

 different calculation is requrred for brakes having different diameters, when brakes use a

single anchor pin rather than dual anchor pins, and when the eﬁ'ecttve radius of the cam
changes. The computer or system reading the output. of the S-cam typc Sensors must be
configured to calculate the brake shoe travel of the particular brake type and size that it is
momtonng B R
It 1S known in the art to use an actuator position sensor to measure brake wear and
runmng clearance adjustment of disc arrcraft brakes: Brake wear and runmng clearance
measurements are obtained by analyzmg an output of posmon sensing circuit. Brake disc
stack height is measured using actuator position sensors. The output of an actuator

position sensor is compared by a controller to a reference brake disc stack height to
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provide an indication of an amount of brake wear. The displacement measured by the

sensor can be used to determine a running clearance position of a reciprocating ram by

‘subtracting a predetermined clearance value from the present displacemént value.

- Drum brakes for land vehicles are subject to harsh conditions. For example, drum
brakes, which are continuously uséd, become very hot. In addition, drum brakes for land
vehicles are exposed to dirt, debris and often salt. | '

What is needed is a drum braking system having a brake shoe proximity sensor that
can be used to measure brake adjusfrner‘xt and brake lining wear on a variety of brake types
and sizes\ without needing to be adjusted for the particular brake type and size being used,
and which Will hold up under the harsh environmenf in which drum brakes for land

vehicles are operated.

Disclosure of Invention

The present invention concerns a brake system that utilizes a proximity sensor.
The system includes a brake shoe that has a pad mounting surface. A brake lining pad is

connected to the pad mounting surface of the brake shoe. The brake pad and brake shoe

‘are concentric with a cylindrical surface of a brake drum. The brake shoe and pad are

movable between a disengaged position where the brake pad is spaced apart from the
cylindrical surface of the brake drum and an engaged position where the brake pad is in
forceable engagément with the cylindrical surface of the brake drum. A position sensor is
coupled to the brake shoe for sensihg' a position of the bralfe shoe relative to thé position |

sensor. The position of the brake shoe relative to the position sensor provides an

~ indication of the condition of the brake system.

| The position sensor may utilize radar for sensing the position of the brake shoe.
Alternatively, the position sensor may be a linear variable differential transformer or
potentiometric displacement transducer which is physically connected to the brake shoe.
In one embodiment, a brake spider is 6perably conn;cted to the brake shoe facilitating
movement of the shoe and pad between a disengaged position where the pad is spaced

apart from the brake drum and an engaged position where the pad is in forceable
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engagement with the brake drum. A dust shield is connected to the brake spider. The
dust shield has a first side that is oriented toward the brake shoe and a second side that is
oriented away from the brake shoe. The dust shield includes an opening for a linkage in

one embodiment.

In one embodlment an insulation barrier 1s mounted to the second 31de of the dust

shield. The posmon sensor is mounted to the insulation barrier. A protectlve coating or a
protective coyer may be disposed over the sensor. In one illustrated embodiment, the
sensor is connected to the brake shoe by zi linkage which extends through the opening in
the dust shield. The linkage includes a first end that is connected to the position Sensor
and a second end that is connected to the brake shoe.

The position of a brake shoe is sensed by mounting the proximity sensor to a brake

" assembly. In one embodiment, the position of a brake shoe is sensed by mounting the

proximity sensor to a brake spider backing plate or to a dust shield of the brake assembly.
The mput of the proximity sensor is cbupled to the brake shoe. The proximity sensor
detects motion of the brake shoe relative to the proximity sensor and provides an output
mdlcatwe of the position of the brake shoe. '.
The proxnmty sensor of the brake system of the present 1nvent10n can be used on a

variety of sizes and types of brakes, without requiring modification to accurately calculate

brake shoe motion for different sizes and types of brakes. In addition, the brake system

~with an integral proximity sensor constructed in accordance with the present invention is

capable of operating when the brakes are at high temperatures for long periods of time and

“1n the harsh environments in which drum brakes for land vehicles operate.

Additional features of the invention will become apparent and a fuller

'understandmg obtained by readmg the following detailed descnpﬁon in connection with

the accompanying drawings.
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Brief Description of Drawings

Figure 1 is'an eXploded petspective view of a drum braking system; B

Figure 2 is a fragmentary front elevational view of a drum braking system in a
disengaged posttion,; .

Pigﬁre 3 is a fragmentary front elevational view of a drum braking system in an
engaged position; -

- Figure 4 is a graph of a brake shoe table position versus time fhrough a

maintenance cycle; ' - '

Figure 5 is a block diagram illustrating the steps of a method for monitoring brake
adjustment and brake wear;

Figure 6 is a schematic representation of a brake systém with a linear
potentiometer coupled to a brake shoe; '

Fi igure 7 is a schematic representatlon of a brake system with a linear variable
dlﬁ‘erennal transformer coupled to the brake shoe; and,

Figure 8is a schematic representation of a brake system with a radar transmitter

and recerver positionéd to monitor the position of the brake shoe.

Best Mode for Carrying Qut the Invention
The present invention is directed to a brake system 10 with an integral brake shoe

proximity sensor 12 (Flgures 2 and 3) for monitoring and measunng brake hmng wear and

~ brake adjustment of a vehicle havmg drum brakes 14 from inside a vehicle cab (not

shown) or from another convenient location. Refernng to Flgures 2 and 3, the proximity
sensor 12 is mounted to a typical drum brake. By momtorxng the dlstance between the

proxmuty sensor 12 and a brake shoe 36 brake adjustment and brake wear are calculated

and monitored. In the exemplary embodiment, the sensor 1s coupled to an on-board

~ computer 17 which monitors the brake adjustment and the brake wear.

Referring to Figure 1, a typical drum brake system includes an actuator 16, a brake
shoe aésembly 18, and a brake drum 20. The actuator 16 includes a brake chamber 22, a

slack adjuster 26, and a cam shaft 28. The brake chamber 22 is mounted to a mounting
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bracket 29 that is connected to the brake spider or backing plate 42, which is connected to

- avehicle axle. The brake chamber 22 contains a didphragm (not shown) and a pushrod

30. The brake chamber converts air pressure behind the diaphragm to linear driving force :
when the brakes are applied. '

Asillu strated in Figure 1, the push rod 30 extends from the brake chamber 22 and
is pivotally connected to the slack adjuster 26. The slack adjuster 26 is rotated in
direction A by the push rod 30 as the push rod 30 is forced from the brake chamber 22 1in
a direction B by the diaphragm. The slack adjuster 26 engages splines 32 of the cam shaft
28 5o that rotafion of the slack adjuster 26 rotates the cam shaft 28 and an S-cam 34 fhat

1s attached to an end of the cam shaft 28.
Refemng to Flgure 1, the brake shoe assembly 18 includes brake shoes 36, brake

pads 38 attached to an outer surface 40 of each of the brake shoes 36 a brake spider 42 or

brake spider and a dust shield 44. Generally, rear brake assemblies include a brake spzder,

- which is a casting or heavy stampihg. Front brake assemblies typically include a lighter,

generally flat backing plate. No dust shield 44 is required when a backing plate is used.
Reference character 42 refers to either a brake spider or a backing plate. In the exemplary
embodiment, the proximity sensor is mounted to the brake spider or backing plate anid/or
the dust shield 44. The brake shoes 36 and the brake pads 38 are connected to the brake
spider 42 by retainer springs (not shown) and return springs 46 in a manner that is well
known in the art. The dust shield 44 is mechanically fastened to the brake spider 42.
Referring to Figure 1, the cam shaft 28 extends through an opening 48 in the brake |
spider 42 and an opening (not shown) in the dust shield 44. The brake shoe assembly 18

- includes cam rollers 50 on the brake shoes. The return springs 46 force the cam rollers 50

agsinst. the S-cam 34 or a Z-cam (not shown). Referring to Figures 2 and 3, rotating the

S-cam 34 acts on the cam rollers 50 to force the brake shoes 36 and pads 38 to spread

-apart, brmgmg the pads 38 into fnctxonal engagement with an interior surface 52 of the
‘brake drum 20

As illustrated in Figures 1-3, the S-cam 34 has S-shaped cam surfaces 54. The

cam rollers 50 on the brake shoes 36 are urged against the cam rollers 50 by the return
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biasing springs 46. Rotating the S-cam 34 in direction C forces the cam rollers 50 -to
follow divergent paths on the S-shaped cam surfades 54 thereby forcing the brake. shoes
36 and pads 38 apart. Rotating the Cam'shaﬁ 28, eialer by applying the brakes, causing
the push rod 30 to rotate the slack adjustor 26, or by adjusting the sJack adjuster 26,
moves the brake pads 38 closer to the brake drum 20.

The brake pads 38 and brake drum 20 wear due to repea‘red application of the
brakes. The brake shoes 36 must move farther to force the brake pads 38 against the
brake drum 20 as the brake pads 38 wear. The sﬁlack. adjuster 26 (Figure 1) must be *

adjusted to compensate for the brake pad 38 wear and for wear of the interior surface 52

of the brake drum 20. Referring to Figure 1, the length of the push rod 30 that extends

from the brake chamber 22 increases as the push rod is forced out of the brake chamber

22 by the diaphragm. The distance that the diaphragm moves within the brake chamber 22

translates directly into movement of the pushrod 30. Typically, the maximum usable '

pushrod travel is approximately 1 ‘A" to 2 4",
Travel of the push rod 30 results in only a small rotation of the slack adjuster 26

and cam shaft 28. If, .before the brakes are applied, the brake pads 38 are not in close

- proximity to the interior surface 52 of the brake drum 20, the maximum pushrod travel

will be insufficient to bring the brake pads 38 into ﬁ-ictional_ehgagemént with the brake
drum 20. This situation is known in the art as “brakes out of adjustment.” The brakes
may be adjusted by adjusting the slack adjuster in a manner well known in the art when the
brakes are not applied. Some slack adjusters adjust automatically. Adjustirig the slack
adjuster 26 will, if the brake ﬁads 38 and brake drum 20 are not overly worn, bring the
brakes back into adjustment by moving the brake pad; 38 back into close proximity with
the brake drum 20, when the pushrod 30 is xn a retracted position. However, if the brake
pads 38 and brake drum 20 are excesstvely worn, adjustment of the brakes will not bnng
the brake pads 38 close enough to the interior surface 52 of the brake drum 20°to cause
frictional engagement to occur when the brakes are apphed

The braking force of the brakes 1S greatly reduced when the brakes are out of

adjustment It: 1s the responsrbrhty of the operator of the vehicle to ensure that the brakes
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are adjusted correctly. In most prior art systems, this meant that the Operator had to stop

~at every brake check point and crawl under the vehicle to inspect the brakes and if

necessary, adjust the brakes.

By monitoring the posttion of the brake shoe, an accurate mdrca’non of the brake

- adjustment may be obtained and drsplayed to the operator of the vehicle. The signal

provided to the operator will adwse the operator to adjust the brakes before they become

~out of adjustment. Properly adjusted brakes will have a push rod stroke of approxrrnately

'3 t0 %" and a maximum brake shoe travel 36 of approximately 0.025‘" at the shoe center.

The push rod stroke and brake shoe travel increases when the distance between the brake
pad 38 and the brake drum increases due to brake pad wear and brake drum wear. The
distance may also increase due to heating of the bra-ke drum, causing it to expand. This
phenornenon 1S ‘know‘n as mechanical brake fade. Asthe temperature of the system rises
beyond a cntlcal point, the brake hmng itself becomes adversely affected and its fnctxonal
co-efficient decreases further reducmg the braking system’s retardation force. _

- In most prior art systems, to check brake wea_r (i.e., the amount of brake pad left),
the mechanic or operator was required to crawl under the vehicle, and remove a small
Inspection plug (not shown) from an inspection hole or slot (not shown) in the dust shield
44, ’ - '

- In the exemplary errlbodiment; brake wear and brake adjustmerit are monitored by
monitoring the distance from the brake shoe 36 to the proximity sensor 12. Brake wear
and adjustment are displayed to an Operator of the vehicle by monitoring the absolute
postition of the brake shoe 36 with.respect to the proximity sensor 12.

Figure'4 1S a ﬁlot showing the variation of the brake shoe position over time as the
brakes are repeatedly apphed The points along the time legend labeled “B” represent ‘
trmes when the brake pads were changed and the points labeled “A” represent times when
the brakes were adjusted. In Figure 4, P, represents- the fixed position of the promrmty
sensor 12. Py, represents the initial released positiorr of the brake shoes when the brake
linings are new, the brake drum is unworn and the brakes are properly adjusted. Py, .

represents the initial applied position of the brake shoes when the brake linings are new.

- 4‘.“

ol
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Eacﬁ time the brakes are applied, the brake shoes 36 move away from the position sensor
and toward the interior surface 52 of the brake drum 20. When the brakes are -released,
the brake shoes 36 move back to their starting position P. Each pulse of the graph of

Figure 4 corresponds to one application and release of the vehicle brakes. Each time the

brakes are applied, the brake pade 38 and brake drum 20 wear slightly so that the brake

shoe must move further the next time the brakes are applied to engage the brake drum 20.

- With respect to Flgure 4, this results i In pulses of increasing helght for subsequent brake

applications.

The adjustmeﬁt of the brakes can be determined by measuring the distance the

~ brake shoes 36 travel during each application of the brakes. The position of the brake

shoes 36 is measured for each application and release of the brakes. The maximum travel

of the brake shoes 36 produced by the actuator 16 is known for any gwen brake assembly

~ When the travel of the brake shoes 36, momtored by the proximity sensor 12 1s
 approached or reached, the systern indicates that the brakes need ad_]ustmg. In the

exemplary embodiment; a warning is given to the eperator when the brake shoe and
correSpending'puSh red travel approach the maximum brake shoe and push rod travel
specified by the brake menufactufer, alerting the operator that the brakes must be
adjusted.

Referring to Figure 4, brake lining wear can be monitored by measuring the
absolute distance D of the brake shoe 36 relative to the position sensor 12, The initial
position of the brake shoes with respect to the position sensor 12 is recorded when the
brake pade‘ are new; 'As the brake pads 38 wear, the distance between a properly adjusted
brake shoe and the proximity sensor 12 increases, giv.ing an iri_dica'eion- of the brake wear.
The usable thickness (T) of the brake ﬁads 38 is known when new brake pads are
installed. The wear of the inner surface 52 of the brake drum 20 is generally negligible 1n
comparison with the wear of the brake pads 38. Ignonng the wear of the brake drum 20,
wear (W) of the brake pads 38 is calculated by the equation:

W=P-P. -

where W is the thickness of brake lining worn away, P is the position of the brake -
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shoe monitored by the proximity sensor and P. is the initial position of the brake shoe
when the brake pads were installed. The monit_ored position P and the initial position P,
may be the applied position or released pesition of the brake shoes 36. In the exemplary
embodiment, the initial applied position Py, of the brake shoe is compared to the position
of the brake shoe when the brakes are applied to determine brake pad wear, since the
brakes state of adjustment does not effect the calculation when the apphed posmon 1S
used. The remaining usable thickness (Tg) of the brake pads 38 is equal to the brake wear
(W) subtracted from the zmtlal usable thickness (T) of the brake pads. (T = T, - W) In the
exemplary embodiment, an alarm is triggered when the position of the brake shoes
indicates that the brake pads 38 are nearly worn out. Inone embodiment, the remaining
usable brake lining thickness can be selectively displayed and is automatlcally displayed
when the alarm is triggered. ‘

The brake drum 20 also wears as the brakes are apphed but the brake drums are

generally not replaced as_oﬁen as the brake pads 38, since the wear of the brake drum is

much less than the wear of the brake pad. When the brake p'ads 38 are replaced and the

brakes are adjusted but the brake drums are not replaced, the position of the brake shoes

36 returns to an adjus:ted position that is slightly greater than the initial position Py, due to

- wear of the brake drum.

Refemng to Fi igure 6, the position of the brake shoes 36 is measured by a hinear

~ potentiometer 56 that is mounted to an outer surface 58 of the dust shield 44 in one

embodiment. The dust shield protects: the linear potentmmeter from heat generated by the
brakes and brake duét;. In the exemplary embodiment, an insulation barrier 59 is disposed
between the linear poientiometer and the dust shield 44 to further protect the linear
potentiometer from heat generated by the brakes. In the exemplary embodiment, a
erotective covering 61 encases the linear potentiomet’er to protect it from the elements. In

this embodiment, the dust shield includes an opening 60 that a hnkage 62 of the linear

' potentiometer extends through. The linkage 62 is mechamcally fastened to the brake shoe

36. When the brake shoe 36 moves into and out of engagement with the brake drum 20,

the linkage 62 moves with the brake shoe 36 causing an end 64 of the linkage to move
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within a body 66 of the linear potentiometer.
Movement of the linkage 62 with respect to the body 66 of the linear

—r—

potentiometer'produces an analog electrical output proportional to the position of the
brake shoe 36. The analog Output- is used to determine the position of the brake shoe 36
with respect to the linear potentiometer, allowing detérmihatiovn of brake adjustment and
brake wear according to the method disclosed above. One linear pbtenti;:,meter that méy
be used is Model # LCP 12-12 produced by Precision Sales located in Newton Square, ,

PA, which can handle a 12” 'stroke A second linear potentiometer that may be used is

Model “LCP 1225. produced by Precision Sales, which can handle a 1" stroke. .

Referring to Fi igure 7, a linear vanable differential transformer 68 1s used to
measure the position of the brake shoes 36 in a second embodiment. The linear variable
differential transformer 68 includes a body 70 that is mounted to the outer surface 58 of
the dust shield 44. The dust shield protects the linear variable differential transfonner |
from heat generated by the brakes and brake dust. In the exemplary embodiment, an
insulation barrier 59 is placed between the linear vanable dlfferentlal transformer 68 and
the dust shield 44 to further protect the linear vanable differential transformer from heat
generated by the‘brakes. In the exemplary embodiment, a protective coveriﬁg. 61 ' '
surrounds the linear variable differential transformer to protect it from the haréh
environment in which vehicles are drivew.ln this embodiment, the opening 60 in the dust
shield 44 is aligned with the body 70 of the linear variable différential transfonnef 68. A
linkage 72 of the linear variable differential transformer extends. from the body 70 of the
linear variable differential transformer extends through the opening 60 in the dust shield
44. Anend 74 of the'glinkage is coupled to the brake shoe 36. '

Movement of the linkage 72 within the body 70 of the linear variable differential -

| transfonner 68 produces a signal that 1S proportlonal to the posmon of the brake shoe 36.

The signal output of the linear vanable differential transformer (LVDT) is proportional to
the distance the brake shoe moves relative to the LVDT 68. One LVDT which may be

used is Model # LD-600 produced by Omega, Wthh is a high accuracy DC long stroke

displacement transducer.
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- Referring the Figure 8, in a third embodiment; the proximity sensor 12 is a radar
transmitter and reccii{er 78. The radar transmitter/recetver 1s mounted to the outer surface
58 of the dust shield -44. The dust shield protects the radar transmitter and receiver 78
from heat generated by the brakes used and brake dust. In the exemplary embodimenf, an
insulation barrier 59 is placed between the radar transmitter and receiver 78 and the dust

shield 44 to ﬁirther protect the radar transmitter and receiver 78 from heat generated by

" the brakes. In the exemplary embodiment, a protective covering 61 surrounds the radar

~ transmitter and receiver 78 to protect it from the harsh environment in which vehicles are

driven. In this embodiment, the dust shield opening 60 is located such that radar can be

~ “transmitted through the dust shield 44 to the brake shoe 36, be reflected off the brake shoe

back through the opening 60 and be received by the radar receiver. The radar
transmitter/receiver provides an output indicative of the position of the brake shoe 36 with

respect to the radar transmitter/receiver 78. This output is used to determine the brake’s

' state of adjustment and wear of the brake pad 38.

Referring to Figures 2 and 3, the proximity sensor 12 is aligned with the center 69
of the brake shoe 36 in the exemplary embodiment. Monitoring the position of the center
of the brake shoe givés a more accurate indication of the adjustment and wear of the

brakes. By monitorin'g the brake shoe travel directly at the shoe center, further

‘calculations are not required and the measurement is not affected by tolerances of other

components. By way of contrast, systems which measure the angular rotation of a cam .
are adversely affected by bearing wear in camshaﬁ bracket bushings. The proximity '
sensor of the preéent invention can be i_lsed, r.egardléss of the brake size, brake type, or
effective camshaft radius. |

Figure 5isa flow chart of the steps that are performed to monitor brake
ﬁdjustment and brake wear with the present invention, New brake pads 38 are é.pplied to
the brake shoes 36 and the brakes are properly adjusted. Then, the initial positions Py and
Pp of the brake shoe with respect to the proximity s;znsor 12 and the initial brake pad
thickness 80 is stored. Also stored is the distance between the brake shoe and brake pad

corresponding to brakes about to become out of adjustment. This is the distance the shoe

- tudily-

v ol




10

15

20

25

CA 02369243 2002-01-24

12

must travel from the released positien'to the applied position to allow contact to occur
between the brake shoe lining and the drum. Additionally, the amount of brake péd wear
that is acceptable before the brake pads should be changed is stored. When the brakes are

applied, the proximity sensor 12 measures the distance from the proximity sensor 12 to the

brake shoe 36. When the brakes are released, the proximity sensor measures the dtstance

from the brake shoes 36 to the proximity sensor 12. The measured apphed posttion i1s

compared to the measured release position. If the difference between the measured

applied and release positions is greater than the stored “out of adjustment” value the on-
board computer 17 will provide an out of adjustment signal to the operator of the vehicle
in the vehicle cab. Details on the manner in which signals are relayed to the operator of
the vehicle are disclosed in the patent application entitled “Vehicle Diagnostic SYstem,’f

filed on the same day as the present invention, assigned to the assignee of the present

“invention and incorporated herein by references. The on-board computer 17 then

compares one of the measured applied or released positions and compares it to a stored
excessive wear position. If the measured position is greater than the stored excessive

wear position, the on-board computer 17 provides an excessive wear signal to the

. operator of the vehicle in the vehicle eab, indicating that the brake pads should be

changed. This process is repeated each time the brakes are applied and released in the
exemplary embodiment. In the exemplary embodirnent, the on-board computer is a Volvo
Action Link System, Volvo Part No. 20437887. “

A computer program is used to pet'form the comparing and signaling steps in the
exernplmy embedimeitt. Several thresholds may be stored for any of the above ‘
calculations. For example, the program may be de‘sigtted to give a warning when the
brakes are approaching an out of adjustment condition and may be programed to give
.Warnings for different states of brake wear. This allows the Operator to plart maintexiance

well in advance. The computer may monitor input from sources other than the’proximity

‘sensor 12. For example, the brake temperature may 'be measured by a temperature sefisor,

or tire ply ternperature may.be measured by a temperature sensor.

Although the present invention has been described with a degree of particularity, it
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is the intent that the invention include all modifications and alterations falling within the

spirit and scope of the appended claims.
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CLAIMS
I claim:
1. A brake system with an integral proximity seneor, comprising: -
- a) a brake drum having a cylindnical surface;
b) a brake shoe having a pad mounting surface;
C) la brake llmng pad connected to said pad mounting surface of said shoe,

- said pad and shoe bemg concentric with said cylindrical surface, said shoe and pad being

movable between a disengaged position wherein said pad is spaced apart from said
cylindrical surface to an engaged position wherein said pad is in forcible engagement with
said cylindrical surface; o -

d) a position sensor coupled to said brake shoe for sensing a position of the
shoe relative to the position sensor and thereby provide an indication of a condition of the

brake system.

2. The apparatus of claim 1 further wherein said position sensor uses radar for

sensing position of the brake shoe.

3. The apparatus of claim 1 wherein said position sensor 1s a linear variable
differential transformer.
4, The apparatus of claim 1 wherein said posmon SENnsoris a potentxometnc

displacement transducer

5. The apparatus of claim 1 further comprising a dust shJeld connected to said

brake system, said position sensor being mounted to said dust shleld

v

6. ‘The apparatus of claim 5 wherein said dust shield has a first side oriented
toward said shoe and a second side oriented away from said shoe, said sensor being

mounted to said second side.
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7. The apparatus of claim 6 further comprising a mechanical linkage extending

through a slot in said dust shield, said linkage including a first end connected to said brake

shoe and a second end connected to said sensor.

8. The apparatus of claim 5 wherein said dust shield has a first side oriented
toward said shoe and a second side oriented away from said shoe, said sensor being

mounted to said second side.

9.  The apparatus of claim 1 further comprising a brake spider operably

connected to said bra.ke shoe for moving said shoe between said disengaged and engaged

positions, said p051t10n Sensor belng mounted to said brake spider.

10. The apparatus of claim 1 .ﬁ.u-ther comprising an insulation barrier disposed

between said brake shoe and said position sensor.

11. The apparatus of claim 1 wherein said sensor is mounted to a brake spider.

12.  The a;ﬁparatus of claim 1 wherein said sensor is mounted to a backing

plate.

13. A bralée system with integral brake shoe proximity sensor, comprising:
a) a brake drum having an inner surface; ' '
b)  abrake shoe having an outer surface;

c) a brake Ii.ning‘ pad connected to said outer surface of said shoe, said pad

and shoe being surrounded by said inner surface

d) a brake splder operably connected to said brake shoe for moving said shoe
and pad between a disengaged position wherein said pad is sp.aced apart from said inner
surface to an engaged position wherein said pad is in forcible engagement with said inner

surface;
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e)  adust shield connected to said spider, said dust shield having a first side.

oriented toward said shoe and a second side oriented away from said shoe, said dust shield

including an opemng, | -

f) an insulation barrier mounted to said second side of sald dust shleld
g) a position sensor mounted to said msulatlon barrer;
h) a protectlve covering over said sensor; and

1) a linkage extending through said opening including a first end operably

connected to said position sensor and a second end operably connected to said shoe.

14.  The apparatus of claim 13 wherein said position sensor is a linear Var_iable

differential transformer.

15.  The apparatus of claim 13 wherein said position sensor is a potentiometric .

displacement transducer. |

Y

16. A method of sensing a position of a brake shoe, comprising:

a) mounting a proximity sensor to a brake assembly;

b) couphng an input of said proxmuty sensor to a brake shoe;

c) detectmg a motion of said brake shoe relative to said proximity sensor; and,
d) providing an output mdlcatxye of said motion of said brake shoe.

17.  The method of claim 16 wherein the step of mounting compﬁses mounting

said proximity sensor to a side of a dust shield that is oriented away from said brake shoe.

.
*

18.  The method of claim 16 wherein said step of mounting comprises mounting

-+

said proximity sensor to a brake spider that is coupled to said shoe.
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19.  The method of claim 16 wherein the step of coupling comprises connecting
a first end of a linkage to said proxmuty sensor, passing said hnkage through an opening in

a dust shield, and connecting a second end of said linkage to said shoe

20. A method of sensing a position of a brake shoe, compnsmg

a) rnountmg a proxmnty sensor to a side of a dust shield that is oriented away
from a brake shoe. -
b) connecting a first end of a linkage to said proximity sensor;

c) passing said linkage through an opening in said dust shield;
d)  connecting a second end of said linkage to said shoe; ‘
e) detecting a motion of said brake shoe relative to said proximity sensor; and,

f) providing an output indicative of said mqtion.of said brake shoe.
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