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1. INTRO DUCTION 

, 
1.1 Scope of Project 

The Transportation SysteITls Center (TSC) of the U. S. DepartITlent 
of Transportation (DOT) initiated a project, in 1976 to develop concepts 
for a wayside brake inspection systeITl capable of evaluating railcar braking 
perforITlance in a dynaITlic ITlode. The systeITl would be designed to cOITlple
ITlent existing statk, visual and ITlanual inspection techniques and to increase 
both the' speed and quality of inspection. An effective brake inspection sys
teITl, if widely deployed, should result in a significant decrease in railway 
accidents due to brake failures. 

The brake inspection systeITl was envisioned as being installed at 
the receiving end of classifica.tion yards. Inspection and diagnostic evalua
tion would be achieved as the consist rolled over, past or through the way
side brake inspection systeITl. In terITlS of the level of inspection and diag
nosis, it would be desirable to differentiate between norITlal and abnorITlal 
braking perforITlance: 

1. For both wheels on the saITle axle. 

2. For each wheel relative to the reITlainder of the wheels on that car. 

3. Between cars of a consist. 

FroITl a practical point of view, utilization of the brake inspection systeITl 
should have ITliniITluITl iITlpact on norITlal yard operations. In addition, the 
systeITl should be accurate, reliable, ITlaintainable and cost effective. 

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

1. Reaction Rail: A specially designed 18 inch section of rail 
used to indicate horizontal (braking) and vertical (weight) reaction forces 
would be inserted into one rail at the inspection site. This device would 
produce signals proportional t:o the absolute braking force (horizontal . . 
reaction) and weight (vertical reaction) as the wheel of a consist passed 
ov('!" tht, S('I1S01". 
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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, and 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 proppsed 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. 

2 



Phase II of the project had as obj ec:tives: 

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 trainmeh 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 AARcriteria: (1)(2) 

(1) Numbers in parentheses designate references at the end of report 
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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 11 for composition shoes; 1/2" for cast iron 
shoes ). 

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

5. Brake remains applied until pipe pres sure is 
restored. (Maximum leak rate is 5 ps i/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 positioned. 

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. 

Following this thorough inspection ..... a roll-by in
spection is made to determine that all brakes have 
released ... II (3) 

4 



1. 3 Background - Weighing in Motion 

The reaction rail described above (Section 1.1) is capable of meas
uring vertical V\heelloads as well as horizontal (braking) loads. Wheel 
weight must be used to deterrnine 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
tern. 

The capability to "w.eigh" 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 i.n 1959. (4) 

In-motion s cales 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 adjacen.t truck. Coupler adjusting track sections are 
thus used prior to weighing to relieve these influences. 
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2. PROTOTYPE WAYSIDE BRAKE INSPECTION SYSTEM 

ANAL YSIS AND DESIGN 

2.1 Analysis of Measurement Requirements 

The measurement objective of the proposed brake inspection sys
tem is to sense, accurately and repeatab1y, physical quantities indicative 
of the integrity of the railcar braking system. The proposed reaction rail 
will measure braking effort by sens ing 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-dimensiona1) 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. 
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2. 1. 1. I Rail Reaction to Braking Forces 

The development of a.ir 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 (FB) to wheel weight (W) is often 
referred to as net braking ratio (NBR) and is usually expres sed 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 loco:motives 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 (fb) 
and adhesion (fa) 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 as sumed to have a rolling res istance 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, Mo, about the wheel (axle) center. A summation of the mo
ments about the wheel center (Mc) then yields: 

(1 ) 

where "r" is the wheel radiu.s. Since the wheel is moving with constant 
linear as well as angular velocity, there is no acceleration, thus the SUIll, 

of moments about wheel center (Equation l) must equal zero. Solution 
of Equation 1 for this case shows the relation between FA and F R : 

(2) 
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J::==:fe)--......... Fe Cylinder Force 

Retarding 
.---- Force 

FR 

+ 
Weight ! 

W 

o 

r.wr ri~' 

Leverage , L 
Efficiency, e 

~ FB Brake Force 

Reprinted from Ergineering ~nd D~sign 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 pres sure and 
effective cylinder area. 

L = Leverage ratio of the brake shoe lever system. 

FB = 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 
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F 
Bth 

e 

f 
s 

:= Theoretical brake force as calculated from. the 
cylinder force (F C) and leverage (L). F Bth := 
FC xL. 

:= Rigging or linkage "efficiency". e:= F B / F B 
th 

:= Coefficient or friction between brake shoe and 
wheel tread. Varies with: brake shoe m.aterial 
and condition, wheel tread m.aterial and condi
tion, wheel speed, tem.perature, applied shoe 
force (F B)' and length of tim.e brakes have been 
applied. 

:= Retarding force. Tangential force exerted on 
wheel tending to retard wheel rotation. 

FR := FB X fs 

W := Wheel weight. 

FA = Wheel/rail adhesive force exerted by the rail 

f 
a 

on the wheel, in such a way as to retard car 
m.otion. For a wheel passing at constant velo

ci ty , FA = FR' 

= Coefficient of friction between the wheel and rail. 

= 

Varies with cleanliness, type, and condition of 
m.aterials used. Expressed as a percentage, is 
com.m.only called "adhesion". 

Maxim.um. available adhesive force = W x fa' If 
the brake retarding force (F R) exceeds this value, 
the wheel begins to slip on the rail. 

FIGURE 1 (cont. ) 

STANDARD NOMENCLATURE FOR 
BRAKING FORCES 
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Reprinted from Engineering and Design of RaUway Brake 
Systems by permission of the Air Brake Association. Year 
of firs t publication, 1975. 

FIGURE 2 

TYPICAL BRAKE SHOE FRICTION VS. SPEED 
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Reprinted from Engine~ring and Design of Railway Brake 
Systems by permission of the Air Brake Association. Year 
of first publication, 1975. 

FIGURE 3 

TYPICAL WHEEL/RAIL ADHESION AS A FUNC TION OF SPEED 
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FREE-BODY DIAGRAM OF RAIL 

12 



This linear relation holds until the adhesive force increases to 
the point where 

Mo 
FA = FR + "7- = W x fa 

(3) 

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 conver sely 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, (Fv vert
ical) and Fh (horizontal). The horizontal force Fh, will be equal in mag
nitude but opposite in sign to the adhesive force, Fa. Figure 5 shows 
the expected reaction rail indication (Fh) of braking 'force as a function, 
of actual brake force, FB. Note that the measured reaction drops by 
approximately 80% when FB becomes large enough to "lock" the wheel. 
A typical value for maximum adhesive force for a 100,000 lb. car, 
(12,500 lbs. /wheel) passing at 60 mph on normal track would be 1875 
lbs. 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 t o zero, and F v 
can be wr itten as: 

Fv=-N=-W+FR-RB' (4) 

where RB is the vertical reaction force transmitted to the wheel axle 
through its bearing. If the truck under cons ideration is exactly symmet
rical in terms of both braking performance and dynamic performance 
(springs, damping, mass) then the retarding force FR 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, 
FR = R

B
, so Equation 4 reduces to F v = -W, which is the desired wheel 
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Wheel slip occurs when 

FA = W' fa = F h 

at which point F A drops 
to approximately 10-20% 

of FA . max 

10-20% FA 

F = W. (fa/fs) at slip 
B 

Applies B rake Force, F B .-.. 

FIGURE 5 

IDEALIZED HORIZONTAL REACTION Fh 

AS A FUNCTION OF APPLIED BRAKE FORCE, F B 
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weighing capability. See Section 2.1.1.4 for consideration of car dynaIT1ics 
on the indicated wheel weight. 

2. I. I. 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 c' between a tapered wheel and the rail is not 
generally norIT1al to the rail head top surface, (See Figure 6-a). The re
action rail will sense both the vertical cOIT1ponent, F v' rand the lateral 
cOIT1ponent, F L in response to the contact force, F c' 

2. The vertical cOIT1poncnt of the wheel/rail contact force, F v' 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 froIT1 the 
rail section centerline produces a torsional IT1OIT1ent about the longitudinal 
rail axis (6). This IT1oIT1ent, M T , produces an indicated lateral force, FL: 

(5 ) 

Where: e = Distance vertical force is offset laterally frOIT1 rail centerline. 

y = Distance froIT1 rail cross -section torsional axis (centroid) to 
point of force applicat ion. 

F v = Vertical cOIT1ponent 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 IT1oment, 
M, tending to turn the truck will be equal to the SUIT1 of the individual wheel 
IT1OIT1ents as shown in Fig~re 6 -c. 

(6 ) 

IS 



Fv 
(Vertical Force) 

(Contact Force) 

FL (Lateral Force) 

FIGURE 6a - Lateral Force Due to Static Load 
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FIGURE 6b - EJuivalent Lateral Force Due to Off-Center Vertical Force 

FIGURE 6 

SOURCES OF LA TERAL LOADING 
OF RAIL BY PASSING WHEEL 
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1 Direction of Travel 

F~-

~ 
FA2 ~ 

Where: 

F AI' F A2' F A3' F A4 are the braking forces due to each wheel of 
the truck under cons ideration. 

FIGURE 6c 
Lateral Rail Forces Due to the Moment 
Resulting from Uneven Braking of a Truck 
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This moment will not vanish if F Al + F A2 is not equal to F A3 + F A4' 
The indicated lateral force component, FL' measured by the reaction rail 
win be: 

= M = b (7) 

Where: a = Lateral distance from truck center to wheel contact point 
= 30 inches. 

b = Longitudinal dis tance from truck center to axle centerline 
= 35 inches. 

For the case shown in Figure 6-c, the total adhesive force of wheels I 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 I 
and 4. 

The reaction rail was originally designed and built to be sensitive to only 
ve rtical and longitudinal wheelloads, and to he insensitive to lateral forces. 
The lateral forces described in cases I and 2 above are not due to braking 
thus are not of diagnostic value. It was recognized that the lateral force 
effects o~ cases I and 2 would be included in the total lateral force measure
ment. Subsequent data reduction could, however, eliminate case 1 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. 
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2. 1. 1. 4 Effects of Car and Rail DynaITlics 

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 iITl
portant to consider how railcar dynaITlics ITlight 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 froTIl left to right. The frequency of 
roll depends on specific car paraTIleters. The TIlagnitude of weight shift 
depends on car speed. 

If only one reaction ra.il is us ed, there is no way of knowing the 
passing axle right-to-1eft weight distribution, thus the axle weight. If two 
reaction rails are used, this prob1eTIl is averted since the SUTIl of right and 
left indicated wheel weights will equal the true axle weight. 

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

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

These effects will not introduce significant errors into truck TIleas
ureTIlents but will result in errors in total car weight measurement. For 
example, if the car is undergoing periodic pitching, the pass ing front truck 
TIlay weigh "heavy", but the passing rear truck TIlay also weigh "heavy". 
The single axle reaction rail i.s not capable of aver.aging out pitching 
oscillations. 

3. Car Bounce: The effect of car bounce on ir.ldicated 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 tes t data, but was subtracted 
from weight measurements to give true indicated weight. 

Actual field tests using a single reaction rail were perforrned real
lzmg 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 Reac tion to Impact Load s 

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-reacfion 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 Ibs/ft. Tse (7) us'es 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, K 1 . 

The reaction rail vertical stiffness, K2, depends on the elastic pro
perties of its rail cap support members and can be calculated by: 

= W = ,AE (8) 
A'j L 
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Mass of car body is considered 
infinite for purpo~'e:'] of analysis 

/,_. ",;,,/-,",--/--<-1----<1 
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= Stiffnc.,s of Whccl Suspension 

= Mass of Wheel and Side 
Frame 

= Mas s of Reaction Rail 

Stiffness of Reaction Rail Support 
(Elas ticity of flexures in 

compre 5S ion) 

FIGURE 7a - Wheel/Rail Mocid for Impact Loaciing 

FIGURE 7b - Equivalent Mass-Spring Model 

t 
y (t) = vertical displacement 

/ / / 

FIGURE 7 

IMPACT LOADING OF THE REACTION RAIL 
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ed, 
lbs 

Where: W = Applied load (lbf) 

,1,:\ = Rail Vertical Deflection (in) 

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

E = Modulus ~} elas ticity of rail supports 
= 30 x 1 0 1 b sf/in 2 

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

Using the values for A, E, and L for the reaction rail as fabrigat
the spring constant for the rail, K2 = 36 x 106 lbs f/in. = 432 x 10 
f/ft. Masses involved are: 

Mw = 49.5 slugs = total mass of wheel set/side frame divided 
by 4 to represent equivalent mass of one wheel. 

Mr = 0.74 slugs = mass of reaction rail head in 18 in. reaction 
rail. (136 lb rail weighs 136 lbs per yard, with 35% of 
its weight distributed in the head) 

The unloaded natural frequency of the reaction rail is: 

_l_~ K2 
f = 21i Mr cycles / sec. (9) 

Using above values for K 1 , Mr; 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
a etion ra il be: 
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1 
f = 21T': cycles / s ec . (10) 

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

The equivalent Ilpassing frequencyll of .the wheel passing over the 
18 inch (45. 7 em) re'action rail at 60 miles per hour (96Km/Hr. ) is 9. 3 
cycles per second. Even in the loaded condit ion, 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 sl ip with respect to the rail, 
then heat will be generated at a rate, H (BTU /hr): 

Where:. F r = 

H = 6. 79 F r V c (B TU / hr ) (11) 

Horizontal braking reaction force measured at 
the rail (lbf ) 

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 
depend ing on ambient temperature and initial temperatures of adjacent 
. structures. 

2. Convection losses to the atmosphere depending on ambient 
temperature, whe~l emissivity. and wheel temperature. 
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3. Radiation losses to the ahnosphere depending on aITlbient 
teITlperature, wheel eITlissivity, and wheel teITlperature. 

Heat which has not been dissipated in one of the above ways will 
raise wheel teITlperature as equilibriuITl is approached. Wheel teITlper
ature alone then, is not an absolute ITleasure of applied braking effort un
less a nUITlber 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 ITleasured by the instruITlented rail segITlent), and the rela
tive teITlperatures of the right and left wheels known (as ITleasured 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 prograrnwas to test 
this hypothesis. The design of the appropriate wheel teITlperature sensor 
requir ed an es tiITlate of the range of teITlperatures to be expected during a 
typical brake inspection. 

Novak, et. al. (9) reports wheel teITlperature distribution in wheels 
braked by both cOITlposition and cast iron brake shoes. A consist velocity 
of 50 ITliles per hour (SO KITl/Hr.) and applied braking of 45 to 51 horse
power (33.6 - 3S. 0 Kw) resulted in wheel tread teITlperatures of 3200 F 
(l600 c) after five ITlinutes and 5000 F (260

0
C) after fifteen ITlinutes. These 

results were obtained using cOITlposition brake shoes, and slightly lower 
teITlperatures were observed using cast iron brake shoes. The ITlaxiITluITl 
teITlperatures attained during these tests were found in the brake shoe it
self, and in SOITle cases, this teITlperature exceeded 10000F (53S

o
C). 

It was decided that a reasonable wheel teITlperature ITleasureITlent 
capability would be 1000-10000F (3So-53So C). A device capable of ITleasur
ing wheel teITlperatures in this range should be sufficient, since the pro
posed brake inspection would be conducted at slightly les s than full service 
braking. In addition, a certain degree of control over ITlaxiITluITl wheel 
teITlperatures can be exercised by liITliting the consist speed and tiITle of 
brake application allowed during brake inspection. 

2. 1. 3 Brake Sys teITl Malfunction Analysis 

An analysis of brake systeITl cOITlponent ITlalfunctions which ITlight 
possibly occur was perforITled and used to deterITline whether or not the 
ITlalfunction could be detected by the prototype inspecti on systeITl. 
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Figure 8 identifies the typica.l bra.ke 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 maximuITl 
diagnostic inspection capabilities. 

It should be pointed 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 ITlalfunction that may be detectable by brake perform
ance measurements. 

':'*':< A malfunction that probably cannot be detected by brake 
performance measurements. 

2.2 Design of the Instrumented Rail Sub-System 

2.2. 1 Des ign Criteria 

The instrumented rail s,egment 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 instru.mented 
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 lb. (3,624 kg) horizontal 
brake load reaction. 

3. Accurate and repeatable to 5% of full load capacity. 

4. El ement 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 tnt egrity. 

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, mois ture and other contaminants. 

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

The instrumental rail (t'eaction rail) as finally d~signed consisted of 
a relatively rigid rail cap (136 lb. rail) supported by two relatively elastic 
flexible membe rs or 11 flexures". Use of flexures, common in the design of 
multiple axis dynamomete rs, provides rigid support in one direction while 
allowing freedom of motion in othe r( s). To a first approximation, the flexures 
do not influence the deflection of the mo re rigid membe r (rail cap). 
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The dirnensions of the flexures are such that a 40,000 Ib 
(18,144 kg) vertical load on the center of the unit will theoretically 
produce a 0.005 in (0.127 rnm) vertical deflection and an 8,000 Ib \ 
(3,629 kg) horizontal load in the longitudinal direction will theoretically 
produce a 0.005 in (0.127 rnm) horizontal deflection. This is accomplish
ed in such a way that the rnaxirnum stress under combined loading does 
not exceed 50,000 psi (3.477 X 10 9 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 chrorn-rnoly steel heat treated 
to 150,000 psi (1. 034 X 10 10 bar) ultirnate 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 treatrnent of 
the section. Both the center of the flexure and the rail cap had a hardnes s 
of Rockwell C 37 indicating the uniforrnity of the section metallurgy. 

There is evidence that high-speed train operation can induce loads 
many tirnes greater than the usual des ign load s. To a void any potential 
problern in this regard, the unit has been provided with "stopsll that will 
lirnit the travel and thereby, the maxirnum stress in the flexure sections. 

The design has also considered the unlikely possibility th.at a flex
ure section rnight fail completely. Should this happen, the horizontal sect
ion will drop 1/16 in. (1. 5 rnm) (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 Instrurnented Rail Segrnent Design 

Figure 9 shows the reaction rail section designed to fulfill 
the criteria of Section 2.2.1. Dirnensions of critical reaction rail ele
rnents are presented in Figure A-I of Appendix A, "Structural Analysis 
of Rail Section". 
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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 designed to cancel 
s trains due to vertical and longitudinal loads was devis ed and applied to 
the rail segment after the prototype rail was fabricated. 

A complete set of spec:ifications for the instrumented rail section 
is provided in Appendix G. 

2.2.2.1 Reaction Rail Section 

The reaction rail s ecti.on (See Figure 9) is s i.zed to fit in line with 
a standard 136 lb. 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 elas tic 
structural attachment between the relatively rigid top and bottom members. 

2.2.2.2 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 -6!5 0 F to 3000 F (-53 0 C to 1400 C). The LVDT 
has a linear response to better than 1/2% of full range and it can be set 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 (l. 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 em) 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 rubber gasketing provides sealing to keep moisture and dirt from 
impairing reaction rail operat:ion. 

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: 

Wheel diameter: 

Minimum wheel spacing: 

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

24 to 36 inch 
(61 to 91 em) 

4 feet (l. 2 m) 



Therm.a1 range of wheels 
due to braking: 

Maxim.um. tem.perature one inch 
in from. wheel circum.ference: 

Environm.enta1 temperature range: 

1000 to 10000F 
(3 70 to 5 3 80 C) 

_200 F to 125 0 F 
(_290 to 520 C) 

From. this assum.ed range of operational param.eters, it was poss
ible to derive the required IR sensor characteristics, and subsequently, 
to select approptt."iate IR sensor com.ponents. 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 d iam.eter 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 circum.ference to allow a reasonable IR m.easurem.ent Um.e, yet is 
close enough to the braking surface to respond the rm.ally to braking inputs. 

As a 24 inch wheel passes at 60 m.iles per hour, the full one-inch 
target area located one inch above the rail rem.ains in line of sight for 
approxim.ately 7 m.illiseconds. Since the response of the sensor elem.ent 
should be roughly 10 tim.es faster than this, a one m.illisecond or better 
response tim.e was selected as a design requirem.ent. 

The next step in the design process was to determ.ine the spectral 
response range for which a detector m.ust be selected. The m.id-wave
length of a blackbody at the m.axim.um. tem.perature of 750

0
F (3990 C) is 

6.1 m.icrons. The m.id-wavelength at the lower tem.perature lim.it of lOOoF 
(380 C) is 13.2 m.icrons. The range of wavelengths encom.passing +25% of 
the infrared energy above and below these values extend the range to 4. 1 
m.icrons at the high tem.perature, and 21 m.icrons at the low tem.perature. 

The design criteria for the infrared sensor can be sum.m.arized 
as follows: 

1. Spectral response in the range of 4 to 21 m.icrons. 

2. Response tim.e of 1 m.illisecond 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. 

5. 
, 0 ,0 0 0 

Ambi.ent temperature of -20 F to 12:: F (-29 C to 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 environme,nt is impractical 
so cooled instruments were not considered as alternatives. 

It was finally decided that the best compromise of instrument 
spectral response, response time, 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 maxirnum 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 infra ~ed transmission lens of polycrystalline zinc sulfide. 
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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 30 • 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 detect or 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'I, 
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 A' 3 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 I! frequency of 30 Hz, and on the chip A'4, 
Amplifier A' 4A prw:ides additional gain and ground reference restoration 
while amplifier A' 4B provides output buffering, 

Chips A'l, 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 
characteris tics: 

2. 3. 5 

Sensitivity: 

Gain: 

Bandwidth: 

Dynamic input sensing range: 

Temperature sensing range 
(above ambient): 

Operating temperature: 

Packaging 

0.2 JJ.V 

20,000 

2Hz to 30Hz 

0.2 uV to 10 mV 

30 0 F to 1, OOOoF 
( -1. 1 C to 5 3 8 C) 

32° F to 1580 F 
(0° C to 70° C). 

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 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 Te sting and Cali bra tion 

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 
rrain 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 
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2.4.1 Laboratory Testing of the Instrumented Rail 

The LVDTs were calibrated as assembled in the transducer 
bolt 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 LVDT 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 rail assembly 
was then mounted into and loaded by a hydraulic press as shown in Figure 16. 
Fi gure 14 shows sys tern 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 les s than 5%. 

Attempts to simulate the effect of vertical loads on measured 
horizontal loads were not SUcces sful since the vertical load application 
ram effectively II clamped II 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 
s irnulate 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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FIGURE 16 

HYDRAULIC PRESS WITH TEST FIXTURE FOR CALIBRATING 
INSTRUMENTED RAIL SECTION 
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diaIlleter rollers, but the cost of constructing special calibration fixtures 
discouraged further deve10pIllent efforts in this area. The IllOst realistic 
s iIllulation of cOIllbined loading will take place during field calibration. 

In addition to systeIll voltage output versus applied load 
calibration, s tres s levels in both flexures were Illonitored us ing strain 
gages. As stated previously, the overload stops were set to liIllit 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 cOIllp1eted 
IR sub-section to verify its dynaIllic perforIllance. This was done using 
a heated target and a rotating chopping wheel Illoving between the target 
and the detector asseIllb1y. Polished a1uIllinuIll and rusted steel were 
utilized as targets. With no cha.nge in the test setup, except for the tar
get Illateria1, a variation in the signal output voltage of approxiIllate1y 
5 to 1 was observed. The tests were conducted with target teIllperatures 
ranging froIll 30 0 F (16.6° C) to 2500 F (121° C) above aIllbient. Signal 
output when viewing the' aluIllinu:m plate target resulted in a 4 IllV output 
while the rusted iron target resulted in a 20 III V 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 SOIlle sIllall 
level noise (2 to 3 IllV) was observed. 

The cOIllp1ete1y asseIllb1ed unit showed no short or 10ng-terIll 
drift as viewed at the output. 

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

2.5 PreliIllinary Field Tests of the Infrared Sensor 

A wayside field tes t 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 systeIll 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 tes ts 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 ern). 

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

Train length, cars: 
Loaded Cars: 
Empty cars: 
Train speed at site: 
Time of day: 
Weather conditions: 
Ambient temperature: 
Train number: 

79 
43 
36 
30 mph (48.4 kmh) 
12:27 PM 
Clear and Sunny 
78°F (2S0C) 

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 
excurs ions 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 tthot11 wheels. 
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FIGURE 17 

PHOTO-ELECTRIC UNIT USED FOR COUNTING CARS 
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3 .. PROTOTYPE BH.AKE INSPEC'I10N SYSTEM VERIFICATION '1'1':S'I'S 

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-whecl 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 ind icated 
weight and indicated brake force: 

a. Consist velocity (mph). 
b. Normal air brake application (psi reduction). 
c. Orientation (forward or reverse). 
d. Type of brake shoe (composition or cast iron). 
e. Brake modifications (cutout, dragging hand brakes) 

5. To identity 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 B rake 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 B rake Inspection System was set up at T TC 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. l"igure 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 des c ription, and in the following 0 rde r: 

Locomotive DOT-OOl 

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

Car II: DOTX- 5 0 I, Empty Box, Composition B rake Pads. 

Car III: USAF -420 I~), Loaded Gondola, Composition B rake Pads. 

Car IV: USAF-420I6, Empty Gondola, Cast Iron Brake Pads. 

Figure 20 shows the test consist schematic identifying cars, truck 
designation, and wheel numbering schem.e. All cars were initially connected 
with the "A" end toward locomotive. The only exception to this order occurred 
on the last day of testing (Runs 45 - 58) at which tiITle 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 m.ade with the consist as shown 
in Figure 20. 
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TEST SITE LOCATION 
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Figure 19a 

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

FIGURE 19. REACTION RAIL INSTALLATION 
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Figure 19b 

REACTION RAIL INST ALLED IN PARENT TRACK 
READY FOR FIELD TESTING 

54 



('/ 

SIDE 

Axle 

1 

2 

J 

h 
5 
6 

It 
3 

2 
1 

u 
3 

2 
1 

4 
:3 

2 

1 

h 
:3 

? 

1 

, 

, : A 

I 
r • B 

l' 
• 
I A 

• • B 

• • A 

• B • 
• • A 

• B • 

• I 
I 

• • • 
• • 
• 
I 

• • 
I 
I 

• 
I 

• • 
I 

• 
• , 

Locol"lotive 
;){)T-OOI 

Car I 
DOTX-502 

. Car II 
DOTX-501 

RIGHT 
SIDE 

Car III 
USAF-u2015 

Car IV 
USAF-u?016 

FIGURE 20 

The !lBl! end of a car 
is defined as the end on 
which the hand brake is 
installed. 

NOTE: Car IV was 
reversed for Runs 
45 through 58. 

TEST CONSIST MAKE-UP AND NUMBERING SYSTEM 

55 



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 w,hee1s 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 oppo site 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 sens itivity to the various test conditions. 

3.3 Verification 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 
bas is and recording the resulting vertical and hor izorital LVDT 
output. These outputs were then correIa t ed 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 -ear on a scale. Table 4 presents the 
results of this calibr-a.'tion. 
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TABLE 2 

TES T RUN SUMMARY 

Direc- Orien- WhE~e1 Train Brake 
Run Date tion tation Side Speed Redln Comments 

(a) (b) _ (!'IPh 1 (Psi) 

1 12/6 s Pull R 5 0 Baseline run-no brakes 
2 12/6 N Push El 4 0 tt It 

3 12/6 S Pull R 5 0 I' It 

4 12/6 N Push R 5 0 It " 
5 12/6 S Pull R 10 0 It It 

6 12/6 N Push R 10 0 It It 

7 12/6 S Pull R. 20 0 It " 
8 12/6 N Push R. 20 0 It " 
9 12/6 S Pull R. 40 0 It -. 

10 12/6 N Push R. 40 0 .. It 

11 12/6 S Pull R. 60 0 .. .. 
12 12/6 N Push R 60 0 It .. 
13 12/6 S Pull R 10 6 Baseline runs - braked 
14 12/6 N Push R 10 11 .. " 
15 12/6 S Pull R. 10 15 It .. 
16 12/6 N Push R 20 6 .. " 17 12/6 S Pull R 20 11 It " 18 12/6 N Push R 20 15 It It 

19 12/6 S Pull R 40 6 It If 

20 12/6 N Push R 40 11 It It 

~1 12/6 S Pull R 40 15 It It 

22 12/6 N Push R 60 6 .. It 

23 12/6 S Pull R 60 11 " .t 

24 12/6 S Pull R 60 15 It It 

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 40 11 .. It 

27A 12/7 S Push L 20 11 .. .. 
28 12/7 N Pull L 60 11 It " 28A. 12/1 S Push L 30 11 It It 

29 12/7 N Pull L 10 11 Braked runs - See Note 
30 12/7 S Push L 20 11 It Cd) 
31 12/7 N Pull L 40 11 " It 

32 12/7 N Pull L 60 11 .. " 33 12/7 N Pull L 10 11 Braked runs - See Note 
34 12/7 S Push L 20 11 tt (e) 
35 12/7 N Pull L 40 11 " It 

36 12/7 N Pull L 60 11 It It 

hI 12/7 N Pull L 60 0 No brakes - All Normal 
42 12/7 S Push L 10 0 " It 

43 12/7 N Pull L 40 0 " " 4h 12/7 S Push L 20 0 It " 
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TABLE 2 (Cant.) 

TEST RUN SUMMARY 

Direc- Uri en- Wheel Trun ~rake 

Run Date tion tatioD Side Speed Red In Comments 
(a) (b) (mph) (psi) 

45 12/8 s Pull R(f) 40 0 No brakes - All Normal 
46 12/8 N Push R 20 0 n It 

47 12/8 S Pull R 60 0 It It 

48 12/8 N Push R 10 0 It It 

49 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 It It 

54 12/8 N Push R 40 11 It It 

54A 12/8 S Pull R 40 11 .. .. 
54B 12/8 N Push R 20 13 It It 

54C 12/8 s Pull R 40 13 .. It 

55 12/8 S Pull R 40 13 ,t n i 

56 12/8 S Pull R 40 13 It It 

57 12/8 N Push R 10 6 See Note (g) 
58 12/8 S Pull R 40 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. 
e. For Runs 25-28A; Cars I and III with normal 11 psi reduction; 

Car II with 11 psi reduction plus hand brake drag; Car IV with 
brakes disconnected - no brakes. 

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

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

f. For Runs 45-58, Car IV was reversed, so data for that car will 
represent left (L) rather than right (R) side wheels. 

g. Run 51 - 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 ~si reduction, ahead through 
test zone at 40 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 whidl 
good data was taken. 
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TABLE 3a 

TEST VARIABLE MATRIX FOR CAR I (DOTX-502) 

ent Consist Velocity 
ation 

Pull R 

o L 

Push 

Pull R @ R 19 

6 

Push R @ R @ R 

Pull 
R R 

L@@ 11 

Push R R@@ 

13- Pull R @@ :~ 
15 Push R@ @ 

* Including lower speed. 

R = Data 1. from right side wheels passing over reaction ra1l~~ 
L: Data 1* from lett 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 predeternlined test plan) for which 
good data was taken. 
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TABLE 3b 

TEST VARIABLE MATRIX FOR CAR II (DOTX-501) 

Brake Orient C..sist Va1oc1ty 
Red. ationl~------~~------~--------~--~--~~-------t 
(psi) 20 mph 

Pull 
(J) R 

o 

6 

11 

13-
15 

Push 
L 

Pull 
R 

Push R ® R ® 
R 

Pull ~ 
'J., 2 @ 

Push R@@ 

R 
Pull 

Push R@§ 

* Including lower speeds 

L@ 

R @ 

R 
L 

R 

R ® 

R : Data is from right side wheels passing over reaction rail. 
~ : Data is frOM lett side wheels passing over reaction rail. 
<!J = Run number. Refer to Figure 21. 
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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 bo mph 60 mph 

Pull RC!) G) ® R (f) R ~ (g) R CV_W R@..@ 

0 
L @ L @ 

R~~ R ®_~ R C?§> R @ R ~g) Push 
L @ L g) 
R @ R ~ Pull 

6 

Push R ® R @ R @ 
- , 

R Q]) ~@i@ R _)~; Pull L@@@ L@35)@ 
11 

Push R @® L @~ @ 
R {~(5E'. 

L L 

R@@ R~~ R @ 
13- Pull R ® 
15 . 

Push R@@ 

* Including lower speeds 

R = Data is trom right side wheels passing over reacti~n rail. 
L = 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) 

R = Data is from right side wheels passing over reaction rail. 
L = Data is from left side wheels passing over reaction rail. 

(]) = Run number. Refer to Figure 21. 

62 



TABLE 4 

STA TIC WE:IGHT CALIBRATION - FIELD 

Truck Indicated Indicated Actual Deviation 
and l,fheel Truck Truck Calibration From 

Car Wheel l;leight 1 \o>/eight 2 1-leight 3 Factor Average 
(mv) (mv) (lbs) (lbs!mv) (%) 

I A 4 2bO lOuO 50,000 L8.08 3 280 + 2.8 
B 2 360 1360 51,uuO 37.3;:> 1. 320 - 19.2 

II 4. !~ 10:) 
L40 3 120 2?,380 50.86 ... 8.8 

B 2 140 
520 22,560 43.38 1 120 - 7.? 

In A b 160 
720 39,LOO 3 200 SU.72 t 16.9 

B 2 160 680 37,820 1 180 55.62 t 18.9 

IV A h 150 
560 3 130 24,520 u3.?9 - 6.4 

B 2 150 680 24,780 1 160 39.97 - 14.5 

Mean 
Factor l.t6.78 

Standard 
Deviation 6.62 

1. ~.illivolt output of vertical LVDT for each , .. heel aonroxim8tely at 
center of reaction rail. 

2. Sum of Jli.illi volt outout for two wheels on each truck times 2 to 
aporoximate 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 th.e cC!-lculated reaction rail sensitivity of 1. 0 
millivolts per 36.81 Ibs. 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 car s 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 a 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 21 presents the results of this 
calibration. 

64 



Car Truck 

I A 

B 

II A 

B 

III A 

B 

IV A 

B 

TABLE 5 

DYNAMIC WEIGHT CALIBRATION - FIELD 

Wheel 

4 

3 

2. 

1 

4 

3 

2. 

1 

h 

3 

2. 

1 

h 

3 

2. 

1 

Indicated 
Wei~ht 1 

(mv ) 

336.7 
(lR.7) 
350.0 
(44.7) 
388.3. 
(u??) 
351.7 
(36.6) 

158.3 
(32.4 ) 
146.1 
(19.7) 
141.7 
(10.3) 
155.0 
(17.3) 

265.0 
(17.3) 
291.7 
(37.6) 
250.0 
(27.6) 
250.0 
()2.5) 

158.3 
(15.9) 
168.3 
(18.0) 
163.6 
(12.1) 
163.6 
(15.0) 

Indicated 
Truck 
Weight 2 

(mv) 

1373.3 

1u80.0 

610.0 

593.3 

1113.3 

1000.0 

654.6 

Actual 
Wei~ht 3 

(lbs) 

50,000 

51,400 

22,380 

22,560 

39,400 

31,820 

24,520 

2h,780 

8alibration 
Factor 

(lbs/mv) 

36.41 

34.73 

36.69 

35.39 

31.82 

37.53 

31.86 

Average Cal. Factor 36.81 

Standard Deviation 1.23 

Deviat!ion 
From 

Average 
(%) 

- 1.1 

- 5.7 

- 0.3 

t 3.3 

- 3.9 

t 2.7 

+ 2.0 

+ 2.9 

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

2. Su~ of wheels on truck times 2 for right and left side. 
3. Actual weip-ht measured indenendent1y on scale. 
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Following calibration without accolllpanying vertical load, one wheel 
of the car (axle weight::: 16,000 Ibs.) was positioned on the rail. Horizont
alloads 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 lb. (3,636 kg) vertical load, the applied horizontal 
load resulted in indicated changes in vertical output. Under a lllaxilllulll 
applied horizontal of 3,000 Ibs. (1,364 kg), the indicated vertical load 
changed by 2,100 1bs. (4,955 kg), or 26 per cent of its indicated value. 
It was later concluded that cross-sensitivity lllUSt have been induced by 
peculiarities of the calibration technique, since this lllagnitude of vertical 
deviation was not observed as a result of actual braking loads under dyna
lllic tes t cond itions. 

3. IR Sub-Systelll: Figure 22 shows the IR sensor calibration lllade 
in the laboratory. As can be seen in the Figure, the output curve is non
linear with target telllperature, but has been approxilllated by two linear 
relations for each sensor. The telllperature data of Appendix E is tabula
ted using the correlations shown in the Figure, and is tabulated as wheel 
telllperature rise above alllbient. FrOlll lllost test runs, the alllbient telllp
erature was approxilllately 300 F (-1 °C), and to get actual temperature, 
add 300 F to each tabulated value. 

Calibration checks were m.ade in the field using an alulllinurn. 
target, heated electrically to 3000 F (1490 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. Channell 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 cylindri ca11ocorn.otive 
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 L VDT. Braking force indi-
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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 whi~e traveling nort~, negative while trayeling 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 tes t runs so as to give optimum indications. 
Appendix E presents all data (in reduced form) with ind ications 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 Field Test Data 

All field test data reported herein has been converted into units of 
force (lbs) or temperature (OF) above a.mbient with the exception of react
ion rail s ide 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 i.s 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 
Output 

= Pen (div. ) X Channel 
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); 

S = 36.8llbs/mv. v 

2. Horizontal Load (Channel 3): 

Sh = 8.40 lbs/mv. 

3. Near Side Wheel Temperature (Channel 4): 

o 
ST =.68 F/mv. for mv( 270 

n 
o 0 

= .22 F/mv + 125 F for mv)270 

4. Far Side Wheel Temperature (Channel 5): 

STf = 0.5 °F/mv. for mv<400 

= O. 21 of /mv. + 116 of 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 te.mperature 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 s trip 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 
IV), 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 cas es. The far side (Channel 5) IR 
sensor performed in a much more stable manner. An I'a l

' 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 tem.perature 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 Tes t Data 

Figure 23 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 zero, the center of the imaginary 
line connecting the ~lIbefore" 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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1. Determine vertical force zero by drawing imaginary line between 
the center of the "before" and "afterll 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. 

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

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

4. 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 Zl 

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. Approprial:e visual compensation was made for noise super
imposed on the trace at both its zero and peak. This overlay method allowed 
rapid determination a!ld 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 1bs/mv. a.nd the chart recorder sensitivity of 20 mv. Idiv. 

Considering the rounding proces s and the fact that visual interpolation 
of the indicated zero and peak height was necessary, the resulting reduced 
data is estimated to be accurate to ± 1 chart divisi on, 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, the i.ndicated force is a maximu m 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. 

!~ ()rder to tabulate horizontal force data, the corresponding vertical 

force peak was used to identify the exact point at which the wheel pas sed 
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 deterITlining the horiiontal 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 ITlay be in error by as ITluch 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. 



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. Section s 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 analys is 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 
s ys tern evaluation. 
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3.4.1 Test Objective 1 - Data Analysis 

Test Objective 1 was: 

To denlOnstrate that the Brake Inspection System 
hardware developed under Phase I of the program 
would in fad indicate car weight and braking 
effort on a whee1-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 Analys is 

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 
quantities 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, 
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indicates the correct static weight of many different wheels (under similar 
test conditions). Vertical force (we.ight) "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 characteris tics, etc.) does not exist. 

The analysis methodology us ed 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 lbs.). 

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 calculai:e 
horizontal braking reaction as a function of brake pressure reduction, and 
to look at the deviation of ind icated forces for the same brake pres sure 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 for ce 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 indicato~ of instantaneous brake performance. Recognizing this 
fact, the Brake Inspection Sys tern was des igned 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 
as sumed to have undergone identical braking and environmental his tories, 
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-Ieft 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 neceS sarily 
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 rrlUch 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 
cond itions. It is here that a test variable matrix such as that pres ented in 
Table 3 is helpful in isolating similar combinations of test runs for com
parison. 

Variations in too 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 tes t cond itions indicates 
how well all other variables are "held constant!!. 

include: 

3.4.5 

Analyses performed and discussed in more detail in Section 3.5 

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 type .. 

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 diagnos tic 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 fir st, 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 exis ting 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 rail, 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 ?ase 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 

... .. _l~~ic~~ed v~E_tic~!Jorc.e_,i6 ~uch 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 Z4c 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 spurious sig
nals discussed above. The first method is to automate data acquisition in 
such a manner that both the "approaching wheel" and the Ilnegative 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 
IInegative weightll peaks would be ignored. 

Method s for phys ically 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 ll 

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, Ilaccuracyll of the vertical force measuring 
capability of the reaction rail can be determined. Table 6 con~pares 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 
lbs/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 wh ich 
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 

VER TICAL FORCE MEASUREMENT ACCURACY 

AverAge Actual Absolute Full-Scale 
Car Truck Inclicat~d Weight Accuracy Accuracy (?) 

Weight (1) 
(lbs) (Ibs) (%) ( %) 

I A C;0,553 SO,OOO 1.1 0.35 

R 5h,h7R 51,hOO 6.0 1.G2 

II A ?? ,)15h 2?,380 0.3 .05 

B ::>1,%0 ??,560 3.2 .hS 

III A hO,qR? 39,uOO h.o .99 

9 36,Q10 37,A?0 ?7 .63 

IV A ?u,OuR ?u, C?O 1.9 .29 

B ?h,09h ?h,7~0 2.8 .h3 

1. SUJTl of' ~",hee1 1",eights indicated for truck times two to account for 
right and left sides. Calibration factor used wa.s 36. RI lbs/lTIV. 
Indicated weight for each 1.vhee1 is the average value for the first 
twelve test runs. 

? ~l scale accuracy based on a rated vertical force capacity of 
hO,oo~ lbs/wheel. 
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TABLE 7 

VER TICAL FORCE MEASUREMENT ACCURACY - ENTIRE CAR 

Average Actual Absolute Full-Scale 
Car Indicated \'ieight Accuracy Accuracy 

Weight . 2 3 
(lbs) 1 (lbs) (%) (~) 

I 105,011 10l,h?0 3.5 1.12 

II hh,29h 1.6 .23 

III 77,792 77,lhO 0.8 .20 

IV 48,lh2 hA,068. o.? .02 

1. Sum of all four individual indicaten wheel weie-hts times two to 
account for right and left sides. Calibration factor used was 36.81 lb/mv. 
Indicated weight for each wheel is the average weight for the first 
twelve runs. 

2. Actual weight obtained from'indenendent scale measurementS Q Entire 
car wei~hts are senarate measurements from the individual truck 
weights shown in Fif:1ure 30, thus the sum of a.ctual truck weirhts 
JT1ay not exactly eoual actual car weights due to scale inaccuracies o 

3. Full scale accurRCV bRsen on R rated vertical force cRpacitv of 
hO,oOO lbs/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 III. 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 cas e in 
which the cars were pushed to the south (7 runs), the "pushed" wheel weight 
exceeded the "pulled II weight by 1 O. 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 "pus hing" 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 
First 12 All Runs First 12 from 

(lbs) (lbs) All Runs 

I A h 12,393 11,888 + h.? % 
{ 690} (188h) 

3 12,883 12,087 
(16h6) (2057) 

+ 6.6 % 

B 2 Ih,29u Ih,212 + 0.6 % 
(1552) (1653) 

1 12,9h5 1?,815 + .1.0 % 
(13h9) (1103) 

II A h 5,828 5,715 + 2.0 ~ 
(U9h) ( 921) 

3 5,399 5,590 - 3.5 % 
( 725) ( 672) 

B 2 5,21h 5,528 - 5.7 % 
( 379) ( 632) 

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

III A L 9,755 9,770 - 0.2 % 
( 637) (U58) 

.3 10,736 10,5hh + 1.8 % 
(1385) (1519) 

B 2 9,202 9,692 - 5.1 % 
(1017) (1166) 

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

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

3 6,196 6,17h + o.h % 
( 663) ( 66h) 

B 2 6,02h 6,192 - 2.7 % 
( L4h) ( 726) 

1 6,02h 6,192 - 2.7 % 
( 553) ( 592) 
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'fAD1,E l) 

COMPARISON OF MEAN WHEEL WEIGHTS FOR ALL 

PULLED RUNS TO MEAN WHEEL WEIGHTS 

FOR ALL PUSHED RUNS 

Note: Standard deviations are shown in narenthe~es below each indicated 
average wheel weight. 

Car Truck ltlhee1 Mean Weight Mean Weight Relation of 
All Pulled All Pushed Pushed Weight 
Runs (lbs) Runs (lbs) to Pulled Wt. 

I A h 11,628 11>,679 t 9.0 % 
( 9~C;) (lu06) 

3 11,58h 13,193 t 13.8 % 
(1336) (ll?) ) 

B ? 13,598 15,Oh8 t 10.7 ~ 
(1787) ( 976) 

1 11',299 13,517 t 9.9 % 
( 8u1) (1039) 

II A h 5,uOu 5,9i18 t 10.1 % 
(1252) ( 92h) 

3 5,u35 5,801 t 6.7 % 
( 628) ( 683) 

B 2 5,521 5,536 + 0.3 % 
( 684) ( 567) 

1 5,738 
( 902) 

5,1190 t 2.6 % 
( 705) 

III A 4 9,775 9,747 0.3 % 
(1199) (1120) 

3 9,939 
(1407) 

11,367 
(1?77) 

+ 1U.4 % 

B ? 9,700 9,688 0.1 ~ 
(132") ( Qu3) 

1 8,C;68 9,877 + 1".3 % 
(1234) ( 8(3) 

IV A 4 6,068 6,380 + 5.1 % 
( 61l) ( 561) 

3 5,912 6,534 t 10.5 % 
( 62u) ( 545) 

B 2 6,063 6,392 + 5.4 % 
( 770) ( 527) 

1 5,Qq8 6,u92 + 8.1' % 
( 605) ( h 13) 

3~ test runs were "nulled" 2t) test runs were "nushed" 
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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 frolll 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 seelllS to drop slightly under light braking (6 psi reduc
tion) and rise again under llloderate 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 llleasure
lllent dynalllics of the instrulllented rail, it was decided that the data ob
tained during these field tests was not sufficient to fully analyze any such 
dependency. In lllany cases there is only one test run for the conditions 
under investigation. The relation between consist dynalllics and indicated 
reaction rail forces is clearly a cOlllplex one, and any data collected to 
validate this relationship should be preceded by a detailed dynalllic analy
sis and lllodelling effort. Only in this lllanner will all relevant variables be 
identified and data collected. 

3. 5.2 Horizontal Force Measurelllents 

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, Mo, and braking retardation, F R , 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 tne£ero lin.e ahdWould have to be considered a net zeroflorLzonta:l· 
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 phenolllenon 
of apparent driving reaction even though brakes were applied was clearly 
a significant occurrence. 
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TABLE 10 

INDICA TED WEIGHT SENSITIVITY TO SPEED 

Car I (OOTX~SO?) 
Truck B; l,</heels 1,2; P.ipht. Slde 
No annlied brakinp 

CAS3 I: PULLED RUNS 
Indicated Indicat.ed Truck Consist 

Run No. Weight 2 Weight 1 IN'eight Speed 

1 1),988 11,779 25,767 10 mph 

3 13,988 12,410 26,398 or 
5 13 2988 13 z252 ?7:.?40 less 

Ave" 13,988 12,fi80 2b,fib8 

7 15,460 11,779 27,239 20 mph 

49 1),988 12,515' 26,5'03 
')1 15z1160 12 ,515 ')7,975 )0 mph 

Ave. lIt, nil 12 J sit; 27,239 

9 11,043 10,307 21,350 
h5 1?1. SIS 1?,515 ?c;' z030 uO mph 

Ave. 11,779 11,411 23,190 

11 13,252 1),988 27,2uO 
1.17 lL!1. 724 12,515 ?7,239 60 mph 

Ave. 13,9'8E 13,252 27,2&0 

CASf~ II PUSHED RUNS 

2 14,724 13,9R8 2A,71? 
h 111,72L 1),252 ':>7,976 10 mph 

6 lS,h60 lIJ,7?4 30,lRh or 
bB 1427?L 13,988 28: 7l? less 

Ave>. 1h,90] 13,988 ?R,~9b 

8 1 '),1160 11,779 27,239 
46 ' 06 13,988 30,184 20 mph 16zL 

Av p • 15,52~ 12, 8f3h 28,712 

~;C 13,958 1),908 27,976 30 mph 

10 It),lJ60 13, ?5? ?8,712 Lo mnh 

12 14,72h 11,779 26,503 60 mnh 
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TABLE 11 

INDICA TED WEIGHT SENSITIVITY TO BRAKING 

Car I (DOTX-502) 
Truck B; Wheels 1,2 ; Right Side; Consist Velocity 10 mph 

Run No. Indicated Indicated Truck Brake 
Weight 2 ~veight 1 Weight Reduction 

CASE 'I • PULLED RUNS . 
5 13,988 1"3,252 27 ,2ho 0 psig 

13 14,72h 11,569 26,293 6 psig 

15 14,724 12,51" 27,239 
53 Ih,724 11 779 26 z503 15 psig 

Ave. 1G, 12G 12!lli7 26, 811 

CASE II . PUSHED RUNS . 
6 15,460 14,724 30,184 

48 142724 13,988 28z 712 0 psig 
Ave. 15,092 14,356 29,448 

57 14,724 13,988 28,712 6 psig 

Ih 16,196 13,988 )0,184 
52 14,724 14,724 292448 11 psig 

Ave. 15,460 IG,356 29,516 

Truck A; Wheels 3,4 ; Right Side ; Consist Velocity 10 mph 
CASE I : PULLED RUNS 

5 13,252 13,252 26,,,04 ° paig 

13 11,043 11,779 22,822 6 psir 

15 11,779 13,988 25,767 
53 11,119 13,254 252033 15 psig 

Ave. 11,179 13,621 25,Loo 
CASE II : PUSHED RUNS 

6 12,515 13,252 25,767 
48 13,252 12,515 252761 ° psig 

Ave. 12,884 12,88rt 25,767 

57 13,252 12,515 25,167 6 psig 

14 12,515 12,515 25,030 
52 13,252 13,252 26z504 11 '!Jsig 

Ave. 12,884 1?,884 25,168 
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It was postulated from preliminary recorded data that this ef fect was 
due to torque build -up in the axle in such a manner as to re-dis tribute 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 rail. 

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 wheell is greater than the radius of 
wheel 2. 

As sume that both wheels roll without slipping as they are pulled 
at constant velocity, V, in the direction shown in the diagram. Under these 
conditions, wheell will tend to rotate with an angular velocity WI = V IRl ; 
and wheel 2 will tend to rotate at angular velocity w2 = ViR. As Equation 
13 shows, this difference in angular velocity from wheel to wfieel causes wheel 2 to 
rotate through a greater angle 6°2, in a given period of time than does wheel 1. 

Wl ~() II t A·() 1 
= = = 

W2 t'1 (J 2 I t 4 () 2 
(13 ) 

If the consist velocity, V, is written asAxlt).t, then the net differ
ence in angle traversed by wheels 1 and 2, (A02 - 9), can be expressed as a 
function of wheel radii and linear distance travelleJ down the track by the 
wheel. 

(14) 

, (15) 
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WHEEL 1 . 

WI = 1'1 =A~t 
FIGURE 25 

R2 

WHEEL 2 

W2 = 'la2 = Ae~t 

WHEEL AND AXLE NOMENCLA TURE 

Fit = Retarding Force of Brake 

FA = Adhesive Force at Wheel/Rail 
Interface. 

Mo = Initial Rolling 
Resistance 

T = Torque Build-up 
in Axle 

NOTE.: All forces passing 
through the axle 
center ar e omitted. 

WHEEL 1 

FIGURE 26 

FREE·BODY DIAGRAM OF AXLE 
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The difference in angular 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: 

where: T = Torque in axle, (in-lbs) 

La = Axle length (in) 

G 

J 

= Shear modulus for axle material (lbs lin 2) 

= Polar moment of inertia for axle cross-section (in4) 
4 

rrDa 
32 

for solid axle, where Da = axle diameter). 

(16 ) 

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. In 
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 £o~ the adhesive force, F , at the wheel/rail 

a 

interface. The horizontal reaction force, F h' measured by the reacti~~ rail 
will then be the negative of FA' 1. e. Fh = - F AO 

:EM = Mo + RlFR 
wheel 

1 

M 
o 

~M = Mo + R2F R2 - R2FA2 + T = 0 
wheel 

2 

~ T 
FA2 ;:; F R2 + Rz R2 = - F h2 
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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, F AI' to de
crease by the amount T/~. When this moment, T, 
becomes great enough, F Al 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, F h , 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 FA or 
FA reaches the maximum available adhesion on that 
rail (F Amax = W X 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 lbs (46,100 kg) or roughly 12,500 lbs (5682 kg) per 
wheel. Using a typical adhesion of 20 percerit'(good rail at 10 mph), the'l 
maximum expected braking (or driving) force would be 2500 lbs (1136 kg). 
Depending upon the distance from the reaction rail to the point where the 
axle to be measured last relaxed its elf (by slipping), the measured value of 
horizontal force will fall somewhere between + 2500 lbs (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. Table 12 shows 
indicated horizontal (braking) forces for Runs 52-58 broken down by applied 
brake system pres sure 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 
"averagingll in the effects of these variabl.es. 

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

3.5.3 

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 c~>uld 
be found. 

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 0 F) to approximately 450 0 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. 

94 



TABLE 12 

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

Runs at each reduction level: 6 Dsig 57 
11 psig 5? , Sh , ShA 
13 psig . ShB SIIC S5 56 58 . -, , , , 
IS nsig S3 

8ar Wheel Indicated Indicated Indicated Indicated 
Braking @ Braldnp. @ Braking @ Braking © 
6 osi (lbs) 11 psi (lbs) 1) psi (lb) 15 osi (lb) 

I 4 ?52 616 537 'joJ-i 
3 1611 336 Soh 504 
2 8S 448 520 1008 
1 ?5? ' 9'5? 50h S04 

II 4 () 4S1 633 n'(6 
3 R,J 

,--"" 784 605 13hh 
2 Rt:, 563 504 1008 
1 8t; 952 739 1176 

III h 25? Sho 807 1680 
3 252 896 723 1176 
2 252 896 8ho 1344 
1 252 1120 7IJO 1176 

IV 4 - 85 168 2116 840 
3 252 616 168 672 
2 - 85 121J laC) 336 
1 252 336 189 s04 
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3. Increasing the distance traveled, with 
any given brake pipe pres sure reduction, 
caused an increase in wheel temperature. 

4. Heavier cars (I and III) showed generally 
higher wheel temperatures than the lighter 
cars (II and IV) for a given test run speed 
and brake reduction. One would expect 
more energy dis sipation (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 
pres sure reduction at similar consis t 
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 intraluced considerable uncertainty as to the validity of the IR field 
test data. To summarize: 

1. At ambient temperatures below 40° F( °C) 
the IR amplifier s developed a paras itic 
oscillation in the power supply. This con
dition was corrected with the additi.on 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 exis tence during field tes ts, 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. 
Ambient 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 
m.easure 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 ind ication of total axle braking. This total axle brake 
force indication, along with IR inform.ation on both wheels should provide sufficient 
data to determ.ine the-quality and extent of braking .tor each individual wheel. 

The test program. conducted with the brake inspection hardware 
was not extensive enough to determ.ine the system. diagnostic capabilities 
beyond the £i rst order abili:ty to sense brake reactions at the rail. Indica
tions are that the reaction rail sub-system., coupled with electronic logic. 
could diagnose brake system. and truck suspension system. m.al£unctions. 
The apparent sensitivity of the rail to consist dynam.ics presents the 
potential for a greater diagnostic capability than originally expected. 

A program. to determ.ine system. sensitivity to, and abili:ty to diagnose 
specific m.al£unctions will require an in-depth test program. in which the spec
ific m.al£unctions are sim.ulated and all other test conditions held constant. 

4.2 Instrum.ented Rail Sub-System. 

The full-scale accuracy of the vertical force m.easuring transducer 
was determ.ined to be approxim.ately 2 percent. in spite of a great num.ber of highly 
influential, uncontrollable, and variable test conditions. The sensitivity of 
the reaction rail to these conditions (e. g. : consist speed, nynam.ic charact
eristics, orientation, etc.) was found to be high standard deviation of indicated 
m.easurem.ents about their m.ean. In som.e cases, these approached 10% of the 
m.easured value. 

Absolute accuracy of the horizontal, or braking force m.easurem.ent 
could not be determ.ined because of the unexpected resultt ha_L~ot all braked 
wheels exert a braking reaction on the adjacent rail. Because the nature 
of the horizontal force m.easuring system. is identical to that of the vertical 
force m.easuring 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 t,o visually interpret and inter
polate test data in which sman 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. 

{. 3 Infrared Sensor Sub-System 

The IR sensor designed, built and tested here performed as 
expected, and indicated relati.ve wheel temperatures of wheels passing at 
speed s 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 'tnegative" 
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 SEC TION 

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 proble:n:::t was two-fold. 
First, the rail must deflect enough under load to be accurately measured, 
but not so much that the resultant stress es 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 dimens ions finally s elected 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 SEC TION CONFIGURATION 

Figure A-la shows the basic rail section and its dimensions. The 
section is a horizontal rail cap (136 lb rail) of the dimensions shown, sup
ported by two narrow vertical flexures. The measurement concept embodied 
in this design is illustrated by Figure A-lb. 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-I b. 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 em) thick and 2.5 inches 
(6. 3 cm) long. 
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PRINCIPAL REACTION RAIL DIMENSIONS 
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FIGURE A-lb 
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EXAGGERA TED RESPONSE 
OF THE RAIL CAP TO 
VER TICAL LOAD A TRAIL 
CENTER 

ASSUMED RESPONSE OF REACTION RAIL TO 
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3. LOADS 

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 lbs. which corresponds to an adhesion level (coefficient of 
friction) of 25% in conjunction with a 40,000 lb. 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 lb. 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 rail section, 
Y T' can be written: 

Y T = Y B + Y S + YC (A-I) 

Where: Y T = Total vertical deflection (inches ). 

YB = Deflection due to rail cap bending (inches). 

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

YC = Deflection due to axial compres s ion of 
the support flexures (inches). 

To calculate deflection due to bending (Y B)' 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 lb vertical load results 
in a bending moment of 120,000 inch-lbs in the rail, while the reaction 
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/ .. L 

FIGURE A-2a 

, 
NOTE: Reaction 
moments due to 
flexure bending 
are neglected. 

IDEALIZED RAIL CAP SECTION 
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FIGURE A-2b 

IDEALIZED FLEXURE UNDER HORIZONTAL LOAD (F) 
MODELLED AS TWO SIMPLE CANTILEVER BEAMS 

FOR PURPOSES OF ANALYSIS 
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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 Ie) 

WL
3 

Y
B 

= 48 EI 

where: YB = Deflection due to bending (inches). 

W = Concentrated load at beam center. Maximum 
assumed to be 40,000 lbs (18,160 Kg). 

L = Beam supported length. For reaction rail, 
L = lZ inches (30.5 cm.). 

E = Modulus of Elasticity = 30xl06 lbs /inZ for 
Chrome-Moly steeL (Z.lxl06 Kg/ cmZ. ) 

I -- Area moment of inertia of beam cros s 
section = 8.6 in4 (358 cm 4). 

Evaluation of Equation A-2 yields: 

-3 = 5.6 x 10 in (.14m.m.). 

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

Where: 

Y 
C 

1 

= 
wi 
ZAfE 

= Deflection of reaction rail due to compression 
of the supporting flexures (inches). 

= Length of the flextures = Z. 5 inches (6.4 cm. ). 

= Total cross-sectional area of the two 
flexures = 1. 5 inZ (9. 7 cmZ). 
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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 
= 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, Y S, can be written for an end supported, centrally loaded 
beam as: (Ref. la, page 185) 

Where: 

YS 

F 

W 

L 

G 

1 
= -.zr F WL 

ArG 

= Deflection due to shear force in beam (inches). 

= Factor depending on form of beam cross section = 
1. 2 for a rectangular section. 

= Center load = 40, 000 lbs (18,160 Kg), 

= Beam length = 12 inches (30. 5 cm. ). 

= Cros s - sectional area of reaction rail 
head = 9. 75 in2 (63 cm2 ). 

= Modulut of Rigifity = 11. 5 x 10
6 

lbs lin2 

(.8xlO Kg/cm). 

Solving Equation A-4 yields: 

-3 
= 1. 3 x 10 inches (. 03 mm. ). 

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

-3 
= YB + YC + YS = 8. a xlO inches (.2mm). 

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 as suming that each flexure half bends as a 
simple cantilever. 
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The deflection relationship for "one-half" of a flexure is then: 
(Ref. 10, page 96, Case la) 

= 

Where: 

YH = Total Horizontal deflection (inches). 

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

J = Total Flexure length = 2.5 inches (6.4 ern. ). 

E = Modulus of Elasticity = 30xl06 lbs lin2 

(A-5) 

If = Flexure area moment of inertia = 0.0313 in4 (1. 3 cm 4). 

The above values yield a value for YH : 

= 6 .0 xlO- 3inches (.15 mm.). 

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 res'ult of stress in the flexure. The magnitude is small 
as is calculated in Section 5.2, Equations A-9a and A-9b. 

5. S TRESSES IN RAIL MEMBERS 

5.1 Rail Cap 

(A-Sa) 

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, as suming the beam is free 
to rotate at the end is 1. 2x 105 inch-lbs. A comparable, but lower bending 
rrX>ment occurs in the overhanging part of the track: 1. 0 x 105 inch-lbs. 
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The stress in the reaction rail due to bending is calculated 
using the classical beam equation: 

S = max 

Where: = 

M = 

= 

c = 

= 

Maximum fiber stress in the rail at 
the surface. Under wheel loading, 
the top surface of the rail will be in 
compres s ion, the bottom of the rail 
in tension. (lbs/in2 ) 

Bending moment in beam 
1. 2 x 10 5 in-1bs in rail section. 

Distance from neutral axis of rail 
to rail surface. (inches) 
1. 63 inches (4.1 cm) in rail section. 

(A-6) 

= 1. 2 inches (3.0 cm) in overhang section. 

= 
= 
= 

Area moment of inertia of rail (in4 ). 
8.6 in4 (358 cm4 ) in rail section. 
3.5 in 4 (146 cm4 ) in overhang. 

The maximum stress is 22,700 1bs/in2 (1599 Kg/cm2 ) in the 
reaction rail section, and 34,300 1bs/in2 (2410 Kg/cm2 ) in the overhang 
sec tion. 

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 (Ml or M2) 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 lb. (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. -lbs. 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, Ml and M 2 , it is 
assumed that the main rail section bends under wheel weight W, resulting 
in angles 9

1 
and 6-2 as shown in Figure A-lb. 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 Ie) 

1 
9 1 = 6 

92 
I = t> 

Where 

91 = 

9 2 = 

b = 

w ~3 ) 
EIr 

W ( b
3 

) 
EIr \2bL + r::- -3b 

Angle of bend at left end of 
beam in Figure A-lb. (radians) 

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

Distance of applied load, W, from 

(A-7a) 

(A-7b) 

right end of beam in Figure A-lb. (inches) 

E, I r , and L are defined after Equation A-2. 

The forces and moments (Ml and MZ) 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 angles are 
due to both the unknown moments (Ml and M 2 ) and the horizontal Force P. 
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The horizontal force is equal and oppoHit<' on each flexure, as 
required by equilibriUln. 

Superposing the relations between applied m.oment (M), and 
applied force (P), and flexure angle (6) yields: (Ref. 10, p. 96 and 101, 
Case la and Case 3a) 

Ml p12 

91 = 
Elf 2. Elf 

M
Z 

pJ2 

92. = 
Elf 2. Elf 

Where the geom.etric variables are defined in Figure A-3, and 
where: 

(A-8a.) 

(A-8b) 

= Flexure cross section mornent of inertia (in4) 

= 

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) 

M_J2. 
1 

pj3 

= 
2. Elf 3 Elf 

.... 

p/ 3 M2.1t.-

3E If - 2. EI 
£ 

= = 

Where Xl and X 2 are defined in Figure A-3. 

(A- 9a) 

(A-9b) 

The four equations; A-8a, A-~b, A-9a, and A-9b can be solved 
for the four unknowns; M I , M2.' P, and Xl (=X2.) to satisfy 81 and 8 2 as 
imposed by the main rail section. The results of this analysis for 
several wheel positions along the rail are summarized in Table A-I. 
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TABLE A-I 

SUMMARIZED FLEXURE CALCULA TIONS 
FOR 0.5 INCH THICK STRAIGHT FLEXTURES 

- ....... -.-~,-..--

, 
Wheel Position, b ~1 92 M1 ~ P X 

0 0 0 0 0 0 0 

-4 
2 +.53 +.83 930 1040 591 -1. 8 x 10 

-4 
4 +.97 +1.21 1531 1620 945 -1. 5 x 10 

6 +1. 22 +1. 22 1765 1765 1060 0 

8 +1.21 +.97 1620 1530 945 1. 5 x 10-4 

10 .83 
-4 

+ +.53 1040 930 591 1. 8 x 10 

0 0 0 0 0 0 0 

(Milliradian) (Inch-lb) (Lb) (Inches) 

- -.. - -~.--..... -.. ~----- ~--~-~~-

Refer to Figure A-3 for graphical description of variables. 

~1 , ®2' 

M1 , M2 

P 

Xl , X
2 

;::: 

= 

= 

= 

Flexure deflection angles inlposed by bending main rail. 
Calculated by Equations A-8a and A-8b. (milliradians) 

Moments resulting from imposed angles 9 1 ' 9 2 , (inch-1bs) 

Horizontal reaction force tending to Ifstraightenlf flexures. (lb) 

Horizontal displacements resulting from M 1 , M , and P. (inches) 
Calculated by Equations A-9a and A-9b. 2 
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Figure A-5 shows graphically the bl'nding moment distribution 
in the flexures for different wheel locations. The maximum value of 
1765 in-lb must be added to the moment due to braking along to give 
the maximum bending moment of 6565 in-lb. 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 lbs /in2 alternating stres s about 
a mean stress of -11,700 Ib/in2 are plotted on a Goodman diagram, it 
is found that a fatigue life of less thc..n 106 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 stres s distribut ion 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 additionaf cost to produce 
the tapered flexure. 

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

= (A-IO) 

dx 

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: 

A-14 



MAX. = 1765 IN-LB 

o o o o 

DISTANCE OF 
WHEEL 2" 4" 6" 8" 
FROM FLEXURE 

FIGURE A-5 

DISTRIBUTION OF BENDING MOMENT IN 
FLEXURE DUE TO MAIN RAIL DEFLEC TION UNDER 

WHEEL LOAD 

A-IS 

2.5 inches 



Alternating 
Stress, ksi 

100 

AISI 4340 Chrome-Moly Steel 

Tensile Strength = 160 ksi 
Endurance Limit = 70 ksi 

Likely to fail in fatigue 

50 

U nUkel y to fa 1 in fa tigue 

~ 
-100 -50 50 100 

Mean Stress, ksi 

KEY: 

$ Central Rail Cap section. 40, 000 lb. wheel load 
tn Overhanging Rail Section, 40, 000 lb. wheel load 

)( Tapered Flexure, 40,000 lb. wheel load 

~ Straight Flexure, 35,000 lb. wheel load 
+ Tapered Flexure. 35,000 lb. wheel load 

FIGURE A-6 
GOODMAN FATIGUE DIAGRAM FOR AISI 4340 
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Tapered Flexure Straight Flexure 

- 7. 64 x 10 - 6 in I 
-6 

dX/dF b -5.60 x 10 in/lb 

d~1 dF -6 I 5. 52 x 10 rad lb 
-6 

3.36 x 10 rad/lb 

d x I dM 4. 88 x 10 -6 inl in-lb 3.36 x 1O-6in/in-lb 

del dM 
-6 

-3.91 x 10 rad/in-lb -2.69 x 10-6rad/in-lb 

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 Ell and 9 2 constraints will be 1/1. 4 or .71 
times those calculated for the straight flexure (Table A-I). The 
maximum bending moment experienced by the flexure will then be 
6060 inch-lbs. instead of 6565 inch-lbs. The tapered flexure is thus 
shaped to give es sentially constant (maximum) bending stres ses of 
± 35, 000 lbs lin2 . In combination with the s tres ses from vertical 
loads, the stresses in the flexures are found to range frolll -70, 6001bs 
1 b s lin 2 to 41, 300 1 b s I in 2 . 

6. FATIGUE SUMMARY 

If the r ail s ection w~re 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 lb load: 

mean stress = ± 11,500 psi; 

alternating stress = 11,500 psi. 

Overha.nging rail cap section due to 40,000 Ib load: 

mean stress =±17,500psi; 

alte rna ting s tr e s s = 17,500 psi. 
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Straight flexure under 35, 000 lb load: 

mean stress = -11,700 psi; 

alternating stress = 74, 700 psi. 

Tapered flexure under 35, 000 lb load: 

mean stres s = -14,600 psi; 

alternating stress = 56,000 psi. 

Tapered flexure under 40, 000 lb load: 

mean s tres s = - 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 thelTI from damage in 
service ). 
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APPENDIX B 

DESIGN ANALYSIS OF THE INFRARED SENSOR SYSTEM 

1. IN TRODU C TION 

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 REQ UIREMEN TS 

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 L. By geometrical 
considerations: 

L = D sin 9 

and, 

e = cos -1 D-2 
D 

(B-1 ) 

(B-2) 

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

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

L-1 
t = 

V 
(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). 

B-1 



t = Passing tim.e = (L - 1) /V Seconds 

WHEEL 

.Q 
V 

'~ • T I I \ 
I e I \ 

\ (~ -1.) I I \ 
/ \ ~l in~h / I \ 

I-r -. ,_ ~ _. _ ", .. 
..... -_.J.t;...-+-
.. ,_ -01 ...... 

1 I 

I 4 
/ 

RAIL ~ L 

~ L-l ., , 

v = Consist Velocity (Inches/Second) 
D = Wheel Diam.eter (Inches) 
L - 1 = Available Target Length (Inches) 

FIGURE B-1 

SCHEMATIC FOR 

CALCULA TION OF REQUIRED TIME RESPONSE 
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Equation B-3 then yields: 

t 
-3 

=8.1xlO 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 7500 F (399°C). 
This value was derived from published results (9) describing tem
perature profiles in braked wheels. 

At the 750 0 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 0 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 (380 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: 

Minimum temperature resolution: 10 F(. 50 C) 

Sensitivity: 10 mV / of 

Response: 50 J.I. sec. 

Temperature Range: 1000 F - 8000F 
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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 as sembled 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 detect or chosen for this system was an indium antimonide 
(InSb) photo conductive element. This device is sensitive to radiation 
extending from vis ible to 7. 5 ~m 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: 

Spectral response: 

Cell resistance: 

Time constant: 

Responsivity (6.0 m): 

Operating temperature: 

Maximum bias current: 

B-4 

5. 0 to 7. 0 ~m 

visible to 7. 5~m 

650rt 

0.1 jA-s 

5.0 V /W 

-55 F to + 70 F 
( - 4 8

0 
C to - 21" C) 

25 rnA 



where: 

"-
II 

D'"( 6. 0 jJ. m) 15 cm (Hz - 2/W) 

"-Note: D'" 

= 

Vs = 

Vn = 

Af = 

W ::::: 

Ad = 

Vs (Ad y/2 
.Ai = x 

Vn 

"Detectivity", an index of 
signal-to-noise per watt of 1/ 
incident radiation cm (Hz - 2/W) 

Signal (volts) 

Noise (volts) 

Bandwidth (Hz) 

Incident radiative power (Watts) 

Area of detector (mm2 ). 

(B-6 ) 

The above indium antimonide detector is the same device 
used in a COIDnlerciaI instrument used to detect "hot spotsll 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 0

, 400 (), and 300 oK. 

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 mAo 
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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 characteris tics of the two major system subas semblies. These 
are the infrared s canning 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 cours-e -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 sharaderistics typical of wheels in use. 

Sensor output was meas_tl~ed for speeds of 10, 20, 30, -40,- 50 "bnd 60 miles per 
hour, and for temperature differences of 10, 50, 100, and 300 F above 
ambient. Sensor sensiti.vity to speed appeared to be negligible. Sensor output 
as a function of temperature difference is reported in Section 2.4.2. 
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These data showed the sensitivity of the infrared detector under 
the types of teITlperature increases and differences which ITlay be expected 
as shown by the Analysis of Malfunctions (Section 2.1. 3) to predict systeITl 
perforITlance. 

A siITlilar series of tests was perforITled with the surface condition 
of the ITletal segITlent ITlodified as it ITlight be in actual use by 

Dirt 

Water 

Grease 

Overheating 

to obtain an indication of how ITliniITlal system.. perforITlance ITlay be effected 
by these factors. 

3. INSTRUMENTED RAIL SECTION 

The laboratory tests which were carried out on the instruITlented 
rail section had an objective sOITlewhat different froITl that of the infrared 
detector tests. In this case, static tests were conducted by loading the 
instruITlented 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 applt'ed vertically and horizontally. Results were analyzed to 
verify that: 

Angular loadings are properly resolved into 
horizontal and vertical COITlponents. 

Strains froITl ITlaxiITluITl loadings are acceptable. 

Calibration curves show acceptable sensitivity 
and stability. 

4. CONCLUSION 

After these tests were cOITlpleted, data was collected which was 
used to predict systeITl perforITlance in the field. Section 2.4 describes the 
results of laboratory testing and calibration. 
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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# 

USAF 42016 
Empty Gondola 

USAF 42015 
Empty Gondola 

DOTX 501 
Empty Boxcar 

DOTX 502 
Loaded Boxcar 

B 
A 

Total 

B 
A 

Total 

B 
A 

Total 

B 
A 

Total 

Individual 
Truck 

24,780 
24,520 
49,300 

37,820 
39,400 
77,220 

22,560 
22,380 
44,940 

51,440 
50,000 

101,440 

Measurement Site - Pueblo Depot Activity 

Range 

SCALE Resolution 

Accuracy 

WEIGHT LBS. 

300,000 Ibs. 

20 Ibs. 

0.2% 

Whole 
Car 

48,680 

77,140 

45,020 

101,420 

Date of Last Calibration October 4, 1977 
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MEASUREMENT 

a. Wheel Diameter 

b. Axle Separation 
Center to Center 

c. Center pin separation 
Center to Center 

d. Height of coupler 
Center Line 

e. Brake Cylinder 
Piston Diameter 

f. Brake rigging levers, 
Dist. from Center pivot 

Brake Shoe Definition 

CAR DIMENSIONS 

roxCAR 
DOTX 502 

33 (nominal) 

66 1/16 in. 

30 ft. 8 in. 

33 1/4 in. 

10 in. (nominal) 

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 l xll" & 

71/2x14 in. 

Cast Iron type, High Phosphorus, used on DOTX 502, Loaded boxcar 
USAF 42016, Empty gondola 

Post Test Wheel Examination 
Non-condemnable tread build up on wheels: R2, L2, R3, L3, R4, L4. 

o£ 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 replace'S 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 manifol d 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: 

Range 

Resolution 

Correction Factor 

HYDRA CELL AIR LINE PRESSURE 

500 - 20, 000 lb. 

100 lb. 

Accompanying Calibration 
Curve 

D-3 
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"GOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

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

Wheel Identification: ___ L_-_4 ________ ~~------------________________ --------__ 
.(' B '. end axle is Number 1) 

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

Equation of Data Curve: 

191 lb / psi X R psi 768 Ibs. 

F 
1 2 

200 200 

300 400 

950 1000 

1350 1400 

2100 2050 

2300 230·0 

I 1 

I I I I +-I i 
T IT 

I 

I T I , : I 
1 I , 

I 
-1. 

T-
I I 

j , : 

i , 1 
I I I. 

l- I ; T 
l' I IT J: 

'I I 

1 
~r-

----~~~I 4-~~+4~~+~~~~~~h44-~~++~~~+++44_~~+++4~I~, HI 

1-+.++++++ l-f--l-+-+...j-+-l-I-+-+~-+-M-++-H_+_H-_+_+~~~-f_++_+~~+++i T' . 

~~-+-t H-- +-~-+-++-l-+-H ~__I__I__+_I..+-+++_l-+-H--++-H-+-l-I-++_H-H~~++--1-, -, -r, 4-
H-, -~: -+, -+--l-+-~H--I-I- : I : 

5 10 15 20 25 

R psi 

D-4 



·tGOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

Car Identification ID#: USAF 42016 
. .. 

Car Type: Empty Gondola 

Wheel Identification: __ L_-__ 2 ______ ~~~----------~--------------------------
( I B '. end axle is Number l) 

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

Equation of Data Curve: 

F lbs = 

R 

3 

6 

9 

11 

15 

20 

30 

25 

F 

20 
1 
b 
s. 15 

X 

100 
10 

5 

177 lb / psi X R psi 676 lbs. 

F 
1 2 

400 

1250 

2000 

~-i~-H-++++-H-+-H-++++'+ -+++-+'-I-f-+-'~- -t .... +?l"+-t-t-'- ++--t-t-HH-t-+-\ +-;;
I ' , '-Hf--l--+--++-+-f--1f--l--+-+-++--t-t- ---1--1 +--t-+-f-+-+-+--H-trH-+++l-~H---~++-+-~l-l-+--+ ,rIt! -

-~r!+l+~-~~-~+++~~~~H-J~~~·++,rI-+-H-++~+-+-~+~-t~f-+-~~,-;~:-t-
, : ' i , " i i : 

5 10 15 20 25 

R psi 
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"GOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

Car Identification ID#: 
------------------~ 

USAF 42015 Car Type: Loaded Gondola 

Wheel Identification: L-1 
~~~----~~~--~----~----------------------.( lB' end axle is Number 1) 

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

Equation of Data Curve: 

195 lb / psi X R psi 409 lbs. 

F 
1 2 

350 500 

650 800 

1400 1400 

1700 1800 

2500 2500 

2700 2600 

! t I I , 

5 10 15 20 25 

R psi 
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"GOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

Car Identification 10#: USAF 42015 
.. Car Type: Loaded Gondola 

Wheel Identification: __ L--_4 ________ ~~~--~------~-------------------------
(IB' end axle is Number 1) 

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

Equation of Data Curve: 

lb / psi X R psi - 717 lbs. 

F 
1 2 

250 

500 

1000 

1400 

2250 

2250 

+--H-Hr+-++-+--+--t-H-++---i-f--t-H-TIf'- 1 1.
1 
L. ++-+-+-Hf-+-+- '--+-+-+-4-t-I-' /~ -j .- ~-

---+--r-+-+-k-+-+-+-II--+-++-+-+-t-ir-t-+-t-+-+--+-'H-+-r-;-~-· . 
-r+-+-+-+-+--+-I-+--+--+-++-+-+-t-.~J-t-t7f-+-t--+-+--Irl-t-t-+++-t--+--t-t---it--+-+--+-+t~ -

~----~r+~'-H-t-rrr~-+I~r+r+~~~D+i-~~~tT~-ri~rr+T1-t!-1-+--1-+--1-: ! 
I V _ I-t -lr--I-I-t-..... 

_+ -f- - -t-r--- -I--' -fR' I. 

t--+-+-+-++-+-+~t-Tt-+-+-t-r+-t-I-+-+..LL I----r--t- , -.\.-. -;--,~ ~.;-;-~ -IT-[ " I , " 

5 10 15 20 25 

R psi 
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"GOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

Car Identification ID#: DOTX 501 Car Type: Empty Boxcar ---------------------
Wheel Identification: L-3 

------------~~~--~--~--~----~--~~-------------(I B '. end axle is Number 1) 

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

Equation of Data Curve: 

F 

1 
b 
s. 

X 

100 

F lbs = 

20 

15 

10 

R 

3 

6 

9 

11 

15 

20 

182 lb / psi X R psi 339 lbs .. 

F 
1 2 

800 

1200 

1700 

2400 

2800 

• , I -t+L ! v' : . I I . t--t- I:'! .' , _ 

f-L~+ f-L .. v, !.~ .~ __ +,_-~ it-· t-.+-+-t-+-+-H--t-' +~~.t--! -- -~-+-+I-++-r-r---
+~-'--T-'-.. ~...L++.t----;--7-+~- - -. ---~, r-t+L,+t-:- .. --. 

5 -----I·.rTf~ +-ttr=~i=.+·~+-·+7~+' +' -t--1;-1 ~+-' -t-++-t-t--H-+-t-H-t--++;-I .+-.1+' +-t--t-r'-!--'I-'r--J--+-~+~+;--:::":- -
I I I· ++- - I -I I ' -H-i-I-+++-H'-+-f--+'++-H-+-t-t-t-"-Hl-t-t++-t-!-!H-t-t-+t-t-I-t-+ r+++-t-H-t-.. ·~· -. +t+- . ·t· I -;--t-t-t-+-+++-t-t--t-+--r'-++~~+- -H--t-'H-l-J.H.-

5 10 15 20 25 

R psi 
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"GOLDEN SHOE" MEASUREMENT 

CALIBRATION CURVE CORRECTED DATA 

Car Identification 10#: DOTX 501 ---------------------
.. 

Car Type: Emp ty Boxcar 

Wheel Identification: L-4 
------------~~~--~--~--~----------~-------------('B' end axle is Number 1) 

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

Equation of Data Curve: 

Ib / psi X R psi 646 Ibs. 

F 
1 2 

400 400 

900 850 

1250 1550 

1900 2000 

2250 2300 

--~~~--~~~++~1~-1~~~~~~~~~~1~'~~~~~1~-~~+~~~'~4~--~ 

'-+-+-+-_f-+-+++-+1_,l I I -r- ~-- l-f-,!>-+-+-+-+--t- --LfJ~,+ 1,-t-+--H- _L +f-'-:=:-
.-.-~-t-'f-+-+++-.-r-~r++-i +' -+-+'-+'-:-1' r--,-j , 1 J -I- -+-W-~, -~-, J I I:: I 
'-+--+-+-+-lI-t-r+-+-t--t-i--I-I-t--iH-t-+- -+- -- I I i -

----iH--t-++-t-f-H--t-t-+-t-t-I-H-,++-t -+-I' ++-f-I-+-I-+-+-+-+-!-+-I-h.f-++-t-+-!-+++-f-I-r-.li-;-~ _ 

--+-i-+-I-+-++-f-I-+-+-+' -t-l--+-+r r-t-+-t-+t-+-~ l.- -'I~I -YI'---+--i---i-.1- -W-T_ i-HH-H-++-; !-
1 l - fA I I r-: 

I : ! 

--'-r+-+-+-H-:.I"+++-H~-+-H-++-+-j-+-+++-;-+-7- -
-t-+-+-t-t--iH-r+--t -;-'- / ,7":-

-; + I _LL_ 
-+-H-+-+--t-++-r+-l~ i : : r-+-

b'--t--+-f--1H-+-+U++_1 fA -f-U .1 f- , ~ :=;t=r:' -+-~ ; ~,' -~ : 
u -r -'1-+-+-+-t-j.<Loi-' -t+ I f -;-, , ~-t-+++-H.ll-f--r r f I -, I ,I: T 1---~ 

5 10 15 20 25 

R psi 
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"GOLDEN SHOE" MEASUREMEN'l' 

CALIBRATION CURVE CORRECTED DATA 

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 lbs = 

R 

3 

6 

9 

11 

15 

20 

30 

25 

F 

20 
1 
b 
s. 15 

X 

100 
10 

5 

171 1b / psi X R psi 289 1bs. 

F 
1 2 

500 600 

650 800 

1200 1350 

1600 1600 

2200 2350 

2700 2800 

J. I '" , -+-+-.1- -1-"':'.-;-' --+-l---t-r-+--I-+-t--t-+-+++-+-t-I-t-,t--+---I-+--t-+-;-- -~-
-c-U+-+-i-+-l--I-++---l--l--. L --H.l--}-;J -~- --- LH· f- --r- . .LLH- -+-- H-t ..... ~+--f-l-l+-, -------r' 
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APPENDIX E 

FIELD TEST RESULTS - DYNAMIC MEASUREMENTS 

Des cription 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 tes t cons ist. 

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 gage s 
were damaged, thus inoperative, for test runs 27-58. This is designated 
as lin. d: " (I?:od.ata). 

Temperatures are recorded as temperature (OF) rise above ambient. 
Ambient temperature during all tests ranged from 26 to 320 F. 

When a pas sing axle did not result in a perceptable 1. 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 
1. R. sensor data was unintelligible. A temperature indication was present, 
but could not be interpreted. 

A star (*) bes ide 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 adjus ted 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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TAB.LF: .£':-1 
Field Test Data for Car I 

Loaded Box DOTX-502 
Truck A Axle 4 

Actual Truck Weight;:: 50,000 Ibs. 

"- ... _-

Orlen- 'Wheel. Train Brake Verti.cal Horznt1 Side }~ear Far Wheel 
Run tation Side Speed Red'n Load Load toad Side Side Temp 

(mph) (p81) (11:» (lb) (MV') Temp I:i) (OF) 
(OF) 

1 Pull R 
& 

0 12,515 - 336 ;:>600 a a 
2 Push R 0 11,779 - 612 2uOO a a 
3 Pull R 5 0 12,515 - 336 3000 a a 
k Push R 5 0 11,179 - 8uO 2uOO a a I 
5 Pull R 10 0 13,?52 336 2600 a a I 
6 Push R 10 0 12, Sl S soh 2600 a a , -

I ·7 Pull R 20 0 11,779 - 3.36 3600 a a 
8 Push R 20 0 12,515 - 8ho 3800 a a 

I, 
9 Pull R ho 0 11,779 BhO n.d. a 

~ 
a 

10 Push R 40 0 12, t)l C; - Soh 3::>00 I a a 
ii 

II Pull R 60 0 11,779 1176 1200 a a 
:1 

12 Push R 60 0 13,988 0 2000 I a a ~ (35) 
'j 

13 Pull R 10 6 11,Oh3 - 672 .3000 a a I 
14 Pusb R 10 11 12,515 3.36 2000 41 10 I 15 Pull R 10 15 11,779 - 336 hOOO 109 )0 ' (95) 

I 16 Pusb R 20 6 I), ?52 - Soh 3200 27 10 
11 Pull R 20 11 12,515 -1512 hooo 5h I 20 
18 Push R 20 15 15,h60 302h 1400 - ,0 . (lhO) I 
19 Pull R 40 6 10,)07 - 8uO 4000 - 20 
20 Puh R 40 11 13,988 2016 2200 - .30 (120) 

;, 

21 Pull R 40 15 11,Oh3 -1512 ,000 I - 1 100 
22 Push R 60 6 13,252 - 672 3000 - I 25 
23 Pull R 60 11 10,)07 -13l.ili hhOO - I ,0 (110) 
24 Pull R 60 15 10,307 -218b 5000 - 50 

25 Pull L 10 11 13,?52 18b8 1000 
, 

10 -
26 Push L 20 11 9,571 -672 2000 136 75 
21 Pull L 40 11 11,779 1176 n.d. - 75 (210) 
21A Push L 20 11 11,779 - 168 It 170 25 I 
28 Pull L 60 11 10,307 218h It 257 25 
28A Push L 30 11 11,779 0 " ?l3 I 50 , 

29 Ml L 10 0 11,Oh3 1Ah8 It 
, - 20 

30 Pusb L 20 0 11,Oh3 SoL It - ! 15 ! 31 Pull L 40 0 11,Oh3 1176 n I a I a 
I I 32 Pull L 60 0 11,Oh3 1680 " ! a 

I 
a 

33 Pull L 10 11 13,252 18h8 " 163 ,0 
I 34 Push L 20 11 11,779 - 8hO " hI 125 II 35 Pull L 40 11 11,779 1512 rt - 75 I I 

J6 Pull L 60 11 11,779 ?016 " - 38 I 

h -l_ . 
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Orien<i' Wheel 
Run tlltion Side 

hI Pull L 
h2 Push L 
43 Pull L 
4h Push L 

uS Pull R 
h6 Pueh R 
47 Pull R 
48 Push R 
49 Pull R ,0 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
5LA Pull R 
5uB Push R 
5he ~1 R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-2 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck A Axle 3 
Actual Truck Weight = 50,000 

Train Brake Vertical Horsntl 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 0 12, S15 - 8ho 
10 0 12,515 - 50h 
ho 0 10,307 - 8ho 
20 0 12,515 - 8ho 

40 0 10,)07 - 336 
20 0 Ih,724 840 
60 0 11,779 672 
10 0 12,515 soh 
30 0 11,779 -672 
30 0 Ih,7?4 BhO 
)0 0 12,515 - 168 
10 11 13,252 50h 
10 15 13,252 504 
ho 11 13,988 336 
ho 11 13,988 168 
20 13 13,988 672 
40 13 8,834 1008 
40 13 9,571 336 
40 13 10,301 168 
10 6 12, S15 168 
40 13 9,571 336 

·S1de lear Far 
toad Side Side 
(In') 

i~ T8i> 
n.d. a a 
" a 25 
It a 25 
It a 25 

It a -
It - a 

" - a 
It - a 
It - a 
It - a 

" - a 

" - a 

" - 25 
It - a 

" - a 
It a 38 
It 34 -
" - -
" - 10 

" - 20 
" - a 

Letters (A,B,O) atter Run Number designate non-scheduled tests for which data vas 
taken. 

I.D. indicates that no data was taken. For Side loads, strain gages were inoperative 
tor Rune 21-,8. 

A duh (-) indicates that temperature data existed, but vas unintelligible. 

J star (*) indicate' that the tamperature recorder went oft scale. The recorded value 
1s therefore 1es8 than the actual temperatur..-. 

All tellperature readings are in 0, above ambient. Ambient for all teats ra~ed froll 
26 to 32°'. The designation -a- means that DO tMperature ri" occurred as the wheel 
pused, thus the wheel temperature was the s_ u ambient. 

Horizontal traction forces are negative; braking forces are positive. 
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Orlen- Wheel. 
Run tatteD Side 

1 Pull R 
2 Puh R 
J Pull :a 
4 Puh R 
5 Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
II Pull R 
12 Push R 

13 Pull R 
14 Push R 
IS Pull R 
16 Push R 
17 Pull R 
18 Pub R 
19 Pull R 
20 Puh R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Puh L 
21 Pull L 
271. Push L 
28 Pull L 
2& Push L 
29 Pull L 
)0 Push L 
31 Pull L 
32 Pull L 
J) Pull L 
34 Push L 
35 Pull L 
36 Pull L 

TABLE E-3 
Field Test Data for Car I 

Loaded Box DOTX-502 
Truck B Axle 2 

Actual Truck Weight = 51,440 

Train Brake Vertical Herzntl 
Speed Red In Load Load 
(lIph) (psi) (lb) (Ib) 

~ 0 13,988 1512 
0 14,72L -1680 

5 0 13,988 1008 
5 0 14,724 -1512 

10 0 13,988 840 
10 0 15,460 -1176 
20 0 15,460 1512 
20 0 16,933 -1848 
ho 0 11,043 1176 
40 0 15,460 -1176 
60 0 13,,252 840 
60 0 12,,515 - 672 

10 6 lL,724 1512 
10 11 16,196 -1008 
10 15 1l.t,724 2352 
20 6 16,196 -1680 
20 11 13,::>52 1848 
20 15 16,196 - 8LO 
40 6 11,779 1512 
40 11 13,988 -1008 
40 15 12,515 1680 
60 6 14,724 -1512 
60 11 13,252 2688 
60 15 10,)07 1848 

10 11 14,724 67';' 
20 11 13,988 840 
LO 11 13,25::> 0 
20 11 14, n4 504 
60 11 13,252 - 336 
)0 11 15,460 1008 
10 0 13,988 840 
20 0 13,988 - 168 
40 0 16,933 - 168 
60 0 14,724 336 
10 11 15,460 672 
20 11 14,724 336 
40 11 15,L60 0 
60 11 15,460 840 

E-6 

Side Near Far Wheel 
Load Side Side 

r~ (MV) tg;) I::> 
... 600 a a 
- 600 a a 
- 600 a a 
- 400 a 

I 
a 

- 800 a I a 
-1200 a I a 
-1800 a I a 

~ -1400 ! a i a 
-1500 a a 
-1600 a a 
-1~00 a a I 

0 a a ! (35) 

I 
-1500 ! a a 

I 

-2000 1L 15 
-1000 122 50 ! (130) 
-1600 54 10 

I -1000 82 50 
-1600 - I 70 . (200) 

I 

-1000 - 30 I 
I 

-1200 - 60 I (165) 
- 800 - !i 274 :i 

I Ii 
-2000 - 10 

if 

-2000 - 125 Iii (1::>5) .I; .. 
ill 

-1000 - 175 :~ 

-1000 - 40 I 
-1000 290 221 I 

I 

nod .. - 221 . (300) 
It - 100 
II 235 75 
It 301 38 
II - 30 I 

" - a 
I 

" a a 
! 

II a a I 

" 82 90 
II 102 200 

I " 
- 175 i 

I It - 75 
I. , 



Orieno!t Wheel 
Run tation Side 

ul Pull L 
42 Push L 
43 Pull L 
44 Push L 

45 Pull R 
46 Pueh R 
47 Pull R 
48 Push R 
49 Pull R 
50 Pu8h R 
51 Pull R 
52 Pueh R 
53 Pull R 
54 Push R 
54A Pull R 
5413 Pueh R 
54C Pull R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

- ----

TABLE E-3 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck B Axle 2 
Actual Truck Weight = 51,440 

Train BrAke Vertioal Horsntl. 
Speed Red In Load Load 
(mph) (psi) (lb) (lb) 

60 0 13,98A 336 
10 0 16,196 - 3.36 
40 0 15,h60 0 
20 0 Ih,7?h 336 

40 0 12,Sl5 840 
20 0 16,196 - 50h 
60 0 Ih,72h 1008 
10 0 Ih,72h 504 
30 0 13,9A8 0 
30 0 13,988 - BUo 
30 0 15,460 168 
10 11 lL,724 336 
10 15 14,72L 1008 
40 11 15,460 336 
40 11 11,779 672 
20 13 15,h60 840 
40 13 1?,515 672 
40 13 8,098 hIS 
40 13 11,779 ?52 

10 6 Ih, n4 85 
40 13 11,779 h?O 

Side lear Far 
Load Side Side 
(IIW) I:;) I8f) 
n.d. a a 

" a 25 

" a 25 
It a 25 

It a a 

" a a 

" a a 
It a a 
It a a 
It a a 

" a a 
It a a 
It a 25 
It a a 
It a a 

" a 50 

" 68 75 

" - 30 

" 5h )0 
It - 20 

" - a 

Letters (A,B,C) after Run Number designate non-echeduled teet. tor which data w.s 
taken. 

N.D. indioates that no data vas taken. For Side loads, stran gages were inoperative 
tor Runs 27-58 • 

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

.A star (*) indioate' that the temperature recorder went oft soale. The reeorded value 
is theretore less than the actual temperature. 

All teJllPerature readings are in 0, above ambient. Ambient tor all tests ranged from 
26 to 32°'. The designation Ita" 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 I 

Loaded Box DOTX-502 
Truck B Axle 1 

Actual Truck Weight;::: 51,440 

Orlen- Wheel Train Brake 
Run tatioD Side Speed Red'n 

(Mph) (psi) 

Vertical Horzntl 
Load Load 
(lb) (lb) 

1 
2 
) 
Ia 
5 
6 
7 
8 
9 

10 
11 
12 

1) 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
27! 
28 
28A 
29 
)0 
)1 
32 
)3 
J4 
35 
36 

Pull 
Puh 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 

Pull 
Puah 
Pull 
Puh 
Pull 
Pub 
Pull 
hah 
Pull 
Push 
Pull 
Pull 

Pull 
Puah 
Pull 
Push 
Pull 
Puah 
Pull 
Push 
Pull 
Pull 
Pull 
Push 
Pull 
Pull 

R 
R 
R 
R 
It 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

G 
5 
;; 

10 
10 
20 
20 
hO 
40 
60 
60 

10 
10 
10 
20 
20 
20 
40 
40 
40 
60 
60 
60 

10 
20 
40 
20 
60 
)0 
10 
20 
40 
60 
10 
20 
hO 
60 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6 
11 
15 
6 

11 
IS 
6 

11 
15 
6 

11 
15 

11 
11 
11 
11 
11 
11 
o 
o 
o 
o 

11 
11 
11 
11 

11,779 
13,988 
12,515 
13,252 
13,252 
Ih, nh 
11,779 
1h, nil 
10,)07 
13,252 
13,988 
11,779 

11,779 
13,988 
12, SIS 
13,988 
13,252 
13,252 
11,779 
12,I)1S 
12,515 
13,252 
11,oh3 
10,307 

12,515 
12,515 
13,25? 
12,515 
12,515 
11,oh) 
11,779 
lU,72h 
11,779 
12,51S' 
13,25? 
13,252 
11,779 
12,1)15 

E-8 

-1008 
2352 

- 8hO 
2352 

-672 
2856 

- 672 
2520 

-13hh 
2352 

SOu 
2352 

-1680 
302u 

-1008 
2016 

-2016 
302h 

-2016 
302h 

-1512 
3360 

-13hh 
-1008 

8ho 
-672 

672 
- BhO 

IJOu 
-1680 

336 
-1008 

6n 
612 
336 

... 13hh 
o 

1008 

Side lJear Far 
Load Side Side 
(mv) T~ Temp 

(OF) (01) 

3600 
o 

3hoo 
-1200 
3000 

- hoo 
hooo 
400 

n"d. 
1800 
1500 

o 

hooo 
500 

2500 
1-200 
hooo 
Ihoo 
5000 
1000 
h800 

-1800 
3600 
3000 

1500 
3000 
n.d. 

II 

II 

It 

It 

It 

It 

II 

It 

" 
" 

a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 

I : 
a 
a 
a 

I h~ • 20· 

I 54 30 

I 7 20 
27 hO 

I - 100 
!... 20 
I - . 50 
I - ! 125 
i - !: 110 
I - • 50 

I ~ r 1:: 
1290 ' 25 

I: i~ 
.290 I 25 
323 

- a 
- a 
a I a 
a I a 

82 I )0 
10911 50 

- 100 
-; 38 

~ 

(125) 

(110) 

(115) 

(100) 

(280) 

, 
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Orien" Wheel 
Run tation Side 

41 Pull L 
42 Push L 
43 Pull L 
4h Push L 

45 Pull R 
46 Pueh R 
47 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Pueh R 
53 Pull R 
54 Push R 
54A Pull R 
S4B Push R 
54e Pull R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-4 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck B Axle 1 
Actual Truck Weight = 51,440 

Train Brake Vertical Horsntl 
Speed Red'n Load Load 
(~h) (psi) (lb) (lb) 

60 0 13,252 1008 
10 0 12,515 -1008 
40 0 13,988 168 
20 0 15,460 -1176 

40 0 12,515 - 168 
20 0 13,988 1344 
60 0 1::>,515 0 
10 0 13,988 840 
30 0 12,515 -1008 
30 0 13,988 1680 
30 0 12,515 0 
10 11 14,724 1176 
10 15 11,779 504 
40 11 13,988 840 
40 11 11.779 840 
20 13 12,515 840 
40 13 11,779 672 
40 13 12,515 336 
40 13 12,515 252 
10 6 13,988 252 
40 13 11,779 420 

Side Near Far 
Load Side Side 
(-) I:;r; I;) 
n.d. a a 

1t a 21) 

" a 25 
It a 25 

" - a 

" - a 

" - a 

" - a 
It - a 

" - a 

" - a 

" - a 

" - a 

" - a 
11 - a 
It - 25 
It 34 50 

" - 20 

" 41 20 

" - 10 

" - a 

Letters (A,B,C) after Run Number designate non-scheduled teste tor which data vas 
taken. 

K.D. indicatee that no data wae taken. For Side 10ade, strain gagee were inoperative 
tor Runs 27-SB. 

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

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

All tellperature readings are in 0, above ambient. Ambient tor all tests ranged from 
26 to 32°'. The designation "a" means that no teq:,erature rise occurred as the wheel 
passed, thus the wheel temperature W88 the same as ambient. 

Horizontal traction forces are negative; braking forces are positive. 
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Orien- Wbeel 
Run tation Side 

1 Pull R 
2 Push R 
.3 Pull R 
h Push R 
S Pull R 
6 Puh R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

I) Pull R 
14 Push R 
IS Pull R 
16 Puh R 
17 Pull R 
18 Puh R 
19 Pull R 
20 Puh R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

2S Pull L 
26 Puh L 
27 Pull L 
27A Pueh L 
28 Pull L 
28A Pub L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
3!4 Push L 
35 Pull L 
J6 Pull L 

TABLE E-5 
Field Test Data for Car II 

Empty Box DOTX-50l 
Truck A Axle 4 

Actual Truck Weight = 22, 380 

Train Brake Vertical Horzntl 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

~ 0 5,lS3 50u 
0 5,153 -672 

5 0 5,153 50u 
5 0 5,1 S3 -672 

10 0 5,153 50u 
10 0 5,153 - SOu 
20 0 5,153 1008 
20 0 7,362 - 504 
ho 0 5,153 8uo 
40 0 5,890 336 
60 0 6,626 504 
60 0 8,83h - 8hO 

10 6 5,153 336 
10 11 5,890 -672 
10 IS 5,153 J36 
20 6 5,890 - 504 
20 11 5,890 504 
20 15 5,890 - 504 
40 6 u,u17 1008 
40 11 5,890 336 
40 15 5,153 1008 
60 6 5,lS3 0 
60 11 6,626 1848 
60 15 5,153 840 

10 11 5,153 SOu 
20 11 5,153 0 
40 11 u,h17 0 
20 11 5,153 0 
60 11 5,890 504 
)0 11 7,362 168 
10 11 5,153 672 
20 11 5,153 0 
40 11 h,h17 672 
60 11 5,153 336 
10 0 5,153 504 
20 0 5,153 - 168 
40 0 "lS3 SOu 
60 0 7,362 0 

E-IO 

Side Near Ffir lWheel 
Load Side Side 'r~mp 
(mv) I~ T::> 

.{!>F) 

1200 a a 
1800 a a 
1200 a a 
1800 a. a 
luOO a a 
1800 a. a 
1600 a a 
1400 a a 
n.d. a a 
0 a a 

1800 a a 
500 a. a (5) 

3500 a a 
1500 27 10 
1500 5h 10 (120) 
1600 Ih 10 
2600. 5u 10 
1800 82 90 (165) 
luOO hI 50 
1000 163 150 (175) 
1200 - 50 

-1200 - 50 
-1200 : - 200 (185) 
1800 . - 150 

500 - 10 
1000 102 75 I (250) I n .. d .. 301 358 
" 334 40 
II 

I 334 200 I hoo 
I 

It 100 :i ., 
;i 

" - 50 t: 
i 

" - 110 ~ " 61 160 I " 41 160 

I 
It 14 uO 
" j a - , 
It a - ! 
" a - I i 

I' ! I' i 



Orien ... Wheel 
Run tation Side 

Ll Pull L 
Lz Push L 
LJ Pull L 
Lh Push L 

L5 Pull R 
L6 Push R 
41 Pull R 
48 Push R 
49 Pull R ,0 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
541 Pull R 
~B Push R 
SLe ~1 R 
c;~ - .- PuIl R 
56 Pull R 
57 Push R 
58 Pull R 

-" ---_.- _ .. 

TABLE E-l (Cont'd) 
Field Test Data for Car I 

Loaded Box DOTX-502 
Tr uck A Axle 4 

Actual Truck Weight = 50,000 Ibs. 

Train BrAke Vertical Horznt1 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 ° 11,779 1176 
10 0 11,01.l3 336 
Lo ° 9,571 1008 
20 0 10,307 672 

Lo 0 10,307 ° 20 0 13,988 0 
60 0 12,515 - 50L 
10 0 13,252 ahO 
)0 ° 11,043 - Rho 
30 0 13,988 - 336 
30 0 12, ~15 16A 
10 11 13,252 336 
10 15 11,779 504 
40 11 14,724 672 
40 11 11,043 8/.to 
20 13 13,252 504 
40 13 11,043 1176 
40 13 12,515 415 
40 13 12,515 252 
10 6 13,252 252 
40 13 12,~15 336 

Side Near Far 
Load Side Side 
(JIV) I;) I!t) 
N.D. a a I 

" a 25 
It a 25 

" a 25 

" - a 
It - a 

" - a 
It - a 

" - a 

" - a 
It - a 
It - a 
It - 50 
II - a 
It - a 
It a 25 

" 34 -
It - -
It - 10 

" - 20 

" - a 

Lette" (A,B,C) af'ter Run NUi,ber designate non-scheduled teste tor which data vas 
taken. 

I.D. indicatee that no data waa taken. For Side loade, etraln gagea vere inoperative 
tor Rune 27-S8. 

, daah (-) indicates that teJlperature data exieted, but vas unintelligible. 

A star (*) indicate' that the temperature recorder went oft scale. The recorded value 
is there tore 1es8 than the actual temperatur •• 

.All t8lllPerature readings are in 0, above ambient. Ambient tor all tests ra~ed frolll 
26 to 32°'. The designation • a· means that no temperature rise occurred as the wheel. 
passed, thus the wheel temperature was the ealll8 as UIb1ent. 

Horizontal traction forces are negative; braking torces are poeitive. 
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TABLE E-Z 
Field Test Data for Car I 

Loaded Box DOTX-502 
Truck A Axle 3 

Actual Truck Weight - 50,000 

Orlen- lileel. Train Brake 
Run tatioD Side Speed Red1n 

(mph) (psi) 

Vertical Horznt1 
Load Load 
(1b) (1b) 

1 
2 
3 
b 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
27A 
28 
2BA 
29 
30 
31 
32 
33 
34 

Pull 
Push 
Pull 
Push 
Pull 
Puh 
Pull 
Push 
Pull 
Push 
Pull 
Push 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Pull 

Pull 
Puh 
Pull 
Push 
Pull 
Puh 
PW.l 

, Push 

R 
R 
B 
It 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
5 
5 

10 
10 
20 
20 
1.0 
40 
60 
60 

10 
10 
10 
20 
20 
20 
40 
40 
40 
60 
60 
60 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6 
11 1, 
6 

11 
15 
6 

11 
15 
6 

11 
15 

11 
11 
11 
11 
11 
11 
o 

·0 

12, SIS 
12,515 
12,511) 
12, SIS 
13,252 
13,252 
11,779 
14t 12u 
R,R~I! 

13,252 
13,9SR 
15,h60 

11,779 
12,515 
13,988 
Ih,7211 
11,779 
13,988 
11,043 

, 11,779 
11,Oh3 
13,988 
11,779 
10,307 

- 6'12 
672 

-1008 
1008 

- Sol.. 
1008 

-1512 
8hO 

-1008 
1512 

- 168 
1344 

- 336 
168 

1176 
-612 

168 
-1848 
-672 
-2016 
2352 
2520 
2688 
218h 

-1008 
672 

-1008 
168 

- 8ho 
o 

- Bho 
-1008 
- 168 
-1176 
- 50h 

,35 
1)6 
I 

Pull 
Pull 
Pull 
Puh 
Pull 
Pull 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

10 
20 
40 
20 
60 
)0 
10 
20 
40 
60 
10 
20 
40 
60 

o 
o 

11 
11 
11 
11 

11,779 
11,oL3 
11,779 
12,515 
11,71'9 
11, Ti'9 
11,779 
12,515 
11,043 
11,043 
12,515 
12,515 
11,0!!} 
11,779 

672 
-1176 
- 336 

E-4 

Side Near Fu
Load Side Side 
(mv) I;) I:;) 
2600 
2000 
2800 

I 2000 

I 2600 
, 2200 

2hOO 
2600 

a 
a 
a 
a 
a 
a 
a 
a I 

a 
3000 a I 
1500 a! 
1000, a i 
3500! a I 
21:)00 27 
1000 95 
2800 hI 
2000 82 
hooo -
2hOO -, 
hooo -

- hOO, -
2000 -
600 -

-lhool - I 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
20 
30 
15 
30 
60 
10 
30 
75 
50 
10 

100 

I ~ 
2500 - I 10 
2800· n3 50 
n.de -

n u 235 
II 2h6 
11 312 

I 

It 

" n 

- I a 

n 
n 
It 

a 
82 
54 

38 
25 
25 
38 
10 
10 

a 
a 

50 
100 

75 
38 

(5) 

i 

(150) 

(n5) 

(110) 

(220) 



Orien+ Wheel 
Run tation Side 

hI Pull L 
h2 Push L 
h3 Pull L 
hh Push L 

uS Pull R 
h6 Push R 
47 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
S4A Pull R 
5LB Push R 
54C PuJ.l R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-2 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck A Axle 3 
Actual Truck Weight = 50,000 

Train Brake Vertical Horsntl 
Speed Red'n toad Load 
(mph) (psi) (lb) (lb) 

60 0 12, SIS - 8ho 
10 0 12,515 - Soh 
40 0 10,307 - 8ho 
20 0 12,515 - 8ho 

40 0 10,307 - 336 
20 0 Ih,72h Bho 
60 0 11,779 672 
10 0 12,515 soh 
)0 0 11,779 -672 
)0 0 1h,7?h Bho 
)0 0 12,515 - 168 
10 11 13,252 50h 
10 15 13,252 soh 
40 11 13,988 336 
hO 11 13,988 168 
20 1) 13,988 672 
hO 1) 8,83h 100B 
hO 13 9,571 336 
40 13 10,307 168 
10 6 12,1)15 168 
hO 13 9,571 336 

Side wear Far 
Load Side Side 
(JIV) 

I~ Ir,) 
n.d. a a 
" a 25 
It a 25 
It a 25 

It - a 
It - a 
It - a 
It - a 
It - a 
It - a 
It - a 
It - a 

" - 2S 
It - a 

" - a 

" a 38 
It 3h -
It - -
" - 10 
" - 20 
" - a 

Letters (A,B,C) atter Run Number deSignate non-Scheduled testa tor which data vas 
taken. 

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

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

A star (*) indicate. that the temperature recorder went oft scale. The recorded value 
1s therefore less than the actual temperatur..-• 

.All tellPerature readings are in 0, above ambient. Ambient for all tests ranged tro. 
26 to )2°,. The designation "a" means that no tMperature rise occurred as the wheel 
paased, thus the wheel temperature vas the a ... as ambient. 

Horizontal traction foroee are nElftative; braking torcea are positive. 
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Orien- lIlMl 
Run tation Side 

1 Pull R 
2 Push R 
3 Pull R 
h Push R , Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push It 

13 Pull It 
14 Push R 
IS Pull R 
16 Puh R 
11 Pull R 
18 Push R 
19 Pull R 
20 Puh R 
21 Pull R 
22 Push R 
23 Pull It 
24 Pull R 

2, Pul.l. L 
26 Puh L 
21 Pull L 
27A Push L 
28 Pull L 
28A Push L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
J3 Pall L 
34 Push L 
35 Pull L 
36 Pull L 

TABLE .E-3 
Field Test Data for Car I 

Loaded Box DOTX-502 
Truck B .. Axle 2 

Actual Truck Weight = 51,440 

'!'rain Brake Vertical Horzntl 
Speed Red In Lc:~ad Load 
(mph) (psi) (lb) (lb) 

G 
0 13,988 1512 
0 Ih,724 -1680 

5 0 13,988 1008 
5 0 14,724 -1512 

10 0 13,988 8ho 
10 0 15,h60 -1176 
20 0 15,h60 1512 
20 0 16,933 -18h8 
lto 0 11,Oh3 1176 
40 0 15,460 -1176 
60 0 13,.252 8ho 
60 0 12,515 - 672 

10 6 Ih, nh 1512 
10 11 16,,196 -1008 
10 1, Ih, nh 2352 
20 6 16,196 -1680 
20 11 13,,252 18h8 
20 1, 16,,196 - ShO 
40 6 11,779 1512 
40 11 13,988 -1008 
40 1, 12 J,515 1680 
60 6 1hjlnh -1512 
60 11 13 j,252 2688 
60 1, 10,,)07 18h8 

10 11 1h,. nh 672 
20 11 13,988 8hO 
40 11 13,252 0 
20 11 Ih" nh 504 
60 11 13,252 - 336 
)0 11 15:,h60 1008 
10 0 13:,988 840 
20 0 13,,988 - 168 
40 0 16,,933 - 168 
60 0 Ih, nh 336 
10 11 15,h60 672 
20 11 1h,724 336 
40 11 15,b60 0 
60 11 15,b60 840 

E-6 

Side Near Far Wheel 
Load Side Side l;y (mv) 19;) I:;) 

"" 600 a a 
- 600 a a 
- 600 a a 
- hoo a a 
- 800 a a [ 

\ 
-1200 a 8. 

-1800 a a 
l-lhOO a a 

-1500 a a 
-1600 a a I -1500 a a 

0 a a US) j 
! I 

-1500 a a \ 

-2000 14 15 
(130) I -1000 122 50 

-1600 5h 10 I 
-1000 82 

I 50 I 
-1600 - ! 70 (200) I 
-1000 - I 30 I 

-1200 - I 60 (165)1 , 
- 800 ~ 

.. p. 274 
I -2000 - ! 10 

~ 

(125)1 -:?Ooo - i 125 
-1000 - I, 175 , 

II 

hO I' 

-1000 - Ii 

-1000 290 221 1 
I' 

n.d. - 221 (300) I 
It - 100 
It 235 75 
It 301 .. 38 
It 

: J 
30 

It a 
II a a 
It a a 

" 82 90 , 
It 102 200 

" - 175 I 
It - I 75 u 

t 
i 

~ 
I, 



Orien<!- Wheel 
Run tation Side 

hl Pull L 
h2 Push L 
43 Pull L 
4h Push L 

h5 Pull R 
h6 Putlh R 
47 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Pu~h R 
53 Pull R 
54 Push R 
54A Pull R 
5413 Push R 
54e ~1 R 
55 Pun R 
56 Pull R 
51 Push R 
58 Pull R 

,"- -- .-

TABLE E-3 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck B Axle 2 
Actual Truck Weight = 51,440 

Train BrAke Vertical Horsntl 
Speed Rad'n Load Load 
(mph) (psi) (lb) (lb) 

60 0 13,988 336 
10 0 16,196 - 336 
40 0 15,460 0 
20 0 14,7?4 336 

40 0 12,515 840 
20 0 16,196 - 50u 
60 0 14,72u 1008 
10 0 14,72u Soh 
30 0 13,988 0 
30 0 13,988 - 840 
30 0 15,u60 168 
10 11 14,72u 336 
10 15 14,124 1008 
40 11 15,u60 336 
40 11 11,779 612 
20 13 15,460 840 
40 13 1?,515 612 
40 13 8,098 415 
40 13 11,779 ?52 
10 6 14,724 85 
40 1) 11,779 4?0 

Side Wear Far 
toad Side Side 
(JIV) I;) Is;) 
n.d. a a 

" a 25 
It a 25 
" a 25 

" a a 
It a a 
It a a 

" a a 

" a a 

" a a 
It a a 

" a a 
11 a 25 
11 a a 
11 a a 
It a 50 

" 68 15 

" - 30 

" 54 30 
If - 20 
I' - a 

Letters (A,B,C) after Run Number designate non-scheduled teet. tor which data vas 
taken. 

H.D. indicates that no data was taken. For Side loads, straln gagee were inoperatiTe 
tor Runs 21-58. 

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

A star (*) indicatee that the temperature recorder went oft scale. The recorded value 
is theretore less than the actual temperature. 

All temperature readings are in 0, above ambient. Ambient tor all tests ranged from 
26 to 32°'. 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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Orien- Wheel 
Run tation Side 

1 Pull R 
2 Push R 
) Pull R 
h Push R 
.5 Pull Ii 
6 Push R 
1 Pull Ii 
8 Push Ii 
9 Pull R 

10 Push Ii 
11 Pull R 
12 Push R 

1) Pull R 
14 Push R 
15 Pull R 
16 Push It 
11 Pull R 
18 Pub It 
19 Pull R 
20 Push R 
21 Pull Ii 
22 Pusb R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Puh L 
21 Pull L 
21A Push L 
28 Pull L 
28A Push L 
29 Pull L 
)0 Push L 
)1 Pull L 
)2 Pull L 
33 Pull L 
~ Push L 
)5 Pull L 
.36 Pull L 

TABLE E-4 
Field Test Data for Car I 

Loaded Box DOTX-502 
Truck B Axle 1 

Actual Truck Weight = 51,440 

"-_. 

Train Brake Vertical Horzntl 
Speed Red'n La,ad Load 
(Mph) (psi) (lb) (lb) 

L 0 11,779 -1008 
0 13,988 2352 

.5 0 12,515 - 840 

.5 0 13,252 2352 
10 0 13,252 -672 
10 0 14,724 2856 
20 0 11,779 - 672 
20 0 14,72h 2520 
ho 0 10,307 -1344 
40 0 13,252 2352 
60 0 13,9'88 504 
60 0 11,779 2352 

10 6 11,779 -1680 
10 11 13,9'88 3024 
10 15 12,515 -1008 
20 6 13,988 2016 
20 11 1),2'52 -2016 
20 15 13,252 3024 
40 6 11,7'79 -2016 
40 11 12, SIS 3024 
40 15 12,515 -1512 
60 6 13,2'52 3360 
60 11 11,043 -1344 
60 15 t 10,)07 -1008 

10 11 12,515 840 
20 11 12,515 -672 
40 11 13,252 672 
20 11 12,5;15 - 840 
60 11 12,515 50h 
)0 11 11,043 -1680 
10 0 11,779 336 
20 0 11.:,7'24 -1008 
40 0 11,779 6n 
60 0 12,515 672 
10 11 13,25? 336 
20 11 13,252 -1344 
ho 11 ll,nq 0 
60 11 12, :;15 1008 

E-8 

Side Near FfIr Wheel 
Load Side Side Tei) (mv) 

I~ I:;) (OF 

3600 a a 
0 a a 

3400 a a 
-1200 a a 
3000 a a 

- hoo a a 
hooo a a I 

400 a a 
nod., a a 
1800 a a 
1500 a a 

0 a a ("35) 

4000 a a 
500 41 20 

2500 54 30 (125) 
~200 7 20 
4000 27 40 
1400 - 100 (110) 
5000 - 20 
1000 - 50 (115) 
h800 - 125 

j..1800 l - 110 
3600 - 50 (100) 

' 3000 - , 100 
, 

) ! 
1500 - 10 [ 

3000 290 25 
n.d .. - 75 (280) 

I 

" - 13 : II 1290 25 r I!: 

" ; 323 - Ii; 
." 
Iii II I - a ii 

I I; 
It i - a il 

!I 

" a a 
il If a a 

II ! 82 )0 I! 

" 109 50 
I' " II - 100 ! 

It 

Ii 
38 

: 
r - , 

l' I: 
j 

II I 
11 



Orien .. Wheel 
Run tation Side 

41 Pull L 
42 Push L 
43 Pull L 
4h Push L 

h5 Pull R 
h6 Push R 
47 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
54A Pull R 
5LB Push R 
5Le Pull R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-4 (Cont'd) 

Field Test Data for Car I 
Loaded Box DOTX-502 

Truck B Axle 1 
Actual Truck Weight = 51, 440 

Train Brake Vertical Horsntl 
Speed Red In Load Load 
(Dlph) (psi) (lb) (lb) 

60 0 13,252 1008 
10 0 12,515 -1008 
40 0 13,988 168 
20 0 15,h60 -1176 

ho 0 12,515 - 168 
20 0 13,988 134h 
60 0 1?,515 0 
10 0 1),988 8ho 
)0 0 12,515 -1008 
30 0 13,988 1680 
30 0 12,515 0 
10 11 Ih,72h 1176 
10 15 11,779 soh 
40 11 13,988 8ho 
hO 11 11.779 8ho 
20 13 12,515 840 
40 13 11,779 672 
40 13 12,515 336 
40 13 12,515 252 
10 6 13,988 252 
Lo 13 11,779 h20 

Side lfear Far 
toad Side Side 
(IIIV) I:;) I~ 
n.d. a a 

" a 2S 
" a 25 
It a 25 

" - a 

" - a 

" - a 
It - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 
II - a 

" - 25 
It 34 ,0 
It - 20 

" 41 20 

" - 10 

" - a 

Letters (A,B,C) after Run Number designate non-scheduled teete tor which data was 
taken. 

I.D. indicatee that no data was taken. For Side loads, straln gagee were inoperative 
tor Runs 21 .. ,8 • 

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

, star (*) indicate. that the telllPerature recorder went ott scale. The recorded value 
is theretore les8 than the actual temperatur.-• 

.&ll telllperature readings are in or above ambient • .lmb1ent for all tests ranged frolll 
26 to )2°,. The designation "a" means that no t8q>erature ris. occurred as the wheel 
passed, thus the wheel temperature was the same as ambient. 

Horizcntal traction forces are negative; braking forces are positive. 
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Orien- Wheel 

Run tation Side 

1 Pull R 
2 Puh R 
) Pull It 
la Puh R 
S Pull R 
6 Push R 
1 Pull R 
8 Push It 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
IS Pull R 
16 Push R 
11 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

2, Pull L 
26 Push L 
27 Pull L 
21A Push L 
28 Pull L 
28A Push L 
29 Pull L 
)0 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
3h Push L 
35 Pull L 
36 Pull L 

TABLE E-5 
Field Test Data for Car II 

Empty Box DOTX-50l 
Truck A Axle 4 

Actual Truck Weight = 22, 380 

Train Brake Vertical Horzntl 
Speed Red'n Lc,ad Load 
(lIiph) (psi) (lb) (lb) 

l 0 5,11)3 t)04 
0 5,153 - 672 , 0 5,153 Soh , 0 5,153 -672 

10 0 5,153 504 
10 0 5,153 - 504 
20 0 5,153 1008 
20 0 7,362 - Soh 
ho 0 5,153 840 
40 0 5,890 336 
60 0 6,626 50L 
60 0 8,834 - 840 

10 6 5,153 336 
10 11 5,890 -672 
10 IS 5,153 .'336 
20 6 1),890 -50L 
20 11 5,890 Soh 
20 15 5,890 - 50h 
40 6 b,u17 1008 
40 11 5,R90 336 
40 15 5,153 1008 
60 6 5,1t)3 0 
60 11 6,626 18h8 
60 15 5,153 RLO 

10 11 5,153 soh 
20 11 5,153 0 
40 11 b,h17 a 
20 11 5,153 0 
60 11 5,890 50b 
30 11 7,)62 168 
10 11 5,153 672 
20 11 5,153 0 
40 11 h,h17 672 
60 11 5,153 336 
10 0 5,1 t)3 50L 
20 0 5,153 - 168 

50h 40 0 5,IS) 
60 0 7,362 0 

E-IO 

Side Near Far Wheel 
Load Side Side T~mp 
(lIW) I;) I:;) {~r) 

1200 a a 
1800 a a 
1200 a a 
1800 a a 
1400 a a 
1800 a a 
1600 a a 
1hoo a a , 

n.d. a a 
0 a a , 

1800 a a ' 
500 a a OS) 

3500 a a I 
1500 27 10 
1500 -5L 10 (120) 
1600 1L 10 I 2600 54 10 
1800 82 90 i (165) 
1bOO hI 50 I (175) 1000 163 150 
1200 - 50 

-1200 - 50 
-1200 - 200 :: (185) 
18001 - 150 

500 - 10 
1000, 102 75 

I 

Ii n.d" i 301 358 (250) . 
II " \ 33h ho 
ti II 

'1

334 200 
II It 

I hoo 100 
~ " I - 50 I, 

11 

, 
It I - 110 ! 

i It I 61 160 I I 
II " I hI 160 

" Ih La I " a -I 

II i I " a -
I It a 

!I II 
- I 

t J 



Orien .. Wheel 
Run tation Side 

h1 Pull L 
h2 Push L 
43 Pull L 
Wt Push L 

h5 Pull R 
h6 Pu~h R 
h7 Pull R 
48 Push R 
h9 Pull R 
50 Pu8h R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
54A Pull R 
5hB Push R 
54e Pull R 
55 PuD. R 
56 Pull R 
51 Push R 
58 Pull R 

- . - .- -~-

TABLE E-S (Cont'd) 

Field Test Data for Car II 
Empty Box DOTX-50l 

Truck A Axle 4 
Actual Truck Weight = 22, 380 

Train Brake Vertical Horsntl 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 0 6,626 504 
10 0 5,153 0 
40 0 5,153 336 
20 0 5,153 - 336 

ho 0 5,890 0 
20 0 6,626 -672 
60 0 8,098 1008 
10 0 5,890 - 336 
30 0 3,681 168 
30 0 ~,890 - 168 
30 0 6,626 168 
10 11 6,626 840 
10 15 6,626 1176 
40 11 6,626 504 
40 11 5,890 1008 
20 13 5,890 1116 
40 13 5,153 336 
40 13 5,153 590 
40 13 5,890 504 
10 6 6,626 0 
40 13 5,R90 560 

Side Wear Far 
toad Side Side 
(JIV) I:;) Ist) 
n.d. a a 

It - a 

" a a 

" a a 

" - a 

" - a 
" - a 
" - a 
It - a 
11 - a 
11 - a 
11 - a 
" - a 
11 - a 
" 279 200 
" - 75 
" 34 50 
" 5h 80 
" 136 10 
" - 30 
11 - 100 

Lettere (A,B,C) after Run Number deolgnate non-scheduled teste tor 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 (*) indicate. that the temperature recorder went off scale. The recorded value 
is therefore less than the actual temperature. 

All teJIIPerature readings are in OF above ambient. Ambient for all tests ranged from 
26 to 32°'. The designation ft a• means that no temperature rise occurred as the wheel. 
passed, thus the wheel temperature was the SaM as 8l'IIbient. 

Horizontal traction forces are negative; braking forces are positive. 
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Orien- Wheel. 
Run tattoD Side 

1 Pull R 
2 Push R 
3 Pull :a 
h Push R 
5 Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

1) Pull R 
14 Push R 
IS Pull R 
16 Puh R 
17 Pull R 
18 Push R 
19 Pull R 
20 Puh R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

2; Pull L 
26 Puh L 
27 Pull L 
27A Push L 
28 Pull L 
28A Push L 
29 Pull L 
30 Pusb L 
31 Pull L 
32 Pull L 
33 Pull L 
34 Push L 
35 Pull L 
J6 Pull L 

TABLE E-6 
Field Test Data for Car II 

Empty Box DOTX-50l 
Truck A Axle 3 

Actual Truck Weight = 22, 380 
.. -

Train Brake Vex'tical Horzntl 
Speed Rectln I'()ad Load 
(Mph) (psi) (lb) (lb) 

G 
0 5,890 - 336 
0 S,153 8uO 

5 0 h,h17 - 336 
5 0 S,153 8ho 

10 0 5,153 - !)Oh 
10 0 5,lS3 672 
20 0 5,890 - soh 
20 0 6,626 672 
ho 0 5,1t:;3 0 
40 0 6,626 13hh 
60 0 5,1t:;3 - 168 
60 0 u,u17 336 

10 6 5,153 50h 
10 11 6,626 1008 
10 15 5,890 0 
20 6 6,626 672 
20 11 5,890 - 50u 
20 15 5,890 8ho 
40 6 h,h17 - 672 
40 11 5,890 1176 
40 15 5,890 672 
60 6 5,153 13LJh 
60 11 5,890 8ho 
60 15 h,h17 336 

10 11 5,153 - 168 
20 11 5,11)3 0 
40 11 h,h17 6n 
20 11 5,11)3 - 168 
60 11 5,890 672 
30 11 6:,626 168 
10 11 5, Mo - 336 
20 11 5,890 - 168 
40 11 6:,626 - 168 
60 11 5,890 672 
10 0 5.,153 - 336 
20 0 5,153 0 
40 0 5:,153 - 168 
60 0 5:,890 672 

E-12 

Side Near FU' Wheal 
Load Side Side Temp 
(MY ) 

I~ I:;) (OF) 

Ihoo I a a 
800 a a 

1000 a a I 

600 a a 
1000 a a 

800 a' a 
1600 I a a 
1000 a a 
n~d. I a a 
1200 I a a 
2000 a a 

(5) 
! 

-1000 a i a 

1500 a a 
! 1000 hI I 10 
1(125) 1000 

41 I 10 
1500 Ih I 10 
1hoo 68 I. ho i 800 136 ~ 90 1(170 ) 
1000 hI II 50 I 
1000 68 II 190 'i( 230) 

1-3000 - 11 389 
r' 800 - il 2?l 
,.,1600 - II 28h (?hO) 
i-' 800 - I 28h 

,1000 - 30 
800 2h6 50 

n.d .. 279 326 (200) 
It 3h5 I 30 
It 301 , 75 
II h~ I 100 
" ho 
It - £ 130 
II Sh 208 , 
It 27 50 
" a 30 I 
It a -
" 

, a - ! i I 

! " a j - i 
I I I ! 



Orienoiio Wheel 
Run tation Side 

hI Pull L 
u2 Push L 
h3 Pull L 
hh Push L 

h5 Pull R 
46 Push R 
47 Pull R 
48 Push R 
u9 Pull R 
50 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
54A Pull R 
54B Push R 
She ~1 R 
55 Pun. R 
56 Pull R 
57 Push R 
58 Pull R 

--

TABLE E-6 (Cont'd) 

Field Tes t Data for Car II 
Empty Box DOTX-50l 

Truck A Axle 3 
Actual Truck Weight = 22, 380 

Train Brllke Vertical Horsntl 
Speed Red In Load Load 
(mph) (p8i) . (lb) (lb) 

60 0 6,626 -336 
10 0 5,153 0 
40 0 5,153 0 
20 0 5,153 - 168 

40 0 5,153 - 168 
20 0 5,890 336 
60 0 6,626 0 
10 0 5,890 672 
30 0 h,417 168 
30 0 6,626 Soh 
30 0 5,890 0 
10 11 5,890 8ho 
10 15 5,890 13hh 
ho 11 6,626 504 
ho 11 5,153 1008 
20 13 5,890 1176 
40 13 5,153 1176 
40 13 5,153 255 
hO 13 5,153 168 
10 6 6,626 85 
40 13 5,153 25::> 

Mde Tear 'Tar 
Load Side Side 
(lIlY) I:;) IBf) 
n.d. a a 

It - a 
It a a 

" a a 

It - a 
It - a 

" - a 
It - a 
It - a 

" - a 
It - a 
It - a 
It - a 
It - a 

" 136 50 
It - 75 
It 136 75 
It 27 20 
It 82 20 
It - 10 
It - 1! 

Letters (A,B,C) after Run Number deSignate non-scheduled teete for wbich data vas 
taken. 

H.D. indicates that no data was taken. For Side loads, stran gagee nre inoperative 
tor Runs 27-SB • 

.l duh (.) indicates that temperature data existed, but was unintelligible. 

, star (*) indicates that the temperature recorder went otf scale. 'nle recorded value 
is therefore les8 than the actual temperatur •• 

Jll t8Jlf)erature readings are in 0, above ambient. Ambient tor all te.ts ranged tro. 
26 to 32°'. The designation ·aw means that no tellperature ri .. occurred as the wheel. 
passed, thU8 the wheel temperature wu the .... as ambient. 

Horizontal traction torces are negative; braking torce. are positive. 
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Orlen- iIleel. 
Run tation Side 

1 Pull R 
2 Push R 
.3 Pull R 
II Push R , Pull R 
6 Push R 
1 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
1S Pull R 
16 Push R 
11 Pull R 
16 Pwlh R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
2.3 Pull R 
24 Pull R 

2, Pull L 
26 Pub L 
21 Pull L 
21A Push L 
26 Pull L 
26A Puh L 
29 Pull L 
)0 Push L 
)1 Pull L 
32 Pull L 
33 Pall L 
34 Push L 
35 Pvl1 L 
)6 Pull L 

TABLE E-7 
Field Test Data for Car II 

Empty Box DOTX-50l 
Truck B Axle 2 

Actual Truck Weight = 22,560 

Train Brake Vert:lcal Horznt1 
Speed Red'n Lo~!ld Load 
(mph) (psi) (lb) (lb) 

G 
0 5,1 1,) - 336 
0 5,lS3 336 

5 0 u,h17 - 336 
5 0 5,153 0 

10 0 5,153 - 336 
10 0 5,153 - 168 
20 0 5,153 - 336 
20 0 5,890 - 336 
hO 0 5,153 - 168 
40 0 1),153 8ho 
60 0 5,153 168 
60 0 5,890 1176 

10 6 1),153 0 
10 11 5,R90 0 
10 15 5,153 - 336 
20 6 5,153 0 
20 11 5,890 - 168 
20 1, 5,153 168 
40 6 6,626 - Soh 
40 11 5,890 Soh 
40 1, 5,890 8ho 
60 6 5,153 1176 
60 11 5,153 1344 
60 15 3,681 1008 

10 11 6,626 336 
20 11 5,153 336 
40 11 6,626 1176 
20 11 5,153 168 
60 11 6,626 1008 
)0 11 5,153 168 
10 11 5,MO 672 
20 11 5,153 168 
40 11 5,1190 672 
60 11 5,890 672 

5,1390 Soh 10 0 
20 0 5,890 50h 
40 0 5,890 336 
60 0 6,626 soh 

E-14 

Side Near Far Wheel 
Load Side Side f:;) (mv) 

I~ (:;) 
1hoo a a 
1hOO a a 
1600 a a 
1200 a a 
1600 a a 
1hOO a a 
1600 a a 
1600 a i a 
n.,d., a a 

0 a a 
2000 a a 

500 a a (35) 

3500 a a 
1500 27 I 10 
1200 68 20 (105) 
1t)00 27 10 

?600 82 ho 

1800 I 5h I 30 (130) 
3?00 5U~ 20 

800 95 I 90 (135) 
l?OO I - I 50 

~ 
- hOO - t 50 I 1600 - t 150 (170) 
1000 I - ~ 50 

0 - a 
800 68 75 

n.d., hOO* 28h (",,/") ) 
It 257 , 60 
!I 367 150 

" 367 J 125 
It - ~ 60 
tt 60 
It 27 ' 110 
It 41 90 , 

" 5h 40 

" a -
11 a -
" a 

! -



Orien~ Wheel 
Run tation Side 

ul Pull L 
u2 Pu~h L 
h3 Pull L 
L.h Push L 

45 Pull R 
46 Pueh R 
h7 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Push R 
5.3 Pull R 
54 Push R 
5LA Pull R 
t)LB Push R 
r;hc PuJ.1 R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

, -_._--

TABLE E-7 (Cont'd) 

Field Test Data for Car II 
Empty Box DOTX-50l 

Truck B Axle 2 
Actual Truck Weight = 22,560 

TrAin BrAkf'l Vertical Bor.ntl 
Speed Redln Load Load 
(mph) (psi) (lb) (lb) 

60 0 5,lS3 50h 
10 0 6,626 336 
40 0 5,890 336 
20 0 5,153 336 

40 0 5,890 0 
20 0 5,153 50h 
60 0 5,153 0 
10 0 5,890 504 
30 0 b,41'7 - 168 
30 0 5,153 50h 
.30 0 5,153 0 
10 11 5,153 1008 
10 15 5,890 1008 
hO 11 7,362 504 
40 11 5,890 1176 
20 13 5,890 1176 
40 13 5,15.3 504 
40 13 5,153 252 
40 13 5,153 252 
10 6 5,890 85 
40 13 5,153 336 

Side Near Far 
toad Side Side 
(D) i;}. I8i) 
n.d. a a 

It - a 
It a a 
It a a 

It - a 
It - a 

" - a 

" - a 
It - a 
It - a 
It - a 
It - a 
tt - a 
It - a 

" 191 125 
tt - 100 
It 68 25 

" hI 10 

" 54 20 

" 68 10 
It a 10 

-,,- - -_._-

Letters (.l,B,C) after Run Number designate non-aaheduled. teat. tor which data vaa 
taken. 

N.D. indicatea that no data waa taken. For Side loads, strlll.n gagea were inoperative 
tor Runs 27-58. 

A daah (-) indicates that temperature data exiated, but waa unintelligible. 

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

All temperature readings are in 0, above ambient. Ambient for all tests ranged from 
26 to 32°'. The designation "a" means that DO 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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Orten- Wheel 
Run tation Side 

1 Pull R 
2 Push R 
3 Pull B 
la Push R 
S Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
15 Pull R 
16 Push R 
17 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Puh L 
21 Pull L 
271. Puh L 
28 Pull L 
281. Puh L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
3h Push L 
35 Pull L 
J6 Pull L 

TABLE E-8 
Field Test Data for Car II 

Empty Box DOTX-50l 
Truck B Axle 1 

Actual Truck Weight = 22,560 

Train Brake Vert:i.cal Horzntl 
Speed Red In Losld Load 
(mph) (psi) (lb) (lb) 

G 
0 5,890 - 336 
0 5,153 0 

S 0 5,890 -336 
S 0 5,153 8ho 

10 0 5,890 - 336 
10 0 5,890 612 
20 0 5,890 - 336 
20 0 7,362 Soh 
ho 0 5,890 - SOu 
40 0 5,153 672 
60 0 5,153 a 
60 0 5,153 50h 

10 6 5,890 - Soh 
10 11 5,890 8ho 
10 15 5,890 - Soh 
20 6 5,890 336 
20 11 6,626 - 168 
20 15 5,153 612 
40 6 u,hl1 - 336 
40 11 5,153 8ho 
40 15 5,890 1512 
60 6 6,626 - 612 
60 11 5,890 1008 
60 15 6,626 1512 

10 11 6,626 - 336 
20 11 5,153 - 168 
40 11 h,hl1 0 
20 11 5,153 168 
60 11 5,153 612 
)0 11 5,R90 168 
10 11 5,890 - 50h 
20 11 5,890 168 
40 11 h,h11 0 
60 11 5,890 672 
10 0 5,890 - 50u 
20 0 5,890 0 
40 0 h,h11 0 
60 0 5,153 - 672 

E-16 

--

Side Near Far Wheel 
Load Side Side Tei) (l'IIV ) T~;.) I:;) (OF 

(OF 

1000 a a 
Ihoo a a 
1200 a a 

800 a a 
1200 a a 
600 a a 

1600 a a 
800 a a 

nod. a a 
1800 a a 

500 a a 
l 500 a a (35) 

1500 a a 
500 21 10 
500 41 10 (100) 
800 21 5 

1400 68 30 
0 hI 30 (130) 

1800 54 IS I (230) 800 109 20 
- 800 102 341 

600 191 150 ! 
0 - 150 . (230) 

- 800 - 242 
, 

1500 - 10 

I 800 68 100 
\ (nO) I n.d .. 202 368 

It 219 30 
~ " 213 100 
II " 367 150 

I\' - 80 
II Ii - 30 I,; 

" 1h 90 ! " 21 80 il It 41 ho II 
It a - il 
It a - II 
Ii a - I 

I 



Orien .. Wheel 
Run tation Side 

41 Pull L 
42 Push L 
43 Pull L 
4h Push L 

h5 Pull R 
h6 Pueh R 
h1 Pull R 
h8 Push R 
L.9 P".D.l R 
50 Puah R 
51 Pull R 
52 Push R 
53 Pull R 
5h Push R 
54A Pull R 
5LB Push R 
~LC ~1 R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-8 (Cont'd) 

Field Test Data for Car II 
Em.pty Box DOTX-50l 

Truck B Axle 1 
Actual Truck Weight == 22,560 

Train Brake Vertical Hor.nt1 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 0 5,890 - 168 
10 0 7,)62 - 336 
40 0 S,153 - SoL. 
20 0 5,8qo - 336 

ho 0 5,153 - 168 
20 0 5,890 0 
60 0 h,h17 336 
10 0 5,153 - 168 
30 0 5,153 - 168 
30 0 6,626 - 168 
)0 0 5,890 0 
10 11 5,890 1008 
10 15 5,A90 1176 
ho 11 6,626 672 
hO 11 6,626 1176 
20 13 6,626 13hL. 
Lo 1.3 5,890 8ho 
40 13 5,153 h15 
hO 13 8,83L. 50L. 
10 6 6,626 85 
Lo 13 7,362 590 

Side Year Far 
Load Side Side 
(D) I:;) 13i) 
n.d o a a 

" - a 
" a a 
It a a 

" - a 
II - a 

" - a 
It - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" 202 175 

" - 75 
" 191 100 
It 54 50 

" 95 80 i 

" 83 15 

" 136 80 

Letters (A,B,O) after Run Number designate non-echeduled t.et. ~or which data vaa 
taken. 

N.D. indicates that no data vas taken. For Side loads, strain gages were inoperative 
tor Runs 27-,8. . 

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

A star (*) indicate' that the temperature recorder went oft scale. The recorded value 
is therefore less than the actual temperature. 

All temperature readings are in or above ambient. Ambient tor all tests ranged from 
26 to 32°'. The designation "a" means that no temperature rise occurred as the wheel 
passed, thus the wheel temperature was the same a8 aJIlbient. 

Horizontal traction forces are negative; braking torces are positive. 

E-17 



Or1en- Wheel. 
Run tation Side 

1 Pull R 
2 Push R 
.3 Pull R 
h Push R 
5 Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

1) Pull R 
14 Push R 
IS Pull R 
16 Puh R 
17 Pull R 
18 Pub R 
19 Pull R 
20 Push R 
21 Pull R 
22 Pu8h R 
2) Pull It 
24 Pull R 

2; Pull L 
26 Puh L 
27 Pull L 
21A Push L 
28 Pull L 
28A Push L 
29 Pull L 
,30 Push L 
)1 Pull L 
)2 Pull L 
3) Pull L 
34 Push L 
)5 Pull L 
J6 Pull L 

TABLE E-9 
Field Test Data for Car III 

Loaded Gondola USAF-420l5 
Truck A Axle 4 

Actual Truck Weight = 39,400 

Train Brake Vertioal Horzntl 
Speed Red'n Lc:>ad Loa.d 
(mph) (psi) (lb) (lb) 

G 
0 10,307 840 
0 9,571 672 

;; 0 9,511 1008 
5 0 10,307 1680 

10 0 10,307 1344 
10 0 9,571 1008 
20 0 9,511 1680 
20 0 9,511 504 
1.0 0 8,8)4 1176 
40 0 9,511 1176 
60 0 11,043 504 
60 0 8,834 1008 

-~ - ,. 

10 6 11,,043 2184 
10 11 10,,307 0 
10 15 11,,043 2352 
20 6 11,,043 504 
20 11 11,,043 168 
20 15 9,,571 840 
40 6 109 307 168 
40 11 8,098 -672 
40 15 8:,834 2016 
60 6 11:,779 0 
60 11 10,307 1848 
60 15 11:,779 1848 

10 11 8,834 336 
20 11 7,)62 0 
40 11 8,,834 - 168 
20 11 8,,834 840 
60 11 8,,834 840 
)0 11 10,307 - 168 
10 11 8.,834 1848 
20 11 8.,098 840 
40 11 9:, S71 168 
60 11 10,307 - 168 
10 11 9,571 1176 
20 11 8,834 0 
ho 11 8,098 0 
60 11 7,362 1008 

E-1.8 

Side Near Far Wheel 
Load Sid!! Side 

~~ (mv) 
I~' T~;) (OF 

1400 a a 
2200 a a 
1600 a a 
1400 a a 
2200 a a 
2000 a a 
1800 a a 
3600 a a 
n.d .. a a 
3800 a a 
2500 a i a 
1000 a i a (35) 

I 
1500 a a 
1500 41 30 
2000 200 130 (250) 
2200 hI 20 
2800 82 50 
2600 217 190 (330) 
2400 68 ! 70 , 
2800 163 t 

(330) I 100 
3000 102 I 263 
1200 - 221 
1800 

) 221 (260) -
3400 136 305 

1500 217 30 
600 :>t!6 150 

n.d" 400* 25 ()75) 
It 246 50 
II 334 SO 
" 356 75 
It 235* 204 
" 251 , 221* 
It 61 200 , 

It 136 208 

" 122 221':1-

" 171 253 
It 235 ~ 253 
" 150 ' 200 il ! ~ 

I] 



Orien~ Wheel 
Run tation Side 

4l Pull L 
h2 Push L 
43 Pull L 
4h Push L 

hS Pull R 
h6 Push R 
h7 Pull R 
48 Push R 
49 P'..ul R 
50 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
ShA Pull R 
C;LB Push R 
S4e pu;n R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

- . 

TABLE E-9 (Cont'd) 

Field Test Data for Car III 
Loaded Gondola USAF-420l5 

Truck A Axle 4 
Actual Truck Weight = 39,400 

Train Brake Vertical Horzntl 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 ° 11,779 11hh 
10 0 9,571 - 168 
40 0 8,S3h 672 
20 0 8,83h 8ho 

hO ° 8,098 8ho 
20 0 11,779 8hO 
60 0 10,307 336 
10 0 10,307 8ho 
30 0 8,83h - 336 
30 ° 11,043 840 
30 ° 10,307 0 
10 11 10,307 1008 
10 15 11,779 1680" 
ho 11 11,Oh3 50h 
hO 11 8,098 1008 
20 13 8,83h 1512 
40 13 8,8.3h 1176 
40 13 10,307 590 
40 13 11,779 50h 
10 6 10,307 252 
40 13 9,571 252 

Side Near Far 
toad Side Side 
(l1l'i) I::> I;) 

n.d. a 50 
I' a 75 
It a 50 
It hI a 

" - a 

" - a 

" - a 

" - a 
tt - a 
It - a 
11 - a 
It - a 

" - a 
11 - a 

" 136 50 
" - 75 
It 191 100 

" 5h ho 
It 82 70 
It 82 hO 
It 136 h5 

.- -- ._--. 

Letters (A,B,a) atter Run Number designate non-scheduled teste tor which data wae 
taken. 

If.D. indicatee that no data wae taken. For Side loade, straln gagee were inoperative 
tor Rune 27-58 • 

.& daeh (-) indicates that temperature data msted, but vas unintell1gible. 

A star (*) indicate. that the temperature recorder went oft scale. The recorded value 
ie therefore less than the actual temperatur.-. 

All t8lllPerature readings are in 0, above ambient • .bIb1ent tor all teats ranged troll 
26 to 320,. The deeignation a._ _ana that no t8IIIperature riM OCCl,UTed as the whHl 
pa •• ed, thus the wheel temperature vas the Salle as ambient. 

Horizontal traction forces are n.ative; braking forces are positive. 
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TABLE: E-IO 
Field Test Data for Car III 

Loaded Gondola USAF-420l5 
Truck A Axle 3 

Actual Truck Weight = 39,400 

_.',--- ~-.. -.-- .. ~~ -~---.-------.----............. , ... i"""'"'"--....... -.------,..--...,....-.....,...--..,....._--. 
Men- Wheel. Train Brake 

Run tation Side Speed Red'n 
(lIIph) (pei) 

1 
2 
3 
h 
5 
6 
7 
8 
9 

10 
11 
12 

13 
1h 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2, 
26 
21 
27A 
28 
28A 
29 
)0 
31 
32 
33 
34 
35 
.36 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Pull 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Pusb 
Pull 
Pull 
Pnll 
Push 
Pull 
Pull 

R 
R 
:a 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
i 
R 
R 
R 
R 
R 
R 
R 
R 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

G 
5 
5 

10 
10 
20 
20 
Ito 
40 
60 
60 

10 
10 
10 
20 
20 
20 
40 
40 
40 
60 
60 
60 

10 
20 
40 
20 
60 
30 
10 
20 
40 
60 
10 
20 
ho 
60 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6 
11 
15 
6 

11 
15 
6 

11 
15 
6 

11 1, 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

Vertical Horzntl 
Load Load 
(lb) (In) 

11,779 
10,307 
10,307 
10,307 
1l,Oh3 
10,307 

9, S'71 
12,515 

8,098 
12,QS 

9,571 
12,515 

11,oh) 
13,252 
11,779 
12,515 
10,307 
11,779 
12,515: 
11,oh3 

9,571 
13,988 
13,988 
10,307 

9,1)71 
1l,oh3 

8,098 
9, ~:71 
9,S71 

10,307 
9,5:71 

10,307 
8, Ei3h 
9 ,~;71 
9,571 

11,Oh3 
9,c;'71 
8,83h 

E-20 

-1008 
- 8ho 
-13hh 
-1512 
-13hL 
-672 
-1176 
-1008 
-13hh 
-1680 

Soh 
-1008 

-13LL 
n8L 
1680 

-1008 
-672 

BLo 
-1512 
13hh 

- 336 
1680 

- 8Lo 
- 672 

336 
1008 

672 
336 
o 

336 
672 
336 
672 
336 
Soh 
8ho 
168 
8ho 

Side Near Far 
Load Side Side 

(MY) I~ I~ 

1200 
lLoo

l Ihoo 
lLoo 
1600 
1600 
1800 
?OOO 
nod. 
3000 
1000 
1000 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

1800 a 
-1000 82 

500 213 
2000 5h 
2600 82 
1800 235*i 

o 68! 
2000 163 i 
1600 . 102. j: 

-lhOO' - M 

o .. I 
1200 i 136 :1 

500 204 l 

hoo 290 
nod. 301 I 
" I 356 ! 
II ~ 268 ! 

" I' 3h5 ~ II 235*~ 

: I 2~~ ; 

" 122: 
" 82, 
" 191 
" 204 
" 163 

II 

a 
a 
a 
a 
a 
a 
a 
a ' 
a i 
a 
a 
a OS) 

3; II 

110 I (275) 
30 I, 
60 II 

2~~ II (350) 

150 !I (325) 
3L7 Ii 
221 I, 
100 I' (260) 
253 I 
50 .1 I 

200 , I 
371* I (360) 

75 ~ 
75 11 

100 
204 ' 
221* 
221* 
190 
221* 
274 
305 I j 
200 i ! 

j I 



- ---"- - Orien';; --Wheel 
Run tatlon Side 

41 Pull L 
42 Push L 
L3 Pull L 
4h Push L 

45 Pull R 
h6 Pu~h R 
47 Pull R 
48 Push R 
49 P...u1 R 
50 Push R 
51 Pull R 
52 PUBh R 
53 Pull R 
54 Push R 
S4A Pull R 
54B Push R 
5Lc ~1 R 
55 Pu!l R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-IO (Cont'd) 

Field Test Data for Car III 
Loaded Gondola USAF-420l5· 

Truck A Axle 3 
Actual Truck Weight = 39,400 

Train BrAke Vertical Horsntl 
Speed Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 ° 8,B3h - Bho 
10 0 8,83h 672 
LO 0 8,098 - 840 
20 ° 9,571 336 

40 0 9,571 -1008 
20 0 11,779 - 50L 
60 0 10,307 - SoL 
10 ° 11,oh3 - 50L 
30 0 11,OL3 -1008 
30 0 11,779 - 336 
)0 0 11,OL) ° 10 11 11,Ou3 1008 
10 15 11,779 1176 
Lo 11 11,779 SoL 
40 11 7,362 1176 
20 13 13,252 840 
40 13 10,307 1176 
40 13 fl,098 760 
40 13 9,571 SOu 
10 6 11,779 252 
40 1) 8,83u 336 

-Side Near 'ar Lo.d Side Side 
(av) T~ I!t) 

n.d. a 50 
" a 90 
" a 50 
" 27 a 

" - a 
It - a 
It - a 
It - a 
It - a 
It - a 

" - a 

" - a 

" - a 

" - a'"' 
" 213 60 
" - 100 
" 191 125 
" S4 ho 
" 68 90 

" 82 20 

" 68 45 

Letters (A,B,C) after Run Number designat6 non-scheduled teate tor which data va. 
taken. 

N.D. indicates that no data was taken. For Side loads, strain gages were inoperative 
tor Runs 21-,8. 

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

A star (*) indicate. that the t8lllperature recorder went oft scale. The recorded value 
is therefore less than the actual temperature. 

All temperature readings are in 0, above ambient. Ambient for all tests ranged froM 
26 to 32°'. The designation ..... means that no temperature rise occurred as the wheel 
passed, thus the wheel temperature was the same as ambient. 

Horizontal traction forcee are negative; braking forces are positive. 
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Orien- lIleel 
Run tation Side 

1 Pull R 
2 Push R 
3 Pull R 
Ii Push R 
S Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
1S Pull R 
16 Push R 
17 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

2; Pull L 
26 Push L 
27 Pull L 
21A Push L 
28 Pull L 
28, Push L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
34 Push L 
35 Pull L 
36 Pull L 

TABLE E-ll 
Field Test Data for Car III 

Loaded Gondola USAF-420l5 
Truck B Axle 2 

Actual Truck Weight = 37,820 

_. 

Train Brake Ver1~ical Horzntl 
Speed Red'n tc:tad Load 
(mph) (pei) (lb) (lb) 

l 0 8, FI3u 672 
0 8,83h 168 

5 0 8,098 SoL 
5 0 8,83h SoL 

10 0 9,571 67? 
10 0 10,)07 168 
20 0 8, fl3h 1008 
20 0 9, t;71 336 
ho 0 7,362 8hO 
40 0 10,307 Soh 
60 0 8,~~3h BhO 
60 0 11,Oh3 soh 

10 6 9,S71 2016 
10 11 9, [,71 672 
10 15 9, S71 2352 
20 6 9, [,71 168 
20 11 8,133h SOh 
20 15 10,)07 1008 
40 6 8,133h 0 
40 11 8,098 13Lh 
40 15 8,098 1%8 
60 6 10,307 67? 
60 11 8,B3h 2856 
60 15 8,B3h 218L 

10 11 10,.307 672 
20 11 9,1571 672 
40 11 11~Oh3 0 
20 11 9,1,71 0 
60 11 11,oh3 168 
30 11 12,IS15 168 
10 11 10,)07 1176 
20 11 9,571 50h 
40 11 II,oh3 168 
60 11 11,779 1008 
10 11 9, '571 Rho 
20 11 10,)07 13hh 
40 11 11,Oh3 168 
60 11 10,307 - 336 

E-22 

Side Near Far Wheel 
Load StdG Side Tex;.) (mv) I;) I:;) (OF 

Ihoo a a 
1600 a a 
1hOO a a 
IhoO a a 
1hoo a a 
1600 a a 

600 a a 1 
2000 a a 
n.d. a a 

I 1600 a a 
2500 a a 
1000 a a (35) 

1500 a a 
1000 hI 30 
1500 209 110 (300) 
2000 hI 20 

I 
2800 109 60 ! 
1000 222 221 (hoo) 
3000 82 50 
2000 n.d. - 213 (355) 
2800 102 326 

800! - 150 
1200 - 200 (260) 
3000' 170 I 28h 

1500 226 30 
1000 2h6 2% 
n.d. hOO* 28h (370) 

II 
279 ~ 90 

II 257*1 75 
It 

367 I 63 
11 235* 208 

" 68 221* 
11 68 208 
It 150 180 

" 122 213 
It 163 'i 2h2 

~ 11 187 I 211 

" 187 Ii 200 
I, 

, 
l 



Orien<i' Wheel 
Run t&tion Side 

41 Pull L 
u~ Push L u3 Pull L 
lili Push L 

uS Pull R 
46 Pu~h R 
47 Pull R 
48 Push R 
49 Pull R 
,0 PuBh R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
ShA Pull R 
ShB Push R 
,he Pull R 
55 Pun R 
56 Pull R 
57 Push R 
58 Pull R 

TABLE E-ll (Cont'd) 

Field Test Data for Car III 
Loaded Gondola USAF-420l5 

Truck B Axle 2 
Actual Truck Weight = 37,820 

Train BrAke Vertical Horsntl 
Speec\ Red'n Load Load 
(mph) (psi) (lb) (lb) 

60 0 12,515 151? 
10 0 10,307 ° 40 0 10,307 8ho 
20 0 9,571 336 

40 0 9,571 I)oh 
20 0 10,)07 672 
60 0 8,A3h ° 10 0 9,571 8ho. 
30 0 8,83h -672 
30 0 8,R)h 672 
30 0 9,571 ° 10 11 8,83h 1008 
10 15 8,098 l3hh 
ho 11 9, S71 50h 
40 11 8,098 1176 
20 13 13,098 1176 
40 13 9,571 lSI? 
40 13 1l,oh3 590 
hO 13 13,?5? SOh 
10 6 A,RJu ?')? 
40 13 9,')71 u?O 

. Side Near Far 
~ad Side Side 
(IIIV) i~ Is;) 

n.d. a 25 
It a 50 
" a 25 

" hI a 

II - a 

" - a 
I II - a 
I It - a 

II - a 

" - a 
It - a 
II - a 

! " - a 

" -- a 

" 2h6 125 

" - 100 
/I 202 1?5 

" 41 hO 

" 82 70 

" ISO ho 

" 82 ito 

Letters (A,B,C) after Run Number designate non-scheduled testa tor which data vas 
taken. 

N.D~ indicates that no data waa taken. For Side loada, straln gages were inoperative 
tor Rune 27-SB. 

A duh {.} indicates that temperature data existed, but vas unintelligible. 

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

All teD!perature readings are in 0, above ambient. Ambient tor all tests ra~ed from 
26 to 32°'. The designation waw means that no temperature rise occurred as the wheel 
passed, thus the wheel temperature vas the aame as ambient. 

Horizontal traction forces are negative; braking forces are positiv •• 
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TABLE E-12 
Field Test Data for Car III 

Loaded Gondola USAF-420l5 
Truck B Axle 1 

Actual Truck Weight::: 37,820 

Orien- Wheel Train Brake 
Run tation Side Speed Red'n 

(Mph) (psi) 

VerU cal Horzntl 
Load Load 
(lb) (lb) 

1 Pull R 5 0 9,S71 
2 Push R L 0 9,~71 
3 Pull R 5 0 8,R3u 
4 Push R 5 0 8,8)u 
5 Pull R 10 0 10,)07 
6 Push R 10 0 10,)07 
7 Pull R 20 0 8,83u 
8 Push R 20 0 11,oh3 
9 Pull R ho 0 8,098 

10 Push R Lo 0 10,307 
II Pull R 60 0 7,362 
12 Push R 60 0 7,362 

13 Pull R 10 6 8,83u 
14 Push R 10 11 10,307 
IS Pull R 10 15 8,83h 
16 Push R 20 6 II,Ou3 
17 Pull R 20 11 10,307 
18 Push R 20 15 11,779 
19 Pull R 40 6 9, t;71 
20 Push R 40 11 n.d. 
21 Pull R 40 IS 10,307 
22 Push R 60 6 10, )07 
23 Pull R 60 11 5,153 
24 Pull R 60 15 8,83u 

-lOOR 
1008 

-1008 
672 

-1176 
672 

-1008 
672 

-1~12 
8uo 

-1176 
1176 

-1176 
8hO 

2352 
336 
o 

1176 
o 

n.d. 
1008 

168 
SOu 
o 

Side Near Far 
Load Side Side 
(MY) Temp Temp· 

(OF) (OF) 

luOO 
luOO 
1600 
lhoo 
1600 
lhoo 
2000 
1800 
n.d .. 
1800 
2000 
1000 

1800 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

Wheel! 
Temp : 
(OF) . 

(35) 

800 
500 

luOO 
600 

luOO 
o 

a 
109 
209 
68 

109 
235* 

82 

a 
30 

1?0 i (310) 
30 I 

n .. d. 
- 800 
1000 

a 
- 600 

n.d. 
136 

136 

60 
2~~ I (350) 

160 
326 
221 
175 
263 

r 

! 
1·1 I (260) 

25 Pull L 10 11 9,571 - 336 1000 226 50 
26 Push L 20 11 9,571 1008 2600 33h 316 
27 Pull L 40 11 7, ,62 0 n.d. 290 377* USO) 
21A Push L 20 11 9,571 Soh " hOO* 125 i 
28 Pull L 60 11 8,098 - 336 n! 235 75 I 
28A Push L 30 11 8,83u 3.36 II I uOO* 100 
29 Pull L 10 11 8,.83u 168 It 235* 217 f 
30 Pusb L 20 11 9,. S71 0 It 204 221 * I 
31 Pull L 40 11 R, R3u - 168 " 27 213·" 
32 Pull L 60 11 8" 098 - 8uo It 136 208 
33 Pull L 10 11 8" fl3u 0 n 82 20u 
34 Push L 20 11 9" S71 1008 It 150 ?u2 

_~ __ ~ __ i __ ~ ____ ~ __ i_i_..,y"._Z_-:.._~6_7i_",,--_5~_h_....II~_;:_11...! i_~_~-L_~_~~----'lLJ 
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Orien .. Wheel 
Run tation Side 

41 Pull L 
42 Push L 
43 Pull L 
hh Push L 

45 Pull R 
46 Push R 
47 Pull R 
48 Push R 
49 Pull R 
50 Push R 
51 Pull R 
52 Push R 
53 Pull R 
54 Push R 
S4A Pull R 
SLB Push R 
SLe Pull R 
55 M1 R 
56 Pull R 
q Push R 
58 Pull R 

TABLE E-12 (Cont'd) 
Field Test Data for Car ill 

Loaded Gondola USAF-420l5 
Truck B Axle 1 

AdualTruck Weight = 37,820 

Train BrllkeJ Vertical Horzntl 
Speed Red'n Load Load 
(inph) (psi) I (lb) (lb) 

60 0 R, R 3Lt - SLo 
10 0 9,571 soLt 
40 0 8,83h - 8LO 
20 0 9,571 168 

40 0 8,83h - 336 
20 0 10,307 0 
60 0 8,098 0 
10 0 9,571 - 168 
)0 0 9,571" -672 
30 0 10,307 - 16R 
30 0 <),571 ;.. 168 
10 11 Q,571 1176 
10 15 8,83L 1176 
Lo 11 9, S71 1008 
Lo 11 7,362 1176 
20 13 11,043 672 
Lo 13 6,626 13hh 
40 13 I 6,626 672 
40 13 t),R90 590 
10 6 9, sn 252 
40 13 8,098 h?O 

Side Near Far 
Load Side Side 
(JIV) i;) Is;) 

n.d. a SO 
" a 75 
" .a 25 

" LI a 

" a -
" - a 

" - a 

" - a 

" - a 

" - a 
It - a 

" - a 

" - a 

" - a 

" 191 100 
It 180 11'5 

" hI 125 

" 82 Lo 
It 9t) 70 

" 68 30 

" 35 

Letters (A,B,C) after Run Number designate non-scheduled test. tor which data va. 
taken. 

N.D. indicate. that no data was taken. For Side loads, strain gages were inoperative 
tor Runs 21-58. 

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

A star (*) indicates that the temperature recorder went oft scale. The recorded value 
is theretore less than the actual temperature-. 

All temperature readings are in OF above ambient • .Ambient tor all tests ranged from 
26 to 320 r. The designation "a" means that no temperature rise occurred as the wheal 
passed, thus the wheel temperature was the same as ambient. 

Horizontal traction forces are negative; braking forees are positive. 
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Orien- Wheel 
Run tation Side 

1 Pull R 
2 Push R 
3 Pull R 
I. Push R 
5 Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
15 Pull R 
16 Pub R 
17 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Push L 
27 Pull L 
27A Push L 
28 Pull L 
28A Push L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
J3 Pull L 
J4 Push L 
35 Pull L 
36 Pull L 

TABLE E-13 
Field Test Data for Car IV 

Empty Gondola USAF-420lb 
Truck A Axle 4 

Actual Truck Weight = 24,520 

Train Brake Vertical Horznt1 
Speed Red'n Load Load 
(mph) (pei) (1b) (lb) 

l 0 5,E\90 672 
0 5,g90 - 336 

5 0 5,n90 - 16R 
5 0 59 153 0 

10 0 5, 1~90 672 
10 0 5, ~~qo - 336 
20 0 ~,lS3 8hO 
20 0 7,362 336 
hO 0 5,1t:;'3 Soh 
40 0 5,890 336 
60 0 5,890 BhO 
60 0 5,890 1008 

10 6 5,890 8hO 
10 11 5,890 0 
10 15 6,626 168 
20 6 6,6?6 a 
20 11 5,890 672 
20 15 "RoO 336 
40 6 5,1 t;3 336 
40 11 n.d. n.d. 
40 15 6,626 a 
60 6 7,36? 168 
60 11 8,098 1008 
60 15 5,890 672 

10 0 6,626 Sho 
20 0 5,890 - 336 
40 0 5,153 0 
20 a 6,.626 -:'336 
60 o· 5,.890 168 
30 0 6,.626 - 336 
10 11 ),,890 13hh 
20 11 6,,626 168 
40 11 5,,890 soh 
60 11 5.,890 8hO 
10 11 6!,626 1008 
20 11 5,R90 Soh 
40 11 5,Ago 336 
60 11 5,Roo Soh 

E-2b 

Side Near Far ~eel 
Load Side Side 

~;) (mv) Temp Temp 
(OF) (OF) 

600 a a 
1200 a a I 1000 a a t 
1?00 a a I 

I 800 a a 1 
" 1000 a a l 

1 
1000 a a 
1500 a a 
n.d. a a 
1000 a a 

- 500 a a 
500 a a (5) 
-, 
800 a a 
800 Ih a 

1000 a a (35) 
800 21 a 

1000 a a 
1600 a 10 (35) 

! 

1600 a a 
n.d .. n.d. a 
1hoo a H 50 

Ii 2000 a 50 ; ~i 

3000 - 50 I (90) . 
2200 - a 

1000 a a 
2000 a a 
n.d .. a a I (85) 

n a a 
" a a 
It - a 

" - a 
tt a 60 
" a 30 
It a 10 
It 5h 70 
It Sh 100 

" - 100 I 

" Ih 50 
i 



Orien .. 
Run tation 

ul Pull 
u? Puf'h 
li 3 Pull 
Iili Push 

u5 Pull 
46 Push 
47 Pull 
48 Push 
4S F-.;.ll 
50 Push 
51 pun 
52 Push 
53 Pull 
5L Push 
5itA Full 
C;LB rush 
~Lc Full 
~r.:: 
" ,~ 

FuIl 
56 Pull 
S7 hlSh 
S.c; Pi.~11 

TABLE E-13 (Cont'd) 

Field Test Data for Car IV 
Empty Gondola USAF-420l6 

Truck A Axle 4 
Actual Truck Weight = 24,520 

Wheel Train Br8ke I Vertics.l Horzntl 
Side Speed Radin Load Load 

(mph) (pei) I (lb) (lb) 
I 

L 60 0 6,626 0 
L 10 0 I 6,626 0 
L uO 0 5,890 168 
L 20 0 6,626 - SoL 

L 40 0 5,890 0 
L 20 0 6,626 SO!1 
L 60 0 S,l S3 I 

672 

L 10 0 5, R90 840 
L )0 0 I 5,!i90 168 
L 30 0 6,626 R!;O 

L )0 0 6,626 ! 0 
L 10 11 6,6?6 672 
L 10 1~ 6,626 SOh 
L Lo 11 

I 

6,626 504 
L 40 11 5, ,'iqO - 168 
L 20 13 6,6?6 336 
L uO 13 6,626 336 
L 40 13 6,626 85 
T hO 13 6,626 0 
L 

L 10 6' 7,)62 252 
-L 40 13 n.d. n.d .. 

-- " 

'Side Near Far 
toad Side Side 
(mv) I~;) I8i) 
n"d. a 10 

1I a 25 
II a a I 
11 a a 

II - a 
~l - a t 

• 
It - a 

I 
II - a 
II - a 

" - l 
a I 

II - .3 
n - a 
II - a 
II - a 
II a a I !t a a 

" a a ! 

" a a I 
n a a ! 

I 
II a a I 
II a a I 

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

N.D. indicates that no data wae taken. For Side loads, stl"ain gages were inoperative 
for Runs 21-58. 

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

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

All temperature readings are in 0, above ambient. Ambient for all tests ranged from 
26 to 32°'. The designation wa" means that no temperature rise occurred 88 the wheel 
passed. thus the wheel temperature was the same as amb1ent~ 

Horizontal traction forces are negative; braking forces are positive. 
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Orlen- Wheel. 
Run tatlon Slde 

1 Pull R 
2 Push R 
3 Pull It 
1a Push R , Pull R 
6 Push R 
7· Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
1, Pull R 
16 Push R 
17 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Puh L 
27 Pull L 
27A Push L 
28 Pull L 
28A Push L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
34 Push L 
35 Pull L 
36 Pull L 

TABLE E-14 
Field Test Data. for Car IV 

Empty Gondola USAF -42016 
Truck A Axle 3 

Actual Truck Weight = 24,520 

Train Brake Vertical Horzntl 
Speed Red In Load Load 
(mph) ('Psl) (lb) (lb) 

G 
0 5,890 - 336 
0 5,890 Rho 

5 0 6,626 - 336 , 0 5,890 672 
10 0 6,6?6 - 336 
10 0 6,626 Soh 
20 0 5,890 - 336 
20 0 6,626 336 
ho 0 S,lS3 336 
40 0 7,362 3)6 
60 0 S,153 - SoL 
60 0 6,626 672 

10 6 6,626 - 8ho 
10 11 6,626 336 
10 1, 6,6?6 - Soh 

6 168 20 6,626 
11 - soh 20 6,626 
1, SoL 20 6,6?6 

40 6 168 5,153 
40 11 n.d. n.d. 
40 15 6,626 - 16R 
60 6 6,626 336 
60 11 5,80 0 672 
60 15 5,890 1008 

10 0 5,i=l90 - Soh 
20 0 5,890 0 
40 0 5,890 0 
20 a 6,6?6 0 
60 0 5,153 0 
30 0 5,890 336 
10 11 S,A90 - RLo 
20 11 7,362 SoL 
40 11 6,626 - Soh 
60 11 5,153 0 
10 11 5,890 -672 
20 11 S,890 336 
40 11 5,153 - soh 
60 11 h,h17 - 168 
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--Side Near Far Wheel 
Load Slde Slde Temp 
(mv) TeMp T~;) (OF) 

(OF) (OF 

1000 a a 
1?00 a. a 
1000 a a 
1?00 a a 
1200 a a 
1000 a a 
1000 a a 
1400 a a 
n.d. a a 
1200 a a 

0 a a 
800 a a (35) 

800 a a 
800 14 a , , 

1000 a a US) 
800 lL 

, 
a , , 

l;GG, 
, 

a a 
(50) 

, 
a 10 

1S00. , 
a a , 

n.d. n.d .. a i - 600, a >0 , 
1000 a 25 ! , 

-lRoo - I 2S (80) I 

0 - I a 

1000 a a 
800 a a , 

n.d. a a (80) 
1 

" a a I 

It a -
" - a 

" - 30 
" a flO 

" a 30 
It a 20 
" 2" 60 
" Sh 100 

" .. 100 

" 14 50 



Orien ... 
Run tation 

I 

hI Pull 
h2' Push 
43 Pull 
Wt Pueh 

45 Pull 
46 Push 
47 Pull 
48 Push 
h9 P-.D.l 
50 Puoh 
51 Pull 
5? Push 
53 Pull 
54 Push 
54A Pull 
ShE Push 
r.:L.C Pull 
51) PuTl 
56 full 
c:;~' . I Push 
56 P~ll 

TABLE E-14 (Cont'd) 

Field Test Data for Car IV 
EITlpty Gondola USAF -42016 

Truck A Axle 3 
Actual Truck Weight::: 24,520 

~#heel Train Brak~ I Vertic&l. Horznt1 
Side Speed Red'n I Load Load 

(mph) (psi) i (lb) (lb) 
I 
\ 

60 
I 

1 0 5,890 - 16R 
L 10 0 6,6?6 0 
L 40 0 6,626 0 
L 20 0 8,098 - 16A 

L 40 0 5,890 0 
'r 20 0 6,6'1.6 67? u 

L 60 0 5,153 %0 
L 10 0 C:;,R90 - 3.36 
L 30 0 5,lS3 168 
L 30 0 5,890 0 
L 30 0 6,6':>6 168 

I L 10 11 6,6?6 SUO 
L 10 IS 6,6?6 336 
L LO 11 I 6,6?6 - 16R I L uO 11 I 6,6?6 0 
L 20 13 I 6,6'?6 SoL 
L 40 13 5,890 0 

I. 40 13 I 5,A90 0 

L LO 13 ! 5,RQO - RS 
L 10 6 6,6?6 - 85 
L. 1..0 13 n.d. I n.d. 

Side Near Far 
toad Side Side 
(mv) T~;) ISi) (OF 

n.d. a 10 
It a ?5 
II a a 

" a a 

" - a 
It - a 

" - a 

" - a 
II - a 

" - a , 

" - a 

" - a 
It - a 

" - a 

" a a I 

" a a I 
It a a 

" a a 
It a a 

" a a 
II a a 

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

I.D. indicates that no data was t-aken. For Side loads, strain gages were inoperative 
tor Runs 27-S8. 

A dash (-) indicates that temperature data existed, but vas uninte111gib1e. 

A star (*) indicate' that the temperature recorder vent off scale. The recorded value 
is therefore less than the actual temperature-. 

All temperature readings are in 0, above aMbient. Ambient for all tests ranged from 
26 to 320'. The designation "a" JDeana that no temperature rise occurred as the wheel 
passed, thus the wheel temperature vas the SatH as ambient. 

Horizontal traction forces are negatiye; braking forcee are positive. 

E-29 



Orien- Wheel 
Run tation Side 

1 Pull R 
2 Push R 

3 Pull :a 
4 Push R 
5 Pull R 
6 Push R 
7 Pull R 
8 Push R 
9 Pull R 

10 Push R 
11 Pull R 
12 Push R 

13 Pull R 
14 Push R 
15 Pull R 
16 Push R 
17 Pull R 
18 Push R 
19 Pull R 
20 Push R 
21 Pull R 
22 Push R 
23 Pull R 
24 Pull R 

25 Pull L 
26 Push L 
27 Pull L 
27A Push L 
28 Pull L 
28A Push L 
29 Pull L 
30 Push L 
31 Pull L 
32 Pull L 
33 Pull L 
34 Push L 
35 Pull L 
36 Pull L 

--

TABLE E-15 
Field Test Data for Car IV 

Empty Gondola USAF-42016 
Truck B Axle 2 

Actual Truck Weight = 24,780 

Train Brake Vert:f.cal Horzntl 
Speed Red'n Lo.ad Load 
(mph) (psi) (lib) (lb) 

t 0 5, floO 672 
0 6,626 0 

5 0 5, fl90 50h 
5 0 5, fl90 0 

10 0 6,626 (oh 
10 0 5,fl90 168 
20 0 5,H90 Soh 
20 0 6,626 336 
ho 0 5,B90 672 
40 0 5,153 - SoL 
60 0 5, S~90 SOu 
60 0 n,.d. n.d. 

10 6 5,890 ~oh 

10 11 6,626 0 
10 15 5,890 168 
20 6 6,6?6 336 
20 11 6,626 672 
20 15 6,626 Soh 
40 6 5,153 0 
40 11 n.d. n.d. 
40 15 L,u17 %0 
60 6 6,626 0 
60 11 h,h17 - t)oh 
60 15 5,153 1008 

10 0 5,890 %0 
20 a 5,890 - 136 
40 0 5,153 0 
20 0 n.d. n.d. 
60 0 6,626 %0 
30 0 t),890 0 
10 11 7,362 151? 
20 11 5,R90 168 
40 11 7,36? 672 
60 11 7,362 RhO 
10 11 6,6~6 1176 
20 11 6,6?6 0 
40 11 6,626 672 
60 11 6,,6?6 1008 
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Side Near Far Wheel 
Load Side Side Temp 
(mv) Temp T~i) (OF) 

(OF) (OF 

1000 a a 
1200 a a 
1000 a a 
1800 a a 

800 a a 
1000 a a 
li.tOO a a 
Ihoo a a 
n.d. a a 
600 a a 
0 a a 

n.d .. I T1$d n.cl i 

1000 
, 

a. a I 
Boo I III ! 

a 
1000 3h a (t10) 

800 a a 
800 a i a 

1000 a 10 (hO) 
1000 a a 
n.d.· n.d. 

, 
a 

.1000 a 206 
Ihao a a 
lRoo - 13 (flO) 
0 - a 

0 a a 
1800 a a 
n.d. a a (65) ., a a 

" a -
II - a 
" - 50 
" a uO 
" a .30 
" a 20 
It 6!i 60 
" R? 125 
" lu 75 
It a 50 



Orien- Wheel 
Run tation Side 

LI Pull L 
L2 Push L 
43 Pull L 
4h Push L 

LS Pull L 
L6 PUl5h L 
47 Pull L 
48 Push L 
49 P'..il1 L 
50 Push L 
51 Pull L 
52 PUBh L 
53 Pull L 
5b. Push L 
5LA Pull L 
SLB Push L 
r)Lc Full L 
5~ FuIl L 
56 Pull L 
57 Push L 
58 Pull L 

TABLE E-15 (Cont'd) 
Field Test Data for Car IV 

Empty Gondola USAF-420l6 
Truck B Axle 2 

Actual Trutk Weight = 24, 780 

Train Br!tk~ l Vertical Horznt.l 
Speed Red'n Load Load 
(Mph) (pei) (lb) (lb) 

60 0 6,6?6 SOu 
10 0 6,6'26 0 
Lo 0 6,626 672 
20 0 5,890 0 

Lo 0 5,153 168 
20 0 6,626 672 
60 0 I 5,153 336 
10 0 7,362 %0 
)0 0 5,153 0 
30 0 7,362 8hO 
30 0 6,626 0 
10 11 6,626 1008 
10 15 5,890 672 
40 11 6,626 'ryOh 
40 11 5,890 336 
20 13 5,890 672 
Lo 13 I 6,626 0 
Lo 13 5,890 0 
40 13 6,626 0 
10 6· 6,626 
La 13 6,6?6 

Side Near Far 
toad Side Side 
(mV') T~;) Temo 

(OF (oF"' 
" 

n.d. a 10 
" a 25 
It a a 
It a 

t 
a 

It I a -
II a - I " a - I 

II 
II - a 

II 
B. I -

/I a I - i 
" 

; 
I - a I " - a 

II 1 - a I II - a 
II a a i " a a 1 
II a a I 
It a a I 

i 

" a a i I' a a ! 

" a a I 
~ 
I' 

-.:! 

Letters (A,B,a) after Run Number deSignate non-scheduled tests for whioh data wa~ 
taken. 

N.D. indicates that no data was taken. For Side loads, strain gages were inoperatd.'<7€i 
for Runs 27-58. 

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

A star (*) indioates that the temperature recorder went oft scale. The recorded 
is therefore less than the actual temperature. 

All temperature readings are in 0, above ambient. Ambient for all tests ranged fJ\)h 

26 to 32°'. The designation Ita" means that no temperature rise occurred liB the whk~el. 
passed, thus the wheel temperature was the same as ambient. 

Horizontal traction forces are neg~tive; braking forces are positive. 
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TABLE: E-16 
Field Tes t Data for Car IV 

Em.pty Gondola USAF-420l6 
Truck B Axle 1 

Actual Truck Weight = 24, 780 

Orlen- ltheel. Train Brake 
Run tation Side Speed Red'n 

(mph) (pei) 

r-------------------------~--------r_------r-----'r_--,-----~--~ 
Ve~rtical Horzntl 

1 
2 
3 
h 
5 
6 
7 
8 
9 

10 
11 
12 

1) 
14 1, 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2, 
26 
27 
27A 
28 
28A 
29 
30 
31 
32 
33 
34 
35 
36 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Pull 

Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Push 
Pull 
Pull 
Pull 
Push 
Pull 
Pull 

R 
R 
R 
R 
R 
It 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
It 
R 

L 
L 
1 
L 
L 
L 
L 
L 
L 
L 
L 
1 
L 
L 

G 
5 
5 

10 
10 
20 
20 
ho 
40 
60 
60 

10 
10 
10 
20 
20 
20 
40 
40 
40 
60 
60 
60 

10 
20 
40 
20 
60 
)0 
10 
20 
40 
60 
10 
20 
40 
60 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6 
11 1, 
6 

11 1, 
6 

11 1, 
6 

11 1, 
o 
o 
o 
o 
o 
o 

11 
11 
11 
11 
11 

" 11 
11 
11 

Load Load 
(lb) (lb) 

6,626 
5,890 
5,890 
5,890 
6,626 
5,R90 
5,153 
6,6?6 
5,153 
6,6?6 
5,890 
n.d. 

5,890 
6,6?6 
6,626 
6,6?6 
6,626 
5,1190 
5,153 
n.n. 

5,R90 
6,6?6 
6,626 
1),153 

5, ,990 
5,1390 
5,R90 
n.d. 

5,R90 
6,626 
5,990 
7,362 
5,890 
5,153 
5,1390 
6,626 
5,890 
5,153 
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- 336 
336 

- 336 
Soh 

- 336 
Soh 

- 168 
336 
336 
1611 

- Rho 
n.d. 

-SOh 
Soh 

- 336 
Soh 

- t;04-
16R 
o 

n.d. 
lq? 

336 
InOS 
I1hh 

- SOil 
soh 
o 

n.d. 
- 168 

168 
- SOh 

SuO 
- 672 
- Soh 
- soh 
1008 

-67? 
-1008 

I 

1000 ! 
1200 I 
1000 I 
1000 ! 

ROO I 
1000 ! 

I 
IhOO! 
IhOO ~ 
n.d. ! 
600 f 

2500 I 
n .. d .. ! 

1000 ! 
800 I 

1000 " 
600 ! 
800 I 

Ihoo I 
?hOO! 
nod. i 

- 200 I 
600 I 

-2600 i 
- 800 I 
1500 : 

600 ~ 
rJ "d. Ii 

II ! 

n ~ 
" ~ ~ 

:: \: 
Ii 

a 
a 
a 
a 

a 
a 
a 
a 

~ 

16-
?1 

a 
a 
a 
a 

a 
a 

a 
a 
a 
a 
a 

a 
a II I 

:: I ?~ 
It I Sh 
It II a 
II I lu 

Jl 

Far 
Side 

I~;) 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

n,.d~ 

a 
a 
a 
a 
a 

10 
a 
a 
a 
a 

13 
a 

a 
a 
a 
a 

a 
20 

100 
20 
10 
60 

100 
, 75 

SO 

(3S) 1 

(60) 

(65) : 
I 
! 
! 
! 

I 
! 
I 

I 
! 
I 

I 

r 



Orien ... Wheel 
Run ts.tlon Side 

hI Pull L 
u£' Push L 
u) Pull L 
4h Push L 

h5 Pull L 
h6 Push L 
u7 Pull L 
48 Push L 
h9 Pull L ,0 Push L 
51 Pull L 
52 Push L 

- S3 Pull L 
54 Push L 
5uA Pull L 
54B Push L 
5he Pull L 
55 Pun L 
56 Pull L 
57 Push L ,8 Pull L 

.-

TABLE E-16 (Cont'd) 

Field Te~t Data for Car IV 
Em.pty Gondola USAF-420l6 

Truck B Axle 1 
Actual Truck Weight = 24, 780 

Train Brake Vertical Horzntl 
Speed Red'n Load LoAd 
(mph) (psi) (lb) (lb) 

60 0 ~,B90 Ruo 
10 0 5,890 SOu 
40 0 5,890 0 
20 0 6,6'?6 0 

40 0 6,626 1008 
20 0 6,626 336 
60 0 7,362 8ho 
10 0 7,362 - 336 
30 0 5,890 8ho 
30 0 6,626 - 50h 
30 0 7,362 168 
10 11 6,626 168 
10 15 6,626 8ho 
ho 11 6,6?6 - 168 
ho 11 5,890 soh 
20 13 6,626 Soh 
uO 13 5,890 168 
Lo 13 5,153 336 
LO 13 6,626 0 
10 6 6,626 - 85 
uO 13 C:;,R90 420 

Side Near Far 
toad Side Side 
(-) I~ T~ 
n.d. a 10 

" a 25 
" a a 

" a a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 

" - a 
It a a 

" a a 
It a a 
It a a 

" a a 

" a a 

" a a 

- .. 

Letters (A,B,C) after Run Number designat~ non-scheduled tests tor which data vas 
taken. 

N.D. indicates that no data vas taken. For Side loads, straln gages were inoperative 
tor Runs 27-SB. 

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

A star (*) indicate. that the t8lllperature recorder went oft scale. The recorded value 
is therefore -less than the actual temperatur •• 

All teJIPerature readings are in 0, above aMbient. Ambient tor all tests ra~ed troll 
26 to 32°'. !be designation -.- means that no teliperature riM occurred as the wheel 
passed, thus the wheel temperature was the same as ambient. 

Horizontal traction forces are nll.tive; brald~ 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 railcar s. 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 pas sing through the test section. This initial project will 
carry dCWelGpment 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 
pro to type stag e. 

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 proces sor section capable of accepting outputs from 
the track- s ide 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 Subsys tem 

The function performed by this section is to provide a measurement 
of wheel heating caus ed by the application of the brakes. This is accomp
lished by infrared detectors focused on the wheel rim areas that sense the 
radi~tion giv~n 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 developm.ent 
forward with the following tasks. 

Stability and Calibration 

Provide for extended: accurate field operations by refinem.ent, 
redesign as m.ay be required, and testing of the selected IR system.. 
The objectives of this task will be to assure that the equipm.ent supp
lied will dependably fulfill the required transducing function under 
the expected am.bient conditions during extended periods of operation. 
Procedures to allow for efficient on-site functional testing, calibra
tion and ·replacem.ent of the ins trum.ent should be provid ed. 

Installation Developm.ent 

Prepare des igns for m.ounting hardware that will allow rapid 
installation of the detector assem.blies. The results of this effort 
will provide a set of equipm.ent that is fully com.patible with the 
established requirem.ents for equipm.ent to be used in railroad 
environm.ents. 

Interface Com.patibility 

Develop output line drivers capable of providing a a to HOV, 
20 m.a signal source. This capability will enable the physical 
separation of Sensors from. the data proces sing com.ponents. 

Refinem.ent of the Therm.al Fault Detection Algorithm. 

Perform. analyses needed to relate m.easured therm.al data with 
faults in the braking com.ponents. This effort m.ay involve extens ive 
tes ting and interative m.odification 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 m.ajor 
task requirem.ent for this elem.ent will be to provide a total physical pack
age that allows the functional circuits and support elem.ents to be installed 
in a m.anner that is fully com.patible wi.th railway equipm.ent requirem.ents. 
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2. 3 Reaction Rail Subsystem 

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: 

Ins talla tion Development 

Redesign of the mounting attachment provisions to allow for ' 
"drop in" installation. 

Improved Data Capture 

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 I s braking components. 
This effort may involve extensive testing and interative modification 
of the correlation algorithm. 
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3. SIGNAL PROCESSING 

In the initial phase of the project, data reduction and interpretation 
were being accomplished by manual rnethods. An improved and more in
tensively used version of the system will generate such vast amounts of 
data that manual methods may cause exces sive 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 sys tern 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. 
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System. Software 

Prepare a com.plete operating software package that will convert 
raw signal data into printed output identifying suspected brake 
com.ponent problem.s. This effort will involve creating an algorithm 
capable of perform.ing the required correlations and presenting the 
results in a m.eaningful printed format. 

4. FABRICATION AND TEST OF PROTOTYPE SYSTEM 

Fo l10wing the developm.ent of the item.s identified above, it will be 
necessary to fabricate, install and test one com.plete prototype system. 
This effort will have as its prim.e objective, verification of the basic diag
nostic principles in a hardware/software form suitable for later wide scale 
field usage. Specific tasks to be accom.plished 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. 

Ins tal1a tion 

Install one prototype system. at Pueblo and operate it in conjun,c
tion with railcars having known problem.s in their braking system.s. 

Test Plan 

Develop test plans for the site. 

Test Program. 

Conduct test programs and refine hardware and software portions 
of the system. as m.ay be indicated by the test results. 

Docum.entation 

Prepare complete project report and docum.entation of al1 hard
ware developed. 
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APPENDIX G 

SPECIFICA nONS 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-I (See Appendix A) 
shows the actual dimensions of several of the important rail features. 

The reaction rail segment consists of a single, l8-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 lbs/in2 (10,545 Kg/cm2 ). The 
reaction rail without associated joint bars weighs approximately 88 lbs. 
(40 Kg. ). 

2. MATERIAL 

The rail material is AISI 4340 chromium molybdenum 
steel heat treated to greater than 150,000 lbs/in2 (10,545 Kg/cm 2 ) 
Ultimate tensile strength and Rockwell Hardness of C37. 

Properties of AlSl 4340 in general are: 

Dens ity: 

Tens ile Strength: 
(Range depends 
on heat treat) 

Yield Strength: 

Hardness: 

0.283 lbs/in3 (7.8 gms/cc) 

l42,000-284,OOOlbs/in2 

(9997-19,994 Kg/cm2 ) 

130,000-228,000 lbs /in2 

(91 52- 16, 0 51 Kg / cm 2 ) 

Rockwell C-19 to C-39 
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Based on measured hardness, the following properties 
are estimated for the reaction rail sleel in its heat treated condition: 

Tens ile Strength: 

Yield Strength: 

3. TRANSDUCER BOLT 

268, 000 lbs/in2 

(18,870 Kg/cm 2 ) 

218,000 lbs/in2 

(15, 350 Kg / cm2 ) 

The transducer bolt is designed 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 miniature LVDTs with the following characteristics 
were used: 

Input Voltage: 

Frequency Range: 

Temperature Range: 

Wall Voltage: 

Shock Survival: 

Vibration Tolerance: 

Input Impedance: 
(5,000 Hz excitation) 

Output Impedance: 
(5,000 Hz excitation) 

Sensitivity: 

Linearity @ 100% f. s. 

Weight: 

Length: 

G-2 

3 V. rms 

400- 20, 000 Hz 

-65" F to +300" F 
(-54"'C to 1491> C) 

Less than 0.5% of 
full scale output 

1000g for I1m~ec. 

20g up to 2 KHz 

120 Q 

275.l 

4.2 mv/O, 001 in/v. input 

.25% 

3.2 grams 

O. 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 Temper ature: 

Weight: 

G-3 

115 VAC + 10% 
50/400 Hz 

± 10% line fluctuation 
results in less than 
± O. 1 % change in output 

2 to 5 V rms 
(Internally adjustable) 

5,000 Hz 

-3 db at 500 Hz 

15 mv rms max. 

100,000 n 

±.05% 

.05% f. s. max. 

.02%/ F max. 

13.5 inches (34 cm) 
2.0 inches (5 cm) 
4.0 inches (10 cm) 

± 10 V D C @ 20 rna. max. 

loon 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 

Measurement Range: 

Attenuator Steps: 

Max. Input Voltage: 

Input Impedance: 

In Phase Rejection: 

Chart Speeds: 

Power Requirement 

Dimensions: 

Weight: 

Width 
Height 
Depth 

Flat within 2% to 40 Hz. 
3 db down at 125 Hz 

1 mV per chart division 
to 500 V dc full scale 

1,2,5,10,20,50,100,200,500 mV Idiv. 
1,2,5,10 V/div. 

500 VDC 

10 meg ohms 

60 dB @ 60 Hz 

1, 5, 25, 125 mm Is e c 
1,5,25,125 mm/min 

115 VAC ± 10% 
60 Hz, 250 W 

17.5 inches (44. 5 cm) 
16. 9 inches (42. 9 cm) 
11. 3 inches (28. 7 cm) 

65 Ibs (29. 5 Kg) 

6. REACTION RAIL SYSTEM - OPERATIONAL LIMITS 

Maximum Weight 
per wheel 

Installed Clearance 
with parent rail 

G-4 

40,000 lbs 
16,160 Kg) 

0.060 inches 
(15.2 mm) 



APPENDIX H 

SPECIFICATIONS FOR THE INFRARED SENSOR 

1. GENERAL 

The infrared sensor used in the wayside brake inspection 
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. Cas sagrain 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 l200 in each dimension. 

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

Wavelength at maximum response: 5.0 to 7. 0Am 

Spectral response: visible to 7.5~m 

Cell res is tan c e : 650n 

Time cons tant: O. 1 JJ.s 
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Responsivity (6.0 rn): 5.0 v /W 

Operating teITlperatlue: - 55 q F to + 70 q F 
( -48" C to - 21 DC) 

MaxiITluITl bias current 25 rnA 

D* (6.0 ITl) 15 CITl (Hz 

Figure B-2 shows the spectral response curve for the 
detector. Figures B-3 and B-4 show the InSb detector relative re
sponsivity 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). 
MaxiITluITl detector bias current is 25 rnA. 

3. OPTICS 

The optics chosen for this system. consist of a three inch 
Cas sagrain lens system. m.ade from. reflective plas tic coupled through 
an .. i!l~rared transm.ission lens of Irlran (Polycrystalline zinc sulfide). 

Cas sagrain Lens: 

Focal length 

Target size: 

Irtran Transmission Lens: 

Material: 

DiaITleter: 

Thickness: 

Transm.ission Losses: 

36 inches (91 em.) 

1.5 inch diam.eter (3.8 cm.) 

Irtran 2 (ZnS) 

3.25 inches (8.2 CITl) 

O. 03 9 in c he s (l m.m.) 

<10% over range 
4 to 9 ITlicrons 
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Density: 4.09 gms / cc. 

Index of Refraction: 2.22 

Harness, Knoop: 355 

Modulus of Elas ticity: 

4. DETECTOR AMPLIFIER 

The vendor supplied amplifier could not be made functional, 
so a detector amplifier was cus tom- built for use with the InSb detector. 
Figure 11 is a circuit diagram of the amplifier. 

The amplifier exhibited the following operational 
charac teris tics: 

Sensitivity: 

Gain: 

Bandwidth: 

Dynamic input sensing 
range: 

Temperature sensing 
range: (above ambient) 

Operating temperature: 

5. SENSOR HOUSING 

0.2 v 

20,000 

2 Hz to 30 Hz 

O. 2A(V to 10mV 

30" F to 1, 000" F 
(-1. 11> C to 538" C) 

32" F to 1 58 C F 

(0 0 C to 7 0 ~ C) 

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 signals. 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 s train relief. 
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This aluminum tube is suspended in a larger tube 5 in. 
(12.7 cm) diameter of cast steel whic:h acts as an impact shield for 
the more delicate aluminum as s emb1y. One end of this cas t 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. O. 
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APPENDIX I 

REPOR T 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 dYllamic 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-mot ion 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 force s (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 lltransdu·:er boltl' 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 designf-rs that the reaction rail is in itself a 
patentable device, capable of being used for weighing-in-motion and lor 
horizontal reaction force measurement. 

The infrared portion of the brake inspection system is not in itself a 
unique 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 ternperatures to determine proportional 
right-to-left wheel braking on a single axle. 

2. The ability to simultaneously weigh passing wheels, 
measure total braking forces, dete rmine relative 
wheel temperatur,~s. and identify and diagnose braking 
system malfunctic.'ns • 

It is the opmlOn 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 

110 Copies 

I-2 


