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ABSTRACT

The present invention provides a friction management

brake shoe adapted to engage the tread and the flange of a
wheel of a railway vehicle via which the raillway vehicle 1s
guidably supported on a railed track. The friction management
brake shoe comprises a brake lining affixed which has a

braking surface engageable with the wheel tread of a wheel of

a railway vehicle. The brake lining includes a first friction
composition material formed with at least one of a solid high

positive friction modifier and a solid very high positive

friction modifier which establish a required friction level

between the wheel tread and the railed track.

VMUY AL e AR PRy A1t



CA 02319877 2003-07-23

BRAKE SHOE WITH FRICTION MANAGEMENT

FIELD OF THE INVENTION

The present invention relates, in general, to vehicle
type braking equipment and, more particularly, this invention
relates to a composition type brake shoe member for use in a
railway type vehicle brake sSystem and, even still more
specifically, the invention relates to the development of a
new type brake shoe and brake shoe friction material that
accomplishes both the required braking levels and applies a
substantially solid type friction modifier film on the wheel
and transfers a portion of that film to the rail creating a
substantially optimum friction level between the wheel and
rail.

BACKGROUND OF THE INVENTION

Many railroad locomotives and cars use wheel tread
braking which provides the braking effort required by forcing
a brake shoe formed with a composition friction material
against the tread of the stee] wheel. Brake shoe engagement
with the wheel tread produces friction that dissipates energy

of momentum in the form of heat . In order for such braking to

be effective, however, wheel rotation is required. The
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adhesion due to the friction between the wheel tread and rail
tends to mailntain such wheel rotation as the brake shoe
engages the wheel tread during a braking operation.

Excessive wheel wear and brake shoe change outs have
been found to be cyclically high during the winter season.

One theory attributes this, at least in part, to the more
pronounced cleaning effect that the brake shoe has on the
wheel as the result of higher moisture contact during
wintertime. In that such cleaning action tends to increase
the contact friction; or adhesion between the wheel and rail,
increased contact stresses are created in the wheel. Such
contact stresses being especially high during the guiding and
steering action of the wheel set, particularly, when
encountering track curvature.

The combination of braking effort through friction
between the brake shoe and wheel tread surface and the
adhesion between the wheel and rail translates into thermal
and contact stresses of the wheel, which often result in wheel
damage. High thermal and contact stresses are known to
initiate microcracks 1n the wheel tread, eventually leading to

a defect condition known as shelling.
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Another common result of high friction levels between
the wheel and the top of the rail is that the wheel tends to
rub harder against the rail in the flange area of the wheel
and the gage ftace area of the rail. This has typically been
measured as the angle of attack of the wheel to rail and as
the lateral force of the wheel against the rail, or asg the
rati1o of the lateral force to the vertical force of the wheel
to the rail (L/V ratio). The angle of attack and lateral
forces or L/V ratio are prevalent at all times and tend to be
higher 1n cornering cases.

Lowering the top of rail adhesion levels reduces the
angle of attack and lateral forces. The effect of reducing
these adhesion levels has the benefit of reducing train drag
thereby increasing fuel/energy efficiency and reducing wheel
tread and flange wear thereby i1ncreasing wheel life and
reducing gage face rail wear thereby increasing rail life.

Another related problem encountered by some railroads

1s wheel sliding, which results in wheel tread flat spots.

Such flat spots have a deleterious effect on egquipment,

lading, and passenger comfort due to the high vibration and
nolise produced by these flat spots. Flat spots due to wheel
sliding also lead to wheel defects known as spalling.
Repalring such a damaged wheel requlres removal of the wheel
and subsequent machining of the wheel tread to remove the flat

spot or spall defect area.
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to arffect the coefficient of friction therebetween. Examples
of such prior art devices can be found in U.S. Patent Nos.
5,308,516 and 5,173,204. Generally, these provide a lubricant
composition which can be formed into a solid product, which
can be applied directly to the wheel tread or flange, such as
by an attachment mechanism which positions the lubricant
product immediately adjacent the railway vehicle wheel for
periodic applications to the tread and/or flange.

It would be quite advantageous to the railroad industry
1f a single unit, a brake shoe, in particular, would not only
provide the necessary friction between the brake shoe and
wheel for satisfactory braking but also provide desirable
friction modifiers to optimize the wheel/rail friction
interface at the same time.

SUMMARY OF THE INVENTION

The present invention provides a friction management
brake shoe adapted to engage the tread of a wheel of a rallway
vehicle via which the railway vehicle is guidably supported on
a ralled track. The friction management brake shoe comprises
a brake lining affixed to a baking plate, such brake lining
has a braking surface engageable with the wheel tread of a
wheel of a railway vehicle. The brake lining includes a first
friction composition material formed with at least one of a
solid high positive friction modifier and a solid very high

positive friction modifier which establish an optimum positive
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OBJECTS OF THE INVENTION

It 1s, therefore, one of the primary objects of the
present 1nvention to formulate a compound which provides
satisfactory braking while simultaneously transferring a
friction modifying material to the wheel.

It 1s still another object of the present invention to
provide a brake shoe which will extend the useful service life
of a rallroad wheel.

Yet another object of the present invention is to
provide a brake shoe which will apply a solid friction

modifier film to the wheel and rail.

An additional object of the present invention is to
provide a brake shoe which will reduce energy consumption.

Another object of the present invention is to provide a
brake shoe which will reduce rail wear.

Still another object of the present invention is to
provide a brake shoe which will reduce noise created at the
rail/wheel interface by reducing stick slip oscillation.

In addition to the various objects and advantages of
the present invention which have been described in some
specific detail above, various additional objects and
advantages of the present invention will become much more

readily apparent to those persons who are particularly skilled

in the relevant brake shoe friction art from the following
more detailed description of such invention, particularly,
when such detailed description 1s taken in conjunction with

the attached drawing Figures and with the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a plan view of the back of a friction
management brake shoe showing a presently preferred embodiment
of a steel backing plate for mounting the brake shoe of the

present invention to a railway vehicle.
Figure 2 1s a side elevation view of the friction

management brake shoe 1llustrated in Figure 1.

Figure 3 1s a cross-sectiocnal view of the friction
management brake shoe taken across the lines III-III in Figure

1.

Figure 4 1s a cross-sectional view of the friction
management brake shoe taken across the lines IV-IV in Figure

1.

Figure 5 1s a cross-gectional view of the friction

management brake shoe taken across the lines V-V in Figure 2.

Figure 6, consisting of Figure 6A and 6B graphically
show results of testing of a high positive friction brake shoe
of the present invention.

BRIEF DESCRIPTION OF THE PRESENTLY
PREFERRED AND VARIOUS ALTERNATE
EMBODIMENTS OF THE INVENTION

Prior to proceeding to the more detailed description of
the present invention, 1t should be noted that for the sake of
clarity in understanding the invention, identical components
with identical functions have been designated with identical

reference numerals throughout the drawiling Figures.
Reference 1s now made, more specifically, to Figures 1,
2 and 3. Illustrated therein 1s a brake shoe, which 1is

generally designated 10, comprilising a backing plate 2 having a

6
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key bridge 4 for affixing the brake shoe 10 to a brake head
(not shown) by conventionally known means, such as a brake
shoe key (also not shown). Affixed to the backing plate 2 is
a presently preferred molded brake block 6.

Before continuing with a discussion of brake block 6,
1t must be remembered that a fundamental of friction
properties 1s the "coefficient of friction" which is the ratio

between the tangential force and the normal force acting

between bodies 1n relative contact. Characteristic friction
may be a static friction for surfaces at rest or a dynamic
friction for surfaces in motion. When friction increases with
increasing percent slip Or increasing creep 1t is
characterized by having a positive friction, whereas when it
decreases with increasing percent slip or increasing creep it
is known as having a negative friction characteristic.

Hereinafter the term "positive friction" means that the
coefficient of friction increases with 1ncreasing percent slip
or increasing creep and a "high" coefficient of friction is

greater than 0.20.

Brake block 6 1s a molded composition friction

material. The composition friction material i1ncludes one of a
high positive friction (HPF) solid friction modifler or a very

high positive friction (VHPF) solid friction modifier. Such

friction modifier is incorporated 1n a speclially formulated,
homogeneous friction material of the composition brake shoe 6,
to establish correct braking characteristics between shoe and
wheel and to establish an optimum friction level between the

wheel tread and the top of the rail.
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Such friction modifier 1is preferably a powderized
mineral and may be selected from the group consisting of
calcium carbonate, magnesium carbonate, magnesium silicate

(talc), bentonite, coal dust, barium sulphate (barytes),

asbestos, aluminum silicate, silica (amorphous, synthetic or
natural), slate powder, diatomaceous earth, ground gquartz,
zinc stearate, aluminum stearate, zinc oxide, iron oxide
(peerless grit), antimony oxide, dolomilite, lead carbonate,
calcium sulphate, molybdenum disulfide and powerdized
polyethylene fibers or combinations thereof.

The wheel tread of such railway vehicle 1s engaged by a
brake shoe 6 which includes such HPF solid friction modifier.
Railway vehicle as used herein 1s intended to 1nclude
passenger and freight locomotives, nonpowered railroad cars as
well as certain maintenance of way vehilcles.

With railway vehicles having powered axles, such as
locomotives for passenger trains, self propelled transit
vehicles and railway vehicles having nonpowered axles, which
would essentially be all other railway vehilcles, such brake

shoe 6 with HPF treats the wheel tread with the solid high

positive friction modifier to establish a friction level of
between about 0.3 and about 0.40 between the wheel tread and
the top of the rail.

In a presently preferred embodiment of the invention

such friction level 1s established between about 0.32 and

about 0.38. In the case of brake shoes 6 that are presently
in use without having such friction modifiers the friction

level can very widely and 1n an uncontrolled manner.
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According to the presently preferred embodiment of the
present invention, the formulation for a brake shoe having an
HPF within the range of between 0.3 and 0.38 1s set forth in
the following Table 1. As shown therein, the HPF friction
management material is comprised of additional friction
modifier materials according to the ranges set forth therein.
As shown in Table 1, the friction brake shoe of the present
invention having a solid high positive friction modifier
comprises a first material in the form of a friction

composition material for braking a railway vehicle and a

second material formed of a predetermined composition material
which establishes a predetermined friction level between the
wheel tread and the railed track. 1In a preferred embodiment,
the predetermined composition material is comprised between

about 5-30% of magnesium silicate (talc) and between about 5-

25% of molybdenum disulfide. 1In a presently most preferred
embodiment the solid high positive friction material
comprising approximately equal parts, on the order of about
20% each, of these two materials. In utilizing a brake shoe
with this HPF formulation, tests were conducted on a
dynamometer under various typical operating conditions
generally found on an operating train. The results of those
tests are summarized in the attached Table 2 and the
accompanying graph. As can be seen therein, under standard
testing conditions, the friction management brake shoe having

rhe HPF material as described herein, shows friction
characteristics between the brake shoe and the wheel tread 1n
the range needed for high friction composition brake shoes.

Similar test conducted according to the AAR Specification

9
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M926-92 for high friction composite shoe are also provided in
the attached Table 3 and demonstrates braking levels compliant
with the specification.

Actual testing on a running train were conducted on the
Black Mesa and Lake Powell Railroad (Navajo Generating
Station). The results for this test are set forth in the
graph shown as Figures 6A and 6B, and shows the friction level
at the top of the rail is controlled in the 0.32 - 0.38 range
after approximately two (2) months running with the HPF brake
shoes. 1In correlating the results of the HPF Friction

Management Brake Shoe with past operating conditions of the

Black Mesa and Lake Powell Railroad, use of the present
invention in the brake shoes was compared according to trailn
energy use, using the parameter of kilowatt hours per ton of
coal hauled. The train having the HPF brake shoe of the
present inventions was operated as of April, 1999. As shown
in Table 4A and the corresponding Graph designated as Table
4B, it can be seen that the use of the Friction Management

Brake Shoe of the present invention results i1n a significant

reduction of power usage, an average of 5.7-6.7%. Therefore,
the savings to the railroad industry by more efficient
friction between the tread and the rail thereby resulting 1in
less energy usage, are significant. In addition, such
reduction in energy usage 1s a positive environmental 1mpact
due to decreased emissions.

On powered axles of locomotives for freight trains,
higher adhesion is desired to take full advantage of the
available tractive effort. Thus, brake shoe 6 i1ncludes a very

high positive friction (VHPF) solid friction modifier. Such

10
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VHPF material treats the wheel tread with such solid friction

—

modifier to establish a friction level of between about 0.40

and about 0.50 between the wheel tread and the top of the

rail.

In a presently preferred embodiment of the invention

for use on powered axles of such locomotives for freight
trains, such friction level 1s between about 0.42 and about

0.48. Such VHPF friction modifilers are also pretferably

powderized mineral and may also be selected from the same
group of positive friction modifiers discusses supra.

As shown in Table 5, the preferred embodiment of a
brake shoe with friction management VHPF formulation comprises
components according to the minimum and maximum ranges set
forth therein. Although, the friction brake shoe having a
solid very high positive friction material include a second
predetermined composition material which comprises about 30-
80% of the total homogeneous brake shoe composition.
Preferably the predetermined composition material comprise
about 15-40% barium sulphate (barytes) and about 15-40% cast
iron particle. In the most presently preferred embodiment,
the very high positive friction modifier 1s between about 35-
36% of barytes and between about 28-29% cast iron particle.
As shown in Table 5, the VHPF composition also includes a

minimal amount of talc, about 1.38%. This 1s typical of

conventional railway brake shoe material manufactures since 1t
prevents binding of the styrene butadiene rubber after it 1s
shredded to be added to the homogeneous brake shoe

configuration. Dynamometer testing was also performed with

this formulation, and those results are shown in Table 6 and

11
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its corresponding Graph. The braking friction levels achieved
are in the range required for high friction composition brake
shoes used in locomotive service.

Reference 1s now made, more specifically, to the
drawing Figures 4 and 5. Illustrated therein 1s a cross-
sectional view of a brake shoe 10 showing the presently
preferred brake block 6.

The friction management brake shoe 10 of the present
invention provides the recognized benefits of the composition
brake shoe as well as the benefits of the wheel to rail
friction management in one package. Thils means that operating
railroad can implement friction management without the
addition of any new systems or brackets and continue friction
management of their rail system with no additional malntenance
activities. In other words, simply continue changing brake
shoes when the old shoes are worn out.

The general benefits of friction management are
extended wheel life, reduced energy consumption, reduced noise

levels and extended rail life. The application of such VHPF

solid friction modifier to the wheels on powered locomotive
axles provides improved tractive effort and can possibly

result in the elimination of on-board sanding systems. The

application of such HPF solid friction modifier to all wheels
on powered axles of passenger locomotives and on nonpowered
axles of other railway vehicles optimizes the friction between

the wheel and the top of the rail providing energy savings,

decreased wheel and rail wear, reduced wheel slide occurrence,
reduced wheel shelling and spalling, reduced lateral forces or

LL/V ratios and reduced noise levels.

12
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While both the presently preferred and additional
alternative embodiments of the present invention have been
described in detail above 1t should be understood that wvarious
other adaptations and modifications of the present invention
can be envisioned by those persons who are skilled the
relevant art of the brake shoes without departing from either

p—

the spirit of the inventlion or the scope of the appended

claims.

13
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- BRAKE SHOE WITH FRICTION MANAGEMENT
' HPF FORMULATION (AS PERCENT BY WEIGHT)

o HPF
| Styrene Butadiene Rubber 950
Fully Cured Cashew Resin 1.89
21.49
Barytes 0.46
Sponge Iron * 0.05
SteelFiber | ~ 000] 000} 3.0
ZincOxide | ~~ ©000f ~~ 000f 100
—IE
MBTS
Mineral Fiber 0.00 0.00
Cotton Fiber - 0.00 0.00
Fiberglass 1 5.08 | . 1.50
Acrylonifrile Rubber 0.12 0.10 ~4.00
| Carbon Black ) 0.04 10.00
“Aluminum Oxide | L8l
Zircontum Flour B 2.15 0.50 . 35.00
Molybdenumdisulfide 19.94 25.00
Carboxymethylcellulose 007
100.00 -

TABLE 1

13a
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Material Characterization Test

Summary of Results for RFPC RFP-HPF-1 (D168A)

Wet and Dry Stop Tests

Ayerage Friction (1S2) .
Net Shoe Force /Wheel, Condition | 40 | 60 | 80 | 100 | 120 140
§50 daN, Dry 0532 | 0525 | 0514 | 0501 | 0517
550 daN, Wet 0387 it 0466 | 0801 | o
~ 1000 daN, Dry
1000 daN, Wet 0398 BT 0414 [ 7] 0380 |l
2000 daN, Dry 0378 | 0380 | 0355 | 0318 | 0276 | 0246
2000 daN. Wet 0361 [l 0348 [T o 0286 oo
3500 daN, Dry 0348 | 0346 | 0332 | 0293 | 0244 | 0185
3500 daN, Wet 0284 |::: ' ] 0283 [ TY 0224 [
(000 ‘ i e T e aN. O
A 550 daN, Wat
0.900 —— ot e e e e e —— o e ———— 1000 daN, Ory
B 1000 daN, Wel |
0.800 vt e ceemaras)e . DU | e eton fommmn  ne oceeme == — ~— 2000 daN, Dry
| X 2000 danN, Wet
0.700 U N RPN I R, UURSR B I IR IO 3300 daN, Dry |
G 3500 daN, Wet
- 0,600 ¢+ vt et e SUUUUVEV P e ceome e a s ne e o e vm———— -
'A |
g
% 0.500 e e e 0] e i SRR e ————— A e e s T2
s A
0.400 ‘ —— L U UUTTE — i — .
X__? ----------- _-—[—- --T.T:i:?_?f"*--.,___ !
0.300 4——-.. 'a % ee e emm—— 5 s N (L -- T " :-:-:-:‘. .:Ti T: ':'2:.-?.-.,:..:_..‘ ._‘__.)l( - - — -
0.200 {— F— R | I ______(E ST .
0.100 e —— J' oo Np— Cererm————. oo o
0.000 ,
| 40 50 0 cpeed (kphy 1% 120 140
TABLE 2
13b
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Manth Kwh/Ton
Apr 97 4.403%
May 97 3.4793
Jun 97 3.5077
Jul 97 3.5285
Aug 87 3.6460
Sep 97 3.4800
Oct 97 3.5724
Nov 97 3.5548
Dec §7 3.7383
1997 Average 3.5634
1997 Max 3.7383
1987 Min 3.4783

| Before HPF

ADr 88 3.7818
Avg May 97/98 3.5246

Avg June 87/98 3.5360
Avg July 87/98 3.5356

Avg Apr - Jul 3.5945

May87-Mar99 3.6310

CA 02319877 2001-01-25

KWH. per Ton of Coal Hauled

‘Black Mesa & Lake Powell RR Power Usage

HPF Shoe Test

Month KwhiTon Month Kwh/Ton
Jan 88 3.5606 Jan 89 3.6780
Feb 98 3.6188 Feb 99 3.9214
Mar 98 3.6835 Mar 89 3.8609
Apr 98 3.7818 Apr 98 3.4658
May 98 3.5698 May 88 3.4074
Jun 98 3.5643 Jun 89 3.3558
Jul S8 3.5427 Jul 89 3.3288
Aug 88 3.4871 Aug 89
Sep 98 3.4918 Sep 99
Oct 98 3.6652 Oct 88
Nov 88 3.6801 Nov 89
Dec 98 3.8005 Dec 99
1898 Average 3.6289 1998 Average 3.5740 HPF Average
1998 Max 3.9005 1993 Max 3.9214 HPF Max
1998 Min 3.4871 1899 Min 3.3288 HPF Min

___ WithHPF |
___Month  Kwh/Ton

Avg Apr - Jul 3.3885
Apr - Jul 89 3.3885
TABLE 4A
13d

% Reduction
8.4%
3.3%
5.1%
5.8%

l 5.7%

6.7%

3.3895
3.4658
3.3288
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Apr.97
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Jul.97
Aug.97
Sep.97
Oct. 97
Nov.97
Dec.97
Jan.98
Feb.08
Mar.98
Apr.98
May.98
Jun.98
Jul.o8
Aug.98
Sep.98
Oct.O8
Nov.98
De¢.98
Jan.99
Feb.99
Mar.99
Apr.99
May.99
Jun.89
Jul.99
Aug.99
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kWwh/Ton

OV

GV

727277777 7777727777277 777772 |

YL L L L L L L LY

VP INT I IPITITI IO TIIrIIP:

CITITIIT I TIIT IS Iy

TABLE 4B

13e

e e

saoysS 4dH N

saoyg pJepuels Il

abesn Jamod HY 4 TING



CA

02319877 2001-01-235

BRAKE SHOE WITH FRICTION MANAGEMENT
VHPF FORMULATION (AS PERCENT BY WEIGHT)

I R —_ VHPF-10

VHPF-10 MIN / MAX RANGE

8.48 2.0 12.0
0.7, L5
Cashew Resin i 1.94 1.0 4.0 |.
Phenolic Resin 2591 20 15.0
Barytes - 3558  15.0] 40.0
3.23 1.0 10.0
0.5 1.5
0.3 2.0
MBT - | 000  oi[ 10
Mineral Fiber 2.59 1.0 10.0
Al G S —
- ~100.00 - -

TABLE 5

13f
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Material Characterization Test

Summary of Results for RFPC VHPE-10 (D189A)

Wet and Dry Stop Tests

erage Friction

E
)

NetShoe Force /Wheol | Seempgemy

550 daN / Wet 0403 | o479 | T

1000 daN / Dry | 0523 | 0460 | 0448 | o048 _
1000 daN / Wet | 0460 | o424 [T oass
2000 daN / Ory

550 daN / Dry 0580 | 0483 | 0461 | o4s1
. 0433

Condition 40 T 80 | 10 | @0

HMH ‘

v

2000 daN / Wet 0477 | 0374 [ ... .. 0350 [7o... o
3500 daN / Dry 0.464 0.398 0341 | 0302 | 0247
3500 daN / Wet 0448|0365 |- T i ooes [ Tie T
1.00
S50 daN / Dry
| ]
0.90 | a SS0 daN ! Wot l
o - - ¢ e catS——— - - s g e——— - »
- _—i"- _ 1000 daN/Dry | |
i {
® 1000 daN / Wet
0.80 e e———— . —— . e . e e
‘ — — = 2000 daN / Dry
1 X 2000 daN / Wel
0.70 eetron s eie e e }. ——— 3500 deN / Dry
| 3500 daN / Wet
.. | eems e . i SY——
- l
8 |
: '
ow 4
L
Ty NI NN R R
010 e . 1 . T
0.00
40 | 60 80 100 120 140
Speed (Kph)
TABLE 6
139
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CLAIMS

1. A friction management brake shoe adapted to engage a
tread of a wheel of a railway vehicle via which such railway
vehicle is guidably supported on a railed track, said friction
management brake shoe comprising a homogenous composition of a
first friction material for braking a railway vehicle and a '
second predetermined material which establishes a predetermined
friction level between such wheel tread and such railed track,
wherein said homogenous composition comprises about 35-37% of
sald first friction material and about 63-65% of said second
predetermined material, said second predetermined material being
comprised of a solid very high friction material which includes
approximately 35-36% by weight of barytes and approximately 28-

29% by weight cast iron particle.

2. The friction management brake shoe, according to claim
1, wherein said second predetermined material includes one of
solid high positive friction modifier and a solid very high
positive friction modifier which establishes the predetermined
friction level between such wheel tread and such railed track for
stopping such railway vehicle without adversely affecting the

coefficient of friction between said brake shoe and said wheel

tread.

3. The friction management brake shoe, according to claim
1, wherein said second predetermined material comprises a solid
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high positive friction modifier such that said first friction
material comprises about 45-90% of said homogeneous composition

and sald second predetermined material comprises about 10-55% of

sald homogeneous composition.

4. The friction management brake shoe, according to claim
3, wherein said homogeneous composition further comprises between

about 5-30% by weight of magnesium silicate and between about 5-

25% by weight of molybdenum disulfide.

5. The friction management brake shoe, according to claim
1, wherein said homogeneous composition comprises between about

60-80% of said first friction material and about 20-40% of sald

second predetermined material.

6. The friction management brake shoe, according to claim
5, wherein said second predetermined material is comprised of
solid high positive friction material which includes

approximately equal parts of magnesium silicate and molybdenum

disulfide.

7. The friction management brake shoe, according to claim

>, wherein said predetermined friction level is between about

0.30 and about 0.40.

15
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8. The friction management brake shoe, according to claim
7, whereln saild predetermined friction level is between about

0.32 and about 0.38.

9. The friction management brake shoe, according to claim
1, wherein said second predetermined material comprises solid
very high positive friction modifier such that said first
friction material comprises about 20-70% of said homogeneous
composition and said second predetermined material comprises

about 30-80% of said homogeneous composition.

10. The friction management brake shoe, according to claim
1, wherein said homogeneous composition further comprlises between
about 15-40% by weight of barytes and between about 15-40% by

weight of cast iron particle.

11. The friction management brake shoe, according to claim

1, wherein said predetermined friction level is between about

0.40 and about 0.50.

12. The friction management brake shoe, accordling to claim

7, wherein said predetermined friction level is between about

0.42 and about 0.48.
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FIG., 4

FIG. 5
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Black Mesa and Lake Powell RR Field Test
HPF Freight Shoes

Top of Rail Friction
% of HPF  Braking Non-Braking

Date Shoes Areas Areas

16.Mar.99 0%
23.Mar.99 0% 0.42 0.44
24 .Mar.99 25%

06.Apr.99 25% 0.41 0.59
07.Apr.99 50%
26.Apr.99 50%

27.Apr.99 68% 0.42 0.51
28.Apr.99 81%

29.Apr.99 84%
11.May.99 0.43 0.54
12.May.98 75%
01.Jun.98 0.43 0.45
23.Jun.99 50% 0.36 0.35

21.Jul.89 55% 0.30 0.37

FIG. 6B
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