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1. INTRO DUCTION
1.1 Scope of Projec;t

The Transportation Systems Center (TSC) of the U.S. Department
of Transportation (DOT) initiated a project . in 1976 to develop concepts
for a wayside brake inspection system capable of evaluating railcar braking
performance in a dynamic mode. The system would be designed to comple-
ment existing static, visual and manual inspection techniques and to increase
both the speed and quality of inspection. An effective brake inspection sys-
tem, if widely deployed, should result in a significant decrease in railway
accidents due to brake failures,

The brake inspection system was envisioned as being installed at
the receiving end of classification yards. Inspection and diagnostic evalua-
tion would be achieved as the consist rolled over, past or through the way-
side brake inspection system. In terms of the level of inspection and diag-
nosis, it would be desirable to differentiate between normal and abnormal
braking performance:

1. For both wheels on the same axle.
2. For each wheel relative to the remainder of the wheels on that car.
3. Between cars of a consist.

From a practical point of view, utilization of the brake inspection system
should have minimum impact on normal yard operations. In addition, the
system should be accurate, reliable, maintainable and cost effective.

A two phase project was undertaken to study the feasibility of one
particular brake inspection concept. The concept developed and evaluated
consisted of the following components:

1. Reaction Rail: A specially designed 18 inch section of rail
used to indicate horizontal (braking) and vertical (weight) reaction forces
would be insertfed into one rail at the inspection site. This device would
produce signals proportional to the absolute braking force (horizontal
reaction) and weight (vertical reaction) as the wheel of a consist passed
over the sensor.




2. Infrared Detectors: Two infrared sensors would be used to
indicate the temperatures of the right and left wheels of a single axle
passing over the reaction rail. The wheel temperatures (postulated to
be proportional to braking effort) would be used along with the horizontal
reaction force measurement to calculate actual right and left wheel brak-
ing performance.

3. Car Counter: A photoelectric sensor for counting cars would
be used to identify the start and finish of each passing car, and its output
used to calculate consist velocity.

4, Support Electronics and Hardware: Electronics would include a
power source, signal conditioning device, anhd data recorder. Hardware
would be required to position and support the sensors, and to protect them
from adverse environmental conditions.

The decision to study this particular concept further instead of other
alternatives was made with due consideration of the stated objectives of cost-
effectiveness, reliability and maintainability. The use of two reaction rail
sensors to measure right and left wheel reaction forces simultaneously was

considered but was rejected for reasons of cost and reliability due
to funding limitations.

Phase I of the project to develop and demonstrate feasibility of the
wayside brake inspection concept described above included the following ob-
jectives:

1. Analyze general railcar and braking characteristics to deter-
mine measurement requirements and predicted performance of
the proposed inspection system.

2. Prepare and execute a plan of laboratory testing to verify ana-
lytical findings.

3. Perform an analysis of brake system malfunctions potentially
detectable by the proposed inspection system.

4, Prepare hardware design specifications for fabricating a proto-
type wayside brake inspection system.



Phase II of the project had as objectives:

1. Fabricate, deliver, and install the prototype system at the
Transportation Test Center.

2. Plan and execute a field test program to evaluate the proto-
type brake inspection system.

3. Analyze and evaluate the field test results.

Section 2 of this report describes the analysis, design, fabrication
and laboratory calibration of the components of the prototype brake inspec-
tion system. Section 3 describes the field tests performed at the Transpor-
tation Test Center on December 7,1977. Section 3 also presents the test re-
sults and uses that data to evaluate overall prototype brake inspection sys-
tem performance.

The project "undertaken was considered to be one primarily
of hardware design, fabrication and testing. Analysis was performed only to
the depth required to assure hardware functionability and reliability. The
hardware developed during the project was shown to indicate both wheel
weight and wheel braking reaction forces in a consistent, repeatable manner. °
In retrospect, the verification field test program was not extensive enough to
provide understanding of all the effects of the many variables which contrib-
ute to rail/wheel force interactions. While it was highly successful in prov-
ing the viability of the basic inspection concept, it is felt that there is a great
deal more diagnostic capability inherent in the hardware as it is currently
designed. A more detailed description of the conclusions drawn from these
tests is presented in Section 4. Recommendations for further testing required
to conclusively establish other possible diagnostic relationships are presented
in Section 5. :

1.2 Background - Railcar Brake Inspection

Air braking systems on railway cars have traditionally been inspec-
ted by trainmen walking the length of a consist while visually and/or manually
checking the performance, adjustment and condition of the braking components.
The inspection consists of determining whether or not the brake system is
"Operative'' according to the following FRA and AAR criteria: (1){(2)

(1) Numbers in parentheses designate references at the end of report



1. Brake applies when service pressure reduction is
made.

2. Brake cylinder piston travel is within specified
limits.

3. Brake shoes exceed a minimum specified thickness.
(3/8" for composition shoes; 1/2' for cast iron
shoes),

4. Brake rigging has free, non-binding motion.

5. Brake remains applied until pipe pressure is
restored. (Maximum leak rate is 5 psi/min.)

Brake system operation is inspected in a static condition, with the
train at the initial terminal (3). The system is charged and an initial 15
psi reduction made. All brakes must be operative.
"A further brake pipe reduction to full service is then
made, and the entire train is inspected to determine
that:
1. All angle cocks are properly position.ed.
2. Brakes are applied on each car.
3. Piston travel is correct.

4. Brake rigging does not bind or foul,

5. All parts of the brake equipment are
properly secured.

Followi'ng this thorough inspection..... a roll-by in-
spection is made to determine that all brakes have
released..." (3)



1.3 Background - Weighing in Motion

The reaction rail described above (Section 1.1) is capable of meas-
uring vertical wheel loads as well as horizontal (braking) loads. Wheel
weight must be used to determine the Net Braking Ratio (NBR), which is a
measure of the tendency of the braked wheel to '"lock-up'. Weight is thus a
necessary measurement requirement of the wayside brake inspection sys-

tem. '

The capability to '"weigh'' passing railcars on a wheel-by-wheel
basis suggests the use of the reaction rail as a weigh-in-motion scale. The
reaction rail as designed offers a low cost alternative to the more complex

_ weigh-in-motion truck scales in use today, if the compromise in accuracy
can be accepted. The wayside brake inspection system might then serve
the dual purpose of brake inspection and car weight surveillance.

Mechanical lever scales were used to weigh railcars as early as
1850 (4). In-motion weighing using mechanical scales and recording systems
were in existence by 1890. The first electro-mechanical in-motion scale
(using strain gages as sensing elements) was introduced in 1953 and the first
fully electronic system used in 1959. (4)

In-motion scales accommodate one complete truck at a time, thus
side-to-side variations (roll) are not a significant source of error. Accor-
ding to Fisher (4), the main source of in-motion weighing error is car
coupler interaction. The true weight of a car truck is influenced through
bound couplers by the adjacent truck. Coupler adjusting track sections are
thus used prior to weighing to relieve these influences.



2, PROTOTYPE WAYSIDE BRAKE INSPECTION SYSTEM
ANALYSIS AND DESIGN

2.1 Analysis of Measurement Requirements

The measurement objective of the proposed brake inspection sys-
tem is to sense, accurately and repeatably, physical quantities indicative
of the integrity of the railcar braking system. The proposed reaction rail
will measure braking effort by sensing horizontal forces exerted on the rail
by a passing wheel. In addition, the reaction rail will sense vertical forces
thus providing a measurement of wheel weight. The proposed infrared sen—
sors provide an indirect measurement of wheel braking forces by sensing
wheel temperature.

It is the objective of this section to analyze the measurement re-
quirements of both the reaction rail and the infrared sensors such that
expected air brake system malfunctions may be detected. Section 2.1.1
considers the basic force interactions between wheels and rails. Included
are analyses of the horizontal, vertical and lateral forces exerted by the
wheel on the rail as well as considerations of car dynamics and impact loads
due to track misalignments. Section 2.1.2 describes the assumptions made
regarding wheel temperature rise and temperature distribution resulting
from brake application. Section 2.1.3 discusses the probable manifestation
of various brake system malfunctions as wheel/rail reactions and as wheel
temperature increases.

2.1.1. Wheel Rail Interactions

The instrumented rail sub-system of the wayside brake inspection
system was designed to sense vertical and longitudinal forces exerted on
the rail by each passing wheel. The instrumented rail was originally con-
structed to measure these two basic forces, but was later modified to sense
applied side loads. The side load measurement capability was added for
initial prototype tests so that a complete (3~dimensional) wheel/rail force
interaction picture could be established. The following subsections utilize
a simplified wheel/rail model to predict the static and dynamic forces to
be sensed by the reaction rail.

Actual field tests resulted in some observations not anticipated by
the following analyses. These results are discussed and analyzed in Section
3.5 of this report.



2.1.1.1 Rail Reaction to Braking Forces

' The development of air brake retarding force at the 'wheel/rail
interface is shown schematically in Figure 1. Notation used in the analy-
sis that follows is also defined in the Figure.

The ratio of actual braking force (Fg) to wheel weight (W) is often
referred to as net braking ratio (NBR) and is usually expressed as a per -
cent. Since brake force depends on cylinder pressure, the pressure at
which the NBR is taken must be stated. Traditionally, this has been 50
psi for freight cars and locomotives and 60 psi for passenger cars. NBR
is a measure of the relative tendency of a wheel to '"lock up' and begin to
slip. High NBR indicates high braking capacity relative to weight, thus
a tendency to slip.

Figures 2 and 3 show typical values of brake shoe friction (fy)
and adhesion (fz) as functions of speed.

Figure 4a shows a free-body diagram of a single wheel, rolling
without slip, and proceeding at a constant linear velocity to the right.
The wheel is assumed to have a rolling resistance due to wheel-rail de-
formation, axle bearing friction, etc. This apparent retarding force,
even though the air brakes are not applied, is shown as a frictional
torque, M,, about the wheel (axle) center. A summation of the mo-
ments about the wheel center (M) then yields:

$iM¢ = Mg + Fg (r) - Fp (1) (1)

where ''r'" is the wheel radius. Since the wheel is moving with constant
linear as well as angular velocity, there is no acceleration, thus the sum.:
of moments about wheel center (Equation 1) must equal zero. Solution

of Equation 1 for this case shows the relation between Fp and FR:

Mg
F,=Fg +71 (2)



Retarding
Force

Fr

Leverage , L

BEfficiency, e

— Fg Brake Force

= f4 __idhesive Force

T

i3

Reprinted from Esgineering and Design of Railway Brake
Systems by permission of the Air Brake Association. Year
of first publication, 1975.

Definition of Variables:

Fc - = Force exerted by the brake cylinder push rod
on the input to the brake shoe leverage system.
This force is the product of cylinder pressure and
effective cylinder area. :

L = Leverage ratio of the brake shoe lever system.

Fg = Brake force. Force pressing the brake shoes
against the wheel tread. Unless otherwise de-
signated, refers to the 'actual'' applied force.

FIGURE 1

STANDARD NOMENCLATURE FOR
BRAKING FORCES



1

Theoretical brake force as calculated from the

linder £ F . =
cylinder force (F¢) and leverage (L) FBth
FC x L. .

Rigging or linkage "efficiency''. e = Fg / F
Bin
Coefficient or friction between brake shoe and
wheel tread. Varies with: brake shoe material
and condition, wheel tread material and condi-
tion, wheel speed, temperature, applied shoe
force (Fg), and length of time brakes have been

applied.

Retarding force. Tangential force exerted on
wheel tending to retard wheel rotation.
Fp =Fp X fg

Wheel weight.

Wheel/rail adhesive force exerted by the rail
on the wheel, in such a way as to retard car
motion. For a wheel passing at constant velo-
city, Fp = FR.

Coefficient of friction between the wheel and rail.
Varies with cleanliness, type, and condition of
materials used. Expressed as a percentage, is
commonly called ""adhesion''.

FAmax = Maximum avajlable adhesive force = W x f_ . If

the brake retarding force (FR) exceeds this value,
the wheel begins to slip on the rail.

FIGURE 1 (cont.)

STANDARD NOMENCLATURE FOR
BRAKING FFORCES
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Reprinted from Engineering and Design of Rajlway Brake
Systems by permission of the Air Brake Association. Year
of first publication, 1975,

FIGURE 2
TYPICAL BRAKE SHOE FRICTION VS. SPEED
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FIGURE 4a

FREE-BODY DIAGRAM OF WHEEL

- «N = Vertical force sensed by
instrumented rail
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FIGURE 4b

FREE-BODY DIAGRAM OF RAIL
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This linear relation holds until the adhesive force increases to
the point where

MC)

—_— 3
FA:FR+1~ :foa ()

at which point the wheel begins to slide on the rail. If sliding does occur,
there will be a significant drop in the force, FA’ exerted on the wheel by
the rail and conversely in the reaction force exerted on the rail by the
wheel. Sliding adhesion is typically 10 - 20% of rolling adhesion (5).

The instrumented rail is designed to measure vertical and hori-
zontal forces exerted by the wheel on the rail. Figure 4b is a free-body
diagram of the rail segment indicating the measured forces, (Fy vert-
ical) and F} (horizontal). The horizontal force F}, will be equal in mag-
nitude but opposite in sign to the adhesive force, F,. Figure 5 shows
the expected reaction rail indication (F}) of braking 'force as a function..
of actual brake force, Fg. Note that the measured reaction drops by
approximately 80% when Fg becomes large enough to 'lock' the wheel.
A typical value for maximum adhesive force for a 100,000 1b. car,
(12,500 1bs. /wheel) passing at 60 mph on normal track would be 1875
l1bs. If the wheel were to then slide, the measured force would drop to
roughly 20% of the peak value, or 375 lbs.

2.1.1.2 Rail Reaction to Vertical Forces

A summation of forces acting on the wheel (Figure 4a) in the vert-
ical direction will yield an expression for the normal force, N, the nega-.
tive of which is the measured vertical force reaction. Since equilibrium
is achieved in the vertical direction, this sum is equal to-zero, and Fy,
can be written as: :

FV:-N:-W+FR-RB3 (4)

where Rp is the vertical reaction force transmitted to the wheel axle
through its bearing. If the truck under consideration is exactly symmet-
rical in terms of both braking performance and dynamic performance
(springs, damping, mass) then the retarding force Fg which is transmit-
ted back into the truck structure through the brake leverage system will be
re-transmitted to the wheel in terms of a bearing reaction. In this case,
Fp = Ry, 80 Equation 4 reduces to Fy, = -W, which is the desired wheel
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7 Whee! slip occurs when
= - F,=W f = F
T - FAmax A a h
at which point ¥, drops
Horizontal to approximately 10-20%
R eaction Force of F .
F Amax
h
=M
o
10-20% ¥
r Amax
; -
F_ = W. (fa/fs) at slip

B
Applies Brake Force, FB s )

FIGURE 5

IDEALIZED HORIZONTAL REACTION Fy

AS A FUNCTION OF APPLIED BRAKE FORCE, FB
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weighing capability. See Section 2.1. 1.4 for consideration of car dynamics
on the indicated wheel weight.

2.1.1.3 Rail Reaction to Lateral Forces

Lateral forces exerted on a straight section of rail by individual
wheels originate because:

1. The contact force, F ., between a tapered wheel and the rail is not
generally normal to the rail head top surface, (See Figure 6-a). The re-
action rail will sense both the vertical component, F,, and the lateral
component, FL in response to the contact force, F. ‘

2. The vertical component of the wheel/rail contact force, F,, is
generally not coincident with the centerline of the rail cross-section. (See
Figure 6-b). The eccentric vertical force, offset by a distance e from the
rail section centerline produces a torsional moment about the longitudinal
rail axis (6). This moment, Mo, produces an indicated lateral force, F1,:

MT Fye :
Fro=y =y (5)
Where: e = Distance vertical force is offset laterally from rail centerline.

g = Distance from rail cross-section torsional axis (centroid) to
point of force application.

F, = Vertical component of wheel-rail force.

3. When the wheels of a truck are braked, the truck will tend to rotate
about its vertical axis if all four wheels do not brake equally. The moment,
M, tending to turn the truck will be equal to the sum of the individual wheel
moments as shown in Figure 6-c.

M = (F;Lx.fr Fazr Fas FA4)'a (6)
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— FC (Contact Force)

Fy

(Vertical Force) Z/ Fy, (Lateral Force)

7777777777777 7777777
FIGURE 6a - Lateral Force Due to Static Load

Fv (Vertical Force)

. 7~ a
T T T 7T T TN T T 777

FIGURE 6b - E({\livalent TLiateral Force Due to Off-Center Vertical Force

FIGURE 6

SOURCES OF LATERAL LOADING
OF RAIL BY PASSING WHEEL
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Direction of Travel

w-1 ' M‘ -
: oLy
/] ! N ) __A3
FAl L..J \—J
Y b
by M N
I ]@%?J _
Faz ) A A4
. .
“"

Where:
Fpar* Faz D Faz + Fpy

FAl’ FAZ’ FA3’ FA4 are the braking forces due to each wheel of
the truck under consideration.

FIGURE 6¢
L.ateral Rail Forces Due to the Moment
Resulting from Uneven Braking of a Truck
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This moment will not vanish if Fpo] + Fp2 is not equal to Fp3 + Fpg.
The indicated lateral force component, F1,, measured by the reaction rail

will be:

- M , a
Fr,=% = (FAl +'FA2’FA3"FA4) B (7)
Where: a = Lateral distance from truck center to wheel contact point
= 30 inches.
b = l.ongitudinal distance from truck center to axle centerline

= 35 inches.

For the case shown in Figure 6-c, the total adhesive force of wheels 1 and
2 exceed that of wheels 3 and 4, thus a net counterclockwise moment is
generated. This results in lateral forces exerted outward by wheels 1
and 4. ’

The reaction rail was originall;i desighed and built to be sensitive to only
vertical and longitudinal wheel loads, and to he insensitive to lateral forces.

The lateral forces described in cases 1 and 2 above are not due to braking
thus are not of diagnostic value. It was recognized that the lateral force
effects of cases 1 and 2 would be included in the total lateral force measure-
ment, Subsequent data reduction could, however, eliminate case 1l and 2
effects which are theoretically predictable from wheel geometry and wheel
weight. Conveniently, wheel weight is a separately measured output of the
instrumented rail (reaction rail) segment.

Because of the potential diagnostic benefit to be realized by measuring
the lateral forces described in case 3, a semi-conductor strain gage bridge
was added to the reaction rail. This bridge was designed to allow the
reaction rail to sense lateral wheel forces.

The full potential of lateral force measurements in diagnosing brake
system malfunctions was not determined during field tests because:

1. The strain gage bridge and readout functioned erratically, finally
breaking down,

2. Only one reaction rail was used in field tests. As stated previously,
the decision to use only one instrumented reaction rail was made for
reasons of cost. However, as Section 3 of this report points out,
two reaction rails are necessary to fully characterize braking
forces.

18



2.1.1.4 Effects of Car and Rail Dynamics

The reaction rail is capable of sensing vertical and longitudinal
forces exerted by a passing wheel. In its present configuration, however,
the reaction rail is used in only one rail of the track. It is therefore im-
portant to consider how railcar dynamics might introduce errors into
indicated horizontal and vertical force outputs.

1. Car roll: As a passing car rolls about its longitudinal axis, its
vertical reaction on the rail shifts from left to right. The frequency of
roll depends on specific car parameters. The magnitude of weight shift
depends on car speed.

If only one reaction rail is used, there is no way of knowing the
passing axle right-to-left weight distribution, thus the axle weight. If two
reaction rails are used, this problem is averted since the sum of right and
left indicated wheel weights will equal the true axle weight.

2. Car pitch: Although a passing car is constrained somewhat by its
leading and trailing couplers, it may pitch about the car center, thereby
resulting in a periodic front-to-rear truck weight shift. Pitching motions
may be excited, for example, when both wheels of an axle hit a pair of mis-
aligned reaction rails, or other simultaneous rail joints.

Since the reaction rail is intended for use with partially braked
cars on consists, a brake-induced pitching motion is also possible. If
the forward truck braking is greater than on the rear truck, a pitching
moment is generated which will cause a higher indicated weight on the
front wheels.

These effects will not introduce significant errors into truck meas-
urements but will result in errors in total car weight measurement. For
example, if the car is undergoing periodic pitching, the passing front truck
may weigh ""heavy', but the passing rear truck may also weigh '"heavy'’.
The single axle reaction rail is not capable of averaging out pitching '
oscillations.

3. Car Bounce: The effect of car bounce on indicated wheel or axle
weight will be very similar to that of car pitch. The vertical load will be
alternately increased and decreased as the car passes by.
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As was the case with pitching motion, there will be no fixed re-
lation between bounce frequency and wheel weighing. The possibility for
error exists here even between axles on the same truck. If the truck re-
action force on the rail changes due to bounce before the second axle of a
truck passes over the rail, then the sum of the two indicated axle weights
will not equal the true truck weight.

4. Track Deformation Wave: As a loaded axle approaches and departs
the reaction rail, the entire rail (including reaction rail) defects under the
axle weight. Because the proposed reaction rail is a deflection sensitive
device, it will sense approaching and leaving axles in addition to weighing
them when they are directly on the rail.

This effect was clearly seen in field test data, but was subtracted
from weight measurements to give true indicated weight.

Actual field tests using a single reaction raijl were performed real-
izing that errors due to car dynamics were possible. Tests were planned
for consist speeds ranging from 10 mph to 60 mph (16-96 kph) in order to
identify a test speed for which dynamic errors were minimized.

2.1.1.5 Rail Reaction to Impact Loads

Reaction rail response to impact loads must be considered for two
reasons. First, the reaction rail may be misaligned with the parent rail
so as to create either a step-up or step-down joint. Secondly, a flat spot
" on a passing wheel will create an impact load on the rail.

The railcar-wheel-reaction rail system can be idealized as shown
in Figure 7-a. It is assumed that the passing wheel has an undamped com-
pliance of approximately 250, 000 1bs/ft. Tse (7) uses this value as a
freight car suspension stiffness for mathematical modeling purposes. No
damping or friction is assumed for this analysis, so a "worst-case'' res-
ponse can be calculated. The suspension stiffness is represented in Figure
7 by a spring, Kl'

The reaction rail vertical stiffness, Ky, depends on the elastic pro-
perties of its rail cap support members and can be calculated by:

K, = — = AE (8)
a4 L
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Mass of car body is considered
infinite for purposes of analysis

S oSS S s
1
K, = Stiffness of Wheel Suspension
M, = Mass of Wheel and Side
) Frame
| i Mr = Mass of Reaction Rail

K, = Stiffness of Reaction Rail Support
(Elasticity of flexures in
compression)

A A eV

FIGURE 7a - Wheel/Rail Model for Impact Loading

FIGURE 7b - Equivalent Mass-Spring Model

My+ M. y {t) = wvertical displacement

.
Ky I; K;

S S S S S S/

FIGURE 7

IMPACT LOADING OF THE REACTION RAIL
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Where: W = Applied load (1bf)
A\ﬁ = Rail Vertical Deflection (in)

A = Total cross-sectional area of reaction rail cap
support members = 3 in2

E = Modulus %f elasticity of rail supports
=30 x 10° 1bs f/in?

L. = Length or rail cap support members = 2.5 inches.

Using the values for A, E, and L for the reaction rail as fabrigat—
ed, the spring constant for the rail, K, = 36 x 10° 1bs f/in. = 432 x 10
l1bs f/ft. Masses involved are:

M, = 49.5 slugs = total mass of wheel set/side frame divided
by 4 to represent equivalent mass of one wheel.
My = 0.74 slugs = mass of reaction rail head in 18 in. reaction

rail. (136 1b rail weighs 136 1bs per yard, with 35% of
its weight distributed in the head)

The unloaded natural frequency of the reaction rail is:

1 K,
f= 2T MI’

cycles/sec, (9)

Using above values for Ky, M_; the natural frequency of vibration
in the vertical direction is 3845 cycles per second.

The measurement quantity of concern, however, is the natural
frequency of the reaction rail with the railcar on it. If the railcar itself
is considered to be virtually stationary in the vertical direction, with only
the sprung wheel set free to move, the loaded natural frequency of the re-

action rail be:
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cycles/sec. (10)

Using the above values for stiffness and mass, the loaded natural
frequency is found to be 467 cycles/scc.

The equivalent ""passing frequency' of the wheel passing over the
18 inch (45. 7 cm) reaction rail at 60 miles per hour (96Km/Hr.) is 9.3
cycles per second. Even in the loaded condition, the reaction rail natural

frequency is 50 times greater than the rate at which wheels pass over the

reaction rail,

It is therefore concluded that impact loads applied to the reaction
rail will result in rail vibrations, but the frequency of those vibrations
will be too high to significantly affect the measurement of vertical load.

2.1.2 Wheel Temperature Response to Braking Inputs
As the brake shoe is applied to the wheel tread, kinetic energy is
dissipated as heat through the wheel and shoe. If the consist is maintained

at a constant velocity, and if the wheels do not slip with respect to the rail,
then heat will be generated at a rate, H (BTU/hr):

H = 6.79 F. Ve (BTU /hr) (11)
Where:. Fr = Horizontal braking reaction force measured at

the rail (lby)

v

c Consist velocity (mph)

The heat generated during braking is then dissipated in the follow-
ing manner:

1. Conduction losses to the atmosphere and to adjacent structures
_ depending on ambient temperature and initial temperatures of adjacent

-structures.

2. Convection losses to the atmosphere depending on ambient
temperature, wheel emissivity, and wheel temperature.
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3. Radiation losses to the atmosphere depending on ambient
temperature, wheel emissivity, and wheel temperature.

Heat which has not been dissipated in one of the above ways will
raise wheel temperature as equilibrium is approached. Wheel temper-
ature alone then, is not an absolute measure of applied braking effort un-
less a number of initial and boundary conditions are given so that losses
can be calculated.

If, however, the actual brake retarding force exerted on one wheel
were known (as measured by the instrumented rail segment), and the rela-
tive temperatures of the right and left wheels known (as measured by two
IR sensors), then it should be possible to deduce the brake retarding force
on each wheel. One of the basic objectives of this program was to test .
this hypothesis. The design of the appropriate wheel temperature sensor
required an estimate of the range of temperatures to be expected during a
typical brake inspection.

Novak, et. al. (9) reports wheel temperature distribution in wheels
braked by both composition and cast iron brake shoes. A consist velocity
of 50 miles per hour (80 K,,/Hr.) and applied braking of 45 to 51 horse-
power (33.6 - 38.0 Kw) resulted in wheel tread temperatures of 320°F
(160°C) after five minutes and 500°F (260°C) after fifteen minutes. These
results were obtained using composition brake shoes, and slightly lower
temperatures were observed using cast iron brake shoes. The maximum
temperatures attained during these tests were found in the brake shoe it-
self, and in some cases, this temperature exceeded 1000°F (538 C).

It was decided that a reasonable wheel temperature measurement
capability would be 100°-1000°F (389-538°C). A device capable of measur-
ing wheel temperatures in this range should be sufficient, since the pro-
posed brake inspection would be conducted at slightly less than full service
braking. In addition, a certain degree of control over maximum wheel
temperatures can be exercised by limiting the consist speed and time of
brake application allowed during brake inspection.

2.1.3 Brake System Malfunction Analysis
An analysis of brake system component malfunctions which might

possibly occur was performed and used to determine whether or not the
malfunction could be detected by the prototype inspection system.
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Figure 8 identifies the typical brake system components of a standard air
brake system. Table I then presents results of the malfunction analysis
and the expected measurement system outputs unique to each malfunction.

The analysis of the malfunctions was twofold. First, the results of
this analysis might influence the design of the prototype sensor, if design
modifications to the proposed system could be made within the time and
cost constraints of the original program plan. Second, and more import-
ant, the results of the malfunction analysis were to be used as a basis for
proposing second generation design improvements to the prototype wayside
brake inspection system so that an advanced model would offer maximum
diagnostic inspection capabilities.

It should be poianted out that design of the instrumented rail and IR
sensors had already begun and were taking place in parallel with the mal-
function analysis effort. Determination as to which malfunctions could be
sensed with the inspection system under construction required a certain
amount of subjective, qualitative judgment unsubstantiated by actual test
data.

The determination as to whether or not the prototype system would
be capable of sensing and diagnosing various brake component malfunctions
is indicated in the "Problem" column of Table I. One, two or three ast-

erisks follow the problem cause and should be interpreted as follows:

* A malfunction that is definitely detectable by brake per-
formance measurements.

** A malfunction that may be detectable by brake perform-
ance measurements.

*%k% A malfunction that probably cannot be detected by brake
performance measurements.

2.2 Design of the Instrumented Rail Sub-System

2.2.1 Design Criteria

The instrumented rail segment must be capable of measuring wheel
reaction forces (discussed in Section 2.1.1), reasonably accurate and
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repeatable, reliable, and fail-safe in that failure of the instrumented
segment must not present a safety hazard to passing railcars.

Design criteria for the instrumented rail segment as a measuring
element were:

1. Capable of a 40,000 (18, 144 kg) vertical wheel load.

2. Capable of measuring a 8,000 1b. (3, 624 kg) horizontal
brake load reaction. ‘

3. Accurate and repeatable to 5% of full load capacity.
4. Element must have infinite fatigue life under expected loads.

5. Element must be capable of occasional overloads without
permanent damage to the measurement ability or structural integrity.

6. Element must be temperature insensitive.
7. Element must be easily repairable and otherwise maintainable.

Design criteria necessary to preserve the structural integrity of
the overall track include:

1. The reaction rail segment should exhibit minimum variation
in effective rail strength as compared to the existing rail. If variations
are unavoidable, then the reaction rail section must be stronger.

2. Failure of the reaction rail segment should not result in cata-
strophic failure of the rail's primary support function.

3. Critical areas within the reaction rail section must be protected
from dirt, moisture and other contaminants.

4. For purposes of prototype testing, the reaction segment should
be fabricated into a section of 136 Ib. A.R.E., A, rail.

The instrumental rail (reaction rail) as finally designed consisted of
a relatively rigid rail cap (136 lb. rail) supported by two relatively elastic
flexible members or '"flexures!. Use of flexures, common in the design of
multiple axis dynamometers, provides rigid support in one direction while
allowing freedom of motion in other(s). To a first approximation, the flexures
do not influence the deflection of the more rigid member (rail cap).
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The dimensions of the flexures are such that a 40, 000 1b
(18, 144 kg) vertical load on the center of the unit will theoretically
produce a 0.005 in (0.127 mm) vertical deflection and an 8, 000 1b |
(3,629 kg) horizontal load in the longitudinal direction will theoretically
produce a 0. 005 in (0.127 mm) horizontal deflection. This is accomplish-
ed in such a way that the maximum stress under combined loading does
not exceed 50, 000 psi (3.477 X 107 bar). A detailed analytical treatment
of the reaction rail design is presented in Appendix A, '"Structural Anal-
ysis of Rail Section'.. The need to have these relatively large deflections
and linear behavior, in small volume, required that this part be fabric-
ated as a monolithic, joint-free structure.

In order to attain a theoretically infinite fatigue life for the flexured
supports, it was also necessary to use 4340 chrom-moly steel heat treated
to 150, 000 psi (1.034 X 1010 bar) ultimate tensile strength. In addition, a
high polish to the flexure surfaces before and after heat treating was re-~
quired.

The heat treat vendor provided certification of heat treatment of
the section. Both the center of the flexure and the rail cap had a hardness
of Rockwell C 37 indicating the uniformity of the section metallurgy.

There is evidence that high-speed train operation can induce loads
many times greater than the usual design loads. To avoid any potential
problem in this regard, the unit has been provided with ''stops'' that will
limit the travel and thereby, the maximum stress in the flexure sections.

The design has also considered the unlikely possibility that a flex-
ure section might fail completely. Should this happen, the horizontal sect-
ion will drop 1/16 in. (1.5 mm) (the width of the saw cut) and rest on the
base, secured between joint bars horizontally and by two caging pins vert-
ically,

2.2.2 Instrumented Rail Segment Design
Figure 9 shows the reaction rail section designed to fulfill
the criteria of Section 2.2.1. Dimensions of critical reaction rail ele-

ments are presented in Figure A-1 of Appendix A, "Structural Analysis
of Rail Section''.

31



OVERLOAD STOPS | RAIL CAP

CAGING PIN
HOLES

GASKE]
CHANNI

FLEXURE INSTRUMENTATION I CLEARANCE
OPENING HOLE FOR
JOINT BOLT

FIGURE 9

REACTION RAIL SECTION SHOWING MAJOR ELEMENTS
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Mechanical elements of the instrumented rail section fall into three
principal component categories:

1. A rail section which has measurable elastic deflection under
applied wheel loads. (See Section 2.2.2.1).

2. A transducer unit that measures vertical and longitudinal
deflections of the rail section. (See Section 2.2.2.2).

3. A support structure which connects rail ends and the instru-
mented section into a structurally sound, integral part of the rail system.
(See Section 2.2.2.3). .

. Although the original design of the instrumented rail did not pro-
vide for measurement of transverse deflections due to side loads, it was
possible to instrument the flexures with strain gages so that side forces
could be measured. A strain gage bridge arrangement desighed to cancel
strains due to vertical and longitudinal loads was devised and applied to
the rail segment after the prototype rail was fabricated.

A complete set of specifications for the instrumented rail section
is provided in Appendix G.

2.2.2.1 Reaction Rail Section

The reaction rail section (See Figure 9) is sized to fit in line with
a standard 136 1lb. rail. It is basically a heavy, horizontal member 18
inches (45.7 cm) long that is secured on a mounting base by means of two
vertical flexures. The flexures are flexible beams that provide elastic
structural attachment between the relatively rigid top and bottom members.

Z. 2.2.2 Transducer Bolt

The active measuring elements that sense deflection of the flex-
ure are contained in a bolt-like structure that is easily installed or re-
‘placed in the field (See Figure 10). The bolt is held in place by a 1/2-13
nut. It is self-keying for proper orientation and can be installed with a
wrench. The power and signal leads are brought outside with a weather
tight circular multi-pin connector. The actual measurement transducers
are a pair of linear variable differential transformers (LVDT's) mounted
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orthogonally to each other so as to read vertical and horizontal deflections
independently. LVDT's were chosen for the measurement function be-
cause of their sensitivity and linearity and are unaffected by ambient temp-
eratures over the range of -65°F to 300°F (-53°C to 140°C). The LVDT
has a linear response to better than 1/2% of full range and it can be sct up
to reliably resolve down to 10 microinch (254 m).

2.2.2.3 Tie-in Structure

The structure that integrates the reaction rail section into an ex-
isting rail system is a mechanical assembly that spans three cross ties
and is 54 inches (1.37m) long. It uses joint bars that have sufficient
additional length so that the adjoining rails can use the standard hole
pattern for a six bolt joint.

Additional strength is provided by doubler plates on the joint bars
and 5/8 inch (1.58 c¢m) thick plates at the base of the rail. These
compensate for the flexibility of the reaction rail and the material that is
removed from the joint bars to provide clearance around the reaction rail.
The resulting joint exceeds a standard joint in both strength and stiffness.

A ruabber gasketing provides sealing to keep moisture and dirt from
impairing reaction rail operation.

2.3 Design of Infrared Sensor System

2.3.1 General Considerations
The operational profiles of braking consists passing the infrared
instrumentation site is assumed to fall within the following range of

values:

Consist speed: 5 mps to 62 mps
(8-120 km/hr)

Wheel diameter: 24 to 36 inch
(61 to 91 cm)

Minimum wheel spacing: 4 feet (1.2 m)
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Thermal range of wheels ‘ 100° to 1000°F

due to braking: (37° to 538°C)
Maximum temperature one inch 750°F

in from wheel circumference: (399°C)
Environmental temperature range: -20°F to 125°F

(-29° to 52°C)

From this assumed range of operational parameters, it was poss-
ible to derive the required IR sensor characteristics, and subsequently,
to select appropriate IR sensor components. This analysis is presented
in Appendix B, '"Design Analysis of the Infrared Sensor''.

First, it was arbitrarily decided that the sensor would focus on a
one inch diameter spot, located one'inch above the point of tangency at the
wheel/rail interface. Such a target location is far enough inboard of the
wheel circumference to allow a reasonable IR measurement time, yet is
close enough to the braking surface to respond thermally to braking inputs.

As a 24 inch wheel passes at 60 miles per hour, the full one-inch
. target area located one inch above the rail remains in line of sight for
approximately 7 milliseconds. Since the response of the sensor element
should be roughly 10 times faster than this, a one millisecond or better
response time was selected as a design requirement.

The next step in the design process was to determine the spectral
response range for which a detector must be selected. The mid-wave-
length of a blackbody at the maximum temperature of 750°F (3990C) is
6.1 microns. The mid-wavelength at the lower temperature limit of 100" F
(38°C) is 13.2 microns. The range of wavelengths encompassing +25% of
the infrared energy above and below these values extend the range to 4.1
microns at the high temperature, and 21 microns at the low temperature.

The design criteria for the infrared sensor can be summarized
as follows:

1. Spectral response in the range of 4 to 21 microns.

2. Response time of 1 millisecond or better.
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3. Target size of 1 inch diameter located 2 to 4 feet
(60-120 cm) from the sensor.

4, Target temperature of 100°F to 750°F (38°C-399°C).

5. Ambient temperature of ~20°F to 125°F (~29°C te 52°C).

Commercially available infrared sensors meeting the above re-
quirements were sought. Those sensors exhibiting the required spectral
response did not possess fast enough response times. Conversely, those
instruments with the required response times did not possess adequate
spectral response ranges, unless a cooled instrument was used. Hand-
ling and use of liquid nitrogen in a wayside environment is impractical
so cooled instruments were not considered as alternatives.

It was finally decided that the best compromise of instrument
spectral response, response tirme, and cost would be attained by purchas-
ing and assembling the appropriate components. Components to be select-
ed, purchased and assembled included; detectors, optics, pre-amplifiers,
amplifiers and supporting structures.

2.3.2 Detector Design

Infra red instrumentation vendors were contacted and given
the measurement requirements described above. Vendor recommenda-
tions were evaluated and an indium antimonide photoconductive element
was selected based on its maximum response wavelength (5 to 7 microns)
and its low time constant (less than 0.1 microsecond). Details on the
response characteristics of this detector element are discussed in
Appendix B.

A vendor supplied set consisting of indium antimonide de-
tector, lens system and amplifier was assembled into a custom-fabricated

housing.

2.3.3 Optics Design

The optics chosen for this system consist of a three-inch
Cassagrain lens system made from reflective plastic coupled through
an infrared transmission lens of. polycrystalline zinc sulfide.

N
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The Cassagrain focusing lens provides a minimum spot size of
1.4 in. (6.25 mm) at an operating distance of 24 in. (61 cm) with a half
angle of 3°, Thus, at a distance of 36 in, (91 cm), the spot size is
1.5 in. (3.8 cm).

The Irtran 2 infrared transmitting lens is cut in a planar circular
shape of about 3 1/4 in. (8.2 cm) in diameter and . 039 in. (1 mm) thick.
This lens has maximum attenuation of approximately 10% over the spect-
rum of 4 to 9 mm. Its primary function is to block out air currents which
cause spurious detector outputs and its secondary function is to seal the
complete unit, thereby keeping out water, dust and other contaminants.

2.3.4 Circuit Design

A vendor-supplied amplifier could not be made operational with
the matching detector element. An amplifier capable of doing the re-
quired job was designed and built.

The circuit employed for this detector consists of a discrete
current source and five monolithic operational amplifiers interconnected
to yield a total gain of 20, 000 with a bandwidth extending from 2 Hz to
30 Hz (See Figure 11), :

The current source supplies bias current to the IR detector
which in turn is AC coupled to a low noise operational amplifier A’1,
designed to have a voltage gain of 1,000 over the designed bandwidth.
This amplifier is then followed by a current gain stage A'2. Because
each of these two chips, A'l and A*2 operate from a single voltage for
increased stability, chip A3 is employed to provide the necessary bias
voltage for both. ’

The output of chip A* 2 is AC coupled to a two-pole filter
section, which has a ''roll off" frequency of 30 Hz, and on the chip A’ 4.
Amplifier A"4A provides additional gain and ground reference restoration
while amplifier A°4B provides output buffering.

Chips A1, A'2, and A° 3 require + 18 VAC for operation
while chips A4 and A4B require +18 VAC and -18 VAC, respectively.
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The amplifier then exhibited the following operational
characteristics:

Sensitivity: 0.2 puv

Gain: 20,000

Bandwidth: |  2Hz to 30Hz

Dynamic input sensing range: 0.2 uV to 10 mV

Temperature sensing range 30° F to 1, 000°F
(above ambient): (-1.1 C to 538 C)

Operating temperature: 32° F to 158° I

(0° C to 70® C),

2.3.5 Packaging

The packaging of this unit coasists of an aluminum tube
31/4 in. (8.2 cm) diameter and 15 in. (38.1 cm) long. One end is fitted
with a protective bezel for holding the Irtran 2 window, and the other end
has a plate housing two connectors. One connector is provided for input
power and another for output signals. Internal to this tube is the re-
flective Cassagrain lens and amplifier board. The detector is mounted
at the focal point of the lens and signal wires are brought out through an
appropriate strain relief.

This aluminum tube is suspended in a larger tube 5 in.
(12. 7 cm) diameter of cast steel which acts as an impact shield for
the more delicate aluminum assembly. One end of this cast steel
tube is fitted with a muffin fan that provides 35 CFM of air for cooling,
while the other end is open for viewing (see Figures 12 and 13 ),

2.4 Laboratory Testing and Calibration

A laboratory test plan was prepared (see Appendix C) prior
to fabrication of the prototype reaction rail and IR sensor. The test
objectives were laboratory verification of the performance of the two
main sub-systems - the instrumented rail section and the IR sensor.
This section describes the results of those tests.
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FIGURE 13

INFRARED DETECTOR UNIT ASSEMBLED WITHOUT
OUTSIDE PROTECTIVE TUBE
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2.4.1 Laboratory Testing of the Instrumented Rail

The ILVDTs were calibrated as assembled in the transducer
bolf using a micrometer-driven fixture. This calibration yielded precise
deflection versus LVDT voltage output correlations for both the vertical
and longitudinal LVDTs, Vertical LVDT sensitivity was determined to
be 63. 83 millivolts (dc) per mil deflection. Longitudinal LVDT sensi-
tivity was 68.18 millivolts per mil. This voltage versus deflection re-
lationship is evident in the voltage and deflection scales of Figures 14 and
15. It should be noted that the LVDT sensitivity is variable and can be
changed by adjusting the RANGE potentiometer of the LLVDT demodulating
circuitry. Even though the potentiometers have lock nuts, it will be
necessary to calibrate both LVDTs upon system installation and period-
ically thereafter. There is no guarantee that the reaction can be reproduced
in the field, particularly if individual LVDT sensitivities are re-adjusted.

When the above bench calibration was completed, the transducer
bolt was inserted into the rail section. The entire reaction raijl assembly
was then mounted into and loaded by a hydraulic press as shown in Figure 16,
Figure 14 shows system voltage output versus applied vertical load (at the
center of the reaction rail). Figure 15 shows system voltage output versus
applied longitudinal load, with no simultaneous vertical loading. The break
point in both curves was determined to be due to contact with and subsequent
stiffness contribution from the over-travel stop pins. Since the over-travel
stop pins are set to limit reaction rail and flexure stresses to a safe level,
it is not possible to re-adjust the stops to allow a continuous, linear cal-
ibration over the entire loading range.

Figure 14 also shows the effect on voltage output due to
vertical loading of simultaneously applied horizontal forces. As
evident in the Figure, the effect of horizontal loads is less than 5%.

Attempts to simulate the effect of vertical loads on measured
horizontal loads were not successful since the vertical load application
ram effectively ""clamped'' the reaction rail head section in place, thereby
restricting its motion. In practice, this clamping effect would not exist
since the downward force will be applied by a rolling wheel. Efforts to
simulate the rolling wheel effect by using a solid steel roller between the
vertical press ram and the rail section were successful at very low ap-
plied vertical loads, but failed when localized yielding began to occur at
the roll/rail interface. This might be avoided by using much larger
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diameter rollers, but the cost of constructing special calibration fixtures
discouraged further development efforts in this area. The most realistic
simulation of combined loading will take place during field calibration.

In addition to system voltage output versus applied load
calibration, stress levels in both flexures were monitored using strain
gages. As stated previously, the overload stops were set to limit stress
in the flexures, not necessarily to allow linear calibration over the entire
load range.

2.4.2 Laboratory Testing of the Infrared Sensor

A series of laboratory tests were conducted on the completed

IR sub-section to verify its dynamic performance. This was done using
a heated target and a rotating chopping wheel moving between the target
and the detector assembly. Polished aluminum and rusted steel were
utilized as targets. With no change in the test setup, except for the tar-
get material, a variation in the signal output voltage of approximately

5 to 1 was observed. The tests were conducted with target temperatures
ranging from 30° F (16.6° C) to 250° F (121° C) above ambient. Signal
output when viewing the aluminum plate target resulted in a 4 mV output
while the rusted iron target resulted in a 20 mV output.

The frequency response was tested and found to be flat within
5% over the 2 to 30 Hz range, although at the lower speed some small
level noise (2 to 3 mV) was observed.

The completely assembled unit showed no short or long-term
drift as viewed at the output.

The two assembled units were compared for sensitivity, gain
and frequency response and found to be within 5% of each other throughout.

2.5 Preliminary Field Tests of the Infrared Sensor

A wayside field test of the infrared and car counter sub-
system was conducted on June 24, 1977 at Fitchburg, Massachusetts.
The test utilized the two infrared detectors of the type previously
described and a photo-electric counting system consisting of a light
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beam emitter and a photo-electric receiver. (Emitter portion shown
in Figure 17). The passage of two relatively long freight trains was
monitored at the bottom of a long downgrade. The tests were per-
formed with the permission of the Boston and Maine Railroad.

The photo-counter elements were supported on two tripods
about 6 ft. (1.88 m) high, one on either side of the railroad track. The
receiver output was connected so as to produce a tick mark on the event
channel of the chart recorder each time a car passed.

Initially, the IR detectors were also set up on tripods, how-
ever, because they had to be relatively close to the track, this made
them vulnerable to damage by potential dragging equipment.

For the second run, the IR detectors were taken off the tripods
and positioned on the ground in a bed of crushed stone. They were
focused to a point of 1 in. (2.54 cm) above the rail by utilizing a portable
heat source and were set back from this rail about 30 in. (76 cm).

The following train data were made available by the controller
in a nearby tower:

Train length, cars: 79

Loaded Cars: 43

Empty cars: 36

Train speed at site: 30 mph (48.4 kmh)
Time of day: 12:27 PM

Weather conditions: Clear and Sunny
Ambient temperature: 78°F (25°C)

Train number: NE2.

The IR sensor-amplifier-recorder system functioned properly,
indicating high temperatures as (some) wheels passed. In several cases,
high indicated wheel temperatures were correlated visually with several
smoking braked wheels. In other cases, no discernible recorder pen
excursions were noted as wheels passed by. Although not verifiable, it
was hypothesized that the brakes on these wheels were not functioning
properly.

These tests, although qualitative in nature, demonstrated that the

IR sensor portion of the prototype brake inspection system was capable
of detecting ""hot'' wheels.
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FIGURE 17

PHOTO-ELECTRIC UNIT USED FOR COUNTING CARS
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3. ' PROTOTYPE BRAKE INSPECTION SYSTEM VIRIFICATION TEIS'1S
3.1 Verification Test Objectives
Overall Brake Inspection System performance test objectives were:

1. To demonstrate that the prototype Brake Inspection System
hardware developed under Phase I would in fact indicate
car weight and braking effort on a wheel-by-wheel basis.

2. To determine the accuracy and repeatability of the
reaction rail in measuring vertical wheel forces
(weight) and horizontal wheel forces (braking effort).

3. To determine the effectiveness of the infrared sub-
system in proportioning total axle braking force be-
tween right and left wheel brakes.

4. To determine the effects of the following on indicated
weight and indicated brake force:

Consist velocity (mph).

Normal air brake application (psi reduction).

Orientation (forward or reverse).

Type of brake shoe (composition or cast iron).

Brake modifications (cutout, dragging hand brakes)

(DQ.JOO"?’

5. To identify measurements characteristic of brake
system malfunctions as postulated in Section 2.1.3,
thereby gaining a preliminary look at the diagnostic
capability of the Prototype Brake Inspection System.
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In order to achieve these objectives under actual field conditions, a
detailed test plan was prepared. This plan called for the installation of the
prototype B rake Inspection System hardware in a section of test track at
the Transportation Test Center in Pueblo, Colorado. Runs would be made
at speeds ranging from 5 mph to 60 mph under varying conditions of brake
~application. '

3.2 Test Conduct

The prototype Brake Inspection System was set up at TTC at the location
depicted in Figure 18. The reaction rail was inserted into the outside,
westernmost rail of this section of track such that the left wheels of the test
consist would cross over the sensor as the consist proceeded in a northerly
direction. Figure 19 shows the reaction rail inserted in the parent rail.
Figure 19b shows the reaction rail segment after tie-in to the parent rail with
joint bars.

_ The» test consist was made up of one locomotive and four test cars of the
following description, and in the following order:

Locomotive DOT-001

Car I: DOTX-502, Loaded Box, Cast Iron Brake Pads.

Car II: DOTX-501, Empty Box, Composition Brake Pads.

Car III: USAF-42015, Loaded Gondola, Composition Brake Pads,
Car IV: USAF-42016, Empty Gondola, Ca;st Iron Brake Pads.

Figure 20 shows the test consist schematic identifying cars, truck
designation, and wheel numbering scheme. All cars were initially connected
with the '"A!"" end toward locomotive. The only exception to this order occurred
on the last day of testing (Ruris 45 - 58) at which time the orientation of Car IV
was reversed, Under this configuration, the "B" end of Car IV was connected
to the "B' end of Car III. All other tests were made with the consist as shown

in Figure 20,
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Figure 19a

REACTION RAIL INSTALLED IN PARENT TRACK BEFORE
TIE-IN WITH JOINT BAR

FIGURE 19. REACTION RAIL INSTALLATION

53



Figure 19b

REACTION RAIL INSTALLED IN PARENT TRACK
READY FOR FIELD TESTING
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Tests were conducted December 5-8, 1977, at Pueblo, Colorado.
Table 2 is a master test schedule, showing actual test runs made, consist
velocities, consist direction, orientation, brake pressure reduction, and
comments on specific runs. Notice that Runs 1-24 and 45-58 were made
with the locomotive heading south, thus the right wheels of the consist
passed over, and were sensed by the reaction rail. Runs 25-55 were made
with the locomotive heading north, thus the reaction rail measurements
were made on the left side wheels.

Field observations of the data collected on horizontal (braking)
forces as indicated by the reaction rail identified an unexpected pheno-
menon. Instead of all braked wheels registering a retarding force on the
reaction rail, roughly one-half were indicating the opposite, or a
"driving' force on the reaction rail. This effect was hypothesized to be
due to small differences in wheel diameter which resulted in torque being
transmitted by one wheel to the opposite wheel, thereby ''driving'' the
measured wheel. To test this hypothesis, heavy grease was applied to the
opposite rail prior to Run 52. Run 52, and all subsequent tests showed
positive braking on all wheels, thereby proving the original hypothesis.
An analysis of this effect is presented in Section 3. 5.

Tables 3a - 3d illustrate the various conditions related to each
run in matrix form for each car. These representations are helpful in vis-
ualizing exactly which runs were performed under identical conditions. The
matrices of Table 3 also assist in the subsequent analysis of vertical and
horizontal braking force sensitivity to the various test conditions.

3.3 Verific_ation Test Results
3.3.1 Field Calibrations

Field calibrations were made for each of the following sub-systems
or sub-system functions:

1. Reaction Rail, Vertical Force: Static weight calibrations were
made by pulling the test consist onto the reaction rail on a wheel
basis and recording the resulting vertical and horizontal LVDT
output. These outputs were then correlated with known truck
weights for each test car. Test car weights were obtained inde-
pendently of these tests by weighing the A end, the B end, and.

the total car for each test-car on a scale. Table 4 presents the
results of this calibration.
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TEST RUN SUMMARY

TABLE 2

Direc- Orien- Wheel 1Irain DBrake
Run Date ¢tion tation Side Speed Red'n Comments
_(a) (b)  (mph) (psi)

1 12/6 S Pull R [ 0 Baseline run-no brakes
2 12/6 N Push R N 0 " "

3 12/6 S Pull R 5 0 J "

b 12/6 N Push R 5 0 " n

5 12/6 S Pull R 10 0 " "

6 12/6 N Push R 10 0 " "

7T 12/6 S Pull R 20 0 " L

8 12/6 XN Push R 20 0 " L

9 12/6 S Pull R Lo 0 J o

10 12/6 N Push R Lo 0 n "

11 12/6 S Pull R 60 0 " "

12 12/6 N Push R 60 0 " "

13 12/6 S Pull R 10 6 Baseline runs - braked
1, 12/6 N Push R 10 11 " "

1s 12/6 S Pull R 10 15 " "

16 12/6 N Push R 20 6 n "

17 12/6 S Pull R 20 11 " "

18 12/6 N Pugh R 20 15 " "

19 12/6 S Pull R Lo 6 " "

20 12/6 N Push R Lo 11 n "

21 12/6 S Pull R Lo 15 n "

22 12/6 N Push R 60 6 ) n

23 12/6 S Pull R 60 11 " "

2L 12/6 S Pull R 60 15 " "

25 12/7 N Pull L 10 11 Braked runs - See Note
26 12/7 S Push L 20 11 " (c)
27 12/7 N Pull L Lo 11 n "

274 12/7 S Push L 20 11 n "

28 12/7 N Pull L 60 11 " "

28A 12/7 S Push L 30 11 " U

29 12/7 N Pull L 10 11 Braked runs - See Note
30 12/7 S Push L 20 11 " (a)
31 12/7 N Pull L 4o 11 n "

32 12/7 N Pull L 60 1 U )
33 12/7 N Pull L 10 11 Braked runs - See Note
3. 12/71 S Push L 20 11 " (e)
35 12/7 X Pull L L0 11 " n
36 12/7 N Pull L 60 11 " "
i 12/7 N Pull L 60 0 No brakes - All Normal
b2 12/7 s Push L 10 0 " "

b3 12/7 N Pull L ko 0 " "
Ly 12/7 S Push L 20 0 " n
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TABLE 2 (Cont.)

TEST RUN SUMMARY

Direc- Orien- Wheel Irain Brake
Run Date tion tation Side Speed Red'n Comments
(a) (b) (mph) (psi)
45 12/8 S Pill  R(f) ko 0 No brakes - All Normall
L6 12/8 N Push R 20 0 " n
W7 12/8 8 Pull R 60 0 " n
b8 12/8 N Push R 10 0 " n
L9 12/8 S Pull R 30 0 Traction run #1
50 12/8 N Push R 30 0 Traction run #2
51 12/8 S Pull R 30 0 Grease rail - Sensor.
52 12/8 N Push R 10 11 Grease rail-Far side
53 12/8 S Pull R 10 15 n "
s 12/8 N Push R Lo 11 n "
cha 12/8 S Pull R Lo 11 " "
S4B 12/8 N Push R 20 13 " "
skCc 12/8 S Pull. R L0 13 " "
55 12/8 S Pull R Lo 13 ] %
56 12/8 S Pull R Lo 13 w "
57 12/8 N Push R 10 6 See Note (g)
58 12/8 S Pull R Lo 13 See Note (h)
Notes:

a. Direction denoted by S = South; N = North.

b. Wheel side, right (R) or left (L) designates wheels passing over
reaction rail. Refer to Figure 20 for convention.

¢. For Runs 25-284; Cars I and IIT with normal 11 psi reduction;
Car II with 11 psi reduction plus hand brake drag; Car IV with
brakes discomnected - no brakes.

d, Runs 29-32; Cars II and IV - 11 psi reduction; Car III - 11 pei
reduction plus dragging hand brake; Car I - no brakes,

e. Runs 33-36; Cars I and III - 11 psi reductiony Car IV - 11 psi
reduction plus hand brake dreg; Car II - no brakes.

f. For Runs 1i5-58, Car IV was reversed, so data for that car will
represent left (L) rather than right (R) side wheels.

g. Run 57 - Brakes dragged to R22 with 6 psi reduction at 20 mph,
returned at 20 mph at 6 psi reduction; slow to 10 mph through
test section. New cast iron brake shoes on Car III, all right
side wheels., ’

h. Run 58 - Brakes dragged to R47 at 11 psi reduction, ahead through
test zone at 4O mph, 13 psi reduction.

i. Letters after run numbers (27A, 28A, 54A, 54B, 54C) represent
non-scheduled tests (as per the predetermined test plan) for which
good data was taken.
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TABLE 3a

TEST VARIABLE MATRIX FOR CAR I (DOTX-502)

ﬁ;al;e- Dri:nt- Consist Velocity
(pai) 10 mqnh&’SD 20 mph 30 mph L0 mph 60 mph
RDQY R @ R G) [R (9 R @) 4D
N R CIN e,
lIrz NEXOIBIE | |
Push @%@‘@ L%g ® |r @ & ©®
; Py |[R @ R .
Push |[R €D R @9 R 62
Pull R @) R QW [R @)
1 L@ 33 LED B |L e GBS
push ||B @ 6 [L R@) &Y
° L (26) L
- | 1R O 188" ©
15 | pusn RE® 6B
# Including lower speeds

@ w

Data 1s from right side wheels paséing over reaction rails.
Data i# from left side wheels passing over reaction rail.
Run number. Refer to Figure 21,

Letters after run numbers (27A, 28A, 54A, 54B, 54C) represent
non-scheduled tests (as per the predetermined test plan) for which
good data was taken.
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TABLE 3b

TEST VARIABLE MATRIX FOR CAR II (DOTX-501)

Brake Orient1 Censist Veloeity
Red. | ation I~ - .
(psi) 10 mph * 20 mph 30 mph 4O mph 60 mph
RQO0OR ® RPO® ROL |FQ
o f— L | @@L%L
QOO R Q0 R (12

Push

idh e |'OF

L ® 1@ ® -
MIR@ R @9
‘Il e o | @
N Y I
O ©
RN

R R (1) 6k R
e iEE

15
po @ @
% Including lower speeds '
Data is from right side wheels paséing over reaction rail.

Data is from left side wheels passing over reaction rail.
Run number. Refer to Figure 21,

R

®
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TABLE 3c

TEST VARIABLE MATRIX FOR CAR III (USAF-42015)

Brake [Orient Consist Velocity |
Red. | ation -
(psi) 10 mph 20 mph 30 mph WO mph | 60 mph

R
0 A
Push RQGOW IR ® W |R 60 R (0 R Q2
L @ L @
. O T
6
Push R @ R R @
R Q7 R |
mleesl one| ees)
Push i E%% é§59 . é§;

2hL)
o | P O € i Swd|” @
; |
' Push @

o

# Including lower speeds

R = Data is from right side wheels passing over reaction rail.
1 = Data is from left side wheels passing over reaction rail.
@ = Run number. Refer to Figure 21,
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TABLE 3d

TEST VARIABLE MATRIX FOR CAR IV (USAF-42016)

lBrake Prient- Congist Velocity
Red. | ation -
(psi) 10 mph 20 mph 30 mph 0 mph 60 mph
pa1 IR @ ®lr @ R R _(Q])
i 0 ® OB OB
Push R@@RL% R © [ @
L @® L @ 6lL @

&
Pulln@ R Q9
R Q9 D)

Push L @

RO R 03
11 ~ L - L@ E L @

13- Pull L

Fush i% L (0 @ i o
:

15 Push 2 %

# Including lower speeds

R = Data is from right side wheels passing over reaction rail.
L = Data is from left side wheels passing over reaction rail.
(X = Run number. Refer to Figure 21,
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TABLE 4

STATIC WEIGHT CALIBRATION - FIELD

Truck Indiecated Indicated Actual Deviation
and Wheel Truck Truck Calibration From
Car Wheel TWeight 1 Weight 2 Weight 3  Factor Average
(mv) (mv) (1bs) (1bs/mv) (%)
I AL 2L0
3 580 1040 50,000 118,08 4 2.8
B &
2 399 1360 51,440 37,97 - 19.2
II Al 100
3 120 LLo 22,380 50.86 + 8.8
B2 140 .
1 120 520 22,560 43.38 - T2
TII A} 160
; 200 720 39,400 5h.72 b 16.9
B » 160
1 180 680 37,820 55.62 + 18.9
w4l 150
3 130 560 2k, 520 Li3.79 - 6.h
B2 150
1 160 680 2L, 780 39.97 - 14.5
Mean
Factor L6.78
Standard
Deviation 6.62

1. Millivolt output of vertical LVDT for each wheel apvroximately at
center of resction rail.

2. Sum of millivolt output for two wheels on each truck times 2 to
approximate full (left and right side) truck weight.

3. Actual truck weight as weighed on scale.
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As a result of wide variations in calibrated rail sensitivity, this method
of calibration was considered inadequate. In order to try to get the wheel
being measured directly over the center of the reaction rail segment, the
consist had to be manually moved back and forth until the chart deflections
were maximum. Chart deflection. was monitored trackside and instruct-
ions passed to the locomotive operator by radio.

Since the actual mode of reaction rail operation is dynamic, rather
than static, an alternative method of determining vertical force calibration
was employed. The average vertical LVDT output for the first twelve test
runs was taken to be indicative of wheel weight for each axle, and these
outputs were correlated to known truck weights. All vertical force data
reported herein is based on the calculated reaction rail sensitivity of 1.0
millivolts per 36.81 lbs. vertical force or .027 mv/lb (. 060 mv/kg).

This is the average dynamic calibration factor based on the first twelve
test runs mean millivolt indication for each wheel.

As a consideration of the data thus reduced will show, this cali-
bration may not be the best possible choice either. The first twelve
test runs include various combinations of consist velocities, and push
versus pull orientations. However, this calibration is used consistently
for all subsequent data reduction and analysis so comparisons between
the various axles, trucks, and cars are indeed valid. If a better correla-
tive reaction rail vertical sensitivity can be derived, then all data reported
here could be scaled by a constant multiplier.

Table 5 presents the calculated vertical sensitivities as derived
from the first twelve runs for each axle and known truck weights.

2. Reaction Rail, Horizontal Force: Static horizontal force cali-
brations were initially attempted by placing a braked wheel on the reaction
rail, and then hydraulically applying known horizontal loads to that axle.
The problem encountered with this calibration setup was that all of the
applied horizontal force was not transmitted to the reaction rail. Car/
truck/axle compliances absorbed the applied load in 2 complex manner,
resulting in a number of uncontrollable relative displacements and load
distributions.

A simpler, more direct method was finally used to calibrate the
horizontal reaction LVDT. A hydraulic load was applied to a C-clamp at-
tached directly to the reaction rail. Figure 2] presents the results of this
calibration.
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TABLE 5

DYNAMIC WEIGHT CALIBRATION - FIELD

Indicated
Indicated Truck Actual Calibration Deviation

Car Truck Wheel Weight 1 Weight 2 Weight 3 Factor From
‘ (mv) (mv) (1bs) (1bs/mv) Average
‘ AN

I & L 332.7
3 géo:g) 1373.3 50,000 - 36.h1 - 1.1
(Lbh.7) .
1 351.7) 1L80.0 51,400 34.73 - 5,7

(36.6)

158.,3
§32:2) 610.0 22,380 36.69 - 0.3
(19.7)
141.7
0.
§é5.g) 593.3 | 22,560 38,02 + 3.3

(17.3)

265.0

(17.3) :

291.7 1113.3 39,1400 35.39 - 3.9
(37.6)

250,0

(27.6)

250.0 1000.0 37,820 37.82 po2.7

(32.5)

158.3

(15.9)
168.3 653.3 2k, 520 37.53 + 2.0

(18.0)
163.6
(12.1) 65L.6 2k, 780 37.86 + 2.9
1 163.6
(15.0)

II A

Now

Pt

III A

N oW

[

IV A

N W

Average Cal. Factor 36.81

Standard Deviation 1.23

1. Mean millivolt output of vertical LVDT for first 12 test runs, Number in
parentheses is the standard deviation of mv outout for first 1? runs.

2. Sum. of wheels on truck times 2 for right and left side.

3. Actual weight measured indevendently on scale.,

65



Reaction Rail Outout (mv)

Linear Cslibration us
For Data Reduction
And Tabulation of
Avpendix C,

>

200 -1

(80’4 1b3/mo) Field Cal

No wheel load

150 =+ Field Cal, 80004 wheel load

100

50 7]

} 1 l
1 1 I R

500 1000 1500 2000

Horizontal Force (1b)

FIGURE 21

FIELD CALIBRATION‘OF HORIZONTAL FORCE
CAPABILITY OF REACTION RAIL
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Following calibration without accompanying vertical load, one wheel
of the car (axle weight = 16,000 1lbs. ) was positioned on the rail. Horizont-
al loads were applied as before with the resulting LVDT outputs shown also
in Figure 21. It should be noted that calibrations with the rail unloaded
showed no cross-talk between horizontal and vertical LVDT's., With the
rail under an 8,000 1b. (3,636 kg) vertical load, the applied horizontal
load resulted in indicated changes in vertical output. Under a maximum
applied horizontal of 3, 000 lbs. (1, 364 kg), the indicated vertical load
changed by 2,100 lbs. (4,955 kg), or 26 per cent of its indicated value.

It was later concluded that cross-sensitivity must have been induced by
peculiarities of the calibration technique, since this magnitude of vertical
deviation was not observed as a result of actual braking loads under dyna-
mic test conditions.

3. IR Sub-System: Figure 22 shows the IR sensor calibration made
in the laboratory. As can be seen in the Figure, the output curve is non-
linear with target temperature, but has been approximated by two linear
relations for each sensor. The temperature data of Appendix E is tabula-
ted using the correlations shown in the Figure, and is tabulated as wheel
temperature rise above ambient. From most test runs, the ambient temp-
erature was approximately 30°F (~1°C), and to get actual temperature,
add 30°F to each tabulated value.

Calibration checks were made in the field using an aluminum
target, heated electrically to 300°F (149°C) which was slid back and
forth on the rail past the sensor. These calibration checks correspond
to within 5% of the laboratory calibration curve, thus that curve is used.

3.3.2 Test Data

All test data was recorded directly on a six-channel strip chart
recorder. Channel 1 recorded side load indication as sensed by a strain
gage bridge applied to the reaction rail flexures. Loading towards the out-
side of the track due to tapered railcar wheels was recorded positive while
forces exerted towards the inside of the track due to cylindrical locomotive
wheels indicated negative.

Channel 2 recorded vertical LVDT output (weight) with wheel
weight recording in the positive direction. Channel 3 recorded horizontal
or braking forces as indicated by the horizontal LVDT. Braking force indi-

67



Sensor Outout (volts)

2,5

2.0

1.5

1.0

0.5

@ Far Side IR Sensor

O Near Side IR Sensor

AT - 0,21 (mv) 4 11
AT = 0,22 (mv) + 12%°
for mv ? LOO
for mv > 270

-/= = =040 volts
— T 727 volts
=z 0.5 (mv) - for mv < OO
l 2 O.FB (mvl) for my < 27
! i f 1 1 ] 1 o

100 200 300 LOO 500 600 700 800

Target Temperature (°F)

FIGURE 22

INFREARED SENSOR CALIBRATION
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cated positive when the test consist was traversing the reaction rail travel-
ing south, and negative while traversing to the north. Driving forces indi-

cate positive while traveling north, negative while traveling south.

Channels 4 and 5 recorded IR sensor output, both indicating neg-
ative pen deflections for temperature increases.

Recorder channel sensitivities varied depending on channel, and
often were changed between test runs so as to give optimum indications.
Appendix E presents all data (in reduced form) with indications of chart
speed and channel sensitivity for the quantities being measured.

Section 3. 3.3 describes data interpretation and reduction methods
used, and Section 3.5 discusses the nature of the raw data further.

3.3.3 Data Reduction

This section discusses the tabulation (3. 3.3.1) and interpretation
(3.3.3.2) of field test data. No attempt is made in this section to analyze
or otherwise discuss the results.

3.3.3.1 Tabulation of F'ield Test Data

All field test data reported herein has been converted into units of
force (lbs) or temperature (°F) above ambient with the exception of react-
ion rail side loads which are reported as millivolt output. The side load
outputs were generated by a strain gage bridge applied to the sides of the
reaction rail flexures, but the rail was not field calibrated for side loads.
The side load data in millivolts is useful in determining the direction of
side loads due to the passing wheels, and in visualizing relative magni-
tudes of the side loading due to each wheel.

The conversion to units of force or temperature was made by first
converting from chart recorder pen deflection (chart divisions) to milli-

volts as follows:

Millivolt .~ Pen (g5 ) x Channel 0 4iv)  (12)
Output Deflection Sensitivity
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The following millivolt-to-force (or temperature) calibration fac-
tors were then applied to the indicated millivolt outputs:

1. Vertical Load (Channel 2):

SV = 36,81 lbs/mv.

2. Horizontal Load (Channel 3):
Sp, = 8.40 lbs/mv.
3. Near Side Wheel Temperature (Channel 4):

)
.68 F/mv. for mv{270

S
Ty

.22 °F/mv +125°F for mv>270

I

4. Far Side Wheel Temperature (Channel 5):

S 0.5 °F/mv. for mv<400

Tf

0.21 °F/mv. + 116°F for mv»400.

The force and temperature values thus derived are tabulated for
reference as Appendix E of this report. Side load (in millivolts), vertical
load, horizontal load, near side wheel temperature and far side wheel
temperature are tabulated for all test runs (1-58) on a wheel by wheel
basis. Note that force measurements apply to one side of the test consist
only, depending on the direction in which the consist was headed. In all
cases, the ""Near Side Wheel Temperature'' is the temperature rise above
ambient of the wheel which passes over the reaction rail, and the '"Far
Side Wheel Temperature' is the temperature rise above ambient of the
opposite wheel on that same axle.
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No data (n.d.) entries in Appendix E represent points missing
from the actual strip chart or pen deflections which are unintelligible.
The strain gage bridge used for side load measurements became non-
operational after the first 24 runs, thus no data was recorded for subse-
quent tests. No data (n.d.) entries usually occur for the last car (Car
1V), and are a result of accidentally turning off or otherwise interrupting
the chart recorder before all cars had passed over the reaction rail.

The near side IR detector exhibited highly erratic outputs through-
out all tests. Since the only difference between the near and far side IR
sensors was the lack of a sapphire window, the erratic output was attribut-
ed to this fact. The instrument was apparently affected significantly by
wind and test consist induced air currents. For this reason, the strip
chart recording was difficult to interpret, and data was extracted and tab-
ulated only in a limited number of cases. The far side (Channel 5) IR
sensor performed in a much more stable manner. An "a' designation
was tabulated for all cases in which the IR sensor did not produce any
output, therefore indicating ambient, or background temperature. A
dash (-) indicates that the erratic behavior of the sensor resulted in an
unintelligible temperature indication.

Field calibration checks were made periodically throughout the
tests by bringing the test consist to a stop and measuring wheel tread
temperatures with a pyrometer. These wheel temperature measurements
are presented in parenthesis to the right of the last column of each wheel
data set of Appendix E.

3.3.3.2 Interpretation of Field Test Data

_ Figure23 shows typical chart recordings for vertical and horizont-
al forces recorded at a chart speed of 25 mm per second. The height of
the vertical force peak was read at its maximum point. For cases where
60 cycle noise was present, the ''zero' trace was taken to be the visual
average of the noise and the peak value was also appropriately reduced by
one-half of the average noise level. For cases where the vertical force
peak did not return exactly to previous gzero, the center of the imaginary
line connecting the "'before' and "after'' zero level was taken to be the
actual zero.

A scale calibrated in chart divisions was prepared on vellum and
used as an overlay for each vertical peak. The overlay zero was visually
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Interpretation Procedure:

1.

Determine vertical force zero by drawing imaginary line between
the center of the "before"” and "after" zero trace. The actual
zero is taken to be at the intersection of this line with the
vertical peak center-line, which is the point at which the wheel
is exactly centered on the reaction rail.

Determine the vertical force peak value by subtracting one-half
of the 60 cycle noise superimposed on the zero trace (here it is
a total of two chart divisions) from the indicated maximum value.

Extend the wheel/rail center-line from the well defined vertical
force peak to the lesser defined horizontal trace. Determine
horizontal force zero as in Step 1.

Determine horizontal force value at the point where center-line
intersects the actual trace.

Note: The event trace between charts indicates a pulse every second.

Chart speed can be deduced from this information.

FIGURE 23

ILLUSTRATION OF VERTICAL AND HORIZONTAL FORCE
INTERPRETATION FROM RAW DATA
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situated at the average chart zero and vertical force peak height read directly
from the overlay. Appropriate visual compensation was made for noise super-
imposed on the trace at both its zero and peak. This overlay method allowed
rapid determinationand tabulation of indicated vertical forces for all wheels
of all cars.

Vertical force indications were rounded to the nearest whole chart
division (20 millivolts) and recorded directly as force by reference to a
previously prepared chart division to force conversion table. The calibration
constant used was 736.2 lbs/div., derived from the vertical transducer
sensitivity of 36. 81 lbs/mv. and the chart recorder sensitivity of 20 mv. /div.

Considering the rounding process and the fact that visual interpolation
of the indicated zéro and peak height was necessary, the resulting reduced
data is estimated to be accurate to + 1 chart division, or + 736 lbs. This
interpretation error can be considered to be constant over the range of
measured wheel weights, and independent of vertical force peak height.

Interpretation of the horizontal force values was made in a similar
manner, but was more difficult because the point at which the car wheel
passes directly over the rail section center is not well defined. In the previous
case of vertical force, theindicated force is a maximum precisely at the
point where the wheel passes over the rail center. For horizontal forces,
there is a vertical-load-induced readout which is a maximum when the wheel
just hits and leaves the reaction rail. The correct horizontal force readout
occurs when the wheel is centered on the reaction rail, but at that point, the
transducer output is changing rapidly.

o In order to tabulate horizontal force data, the corresponding vertical
force peak was used to identify the exact point at which the wheel passed
reaction rail center. The horizontal force trace was then intersected at this
point and the horizontal reaction taken to be the recorder pen deflection from
zero to the intersection. Again, exact zero trace position was not always
evident, so visual interpolation was required. Horizontal force pen deflection
was rounded off to the nearest whole number of chart divisions and tabulated
directly as force using a previously prepared chart division to force conver-
sion table. Braking forces are tabulated as positive, and driving or tractive
forces are tabulated as negative.

Because of the difficulty in precisely determining the horizontal force
value at the reaction rail center, rounding of pen deflections to the nearest
full division, and visual zero trace interpolation, the horizontal forces re-
ported herein may be in error by as much as + 2 chart divisions. As was the
case with vertical force interpretation error, this error can be considered
to be constant over the entire range of indicated horizontal forces, thus will
be greatest (percentage-wise) at the lower force values.
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Vertical force, horizontal force, near side wheel temperature and
far side temperature were compiled separately for all wheels of the test
consist on a run-by-run basis. The data were then tabulated on a wheel- -by-
wheel basis and presented in Appendix E.

3.3.4  Static Measurements Performed on Test Consist

Following prototype verification tests at Pueblo, TTC performed
the following static measurements on the test consists:

1. Test car dimensions
2. Test car weights
3. Brake pad forces as a function of pressure reduction.

These measurements are presented in Appendix D. The test car
weights were used to establish the dynamic vertical load calibration factor
used in analyzing weight results (See Section 3. 3.1).

3.4 Test Data Analysis Plan

The data obtained during field tests at TTC was analyzed to reach
conclusions as to each of the five verification test objectives stated in Sec-
tion 3.1. Sections 3.4.1 through 3.4.5 describe the analysis required to
achieve each of the five objectives. Specific results of the analysis and
discussion of the results are presented in Section 3.5.

Time and resource limitations precluded detailed analysis of
each wheel to the degree possible with the existing data. As the data
reduction and analysis proceeded, it became obvious that many factors
influenced measured quantities and that sensitivity and second order
effect analyses could be performed ad infinitum. So as not to discourage
further investigations based on the results reported herein, all data for
all test runs is presented in Appendix E. The data as tabulated in that
Appendix is subject to the potential interpretation errors as described
previously in Section 3.3.3.2.

There are some areas in which the desired analysis can not be
carried out, at least quantitatively, as a result of inadequate data. Thus
one important outcome of the current work is a clearer understanding of
the type, quantity, and quality of data to be acquired in future testing and
system evaluation.
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3.4.1 Test Objective 1 - Data Analysis
Test Objective 1 was: °

To demonstrate that the Brake Inspection System
hardware developed under Phase I of the program
would in fact indicate car weight and braking
effort on a wheel-by-wheel basis.

The purpose of this particular analysis is to evaluate the Brake
Inspection System concept as a whole. The feasibility of the system as de-
signed will be investigated without concern for the quantitative details of its
performance (analyzed in depth in subsequent sections).

The procedure to be used for analyzing Objective 1 will be one of
identifying overall system problems which were encountered, and describ-
ing alternate solutions to each. Analysis and results are discussed in
Section 3. 5.

3.4.2 Test Objective 2 - Data Analysis
Test Objective 2 was:

To determine the accuracy and repeatability of the
reaction rail sub-system in indicating vertical wheel
force (weight) and horizontal wheel forces (braking
effort).

Reaction rail accuracy is defined as the difference between in-
dicated force values and actual force values expressed as a percentage of
full scale sensor capacity. For weight measurements, the indicated weight
is taken to be the mean value of all test data recorded for a particular
wheel. The actual weight is taken to be one quarter of the actual truck
weight as measured on a static scale.

The reaction rail evaluated during these tests has no provision
for absolute calibration, thus it must be calibrated in place using known
quantifies as secondary standards. Since vertical force measurements are
intended to be used as axle weight indication, it makes sense to calibrate
the vertical force sensor using axles of known (static) weight. The output
of the system under dynamic conditions can thus be related to the static
weight as measured on an accurate scale. Vertical force or weight "accur-
acy'' will then be a measure of how closely the reaction rail, once calibrated,



indicates the correct static weight of many different wheels (under similar
test conditions). Vertical force (weight) ""repeatability' will be a measure
of how closely the indicated weight is repeated on the same wheel on subse-
quent passes, under similar conditions. Although data exists to make
such a determination, detailed data on all factors which

might have an effect on indicated weight (wind speed and direction, individual
truck dynamic characteristics, etc.) does not exist,

The analysis methodology used to determine vertical force measure-
ment accuracy and repeatability is. as follows:

1. Using a derived calibration factor (36. 81 lbs/mv as calculated
in Section 3.3.1), wheel weights were determined based on vertical LVDT
millivolt outputs. Appendix E presents the vertical force measurements
calculated using this factor.

2. The indicated weights of each wheel were averaged over the
first twelve (non-braked) test runs.

3. Absolute dynamic weighing accuracy was calculated as the
percentage variation of the mean indicated weight from the actual (static)
weight as measured on a scale.

4. Accuracy as a percentage of full scale was calculated as the
difference between indicated and actual truck weights as a percentage of
reaction rail full-scale rated vertical force capacity (40, 000 1bs. ).

5. Repeatability was determined as the standard deviation from
the mean of indicated wheel weights for the various runs made.

Analysis of the horizontal force data was complicated by an unan-
ticipated phenomenon which resulted in indicated driving forces on the rail
even though braking was applied. An analysis of this effect is presented
in Section 3.5,

Since roughly 50 percent of the horizontal force data appeared as
driving rather than braking forces, the mean and standard deviation from the
mean of horizontal forces exerted by a given wheel from run to run would
have no significant physical meaning. Little quantitative analysis of
horizontal force data is possible for Runs 1-51, but for Runs 52-58, the rail
opposite the reaction rail was greased, which had the effect of eliminating
the indicated driving force. For these runs it is possible.to calculate
horizontal braking reaction as a function of brake pressure reduction, and
to look at the deviation of indicated forces for the same brake pressure reduction.
These results are presented and discussed in Section 3. 5. 2.
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3.4.3 Test Objective 3 - Data Analysis
Test Objective 3 was:

To determine the effectiveness of the infrared subsystem
in proportioning total axle braking force between right
and left wheel brakes.

Since wheel temperature depends not only on how ""hard' the
brakes are applied, but also on how long they have been applied, ambient
temperature, wind speed, and absolute wheel temperature alone are not
reliable indicatom of instantaneous brake performance. Recognizing this
fact, the Brake Inspection System was designed with the thought that relative,
rather than absolute, wheel temperatures could be used to differentiate
between the right and left side brake effectiveness. The single reaction
rail would measure the absolute braking effort at the wheel/rail interface,
while the relative (right to left) wheel temperatures would be used to deduce
the absolute braking effort of the other wheel. Since both wheels are
assumed to have undergone identical braking and environmental histories, -
their relative temperatures should be an accurate indicator of instantaneous
brake performance.

Existing field test data is not sufficient to directly evaluate this
right-to-left wheel brake effort proportioning concept since there was only
one reaction rail used. Furthermore, safety considerations precluded the
"rigging'' of the brake system such that the right side was braked while the
left was not. One indirect comparison which can be made includes right
versus left wheel temperatures for axles which show significantly different
braking reactions from right to left as measured on runs when the consist
is traveling in different directions. The runs to be compared will necessarily
have been made on different days, thus a source of experimental uncertainty
exists.

3.4.4 Test Objective 4 - Data Analysis
Test Objective 4 was:

To demonstrate the effects on indicated weight and braking

force of:
a. Consist velocity
b. Normal air brake application
c. Consist orientation
d. Type of brake shoe
e. Brake modifications (cut out, dragging hand brake,

etc.)
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Investigation of the various effects of the many test variables
on indicated weight and brake effort is an area in which much time can be
spent searching for significant correlations. The analysis performed herein
to determine measurement system sensitivity to test variables are only
those which are really apparent. The railcar/track/environment interac-
tion is an extremely complex one, and a complete analysis of this interac-
tion based on test data obtained is beyond the scope of the present work."

The basic analysis plan was to calculate the mean and standard
deviation of various combinations of test data obtained under different test
conditions. It is here that a test variable matrix such as that presented in
Table 3 is helpful in isolating similar combinations of test runs for com-
parison.

Variations inthe mean value of a measurement (weight, braking,
temperature) as a function of a single test variable (speed, brake reduction,
orientation) define the effect of that variable on that measurement. The
standard deviation of results within a single set of test conditions indicates
how well all other variables are '"held constant'.

Analyses performed and discussed in more detail in Section 3.5

include:
1. Average wheel weight, all runs
2., Average wheel weight, push versus pull
3. Average wheel weight, left versus right
4, Average wheel weight, braked versus non-braked
5. Average wheel weight versus speed
6. Average horizontal force versus applied braking
7. Average horizontal force versus speed
8. Average horizontal force, push versus pull
9. Wheel temperatures versus applied braking
10. Wheel temperatures versus brake shoe types~
3.4.5 Test Objective 5 - Data Analysis

Test Objective 5 was:

To identify measurements characteristic of brake system
malfunction as postulated in Section 2.1. 3, thereby gain-
ing a preliminary look at the diagnostic capability of the
Brake Inspection System.
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The tests performed did not contain a great number of simulated
brake system malfunctions. The single most important malfunction, total
brake failure, was simulated by cutting out brake pressure to a car
such that no braking could be applied to the wheels of that car.

Analysis of data toward the objective of diagnosing brake system
malfunctions can be expressed only in terms of the system's capability to
measure applied braking effort. Qualitative estimates of the effect of
various malfunctions can be estimated, but actual simulations would be
required to determine system outputs due to specific malfunctions.

3.5 Discussion of Field Test Data, Data Analysis and Results
3.5.1 Vertical Force Measurements

Vertical force measurements recorded during field tests were
very consistent and easily interpreted. Figure 24a shows the vertical force
trace for the entire consist pulled over the rail at 20 mph. The trace is
compressed by using a relatively slow chart speed of 5 mm per second.
Since the consist is pulled, the vertical force peaks for the locomotive are
sensed by the rail first, thus the direction of motion is evident from the

chart.

Inspection of Figure24a reveals that there is an indicated vertical
force just prior to and just after a wheel passes over the reaction rail. This
phenomenon can be explained by recalling that the base of the reaction rail
is integrated very firmly with the existing rail. Furthermore, there is no
special base preparation for the reaction rail (such as a concrete pad) so it
is free to conform to any shape imposed upon it by the existing rail. Figure
23a depicts the case where a wheel load occurs both ahead of and just past the
reaction raijl, but no wheel is on the rail itself. Notice also that the same
general situation will occur with a wheel on only one side of the reaction rail,
as is the case when the rail is approached by the locomotive or left by the last

car.

The span of track between adjacent wheels will tend to flex up as
shown in the diagram. Since the base of the reaction rail is integrally tied
into the main rail system, the base of the reaction rail will tend to flex up -
ward to conform with the curvature of the main rail. As the reaction rail
base flexes upward, the vertical force LVDT senses a relative deflection
which is identical in direction to that sensed when a wheel is actually on
the center of the reaction rail. Since the flexural stiffness of the instru-
mented rail base is greater than that of the instrumented rail sections the
indicated vertical force.s much less.
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Notice also that the vertical force output indicates negative weight
just as the wheel contacts the reaction rail, and again just as the wheel leaves.
Figure 24c shows (highly exaggerated) the case of a wheel just contacting the
rail, before it has moved into the central span which is supported by the two
flexure members. Here the bending moment applied to the reaction rail is

opposite that applied when the wheel is centered. The resultant deflection
as measured by the vertical LVDT is such that a negative force is indicated.

Several measures can be taken to eliminate the two spurjous sig-
nals discussed above. The first method is to automate data acquisition in
such a manner that both the "approaching wheel' and the ''negative weight"
phenomena are electronically suppressed. This is essentially what has been
done in the manual data analysis and interpretation described in this report.
An automated system would take the peak value for vertical force to be the
average between upward and downward excursions. The initial and final
""negative weight' peaks would be ignored.

Methods for physically eliminating the above phenomena would be
expensive, and might possibly create more problems than they would solve.
The effects of approaching and leaving wheels might be eliminated by build-
ing the reaction rail into a rigid (concrete) pad extending 15 feet before and
after the rail. (Reference to Figure 24a shows that the locomotive influence
shows up approximately 10 chart divisions prior to the first wheel actually
contacting the instrumented rail. Since the chart speed is 5 mm per second
and the consist velocity is 5 miles per hour, the calculated "influence"
distance is 14.6 feet.) In addition to the expense of such anundertaking,
reaction rail reliability might suffer because of the more intense load
environment it would be subject to without a compliant base. The negative
force peaks experienced as the wheel just contacts and just leaves the
reaction rail could be eliminated by instrumented redesign, with no rail
head overhang beyond the flexure members.

Because of the consistency of vertical force (weight) measure-
ments and known car weights, "accuracy'' of the vertical force measuring
capability of the reaction rail can be determined. Table 6 compares the
average indicated truck weights (average of the first twelve runs) with
actual measured truck weights and shows accuracy both as a percentage of
actual measurement, and as a percentage of reaction rail full scale (40, 000
1bs/wheel). Absolute accuracy is seen to be within 6 percent for all trucks,
-and full-scale accuracy to be better than 2 percent. Table 7 compares actual
weights (as weighed on scale) on each car to the indicated car weights which
were calculated by adding the wheel weight for all four wheels and multiplying
by two to account for the other (right or left) side. As might be expected,
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TABLE 6

VERTICAL FORCE MEASUREMENT ACCURACY

Average Actual Absolute Fpll-Scale
Car Truck Indicated Weight Accuracy Accuracy (?)
Weight (1)
(1bs) (1bs) (%) (%)
I A 50,553 50,000 1.1 0.35
R Shi, 78 51,100 6.0 1,92
I A 22,h5h 22,380 0.3 .05
B 21,840 272,560 3.2 L5
ITT A 10,982 39,400 4.0 .99
8 36,810 37,820 2.7 .63
Iv A 2L, 0LR 24,520 1.9 .29
B 2L, 09k 2k, 780 2.8 A3

1. Sum of wheel weights indicated for truck times two to account for
right and left sides. Calibration factor used was 36.81 1bs/mv,
Indicated weight for each wheel is the average value for the first
twelve test runs.

?. ™1l scale accuracy based on 3 rated vertical force cavacity of
110,000 1bs/wheel.
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TABLE 7

VERTICAL FORCE MEASUREMENT ACCURACY - ENTIRE CAR

Average Actual Absolute Full-Scale
Car Indicated Weight Accuracy Accuracy
Weight > 3
(1bs) 1 (1bs) (%) (%)
I 105,011 101,420 3.5 1.12
II Ul 29l 45,020 1.6 .23
I1I 77,792 77,1L0 0.8 .20
v 48,142 118,068 0.2 .02

1. Sum of all four individual indicated wheel weights times two to
account for right and left sides. Calibration factor used was 36.81 1b/mv.
Indicated weight for each wheel is the average weight for the first
twelve runs,

2. Actual weight obtained from independent scale measurements. Entire
car weights are separate measurements from the individual truck
weights shown in Figure 30, thus the sum of actual truck weights
mav not exactlv eaual actual car weights due to scale inaccuracies,

3. Full scale accuracv based on a rated vertical force capacitv of
10,000 1bs/wheel.
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the accuracy of total car weight measurement is better than individual

truck weighing accuracy. This is so, because the total car weight (as
measured dynamically) averages out any weight transfer from truck to truck
which might be occurring as a result of car motion. Since data was not taken
as to dynamic motions of the cars during test runs, the effects of dynamic
truck-to~truck weight transfer cannot be quantified.

Repeatability of vertical force measurements is meaningful only
when applied to data obtained under similar test conditions. For this
reason, discussion of repeatability is deferred until after presentation of
the various sensitivity analyses. Where mean values for vertical forces are
presented, the standard deviations are listed in parentheses directly after
or below those values. These standard deviations are themselves indicative
of vertical force repeatability for the various test run conditions for which
they are calculated.

Thus far vertical forces have been discussed in terms of the
weight averaged over the first twelve runs. These test runs were all non-
braked runs made at various consist speeds and alternated between forward
(pull) and reverse (push) directions. Table 8 compares the mean wheel
weight as calculated for the first twelve runs to the mean wheel weights
calculated for all runs. Table 8 can be viewed as a braked versus non-
braked comparison. There is no apparent pattern to the deviation of average
wheel weight for all runs from that of the first twelve (non-braked) runs.

If it is assumed that consist dynamics are going to have a signifi-
cant effect on wheel weights, then it might be hypothesized that indicated
weights will vary with braking, with speed, and with whether or not the
consist was pushed or pulled by the locomotive. Table 9 compares the
"push'' runs to the '"pull" runs for wheel weight averages of all runs. Note
that for 14 out of 16 wheels, the indicated weight is greater by up to 15
percent for the pushed cars. For the two wheels which show pulled weight
to be greater than pushed weight, the difference is less than 1 percent.

A check on the influence of the direction (north or south) in which the consist
was being pulled or pushed was made on Wheel 3 of Car IIl. For the case

in which the cars were pushed to the north (18 runs), the "'pushed'' wheel
weight exceeded the ''pulled' wheel weight by 14. 7 percent. For the case in
which the cars were pushed to the south (7 runs), the "pushed' wheel weight
exceeded the ''pulled" weight by 10.1 percent. It would appear that the
observed phenomenon is in face due to pushing versus pulling, and that
forces are transmitted through the couplings during ''pushing'’ in such a
manner as to increase the apparent weight of the cars,
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TABLE 8

COMPARISON OF MEAN WHEEL WEIGHTS FOR FIRST TWELVE
RUNS TO MEAN WHEEL WEIGHTS FOR ALL RUNS

Note: Standard deviations are shown in parentheses below each indicated
wheel weight.

Car Truck Wheel Mean Weight Mean Weight Deviation of
Mrst 12 A1l Runs First 12 from

(1bs) (1bs) A1l Runs

I A k 12,393 11,888 .+ kb2 g
( 690) (1884)

3 - 12,883 12,087 + 6.6 4
(16h46) (2057)

B 2 1,294 14,212 + 0.6 %
_ (1552) (1653)

1 12,945 12,815 - + .1.0 %
(13k49) (1103)

I A L 5,828 5,715 + 2.0 %
(119L4) ( 921)

3 5,399 5) 590 - 3-5 %
( 725) ( 672)
( 379) ( 632)

1 5,706 5,802 - 1.7 4
( 637) ( 821)

III A L 9,755 9,770 - 0.2 %
( 637) (1158)

3 10,736 10, 5kl + 1.8 ¢
(1385) (1519)

B 2 9,202 9,692 - 5.1 %
(1017) (1266)

1 19,202 9,062 + 1.5 %
(1195) (1288)

IV A L 5,828 6,199 - 6.0 %
( 58k4) ( 606)

3 6,196 6,174 + 0.i %
( 663) ( 66L)

B 2 6,02k 6,192 - 2.7 %
( Lhk) ( 726)

1 6,024 6,192 - 2.7 %
( 553) ( 592)
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TABLE 9

COMPARISON OF MEAN WHEEL WEIGHTS FOR ALL
PULLED RUNS TO MEAN WHEEL WEIGHTS
FOR ALL PUSHED RUNS

Note: Standard deviations are shown in narentheses below each indicated
average wheel weight.,

Car Truck Wheel Mean Weisht Mean Weight Relation of
A1l Pulled A1l Pushed Pushed Weight
Runs (1bs) Runs (1lbs) to Pulled Wt.
I A h 11,628 12,679 ¢ 9.0%
( 955) (1L06)
3 11,584 13,193 + 13.8 ¢
(1336) (1173)
B ? 13,598 15,08 + 10.7 %
(1787) ( 976)
1 12,299 13,517 + 9.9 %
( 8u1) (1039)
IT A L 5,L0l 5,948 $+ 10.1 ¢
(1252) ( 9o2h)
3 5,L35 5,801 + 6.7%
( 628) ( 683)
B 7 5,521 5,536 + 0.3%
( 68lL) ( 567)
1 5,738 5,890 + 2.6 %
( 902) ( 705)
III A N 9,775 9,7L7 - 0.3%
(1199) (1120)
3 9,939 11,367 + 1h.h %
(1L07) (1277
B ? 9,700 9,688 - 0.1%
(1325) ( 9L3)
1 8,568 9,877 + 15.3 %
(123L) ( 893)
Iv A h 6,068 6,380 + 5.1 ¢%
( 611) ( 561)
3 5,912 6,53L + 10.5 %
( 62L) ( 5L5)
B 2 6,063 6,392 + 5. %
( 770) ( 527) .
1 5,998 6,192 + 8.0 %
( 605) ( L33)
3l test runs were "oulled" 25 test runs were "opushed"
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Table 10 presents indicated weights of Truck B of Car I as a
function of consist velocity. Only non-braked runs are considered, and
they are broken down into subsets of '"pushed' weight versus ''pulled"
weight and test consist velocity. There is no apparent correlation of in-
dicated weight to speed from these results.

Table 11 presents indicated weights as a function of brake pres-
sure reduction for both ends A and B of Car I at one consist velocity, 10
mph. Again, there is no apparent relationship, but for the cases considered,
the indicated weight seems to drop slightly under light braking (6 psi reduc-
tion) and rise again under moderate to heavy braking (11-15 psi reduction).

While the areas of indicated weight sensitivity to consist speed,
orientation, and applied braking are necessary to understand the measure-
ment dynamics of the instrumented rail, it was decided that the data ob-
tained during these field tests was not sufficient to fully analyze any such
dependency. In many cases there is only one test run for the conditions
under investigation. The relation between consist dynamics and indicated
reaction rail forces is clearly a complex one, and any data collected to
validate this relationship should be preceded by a detailed dynamic analy-
sis and modelling effort. Only in this manner will all relevant variables be
identified and data collected.

3. 5.2 Horizontal Force Measurements

Expected horizontal forces as a result of rolling resistance and
applied braking were analyzed in Section 2.1.1. The analysis indicated that
both rolling resistance, Mg, and braking retardation, FR’ would show up
as positive horizontal force indications by the reaction rail. Recorded field
test data showed a completely unexpected result in that a great number of
the indicated horizontal force peaks were negative, indicating not a braking
force, but a "driving' force. Figure 23 shows this effect where horizontal
force peaks below the zero line indicate braking and force peaks above the
zero line indicate tractive, or driving reactions. One of the peaks appears
right on the zeTo lihe and Wwould have to be considered a net zero horizontal
force.

Reference to the horizontal reaction data of Appendix C shows that
55 percent of the indicated wheel horizontal reactions for the first twelve
(non-braked) test runs were "braking'' reactions, 41 percent were "driving"
reactions, and 4 percent were net zero reactions. For the second twelve
(braked) test runs, the braked reactions increased to 60 percent with 40
percent driving reactions and 10 percent net zero reactions. The phenomenon
of apparent driving reaction even though brakes were applied was clearly
a significant occurrence.
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TABLE 10

INDICATED WEIGHT SENSITIVITY TO SPEED

Car I (DOTX-502)
Truck B; Wheels 1,?; Right Side
No avolied braking

CAS% I: PULLED RUNS

Indicated Indicated Truck Consist
Run Yo, Weight 2 Weight 1 Weight Speed
| 1 13,988 11,779 25,767 10 mph
3 13,988 12,410 26,398 or
7 15,460 11,779 27,239 20 mph
19 13,988 12,51¢% 26,503
9 11,0L3 10,307 21,350
ve. % T 3 o
11 13,252 13,988 27,2L0
CASE IT : PUSHED RUNS
2 1, 72k 13,988 28,717
Tk 1, 72L 13,757 27,976 10 mph
) 15,460 1, 72k 30,1°L or
8 15,160 11,779 27,239 -
£0 13,588 13,988 27,976 30 mph
10 15,550 13,752 28,712 LO moh
12 1k, 721 11,779 26,503 60 moh
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Car I (DOTX~502)

Truck B; Wheels 1,2 ; Right Side

TABLE 11

Consist Velocity 10 mph

INDICATED WEIGHT SENSITIVITY TO BRAKING

Run No, Indicated Indicated Truck Brake
Weight 2 Weight 1 Weipght Reduction
CASE I : PULLED RUNS
5 13,988 113,252 27,200 0 vpsig
13 1k, 72k 11,569 26,293 6 psig
15 1L, 724 12,515 27,239
CASE II : PUSHED RUNS
hg %E’ggg ig;;gg gg’%ﬁg 0 psig
Ave. Tgfﬁ§§ 11, 356 55%558
57 1k, 72L 13,988 28,712 6 vpsig
1L 16,196 13,988 30,180
Truck A; Wheels 3,4 ; Right Side ; Consist Velocity 10 mph
CASE I : PULLED RUNS
5 13,252 13,252 26,504 0 vpsig
13 11,043 11,779 22,822 € psig
15 11,779 13,968 25,767
CASE II : PUSHED RUNS
hg ig,gég ig,ggé gg’;gg 0 opsig
Ave, -T§f885 I§f885 53?757 B
57 13,252 12,515 25,767 6 vsig
1k 12,515 12,515 25,030
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It was postulated from preliminary recorded data that this effect was
due to torque build-up in the axle in such a manner as to re-distribute the
braking reaction between the two wheels on that axle. In many cases, the
torque build-up would be such that a negative, or driving, reaction would
occur at one wheel. Since there was only one reaction rail, it would see
both braking and driving force indications as the wheels passed. To test
this hypothesis, heavy grease was applied to the rail opposite the reaction
rail for Test Runs 52-58. The hypothesis was confirmed when all subse-
quent horizontal force reactions indicated braking rather than driving. The
torque build-up in the axle could not take place because wheels opposite the
reaction rail would slip. Therefore the entire axle braking effort showed
up as braking on the reaction raijl.

Torque build-up in the axle can be explained in terms of right-
to-left differences in effective wheel tread diameters. The "effective
wheel tread diameter is the diameter at which the adhesive force, FA,
between the rail and the wheel acts. Since railcar wheels are tapered, this
effective diameter may vary as the truck moves laterally, or as the wheel
flange comes into contact with the inner side of the rail. Figure 24 depicts
the case where two wheels on the same axle are of different (highly exag-
gerated) effective radii. The radius of wheel 1 is greater than the radius of
wheel 2.

Assume that both wheels roll without slipping as they are pulled
at constant velocity, V, in the direction shown in the diagram. Under these
conditions, wheel 1 will tend to rotate with an angular velocity W= V/Rl;
and wheel 2 will teénd to rotate at angular velocity w, = V/R.,. As Equation
13 shows, this difference in angular velocity from wheel to wheel causes wheel 2 to
rotate through a greater angle A8, in a given period of time than does wheel 1.

Wi a0y o oase o VIRp R 13)
W,  ag,/ ¢ 4Ad, V/R, R,

If the consist velocity, V, is written asAx/At, then the net differ-
ence in angle traversed by wheels 1 and 2, {80, - 0.), can be expressed as a
function of wheel radii and linear distance travelleclf down the track by the

wheel.
1 1\ 2ax (1 - 1 A2 -o01
W, -W _vlas - ) w e a m) -
2" ™M = (R R; /= At R R = Lt (14)

1 - 1
AD -L0 = Ax (R Rl) =A¢ ~(15)
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FREE-BODY DIAGRAM OF AXLE
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The difference in angli"l’a'r traverse between wheels is defined as
and is the angle which must be taken up by twist in the axle. The torque
build-up due to this imposed angular twist can be written as:

GJ GJ 1 -1
T= L, 8= L (RZ Ry ) (16)
where: T = Torque in axle, (in-1bs)

L, = Axle length (in)
G = Shear modulus for axle material (Ibs/in®)
J = Polar moment of inertia for axle cross-section (in4)

4
( Zl;éa for Solid aXle, Where Da = a,Xle diameter)~

The analysis of Section 2.1.1 must then be modified to account for
this additional torque imposed by one wheel of an axle upon the other. 1In
order to do this, both wheels must be considered simultaneously., Figure 26
is a free body diagram of both wheels of a single axle. All forces not con-
tributing to moments about the axle are omitted, since they do not figure in
the braking reaction force.

A summation of moments about the center of each wheel in the
same manner as Equation 1, and subsequent re-arrangement of terms yields
the following expressions for the adhesive force, Fa’ at the wheel/rail

inférface. The hori;éntal reaction force, Fh, mevasurebc-i bythereactwn rail
will then be the negative of FA’ i.e, Fh = - FA.

M = My + RF,  -RyFp -T = 0 (17a)
wheel
1
= F. o+ Yo - T
Far " 'ry "R R T Fm (17b)
EM = MO +R2FR2 - RZFAZ + T =0 (18a)
wheel
2
‘ M, T
= F +TT 5 = -F
Fa2 R2 "R, R, hy (18b)
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Equations 17 and 18 show the following:

1. The smaller effective diameter wheel (wheel 2)
will transmit a torque, T, through the axle to
wheel 1,‘ causing the adhesive force, FAl’ to de-
crease by the amount T/R,. When this moment, T,
becomes great enough, Fpj will actually become
negative, thereby appearing as a driving, rather
than braking force at the wheel/rail interface.

2. The sum of horizontal reaction forces, Fh, of both
wheel 1 and wheel 2 results in a cancellation of T,
thus is an accurate indicator of the total brake
retarding force acting on that axle.

3. Since the magnitude of T depends on distance trav-
elled, and because it will drop to zero if F  or
F, reaches the maximum available adhesion on that
rail (FAmax =WX fa)’ there is no way of telling from
reaction rail data only, what fraction of T is showing up
on wheel 1 and what fraction is showing up on wheel 2.

4. If two reaction rails were used simultaneously, the
total measured brake reaction would be correct, but
independent means of determining wheel 1 braking and
wheel 2 braking would be necessary. This, of course,
is the reason for employing the IR sensor sub-system.

For the car weights used in these tests, typical maximum values
for braking or driving forces can be calculated. Car I was the heaviest
car, weighing 101,420 1bs (46,100 kg) or roughly 12,500 1bs (5682 kg) per
wheel. Using a typical adhesion of 20 percent (good rail at 10 mph), the
maxjmum expected braking (or driving) force would be 2500 1bs (1136 kg).
Depending upon the distance from the reaction rail to the point where the
axle to be measured last relaxed itself (by slipping), the measured value of
horizontal force will fall somewhere between + 2500 1bs (1136 kg). The
values recorded for horizontal force during these tests cannot be related
to actual braking effort because this distance is not known.
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Test Runs 52-58 were made with heavy grease placed on the rail
opposite the reaction rail. For those runs, it can be assumed that the
torque build up in the axle is minimal since the opposite wheel will slip at
very low values of applied moment tending to resist rolling. Tablel2 shows
indicated horizontal (braking) forces for Runs 52-58 brokendown by applied
brake system pressure reduction. There appears to be a general increase
of brake force with pressure reduction. Because of the effects of other
variables such as speed and orientation, these results cannot be considered
conclusive. Further tests should be made to eliminate uncertainty due to
"averaging'' in the effects of these variables.

Two general strategies for horizontal brake force measurement
using the reaction rail concept appear possible:

1. Use two reaction rails to measure total axle braking force
and use another means (IR) of distinguishing brake capability
from right side to left side.

2. Use a single reaction rail with a low adhesion opposing rail-
segment to relax built-up axle torque by slipping the opposite
wheel. This strategy might also be implemented by increasing
the adhesion of the reaction rail (e.g., by roughening up the sur-
face), if a permanent method of obtaining that adhesion could
be found.

3.5.3 Infrared Measurements

Attempts to correlate the infrared field test data with specific
brake performance were not completely successful. The indicated wheel
temperatures ranged from ambient (30° F') to approximately 450° F. While
there was no close correlation between indicated IR output and applied
brake pressure reduction, there were several qualitative observations
which indicated that the IR technique used was viable for brake inspection:

1. The sensors indicated no temperature
rise above ambient for non-braked
wheels. {First twelve test runs)

2. In general, small reductions in brake
pipe pressure resulted in a low wheel
temperature rise while higher pressure
reductions produced greater heating.
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. TABLE 12

HORIZONTAL BRAKING FORCE AS A FUNCTION OF BRAKE
PRESSURE REDUCTION FOR RUNS 52-58

Runs at each reduction level: 6 vpsig : 57
' 11 psig ¢ 52, 8L, ShA
13 osig ¢ S4B, &kC , 55, 56 , 58
- 15 psig : 53
Car Wheel Indicated Indicated Indicated Indicated

Brgking @ Braking @ Braking @ Braking @
6 psi (Ibs) 11 psi (1bs) 13 psi (1b) 15 psi (1b)

I N 252 616 537 50l
3 168 336 50k 504
2 85 LL8 520 1008
1 o 952 50l 50k
11 ) O L5l 633 1176
3 8= 784 605 13LhL
2 8¢ 563 50h 1008
1 8t 952 739 1176
I1I h 267 8LO 807 1680
3 257 896 723 1176
2 252 896 81,0 134k
1 252 1120 740 1176
IV h - 85 168 2R6 8l:0
3 252 616 168 672
2 - 8% 12k 105 336
1 259 336 189 S0l
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3. Increasing the distance traveled, with
any given brake pipe pressure reduction,
caused an increase in wheel temperature.

4. Heavier cars (I and III) showed generally
higher wheel temperatures than the lighter
cars (Il and IV) for a given test run speed
and brake reduction. One would expect
more energy dissipation (thus higher temp-
eratures) in the wheels of the heavier cars.

The relationship which was sought, but not evident from the .
field test data, was a close correlation between:

1. Indicated wheel temperature and brake
pressure reduction at similar consist
speeds.

2, Indicated wheel temperature and consist

speed at similar brake pressure reductions.

The infrared sensors were re-checked in the laboratory
after field tests and a significant sensitivity of the sensor amplifier to
target speed was found. At higher frequencies (speeds), output was
lower. This explains in part why many indicated wheel temperatures
appeared to drop, even though the consist speed was increased with
brake reduction held constant.

A number of problems with the IR sensors were experienced
which introduced considerable uncertainty as to the validity of the IR field
test data. To summarize:

1, At ambient temperatures below 40° F( °C)
the IR amplifiers developed a parasitic
oscillation in the power supply. This con-
dition was corrected with the addition of
an electric heater.
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2. The near side IR sensor (focused on the
wheels passing over the reaction rail) ex-
hibited highly erratic behavior, later
attributed to the lack of a quartz window
to protect the sensor element from the
environment (wind, consist induced on
currents, etc..).

3. As stated above, the sensor amplifiers
exhibited a previously undetected sensi-
tivity to target speed. If this condition
was in existence during field tests, then
indicated outputs are not simply temperature
dependent, but temperature and speed
dependent.

These problems can all be overcome by minor equipment
re-design, thus the IR sensing technique still appears, conceptually,
to be a viable brake inspection method. Although not directly a problem
with the IR detectors, conditions at the test site were far from favorable.
Ambijent temperatures were at times below freezing with occasional snow
and high winds. This, in addition to working after dark, made outside
measurements and adjustments difficult to accomplish precisely.
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4, CONCLUSIONS

4.1 Overall Brake Inspection System

The concepts tested during this project appear to be adequate to
measure railcar braking capability on a wheel by wheel basis. Electrical
outputs are generated which are proportional to wheel weight, wheel react-
ion along the track direction, and wheel IR radiation.

Both analysis and testing have shown that a single reaction rail is not
capable of providing the brake force indication required, but that two reaction
rails would provide an indication of total axle braking. This total axle brake
force indication, along with IR information on both wheels should provide sufficient
data to determine the quality and extent of braking for each iandividual wheel.

The test program conducted with the brake inspection hardware
was not extensive enough to determine the system diagnostic capabilities
beyond the first order ability to sense brake reactions at the rail. Indica-
tions are that the reaction rail sub-system, counled with electronic logic,
could diagnose brake system and truck suspension system malfunctions.
The apparent sensitivity of the rail to consist dynamics presents the
potential for a greater diagnostic capability thanoriginally expected.

A program to determine system sensitivity to, and ability to diagnose
specific malfunctions will require an in-depth test program inwhich the spec-
ific malfunctions are simulated and all other test conditions held constant.

4.2 Instrumented Rail Sub-System

The full-scale accuracy of the vertical force measuring transducer
was determined to be approximately 2 percent, in spite of a great number of highly
influential, uncontrollable, and variable test conditions. The sensitivity of
the reaction rail to these conditions  (e.g.: consist speed, dynamic charact-
eristics, orientation, etc.) was found to be high standard deviation of indicated
measurements about their mean. In some cases, these approached 10% of the
measured value.

Absolute accuracy of the horizontal, or braking force measurement
could not be determined because of the unexpected result that not all braked
wheels exert a braking reaction on the adjacent rail. Because the nature
of the horizontal force measuring system is identical to that of the vertical
force measuring system (i.e., an LVDT sensed elastic deflection)
it would not be expected that the accuracy of that capability would be different

from that of the vertical sensor.
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Exact determination of the system's accuracy and repeatability
was further complicated by the necessity to visually interpret and inter-
polate test data in which small fixed errors are a significant percentage
of the quantity measured. It is believed that automatic data acquisition
and manipulation can be implemented at reasonable cost and with a marked
increase in system accuracy.

4.3 Infrared Sensor Sub-System

The IR sensor designed, built and tested here performed as
expected, and indicated relative wheeltemperatures of wheels passing at
speeds up to 60 mph., The ability of the device to sense temperatures
over such a wide speed range introduced some dynamic problems which
detracted from absolute IR measurement accuracy.

The detector used to sense temperatures of wheels passing over
the reaction rail experienced stability problems due to the lack of a sapphire
window., For this reason, a meaningful correlation between wheel tempera-
tures and brake force measurements by the reaction rail could not be made.
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5. RECOMMENDATIONS

The following recommendations are made to both improve the
Wayside Brake Inspection design and to better understand the design as
it exists today.

1. A comprehensive dynamic analysis of the effects of railcar
and consist dynamics on reaction forces transmitted to the
rail by the wheels should be made.

2. The reaction rail in its current configuration should be used
to assist in developing the analytical model of (1) above, and
finally in verifying that model. Such a test program would
result not only in a better understanding of the measurement
system, but also of train dynamics in general.

3. Further tests should be performed using a two reaction rail
inspection system. These tests should be planned to
yield statistically significant results in each of the following
areas:

a. Correlation of horizontal and vertical forces and wheel
temperatures to specific brake malfunctions, simulated
one at a time on the test consist.

b. Determination of the specific inspection procedures which
result in the most consistent and accurate determinations.

4. The reaction rail design should be refined to eliminate some
unwanted characteristics (such as the indicated '"negative"
weight resulting from reaction rail overhanging the flexure
members).

5. The infrared detector sub-system design should be refined
to eliminate sensor dependency on wheel emissivity and to
filter out all other unwanted thermal effects.
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APPENDIX A

STRUCTURAL ANALYSIS OF THE INSTRUMENTED
RAIL SECTION '

1. INTRODUCTION

The following analysis was performed to determine the stresses and
deflections in the instrumented rail (reaction rail) section in response to app-
lied vertical (weight) and horizontal (braking) loads. Vertical and horizontal
deflections of the rail section would be measured by appropriate sensors, and
the output of those sensors would be an indication of applied load.

The instrumented rail structural design problem was two-fold.
First, the rail must deflect enough under load to be accurately measured,
but not so much that the resultant stresses exceed the fatigue strength of
the rail material. Second, the rail must be designed such that the measured
vertical deflection is independent of the measured horizontal reaction.

The analysis of this Appendix is performed on a rail design of
configuration and dimensions finally selected for the instrumented rail
portion of the prototype wayside brake inspection system. It shows that
the actual instrumented rail does produce measurable deflections without
exceeding material fatigue strength, and that both horizontal and vertical
forces can be measured independently of each other.

2. RAIL SECTION CONFIGURATION

Figure A-la shows the basic rail section and its dimensions. The
section is a horizontal rail cap (136 1b rail) of the dimensions shown, sup-
ported by two narrow vertical flexures. The measurement concept embodied
in this design is illustrated by Figure A-1b. Vertical loads are measured
by sensing the total vertical deflection of the rail section under the weight
of a passing railcar wheel. The total vertical deflection will occur as a
result of rail cap bending (as shown) and axial deflection of the flexures as
they shorten in compression. Horizontal loads are sensed by measuring the
total horizontal movement of the rail cap as the flexures bend as shown in
the lower diagram of Figure A-lb. The analysis which follows uses elemen-
tary beam theory to calculate expected vertical and horizontal rail cap
deflections as a result of applied loads.

The center rail section is 3 inches (7.6 cm) wide, 3.25 inches
(8.2 cm) deep and is 12 inches (30 cm) long between flexure centers. The
flexures are 3 inches (7.5 cm) wide, 0.5 inches (1.3 cm) thick and 2.5 inches
(6.3 cm) long.
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3. 1L.OADS

The track is currently designed to withstand the maximum
concentrated load seen in American service - 40,000 lbs. The rail
-section is also designed to withstand a horizontal (brake) load of
10, 000 1bs. which corresponds to an adhesion level (coefficient of
friction) of 25% in conjunction with a 40, 000 1b. vertical load. These
maximum loads are not expected to be seen very frequently, since many
roads do not allow even this heavy a load.

For the purposes of analysis, the following commonly ex-
perienced loads are considered typical and are used to design for
essentially infinite fatigue life for the section:

Maximum vertical load: 35,000 lbs., experienced
as locomotives pass over the section.

Maximum horizontal load: 7, 700 lbs., anticipated as a result
of 35,000 1b. wheel load and maximum zero speed

normal rail adhesion of 22%. (See Figure 3 and

Reference 5).

4. DEFLECTIONS

Transducers are used to measure both the vertical and
horizontal deflection of the center of the rail section.

The total vertical deflection of the center of the raijl section,
Y ,can be written:

YT = Yg t+ Yg + Y¢ (A-1)
Where: YT = Total vertical deflection (inches).

Yy = Defle.ction due to rail cap bending (inches).

Yg = Deflection due to rail cap shear (inches).

YC = Deflection due to axial compression of

the support flexures (inches).

To calculate deflection due to bending (YB), the rail cap is idealized
as a simply supported beam with a concentrated load at its center as shown
in Figure A-2a. This model neglects the reaction moments exerted on the
rail cap by the flexures as they bend, but these moments are small compared
to the bending moment due to wheel weight. A 40, 000 1b vertical load results
in a bending moment of 120, 000 inch-1bs in the rail, while the reaction
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moment due to flexure bending under that load is only 1765 inch-lbs. (See
Section 5.2 of this Appendix for calculation of these moments).

Under these assumptions, the maximum rail section bending
deflection occurs when the wheel is at the beam center and can be written
as: (Ref. 10, page 97, Case le)

WL3
= A-2
Yo 48 EI (A-2)
where: YB = Deflection due to bending (inches).

w = Concentrated load at beam center. Maximum

assumed to be 40, 000 l1bs (18,160 Kg).
L = Beam supported length. For reaction rail,

L =12 inches (30.5 cm.).
E = Modulus of Elasticity = 30x10° 1bs/inZ for

Chrome-Moly steel. (2.1x106 Kg/cmz. )
I = Area moment of inertia of beam cross

section = 8.6 in~ (358 cm ).
Evaluation of Equation A-2 yields:

Yg = 5.6x 10" in (.14mm), (A-22a)

The vertical deflection due to compression of the flexures can
be written as:

y . L A3
c = 2AgE (A-3)
Where:

YC = Deflection of reaction rail due to compression

of the supporting flexures (inches).

~
I

Length of the flextures = 2.5 inches (6.4 cm.).

Total cross~sectional area of the two

2A¢ on )
flexures = 1.5 in“ (9. 7 cm*®).



Equation A-3 assumes that the flexures are subject to pure axial,
compressive loads and that they do not buckle. Solving Equation A-3
yields:

-3
Yc = 1.1 x 10 ~ inches {. 03 mm.), {A-3a)

Because the beam is deep relative to its span (L/D = 4) shear stresses
and resulting deflections are not negligible. The deflection due to shear
deflection, Yg, can be written for an end supported, centrally loaded
beam as: (Ref. 10, page 185)

1 WL
Y = F A-4)
S S A G (
Where:
Yg = Deflection due to shear force in beam (inches).
F = Factor depending on form of beam cross section =

1.2 for a rectangular section.

w = Center load = 40, 000 1bs (18,160 Kg).
L = Beam length =12 inches (30.5 cm.).
Ar = Cross-sectional area of reaction rail

head = 9. 75 in? (63 cm?).

S

G = Moduluy us of ngldlty = 11. 5 x10° 1bs /in?
) (.8x10 Kg/cm ).
Solving Equation A-4 yields:
Y = 1.3x10 Yinches (.03 mm.). (A-4a)

The total vertical deflection of the rail section under a
40, 000 1b. load at the rail midpoint is then:

-3
Y = YB + YC + Yg =8.0x10 inches (. 2mm). (A-la)

T

Horizontal rail deflection due to applied braking inputs can
be calculated by assuming that the support flexures bend as two
cantilever beams, attached end to end. Both beams are subject to
the constraint that the cantilever ends are maintained parallel, so
the total deflection can be calculated by "cutting'' the flexure at its
center (Figure A-2b) and assuming that each flexure half bends as a
simple cantilever.



The deflection relationship for 'one-half'' of a flexure is then:
(Ref. 10, page 96, Case la)

. )

2 3EI; (A-5)

Where:

Total Hor‘izonta.l deflection (inches).

p-<
it

g
0

Applied load = Total load/2 since there
are two flexures = 5,000 1lbs. (2,270 Kg. ).

S
i

Total Flexure length = 2.5 inches (6.4 cm.).

6 1bs /in2

=
0

Modulus of Elasticity = 30x10

Flexure area moment of inertia = 0. 0313 in4 (1. 3 Cm4)-

Lo |
iy
H

The above values yield a value for YH:

Yy = 6.0 x1073inches (.15 mm.). (A-5a)
It should be noted that even without braking, the rail section

will deflect horizontally when the wheel is at any location other than

the rail ends or rail center. The magnitude of this deflection is a

second-order result of stress in the flexure. The magnitude is small

as is calculated in Section 5.2, Equations A-9a and A-9b.

5. STRESSES IN RAILL MEMBERS

5.1 Rail Cap

The most significant stress in the rail segment cap occurs
due to bending when the wheel is in the center of the section. The
maximum bending moment in the center, assuming the beam is free
to rotate at the end is 1.2x10%inch-1lbs. A comparable, but lower bending
moment occurs in the overhanging part of the track: 1. 0x10° inch-1bs.



The stress in the reaction rail duc to bending is calculated
using the classical beam equation:

max I

Where: Shax = Maximum fiber stress in the rail at
the surface. Under wheel loading,
the top surface of the rail will be in
compression, the bottom of the rail
in tension. (1bs/in2)

M = Bending moment in beam
= 1.2 x 10” in~lbs in rail section.

C = Distance from neutral axis of rail
to rail surface. (inches)
= 1.63 inches (4.1 cm) in rail section.
= 1.2 inches (3.0 cm) in overhang section.
I = Area moment of inertia of rail (in4).
= 8.6 in"~ (358 cm4) in rail section.
= 3.5 in" (146 cem?) in overhang.

The maximum stress is 22, 700 lbs/in2 (1599 Kg/cmz) in the
reaction rail section, and 34, 300 1bs/in® (2410 Kg/cmz) in the overhang

section.

5.2 Straight Flexures

The reaction rail flexures experience a complex stress distribution
as a result of the applied loads shown schematically in Figure A-3.

1. A bending moment is applied to the
flexures as a result the braking force,
F, creating the moment distribution
in Figure A-4.

2. A moment (Mj or M) is impressed
upon each flexure when the rail bends
under wheel weight, and the flexures
accommodate the resulting deflection.
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3. Each flexure undergoes compression
from the weight of the wheel.

4. The equal and opposite horizontal
reaction force, P, of the rail section,
tending to ''straighten’'' out the flexures,.

The stresses resulting from each of those loads is considered
in the analysis that follows. The 35,000 1b. (15, 890 Kg. ) vertical load
is used in the calculations that follow, as that is the load that may be
seen with a frequency that will determine fatigue life.

Bending moment due only to the braking force is a maximum
of 4,800 in. -1bs. It is distributed in the flexures as indicated in
Figure A-4. To this must be added the bending moment distribution
due to flexure accommodation of the deflection of the main reaction rail.

To calculate the applied bending moments, M; and M,, it is
assumed that the main rail section bends under wheel weight W, resulting
in angles 8. and 6, as shown in Figure A-1b. These angles are then
impressed upon the flexures as indicated in Figure A-3, since the rail
and the flexures are rigidly connected. These angles are: (Ref.10 page 97,

Case le)
o = & L <bL —';’:3——) (A-7a)
1w b3
8, = EI, (ZbL L e —3b) (A-7b)
Where
8 = Angle of bend at left end of

beam in Figure A-lb. (radians)

0, = Angle of bend at right end of
beam in Figure A-lb. (radians)

b = Distance of applied load, W, from
right end of beam in Figure A-lb. (inches)

E, I, and L are defined after Equation A-2.
The forces and moments (M; and M3) applied to flexures
(See Figure A-3) result in flexure angles which must match those of

the rail section described by Equations A-7. These flexure anglesare
due to both the unknown moments (M;j and M,) and the horizontal Force P.
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The horizontal force is equal and opposite on each flexure, as
required by equilibrium.

Superposing the relations between applied moment (M), and
applied force (P), and flexure angle () yields: (Ref. 10, p. 96 and 101,
Case la and Case 3a)

2
M L
1\/12 _ pjz

0, = . (A-8D)
EIf 2E1,

Where the geometric variables are defined in Figure A-3, and
where:

4)

Flexure cross section moment of inertia (in

Laa!}
Yty
1

4

.0313 in? (1.3 cm®)

The horizontal deflection of each flexure as a function of
applied moment, M, and reaction force, P, can also be written
as a superposition of simpler equations: (Ref. 10, p. 96 and 101,
Case la and Case 3a)

2
3
M/ Pl
}{1 — - (A-ga)
2 EIf 3 EIf

3 2
123/ M, ¢

X, = Xp = 3El; - 2EI; (A-9b)

Where Xy and X, are defined in Figure A-3,

The four equations; A-8a, A-8b, A-9a, and A-9b can be solved
for the four unknowns; Ml’ M,, P, and X; (=X,) to satisfy 67 and 6, as
imposed by the main rail section. The results of this analysis for
several wheel positions along the rail are summarized in Table A-1.



TABLE A-1

SUMMARIZED FLEXURE CALCULATIONS
FOR 0.5 INCH THICK STRAIGHT FLEXTURES

Wheel Position, b % M M, Pl x
0 0 0 .0 0 0 0
-4
2 +.53 . +.83 930 1040 591 -1.8 x 10
4 +. 97 +1. 21 1531 1620 945 |-1.5x 10_4
6 +1.22 +1. 22 1765 1765 1060 0
8 #1.21  +.97 1620 1530 945 | 1.5 x 1074
10 + .83 +.53 1040 930 591 | 1.8x107"
0 0 0 0 0 0 0
(Milliradian) (Inch-1b) (Lb) | (Inches)
Refer to Figure A-3 for graphical description of variables.
91 » ®,, = Flexure deflection angles impdsed by bending main rail.

Calculated by Equations A-8a and A-8b. (milliradians)

M1 » M, = Moments resulting from imposed angles 91 s 62. (inch-1bs)
P = Horizontal reaction force tending to "'straighten' flexures. (1b)
X1 , X2 = Horizontal displacements resulting from Ml’ MZ, and P. (inches)

Calculated by Equations A-9a and A-9b.
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Figure A-5 shows graphically the bending moment distribution
in the flexures for different wheel locations. The maximum value of
1765 in-1b must be added to the moment due to braking along to give
the maximum bending moment of 6565 in-1b. This applied to the beam
stress equation yields the maximum bending stress, + 58,000 psi.
Combining this with the stresses resulting from vertical loads (+5, 000-
28,500 psi) shows that the stresses in the flexure can range from
-86,500 psi to +63, 000 psi. This maximum stress occurs only at the
top, cantilevered end of the flexure, leaving the remainder of the
flexure length relatively unstressed.

If the conditions of a + 74, 700 1bs/in® alternating stress about
a mean stress of -11, 700 1b/in2 are plotted on a Goodman diagram, it
is found that a fatigue life of less than 100 cycles exists (Figure A-6).
This fact leads to consideration of a tapered flexure which has com-
parable overall flexibility and is more uniformly stressed over its length.

5.3 Tapered Flexures

A design with more balanced stress distribution was obtained
by tapering the flexures to have a minimum thickness of 0.400 inches
(1.0 cm) with a profile shown in Figure A-7. This design resulted in
a flexure with stiffness comparable to the straight 0.5 inch (1.3 cm)
thick flexure but with a much lower bending stress and slightly higher
axial stresses. This was obtained at slight additional cost to produce
the tapered flexure.

The stifiness characteristics of the tapered flexure were obtained
by a numerical integration of the beam equation:

a®y . M0 (A-10)
d x EL( )

"y

This resulted in derivatives that can be used in the four
simultaneous equations applied earlier to the straight flexures. Values
of these factors are listed below and compared with those for the straight
flexure:
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MAX, = 1765 IN-LB
0 0 0 0 0

2.5 inches

DISTANCE OF
WHEEL 211 4!! 6!! 8” 1011
FROM FLEXURE '

FIGURE A-5
DISTRIBUTION OF BENDING MOMENT IN
FLEXURE DUE TO MAIN RAIL DEFLECTION UNDER
WHEEL I.OAD
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AISI 4340 Chrome-Moly Steel

Tensile Strength = 160 ksi
Endurance Limit = 70 ksi

Alternating
Stress, ksi

f

100 4

Likely to fail in fatigue

50F

Unlikely to fa

%

1 in fatigue

-100 -50 50 100 150

Mean Stress, ksi

KEY:

Ko Central Rail Cap section, 40, 000 lb. wheel load
) Overhanging Rail Section, 40,000 Ib, wheel load
X Tapered Flexure, 40,000 1b, wheel load
103 Straight Flexure, 35,000 lb. wheel load
+ Tapered Flexure, 35,000 1b, wheel load

FIGURE A-6
GOODMAN FATIGUE DIAGRAM FOR AISI 4340
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STRAIGHT i
150, 000psi 0 450, 000 psi
STRESS DUE TO BENDING MOMENT
—-] s 0.400 "
*
2.50" L
0.90"
Y
& — | 0. 600"
TAPERED 7 50, olo si. b +501000 psi

STRESS DUE TO BENDING MOMENT

FIGURE A-7

COMPARISON OF BENDING STRESSES
IN STRAIGHT AND TAPERED SURFACES
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Tapered Flexure Straight Flexure

dx/ gp 7,64 %107% in/ b 1560 x 10 in/Ib

ae/ g 5.52 x 107° rad/1b 3.36 x 10" rad/1b
d/ gng 4.88 x 107® in/in-1b 3.36 x 10" %in/in-1b
a8/ gap -3.91 x107° rad/in-1b ~2.69 x 10"%rad/in-1b

All coefficients for the tapered flexure are approximately
1.4 times more compliant than the straight flexure. It can then be
estimated to satisfy the ) and €, constraints will be 1/1.4 or .71
times those calculated for the straight flexure (Table A-1). The
maximum bending moment experienced by the flexure will then be
6060 inch-lbs. instead of 6565 inch-1bs. The tapered flexure is thus
shaped to give essentially constant (maximum) bending stresses of
+ 35,000 1bs/in2. In combination with the stresses from vertical
loads, the stresses in the flexures are found to range from -70,6001bs

1bs/in? to 41, 300 1bs/inZ.
6. TFATIGUE SUMMARY
If the rail section were made from AISI 4340 chrom-moly

steel, heat treated to >158,000 psi ultimate tensile strength, the
system should have infinite fatigue life. Various points are shown
on the Goodman diagram, Figure A-6 to indicate the safety of the
section. The sizeable compression load causes the flexure data to
fall outside normal test data; it seems reasonable, however, to
~extrapolate the curves to enclose our points. The points shown are:
Central rail cap section due to 40, 000 1b load:

mean stress = 4+ 11,500 psi;

alternating stress = 11,500 psi.
Overhanging rail cap section due to 40, 000 1b load:

mean stress =4 17,500 psi;

alternating stress = 17,500 psi.
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Straight flexure under 35,000 1b load:

-11, 700 psi;

mean stress

f

alternating stress 74, 700 psi.

Tapered flexure under 35,000 1b load:

mean stress -14,600 psi;
. alternating stress = 56,000 psi.

Tapered flexure under 40,000 1b load:

mean stress - 16,700 psi;

alternating stress = 64, 000 psi.

By looking at Figure A-6 it can be seen that under any
circumstances the track section is safe. The flexure is safe only
as long as the flexure is carefully made and is free from notches
and other surface imperfections. (It will be necessary to manufacture
the flexures with reasonable care and to protect them from damage in
service ).
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APPENDIX B

DESIGN ANALYSIS OF THE INFRARED SENSOR SYSTEM

1. INTRODUCTION

This Appendix describes the procedure by which IR Sensor
speed and wavelength response were derived. The physical properties
of the selected detector (Indium Antimonide) are presented.

2. SENSOR RESPONSE TIME REQUIREMENTS

Figure B-1 represents a wheel of diameter D. It is required
to sense wheel temperature at a point one inch inboard of the wheel
circumference as the wheel passes at velocity V. The distance over
which the target travels as the wheel passes by is I.. By geometrical
considerations:

L =D sin @ ‘ (B-1)

and,

(B-2)

where L and D are in inches. The distance over which the entire area
of a one-inch diameter focal point is on the passing wheel is (I.-1) inches.

As a wheel passes at a speed, V (in/sec), the length of time
that the entire one inch focal point ''sees' the wheel is:

-1
t = v (sec). _ (B—3);

For purposes of selecting an infrared detector, the minimum
possible time, t, to be expected should be calculated, and a detector
chosen accordingly. The smallest diameter wheels to be considered
are 24 inch (61 cm.) wheels, and the maximum expected velocity is
60 miles per hour (96 Km/Hr.) or 1056 inches per sec. (2682 cm/sec).
Equations B-2 and B-1 yield:

L = 9.6 inches (24.4 cm) (B-4)

for D = 24 inches (61 cm).



t = Passing time = (L - 1)/V Seconds

i
T 77 77 7 K7
RAIL H___ L .__rl
[ -1 —¥
V = Consist Velocity (Inches/Second)
D = Wheel Diameter (Inches)
L -1 = Available Target Length (Inches)

FIGURE B-1

SCHEMATIC FOR
CALCULATION OF REQUIRED TIME RESPONSE



Equation B-3 then yields:

t =8.1x 10'3 sec (B-5)

The time response of the IR sensor (detector plus associated
amplification) should be at least 10 times faster, or 0.8 milliseconds.

3. SENSOR BANDWIDTH REQUIREMENTS

The anticipated maximum temperature of the braked wheels
at a point one inch in from its circumference was 750° F (399°C).
This value was derived from published results (9) describing tem-
perature profiles in braked wheels.

At the 750° F temperature, the black body radiation midpoint
(50% of the energy lies on either side) is at a wavelength of 6.1 microns.
At this temperature, 1210°R (672 K), 55% of the energy lies between
the wavelength of 4. 2 microns and 9.7 microns.

At a lower temperature, 100°F (38° C), the mid-band wave-
length is 13.2 microns. The range 9.0 to 20.9 microns encompasses
55% of the total radiant energy. ’

The ideal detector bandwidth would then be from 4.2 to 20.9
microns with a maximum response in the range of 6 to 13 microns. In
~addition, the ideal detector response time would be less than 0.8 milli-
seconds (in conjunction with its associated electronics).

4. SURVEY OF AVAILABLE COMMERCIAL INFRA-RED
SENSORS

A survey of IR sensor manufacturers was made. A tire defect sensor
appeared to be the most suitable device capable of measuring at the re-
quired speed and over the required range. Typical specifications were:

Minifnum temperature resolution: 1°F(.5° C)
Sensitivity: 10 mV/°F
Response: 50 usec.
Temperature Range: 100° FF - 800°F



The complete instrument was determined to be too costly for the
project, however, the manufacturer agreed to sell the critical internal
components . These components were assembled into a system suitable
for use as part of the prototype wayside brake inspection system. Com-
ponents purchased included an indium antimonide detector, a Cassagrain
lens system and amplifier.

5. THE INDIUM ANTIMONIDE DETECTOR

The detector chosen for this system was an indium antimonide
(InSb) photo conductive element. This device is sensitive to radiation
extending from visible to 7.5 pm and is intended for use with modulated
or pulsed radiation.

The device is packaged in a modified, square, semiconductor
flatpack measuring .267 in. (6.8 mm) on a side and . 078 in. (2.0 mm)
thick. The radiation sensitive area on the device is also square and
measures . 078 in. (2.0 mm) on a side with a field of view of 120 in
each dimension.

Typical characteristics of the device at 72°F(20°C) are:

Wavelength at maximum

response: 5.0 to 7. 0um
Spectral response: visible to 7. 5um
Cell resistance: 650Q
Time constant: 0.1 ps
Responsivity (6.0 m): 5.0 V/W
Operating temperature: -55 Fto+70 F

(-48° C to -21° C)

Maximum bias current: 25 mA



1
D¥ (6.0 ym) 15 cm (2" 2/W)

| v 172
Note: D™ = 2 X (A Af (B-6)
A% d
n
where: D* = "Detectivity', an index of

signal-to-noise per watt of 1/
incident radiation cm (Hz~ 2/W)

VS = Signal {volts)

Va - Noise (volts)

Af = Bandwidth (Hz)

W = Incident radiative power (Watts)
Ad = Area of detector (mmz),

The above indium antimonide detector is the same device
used in a commercial instrument used to detect '""hot spots'' on high
speed tire testers,

Figure B-2 shows the InSb detector relative responsivity to
incident radiation wavelength. Also shown are peak output black body
temperatures as a function of wavelength and the black body power as
a function of wavelength at 600°, 400°, and 300°K.

FiguresB-3 and B-4 show the InSb detector relative responsivity
as a function of applied detector bias current, for the short circuit and
open circuit conditions respectively. Relative responsivity is the ratio
of detector output (volts) to radiation input (watts). Maximum detector
bias current is 25 mA. »
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RELATIVE RESPONSIVITY

1.5

1.0

0.5

OPEN CIRCUIT CHARACTERISTICS

- o
Tcasg = 15°C

O el

1
T
5

N anfan

1 1

BIAS CURRENT (mA)

FIGURE B-3

DETECTOR SHORT CIRCUIT
CHARACTERISTICS



RELATIVE RESPONSIVITY

1.

1.

50° C

10 15 20
BIAS CURRENT  (mA)
FIGURE B-4

DETECTOR OPEN CIRCUIT
CHARACTERISTICS
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APPENDIX C

LABORATORY TEST PLAN

1. INTRODUCTION

The laboratory tests which were conducted carried out as part
of Task I of this project had as their objective the establishment of the
operating characteristics of the two major system subassemblies. These
are the infrared scanning system and the instrumented rail section.

2. INFRARED SCANNING SYSTEM

The infrared scanning system to be used in the prototype brake inspec-
tion system will consist of two detectors, one on each side of the track. They

will be positioned so that each unit focuses on the same area on each wheel of
a single axle. Two major areas relating to the performance of the hardware

are to be examined during the course of the laboratory program. They are:
effect of wheel speed vs. detector sensitivity

effect of variations in thermal emissivity of
the wheel's surface.

In order to obtain data on these effects, .a single detector was set
up in the laboratory. It was positioned so that it could view a target mounted
on a large rotating disc. This target was fabricated from the same type of
material that is used in railroad wheels and was equipped with a heater to
bring it to different temperatures above room temperature. The wheel was
constructed so that the response of the system when viewing a wheel on a
car moving at speeds up to 60 mph could be established.

These tests were conducted in the following format. First, a heated
segment was used which had surface sharacteristics typical of wheels in use.
Sensor output was measured for speeds of 10, 20, 30, 40, 50 and 60 miles per
hour, and for temperature differences of 10, 50, 100, and 300 F above
ambient. Sensor sensitivity to speed appeared to be negligible. Sensor output
as a function of temperature difference is reported in Section 2.4, 2.



These data showed the sensitivity of the infrared detector under
the types of temperature increases and differences which may be expected
as shown by the Analysis of Malfunctions (Section 2.1. 3) to predict system
performance.

A similar series of tests was performed with the surface condition
of the metal segment modified as it might be in actual use by

Dirt

Water

Grease

Overheating
to obtain an indication of how minimal system performance may be effected
by these factors.
3. INSTRUMENTED RAIL SECTION

The laboratory tests which were carried out on the instrumented

rail section had an objective somewhat different from that of the infrared
detector tests. In this case, static tests were conducted by loading the
instrumented section with a hydraulic press. These tests produced calibra-
tion curves which give strain gage and LVDT output as a function of loading.
Loads were applied vertically and horizontally. Results were analyzed to

verify that:

Angular loadings are properly resolved into
horizontal and vertical components.

Strains from maximum loadings are acceptable.
Calibration curves show acceptable sensitivity
and stability.
4, CONCLUSION
After these tests were completed, data was collected which was

used to predict system pgrformance in the field. Section 2.4 describes the
results of laboratory testing and calibration.



APPENDIX D
FIELD TEST RESULTS - STATIC MEASUREMENTS
The following static measurements were made on the four test consist

cars in preparation for dynamic testing of the prototype wayside brake
inspection system. Measurements were made December 1, 1977,

CAR ID# WEIGHT LBS,
Individual Whole
Truck Car
USAF 42016 B 24,780 48,680
Empty Goandola A 24,520
Total 49, 300
USAF 42015 B 37,820 77,140
Empty Gondola A 39,400
Total 77,220
DOTX 501 B 22,560 45, 020
Empty Boxcar A 22,380
Total 44, 940
DOTX 502 B 51,440 101,420
Loaded Boxcar _ A 50,000
Total 101,440
Measurement Site - Pueblo Depot Activity
Range 300, 000 1bs.
SCALE Resolution 20 1bs.
Accuracy 0.2%
Date of L.ast Calibration October 4, 1977



CAR DIMENSIONS

MEASUREMENT ' BOXCAR
DOTX 502
a. Wheel Diameter 33 {(nominal)

b. Axle Separation
Center to Center 66 1/16 in.

c. Center pin separation
Center to Center 30 ft. 8 in.

d. Height of coupler
Center Line 331/4 in.

e. Brake Cylinder
Piston Diameter 10 in. (nominal)

f. Brake rigging levers, 8" x 16"
Dist. from Center pivot

Brake Shoe Definition
Composition type Cobra V-183,

Used on DOTX 501 Empty Boxcar
USAF 42015, Loaded gondola

GONDOLA

USAF 42015

33 in.

66 3/16 in.

32 ft. 7 in.

33 7/8 in.

10 in.

6'"x11" &
71/2x14 in.

Cast Iron type, High Phosphorus, used on DOTX 502, IlL.oaded boxcar
USAF 42016, Empty gondola

Post Test Wheel Examination

Non-condemnable tread build up on wheels: R2, L2, R3, L3, R4, L4,

of DOTX 501
No defects were reported on other cars.
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"GOLDEN SHOE'" MEASUREMENT

DEFINITION OF MEASUREMENT METHOD:

The "Golden Shoe'' measures the normal force between
the brake beam brake shoe holder and the vehicle wheel. It consists of a

hydraulic load cell which replaces the brake shoe and readout gauge. The
force generates hydrostatic pressure which is read out on the calibrated
gauge. The gauge calibration curve accompanies the data and was used to
produce the ''calibration curve corrected !" values listed on the typed sheets.
A copy of the original gauge data is also included.

The rail car pneumatic brake system was actuated by using a compress-
ed air source and controlled by a valve manifold which simulated the loco-
motive brake control. The system was charged to 70 psi and re-charged
after each brake line pressure reduction. Pressure reduction was monitored
by a gauge on the manifold for each car. The L-4 wheel was measured at
least twice to establish repeatability. A second wheel, which varies from
car to car, was measured to determine any variation of forces due to the
brake rigging configuration.

The data is plotted on the accompanying graphs. The data is reduced

to a linear equation by the method of least squares using a calculator,
The data points for 3 and 20 psi were excluded from this calculation.

MEASURE ACCURACY:

HYDRA CELL AIR LINE PRESSURE
Range 500 - 20, 000 1b. 0 - 90 psi
Resolution 100 1b. | 1 psi
Correction Factor Accompanying Calibration i
Curve



YGOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

»

Car Type: Empty Gondola

Car Identification ID#: USAF 42016

Wheel Identification: L-4 ;

('B’' end axle is Number 1)

R ~ Air Line Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of rmata Curve:

' F 1lbs = 191 1b / psi X R psi - 768  1bs.,

r
R 1 2
3 200 200
€ 300 : 400
9 950 | 1000
11 . 1350 _ 1400
15 2100 2050
" 20 : ' 2300 2300
30— ' : - -
L | i i i
I ' ; 0 I S
| : .
25 // i
20 j x '
1 ,“;l ¥ -
b [T T ¥ 4 X
ll H 4 ;
S-. 15 ; » ;
/) P
X A T
10 ; 7 ! T
100 L AL . L
R i ft .
; : /o I i
5 rl /
- T ¢ I '
M
5 10 1l5 20 25
R psi



"GOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

Car Identification ID#: USAF 42016  °~ Car Type: Empty Gondola

1]

Wheel Identification: L-2
‘ ('B' end axle is Number 1)

R - Air Line Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of Iata Curve:

"F 1lbs = 177 lb / psi X R psi -~ 676 1bs.

F
R 1 2
3
6 400
9
11 - 1250
15 2000
- 20
30— : - .
L o i i i —i i
| i L [ R ,,-1
1 T H lr
25 i %
F | i : » . V !i_
: | H T
20 ——— a 4r i
1 Ll ; / L ——
b i r
S. 15 4 L T ‘.I
; )
X | I [ i
;;'! r } [
10 . ! i
100 w+T+% f 1 T ! i L
5 <A 7 i
" - K ke T
5 10 15 20 25
R psi
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Car Identification ID#:

"GOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

USAF 42015

i _ Car Type: Loaded Gondola

Wheel Identification: L-1

{'B' end axle is Number 1)

R - Aif Line Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of mata Curve:

[

100

"F lbs = 195 1b / psi X R psi - 409 ibs.
F i
R 1 2
3 350 500
6 650 800
9 1400 1400
11 1700 1800
15 2500 2500
" 20 2700 2600
30 i . : b 4 ; ;
o T T l I
25 - i
: -
é } i T
20 R = : L
= ‘ : L —
R : T ot
15 . ”f i 7 %
2NN ST
: / ] l e
= 111 ! T T
10 L ‘ i ! T
- [ : /} ; i ﬁ . } ! P
i 7 T * 1.—--,_“
an 74 - o
: U RS
3 - I
. - i T
L ot %ﬁ;_
5 10 15 20 25

R ps1
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"GOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

Car Identification ID#: USAF 42015 — * Car Type: Loaded Gondola

Wheel IXdentification: L-4

('B' end axle is Number 1)

R - Air Line Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of Data Curve:

Flbs = 195 1b / psi X R psi -~ 717  1bs.

RIS
R 1 2
3 250
6 500
9 1000
11 . 1400
15 2250
20 2250
30 ' - +
{ i ] : [
| H R | ! S
P *‘ i ': i
25 et
, : Y eeamtant i
20 f '
1 Lt ;
._—’“’.. T H / i3
b ~ 5 e / M
s- 15 e o
X "/l' : i
_7{ - o : T 1 I} T
10 ; , : ; .
loo i el o [ H
i s * P -;-"Jr i . i | ]
5 I 4 ! S
& T T
5 10 15 20 25
R psi
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"GOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

Car Identification ID#: DOTX 501 T Car Type: Empty Boxcar

Wheel Identification: L-3
' ('B' end axle is Number 1)

R - Air Line Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of rata Curve:

"F lbs = 182 i1b / psi X R psi - 339 1bs.

RN
R 1 2
3
6 800
9 1200
11 1700
15 | 2400
20 2800
ey R
- T L / # 4 L"; ‘‘‘‘
25 ' - 7 -
F '1 % | i 1/ i
I i Ve
! T P’
1 20 T Hz/ —
N T L A - =
CRNNPPHR ;5555 Ca 54 aatastna :
- A ] HIRIN
X L—‘{% // l 1 :;
IR i i ! : P
100 10 R i i [} [N L 1 ),1
rT | ! | ] 1 !
SR : o _,____: % ; 5 N
5 S ESEEN ias -
T o
i
. , -
-+ } I 1] A
5 10 1l5 20 25
R psi



"GOLDEN SHOE" MEASUREMENT

‘CALIBRATION CURVE CORRECTED DATA

.

Car Typei Empty Boxcar

Car Identification ID#: DOTX 501
| L-4 . ' , ‘

Wheel Identification:
. . ('B' end axle is Number 1)

R - Air Line'Pressure Reduction, PSI
F - Brake Shoe Normal Force, LBS

Equation of rata Curve:

F lbs = 176 1b / psi X R psi - 646 1bs.

F '
R 1 2
3
6 400 : 400
9 900 850
11 1250 ' 1550
15 1900 2000
20 2250 2300
30 , ; et s * X
B OO T s
L 1 Ry o
25 ; : e
_ e ‘e i
F b { '_‘1 pd
Pt i ]
20 ] i '
1 8 T :
b I o 17 0L
s 15 g= EEANS o
1/ A !
yd RN )
N N
x - SR
10 T r | VT LT
100 i t ARgEaRE Tk o
- : + r.‘;..-:_ Ce
L 4 | T N .
5 —7) [N
- : 4 T —- -~ -f
5 10 15 20 25
R psi



"GOLDEN SHOE" MEASUREMENT

CALIBRATION CURVE CORRECTED DATA

B 4

Car Identification ID#: DOTX 502 Car Type: Loaded Boxcar

Wheel Identification: R-4 |

{'B' end axle is Number 1)

R - Air Line Pressure Reduction, PSI
F -~ Brake Shoe Normal Force, LBS

Equation of Data Curve:

"F 1bs = 171 1b / psi X R psi - 289 1bs.

R
R 1 2
3 _ 500 600
6 650 : 800
g 1200 1350
11 . 1600 | 1600
15 2200 ' 2350
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APPENDIX E

FIELD TEST RESULTS - DYNAMIC MEASUREMENTS

Description of Data:

Each test run was characterized by a prescribed consist speed
and brake pressure reduction. In general, the test consist was alternately
pulled and pushed over the instrumented rail at the appropriate speed.

Five runs; 27A, 28A, 54A, 54B, and 54C were not called for in the
test plan, but represent documented runs made to prepare the test consist
for the scheduled test runs to follow. The data is included because they
represent perfectly valid measurements made on the test consist.

Negative horizontal loads are traction, or driving, forces. Positive
horizontal loads represent braking forces.

Side load forces are positive towards the outside of the track, nega-
tive towards the center of the track. The side load measuring strain gages -
were damaged, thus inoperative, for test runs 27-58, This is designated
as ''n.d." (no data).

Temperatures are recorded as temperature (°F) rise above ambient.
Ambient temperature during all tests ranged from 26 to 32°F,

When a passing axle did not result in a perceptable I.R. sensor
output, indicated temperature is recorded as "a''(ambient). That is, the
sensor did not distinguish between a p. ssing axle and the ambient background.

A dash (-) in either temperature column indicates that the recorded
I.R. sensor data was unintelligible. A temperature indication was present,
but could not be interpreted.

A star (*) beside a temperature indication means that the chart pen
went off the recorder scale. The value recorded in the data sheet is there-
fore lower than that which actually occurred. The maximum indicated chart
range varies because chart recorder sensitivity was adjusted as required
between 20, 50 and 100 millivolts per division.

Wheel temperatures in the last column were measured with a pyro-
meter after the consist had been brought to a stop. Measurements were
made on the near side wheels only, and only for runs 12,15,18, 20, 23, and 27.
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TABLE ©-1

Field Test Data for Car 1

Loaded Box

DOTX-502

Track A Axle 4
Actual Truck Weight = 50, 000 1bs.

Orien- Wheel Train Brake]| Vertical

Side

Wheel

Horzntl Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side |Temp
(mph) (psi) (1b) (1b) (mv) | Temp | T {°F)
(oF) | (oF)
1 Pull R E 0 12,515 - 336 | 2600 a a
2  Push R 0 11,779 - 672 {2L00 a a
3  Pull R 5 0 12,515 - 336 |3000 a a
L  Push R 5 0 11,779 - 840 | 2L00 a a
5 Pull R 10 0 13,252 336 | 2600 a a
6  Push R 10 0 12,515 - 50k {2600 a a
7 Pull R 20 0 11,779 - 336 {3600 a a
8 Push R 20 0 12,515 - 840 } 3800 a a
9 Pull R Lo 0 11,779 8LO {n.d. a a
10 Push R Lo 0 12,515 - 50h 13200 a a
11 Pull R 60 0 11,779 1176 {1200 a a
12  Push R 60 0 13,988 0 }2000 a a (35)
13 Pull R 10 6 11,0h3 - 672 {3000 a a
1k Push R 10 11 12,515 336 {2000 | k1 10
15 Pull R 10 15 11,779 - 336 {LOOO {109 30 | (95)
16 Push R 20 6 13,252 - 50L [3200 | 27 10
17 Pull R 20 11 12,515 -1512 {4000 | 5h 20
18 Push R 20 15 15,160 302L  |1kL0o - 50 (1L0)
19 Pull R 4O 6 10, 307 - 840 {4000 - 20
.20 Push R Lo 1 13,988 2016 {2200 - 30 (120)
21 Pull R Lo 15 11,043 -1512 {5000 - {100
22  Push R 60 6 13,252 - 672 13000 - 25 | '
23  Pull R 60 11 10,307 =13kh  {LLOO - 50 | (110) !
2k Pull R 60 15 10, 307 =218l {5000 - 50 |
25 Pull L 10 11 13,052 1848 1000 - 10
26  Push L 20 11§ 9,5M - 672 |2000 {136 75 :
27 Pl L Lo 11§ 11,779 1176 In.d. - 75 | (210)
27A  Push L 20 11§ 11,779 - 168 n {170 25 |
28 Pull L 60 11§ 10,307 218k w {257 25
28A  Push L 30 11§ 11,779 0 no 1213 50
29 Pull L 10 0§ 11,03 1848 " - 20
30 Push L 20 0 H 11,0L3 50k " - 15
31 Pull L Ny 0 11,03 1176 w a a
32 Pull L 60 0 11,0L3 1680 ] a a
33 Pall L 10 11 13,252 1848 " 1163 50
34  Push L 20 11 11,779 - 8LO " b1 | 125
35  Pull L Lo 11 11,779 1512 " - 75
36 Pull L 60 11 11,779 2016 " - 38




TABLE E-2 (Cont'd)

Field Test Data for Car I
Loaded Box DOTX-502
Truck A Axle 3
Actual Truck Weight = 50,000

Orien+ wheel Train Brake | Vertical | Horsntl ~Side r | Far
Run tation Side f(Spem;. l(ied ' r)x I(-oac)i I(.oa‘)i X(oac)i Side | Side
rph psi 1bv 1b mv) | T T

, ©B | °B

k1 Pl 60 0 12,515 - 840 | n.d. a a
b2 Push 10 o} 12,515 - 50k n a 25
L3 Pull L Lo 0 10,307 - 8L0 " a 25
Wi Push 20 0 17,515 - 840 " a 25
kS Pull R Lo 0 10,307 - 336 " - a
hé Push R 20 0 1k, 72k 81,0 " - a
47  PuUl1 R 60 0 11,779 672 " - a
L8 Push R 10 0 12,515 S0k n - a
Lo Pull R 30 0 11,779 - 672 " - a
50 Push R 30 0 1L, 72k 8110 " - a
51 Pull R 30 0 12,515 - 168 " - a
52 Push R 10 11 13,252 50l " - a
53 Pull R 10 15 13,252 5oL " - 25
Sk Push R Lo 11 13,988 336 " - a
54LA  Pull R LO 11 13,988 168 " - a
5B Push R 20 13 13,988 672 n a 38
sLc  Pull R Lo 13 8,83k 1008 " 3y, -
55 Pull R L0 13 9,571 336 " - -
56 Pull R L0 13 10,307 168 " - 10
57 Push R 10 6 12,515 168 " - 20
58 Pull R Lo 13 9,571 336 " - a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
t.keﬂo

N.D. indicates that no data was taken. For Side loads, strain geges were inoperative
for Runs 27‘580

A dash (=) indicates that temperature data existed, but was unintelligible,

A star (#) indicates that the temperature recorder went off scale, The recorded value
{8 therefore less than the actual temperature.

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F. The designation "a® means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-3

Field Test Data for Car I

DOTX-502
Truck B Axle 2

Actual Truck Weight = 51, 440

Loaded Box

Orien- Wheel Train Brakej Vertical

Horzntl

Near

) Side F&r Wheel
Run tation Side Speed Red'n Load Load Load | Side | Side |7
(mh) (pst)f () | (16) | (w) | Temp | Temp | (oF)
| oF | om |
1 Pull R Z 0 13,988 1512 = 600 a a
2 Push R 0 1h,72h | <1680 ~ 600 a a
3 Pull R 5 0 13,988 1008 - 600 a a
bk Push R 5 0 1h,72L | -1512 - hoo| a a
5 Pull R 10 0 13,988 8L10 - 800 a a
6 Push R 10 0 15,460 §-1176 -1200 a a
7 Pull R 20 (o] 15,k60 1512 =1800 a a
8  Push R 20 0 16,933 1-18L8 -1h00 a a
9 Pull R 110 0 11,0h3 1176 ~1500 a a
10 Push R 1o 0 15,460 § <1176 -1600 a a
11 Pull R 60 0 13,252 8Lo -1500{ a a
12  Push R 60 0 12,515 {. g7 0 a a | (35)
13 Pull R 10 6 1h,72h | 1512 -1500i a a
1k Push R 10 11 16,196 -1308 -zgoo 1k 15
15 Pull R 10 15 1,72 | 2352 -1000} 122 50 | (130)
16  Push R 20 6 16,196 | -1680 1600} Sk 10
17  Pull R 20 11 13,752 | 1818 21000§ 82 50
18  Push R 20 15 16,196 . 840 -1600 - 70 | (200)
19 Pull R Lo 6 11,779 1512 ~1000 - 30 :
20 Push R Lo 11 13,988 {-1008 -1200 - 60 | (165)
21  Pull R 40 15 12,515 | 1680 - 800} =~ 27k
22 Push R 60 6 1L, 72k j-1812 «2000 - 10
23 Pull R 60 11 13,252 | 2688 20001 ~ | 125 | (175)
2  Pull R 60 15 10,307 | 1848 -1000f =1 175
25 Pull L 10 11 1k, 72L 672 ~1000 - Lo
26 Pugh L 20 11 13,988 81,0 -10001 290 | 221
27  Pull L Lo 11 13,252 0 n.d. - { 221 | (300)
27A  Push L 20 11 1, 724 50 w - | 100
28 Pull L 60 11 13,252 |- 336 o 12350 75,
28A Push L 30 11 15,460 1008 " 301 38
29 Pull L 10 0 13,988 8l0 " - 30
30 Push L 20 0 13,988 | - 168 " - a
N Pull L Lo 0 16,933 - 168 " a a
32  Pull L 60 0 1, 72h 336 " a a
33 Pull L 10 11 15,460 672 n 82 1 90 |
3k  Push L 20 11 1L, 72k 336 " 102 | 200 i
3 Pall L Lo 11 15,460 0 n -1 178
36  Pull L 60 1 15,460 81,0 " T




TABLE E-3 (Cont'd)
Field Test Data for Car I
Loaded Box DOTX-502

Truck B Axle 2
Actual Truck Weight = 51, 440

Oriens» Wheel Train Brake | Vertical Tiqrsnt]. ~Side | Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1v) (1) (mv) | T T

on | (38

Ll Pul L 60 0 13,988 336 nd.| a a
L2 Push L 10 0 16,196 | - 336 " a | 25
43 P01 L L0 0 15,L60 0 " a | 25
b  Push L 20 0 1, 72k 336 " a | 25
LS Pull R Lo 0 12,515 8.0 " a a
Lé Push R 20 0 16,196 | - S0L U a a
L7 Pull R 60 0 1,724 1008 n a a
L8 Push R 10 0 1, 724 Soly n a a
k9 Pl R 30 0 13,988 0 " a a
50 Push R 30 0 13,988 |- BLO " a a
51 Pull R 30 ) 15,460 | 168 n a a
52 Push R 10 11 1b, 72k 336 " a a
53 Pull R 10 15 14,72k | 1008 " a | 25
Sk Push R ko 11 15,460 336 n a a
5LA  Pull R Lo 11 11,779 672 " a a
LB Push R 20 13 15,460 810 n a | 50
sLC  Pull R Lo 13 12,515 672 " 68 75
55 Pull R Lo 13 8,098 L1s " - 30
56 Pull R Lo 13 11,779 252 " 5L 30
57 Push R 10 6 1L, 72k 85 n - 20
€8  Pull R L 13 11,779 L?0 " -] @

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken, For Side loads, straln gages were inoperative
for Runs 27-58,

A dash (-) indicates that temperature data existed, but was unintelligible,

A star (#) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperatures

All temperature readings are in OF above ambient. Ambient for all tests ranged from

26 to 32°F. The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,
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TABLE E-4

Field Test Data for Car 1

Loaded Box DOTX-502
Truck B Axle 1

Actual Truck Weight = 51,440

Orien- Wheel Train DBrake]

Vertical

Horzntl | Side | Near | Fer Waeel
Run tation Side Speed Red'n| Load Load Load | Side | Side Tem
(mph) (pei)ff  (1b) (1b) (mv) | Tewp | T {°F)
(oF) | (oB)
1  Pull R g 0 11,779 -1008 | 3600 a a
2 Push R 0 H 13,988 2352 0 a a
3  Pull R 5 0 12,515 - 8L0 | 3hoO a a
L  Push R 5 0 13,252 2352 11200 a. a
5  Pull R 10 0 § 13,252 - 672 13000 a a
6  Push R 10 O I 1h,72L 2856 |- LOO a a
7 Pull R 20 0 i 11,779 - 672 | LOOO a a
8  Push R 20 0 | 1,72L 2520 100 a a
9 Pull R ho 0 | 10,307 <13Lk | n.d. a a
10  Push R 110 0 1§ 13,952 2352 11800 a a
11 Pull R 60 0 § 13,988 5ok § 1500 a a
12  Push R 60 o i 11,779 2352 0 a a |(35)
13 Pull R 10 6 11,779 -1680 | L0OOO a a
1k  Push R 10 11§ 13,988 3024 500 | kil 20
is Pull R 10 15§ 12,515 -1008 | 2500 | Sk 30 ((1°5)
16 Push R 20 6 1§ 13,988 2016 b 200 7 20
17 Pull R 20 11 13,252 -2016 Looo | 27 Lo ‘
18 Push R 20 15 || 13,257 302h | 1LOO - 1100 (110)
19 Pull R 4o 6 || 11,779 -2016 | 5000 - 20
20 Push R 1o 11 § 12,515 302Lh | 1000 - 50 (115)
21 Pull R L0 15 || 12,515 -1512 | L8oO - 1125
22 Push R 60 6 { 13,252 3360 1800 - 110
23 Pull R 60 11§ 11,0L3 <13Llk | 3600 - 50 (100)
2 Pull R 60 15 § 10,307 -1008 {3000 - | 100
25 Pull L 10 11§ 12,515 840 {1500 - 1 10
26  Push L 20 11§ 12,515 - 672 ]3000 |290 25
27  Pull L Lo 11§ 13,252 672 |n.d. - 75 | (280)
27A  Push L 20 11§ 12,515 f - 8LO " - 13
28 Pull L 60 11} 12,515 50kL mo§290 | 25
28A Push L 30 11§ 11,03 ~1680 "oo1323 -
29 Pull L 10 o | 11,779 336 " - a
30 Push L 20 0 1k, 72L -1008 w - a
31 Pull L Lo 0 11,779 672 v a a
32 Pull L 60 0 12,515 672 " a a
33  Pull L. 10 11 13,257 336 " 82 1 30
34  Push L 20 11 13,252 =13kk " 109 | 50
35  Pull L Lo 11 11,779 0 " - [ 100 ‘
36 Pull L 60 11 12,515 1008 " - 38




TABLE E-4 (Cont'd)

Field Test Data for Car 1
I.oaded Box DOTX-502
Truck B Axle 1
Actual Truck Weight = 51, 440

Oriens Wheel 1Irain Brake | Vertical| Horsntl] oide| Near | Far

Run tation Side Speed Red'n Load Load Load | Side | Side

(mph) (psi) (1v) (1v) (mv) { T T
(or) | (°F
Ll Pull L 60 0 13,252 n.de. a a
L2 Push 10 0 13:%55 -iggg " a | 25
ﬁi Pull L Lo 0 13,988 168 " a 25
Push L 20 0 15,Lh60 1176 " a 25
us Pull R Lo 0 12,515 - 168 " - a
ﬁé Push g ZO 0 13,988 134k " - a
7 Pull 0 0 17,51 0 n - a
ga Push R 10 0 13: 983 8LO " - a
49 Pull R 30 0 12,51 -1008 n - a
50  Push R 30 o |13 382 1680 | a
51 Pull R 30 0 12,515 0 " - a
52 Push R 10 11 1k, 724 1176 " - a
53 Pull R 10 15 11,779 50k n - a
Sy Push R Lo 11 13,988 8L.0 " = a
S4LA  Pull R Lo 11 11,779 8L0 " - a
stB  Push R 20 13 12,515 8L0 " - 25
s5LC  Pull R Lo 13 11,779 672 " 3k 50
55 Pull R 40 13 12,515 336 " - | 20
2o on o RlEmo sl |t b
] < =

58  Pull R L 13 | 11,779 1420 -] e

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken., For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (=) indicates that temperature data existed, but was unintelligible.

A star (#) indicated that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from

26 to 32°F, The designation "a"™ means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-5

Field Test Data for Car II

Empty Box DOTX-501
Truck A Axle 4

Actual Truck Weight = 22, 380

Orien- Wheel Train Brakell Vertical | Horznt S K

Run tation Side Speed Red'n| Load Loead . Loigg S:;x; g:ge %;:;1

(mph) (pst) |l  (1b) (1v) (mv) | T T {oF)
~ R e |7

1 Pull R E 0 5,153 SOk 1200 a a

2 Push R 0 5,153 | - 672 1800 a a

3  Pull R 5 0 5,153 50k 1200 a a

bk  Push R 5 0 5,153 | - 672 1800 a a

S  Pull R 10 0 5,153 50k 1400 a a

6 Push R 10 0 5,153 | - 50L 1800 a a

7 Pull R 20 0 5,153 1008 1600 a a

8 Push R 20 0 7,362 - 50k 1400 a a

9  Pull R Lo 0 5,153 80 n.de a a

10 Push R Lo 0 5,890 336 0 a a

11 Pull R 60 0 6,626 50k 1800 a a

12  Push R 60 0 8,83 | - 8ho 500 a a |(35)

13 Pull R 10 6 5,153 336 3500 a a

1k Push R 10 11 5,800 | - 672 1500 27 10

15 Pull R 10 15 5,153 336 1500 | Sk 10 | (120)

16  Push R 20 6 5,890 | - 50k 1600| 1k 10

17 Pull R 20 11 5,890 5obL 2600| 5k 10

18  Push R 20 15 5,890 | - 50k 1800 82 90 1 (165)

19 Pull R Lo 6 h,h17 1008 1L00| L1 50

20  Push R Lo 11 5,890 336 1000} 163 | 150 | (175)

21 Pull R Lo 15 5,153 1008 1200 - 50

22 Push R 60 6 5,153 0 1200} - 50

23  Pull R 60 11 6,676 18h8 | -1200 - | 200 | (185)

2h  Pull R 60 15 54153 8L0 1800 - | 150

25 Pull L 10 11 5,153 SOk 500 - 10

26  Push L 20 11 5,153 0 1000} 102 75

27  Pull L 40 11 h,L17 0 n.de| 301 | 358 | (250) ]

27A Push L 20 11 5,153 0 "1 33k 110 ‘

28 Pull L 60 11 5,890 504 " 33k | 200

28A Push L 30 11 7,362 168 n koo | 100

29 Pull L 10 11 5,153 672 P -1 50

30 Push L 20 11 5,153 0 " - { 110

31  Pull L Lo 11 L,u17 672 " 61 | 160

32 Pull L 60 11 5,153 336 " L1 160

33 Pall L 10 0 5,153 50k " 1h 10

34  Push L 20 0 5,153 - 168 ] a -

35 Pull L Lo 0 5,153 50l " a -

36 Pull L 60 0 7,362 0 " a -




TABLE E-1 (Cont'd)

Field Test Data for Car I
Loaded Bex DOTX-502
Truck A Axle 4
Actual Truck Weight = 50, 000 1bs.

Orien~ Wheel Train Brake | Vertical| Horantl| S5ide] Near |Far
Run tation Side ?peec)i 1(2ed 'r)1 I(.oac)l I(;oac)i I(.ou)i gide iide
- mph psi 1b 1b 14

(°n | 38

L1 Pull L 60 0 11,779 1176 N.D. a a
L2 Push L 10 0 11,0L3 336 " a 25
L3 Pull L Lo 0 9,571 1008 " a 25
L Push L 20 ) 10,307 672 n a | 25
LS Pull R Lo 0 10,307 0 " - a
hé Push R 20 0 13,988 0 " - a
L7 Pull R 60 0 12,515 - 50hL " - a
L8 Push R 10 0 13,252 8l:0 n - a
L9 Pull R 30 0 11,043 - 8h0 " - a
50 Push R 30 0 13,988 - 336 " - a
51 Pull R 30 0 12,515 168 " - a
52 Push R 10 11 13,252 336 " - a
53 Pull R 10 15 11,779 50k " - 50
Sh Push R Lo 11 1, 72k 672 " - a
544 Pull R 1O 11 11,043 8140 " - a
SLB  Push R 20 13 13,252 sok ] a 25
chC  Pull R Lo 13 11,043 1176 " 3 -
58 Pull R 4O 13 12,515 L15 " - -
56 Pull R Lo 13 12,515 252 n - 10
57 Push R 10 6 13,252 252 " - 20
58 Pull R Lo 13 12,515 336 " - a

Letters (A,B,C) after Run Nu:ber designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (=) indicates that temperature data existed, but was unintelligiblae,

A star (*) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature,

Al tewerature readings are in OF above ambient, Ambient for all tests ranged from

26 to 32°F, The designation “a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the sams as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-2 .

Field Test Data for Car I

Loaded Box DOTX-502
Truck A Axle 3

Actual Truck Weight - 50, 000
Orien- Wheel Train DBrake|| Vertical | Horzntl | Side | Near | Far  |iheel
Run tation Side Speed Red'n Load Load Load | Side | Side Temp
(mph) (psi) (1b) (1b) (mv) | Temp | T (oF)
(o5} | (o)
1 Pull R g 0 12,515 - 672 2600| a 3
2  Push R 0 12,515 672 2000 a a
3 Pull R 5 0 5 12,515 -1008 2800 a a
b  Pueh R 5 0 12,515 1008 2000 a a
5 Pull R 10 0 13,252 ~ 50h 2600| a a
6 Push R 10 0 13,252 1008 2200 a a
7 Pull R 20 0 E 11,779 -1512 2,00 a a
8  Push R 20 0 1k, 724 8L0 2600} a a
9 Pl R Lo 0 Ry R, ~-1008 n.def a a
10 Push R Lo 0} 13,252 1512 | 3000| a a
1 Pull R 60 0 13,988 - 168 1500 a a
12  Push R 60 0 15,460 134k 1000! a a |(39)
13 pPall R 10 6 11,779 - 336 3500{ a a
1k Push R 10 11 12,515 168 2500 27 20
1s Pull R 10 15 13,988 1176 1000| 95 30 (9%)
16 Push R 20 6 1L, 72k - 672 2800! Ll 15
17 Pull R 20 11 g 11,779 168 2000{ 82 30
18  Push R 20 15 13,988 -1848 Looo! = 60 | (150)
19 Pull R L0 6 11,0L3 - 672 2L00} - 10
20  Push R o 11 11,779 -2016 hooo| - 30 | (115),
21 Pull R Lo 15 | 11,043 2352 - hool = | 75
22  Push R 60 6 | 13,988 2520 2000{ = 50
23 Pull R 60 11 || 11,779 2688 600, = 10 | (110)
2L Pull R 60 15§ 10,307 218l -1400f = | 100 |}
25 Pull L 10 11§ 11,779 -1008 2500 = § 10
26  Push L 20 11§ 11,043 672 28001 213 50
27 Pull L LO 11§ 11,779 -1008 n.de - 38 (220)
274  Push L 20 11§ 12,515 168 no 1235 25 | _
28  Pull L 60 11§ 11,779 - 8Lo w j2h6 | 25
| 284  Push L 30 11§ 11,779 0 n 1312 38
29  Pull L 10 o || 11,779 - 810 " - 10
30  Push L 20 0 |l 12,515 | -1008 " -1 10
k)| Pull L LO 0 11,0L3 - 168 " a a
32 Pull L 60 0 11,0h3 -1176 w a a
33 Pull L 10 11 12,515 - 50k " 82 50
34  Push L 20 11 12,515 672 sk 100
35  Pull L Lo 11 11,0L3 -1176 " - 75
36 Pull L 60 11 11,779 - 336 " - 38 5




TABLE E-2 (Cont'd)

Field Test Data for Car 1
Loaded Box DOTX-502
Truck A Axle 3
Actual Truck Weight = 50,000

Orien+ wheel Train Brake | Vertical| Horzntl | Side] Near | Far

Run tation Side Spesd Red'n Load Load Load | Side | Side
(mph) (psi) (1v) (1b) (mv) Temg Tgmg

' (°F) 1 (°F

hl Pull L 60 0 12,515 - 840 n.d. a a
L2 Push L 10 0 17,515 - 50k " a 25
L3 Pull L LO 0] 10,307 - 840 " a o5
hh Push L 20 0 17,515 - 8Lo " a 25
LS Pull R LO 0 10,307 - 336 " - a
hé Push R 20 0 1, 72h 8L0 n - a
L7 Pull R 60 0 11,779 672 " - a
48 Push R 10 0 12,515 50h " - a
Lo Pull R 30 0 11,779 - 672 " - a
50 Push R 30 0 1l, 72k 8LO " - a
51 Pull . R 30 0 12,515 - 168 " - a
52 Push R 10 11 13,252 50k " - a
53 Pull R 10 15 13,252 50L " - 25
Sk Push R ko 11 13,988 336 " - a
5LA  Pull R Lo 11 13,988 168 " - a
54B  Push R 20 13 13,988 672 " a 38
5,C Pull R Lo 13 8,83k 1008 " 3l -
55 Pull R Lo 13 9,57 336 n - -
56 Pull R Lo 13 10,307 168 " _ 10
57 Push R 10 6 12,515 168 " - 20
58 Pull R Lo 13 9,571 336 " - a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (=) indicates that temperature data existed, but was urintelligible.

A star (#) indicates that the temperature recorder went off scale, The recorded value
is therefore less than the actual temperature,

Al tanperature readings are in OF above ambient. Ambient for all tests ranged from

26 to 32°PF, The designation "a® means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horisontal traction forces are negative; braking forces are positive,



TABLE E-3

Field Test Data for Car I
Loaded Box DOTX-502
Truck B Axle 2
Actual Truck Weight = 51, 440

Orien- Wheel Train Brake

Horzntl

Near

Vertical Side Far Wheel
Run tation Side Speed Red'n|l Load Load ‘Load | Side | Side |7
(mph) (pet)fl () | (1) | (w) |Temp | Temo | (o)
| R | (o5 |
1 Pull R g 0 13,988 | 1512 - 600 a a
2 Push R 0 1L, 72k | <1680 ~ 600 a a
3 Pull R 5 0 13,988 1008 - 600 a a
h Push R 5 0 1,72L {-1812 - 40O a a
5 Pull R 10 0 13,988 81,0 - 800 a a
6  Push R 10 0 15,460 §-1176 ~1200 a a
7  Pull R 20 0 15,460 | 1512 -1800| a a
8 Push R 20 0 16,933 | -1848 -1100 a a
9 Pull R 10 0 11,043 1176 ~1500 a a
10 Push R Lo 0 15,460 §-1176 ~-1600 a a
11  Pull R 60 0 13,252 8110 -1500{ a a
12  Push R 60 0 12,515 1. 672 0 a a | (35)
13 Pull R 10 6 1k, 72k 1512 ~1500 a a
1k Push R 10 11 16,196 | -1008 -2000| 1b 15
1s Pull R 10 15 1,72k | 2352 -1000 | 122 50 | (130)
16 Push R 20 6 16,196 | -1680 1600 5b 10
17  Pull R 20 11 13,752 | 1848 10001 82 50
18  Push R 20 15 16,196 |- 8,0 -1600| ~ 70 | (200)
19 Pull R o) 6 11,779 1512 1000 - 30 |
20  Push R Lo 11 13,988 |-1008 <1200} - 60 | (165) |
21  Pull R Lo 15 12,515 | 1680 - 800 =~ 27h
22  Push R 60 6 1L, 72k j-1512 -2000{ ~ 10
23  Pull R 60 11 13,252 | 26488 -20001 -1 125 | (125)
2k Pull R 60 15 10,307 18,8 ~1000 - 175
25 Pall L 10 1 1k, 72k 672 |-1000f -~ | LO
26 Push L 20 11 13,988 840 -10001 290 | 221
27 Pull L Lo 11 13,257 0 n.de. - ¢ 221 | (300)
27A  Push L 20 11 1k, 72k 50h # - | 100
28  Pull L 60 11 13,252 |- 336 no | 235 75
284 Push L 30 11 15,460 1008 n 301 38
29 Pull L 10 0 13,988 81,0 " - 30
30 Push L 20 0 13,988 - 168 " - a
31 Pull L Lo 0 16,933 | -~ 168 " a a
32  Pull L 60 0 1, 72k 336 n a a
33 P L 10 11 15,460 672 " 82 90
3i  Push L 20 11 1, 724 336 " 102 { 200
35  Pull L Lo 11 15,460 0 " -1 175 !
36 Pull L 60 11 15,L60 8L0 ] - 75 |




TABLE E-3 (Cont'd)

Field Test Data for Car I
Loaded Box DOTX-502
Truck B Axle 2
Actual Truck Weight = 51, 440

Orien+ Wheel Train Brake | Vertical| Horsntl | Side| Near | Far
Run tation Side Speed Red'n Load Load load | Side | Side
(mph) (psi) (1b) (1) (mv) | T T
(33 (°F
k1 Pull L 60 0 13,988 336 n.d. a a
L2 Push L 10 0 16,196 | - 336 " a 25
43 Pul L Lo 0 15,4160 0 " a | 25
bk Push L 20 0 1k, 72k 336 n a | 25
LS Pull R Lo 0 12,515 8,0 " a a
k6 Push R 20 0 16,196 | - 50k n a a
b7 Pul R 60 0 1k, 72kL 1008 n a a
A S - N2 B ISl I [ I
0 ; a
% Push R 30 o | 13,988 |- o " a| a
51 Pull R 30 0 15,460 |1 n a a
52  Push R 10 1n Uo7k | 336 . a | a
§3 Pull R 10 15 11;,'[12)4 1002 " a | 25
Sk Push R ko 11 15,460 33 n a a
SLA Pull R W N 11,779 | 672 " a | a
S4B Push R 20 13 15,460 80 n a | 50
skc Pull R Lo 13 12,515 672 " 68 | 75
55 Pufl R Lo 13 8,098 2;152 n Sl: gg
5 Pull R e 13 11,779 _ n
57  Push R 10 6 1L, 72y 8 . - | 20
58  Pull R b 13 11,779 L20 " a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken., For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (=) indicates that temperature data existed, but was unintelligible,

A star (®*) indicates that the temperature recorder went off scale., The recorded value
is therefore less than the actual temperature.

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F, The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient,

Horizontsl traction forces are negative; braking forces are positive,
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TABLE E-4

Field Test Data for Car 1
Lioaded Box DOTX-502
Truck B Axle 1

Actual Truck Weight = 51, 440

Orien- Wheel Train Brake

Vertical

Horzntl | Side | Near | Far Wheel

Run tation Side Speed Red'nl|) Load Load Load | Side | Side Tems

(mph) (pet)fl (1b) | (W) | (w) |Temp | Tem | (op)

CH L en | ©

1 Pull R ﬁ o || 11,779 -1008 | 3600 a a
2 Push R 0 13,988 2352 0 a a
3  Pul R 5 0 12,515 - 8ho 3L00 a a
kb  Push R 5 0 §I 13,052 2352  {-1200 a a
s Puil R 10 0 13,252 - 672 3000 a a
6  Pueh R 10 0 || 1h,72k 2856 |- LOO a a
7 Pull R 20 o 11,779 - 672 | LoOO a2 a
8  Push R 20 0 1,72k 2520 100 a a
9 Pull R Lo 0 10, 307 -13kh | n.d, a a
10  Push R 10 0 13,252 2352 | 1800 a a
11  Pull R 60 0 | 13,988 50k} 1500 a a |
12 Push R 60 o Il 11,779 2352 0 a a |(35)
13 Pull R 10 6 I 11,779 -1680 | LOOO a a
1k  Push R 10 11§ 13,988 3024 500 | k1 20
1s Pull R 10 15§ 12,515 -1008 | 2500 | Sk 30 {12%)
16 Push R 20 6 § 13,988 2016 = 200 7 20
17 Pull R 20 11§ 13,252 -2016 | LOOO | 27 Lo ,
18  Push R 20 15 13,252 302Lh | 1hoo - | 100 (110}
19 Pull R Lo 6 11,779 -2016 5000 - 20 >
20  Push R Lo 11 | 12,515 302k | 1000 - 50 | (115)
21 Pull R Lo 15 | 12,515 -1512 | L80O - | 125 |
22 Push R 60 6 | 13,252 3360 1800 | = | 110 :
23 Pull R 60 11§ 11,043 -13LL | 3600 - 50 (100)
24 Pull R 60 15 # 10,307 -1008 3000 [ = | 100
25 Pull L 10 11§ 12,515 80 {1500 - 10
26 Push L 20 11§ 12,515 - 672 {3000 }290 25
27 Pull L Lo 11§ 13,257 672 |n.d. - 75 (280)
27A  Push L 20 11§ 12,515 ¢ - 8LO " - | 13
28 Pull L 60 1 f 12,515 50L moj290 | 25
284 Push L 30 11§ 11,0i3 -1680 w1323 -
29 Pull L 10 o {f 11,779 336 " - a
30 Push L 20 0 1k, 72L -1008 " - a
31 Pull L Lo 0 11,779 672 " a a
32 pPull L 60 0 12,515 672 " a a
33  Pull L 10 11 13,25? 336 " 82 30
34  Push L 20 n 13,252 =13hk "oy 1094 50
35  Pull L Lo 11 11,779 0 " - | 100 '
36  Pull L 60 11 12,515 1008 " -] 38 '




TABLE E-4 (Cont'd)

Field Test Data for Car 1
Loaded Box DOTX-502
Truck B Axle 1
Actual Truck Weight = 51, 440

Orien- w#heel Train Brake | Vertical]| Horsntl] 3ide] Near | Far

Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1v) (1b) (mv) } T T

(oF) | (°F

L1 Pal L 60 0 13,252 1008 | n.d. a a
ﬁg Push 10 0 12:515 -1008 " a | 2%
P11 L Lo 0 13,988 168 ' a | 25

by Push L 20 0 | 15,460 21176 " a | 25
uS  Pull R Lo 0 12,515 - 168 " - a
56 Push R 20 0 13,988 13hh " a
7 Pull R 0 0 17,515 0 " a
ﬂs Push R 10 0 | 13,988 suwo | " -1 a
L9 Pull R 30 0 12,51 -1008 n - a
50 Push R 30 0 131383 680 | - | a
51 Pull R 30 0 12,515 0 " - a
52 Push R 10 11 1k, 72k 1176 n - a
53 Pull R 10 15 11,779 50L " - a
Sl Push R Lo 11 13,988 8L0 n - a
5,4 Pull R Lo 1 11.779 8110 " - a
LB Push R 20 13 12,515 840 n - | 25
sLc  Pull R Lo 13 11,779 672 " 3L | 50
55 Pl R 40 13 | 12,515 336 " -] 2
A S A Er T A B R

] s -
58  Pull R o 13 | 11,779 woo | m -1 a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (#) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F., The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-5
Field Test Data for Car II
Empty Box DOTX-501
Truck A Axle 4
Actual Truck Weight = 22, 380

Orien- Wheel Train Brake|l Vertical | Horzntl | Side | Near | Far (#heel
Run tation Side Speed Red'n|} Load Load Load { Side | Side |[Temp
(mph) (psi)|] (1v) (1b) (mv) | T T {orF}
| B | (o8 |
1 Pull R E 0 5,153 50k 1200 a a
2 Push R 0 5,153 | - 672 1800 a a
3  Pull R 5 0 5,153 S0k 1200 a a
k  Push R 5 0 5,153 | - 672 1800 a a
5  Pull R 10 0 5,153 50l 1400 a a
6 Push R 10 0 5,153 | - 50k 1800 a a
7 Pull R 20 0 5,153 1008 1600 a a
8 Push R 20 0 7,362 - 50k 1400 a a
9 Pull R Lo 0 5,153 8u0 n.de a a
10  Push R Lo 0 5,890 336 0 a a
11 Pull R 60 0 6,626 50k 1800 a a
12 Push R 60 0 8,83 | - 8LO 500 a a {(35)
13 Pull R 10 6 5,153 336 3500 a a
1k Push R 10 11 5,890 | - 672 1500] 27 10
1s  Pull R 10 15 5,153 336 1500 sk 10 | (120)
16 Push R 20 6 5,890 } - SOk 16001 1k 10
17  Pull R 20 11 5,890 S0k 2600{ 5h 10
18  Push R 20 15 5,890 | - 50k 1800 82 90 | (165)
19 Pull R Lo 6 L, 17 1008 1L00| 1 50
20  Push R Lo 11 5,890 136 1000 163 | 150 § (175)
21 Pull R Lo 15 5,153 1008 | 1200 -1 50
22 Push R 60 6 5,153 0 -1200] - 50
23  Pull R 60 1 6,626 188 | -1200] -1 200 | (189)
2k  Pull R 60 15 5,153 8LO 1800 - | 150
25 Pul L 10 11 5,153 S0k 500, - 10
26  Push L 20 11 5,153 0 1000 102 75
27 Pull L e 11 L,L17 0 n.de | 301 | 358 | (250)
27A  Push L 2 11 5,153 0 " 33k Lo
28 Pull L 60 11 5,890 504 " 33L | 200
284 Push L 30 11 7,362 168 " hoo { 100
29 Pull L 10 11 5,153 672 " - 50
30 Push L 20 11 5,153 0 " - 4 110
31 Pull L Lo 11§ L,l7 672 " 61 | 160
32 Pull L 60 11 5,153 336 " Ll | 160
33  Pald L 10 0 5,153 50k " 1k 1o
34  Push L 20 0 5,153 | - 168 ] a -
35  Pull L Lo 0 5,153 50k " a - |
36 Pall L 60 0 75362 0 " a -
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TABLE E-5 (Cont'd)

Field Test Data for Car II
Empty Box DOTX-501
Truck A Axle 4
Actual Truck Weight = 22, 380

Orien- wWheel Train Brake | Vertical| Horsntl] OSide| Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1b) (1) (mv) ] T T
(8}:3 (°F
L1 Pull L 60 0 6,626 50l n.d. a a
L2 Push L 10 0 5,153 0 " _ a
L3 Pull L L0 0 5,153 336 " a a
bk Push L 20 0 5,153 |- 336 " a a
us Pull R Lo 0 5,890 0 n - a
hé Push R 20 0 6,626 | - 672 n - N
L7 Pull R 60 0 8,098 | 1008 " - a
48 Push R 10 0 5,890 - 336 " - a
LS Pull R 30 0 3,681 168 " - .
50 Push R 30 0 5,800 |- 168 " - a
51 Pull R 30 0 6,626 168 " - a
52 Push R 10 11 6,626 840 " - a
§3 Pull R 10 15 6,626 1176 " - a
Sk Push R Lo 11 6,626 solL " - a
ShA  Pull R LO 11 5,890 1008 " 279 200
stB  Push R 20 13 5,890 1176 " - 75
suC  Pull R Lo 13 5,153 336 " 3L 50
55  Pull R e 13 5,153 590 " 5l 80
56 Pull R Lo 13 5,890 50k " 136 70
57 Push R 10 6 6,626 0 " - 30
58 Pull R Lo 13 5,890 560 " - 100

Letters (A,B,C) after Run Number de.ignate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken., For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (=) indicates that temperature data existed, but was unintelligible,

A star (*) indicates that the temperature recorder went off scale., The recorded value
{s therefore less than the actual temperature.

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F. The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-6
Field Test Data for Car 1iI
Empty Box DOTX-501

Truck A Axle 3

Actual Truck Weight = 22, 380

Orien- Wheel Train Brake

Vertical | Horzntl

Side | Near | Far Yheeal
Run tation Side Speed Red'n Load Load Load | Side | Side |Temp
(mph) (psi) (1b) (1b) (mv) | Temp | T {oF)
(oF) | (oF}
1 Pull R E 0 5,890 | - 336 1400 a a
2 Push R 0 5,153 8L0 800 a a
3 Pull R 5 0 l,h17 | - 336 1000 a a
L Push R 5 0 5,153 810 600 a a
5  Pull R 10 0 5,153 ! - 50L 1000 a a
6  Push R 10 0 5,153 672 800 a a
7  Pull R 20 0 5,890 ~ 50k 1600 a a
8  Push R 20 0 6,626 672 1000 a a
9  Pull R ho 0 5,153 0 n.d. a a
10  Push R Lo 0 6,626 13k | 1200 a a :
11 Pull R 60 0 5,153 - 168 2000 a a ‘
12  Push R 60 0 li,u17 336 |-1000 a a (35)
13  Pull R 10 6 5,153 50 | 1500 a a
1y  Push R 10 1 6,626 1008 11000 | L1 10
1s  Pull R 10 15 5,890 0 1000 | L1 10 [(125)
16 Push R 20 6 6,626 672 1500 1L 10
17 Pull R 20 11 5,890 | - 50h |aihoo | 68 Lo :
18  Push R 20 15 5,890 8L0 800 | 136 90 (170) |
19 Pull R Lo 6 b,h17 - 672 1000 L1 50
20 Push R ko 11 5,890 1176 1000 68 | 190 i(230)
21  Pull R Lo 15 5,890 672 3000 - 389
22  Push R 60 6 5,153 13Lh | 800 - 221
23 Pull R 60 11 5,890 8LO 1600 - | 28L (2Lk0)
2h  Pull R 60 15 b,lh17 336 | 800 - | 28k
25  Pull L 10 11 5,153 - 168 11000 - 30
26  Push L 20 11 5,153 0 oo | 2u6 | 50
27  Pull L W n ,L17 672 ln.d. | 279 | 326 {(200)
27A Push L 20 11 5,153 | - 168 mo43L5 0 30
28 Pull L 60 11 5,890 672 " 301 75
284 Push L 30 1 6,626 168 " Lboo | 100
29 Pull L 10 11 5,890 - 33 " - Lo
30 Push L 20 11 5,890 - 168 " N 130
31 Pull L b 1 6,626 | - 168 " Sk 1 208
32 Pull L 60 11 5,890 672 " 271 5o
33 Pull L 10 0 5,153 - 336 " a 30
3k  Push L 20 0 5,153 0 " a -
35 Pull L Lo 0 5,153 - 168 i a -
36 Pul L 60 0 5,890 672 " a -




TABLE E-6 (Cont'd)

Field Test Data for Car II
Empty Box DOTX-501
_ Truck A Axle 3
Actual Truck Weight = 22, 380

Oriens wheel Train Brake | Vertical| Borsntl] 3ide] Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1b) (1b) (mv) | T T
- on | 5
Ll Pl L 60 0 6,626 | = 336 n.d. al a
h2  Push L 10 0 5,153 0 " -1 a
L3 Pull L Lo 0 5,153 0 " a a
hh Push L 20 0 5,153 | - 168 " a a
b Pull R L0 0 5,153 | - 168 " -1 a
6 Push R 20 0 5,890 336 " - a
L7 Pull R 60 0 6,626 0 " - a
L8 Push R 10 0 5,890 672 " - a
L9 Pull R 30 0 L,L17 168 " - a
50 Push R 30 0 6,626 50k n - a
51 Pull R 30 ) 5,890 0 " - a
52 Push R 10 11 5,890 8Lo " - a
53 Pull R 10 15 5,890 13hk " - a
5y Push R o 1 6,626 50k " -1 a
544 Pull R Lo 1 5,153 1008 n 136} 50
5,8  Push R 20 13 5,800 | 1176 " -1 75
sh¢  Pull R Lo 13 5,153 | 1176 " 136} 75
55  Pull R Lo 13 5,153 255 " 274 20
56 Pull R Lo 13 5,153 168 ] 821 20
57 Push R 10 6 6,626 85 " -1 10
8 Pull R Lo 13 5,153 252 " -1 a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
t..keno

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (#) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F. The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient,

Horizontal traction forces are negative; braking forces are positive.



TABLE E-7

Field Test Data for Car II
Empty Box DOTX-501
Truck B Axle 2
Actual Truck Weight = 22,560

Orien- Wheel Train Brake |

| Vertical | Horzntl | Side | Near | Far Wheel
Run tation Side Speed Red'n| Load Load Load | Side | Side P
(mpn) (pst) ]l () | () | (m) |Temp | Temp | (oF)
| (oF; | (oF
1 Pull R E 0 5,153 - 336 1400 a a
2  Push R 0 5,153 336 1oo| a a
3 Pul R 5 0 b, k17 - 336 1600 a a
L  Push R 5 0 5,153 0 1200 a a
5 Pull R 10 0 5,153 | - 336 | 1600| 2 a
6  Push R 10 0 5,153 - 168 1400 a a
7 Pull R 20 0 5,153 | - 336 | 1600| 2 a
8 Push R 20 0 5,890 - 336 1600 a a
9 Pull R ho 0 5,153 - 168 node a a
10 Push R ko o] 5,153 8L0 0 a a
11 Pull R 60 0 5,153 168 2000 a a
12  Push R 60 0 5,890 1176 500 a a |(35)
13  Pull R 10 6 5,153 0 3500 a a
1  Push R 10 11 5,890 0 1500 | 27 10
1  Pull R 10 15 5,153 - 336 1200 | 68 20 | (105)
16 Push R 20 6 5,153 0 15001 27 10
17 PRull R 20 11 5,890 - 168  |2600 82 Lo
18  Push R 20 15 5,153 168 1800 5k 30 |(130)
19 Pall R Lo 6 6,626 - 50k 3200 Sk 20
20  Push R Lo 11 5,890 ol 8oo| 951 90 |(135)
21  Pull R Lo 15 5,890 8L0 1200 - 50
22 Push R 60 6 5,153 1176 {- L0O - 50
23  Pull R 60 11 5,153 134b 1600 - 150 |} (170)
2k Pull R 60 15 3,681 1008 1000 - 50
25 Pull L 10 11 6,626 336 0 - a
26  Push L 20 11 5,153 336 gooj 68,1 75
27 P11 L ko 11 6,626 1176 | n.d. | k0O"] 284 | (ohn)
27A Push L 2 11 5,153 168 noop 2571 60
28  Pull L 60 11 6,626 1008 " 367 | 150
284 Push L 30 11 5,153 168 " 367 1 12%
29 Pull - L 10 11 5,890 672 " - 60
30 Push L 20 11 5,153 168 " - 60
31  Pull L Lo 11 5,890 672 " 27 1 110
32 Pull L 60 11 5,890 672 " Ll 90
33  Pull L 10 0 5,890 50k " 5h | ko
34 Pueh L 20 0 5,890 50L " a -
35 Pull L Lo 0 5,890 336 " a -
36 Pull L 60 0 6,626 50h w a -
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‘TABLE E-7 (Cont'd)

Field Test Data for Car II
Empty Box DOTX-501
Truck B Axle 2

Actual Truck Weight = 22, 560

Orien- Wheel Train Brake | Vertical] Horsntl | OSide] Near | Far
Run tation Side ?peeg ?ed'? %oag %oa? %oa? gide gide
h psi 1b 1b mv &
- w89
b1 Pull L 60 0 5,153 ol nede | a a
h2  Push L 10 0 6,626 336 u - a
43 Pull L Lo ) 5,890 336 " a a
Lk Push L 20 0 5,153 336 " a a
4S5  Pull R Lo 0 5,890 0 " - a
hé Push R 20 0 5,153 50k w - a
L7 Pl R 60 0 5,153 0 " - a
L8 Push R 10 0 5,890 504 " - a
L9 Pull R 30 0 k,L17 - 168 " - a
50 Push R 30 0 5,153 sok " - a
51 Pull R 30 0 5,153 0 " - a
52 Push R 10 11 5,153 1008 ) - a
53 Pull R 10 15 - 5,890 1008 n - a
Sh Push R Lo 11 7,362 50k " - a
544 Pull R Lo 11 5,890 1176 " 191 125
548 Push R 20 13 5,890 1176 " - 100
g4 Pull R ) 13 5,153 50L " 68 25
55 Pull . R 110 13 5,153 252 " I 10
56 Pull R 1O 13 5,153 252 " 5k 20
57 Push R 10 6 5,890 85 n 68 10
58 Pull R Lo 13 5,153 336 " a 10

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
t..keno

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58, .

A dash (-) indicates that temperature data existed, but was unintelligible,

A star (#) indicated that the temperature recorder went off scsle. The recorded value
is therefore less than the actual temperature.

Al tamperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°P, The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient,

Horizontal traction forces are negaxive; braking forces are positive,



TABLE E-8

Field Test Data for Car II
Empty Box DOTX-501
Truck B Axle 1

Actual Truck Weight = 22,560

Orien- Wheel Train Brake| Vertical | Horzntl | Side | Near | Far Eﬁﬁheel
Run tation Side Speed Red'n|| Load Load Load | Side | Side |pe
(mph) (pei)fl () | () | (mv) |Temp | Temp [(op)
; (oF) | (oF) |
1 Pull R g 0 5,890 - 336 1000 a a
2  Push R 0 5,153 0 k00| a a
3 Pal R 5 0 5,890 - 336 1200 a a
b  Push R 5 0 5,153 80 800 a a
5 Pull R 10 0 5,890 - 336 1200 a a
6  Push R 10 0 5,890 672 600 a a
7 Pull R 20 0 5,890 - 336 1600 a a
8  Push R 20 0 7,362 sob 800 a a
9 Pull R o) 0 5,890 - 50L n.d. a a
10 Push R 40 0 5,153 672 1800 a a
11 Pull R 60 0 5,153 0 500 a a
12 Push R 60 0 5,153 50l 500 a a [(35)
13 Pull R 10 6 5,890 - 50h 1500 a a
1k Push R 10 11 5,890 8L0 500{ 27 10
15 Pull R 10 15 5,890 - 50L 500| k1 10 §(100)
16 Push R 20 6 5,890 336 800} 27 5
17 Pull R 20 11 6,626 - 168 1hoo{ 68 30
18  Push R 20 15 5,153 672 ol I 30 §(130)
19 Pull R LO 6 Li,h17 - 336 1800} &4 15
20  Push R Lo 11 5,153 8L0 800} 109 20 | (230)
21 Pull R Lo 15 5,890 1512 |- B0O} 102 | 3L7
22 Push R 60 6 6,626 - 672 600} 191 | 150
23 Pull R 60 11 5,890 1008 0 -} 150 | (230)
24 Pull R 60 15 6,626 1512 - BoO -1 22
25  Pull L 10 11 6,626 - 336 1500 - 10
26 Push L 20 11 5,153 - 168 8001 68 | 100
27  Pull L Lo 11 L, L7 0 n.de| 202 | 368 | (230) )
27A  Push L 20 11 5,153 168 w 279 30
28 Pull L 60 11 5,153 672 " {213 | 100
28A Push L 30 11 5,890 168 " 367 | 150
29 Pull L 10 11 5,890 - 50k " - 80 |
30 Push L 20 11 5,890 168 " - 30
A Pull L Lo 11 Lh,h17 0 " 1 90
32 Pull L 60 11 5,890 672 w 27 80
33  Pull L 10 0 5,890 - 50k " L1 Lo
3k  Push L 20 0 5,890 0 " a -
3  Pull L Lo 0 b, bh17 0 " a -
36  Pull L 60 0 5,153 - 672 m a -
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TABLE E-8 (Cont'd)

Field Test Data for Car II
Empty Box DOTX-501
Truck B Axle 1
Actual Truck Weight = 22,560

Oriens Wheel Train Brake | Vertical| Horsntl| 3ide]| Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1v) (1v) (mv) | T T
°n | °n
Ll Pull L 60 0 5,800 |- 168 n.d. a a
42  Push L 10 0 7,362 |~ 336 " - a
L3 Pull L Lo 0 5,153 |~ 50k " a a
Lk Push L 20 0 5,800 |- 336 " a a
4S  Pull R Lo 0 5,153 |- 168 " - a
hé Push R 20 0 5,890 0 " a
47 Pull R 60 0 L,l17 336 " a
48 Push R 10 0 5,153 |- 168 " - a
k9 Pull R 30 0 5,153 |- 168 " - a
50 Push R 30 0 6,626 |- 168 " - a
51 Pull R 30 0 5,890 0 " - a
52 Push R 10 11 5,890 1008 " - a
53 Pull R 10 15 5,890 1176 " - a
Sy Push R Lo 11 6,626 672 " - a
S4A Pull R Lo 11 6,626 1176 " 202 | 175
sLB  Push R 20 13 6,626 13kh " - 75
g4C  Pull R Lo 13 5,890 810 " 191 100
55 PuTl R 140 13 5,153 L1s " 5 50
5 Pull R Lo 13 8,83k 50k " 95 8o |
57 Push R 10 6 6,626 85 " 83 15
s8  Pull R Lo 13 7,362 590 " 136 80

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (*) indicatesd that the temperature recorder went off scale., The recorded value
is therefore less than the actual temperature.

All temperature readings are in OF above ambient. Ambient for all tests ranged from

26 to 329F, The designation “a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient,

Horigzontal traction forces are negative; braking forces are positive.
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TABLE E-9

Field Test Data for Car III
Loaded Gondola USAF-42015

Truck A Axle 4

Actual Truck Weight = 39,400

Orien- %Vheel Train Braks

Vertical

Horgntl

Side

Near

Wheel

Far
Run tation Side Speed Red'n}l Load Load Load | Side | Side |7t
(mph) (psi) ] (1b) (1v) (mv) | Temp | Te (g?g
o om |
1 Pull R E 0 10, 307 8LO | 1L0O a a
2 Push R 0 9,571 672 | 2200 a a
3 Pull R 5 0 9,571 1008 | 1600 a a
b Push R 5 0 10,307 1680 | 1400 a a
5 Pull R 10 0 10, 307 13Lh | 2200 a a
6  Push R 10 0 9,571 1008 | 2000 a a
7 Pull R 20 0 9,571 1680 | 1800 a a
8  Push R 20 0 9,571 50k | 3600 a a
9 Pull R Lo 0 8,83L 1176 | n.d, a a
10 Push R Lo o} 9,571 1176 3800 a a
11  Pull R 60 0 11,043 5oL | 2500 a a
12  Push R 60 0 8,83k 1008 | 1000 a a |(35)
13 pull R 10 6 11,0hL3 218 {1500 a a |
1;  Push R 10 1 10,307 0 1500 | L1 30
1§  Pull R 10 15 11,0L3 2352 {2000 | 200 | 130 |(250)
16  Push R 20 6 11,043 sobh | 2200 | k1 20 |
17 Pl R 20 11 11,043 168 | 2800 | 82 50 |
18  Push R 20 15 9,571 84O | 2600 | 217 | 190 {(330)
19 Pull R 10 6 10, 307 168 | 2400 | 68 70
20  Push R Lo 11 8,098 - 672 |2800 | 163 | 100 |(330)
21  Pull R 40 15 8,83L 2016 | 3000 | 102 | 263
22 Push R 60 6 11,779 0 1200 - | 221
23 Pull R 60 11 10,307 1848 11800 |° - | 221 [(260)
2y Pull R 60 15 11,779 1848 3400 | 136 | 305
25 Pall L 10 11 8,83k 33 }1500 | 217 | 30
26  Push L 20 11 7,362 0 600 | °k6 | 150
27 Pull L Lo 11 8,83 - 168 {n.d. | hoo*| 25 [(375)
27A Push L 20 11 8,83k 8L.0 " 2L6 50
28 Pull L 60 11 8,83k 8L0 " 334 50
28A Push L 30 11 10,307 - 168 " 356, 75
29  Pull L 10 11 8,83L 18L8 "} 23571 20kL
30 Push L 20 11 8,098 810 n } 257 | 2%
31 Pull L Lo 11 9,571 168 n 61 | 200
32 Pull L 60 11 10,307 - 168 n 136 | 208
33  Pull L 10 11 9,571 . 1176 1102 | o21*
34  Push L 20 11 8,83l 0 "L 177 | 253
35  Pull L Lo 11 8,098 0 " {235 ] 253
36 Pull L 60 11 75362 1008 " 150 | 200




.TABLE E-9 (Cont'd)
Field Test Data for Car III
Loaded Gondola USAF-42015

Truck A Axle 4
Actual Truck Weight = 39, 400

Orien« Wheel Train Brake | Verticall Horzntl ~ Side | Vear | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
- (mph) (psi) (1v) (1b) (mv) | T T

¢om | (%5

L1 Pul 60 0 11,779 13k | nde | a 50
42  Push [ 10 0 9,571 | - 168 " a 75
43 Pul LO 0 8,83k 672 " a 50
Lk  Push L 20 0 8,83l 8LO " L1 a
S Pull R Lo 0 8,098 8L0 " - a
k6 Push R 20 0 11,779 8L0 " - a
47 Pull R 60 0 10, 307 336 " - a
48 Push R 10 0 10, 307 8L0 " - a
b9 P31 R 30 0 8,83 | - 336 " - a
50 Push R 30 0 11,043 8L.0 " - a
51 Pull R 30 0 10,307 0 " - a
52 Push R 10 11 10,307 1008 " - a
53 Pull R 10 15 11,779 1680. " - a
5, Push R Lo 1 11,043 50l " - a
SLA  Pull R Lo 11 8,098 1008 " 136 50
S4B  Fush R 20 13 8,83k 1512 " - 75
shC Pull R Lo 13 8,83L 1176 " 191 1 100
5¢ Pull R Lo 13 10,307 590 " sh Lo
5 Pull R L0 13 11,779 5oL " 82 70
57 Push R 10 6 10,307 252 " 82 o)
S8  Pull R LO 13 9,571 252 no 1136 L5

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58, :

A dash (-) indicates that temperature data existed, but was unintelligible,

A star (*) indicated that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature:

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F. The designation "a® means that no temperature rise occurred as the whsel
passed, thus the wheel temperature was the same as ambient,

Horizontal traction forces are negative; braking forces are positive,



TABLE E-10

F'ield Test Data for Car III
L.oaded Gondola JSAF-42015

Truck A Axle 3

Actual Truck Weight = 39,400
Orien- %Wheel Train Brake|l Vertical | Horzntl | Side | Near [ Far Wheel
Run tation Side Speed Red'n Load Load Load | Side | Side | Temp
(mph) (psi)fi  (1b) (1b) (mv) | Temp | T (oF)
| (B | (oF)
1  Pull R E 0 11,779 | -1008 1200 a a
2  Push R 0 10,307 | - 8LO 1L00{ a a
3  Pull R 5 0 10,307 | =13k 100} a a
L  Push R 5 0 10,307 | -1512 1400| a a
5 Pull R 10 0 11,0L3 -13LkL 1600 a a
&  Push R 10 0 10,307 | - 672 1600 a a
7 Pull R 20 (o} 9,571 -1176 1800 a a
8  Push R 20 0 12,515 | -1008 2000! a a
9 Pull R ho 0 8,098 | -13Lh n.dej a a
10  Push R Lo 0 12,515 -1680 3000 a a
n Pull R 60 0 9,571 50L 1000 a a
12 Pueh R 60 0 12,515 | -1008 1000 & a | (35)
13 Pull R 10 6 11,0kL3 -13LhL 1800 a a
1 Push R 10 1n 13,252 218} -1000] 82 30
1s Pull R 10 15 11,779 1680 500 213 | 110 | (275)
16  Push R 20 6 12,515 | -1008 2000 | 5Sh 30
17 Pull R 20 11 10,307 |- 672 2600 | 82} 60
18  Push R 20 15 11,779 8l0 1800 | 2357 | 20b | (350)
19  Pull R Lo '3 12,5157 | -1512 o | 68 60
20  Push R Lo 11 11,043 13Lk 2000 | 163 | 150 | (325)
21  Pull R Lo 15 9,571 |- 336 1600 1 102 | 3L7 |
22  Push R 60 6 13,988 1680 {-1k00) - | 221 |
23 Pull R 60 11 13,988 | - 8LO 0 - | 100 | (260)
2k  Pull R 60 15 10,307 | - 672 1200 | 136 | 253
25  Pull L 10 11 9,571 336 500 | 20k 50
26  Pugh L 20 11 11,043 1008 Lo | 290 | 200
27  Pull L Lo 11 8,098 672 n.d. | 301 | 37771 (360)
27A  Push L 20 11 9,571 336 noot 356 75
28  Pull L 60 11 9,571 0 v 268 75
28A Push ‘L 30 11 10, 307 336 n 345 o 100
29 Pull L 10 11 9,571 672 " 2357 20k
30 Push L 20 11 10, 307 336 w290 | 2217
31 Pull L 4o 11 8,834 672 " 61 | 221
32  Pull L 60 11 9,571 336 w1122 4 190
33 Pull L 10 1 9,571 5ol " 82 | 221
3,  Push L 20 11 11,0L3 8L0 moo 191 | 27k
35 Pull L Lo 11 9,871 168 "o 20k | 305
36  Pull L 60 11 8,83k 8L0 no 1163 | 200




TABLE E-10 (Cont'd)

Field Test Data for Car III
Loaded Gondola USAF-42015
Truck A Axle 3
Actual Truck Weight = 39,400

Orien+ Wheel 1Irain Brake | Vertical| Horsntl] Side] Near | Far
Run tation Side Speed Red'n Load Load Load | Side { Side
(mph) (psi) (1b) (1b) (mv) | T T

©n | (37
L1 Pull L 60 0 8,83: | - 8Lo n.d. a 50
L2 Push L 10 0 8,834 672 " a 90
L3 Pull L LO 0 8,098 | - 84O " a 50
Lk Push L 20 0 9,57 336 " 27 a
b5 Pull R Lo 0 9,571 | -1008 " - a
b6 Push R 20 0 11,779 | - 50h " - a
L7 Pull R 60 0 10,307 | - 50L " - a
L8 Push R 10 0 11,043 | - 5oL " - a
k9 Pl R 30 0 11,043 | -1008 " - a
50 Push R 30 0 11,779 | - 336 " - a
51 Pull R 30 0 11,00L3 0 " - a
52 Push R 10 1 11,0L3 1008 " - a
53 Pull R 10 15 11,779 | 1176 " - a
o4 Push R Lo 11 11,779 S0k " - an
S4LA  Pull R Lo 11 7,362 | 1176 " 213 | 60
S4B Push R 20 13 13,252 840 " -1 100
s4C  Pull R Lo 13 10,307 | 1176 " 191 | 125
55 Pull R Lo 13 8,098 760 " sh | Lo
5% Pull R 40 13 9,571 50L u 68 | 90
57 Push R 10 6 11,779 252 d 82} 20
58  Pull R LO 13 8,83l 336 " 68 | Ls

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (*) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature,

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F., The designation "a® means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,
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TABLE E-11
Field Test Data for Car III
Loaded Gondola USAF-42015
Truck B Axle 2
Actual Truck Weight = 37, 820

Orien- Wheel Train Brake|| Vertical | Horzntl | Side | Near | Far Wheel
Run tation Side Speed Red'n Load Load Load | Side | Side | ¢
(mh) (ps1)fl (1b) | (1) | (mv) |Temp| Temp | (o)
| (oF) | (o)
1 Pull R E 0 8,83k 672 1 1hL00O a a
2 Push R 0 8,834 168 1600} a a
3  Pull R 5 0 8,098 50 1400| a a
b Push R 5 0 8,83l 50l 1400| a a
5  Pull R 10 0 9,571 677 1L00] a a
6 Push R 10 0 10,307 168 | 1600 a a
7 Pull R 20 0 8,83l 1008 600 a a
8 Push R 20 0 9,571 336 2000f a a
9  Pull R Lo 0 7,362 840 n.d.| a a
10 Push R Lo 0 10, 307 50k 1600/ a a
11 Pull R 60 o { 8,83 8L0 2500| a a
12  Push R 60 0 || 11,043 50k 1000{ a a {(35)
13 Pull R 10 6 9,571 2016 1500 a a
1l Push R 1c 1 9,571 672 1000; kLl 30
1s  Pull R 10 15 9,571 2352 1500| 209 | 110 | (300)
16 Push R 20 6 9,571 168 2000{ L1 20
17 Pull R 20 11 8,834 50k 2800§ 109 60
18  Push R 20 15 10, 307 1008 1000} 222 | 221 | (LOO)
19 Pull R 40 6 8,83 0 3000 82 50
20  Push R 110 11 8,098 13LL 2000{ n.d.| 213 | (355)
21 Pull R 4o 15 || 8,098 1848 2800} 102 326
22 Push R 60 6 i 10,307 672 800; - 150
23  Pull R 60 11 4§ 8,83L 2856 1200f = | 200 | (260)
2h  Pull R 60 15 8,83L 218l 3000{ 170 | 28k
25 Pull L 10 11§ 10,307 672 1500] 226 30
26  Push L 20 1§ 9,5Mm 672 1000] 2L6 | 28L
27  Pull L Lo 11§ 11,043 0 n.d.{ 4oo®| 284 | (370)
27A Push L 20 11§ 9,571 0 " 279 90
28 Pull L 60 11§ 11,043 168 L 1% Al B
2804 Push L 30 11§ 12,518 168 " 367* 63
29  Pull L 10 11 { 10,307 1176 w235t 208
30  Push L 20 11 ff 9,571 50k " 68 | 221
31 Pull L ) 11 f 11,013 168 " 68 | 208
32 Pull L 60 11 11,779 1008 " 150 180
33 Pull L 10 11 9,571 8L0O no 102 213
34  Push L 20 11 10,307 134l n | 163 2L2
35  Pal L Lo 11 11,043 168 w1187 211
3% P21 L 60 11 {10,307 |- 336 m 1187 | 200




TABLE E-11 (Cont'd)

Field Test Data for Car III
Loaded Gondola USAF-42015
Truck B Axle 2
Actual Truck Weight = 37, 820

Orien- wheel Train Brake | Vertical| Horzntl| Side| Near | Far
Run tation Side Speed Red'n Load ‘| Load | Load] Side | Side
(mph) (psi) (1v) (1b) (mv) { T T

» - (o8 | (°F)

Ll Pull L 60 0 12,515 | 1512 | n.d. a 25

bp Push L2000 oo | o | v | e |50

1 L Lo 0 | 10,307 | 8LO a | 25

Lk  Push L 20 0 9,571 |- 336 L b1 a

L5 Pull R Lo -0 9,571 E;oh L - a

ﬁé Push R ZO 0 10,307 672 " - a

7 Pul R o 0 | 88w o | " - a

48 Push R 10 0 9, _;;31 8o, | " - a

B N A A
8 : o -

§1 - Pull R 30 0 951 | O " -] a

52 Push R 10 1 8,83L 1008 n - a

S men R w0 onm | oodh | e | ]2
] ! g e ! -

SLA Pull R 1 8,098 | 1176 n o |oue {125

-64B  Fush R 20 13 8,098 1176 n - 1100

S4C  Pull R Lo 13 9,571 | 1512 n 202 1125

55 PuTl R L0 13 11,0L3 590 " L1 | ko

56 Pull R 10 13 13,757 50l " 82 ZO

57 Push R 10 6 8,83 260 n 150 0

58 Pull R Lo 13 9,571 120 " 82 Lo

Letters (A,B,C) after Run NMumber designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58, . :

A dash (=) indicates that temperature data existed, but was urintelligible,

A star (#) indicatesd that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°P, The designation "a® means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,
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TABLE E-12

Field Test Data for Car III
Looaded Gondola USAF -42015

Truck B Axlel
Actual Truck Weight = 37,820
g Orien- Wheel Train Brake|l Vertical | Horzntl | Side | Near | Far Wheel |
Run tation Side Speed Red'n Load Load Load | Side | Side | Temp
(moh) (pe1)f| (1b) | (10) | (wv) |Temp | Temp | (oF) -
©B | em |
1 Pull R ﬁ 0 9,571 ~1008 1400 a a
2 Push R 0 9,571 1008 1400 a a !
3 Pl R 5 0 8,83k -1008 1600 a a ;
h Push R 5 0 8,83 | 672 1100 a a ‘
5  Pull R 10 0 10, 307 ~1176 1600{ a a
6  Push R 10 0 10,307 672 1L00 a a
7 Pull R 20 o 8,834 -1008 2000 a a
8  Push R 20 0 11,0L3 - 672 1800 a a
9 Pull R 10 0 8,008 -1512 n.d. a a
10 Push R Lo 0 10,307 8LO 1800 a a
11 Pull R 60 0 7,362 -1176 2000 a a
12  Push R 60 0 7,362 | 1176 1000 a a { (35)
13 Pull R 10 6 8,83l -1176 1800 a a
1  Push R 10 1 10, 307 81,0 800| 109 30
15 Pull R 10 15 8,83L 2352 500} 209 120 | (310)
16 Push R 20 6 11,043 336 1hoo} 68 30
17 Pull R 20 11 10,307 0 600| 109 60
18  Push R 20 15 11,779 1176 1400 2387} 221 | (350)
19 Pull R Lo 6 9,57 0 0 82 60
20 Push R Lo 11 n.d, n.d. n.d.| n.d.{ 160
21 Pull R Lo 15 10,307 1008 - 800} 136 | 326
22 Push R 60 6 10,307 168 1000 -1 221
23  Pull R 60 11 5,153 50k 0 - | 175 | (260)
2 Pull R 60 15 8,83L 0 - 600| 136 | 263
25 Pall L 10 11 9,571 - 336 1000| 226 50
26 Push L 20 11 9,571 1008 26001 33k 316*
27 Pull L 40 11 7,362 0" n.d. i 290 | 377" § (350)
27A  Push L 20 11 9,571 50k ® 1 Lo0%| 128
28 Pull L 60 11 8,098 - 336 " 235* 75
28A  Push L 30 11 8,834 336 " koo* 100
29  Pull L 10 11 8,83L 168 m {235 AN
‘30  Push L 20 11 9,571 0 120k | 221
31 Pull L Lo 11 8,83k - 168 n 27 | 213
32 Pull L 60 11 8,008 | - 8LO n 1136 | 208
33 Pa L 10 1 8,834 0 " 82 { ook
3 Push L 20 11 9,571 1008 o150 | 22
3 Pl L L0 11 7,362 0 w1187 | 28 |
36  Pull L 60 1 $,571 | - SOk m 1187 | 200 ;
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TABLE E~12 (Cont'd)
Field Test Data for Car III
Loaded Gondola USAF-42015

Truck B Axle 1
Actual Truck Weight = 37,820

Orien- wWheel 1Irain Brake | Vertical] Horzntl | 3ide] Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1v) (1b) (mv) | T T

© | ¢5
41  Pull L 60 0 8,834 - 840 n.d. a 50
b2  Push L 10 0 9,571 50l " a 75
43  Pull L LO 0 8,83L | - 84O " a 25
Lk Push 20 0 9,571 168 " n a
45 Pull R 40 0 8,83 | - 336 L - a
b  Push R 20 0 10,307 ° 0 " - a
L7 Pu1l R 60 4] 8,098 0 " - a
48  Push R 10 0 9,571 | - 168 " - a
by Pl R 30 0 9,570 | = 672 " - a
50 Push R 30 0 10,307 | - 168 " - a
51 Pull R 30 0 a,571 | - 168 " - a
52 Push R 10 11 9,571 1176 " - a
§3 Pull R 10 15 8,83l 1176 " - a
5%  Push R Lo 11 9,571 1008 " - a
shA  Pull R L0 11 7,362 1176 " 191 100
sL8  Fush R 20 13 11,043 672 " 180 | 1°5
54  Pull R Lo 13 6,626 13Lk " b1 | o125
55  PuTl R Lo 13 6,626 672 " 82 Lo
5  Pull R Lo 13 5,890 590 | 9¢ 70
57 Push R 10 6 9,571 252 " 68 30
58 Pull R Lo 13 8,098 20 " 35

Letters (A,B,C) after Run Mumber designate non-scheduled tests for which data was
taken.

N.D. indicates that no data was taken, For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (=) indicates that temperature data existed, but was unintelligible.

A star (#) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

All temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 3297, The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,

E-25



TABLE E-13

Field Test Data for Car IV
Empty Gondola USAF-42016

Truck A

Axle 4

Actual Truck Weight = 24, 520

Orien- Wheel Train Brake |

Horzntl

Vertical Near | Far eel
Run tation Side Speed Red'n| Load load Load { Side | Side
(mph) (pet)|| () | (©) | (mv) |Tewp | Temp (o)
(OF) | (oF)
1 Pull R E 0 5,890 £72 600 a a
2  Push R 0 5,890 | - 336 1200 a a
3 Pull R 5 o 5,890 | - 168 1000 a a
L  Push R 5 0 5,153 0 1200| a a
5 Pull R 10 0 5,890 672 800 a a
6 Push R 10 0 5,800 | - 336 1000 a a
7 Pal R 20 0 5,153 810 1000 a a
8 Push R 20 0 7,362 336 1500 a a
9  Pull R 10 0 5,183 50k n.d. a a
10 Push R Lo 0 5,890 336 1000 a a
1 Pull R 60 0 5,890 8L0 - 500 a a
12  Push R 60 0 5,890 1008 500( a a 1(39%)
<
13  Pull R 10 6 5,890 8LO 800 a a
1y  Push R 10 11 5,890 0 800{ 1k a
15  Pull R 10 15 6,626 168 1000| a a | (39)
16  Push R 20 6 6,676 0 goo} 21 a
17  Pull R 20 11 5,890 672 1000 a a
18  Push R 20 15 5, R0 336 1600 a 10 | (35)
19 Pull R tO 6 5,153 336 1600 3 ‘ a
20 Push R 0 11 n.d. n.d. ned. | n.de a
21  Pull R Lo 15 6,626 0 1400} a 50
22 Push R 60 6 7,362 168 2000 a 50
23 Pull R 60 11 8,098 1008 3000 - 50 | (90) |
i  Pull R 60 15 5,890 672 2200} - a
25 Pull L 10 0 6,626 8LO 1000 a a
26  Push L 20 0 5,800 § - 336 2000 a a
27 Pull L Lo 0 5,153 0 n.de a a | (85)
27A Push L 20 0 6,626 | -<336 " a a
28 Pull L 60 0. 5,890 168 " a a
28A  Push L 30 0 2"22‘3 - Bﬁﬁ " - a
29 Pull L 10 11 29 13 n - a
30 Push L 20 11 6,626 168 " a 60
31  Pull L Lo 11 5,890 50k " a 30
32 Pull L 60 11 5,890 8L0 n a 10
33 Pull L 10 11 6,626 1008 " 5) 70
34  Push L 20 11 5,890 50k no sk 100
33 Pl L Lo 11 5,290 336 " -1 100
36 Pull L 60 11 5,800 50k L B Y 50




TABLE E-13 (Cont'd)
Field Test Data for Car IV
Empty Gondola USAF-42016
Truck A Axle 4
Actual Truck Weight = 24,520

Orien» Wheel 1Irain Brake | Vertical] Horzntl ] 9ide| Near | Far
Run tation Side .'(Speec)i F(ted ! r)1 I(:oac)i I(om)i I(.ozu)i Side | Side
h psi Ib 1b mv) | Te Ter

- or | 8

Ll Pull L 60 0 6,626 0 Ned. a 10
b2 Push L 10 0 6,626 0 " a 25
L3 Pull L L0 0 5,890 168 " a a
hh Push L 20 0 6,626 - 50k n a a
45  Pull L Lo 0 5,890 0 " - a
Lé Push 1, 20 0 6,626 ook i - a
k7 Pl L 60 0 5,153 £72 w - a
L&  Push L 10 0 5,890 8L0 " - a
ks Rl L 30 0 5,890 168 1 - 2
50 Push L 30 0 6,676 8.0 " - a
51 Full L 30 0 6,626 0 " - a
? Push L 10 11 6,626 672 " - a
g5 Pull L 10 15 6,626 50k " - a
Sk Push L Lo 11 6,626 5oL " - a
ShA  Pull L L0 11 5,800 - 168 " a a
chB  Fush L 20 13 6,626 336 " a a
t4C  Pull L L0 13 6,626 336 " a a
g5 FuTl 1 Lo 13 6,626 85 " a a
o) Pull 1 L0 13 6,626 0 n a a
5 Fush L 10 6 7,362 252 " a a
5h Full 54 Lo 13 n.d. n.d. " a a

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
takeno

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (#*) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F, The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-14
Field Test Data for Car IV -
Empty Gondola USAF-42016
© Truck A Axle 3
Actual Truck Weight = 24,520

Orien- Wheel Train Brake|l Vertical] Horzntl | Side | Near | Far Wheel
Run tation Side Speed Red'n Load Load Load | Side | Side | Temp
(mph) (psi) (1v) (1v) (mv) | Temp | Te (°F)
(°F) | (oF)
1 Pull R E 0 5,890 - 336 1000 a a
2 Push R 0 5,890 8LO 1200 a a
3  Pull R 5 0 6,626 - 336 1000 a a
N Push R 5 0 5,890 672 1200 a a
5 Pull R 10 0 6,626 -33 | 1200| a a
6  Push R 10 0 6,626 50k 1000 a a
7 Pl R 20 0 5,890 - 336 1000 a a
8 Push R 20 0 6,626 336 1400 a a
9 Pull R Lo 0 5,153 336 n.d. a a
10 Push R Lo 4] 7,362 336 1200 a a
11 Pull R 60 0 5,153 - 50k 0 a a
12  Push R 60 0 6,626 672 800| a a |(35)
13 Pull R 10 6 6,626 - 840 800 a a
1  Push R 10 1 6,696 336 800| 1l a
15  Pull R 10 15 6,626 - 504 | 1000{ a a ((35) |
16 Push R 20 6 6,626 168 800l 14 a ;
17 Pull R 20 11 6,626 - S04 800 a a
18  Push R 20 15 6,626 Sol | 1200 3 10 {(50)
19 Pull R Lo 6 5,153 168 | 1500 a a
20 Push R Lo 11 n.d. n.d, n.de | n.d. a |
21 Pull R Lo 15 6,626 - 168 - 600 a 50
22 Push R 60 6 6,626 336 1000 a 25 !
23 Pull R 60 11 5,800 672 | -1800 - 25 {(80)
2y Pull R 60 15 5,890 1008 0 - a |
25  Pull L 10 0 5,890 - 5oL | 1000f a a _'
26 Push L 20 0 5,890 0 8oo| = a
27 Pul L Lo 0 5,R90 0 n.d,| a a ((B0)
27A  Push L 20 0 6,626 0 " a a |
28 Pull L 60 0 5,153 0 " a - f
28A Push L 3 0 5, 890 3% | v - a
29 Pull L 10 11 5,890 - 810 " - 30
30 Push L 20 11 || 7,367 50k " a 80
1 Pull L LO 11 6,626 - 50k " a 30
32 Pull L 60 11 5,153 0 n a 20
33 Pull L 10 11 5,890 - 672 n 27 60
3k  Push L 20 11 5,890 336 " sho| 100
35 Pl L Lo 11 5,153 - 50L " = | 100
36 Pull L 60 11 h,L17 - 168 n 1k 50




TABLE E-14 (Cont'd)

Field Test Data for Car IV

Empty Gondola USAF-42016
Truck A Axle 3

Actual Truck Weight = 24,520

Orien~ Wheel Train Brake | Vertical] Horzntl] Side] Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) (1b) (1b) (mv) | Temp | T
©n | 6B
Ll Pull L 60 0 5,890 - 168 n.de.| a 10
he  Push L 10 0 6,626 0 " a 25
L3 Pull L Lo 0 6,626 0 " a a
bt Push L 20. 0 8,098 | - 16R " a a
45 Pull L Lo 0 5,890 0 " - a
hé Push L 20 0 6,626 677 " - a
L7 Pull L 60 0 5,153 81:0 " - a
L8 Push L 10 0 5, 890 - 336 n - a
Lo Pull L 30 0 5,153 168 " - a
50  Push L 30 0 5,890 0 " - a
g1 Pull L 30 0 6,626 168 n - a
g7 Fush L 10 11 6,626 PYTe) " - a
g3 Full L 10 15 6,626 336 n - a
Sk Push L Lo 11 6,626 - 168 " - a
SLA Pull L LO 11 6,626 0 n a a |
i3 Push L 20 13 6,676 50k " a a |
fuC  Pull L Lo 13 5,890 0 n 3 3
£e PuTl L 4o 13 5,890 0 " a a
5 Pull L 10 13 5,800 |- 85 " a a
57 Push L 10 6 6,626 - 85 " a a
gR Pull L. L0 13 N n.d. " a 2

Letters (A,B,C) after Run Number designate non-scheduled tests for which data was
taken,

N.D. indicates that no data was taken., For Side loads, strain gages were inoperative
for Runs 27-58.

A dash (-) indicates that temperature data existed, but was unintelligible.

A star (#) indicates that the temperature recorder went off scsle. The recorded value
is therefore less than the actual temperature.

A1l temperature readings are in OF above ambient. Ambient for all tests ranged from
26 to 32°F. The designation "a" means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-15

Field Test Data for Car IV
Empty Gondola USAF-42016

Truck B Axle 2

Actual Truck Weight = 24,780

Orien- Wheel Train Brake

Vertical | Horzntl | Side | Near | Far Wheel
Run tation Side Speed Red'n Load Load Load | Side | Side |Temp
(mph) (psi) (1b) (1v) (mv) | Temp | Te (oF)
(oF) | (oF)
1 Pl R E ) 5,890 672 1000 a a
2 Push R 0 6,626 0 1200 a a
3 Pull R 5 0 5,890 sol 1000 a a |
h Push R 5 0 5,890 0 1900 a a g
5 Pull R 10 0 6,626 =0k 8OOl a a
6  Push R 10 0 5,890 168 1000} a a ;
7 Pull R 20 0 5,R90 50b | 1k0O| a a
8  Push R 20 0 6,626 336 1L00| a a
9 Pull R Lo 0 5,890 672 n.d, a a
10 Push R 4O 0 5,153 - 50k £00 a a
1 Pull R 60 0 5,890 50k 0 a a |
12 Push R 60 0 n.de n.d. Nede | n.d n.d, |
13  Pull R 10 6 5,890 ol 1000! & a !
i  Push R 10 11 6,626 0 800} 14 a ;’
1s  Pull R 10 15 5,890 168 1 1000} 3L a {(Lo)
16  Push R 20 6 6,626 336 800{ a a 5
17 Pull R 20 1 6,626 672 800| a a
18  Push R 20 15 6,626 5o | 1000] a 10 {(LO)
19 Pull R Lo 6 5,153 0 1000 a a :
20  Push R Lo 11 n.d. n.d,  Neds | na.de a
21 Pull R 40 15 L,L17 8L0 | 1000} a | 200 :
22  Push R 60 6 6,626 0 00| a a :
23 Pl R 60 11 k17§ - 50k | 1800} -1 13 ((80)
2, Pull R 60 15 5,153 1008 0 - a |
!
25  Pull L 10 0 5,890 8Lo o a a
26  Push L 20 0 5,890 - 336 1 1000}  a a
27 Pull L LO 0 5,153 O n.ds a a (65)
274  Push L 20 0 n.d. n.d. ! a a
28  Pull L 60 0 6,626 Lo " a - f
28A  Push L 30 0 5,890 0 " - a
29  Pull L 10 1 7,362 1512 " - 50 g
30  Push L 20 11 5,990 168 " a 110 *
31 Pull L Lo 11 7,362 672 " a 30
32 Pull L 60 11 7,362 8L0 " a 20
3 Pl L 10 11 6,66 176 | ) 68 60
34 Push L 20 11 6,626 0 . A2 1 125
3 Pl L Lo 11 6,626 62 | M i} 75
36  Pull L 60 11 6,626 1008 a 50




TABLE E-15 (Cont'd)
Field Test Data for Car IV
Empty Gondola USAF-42016
Truck B Axle 2
Actual Truck Weight = 24, 780

Oriene Wheel Irain Brake | Vertical| RHorznti ] Jide| Near | Far
Run tation Side Speed Red'n Load Load Load | Side | Side
(mph) (psi) {1b) (1b) (mv) | Ta Temp
(0‘1'«"3 (°F)

ﬁ} Pull L 60 0 6,626 50k n.de| a 10
h; ;uﬁ L 10 0 6,626 0 " a 5
L L0 0 6,626 672 " a a

by Push L 20 0 5,890 0 " . -
hs Pull L Lo 0 5,153 " - a
Lé Push L 20 0 6,626 " - a
L7 Pull L 60 0 5,153 " - a
L8 Push L 10 0 7,362 " - a
IR Pull L 30 0 5,153 " - a
50 Push L 30 0 7,362 " - a
51 Pull L 30 0 6,626 " - a
52 Push L 10 11 6,626 " - a
53 Pull L 10 15 5,890 " - a
S, Push L Lo 11 6,626 n - a
544 Pull L Lo 11 5,890 " a a
t_;hB Push L 20 13 5, 890 n a a
shC Full L Lo 13 6,626 " a a
55 Purl L 10 13 5,890 " a a
56 Pulll L L0 13 6,626 " a a
g7 Push L 10 X 6,626 n a a
cR Pull L Lo 13 6,626 " a a

]

Letters (4,B,C) after Run Number designate non-scheduled tests for which dats was
taken,

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (=) indicates that temperature data existed, but was unintelligible.

A star (#) indicatesd that the temperature recorder went off scale. The recorded valiue
is therefore less than the actual temperature.

‘A1l temperature readings are in OF above ambient. Ambient for all tests ranged frow

26 to 32°F, The designation "a® means that no temperature rise occurred as the whoal
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive,



TABLE E-16

Field Test Data for Car IV
Empty Gondola USAF-42016
Truck B Axle 1

Actual Truck Weight = 24, 780

Orien- Wheel Train Braske| Vertical | Horzntl | Side |Nesr | Far  MWheel
Run tation Side Spsed Red'n Load Load Load | Side | Side ﬁ‘emp
(mph) (psi) (1v) (1v) (mv) | Tesp | Temp Y OF)
(oF) | (oF)
1 Pull R g 0 6,626 | - 336 1000 a a
2 Push R 0 5,890 336 1200 a a
3 Pul R 5 0 5,890 - 336 1000 a a
h  Push R 5 Y 5,890 50L 1000 a a
s  Pull R 10 0 6,626 | ~ 336 800} a a
6  Push R 10 0 5,890 50L 1000 a a
7 Pall R 20 0 5,153 | - 168 100} & a
8 Push R 20 0 6,676 336 1400 a a
9 Pull R Lo 0 5,153 336 n.d, a a
10 Push R Lo 0 6,696 168 600 a a
11 Pull R 60 0 5,890 - 8L0 2500 a a
12 Push R 60 0 n.d. n.d. n.d.{ n.d.; n.d,
13 Pull R 10 6 5,890 - 50k 1000 a a
1, Push R 10 1 6,626 S0l | 80| b a
1s  Pull R 10 15 6,626 | - 336 10001 71 a |(35)
16  Push R 20 6 6,626 N 6001 a a
17  Pull R 20 11 6,626 - 504 800 a a
18  Push R 20 15 5,890 168 1400 a 10 | {L0)
19 Pull R Lo 6 5,153 0 2100 a a
20 Pﬂah R bo 11 Nele n.d. nado n@dra a
21 Pull R Lo 15 5,890 1512 |- 200 a a ;
22  Push R 60 6 6,626 336 600, a | a ?
23 Pall R 60 11 6,626 1008 1-26005 = | 13 |(60) |
2 Pull R 60 15 5,153 3L [~ 800 ~ a ]
}
25 Pull L 10 0 5,890 | - 5oL | 1s00] @ a ‘
26  Push L 20 0 5,890 50k 600 2 a
27 Pull L Lo 0 5,890 0 r.de a a | (65) !
274  Push L 20 0 n.d. Neds " a a
28 Pull L 60 0 5,R90 - 168 " a -
284  Push L 30 0 6,626 168 LI a
29 Pull L 10 11 5,800 - 50 W - 20
30 Pk L 20 11 7,362 810 n a | 100 *
3 Pull L Lo 11 5,890 - 672 " a 20
32 Pull L 60 11 5,153 - 50L ) a 10
33 Pall L 10 11 5,890 - 50k " 27 60
3s  Push L 20 11 6,626 1008 n Sk 100
35  Pull L Lo 11 5,890 - 672 " a 75
3 P21 L 60 11 5,153 | -1008 w50




TABLE E-16 (Cont'd)

Field Test Data for Car IV
Empty Gondola USAF-42016

, Truck B Axle 1
~ Actual Truck Weight = 24, 780

Orien= Wheel Train Brake | Vertical] Horantl ] 3ide] Near | Far
Run tation Side ?peec)i l(?ed ! r)1 I(oad Load I(.oad Side | Side
mph pei 1b) (1b) mv) | T T
©or | 5

Ll Pull g 60 0 5,890 840 nd.} a 10
L2 Push L 10 0 5,890 50kL " a 25
k3 Pl L0 0 5,890 0 " a a
Wi Push L 20 0 6,606 0 " a a
LS Pull L Lo 0 6,626 1008 " - a
L6 Push L 20 0 6,626 336 n - a
L7 Pull L 60 0 7,362 8L0 " - a
48  Push L 10 0 7,362 | - 336 " - a
L9 Pull L 30 0 5,890 8L0 " - a
50 Push L 30 0 6,626 - 50h " - a
51 Pull L 30 0 7,362 168 " - a
52 Push L 10 11 6,626 168 J - a
53 Pull L 10 15 6,626 8L0 " - a
Siy Push L L0 11 6,626 - 168 " - a
S54A Pull L LO 11 5,890 50l " a a
548 Push L 20 13 6,626 50k " a a
shC  Pull L L0 13 5,890 168 n a a
55 Pull L 110 13 5,153 336 " a a
56 Pull L Lo 13 6,626 0 " a a
57 Push L 10 6 6,626 - 85 n a a
S8 Pull L Lo 13 5,890 420 n a a

Letters (A,B,C) after Run Number designats nonescheduled tests for which data was
taken,

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative
for Runs 27-58,

A dash (=) indicates that temperature data existed, but was unintelligible.

A star (#) indicates that the temperature recorder went off scale. The recorded value
is therefore less than the actual temperature.

All temperature readings are in OF above ambient, Ambient for all tests ranged from
26 to 32°F. The designation "a® means that no temperature rise occurred as the wheel
passed, thus the wheel temperature was the same as ambient.

Horizontal traction forces are negative; braking forces are positive.
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APPENDIX F

DEFINITION OF AN IMPROVED SYSTEM FOR DETECTION
AND IDENTIFICATION OF FAULTS IN RAILCAR BRAKING SYSTEMS

1. INTRODUCTION

A project is currently being conducted whose principal objective is
the first phase development of equipment and methods for detecting mal-
functioning brakes on moving railcars. The major components of this
system include infrared detectors for sensing wheel temperatures, and
rail mounted transducers for measuring the weight and braking reaction
in each wheel passing through the test section. This initial project will
carry develspment of the system through preliminary hardware design and
fabrication, installation of equipment at the Pueblo test site, execution of
a field test program and a review of data obtained to determine what corr-
elations exist between recorded data and specific malfunctions. The purpose
of this report is to present an outline of what additional development work
is required as the next logical steps in bringing the system to a functional
prototype stage.

After the completion of the first phase of the project, it is antici-
pated that work will continue along three major paths. The first of these
will carry hardware development to the point where the various sensors
can be specified, replicated and operated in the field with confidence that
they will perform as required. The second major area of effort will involve
development of a data processor section capable of accepting outputs from
the track-side sensors and from them generating brake malfunction reports.
The third major activity will provide one complete prototype system suit-
able for installation at Pueblo. In the following sections, the tasks and costs
associated with these primary areas will be identified.

2. SENSOR DEVELOPMENT

2.1 Wheel Temperature Measurement Subsystem

The function performed by this section is to provide a measurement
of wheel heating caused by the application of the brakes. This is accomp-
lished by infrared detectors focused on the wheel rim areas that sense the
radiation given off by each passing wheel. Relative braking effectiveness
is expected to show corresponding changes in energy absorbed by the wheels,
which should in turn be reflected in measurable wheel temperatures. During
the initial phase of this project, these basic assumptions will be tested.
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In later project stage, it will be necessary to carry the development
forward with the following tasks.

. Stability and Calibration

Provide for extended, accurate field operations by refinement,
redesign as may be required, and testing of the selected IR system.
The objectives of this task will be to assure that the equipment supp-
lied will dependably fulfill the required transducing function under
the expected ambient conditions during extended periods of operation.
Procedures to allow for efficient on-site functional testing, calibra-
tion and replacement of the instrument should be provided.

Installation Development

Prepare designs for mounting hardware that will allow rapid
installation of the detector assemblies, The results of this effort
will provide a set of equipment that is fully compatible with the
established requirements for equipment to be used in railroad
environments.

. Interface Compatibility

Develop output line drivers capable of providing a 0 to +10V,
20 ma signal source. This capability will enable the physical
separation of sensors from the data processing components.

Refinement of the Thermal Fault Detection Algorithm

Perform analyses needed to relate measured thermal data with
faults in the braking components. This effort may involve extensive
testing and interative modification of the correlation algorithm.

2.2 Car Counting Subsystem

The car counting subsystem utilizes an interrupted light beam
photodetector to sense the beginning and end of each car. The major
task requirement for this element will be to provide a total physical pack-
age that allows the functional circuits and support elements to be installed
in a manner that is fully compatible with railway equipment requirements.



2.3 Reaction Rail Subsystefn

The reaction rail subsystem includes a specially configured length
of rail consisting of a flexural support equipped with strain sensors that
provide electrical outputs corresponding to wheel weight and to the reaction
force in the direction parallel to the direction of train motion. The present
design has been executed with few compromises. Nevertheless, some evolu-
tionary modifications and tests may be desirable including the following:

Installation Development

Redesign of the mounting attachment provisions to allow for
""'drop in' installation.

Improved Data Captuf e

Investigate optimizing the length of the instrumented section.
This may prove useful in obtaining a longer period of time in which
to collect data. :

. Calibration Unit

Construct a test for use in periodically recalibrating the vertical
and horizontal load sensing elements.

Fabrication and Test of Improved Section

Based on earlier results, fabricate, install and test a revised
reaction rail. The tests should include evaluations of rail end
battering, moisture/freezing effects and verification of accuracy
with time and rail usage. Tests will also be required to verify

. continued structural integrity of the section. This may involve
the use of X-rays, ultrasonics and magnaflux techniques.

Refinement of the Reaction Fault Detection Algorithm

Perform analyses needed to relate reaction and wheel weight
measurement data to faults in the car's braking components.
This effort may involve extensive testing and interative modification
of the correlation algorithm.



3. SIGNAL PROCESSING

In the initial phase of the project, data reduction and interpretation
were being accomplished by manual methods. An improved and more in-
tensively used version of the system will generate such vast amounts of
data that manual methods may cause excessive delays and expenditures of
manpower. For this reason, it will be essential to have some means for
automatically interpreting the data and presenting it in a format that will be
timely and informative. In order to accomplish this, the additional system
elements shown below will be required. In presenting this summary, only
a qualitative identification of system components will be given since it is
beyond the scope of this preliminary definition effort to design and specify
in detail the hardware and software elements needed for actual implementa-
tion.

Input Interface

Design and fabricate line receivers to terminate incoming data
lines from the drivers located at each remote sensor location.
These elements provide the proper data processing bus impedance
match in addition to filtering out higher frequency signals that may
be picked up as noise. The system should be configured to accept
up to ten analog and two digital inputs. This capacity will accomo-
date two reaction rail sections (4 analog inputs), four IR sensors
(analog), one car counter (digital), plus two spare analog and one
spare digital inputs for system growth and ancillary functions.
This latter category may include inputs for train speed, ambient
temperature or other system variables.

. Data Processing Hardware

Provide a data processing hardware consisting of a real time

clock and an analog to digital converter. An appropriate system
will include 4K of core memory, 4K of semiconductor memory,
a floppy disc for program development and a hard copy terminal.
This equipment is to be used to accept raw signal data originating
in the various sensors, digitize it, perform defined mathematical
operations and print the results on a hard copy printer.



System Software

Prepare a complete operating software package that will convert
raw signal data into printed output identifying suspected brake
component problems. This effort will involve creating an algorithm
capable of performing the required correlations and presenting the
results in a meaningful printed format.

4. FABRICATION AND TEST OF PROTOTYPE SYSTEM

Following the development of the items identified above, it will be
necessary to fabricate, install and test one complete prototype system.
This effort will have as its prime objective, verification of the basic diag-
nostic principles in a hardware/software form suitable for later wide scale
field usage. Specific tasks to be accomplished include the following:

Hardware Fabrication

Fabricate one complete rail brake diagnostic system consisting
of infrared wheel temperature detectors, car counter, reaction
rail section, interconnecting cables and data processing section.

Installation

Install one prototype system at Pueblo and operate it in conjunc-
tion with railcars having known problems in their braking systems.

Test Plan
Develop test plans for the site.

. Test Program

Conduct test programs and refine hardware and software portions
of the system as may be indicated by the test results.

Documentation

Prepare complete project report and documentation of all hard-
ware developed. '
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APPENDIX G

SPECIFICATIONS FOR THE INSTRUMENTED RAIL

1. 'GENERAL CONFIGURA TION

The general configuration at the un-mounted reaction
rail is shown in the photograph of Figure 9. Figure A-1 (See Appendix A)
shows the actual dimensions of several of the important rail features.

The reaction rail segment consists of a single, 18-inch
(45.7 cm) mass of 4340 chromium-molybdenum steel, machined in
an annealed state to the configuration and dimensions described above.
The two vertical flexures are thus an integral part of the rail cap
section and the base member. The flexure surfaces were polished to
remove all surface irregularities from which fatigue cracks might
originate.

The rail segment assembly was heat treated to a minimum
ultimate tensile strength of 150, 000 1bs/in? (10, 545 Kg/cm?). The
reaction rail without associated joint bars weighs approximately 88 1lbs.
(40 Kg. ).

2. MATERIAL
The rail material is AISI 4340 chromium molybdenum
steel heat treated to greater than 150, 000 1bs/in? (10, 545 Kg/cm?‘)

Ultimate tensile strength and Rockwell Hardness of C37.

Properties of A1S1 4340 in general are:

Density: 0.283 1bs/in> (7.8 gms/cc)
Tensile Strength: 142,000-284, 000 1bs/in2
(Range depends (9997-19, 994 Kg/cm?)

on heat treat)

Yield Strength: 130, 000-228, 000 1bs/in?

(9152-16, 051 Kg/cm?)

Hardness: Rockwell C-19 to C-39

o
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Based on measured hardness, the following properties
are estimated for the reaction rail steel in its heat treated condition:

Tensile Strength: 268,000 1bs/in?
(18,870 Kg/cm?)

Yield Strength: 218,000 1bs/in2
(15, 350 Kg/cm?)
3. TRANSDUCER BOLT
The transducer bolt is desighed to facilitate insertion
of the rail displacement transducers (Linear Variable Differential Trans-

formers) into the instrumented rail section as it is installed in a parent rail.

Two type 010 MHR minjature LVDTs with the following characteristics
were used:

Input Voltage: 3 V. rms
Frequency Range: 400- 20,000 H=z
Temperature Range: -65° F to +300° F

(-54° C to 149° C)

Wall Voltage: Less than 0.5% of
full scale output

Shock Survival: 1000g for llmsec.
Vibration Tolerance: 20g up to 2 KHz
Input Impedance: 120 Q

(5,000 Hz excitation)

Output Impedance: - 2751
(5,000 Hz excitation)

Sensitivity: 4.2 mv/0,001 in/v. input
Linearity @ 100% f.s. . 25%
Weight: 3.2 grams
Liength: 0. 54 inches
(13. 7 mm)



4. LVDT SIGNAL CONDITIONER

The LVDT signal conditioners used were self-contained
power supply and conditioner made for use with the 010 MHR LVDT.

The CAS-050 Specifications follow:

Power Requirements:

Line Voltage Regulation:

Transducer Excitation
Voltage:

Transducer Excitation
Frequency:

Frequency Response
Noise and Ripple

Impedance into
Conditioner:

Stability:

Non-linearity and
Hysteresis:

Thermal Sensitivity:

Dimensions:
Length
Width
Height
Output:

Output Impedance:
Operating Temperature:

Weight:

115 VAC + 10%
50/400 Hz

'+ 10% line fluctuation

results in less than
+ 0.1% change in output

2 to5V rms
(Internally adjustable)

5,000 Hz

-3db at 500 Hz
15 mv rms max,

100,0000Q

+.05%

.05% f.s. max.
.02%/ F max.

13.5 inches (34 cm)
2.0 inches (5 cm)
4,0 inches (10 cm)
+10 VDC @ 20 ma. max.
10092 max,

0° F to 130° F

31bs, 4 oz.



5. RECORDER
LVDT outputs were recorded on two channels of a

six~channel general purpose recorder. Specifications for the recorder were:

Frequency Response Flat within 2% to 40 Hz.
3db down at 125 Hz

Measurement Range: 1 mV per chart division
to 500 V dc full scale

Attenuator Steps: 1,2,5,10,20,50,100, 200, 500 mV /div.
1,2,5,10 V/div.

Max. Input Voltage: 500 VDC

Input Impedance: 10 meg ohms

In Phase Rejection: 60dB @ 60 H=z

Chart Speeds: 1,5,25,125 mm/sec

1,5,25,125 mm/min

Power Requirement 115 VAC + 10%
60 Hz, 250 W

Dimensions:
Width 17.5 inches (44.5 cm)
Height 16.9 inches (42.9 cm)
Depth 11. 3 inches {28. 7 cm)
Weight: 65 1bs (29.5 Kg)
6. REACTION RAIL SYSTEM - OPERATIONAL LIMITS
Maximum Weight 40, 000 1bs
per wheel 16,160 Kg)
Installed Clearance 0.060 inches
with parent rail (15. 2 mm)



APPENDIX H

SPECIFICA’I‘IONS FOR THE INFRARED SENSOR

. GENERAL

The infrared sensor used in the wayside brake inspectidnh”
system was custom built from components. Figures 12 and 13 show
the sensor disassembled and assembled respectively. The sensor
consists basically of the following components:

1. Indium Antimonide Detector
and supporting structure

2. Detector Amplifier

3. Cassagrain reflective lens and
supporting spider

4, Inner and outer protective
cylinders
5. Irtran IR transmission lens.
2. INDIUM ANTIMONIDE DETECTOR

An indium antimonide detector was used for the IR sensor,
The device is packaged in a modified, square, semiconductor flatpack

measuring .267 in. (6.8 mm) on a side and . 078 in. (2.0 mm) thick.
The radiation sensitive area on the device is also square and measures
.078 in. (2.0 mm) on a side with a field of view of 120°in each dimension.

Typical characteristics of the device at 72° F(20° C) are:

Wavelength at maximum response: 5.0 to 7.04m

Spectral response: visible to 7.5, m
Cell resistance: 650 Q
Time constant: 0.1 us
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Responsivity (6.0 n): 5.0 V/W

Operating temperature: -55°F to + 70° F
: (-48°C to -21°C)

Maximum bias current 25 mA 1/
« -

D* (6.0 m) 15 cm (Hz /W)

Figure B-2 shows the spectral response curve for the
detector. Figures B-3 and B-4 show the InSh detector relative re-
sponsivity as a function of applied detector bias current, for the short
circuit and open circuit conditions respectively. Relative respounsivity
is the ratio of detector output (volts) to radiation input (watts).
Maximum detector bias current is 25 mA.

3. OPTICS

The optics chosen for this system consist of a three inch
Cassagrain lens system made from reflective plastic coupled through

Cassagrain Lens:
Focal length 36 inches (91 cm)
Target size: 1.5 inch diameter (3.8 cm)

Irtran Transmission Lens:

Material: _ Irtran 2 (ZnS)
Diameter: 3.25 inches (8.2 cm)
Thickness: 0.039 inches (1 mm)
Transmission Losses: <10% over range

4 to 9 microns
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Density: 4.09 gms/cc.

Index of Refraction: 2.22

Harness, Knoop: 355

Modulus of Elasticity: 14 x 106 lbs/in (\l x 106 Kg/cmz)
4, DETECTOR AMPLIFIER

The vendor supplied amplifier could not be made functional,
so a detector amplifier was custom-built for use with the InSb detector.
Figure 11 is a circuit diagram of the amplifier.

The amplifier exhibited the following operational
characteristics:

Sensitivity: 0.2 v

Gain: 20,000

Bandwidth: 2Hz to 30 Hz

Dynamic input sensing 0.24V to 10mV
range:

Temperature sensing 30° F to 1,000° F

range: (above ambient) (-1.1° C to 538° C)

Operating temperature: 32° F to 158°F

(0° C to 70°C)
5. SENSOR HOUSING

The packaging of this unit consists of an aluminum tube
3 1/4 in. (8.2 cm) diameter and 15 in. (38.1 cm) long. One end is
fitted with a protective bezel for holding the Irtran window, and the
other end has a plate housing two connectors. One connector is pro-
vided for input power and another for output signhals. Internal to this
tube is the reflective Cassagrain lens and amplifier board. The de-
tector is mounted at the focal point of the lens and signal wires are
brought out through an appropriate strain relief.



This aluminum tube is suspended in a larger tube 5 in.
(12. 7 cm) diameter of cast steel which acts as an impact shield for
the more delicate aluminum assembly. One end of this cast steel
tube is fitted with a muffin fan that provides 35 CFM of air for
cooling, while the other end is open for viewing (see Figures 12 and

13).

6. RECORDER

The d. c. voltage output of the detector amplifier was
fed directly into the Gould six channel recorded described in Appendix
G, Section 5.0.



APPENDIX I

REPORT OF NEW TECHNOLOGY

The prototype wayside brake inspection system developed
under this contract represents basically two new railway engineering
concepts,

1. A single wheel reaction rail, capable
of measuring dynamic wheel weight
and braking force.

2. A brake system diagnostic analyzer
comprised of one or two reaction rails
and two remote infrared wheel temper-
ature sensors.

A review of the literature (see References and Bibliography)
indicates that devices similar to the reaction rail developed here have
not been used for either weighing or for brake force analysis. There
are complete truck weigh-in-motion scales which use strain gaged
structural members to indicate vertical loads, but these devices are
relatively large, complex installations. The reaction rail designed
under this project offers the advantages of low component cost, low
installation cost, and maintenance of structural integrity and continuity
of the parent rail.

Wheel/rail interactions have been studied in the past by in-
strumenting the parent rail (strain gages); measuring rail deflections
with respect to ground; and by measuring strain or deflections in
supporting members (bridges). The general concept is not unlike that
employed in design of the reaction rail, but these methods are not
specifically designed to de-couple and sense vertical forces (weight)
and horizontal forces (braking).

Unique features of the reaction rail design include:
1. Use of precisely designed flexures to
result in a pre-determined horizontal

deflection in response to a horizontal
(braking) load component.
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2. Use of a '"transdu-er bolt" into which both
the horizontal and vertical LVDTs are mounted
and which can be inserted into and removed
from the reaction rail after the rail is installed
in the parent track,

It is the opinion of the designers that the reaction rail is in itself a
patentable device, capable of being used for weighing-in-motion and/or
horizontal reaction force measurement,

The infrared portion of the brake inspection system is not in itself a
unigue concept, since many companies manufacture and market remote tem-
perature measuring devices and infrared sensors. Many are used in railway
applications. It is believed, however, that the overall inspection system, of
which the IR sensors are an integral part, is a unique and new measurement
and diagnostic system.

Unique features of the overall system include:

1. Use of wheel temperatures to determine proportional
right-to-left wheel braking on a single axle. .

2. The ability to simultaneously weigh passing wheels,
measure total braking forces, determine relative

wheel temperatures, and identify and diagnose braking
system malfunctions,

It is the opinion of the designers that the overall wayside inspection
system is patentable and this patentability is currently under investigation.

In conclusion, it can be said that two new technologies have emerged from
the current research:

1, Reaction Rail
2. Overall System
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