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ABSTRACT

S a m p l e s  f r o m  t h e  t e s t  d a t a  c o l l e c t e d  i n  P h a s e  I I  o f  t h e  
r a i l r o a d  f r e i g h t  c a r  T r u c k  D e s i g n  O p t i m i z a t i o n  P r o j e c t  (TDOP) a r e  
r e v i e w e d  t o  d e t e r m i n e  t h e i r  s u i t a b i l i t y  f o r  u s e  i n  a s s e s s i n g  t h e  
s a f e t y  p e r f o r m a n c e  o f  r a d i a l  t r u c k s .  O m i s s i o n s  i n  t h e  TDOP 
d o c u m e n t a t i o n  a r e  i d e n t i f i e d  a n d  c o r r e c t e d  w h e r e  p o s s i b l e  t o  
p r o v i d e  g u i d a n c e  f o r  p o s s i b l e  f u t u r e  u s e r s  o f  t h e  TDOP d a t a  
t a p e s .  The  d a t a  r e d u c t i o n  p r o c e d u r e s  w h i c h  m u s t  b e  f o l l o w e d  t o  
e x t r a c t  i n f o r m a t i o n  o f  e n g i n e e r i n g  i n t e r e s t  f r o m  t h e  d a t a  t a p e s  
a r e  d e s c r i b e d ,  an d  s a m p l e  r e s u l t s  f r o m  t e s t s  o f  o n e  r a d i a l  t r u c k  
a r e  s h o w n .  A n a l y s i s  o f  t h e s e  r e s u l t s  i d e n t i f i e s  p o t e n t i a l  
d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  u s e  o f  t h e  TDOP d a t a .  On t h e  
b a s i s  o f  t h i s  a n a l y s i s ,  r e c o m m e n d a t i o n s  a r e  d e v e l o p e d  r e g a r d i n g  
f u t u r e  u s e  o f  t h e  TDOP d a t a  a n d  t h e  d e s i g n  o f  f u t u r e  r a i l  v e h i c l e  
t e s t  p r o g r a m s  t o  b u i l d  u p o n  t h e  e x p e r i e n c e  g a i n e d  f r o m  TDOP.
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1. . INTRODUCTION

The Truck Design Optimization Project '(TDOP) was a 
multi-year, two-phase project which the FRA sponsored to develop 
an improved understanding of the dynamic performance, economics 
and safety of the diverse types of trucks which have been 
developed for use on North American railroad freight cars. The 
extensive test program incorporated in TDOP resulted in the L-

production of a large library of test data for s^ew^Tifferent 
trucks under a variety of operating conditions. Although 
considerable analysis of this data base was performed in the TDOP 
project, some aspects of truck performance could not be evaluated 
within the time and resource constraints of that project. The 
work reported here was performed in an attempt to use the TDOP 
test data to develop insights into the safety performance of 
radial trucks, in particular as affected by the forces imposed on 
the, bearing adapters.

It was necessary to invest substantial effort in decoding 
the TDOP data tapes before attention could be directed to the 
safety assessment of radial trucks. Some of this effort was 
attributable to deficiencies in the TDOP documentation, some was 
a consequence of the great volume of the test data (up to 35 
megabytes per tape), and some was associated with important 
shortcomings of the test results. The procedures which had to be 
followed are documented in this report so that any possible 
future users of the data will be able to avoid much of this 
effort. Once the sample tapes were decoded and the test results 
were examined carefully, some significant doubts about the 
accuracy and consistency of the results were raised. These 
doubts were judged to be serious enough that the contemplated 
assessment of bearing adapter forces could not be pursued with 
sufficient confidence in the validity'of the results. The 
remainder of this report documents the basis for this conclusion, 
as part of a general evaluation of the applicability of the TDOP 
test data for evaluations of freight truck dynamic performance.
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Chapter 2 contains a review of the test data and 
documentation available from the TDOP project, with general 
identification of problem areas and missing information.
Chapter 3 explains the procedures which had to be followed to 
process the test data so.that they could be studied in 
engineering units which have physical significance for truck 
dynamics (such as forces rather than strain gauge voltages). A 
detailed examination of some of the test data for one radial 
truck, with an extensive set of computer plots of results, is 
presented in Chapter 4. This is followed by the Chapter 5 
recommendations regarding the applicability of the TDOP test data 
and the design of new test programs to supplement the data 
available from TDOP.

i
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2. REVIEW OF TDOP PHASE II DATA AND DOCUMENTATION

This investigation is based on the use of the extensive 
truck test data collected by Wyle Laboratories as part of Phase 
II of the FRA-sponsored Truck Design Optimization Project 
(TDOP). TDOP Phase II included a series of sixteen separate test 
conditions for one standard (Type I) truck and six premium (Type 
II) trucks plus a subset of eight test conditions on an 
additional premium truck (the Alusuisse truck). These trucks 
were instrumented for recording 92 to 96 channels of response 
measurements at 200 samples per second. Some of the test runs 
lasted as long as 15 minutes, generating as much as 35 megabytes 
of data. This large volume of data must be processed selectively 
to obtain the results of interest in an efficient manner.

The TDOP Phase II test program is documented in an extensive 
set of Test Results Reports [1, 2] and Test Events Reports (such 
as [3, 4]). The Results Reports include lengthy appendices 
containing calibration data, data reduction equations and their 
derivations, diagrams of instrumentation locations and the test 
plans and procedures. The Test Events Reports reproduce the 
header files from the data tapes, including calibration 
informtion, and the handwritten daily Test Events Log maintained 
by the Test Director. This information is supplemented by the 
NTIS format information supplied with each of the test data 
tapes, describing the contents of each of the records.on the tape

SCT attempted to reduce the data on the tapes using only the 
information contained in these publicly-available sources, but 
found it necessary to request additional information from the 
FRA, Wyle Laboratories and several former Wyle employees who 
worked on specific parts of the TDOP project. For the benefit of 
possible future users of the TDOP data, the necessary information 
which was missing from the TDOP documentation is reviewed here.
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2.1 Definition of Tape Records

Although the NTIS tape documentation was generally complete 
and correct, there was no indication in it or in the reports 
about how to use the calibration records. The maximum and 
minimum values for each channel in the calibration record are 
equivalent to the maximum and minimum values listed for those 
channels in the channel description record. These are not the 
maximum or minimum allowable values, but simply the ranges 
selected to use for the calibration. Some additional programming 
effort was.required because of the incompatibility between the 
binary format of the calibration record and the ASCIIof the 
channel descriptions. Also, word 8 of each data record is the 
accumulated distance divided by 10 feet, not multiplied by 10 
feet (as indicated by the documentation).

2.2 Engineering Units

The engineering units described in the channel description 
record do not invariably correspond to the relevant physical 
units. The torque measurements T1 and T3 are described as kips, 
which is a force rather than a torque measurement. This may have 
corresponded to kips force applied in the calibration procedure. 
The data reduction equations summarized in Appendix D of the Type 
1̂1 Truck Test Results Report have no units associated with them, 
although pounds and inches appear to be the standard units for 
force and distance. The angle of attack equations produce 
results in. terms of arc minutes (hardly an obvious choice'.), and 
moments are all in terms of inch-pounds.

2.3 Biases (DC offsets)

The accelerometer and axle strain gauge channels (A and G 
prefixes in labels) have biases which in some cases are larger
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than the variations in the measurements, even though these should 
be zero mean in most cases. The axle strain gauges must have the 
biases removed before they can be used to estimate wheel/rail 
forces. This requires an extra pre-processing step to calculate 
the mean value for each of these channels for a homogeneous 
segment of the test (such as negotiation of an individual curve) 
and to then subtract the mean from each sample value. A similar 
process must be followed-for accelerometer channels, to remove 
biases which on the data tape would imply that bearing adapters 
are accelerating both vertically and laterally at several g's.
The bias removal will also be needed for suspension deflections, 
especially the longitudinal axle deflections of the radial trucks 

The presence of substantial biases on the data tapes makes 
it impossible to.use the TDOP data to derive confident estimates 
of some important steady state values, such as accelerations and 
suspension deflections during steady curving. The differences in 
these values for different curve negotiations in the same test 
run can be estimated roughly from the differences in the computed 
mean values for the different segments of the same tape.
However, differences from one test run to another (different 
instrumentation calibrations, temperature effects, etc.) cannot 
be accounted for in this way. The bias problem also makes it 
impossible to use the wheel/rail force calibration data to 
estimate the real bias components on all the lateral forces which 
are attributable to wheel/rail contact geometry even when no 
external lateral forces are present (FI in the derivation of 
Appendix C of the Type I Test Results Report). Biases on the 
axle longitudinal displacement measurements make it impossible to 
use these to calculate the extent to which the wheelsets of the 
radial trucks, align themselves with curved track, although it may 
still be possible to make comparisons among curves on a single 
test run.
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2.4 Bearing Adapter Strain Gauges

The procedures to be used for converting the bearing adapter 
strain gauge voltage outputs into estimates of the vertical 
forces and their lines of action at the bearing adapters were not 
documented as part of the TDOP project. Discussions with the 
Wyle Laboratories staff members who worked on that part of the 
project revealed that a combination of linearized equations and 
table look-up procedures was used to interpret the bearing 
adapter data. Neither the derivations nor the software 
associated with this could be located for re-use in the current 
work. Consequently, it was necessary to go back to the raw 
bearing adapter calibration data presented in the Appendices B of 
both the TDOP Type I and Type II Test Results Reports and use 
that to develop a new data reduction procedure.

The bearing adapter calibration data are presented as a 
series of curves of strain gauge voltage plotted as a function of
the load applied to the adapter, for five different points of
load application (centered above the adapter and at locations 1
and 2 inches to the left and right of center). The DR-1 adapters
were also calibrated separately for three different levels of 
lateral force, but since the results did not appear to be very 
sensitive to the changes in lateral force, this effect was not 
considered further in developing the data reduction procedure.
The instrumented adapters each produce three channels of strain 
data, two of which are used to identify the line of action of the 
vertical force (referred to as the inner and outer gauges) and 
the third of which is used to determine the magnitude of the 
force. The line of action must be defined properly for two 
reasons:

(a) to determine the moment arm at which the force 
acts, as part of the calculation of the lateral 
wheel/rail forces

(b) to select the right calibration curve to use with 
the third strain gauge channel.
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The second of these is in practice the more important, because 
the calibration curves for vertical force on the third channel 
are highly sensitive to the line of action. Incorrect 
determination of the line of action could produce estimates of 
the vertical force which are wrong by factors as large as five or 
ten.

Because of the limited resources available for recreating ► 
the bearing adapter analysis procedure, the simplest feasible 
approach was adopted, recognizing that it will limit the accuracy 
of the results which can be obtained. The calibration curves 
were linearized about two different operating points, one 
corresponding to the nominal weight of the empty test car (8500 
lb per adapter) and the other to the nominal weight of the fully 
loaded test car (30,000 lb per adapter). Separate sets of data 
reduction logic were developed for the loaded and empty cars and 
for the two different sets of adapters (Type I or DR-1). The 
TDOP documentation was confusing and ambiguous about the choice 
of adapters on each truck, making it appear that the 
Barber-Scheffel was tested using the DR-1 adapters, although this 
was denied by the Wyle Laboratories personnel most directly j
involved in the testing. . •

The relationship between the readings on the inner and outer 
strain gauges must be used to distinguish the line of action of 
the vertical force. Unfortunately, the calibration data do notr^ 
permit this to be determined unambiguously for all of the /
adapters and'loading conditions. Figure 1 is an example of a / 
well-behaved bearing adapter calibration relationship, in which/ 
the line of action of the load can be readily determined (by j 
interpolation) for any combination of measurements on the 
channels F21 and F22. The numbers assigned to the five radial 
lines on this figure correspond to Fines of action at the center 
and 1 and 2 inches from the center of the adapter. By contrast, 
Figure 2 is a typical example of an ambiguous calibration 
result. If measurements of Fll and F12 cnrrp<;nnnHina tr, t-hp
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Figure 2.1 Calibration of Inner and Outer Strain 
Gauges for DR-1 Adapter BR-1 Under 
Fully Loaded Car
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aefint labeled "A" are obtained, it is impossible to tell what the 
line of action was. Furthermore, the calibration curve for loads 
at the +2 location is between the curves for the 0 and +1 
locations, making it impossible to do meaningful interpolations.

Results such as the example shown in Figure 2 sometimes make 
it impossible to identify the actual line of action from the TDOP 
test data. This in turn makes it impossible to choose the 
correct calibration curve to use to determine the magnitude of 
the vertical force on the bearing adapter, leading to potentially 
very large errors in the determination of this force. This 
problem is a direct outgrowth of the bearing adapter strain gauge 
force measurement system as implemented in the TDOP project.

2.5 Steering Arm Strain Gauges

The forces in the steering arms of the DR-1 truck and the 
cross arms and cross-struts of the Barber-Scheffel truck were 
measured using strain gauges. However, these measurements were 
not very clearly documented and indeed the Barber-Scheffel gauges 
were not calibrated. As a result, strain gauge voltages can be 
observed for one Barber-Scheffel arm and one strut, but these 
cannot be translated into estimates of forces.

The DR-1 steering arms were calibrated, although the 
procedure is not clearly described in the TDOP reports. The 
location of the strain gauges was not reported, although 
discussions with some of the people involved in the testing have 
revealed that they were mounted near the center of the steering 
arm assembly, on the piece which connects the two C-shaped arms 
inside the truck bolster. These gauges can measure the bending 
of that piece as a way of estimating the forces transmitted from 
the one arm to the other. The calibration was apparently 
conducted using lateral forces applied to one bearing adapter, 
with the opposite wheelset rigidly restrained. However, this is 
not documented. There is also a question about the excitation
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voltage level used during the TDOP tests, which may- not have been 
the same as the 10 volts used for the calibrations. If it was 
different, as one of the former Wyle employees suspected, the 
gain'factors would need to be adjusted further.

2.6 Angle of Attack Measurements

The angle of attack and lateral displacements between wheels 
and rails were measured using a set of four eddy current 
transducers per wheelset. These detect the distances between a 
special test fixture mounted on the truck sideframe and the wheel 
and rail. The measurements relative to the rail were found to 
have sharp spikes at intervals corresponding to rail joints, 
which were phase shifted for the transducers mounted fore and aft 
of the axle. In order to use these measurements to indicate the 
actual wheel-rail angles of attack, it is necessary to shift one 
of the channels by the amount of time it takes for the train to 
travel the distance by which the two transducers are separated. 
This requires an additional step in the data reduction process. 
With only this phase shift, it will still not be possible to 
obtain an accurate and unbiased measurement of the lateral 
wheel-rail displacement. An inherent bias is built into the 
measurement system because the transducers are not mounted at the 
same distances from the wheel-and rail. Furthermore, deviations 
in the upper or outer rail surface observed by the transducer may 
not be good representations of the deviations in the gauge 
(inner) surface, which are of greater importance to vehicle 
dynamic response.

The measurements relative to the wheel are dominated by a 
sinusoidal component at the wheel rotation frequency, 
representing a slight wheel wobble (about 5 arc minutes on 
Barber-Scheffel test BS-002A). This wheel wobble component, 
which appears to be so repeatable from cycle to cycle that it 
must be measuring wheel face irregularities, has to be filtered
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out in order to observe the true angle of the wheel relative to 
the test fixture, which is needed for the angle of attack 
calculation.

2.7 TDOP Data Reduction Procedures

The axle-bending force measurement technique involves use of 
some complicated data analysis and reduction procedures which are 
not easy to derive. The derivation of these procedures in 
Appendix C of the TDOP Type I Test Results Report has a variety 
of problems which make it very difficult to follow. It is 
plagued with numerous typographical errors, illegible labels on 
the figure which defines the variables, at least one missing page 
(after page 8) and the reversal of two pages (11 and 12). The 
sources of the numerical values which need to be inserted in the 
equations were not apparent, and some were not defined in any of 
the TDOP documentation. The most important of these omissions 
was the failure to define the spacing between the left and right 
sets of axle-mounted strain gauges, which was found to be 30 
inches .

The equations which were reported in Appendix D of the Type 
II Test Results Report were not consistent with the derivation in 
the earlier report. One important simplification was the 
assumption that lateral forces acting at the bearing adapter 
would be applied to the wheelset along its centerline rather than 
at the upper axle surface. Furthermore, the lateral force 
equations in the two different reports disagree in the choice of 
left or right axle bending moment terms and in the polarities of 
these terms.

The data reduction equations for the axle bending 
measurements in Appendix D of the Type II Results Report contain 
RMS terms used for normalization, but these were not documented 
at all.
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The rationale for this choice of equations was not made 
clear, and indeed these equations would not. appear to be suitable 
for producing the desired estimates of axle bending moments. For 
use in the present work, the mean value for each axle bending 
channel was calculated using the largest possible sequence of 
data gathered under uniform operating conditions, to try to 
ensure that the mean value estimates are not unduly degraded by 
including a non-integral number of cycles. These mean values 
were then subtracted from the instantaneous measurements in the 
quadrature equations in order to remove biases in the raw data.

Most of the TDOP documentation refers to filtering of the 
axle-bending strain gauge channels at 500 Hz, except for the Type 
I Truck Test Plan, which referred to a frequency response of 50 
Hz. This was apparently superseded at a later stage by the 500 
Hz filtering, with the resulting problem of aliasing of signals 
above 100 Hz (to be discussed more thoroughly later).

2.8 Custom Software Development

Substantial software development efforts.are needed before 
one can make use of the data for any analysis, as one would 
expect for any work involving data tapes containing many 
records. The NTIS tape documentation provides most of the 
information needed to decode the information on the tapes, but 
the exact procedures which a programmer must implement will be 
highly machine dependent. For example, on the SCT VAX 11/780 
computer it was necessary to swap the bytes of the two-byte 
integer words containing the data because of the differences 
between this computer and the computer which was originally used 
to write the tapes.

In order for an analyst to be able to efficiently study the 
data, data^management and plotting interface software must be 
developed. A properly designed interactive data handling 
software system enables the analyst to select the subset of
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channels he needs for the time interval or track segment (by 
milepost) of interest. He should be able to filter or resample 
the data as desired and plot any channels or combination of 
channels he needs, as well as computing basic statistics on these 
channels. The data handling software development requires a 
substantial front-end effort, but it remains the only practical 
way of extracting information from data tapes as extensive as the 
TDOP tapes.
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3. DATA REDUCTION PROCEDURES

The 96 channels of data recorded in the TDOP Phase II test 
program, do not all correspond directly to the quantities of 
engineering interest. It is necessary to use combinations of 
multiple channels to develop estimates of many of the important 
quantities, especially the wheel-rail forces. Wherever possible, 
the equations and definitions presented in the TDOP reports 
(Figure 3.1) were used, but in some cases these had to be 
modified and supplemented with additional equations.

3.1 Axle Bending

The axle bending moment calculations shown under the heading 
"Wheel/Rail Forces" were modified substantially for the current 
work. The axle bending strain gauge channels, the 24 channels 
with the prefix G, were generally found to have substantial 
biases (DC offsets), which would seriously distort any results 
derived from the equations, of. Figure 3.1. Therefore, those 
equations were modified by the removal of the RMS terms and the 
insertion of a bias removal term on each channel (subtraction of 
the mean value calculated over an extended steady-state period). 
This change leads to equations of the form:

? ? 1/2 (A-V) = [(G116-M116)\ + (G112 -Ml 12 ) j ,

where the M terms are the mean values. The three separate 
equations for (A-V), (B-V) and (C-V) represent the calculations 
of axle bending from three different quadrature pairs,of strain 
guages, which are then averaged together in the equation for 
(Rl-V). The quadrature pairs are strain gauges located 90° 
apart on the axle, and can be identified by numbers which are 
separated from each other by 4.
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APPENDIX D -  DATA REDUCTION EQUATIONS 

WHEEL/RAIL FORCES

Typical Vertical Axle Bending Moment Calculations:

(A-V) = jj(RMSR1/RMSGI1g) G116 ] 2 + [(RMSR1/RMSG m ) G112] 2}

(B-V) = |[(RMSR1/RMSG n 5 ) G 115'] 2 + [(RMSR1/RMSG n l ) G i l l ] 2}

(c-v) =|[(rmsr1/rmsg113) g 113] 2 + [(rmsr1/rmsg109)G109]2}

(Rl-V) = [(A-V) + (B-V) + (C-V) ] /3

Similar calculations were made for (Ll-V), (R2-V), and (L2-V).

PRIMARY SPRING VERTICAL DISPLACEMENTS (MAXIRIDE)

X R1 = 0.8333 D15 + .0834 (D15 + D17)

X L1 = 0.8333 D17 + .0834 (DI5 + D17)

X R2 = 0.8333 D16 + .0834 (D16 + D18)

XL2 = 0.8333 D18 + .0834 (D16 + D18)

Using these displacements vertical forces and moments were calculated using 
nonlinear spring constants provided by the manufacturer.

LATERAL AND VERTICAL FO R CE CALCULATIONS

FVRl = 1500.+ .03333 [ ( R l- V ) - ( L l- V ) ]  + VLA1

FVL1 = 1500. = .03333 [(Rl - V) - (LI - V)] + VLA2

FLR1 = 156.45 -  .05556 X BMA1 + .05556 x (LI - V) 
+ 0.081944[(R1-V)-(L1-V)]

FLL1 = 156.45 -  .05556 x BMA2 + .05556 x (Rl - V) 
- 0.081944 [(R l - V) -  (LI - V)]

QUR1 = FLR1/FVR1

Figure 3.1 - Data Reduction Equations from TDOP
Phase II, Type II Truck Test Results 
Report
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QULl = FLL1/FVL1

AXL1 = FLR1 - FLL1

AXV1 = FVR1 + FVL1

Same calculations are repeated for axle 2.

WHEEL UNLOADING INDEX

FVT = FVR1 ► FVL1 + FVR2 + FVL2

MINV = Minimum of (FVR1, FVL1, FVR2, FVL2)

WUl = 1 - 3 x [MINV/ (FVT - MINV)]

ANGLE OF ATTACK

LRS1 = .5 (P2 + P4)

LWS1 = .5 (P1 + P3)

LWR1 = LWS1-LRS1

LRS2 = .5 (P6 + P8)

LWS2 = .5 (P5 + P7)

LWR2 = L1VS2-LRS2

ARS1 = C l x (P2-P4)

AWS1 = C2 x (P1-P3)

AWR1 = AWS1-ARS1

ARS2 = C l x (P6-P8)

AWS2 = . C2 x (P5-P7)

AWR2 = AWS2-ARS2

See Table E-l for values for C l ic C2.

Figure 3.1 (Cont 'd)
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TRUCK AND TRUCK/CARBODY MOTIONS 

SWIV = C3 (D13 - D14)

TRAM = C4 (D6 - D5)

SGVD = (D1 + D2 + D3 + D4)/4.

SGRL = C5 (D1 + D2 - D3 - D4) or C5 (D15 + D16 - D17 - D18)

CBBL = C6 (D ll - D12)

CBSF = SGRL + CBBL

CARBODY MOTIONS

Prior to using accelerometer data to calculate carbody motions, it was necessary to 

adjust the scale factors and polarities of some channels. These adjustments were 

made in the ADARS data base to data base parameters GAIN and C l. The data are 

divided by GAIN. C l is the conversion factor from volts to engineering units. Table 

E-2 shows the changes made to GAIN and C l.  Polarities of some accelerometers were 

found to be in error and were corrected in the ADARS data bases. Two techniques 

were used to determine accelerometer polarities. First, the polarity of the lateral 

accelerometers was determined by examining the lateral accelerometers during curve 

negotiation at off-balance speed. Second, the polarity of some of the vertical 

accelerometers was determined from roll motions of the vehicle at relatively low 

speed for the Blue Diamond test runs. Table E-3 shows the polarities, that were

determined using the above techniques.

PTCH = C7 (A1 -  A2)

VERT = 0.5 (A1 + A2)

AROL = C8 (A2 - A4)

BROL = C9 (A7 - A3)

ROLL = 0.5 (AROL + BROL)

TWST = B R O L -A R O L

ARLL = CIO x (A 16 - A6) + C l l  x YAW

Figure 3.1 (Cont'd)
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E3RLL = C12 x (A15 - A5) - C13 x YAW

RLLL = 0.5 (AHLL + BULL)

LAT = C14 x (A5 + A6) + C15 x (A 15 + A16) 
(EMPTY)

LAT = C16 x (A5 + A6) + C17 x (A15 + A16)
(LOADED)

YAWB . = C18 x (A5 - A6)

Y AWT = C19 x (A15 - A16)

YAW = 0.5 (YAWB + YAHT)

Table E-4 gives the coefficients for carbody motions.

NOMENCLATURE

SWIV Truck swivel rotation (carbody to bolster)

TRAM - Truck tram rotation (bolster to side frame)

SGVD Spring group vertical displacement

SGRL Spring group roll angle

CBBL Carbody - bolster roll angle

CBSF Carbody - side frame roll angle

A-V Vertical axle bending moment from the first pair of quadrature gages

B-V Vertical axle bending moment from the second pair of
quadrature gages.

C-V Same as A-V except third pair of gages

R l-V - ■ Vertical axle bending moment for the gages near the right wheel 
of axle 1

. Ll-V Same as R l-V except left wheel

R2-V Same as Rl-V except axle 2

L2-V Same as L l-V  except axle 2 ,

Figure 3.1 (Cont'd)
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I

V LA 1 _ Vertical load on bearing adapter #1 (Rl)

VLA2 - Vertical load on bearing adapter #2 (LI)

VLA3 - Vertical load on bearing adapter #3 (R2)

VLA4 - Vertical load on bearing adapter #4 (L2)

BMA1 - Bending moment due to VLA1

BMA2 - Bending moment due to VLA2

BMA3 ■ - Bending moment due to VLA3

BMA4 - Bending moment due to VLA4

FVR1 - Vertical wheel/rail force - R l

FVL1 - Vertical wheel/rail force - LI

FVR2 - Vertical wheel/rail force - R2

FVL2 - Vertical wheel/rail force - L2

FLR1 - Lateral wheel/rail force - R l

FLL1 - Lateral wheel/rail force - LI

FLR2 - Lateral wheel/rail force - R2

FLL2 - Lateral wheel/rail force - L2

QUR1 - L/V ratio - R l

QUL1 - • L/V ratio - LI

QUR2 - L/V ratio - R2

QUR2 L/V ratio - L2

AXL1 - Total lateral wheel/rail force on axle 1

AXL2 - Total lateral wheel/rail force on axle 2

AXV1 - Total vertical wheel/rail force on axle 1

AXV2 - Total vertical wheel/rail force on axle 2

X R1 Primary spring displacement, R l spring group

Figure 3.1 (Cont ' d)
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XL1
Primary spring displacement, LI spring group

X R2 Primary spring displacement, R2 spring group

X L2 Primary spring displacement, L2 spring group

FTV Total vertical wheel/rail force for B-end truck

MINV Minimum vertical wheel/rail force for four wheels of B-end truck

WUI Wheel unloading index, equal to zero implies all four wheels have equal 
load, equal to one implies one wheel has no load

LRSi Lateral displacement of rail relative to side frame for axle i, i = 1,2

LWSi Lateral displacement of wheel relative to side frame for axle i, i = 1,2

LWRi Lateral displacement of wheel relative to rail for axle i, i = 1,2

ARSi Angular displacement of rail relative to side frame for axle i, i = 1,2

AWSi Angular displacement of wheel relative to side frame for axle i, i = 1,2

AWRi Angular displacement of wheel relative to rail for axle i, i = 1,2

PTCH Carbody pitch acceleration

VERT Carbody vertical acceleration

AROL Carbody A-end roll acceleration (from vertical accelerometers)

BROL Carbody B-end roll acceleration (from vertical accelerometers)

ROLL Carbody roll acceleration (from vertical accelerometers)

TWST> Carbody twist acceleration (from vertical accelerometers)

ARLL Carbody A-end roll acceleration (from lateral accelerometers)

BRLL Carbody B-end roll acceleration (from lateral accelerometers)

RLLL Carbody roll acceleration (from lateral accelerometers)

LAT Carbody lateral acceleration at CG

YAWB Carbody yaw acceleration near bottom of carbody

YAWT Carbody yaw acceleration near top of carbody

YAW - Carbody yaw acceleration near center of carbody

Figure 3.1 (Cont'd)
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The quadrature pairs which were used to calculate the four 
axle bending moment extimates were:

Left Side

Axle 1 G101 and G105
G102 and G106 
G103 and G107

Axle 2 G209 and G213
G212 and G216 
CG210 and G214)

There were only two quadrature pairs available on the right side 
of axle 2, and the third pair for the left side of that axle is 
in parentheses because channel G214 was giving extremely low 
readings on the sample Barber-Scheffel test runs. For further 
data analysis work, its quadrature equation should be removed to 
avoid distorting the results.

3.2 Bearing Adapter Vertical Forces and Moments

The lateral and vertical force calculations at the bottom of 
the first page of Figure 3.1 rely on the use of measurements of 
four vertical bearing adapter forces, VLAi and the bending 
moments produced by these forces, BMAi. Those quantities must be 
extracted from the .twelve bearing adapter strain gauge channels, 
Fi, Fil and Fi2, for i = l,2,3 and 4. The specific definitions of 
these channels are found in the channel description files, such 
as Figure 3.2. Two different sets of instrumented bearing 
adapters were used in TDOP Phase II, one for the Dresse.r DR-1 
truck and the other for the remaining trucks. The adapters were 
calibrated in static tests at TTC, and the complete sets of 
calibration curves are reproduced in Appendices B of the TDOP 
Type I (109 plots) and Type II (220 plots for DR-1) Test Results 
Reports.

Right Side

G112 and G116 
Gill and G115 
G109 and G113

G201 and G205 
G204 and G208
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TABLE 3-4. CHANNEL DESCRIPTION FILE FOR BARBER-SC HEFFEL TRUCK

PHJlBLU
TYPE* 30 kATCs 200 NChNS 96 OATCs 7/13/60
START nPs 316.979

\
1 1 SI SPEEO P1P41 O.U 50.0

2 S2 AUTOMATIC LOCATION detector OCTCCTION 0.0 5.0
3 S3 brake: cylinder pressure PS20 0.0 90.0
H S6 throttle setting POSITION 0.0 5.0
5 A1 B END CNTR CAR300T VERT ACCEL G' S ( 0.0 0,937
6 A2 A CNO CNTR CARBU0T VERT ACCEL G'S 0.0 1.316
7 A3 B EnO KTIBl I CARBOOT vert ACCEL G'S 0.0 1.566
a AH A ENO HT(Al ) CARBOOT vEHT ACCEL 6 * S 0.0 1.5x6
9 AS B ENO RTIBLl CARBOOT LAT ACCEL G'S o.o 0.966

10 A6 A ENO RTIAL) CARBOOT L*T ACCEL G'S c.o 0.966
11 A7 B CNO LFiBRI CARBOOT VERT ACCEL G'S 0.0 1.573
12 Ad b ENO CnTR CARBOOT LONG ACCEL G'S 0.0 1.000
IS A9 BL-1 (RT FT1 BRG .ADPT VCRT ACCCL G'S 0.0 5.676
m A10 BL-1 (RT FT) BRG AOPT LAT ACCCL G'S 0.0 5.977
is A ll BL-2 |RT RR) BRG AOPT LAT ACCCL G'S o.o 5.531 .
16 A12 BR-1 (LF FT) BRG AOPT VCRT ACCCL to'S 0.0 6.626
17 A13 AL-3 (RT FT) BRG AOPT LAT ACCCL G'S o.o 5.599
ia A1H AL-H (RT RR) BRG AOPT LAT ACCCL G'S o.c 3,779
19 AlS B-ENO CNTR CAROOOT TOP LAT ACCEL G'S o.o 1,536
20 A16 A-ENO CNTR CARBOOT TOR LAT ACCEL G'S o.o 1,567
21 A17 CARBOOT BOTTOM CNTR L»T ACCEL G'S o.o 1,570
22 FI BL-1 BEAR AOPT VERT STRAIN MILLIVOLTS 0.0 1.0
23 F ll BL-1 REAR AOPT OUT VERT STRAIN MILLIVOLTS 0.0 -1,0
2% Fl* BL-1 BEAR AOPT IN VERT STRAIN MILLIVOLTS o.o •1,0
25 F2 BR-1 BEAR AOPT VERT STRAIN MILLIVOLTS o.o 1,0
26 F21 BR-1 bear aopt out vert strain MILLIVOLTS 0.0 -1.0
27 F22 BR-1 bear aopt in vert strain MILLIVOLTS o.o -1.0
2a F3 BL-2 bear aopt vert strain MILLIVOLTS 0.0 1,0
29 F 31 BL-2 BEAR AOPT out vert STRAIN MILLIVOLTS 0.0 -1,0
30 F32 BL-2 BEAR AOPT IN VERT STRAIN MILLIVOLTS 0.0 -1.0
31 F6 BR-2 BEAR ADPT VERT STRAIN MILLIVOLTS 0.0 1,0
32 FH2 BH-2 BEAR AOPR OUT VERT STkaIN millivolts O.o • 1,0
33 FHl BR-2 bear aopt in vert STHAIN MILLIVOLTS 0.0 -1,0
3* PI BL-1 uheel/ siocframc pos. *a« INCHCS o.o 1,0
35 P2 BL-1 RAIL/SIOEFRAME POS »B« INCHCS 0,0 1,0
36 Pi BL-1 wHCCl/SIDEFRAME pos »C" INCHCS o.o 1,0
37 PH BL-1 RAIL/SIOCFRAMC POS -0« INCHCS 0,0 1.0
sa PS BL-2 wheel/ siocframe pos *a« INCHCS 0,0 1.0
39 P6 Be-2 RAIl/SXOCFRAKC pos -b» INCHCS o.o 1.0
HO P'7 BL-2 wHEEL/SIOCFRAME pos "C" XNCHtS o.o 1,0
HI pa BL-2 RAIl/ sIDEFRAmE POS -0" INCHCS 0,0 1,0
H2 61 b- i  axle rotary pulse gen POSITION. P,0 6.263
H3 62 b-2 axle rotart pulse sen POSITION o.o 6.263
HH B1 CROSS ARM STRAIN MILLIVOLTS o.o 1.0
65 82 CROSS STRUT STRAIN MILLIVOLTS 0.0 1.0
66 Ti b- i  axle torouc igacc ia i KIPS 0,0 1C10.2
67 T3 b-2 axle torque igase ia i KIPS o.o 966.7
6a 6201 AXLC *2 STRAIN GAUGC 1 IN-LBS o.o 1117000,
69 6202 axle kZ STRAIN GAUGC 2 IN-LBS 0,0 1169000.
50 6203 AXLC 62 STRAIN GAUGC 3 IN-LBS O.o 1157000.

Size
A

Code Ident No.
2 B 3 6 0 C-901-0012-A

Scale . Rev Sheet 4i

Figure 3.2 Sample Channel 
TDOP Phase II, 
Results Report 
included on ea

Description File from 
Type II Truck Test 
(Typical of file 

ch data tape)
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TABLE 3-4 (CONT'D). CHANNEL DESCRIPTION FILE FOR B A R BE R-SC H EFF EL TR U C K

PHllBLUTTpCs 31 RftTEs 200 NCHN= 96 DaTC = 7/13/60START np= 3m.979
SI 620M axlc .2 strain gauge: 9 IN-LBS 0.0 1157000.
52 6203 AXLE s2 STRAIN gauge: 5 IN-LBS 0.0 1152000.
53 6206 AXLC m2 STRAIN GAuGC 6 IN-LBS 0.0 1119000.
5*4 6209 AXLC >2 STRAIN GAuGC 9 IN-LbS 0.0 117M000.
35 6210 AXLC *2 STRAIN GAUGC 10 IN-LbS u.o 117M000.
5b 6212 AXLC «2 STRAIN GAjGC 12 IN-LBS 0.0 1157000.
37 6213 AXLL %'i STRAIN GAUGC 13 IN-LbS 0.0 117**000.
56 021** AXLC m2 STRAIN GAuGC 19 IN-LBS 0.0 1175000.
59 6216 AXLC m2 STRAIN GAUGE 16 1N-L8S o.o 11570C0.
60 05 BL-MrT FT) 60LST/SIDC Fr LAt DISP INCHES 0.0 1.000
61 Ob BL-2(RT RRJ BOLST/SIOC FR LAT OISP INCHES 0.0 1.000
62 07 BL-2(flT ) BOLST/SIOC FR ROTATION INCHES 0.0 1.000
63 06 BK-1(lF FT) BOLST/SIOC Fr LAT DISP INCHES o.o 1.000
6 «* 09 BR-2 f R T RR) BOLST/SIOC FR LAT UISP INCHES 0.0 1.000
65 010 BR-2(RT) BOLST/SIOC FR ROTATION INCHES 0,0 1.000
66 01 BL-K9T FT 1 SPR GP VERT DISP INCHES o.o 1.000
67 02 BL-2IRT RRI SPG GP VERT DISP INCHES o.o 1.000
66 03 BR-1U.F FT| SPG GP VERT DISP INCHES o.o 1.000
69 09 BR-iILF RR) SPG GP VEKT DISP INCHES o.o 1.000
70 Oil BLIRTi carsoot/ bolst rEl VERT OISP INCHES 0.0 1.000
71 012 br(lF) carsoot/ bolst rll vert OISP INCHES 0.0 1.000
72 013 B LNO FWO CAR300T/TRUCK LAT DISP INCHES 0.0 1.000
73 019 B CNO RCAR CARSOOT/TRUCK LAT OISP INCHES o.c 1.000
7** 019 BL-llRT FR) SIOC FR/AXLC LONG DISP INCHES 0.0 • 1.0
75 020 BL-2(flT RR) SIOC FR/AXLE LONG OISP INCHES 0.0 1.0
76 021 BR-UlF FR) SIOC FR/AXLC LONG DISP INCHES 0.0 1.0
77 022 BR-21lP RR1 SIOC FR/AXLC LONG OISP INCHES o.o 1.
76 Cl B CNO COUPLCR FORCC POUNDS o.o 3000.0
79 C2 B END COUPLER ANGLE DEGREES o.o 5.0
60 C3 A CNO COUPLCR FOKCC POUNDS o.o 3000.0
61 CH A CNO COUPLER ANGLE DEGREES 0.0 3.0
62 6R PILTCRCO LONGITUDINAL ACCEl I 6RA0C. 0.0 6.73
63 6116 AXLE «1 STRAIN GAUGC 16 IN-LBS 0.0 1163000
6m 6115 AXLE si STRAIN GAUGC IS IN-LBS o.o 118000C
65 6113 AXLE si STRAIN GAUGE 13 IN-LBS o.o 1163000
66 6112 AXLC si STRAIN GAUGC 12 IN-LBS o.o 1166000
67 6111 AXLC si STRAIN GAUGE 11 IN-LBS 0.0 1169000
66 6109 AXLE fll STRAIN GAUGC 9 IN-LbS o.o 1169000
69 6107 AXLE si strain GAUGE 7 IN-LBS 0.0 1171000
90 6106 Axle si ST«A1N gauge 6 IN-Leb 0.0 1175000.
91 6105 AXLE si STRAIN GAUGE 5 IN-LBS o.o llb**000
92 61U3 AXLE sl STRAIN GAUGE 3 1N-L5S 0.0 117*4000.
93 61U2 AXLE «1 STRAIN GAUGE 2 IN-LbS o.o 1171000
99 6101 AaLC sl STRAIN GAUGE 1 IN-LBS 0.0 1172000,
95 65 RESET PULSE B-l RPG VOLTS 0.0 5.0
96 Gt RESET PULSE B-2 RPG VOLTS 0.0 5.0

Size
A

Code Ident No.
2 B 3 6 0 C-901-0012-A

Scale Rev Sheet 45

Figure 3.2 (Cont'd)
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A typical set of calibration curves for a Type I bearing 
adapter loaded at its center line is reproduced in Figures 
3.3-3.5. The darkening in- the middle square on the right side of 
the wheelset schematic (upper right corner of each figure) 
indicates that the vertical load’was centered above adapter 3. 
Figure 3.3 is the calibration for the center strain gauge 
(identification of total load) while Figures 3.4 and 3.5 are the 
calibrations for the inner and outer strain gauges, which are 
used to identify the line of action of the load. For use in the 
current work, these calibration curves were linearized about two 
nominal load levels, 8500 lb for the empty car and 30,000 lb for 
the loaded car. The linear approximations, shown on the 
figures,lire quite close to the nonlinear calibrations over a 
substantial rang,e of values. The one situation in which these 
would produce serious errors is the unloading of an adapter on a 
fully loaded car (such as a near wheel-lift), for which the 
linear approximation would estimate a substantial negative 
vertical force. That caution should be borne in mind when the 
linearization is used, and the data reduction program should 
switch to the separate linearization for jthe empty car when the 
signal.level drops into its range.

Linear equations of the form y = ax+b were developed to 
describe each of the approximations, where y represents the 
measured voltage and x represents the vertical load on the 
bearing adapter. Five sets of’data comparable to Figures 3.3-3.5 
were used to characterize each adapter. The DR-1 adapter had 
separate calibrations for three different levels of lateral 
force, but because these did not differ much only the set for no 
lateral force was used. When analyzing the test data, there is 
no way to tell a priori what the line of action of the bearing 
adapter force was. The relationship between the readings on the 
inner and outer strain gauges must be used to identify the line 
of action. For the empty car linearizations, which all pass 
through the origin, this can be described simply as the ratio
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from TDOP Phase II, Type II Truck 
Test Results Report, Appendix B
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b e t w e e n  t h e  two g a u g e  r e a d i n g s .  For t h e  l o a d e d  c a r  
l i n e a r i z a t i o n s ,  t h i s  r e q u i r e s  p l o t t i n g  t h e  r e l a t i o n s h i p  b e t w e e n  
t h e  two c a l i b r a t i o n  c u r v e s  i n  a form l i k e  t h a t  o f  F i g s .  2 . 1  and
2 . 2 .  Each l i n e  i n  e a c h  o f  t h o s e  f i g u r e s  d e s c r i b e s  a p a i r  o f  
l o a d e d - c a r  l i n e a r i z a t i o n s  s i m i l a r  t o  t h o s e  shown i n  F i g s .  3 . 4  and  
3 . 5 .  The a m b i g u o u s  c a s e s ,  s u c h  a s  t h e  e x a m p l e  o f  F i g u r e  2 . 2 ,  
must  b e  t r e a t e d  w i t h  g r e a t  c a r e  t o  r e t a i n  a s  much i n f o r m a t i o n  a s  
p o s s i b l e  and e l i m i n a t e  t h a t  w h i c h  s e e m s  mo s t  p h y s i c a l l y  
u n r e a s o n a b l e .  In some c a s e s  t h e  c a l i b r a t i o n s  we r e  s o  a mb i gu o u s  
( s c a t t e r e d  r e s u l t s ,  w i t h  no c l e a r  t r e n d s  w i t h  l i n e  o f  a c t i o n )  
t h a t  t h e  l i n e  o f  a c t i o n  c o u l d  n o t  be d i s t i n g u i s h e d .  For t h e s e  
c a s e s ,  t h e  l i n e  o f  a c t i o n  was a s s u me d  t o  be  a t  t h e  a d a p t e r  
c e n t e r l i n e  and an a v e r a g e  g a i n  was  c h o s e n  f o r  t h e  v e r t i c a l  f o r c e  
e s t i m a t e .  The q u a l i t y  o f  t h e  c a l i b r a t i o n  d a t a  f o r  e a c h  a d a p t e r  
u n d er  e a c h  o f  t h e  two l o a d i n g  c o n d i t i o n s  i s  d e s c r i b e d  i n  Tabl .e  
3 . 1 .  The i m p o r t a n t  a s p e c t s  o f  t h e  c a l i b r a t i o n s  a r e  t h e  c e r t a i n t y  
w i t h  w h i c h  t h e y  c a n  be used,  t o  i d e n t i f y  t h e  l i n e  o f  a c t i o n  o f  t h e  
v e r t i c a l  f o r c e  and t h e  s e n s i t i v i t y  o f  t h e  e s t i m a t e d  v e r t i c a l  
f o r c e  l e v e l  t o  p o s s i b l e  e r r o r s  i n  t h e  i d e n t i f i c a t i o n  o f  t h a t  l i n e  
o f  a c t i o n .

The c a l i b r a t i o n  d a t a  w e r e  u s e d  t o  d e r i v e  a s e t  o f  e q u a t i o n s  
and a s s o c i a t e d  l o g i c  t o  c o n v e r t  t h e  s t r a i n  g a u g e  v o l t a g e s  on t h e  
d a t a  t a p e s  i n t o  e s t i m a t e s  o f  v e r t i c a l  f o r c e  and l i n e  o f  a c t i o n .  
The c o m p u t e r  c o d e  w h i c h  i m p l e m e n t s  t h i s  p r o c e d u r e  i s  shown i n  t h e  
A p p e n d i x .  A t w o - d i m e n s i o n a l  i n t e r p o l a t i o n  p r o c e d u r e  ( s u b r o u t i n e  
TWODIM) i s  u s e d  t o  b l e n d  t h e  a n s w e r s  p r o d u c e d  by t h e  c a l i b r a t i o n  
c u r v e s  f o r  d i f f e r e n t  l i n e s  o f  a c t i o n  when t h e  a c t u a l  l i n e  o f  
a c t i o n  f a l l s  b e t w e e n  two o f  t h e  c a l i b r a t i o n  c a s e s .  The d a t a  
r e d u c t i o n  p ro g r a m c a l c u l a t e s  t h e  f o r c e s  VLAi and moments  BMAi a t  
e a c h  t i m e  i n t e r v a l  by:

1)  U s i n g  t h e  i n n e r  and o u t e r  s t r a i n  g a u g e  m e a s u r e m e n t s  F i l  
and F i 2  t o  i d e n t i f y  t h e  l i n e  o f  a c t i o n  o f  t h e  v e r t i c a l  
f o r c e  ( i f  p o s s i b l e ) .
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Table 3.1 - Summary of Bearing Adapter Calibration Quality

TYPE I ADAPTER
Adapter Number __________________Empty______■_____ '___________Loaded

1 (BL-1) Front, Right Consistent calibration, 
Insensitive to line of 
action

Small region of ambiguous 
calibration

2 (BR-1) Front, Left Cannot resolve line of 
action, but results are 
relatively insensitive 
to that

Small region of ambiguous 
calibration

3 (BL-2) Rear, Right Cannot resolve line of 
action, but results are 
not too sensitive to that

One anomalous calibration 
curve deleted

4 (BR-2) Rear, Left Calibration ambiguous at 
very low force level, but 
results are not too 
sensitive to that

Many ambiguities in line 
of action, but force trend 
is consistent

DRESSER DR-1 ADAPTER
Adapter Number Empty Loaded
1 (BL-1) Front, Right Impossible to resolve line 

of action, and results are 
extremely sensitive to 
that

Significant ambiguity in 
line of action, so one 
calibration was deleted. 
Results are sensitive to 
the ambiguity

2 (BR-1) Front, Left Good resolution of line 
of action, with results 
somewhat sensitive to that

Good resolution of line of 
action

3 (BL-2) Rear, Right Serious ambiguities in 
line of action, and 
results are extremely 
sensitive to that

Good resolution of line of 
action

4 (BR-2) Rear, Left Fair resolution of line 
of action, and results are 
quite sensitive to that

Small region of ambiguous 
calibration, results quite 
sensitive to that
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2)  U s i n g  t h e  i d e n t i f i e d  l i n e  o f  a c t i o n  t o  s e l e c t  t h e  
a p p r o p r i a t e  v e r t i c a l  f o r c e  c a l i b r a t i o n  ( o r  b l e n d i n g  o f  
c a l i b r a t i o n s )  t o  a p p l y  t o  t h e  c e n t e r  s t r a i n  g a u g e  
m e a s u r e m e n t ,  F i ,  t o  c a l c u l a t e  t h e  v e r t i c a l  f o r c e  VLAi .

3 )  M u l t i p l y i n g  t h e  f o r c e  VLAi by t h e  moment arm o f  t h e  
i d e n t i f i e d  l i n e  o f  a c t i o n  r e l a t i v e  t o  t h e  i n t e r s e c t i o n  
o f  t h e  a x l e  c e n t e r l i n e  w i t h  t h e  v e r t i c a l  p l a n e  o f  t h e  
w h e e l / r a i l  c o n t a c t  t o  c a l c u l a t e  t h e  moment VMAi. For a 
l i n e  o f  a c t i o n  c e n t e r e d ,  on t h e  a d a p t e r ,  t h i s  moment arm 
i s  t e n  i n c h e s .

3 . 3  V e r t i c a l  and L a t e r a l  W h e e l / R a i l  F o r c e s

The a x l e  b e n d i n g  and b e a r i n g  a d a p t e r  c a l c u l a t i o n s  d e s c r i b e d  
i n  S e c t i o n s  3 . 1  and 3 . 2  a r e  n e e d e d  t o  e s t i m a t e  t h e  w h e e l / r a i l  
c o n t a c t  f o r c e s  from t h e  TDOP d a t a .  The d i s c r e p a n c i e s  b e t w e e n  t h e  
w h e e l / r a i l  f o r c e  e q u a t i o n s  a s  d e r i v e d  i n  A p p e n d i x  C o f  t h e  TODP 
Type I T e s t . R e s u l t s  R e p o r t  and a s  r e p o r t e d  i n  A p p e n d i x  D o f  t h e  
Type I I  T e s t  R e s u l t s  R e p o r t  we r e  a l r e a d y  d i s c u s s e d  i n  S e c t i o n  
2 . 7 .  The s i m p l i f i e d  form o f  t h e  l a t t e r  r e f e r e n c e  ( F i g u r e  3 . 1 )  
was  a d o p t e d  f o r  u s e  h e r e ,  w i t h  c r o s s - c h e c k s  t o  t h e  d e r i v a t i o n . , .

The s o u r c e  o f  t h e  1500  l b  c o n s t a n t  a d d ed  i n  t h e  two  
e q u a t i o n s  f o r  v e r t i c a l  f o r c e s  was  n o t  i d e n t i f i e d ,  a l t h o u g h  i t  
p r o b a b l y  c o r r e s p o n d s  t o  h a l f  o f  t h e  w e i g h t  o f  t h e  w h e e l s e t .  Tha t  
w e i g h t  w o u l d  c o n t r i b u t e  t o  t h e  v e r t i c a l  w h e e l / r a i l  f o r c e ,  b u t  n o t  
t o  t h e  b e a r i n g  a d a p t e r  f o r c e .  The s e c o n d  "=" s i g n  i n  t h e  
e q u a t i o n  f o r  FVL1 i s  a t y p o g r a p h i c a l ,  e r r o r ,  and s h o u l d  a c t u a l l y  
b e  a  n e g a t i v e  s i g n  ( " - " ) .

The s o u r c e  o f  t h e  1 5 6 . 4 5  l b  c o n s t a n t  a d d ed  i n  t h e  two  
l a t e r a l  f o r c e  e q u a t i o n s  was  a l s o  u n d o c u m e n t e d ,  b u t  i t  c o u l d  
c o r r e s p o n d  t o  t h e  l a t e r a l  f o r c e  c o mp o n e n t  i m p o s e d  on e a c h  r a i l  by  
t h e  w h e e l s e t  a s  a f u n c t i o n  o f  t h e  w h e e l / r a i l  c o n t a c t  a n g l e .  The  
r e m a i n i n g  t e r m s  i n  t h e  l a t e r a l  f o r c e  e q u a t i o n s  d i f f e r  somewhat  i n
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t h e  two TDOP s o u r c e  d o c u m e n t s .  P r o c e e d i n g  f rom t h e  d e r i v a t i o n  i n  
t h e  Type I d o c u m e n t a t i o n ,  i t  w o u l d  a p p e a r  t h a t  t h e  l a t e r a l  f o r c e  
e q u a t i o n s  i n  F i g u r e  3 . 1  s h o u l d  b e :

FLL1 = 1 5 6 . 4 5  - . 0 5 5 5 6 . BMA2 - . 0 S 5 5 6 ( L 1 - V )
- . 0 8 1 9 4 4  [ ( R1- V) - ( L I - V ) ]

FLR1 = 1 5 6 . 4 5  - . 0 5 5 5 6  BMA1 - . 0 5 5 5 6 ( R 1 - V )
+ . 0 8 1 9 4 4  [ ( R1- V) - ( L I - V ) ]

The t h i r d  t erm i n  e a c h  e q u a t i o n  d i f f e r s  from F i g u r e  3 . 1  i n  s i g n  
and i n  t h e  s i d e  o f  t h e  a x l e  u s e d  t o  o b t a i n  t h e  b e n d i n g  moment  
e s t i m a t e .  T h i s  d i s c r e p a n c y  r e m a i n s  u n e x p l a i n e d .

3 . 4  A d d i t i o n a l  Data  R e d u c t i o n  E q u a t i o n s

The d a t a  r e d u c t i o n  p r o c e d u r e s  s p e c i f i e d  i n  t h e  TDOP p r o j e c t  
r e p o r t s  w ere  s u p p l e m e n t e d  w i t h  some a d d i t i o n a l  p r o c e d u r e s  f o r  
c r o s s - c h e c k i n g  r e s u l t s  and d e r i v i n g  a d d i t i o n a l  m e a s u r e s  o f  t r u c k  
p e r f o r m a n c e .

Two d i f f e r e n t  m e t h o d s  o f  c a l c u l a t i n g  t h e  a n g l e  f o rm e d  by t h e  
two  a x l e s  on t h e  i n s t r u m e n t e d  t r u c k  w e r e  i m p l e m e n t e d .  T h e s e  a r e  
i n t e n d e d  t o  show t h e  e x t e n t  t o  w h i c h  t h e  w h e e l s e t s  o f  a r a d i a l  
t r u c k  a l i g n  t h e m s e l v e s  i n  n e g o t i a t i n g  a c u r v e .  The f i r s t  method  
s i m p l y  u s e s  t h e  d i f f e r e n c e  b e t w e e n  t h e  a n g l e s  o f  a t t a c k  o f  t h e  
two w h e e l s e t s  r e l a t i v e  t o  t h e  r a i l :

XNG1 = AWR1 - AWR2

T h i s  r e l i e s  on t h e  a s s u m p t i o n  t h a t  t h e  r a i l  i s  e s s e n t i a l l y  
t a n g e n t  f o r  t h e  l e n g t h  o f  t h e  t r u c k ,  w h i c h  i s  o b v i o u s l y  n o t  t r u e  
i n  a c u r v e .  Ho we v e r ,  i f  t h e  l o c a l  r a d i u s  o f  c u r v a t u r e  o f  t h e  
t r a c k  i s  known,  t h e  a n g l e  s u b t e n d e d  by a c h o r d  o f  t h e  l e n g t h  o f
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t h e  t r u c k  w h e e l b a s e  can  be  s u b t r a c t e d  from XNG1 t o  d e f i n e  t h e  
a n g l e  f ormed  by t h e  two a x l e s .  The s e c o n d  m e t h o d ,  w h i c h  i s  v a l i d  
f o r  t h e  DR-1 t r u c k  b ut  n o t  f o r  t h e  B a r b e r - S c h e f f e 1 ,  u s e s  t h e  f o u r  
m e a s u r e m e n t s  o f  a x l e  l o n g i t u d i n a l  d i s p l a c e m e n t  r e l a t i v e  t o  t h e  
t r u c k  s i d e  f r a me :

XNG2 = 4 3 . 5 2 ( D 2 1 + D 2 2 - D 1 9 - D 2 0 ) .

T h i s  me t h o d  c a n n o t  be  a p p l i e d  t o  t h e  B a r b e r  S c h e f f e l  b e c a u s e  t h e  
D19-D22  m e a s u r e m e n t s  a r e  o f  d i s p l a c e m e n t  r e l a t i v e  t o  t h e  s p e c i a l  
s h e a r  pad h o u s i n g s ,  w h i c h  c a n  i n  t u r n  a l i g n  t h e m s e l v e s  r e l a t i v e  
t o  t h e  s i d e  f r a m e s .  Even f o r  t h e  DR-1 t r u c k ,  XNG2 mus t  be  
r e g a r d e d  a s  an a p p r o x i m a t i o n  b e c a u s e  t h e  s i d e  f r a m e s  and b o l s t e r  
a r e  n o t  r i g i d l y  c o n n e c t e d ,  b u t  a r e  s u b j e c t  t o  a l o z e n g i n g  or  
p a r a l l e l o g r a m m i n g  t y p e  o f  d i s t o r t i o n .

The w h e e l / r a i l  f o r c e  e q u a t i o n s  w e r e  s u p p l e m e n t e d  w i t h  some  
new e q u a t i o n s  d e s i g n e d  t o  p r o v i d e  a d d i t i o n a l  p h y s i c a l  i n s i g h t s  
and t o  s e r v e  a s  c r o s s - c h e c k s  on t h e  l a t e r a l  and v e r t i c a l  f o r c e  
e s t i m a t e s .  T h e s e  i n c l u d e  t h e  w h e e l s e t  n e t  l a t e r a l  f o r c e s :

FL1 = FLR1 - FLL1
FL2 = FLR2 - FLL2,

t h e  n e t  v e r t i c a l  and l a t e r a l  f o r c e s  on t h e  t r u c k :

FVNT = FVR1 + FVL1 + FVR2 + FVL2
FLNT = FLR1 + FLR2 - FLL1 - FLL2,

and t h e  t r u c k  s i d e  l a t e r a l / v e r t i c a l  f o r c e  r a t i o s :

QLFT = (FLL1 + FLL2) / ( FVL1 + FVL2)
QRGT = ( FLR1 + FLR2) / (FVR1 + FVR2) .
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The n e t  v e r t i c a l  t r u c k  f o r c e  s h o u l d  h a v e  a l o n g - t e r m  mean v a l u e  
c o m p a r a b l e  t o  h a l f  t h e  t a r e  w e i g h t  o f  t h e  c a r  ( s t e a d y - s t a t e  l o a d  
on t h e  t r u c k ) .  Tl\e t r u c k  s i d e  L/V f o r c e  r a t i o s  c a n  b e  u s e d  t o  
e v a l u a t e  t h e  p o t e n t i a l  f o r  r a i l - r o l l o v e r  d e r a i l m e n t s .

The c r o s s - c h e c k s  on t h e  d a t a  r e d u c t i o n  p r o c e d u r e s  w e r e  
i m p l e m e n t e d  u s i n g  a l t e r n a t e  d e r i a t i o n s  f o r  o n e  o f  t h e  l a t e r a l  
w h e e l / r a i l  f o r c e s  and f o r  t h e  n e t  l a t e r a l  f o r c e  on t h e  b e a r i n g  
a d a p t e r s .  The c a l c u l a t i o n s  o f  t h e  l a t e r a l  f o r c e s  on t h e  b e a r i n g  
a d a p t e r s  ( n e t  p e r  w h e e l s e t )  w e r e  d e r i v e d  from c o r r e c t e d  v e r s i o n s  
o f  t h e  e q u a t i o n s  i n  A p p e n d i x  C o f  t h e  Type  I T e s t  R e s u l t s  R e p o r t ,  
y i e l d i n g

FNL1 = 0 . 0 4 3 7  ( - 1 . 9 5  ( ( R l - V ) - ( L l - V ) ) -BMA1+BMA2)
FNL2 = 0 . 0 4 3 7  ( - 1 . 9 5  ( ( R2- V ) - ( L2- V ) ) -BMA3+BMA4) .

The d i f f e r e n c e  b e t w e e n  t h e  two l a t e r a l  f o r c e s  c a l c u l a t e d  u s i n g  
t h e  e q u a t i o n s  i n  t h e  Type I I  R e s u l t s  R e p o r t  i s :

FLR1-FLL1 = 0 . 0 5 5 5 6 ( 1 . 9 5 ( ( R1- V ) - ( L I - V ) ) -BMA1 + BMA2) .

The c o e f f i c i e n t  i s  d i f f e r e n t  b e c a u s e  t h i s  method  a s s u me d  t h e  
l a t e r a l  f o r c e  a t  t h e  b e a r i n g  a d a p t e r  t o  be  a c t i n g  a l o n g  t h e  a x l e  
c e n t e r l i n e  r a t h e r  t h a n  a t  t h e  a x l e  r a d i u s .  The d i f f e r e n t  s i g n  on 
t h e  a x l e  b e n d i n g  moment t e r m a p p e a r s  t o  b e  a d i s c r e p a n c y  b e t w e e n  
t h e  two d e r i v a t i o n s ,  p e r h a p s  a t t r i b u t a b l e  t o  i n c o n s i s t e n t  s i g n  
c o n v e n t i o n s .
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4 . EXAMINATION OF TEST DATA

The TDOP P h a s e  I I  t e s t  d a t a  were  r e v i e w e d  c a r e f u l l y  t o  
e s t a b l i s h  t h e i r  s u i t a b i l i t y  f o r  u s e  i n  e v a l u a t i n g  t h e  f o r c e  
e n v i r o n m e n t  e x p e r i e n c e d  by t h e  b e a r i n g  a d a p t e r s .  T h i s  i n v o l v e d  
e x a m i n a t i o n  o f  t h e  t r u c k  i n s t r u m e n t a t i o n  c h a n n e l s ,  b u t  g e n e r a l l y  
n o t  o f  t h e  c a r b o d y  c h a n n e l s .  I t  was n e c e s s a r y  t o  go t h r o u g h  t h i s  
p r o c e s s  t o  g a i n  a c o m p l e t e  u n d e r s t a n d i n g  o f  t h e  s i g n i f i c a n c e  o f  
e a c h  c h a n n e l  and t o  i d e n t i f y  any p r o b l e m s  w i t h  p a r t i c u l a r  
c h a n n e l s .  I t  a l s o  h e l p e d  i n  t h e  e v a l u a t i o n  o f  t h e  c o n f i d e n c e  
w i t h  w h i c h  t h e  me a s ur e d  d a t a  c o u l d  be u s e d  t o  e s t i m a t e  t h e  
i m p o r t a n t  m e a s u r e s  o f  t r u c k  p e r f o r m a n c e .  In t h i s  c h a p t e r ,  t h e  
t e s t  d a t a  i n  s e v e r a l  ma j o r  c a t e g o r i e s  a r e  r e v i e w e d  and a s s e s s e d :

1 .  W h e e l / r a i l  d i s p l a c e m e n t  and a n g l e  o f  a t t a c k

2.  S t r a i n s  i n  r a d i a l  t r u c k  c r o s s  arm and s t r u t  
( B a r b e r - S c h e f f e l )

3 .  Dynamic f o r c e s  i n  s u p e n s i o n  s p r i n g s

4 .  A x l e  l o n g i t u d i n a l  d i s p l a c e m e n t s

5 .  A x l e  b e n d i n g  moments

6 .  B e a r i n g  a d a p t e r  f o r c e s

7 .  Net  w h e e l / r a i l  f o r c e s

8.  L/V f o r c e  r a t i o s

U n l e s s  o t h e r w i s e  n o t e d  t h e  t e s t  d a t a  t o  be  i l l u s t r a t e d  w e r e  from  
t h e  s t a r t  o f  c u r v e  n e g o t i a t i o n  t e s t  c a s e  BS002A on t h e  
B a r b e r - S c h e f f e l  t r u c k .  T h i s  was on t a n g e n t  t r a c k  ( p r i o r  t o  t h e
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f i r s t  c u r v e )  a t  a s p e e d  o f  26 mph.  The a b s c i s s a s  o f  t h e  
t i m e - h i s t o r y  p l o t s  a r e  l a b e l l e d  by number o f  s a m p l e s  a t  200  Hz.  
T h e r e f o r e ,  a l a b e l  o f  200 c o r r e s p o n d s  t o  o n e  s e c o n d .

4 . 1  W h e e l / R a i l  D i s p l a c e m e n t  and A n g l e  o f  A t t a c k

The l a t e r a l  d i s p l a c e m e n t s  and a n g l e s  o f  a t t a c k  o f  t h e  two  
w h e e l s e t s  r e l a t i v e  t o  t h e  r a i l  a r e  d e t e r m i n e d  f rom e i g h t  e d d y  
c u r r e n t  t r a n s d u c e r s ,  on c h a n n e l s  P 1 - P 8 .  T h e s e  m e a s u r e  t h eid i s t a n c e s  t o  t h e  w h e e l  r i m and t h e  o u t e r  r a i l  f a c e  f o r e  and a f t  
o f  e a c h  a x l e  c e n t e r l i n e .  The i n d i v i d u a l  d a t a  c h a n n e l s  a r e  n o t  
v e r y  r e v e a l i n g  by t h e m s e l v e s , '  a l t h o u g h  t h e y  c a n  be  more  
i n t e r e s t i n g  when p l o t t e d  i n  c o m b i n a t i o n s .  An e x a m p l e  o f  t h i s  i s  
F i g u r e  4 . 1 ,  w h i c h  shows  t h e  d i s t a n c e s  m e a s u r e d  t o  t h e  r a i l  by t h e  
t r a n s d u c e r s  f o r e  and a f t  o f  a x l e  1.

F i g u r e  4 . 1  p r o v i d e s  a c o n v i n c i n g  i l l u s t r a t i o n  t h a t  t h e  
m a j o r i t y  o f  t h e  s i g n a l  o b s e r v e d  on t h e s e  c h a n n e l s  i s  p r o d u c e d  by 
t r a c k  g e o m e t r y  v a r i a t i o n s .  The two c u r v e s  a r e  p h a s e  s h i f t e d  by a 
t i m e  i n t e r v a l  e q u i v a l e n t  t o  t h e  t i m e  i t  t o o k  f o r  t h e  t e s t  c a r  t o  
t r a v e l  t h e  d i s t a n c e  s e p a r a t i n g  t r a n s d u c e r s  P2 and P4 .  The s h a p e s  
o f  t h e  c u r v e s  a r e  n e a r l y . i d e n t i c a l , i n d i c a t i n g  t h a t  t h e y  a r e  
m e a s u r i n g  t h e  same t h i n g  a t  d i f f e r e n t  t i m e s .  F i n a l l y ,  t h e  m a j o r  
d i p s  i n  e a c h  c u r v e  a r e  s e p a r t e d  by o n e  s e c o n d ,  c o r r e s p o n d i n g  v e r y  
c l o s e l y  t o  t h e  3 9 - f o o t  i n t e r v a l  b e t w e e n  r a i l  j o i n t s .  The p h a s e  
s h i f t  a p p a r e n t  i n  F i g .  4 . 1  means  t h a t  t h e  d a t a  r e d u c t i o n  
e q u a t i o n s  w h i c h  w e r e  l i s t e d  i n  F i g .  3 . 1  f o r  t h e  w h e e l / r a i l  
d i s p l a c e m e n t  and a n g l e  o f  a t t a c k  s h o u l d  n o t  be  u s e d  d i r e c t l y  on 
t h e  raw t e s t  d a t a .  R a t h e r ,  t h e  d a t a  c h a n n e l s  f o r  t h e  
t r a n s d u c e r s  mount ed  a he a d  o f  t h e  a x l e s  (P2 and P6)  s h o u l d  be  
d e l a y e d  by a t i m e  i n t e r v a l  e q u a l  t o  t h e  p h a s e  s h i f t  r e l a t i v e  t o  
t h e  b e h i n d - a x l e  c h a n n e l s  (P4  and P8 )  b e f o r e  a p p l y i n g  t h e  d a t a  
r e d u c t i o n  e q u a t i o n s .

The s u g g e s t e d  s h i f t i n g  o f  t h e  two c h a n n e l s  w i l l  l e a d  t o  
i mpr ov e d  e s t i m a t e s  o f  a n g l e  o f  a t t a c k ,  b u t  w i l l  s t i l l  l e a v e  t h e
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l a t e r a l  d i s p l a c e m e n t  e s t i m a t e s  w i t h  two  p r o b l e m s .  The f i r s t  i s  
t h a t  t h e  l a t e r a l  d i s p l a c e m e n t  o f  t h e  w h e e l  r e l a t i v e  t o  t h e  r a i l  
w i l l  a p p e a r  t o  c h a n g e  a b r u p t l y  a t  e a c h  r a i l  j o i n t  ( o r  o t h e r  t r a c k  
p e r t u r b a t i o n )  r e g a r d l e s s  o f  w h e t h e r  o r  n o t  i t  r e a l l y  c h a n g e s .
T h i s  can  be a v o i d e d  by l o w - p a s s  f i l t e r i n g  o f  t h e  d a t a  t o  
e l i m i n a t e  t h e  f a s t  t r a n s i e n t s  and t o  r e s t r i c t  a t t e n t i o n  t o  t h e  
s l o w ,  q u a s i - s t e a d y  c h a n g e s  i n  w h e e l / r a i l  l a t e r a l  d i s p l a c e m e n t .
The s e c o n d  p r o b l e m  w i t h  t h e  l a t e r a l  d i s p l a c e m e n t  e s t i m a t e s  i s  t h e  
l a c k  o f  s u i t a b l e  c a l i b r a t i o n  d a t a  t o  t e l l  what  v a l u e s  o f  t h e  
d i f f e r e n c e s  b e t w e e n  t h e  m e a s u r e m e n t s  t o  t h e  w h e e l  r im and t o  t h e  
r a i l  c o r r e s p o n d  t o  z e r o  l a t e r a l  d i s p l a c e m e n t .  A p p en d i x  E o f  t h e  
TDOP Type I I  T e s t  R e s u l t s  R e p o r t  c o n t a i n s  o ne  s e t  o f  s t a t i c  t e s t  
d a t a  f o r  t e s t  run BS - 01 2  on t h e  B a r b e r - S c h e f f e l  t r u c k ,  s h o w i n g  
t h e  d i s t a n c e  from e a c h  t r a n s d u c e r  t o  t h e  w h e e l  o r  r a i l .  
U n f o r t u n a t e l y ,  a l l  o f  t h e s e  d i s t a n c e s  p r o v e d  t o  be s i g n i f i c a n t l y  
l a r g e r  t h a n  t h e  mean v a l u e s  o b s e r v e d  on t h e  t a p e  f o r  t e s t  B S- 00 2 A  
a t  t h e  s t a r t  ( t a n g e n t  t r a c k )  or  i n  e i t h e r  c u r v e  #2 o r  #3 
( r e s p e c t i v e l y  l e f t - h a n d  and r i g h t - h a n d  c u r v e s  o f  g r e a t e r  t h a n  
6 ° ) .  I n de e d  t h e  s t a t i c  t e s t  d i s t a n c e s  e x c e e d e d  t h e  maxima  
o b s e r v e d  i n  t h e s e  two s h a r p  c u r v e s  i n  a l l  b u t  two c a s e s  ( c h a n n e l s  
P6 and P8 i n  c u r v e  # 2 ) .  The minimum v a l u e s  o f  d i s p l a c e m e n t  
r e l a t i v e  t o  t h e  r a i l  wer e  n e g a t i v e  f o r  a l l  t r a n s d u c e r s  i n  c u r v e  
# 3 ,  whi ch  woul d  a p p e a r  t o  be  d i f f i c u l t  t o  a c h i e v e  p h y s i c a l l y  and  
may i mp l y  t h e  e x i s t e n c e  o f  a c a l i b r a t i o n  p r o b l e m .  Bas ed  on t h e s e  
o b s e r v a t i o n s ,  i t  i s  d o u b t f u l  t h a t  t h e  ( true l a t e r a l  d i s p l a c e m e n t  
o f  t h e  w h e e l s e t s  c an  be i d e n t i f i e d  from t h e  t e s t  d a t a ,  a l t h o u g h  
t h e  r e l a t i v e  l a t e r a l  d i s p l a c e m e n t s  f o r  d i f f e r e n t  c u r v e s  i n  t h e  
same t e s t  run s h o u l d  be  i d e n t i f i a b l e .

P r o c e e d i n g  w i t h  t h i s  c a u t i o n  i n  m i n d ,  i t  i s  s t i l l  
i n t e r e s t i n g  t o  o b s e r v e  t h e  i n t e r m e d i a t e  q u a n t i t i e s  w h i c h  a r e  
c a l c u l a t e d  i n  o r d e r  t o  e s t i m a t e  w h e e l s e t  l a t e r a l  d i s p l a c e m e n t s  
u s i n g  t h e  TDOP d a t a  r e d u c t i o n  e q u a t i o n s  w i t h o u t  t h e  s u g g e s t e d  
c o r r e c t i o n s .  F i g u r e s  4 . 2  and 4 . 3  show t h e  d i s t a n c e s  t o  r a i l  and 
w h e e l  r e s p e c t i v e l y  a t  t h e  l e a d  a x l e  f o r  t h e  f i r s t  f o u r  s e c o n d s  o f
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F i g u r e  4 . 2  - Computed D i s t a n c e  t o  R a i l  a t  Lead  Ax 1 e ( LR S 1)
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F i g u r e  4 . 3  - Computed D i s t a n c e  t o  Whee l  a t  
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t e s t  BS - 00 2 A .  W h i l e  t h e  r a i l  me a s u r e me n t  i s  d o m i n a t e d  by t h e  
r e l a t i v e l y  low f r e q u e n c y  a s s o c i a t e d  w i t h  l a r g e  t r a c k  g e o m e t r y  
v a r i a t i o n s ,  t h e  w h e e l  me a s ur e me n t  i s  d o m i n a t e d  by s m a l l e r  
a m p l i t u d e  v a r i a t i o n s  a t  a h i g h e r  f r e q u e n c y ,  a s s o c i a t e d  w i t h  
i n d i v i d u a l  w h e e l  r o t a t i o n s .  T h i s  i s  i l l u s t r a t e d  v e r y  
d r a m a t i c a l l y  i n  F i g u r e  4 . 4 ,  wh i ch  shows  t h e  a n g l e  b e t w e e n  t h e  
w h e e l  and t h e  b r a c k e t  h o l d i n g  t h e  t r a n s d u c e r s  a t  a x l e  1 ,  d e r i v e d  
from t h e  d i f f e r e n c e  b e t w e e n  PI and P3.  The l a r g e ,  n e a r l y  
s i n u s o i d a l ,  wav e f orm c o r r e s p o n d s  t o  w h e e l  r o t a t i o n s ,  and t h e  v e r y  
r e p e a t a b l e  p e r t u r b a t i o n s  n e a r  t h e  p e a k s  p r o b a b l y  r e p r e s e n t  
s u r f a c e  i r r e g u l a r i t i e s  on t h e  w he e l  r i m .  F i g u r e  4 . 4  shows  how a 
w h e e l  w o b b l e  p r o d u c e d  by a w h e e l - t o - a x l e  m i s a l i g n m e n t  o f  a b o u t  6 
a r c  m i n u t e s  c an  c o n t r u b u t e  s i g n i f i c a n t l y  t o  t h e  a n g l e - o f - a t t a c k  
c a l c u l a t i o n s .  T h i s  s h o u l d  be removed i n  f u t u r e  a t t e m p t s  t o  a p p l y  
t h e  TDOP a n g l e - o f - a t t a c k  d a t a  by a p p r o p r i a t e  c o m p e n s a t i o n  
( s u b t r a c t i o n  o f  t h e  w h e e l - w o b b l e  c o m p o n e n t ) .

The c a l c u l a t e d  v a l u e s  o f  t h e  a n g l e s  b e t w e e n  t h e  t r a n s d u c e r  
b r a c k e t s  and t h e  r a i l  a r e ,  a s  e x p e c t e d ,  d o m i n a t e d  by t h e  t r a c k  
g e o m e t r y  and p a r t i c u l a r l y  t h e  r a i l  j o i n t s .  F i g u r e  4 . 5  shows  an 
e x a m p l e  f o r  a b o u t  6 . 3  s e c o n d s  o f  t e s t  d a t a ,  w i t h  t h e  s h a r p  p e a k s  
c a u s e d  by t h e  s u c c e s s i v e  p a s s a g e  o f  t r a n s d u c e r s  P2 and P4 o v e r  
t h e  r a i l  j o i n t .

The f i n a l  p r o d u c t s  o f  t h e  m e a s u r e m e n t s  w h i c h  h a v e  b e e n  
d e s c r i b e d  h e r e  a r e  t h e  e s t i m a t e s  o f  w h e e l - r a i l  l a t e r a l  
d i s p l a c e m e n t  and a n g l e  o f  a t t a c k .  The l a t e r a l  d i s p l a c e m e n t  
e s t i m a t e s  f o r  t h e  two i n s t r u m e n t e d  w h e e l s e t s  a r e  shown i n  F i g u r e  
4 . 6 .  The d o m i n a nt  i n f l u e n c e  o f  t r a c k  g e o m e t r y  i s  a p p a r e n t  from  
t h e  p h a s e  s h i f t  c o r r e s p o n d i n g  t o  t h e  t r u c k  w h e e l b a s e .  The b i a s  
s e p a r a t i n g  t h e  two c u r v e s  c o u l d  r e p r e s e n t  a r e a l  d i f f e r e n c e  
b e t w e e n  t h e  two w h e e l s e t s  or  c o u l d  be  t h e  r e s u l t  o f  d i f f e r e n t  
t r a n s d u c e r  m o u n t i n g  g e o m e t r i e s  or  c a l i b r a t i o n  c o n d i t i o n s .  
U n f o r t u n a t e l y ,  i t  i s  n o t  p o s s i b l e  t o  t e l l  w h i c h  e x p l a n a t i o n  
a p p l i e s .  The c omp ut ed  a n g l e s  o f  a t t a c k  o f  t h e  two w h e e l s e t s  f o r  
o ne  s e c o n d  o f  t e s t  t i m e  a r e  shown i n  F i g u r e  4 . 7 ,  whe r e  t h e
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Figure 4.4
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F i g u r e  4 . 5  - Computed A n g l e  t o  R a i l  a t  Lead A x l e  
( A R S 1 ) ,  Sho wi ng  R a i l  J o i n t s
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F i g u r e  4 . 6  - Computed Mean L a t e r a l  D i s p l a c e m e n t s  
o f  W h e e l s e t s  (LWR1 and LWR2),  
S ho wi ng  R a i l  J o i n t s
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F i g u r e  4 . 7  - Computed W h e e l / R a i l  A n g l e s  o f
A t t a c k ,  L e a d i n g  and T r a i l i n g  A x l e s  ( AWR1 and AWR2)
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i n f l u e n c e  o f  t r a c k  g e o m e t r y  i s  o n c e  a g a i n  a p p a r e n t .  T h e s e  
r e s u l t s  a r e  v i r t u a l l y  u s e l e s s  f o r  e v a l u a t i n g  v e h i c l e  dy n a mi c  
r e s p o n s e  i n  t h e i r  p r e s e n t  c o n d i t i o n  b e c a u s e  t h e  t r u e  a n g l e  o f  
a t t a c k  i s  s ubmerged  b e l o w  t h e  much l a r g e r  i n f l u e n c e  o f  t r a c k  
g e o m e t r y  v a r i a t i o n s .  Wi th  a p p r o p r i a t e  p h a s e  s h i f t i n g  o f  c h a n n e l s  
and c o m p e n s a t i o n  f o r  w h e e l  w o b b l e  t h e s e  m e a s u r e m e n t s  may be a b l e  
t o  p r o v i d e  h i g h - q u a l i t y  e s t i m a t e s  o f  a n g l e  o f  a . t t a c k .

The d i f f e r e n c e  b e t w e e n  t h e  two a n g l e s  o f  a t t a c k ,  XNG1, i s  
p l o t t e d  i n  F i g u r e  4 . 8  a s  a c r u d e  e s t i m a t e  o f  t h e  a n g l e  f ormed  by 
t h e  two w h e e l s e t s  on t a n g e n t  t r a c k .  T h i s  e s t i m a t e  i s  o f  c o u r s e  
c o r r u p t e d  by t h e  same p r o b l e m s  w h i c h  p l a g u e  t h e  e s t i m a t e s  o f  t h e  
i n d i v i d u a l  a n g l e s  o f  a t t a c k .  An a l t e r n a t i v e  c a l c u l a t i o n  o f  t h e  
a n g l e  b e t w e e n  t h e  two w h e e l s e t s  a p p r o r i a t e  f o r  a DR-1 t r u c k  i s  
XNG2, shown i n  F i g u r e  4 . 9 .  B e c a u s e  o f  t h e  u n u s u a l  c o n s t r u c t i o n  
o f  t h e  B a r b e r - S c h e f f e l  t r u c k ,  t h i s  i s  n o t  a v a l i d  r e p r e s e n t a t i o n  
o f  t h e  a l i g n i n g  o f  i t s  w h e e l s e t s .  H o we v e r ,  t h e  XNG1 c a l c u l a t i o n  
c a n  p r o b a b l y  be  o f  u s e  a f t e r  t h e  a n g l e  o f  a t t a c k  c a l c u l a t i o n  
p r o c e d u r e s  a r e  r e f i n e d  i n  t h e  s u g g e s t e d  w a y s .  Even u s i n g  t h e  
p r o c e d u r e s  s p e c i f i e d  i n  t h e  TDOP d a t a  r e d u c t i o n  e q u a t i o n s ,  t h e  
d i f f e r e n c e s  b e t w e e n  n e g o t i a t i o n  o f  l e f t  and r i g h t  hand c u r v e s  c a n  
be  d i s t i n g u i s h e d .  F i g u r e s  4 . 1 0  and 4 . 1 1  show XNG1 i n  " s t e a d y  
s t a t e "  c u r v i n g  on two  6 °  c u r v e s ,  o n e  l e f t  hand and t h e  o t h e r  
r i g h t  h an d .  The mean v a l u e  o f  XNG1 was - 2 8 . 0 1  a r c  m i n u t e s  i n  t h e  
l e f t  hand c u r v e  and - 8 . 6 1  a r c  m i n u t e s  i n  t h e  r i g h t  hand c u r v e .

4 . 2  S t r a i n s  i n  R a d i a l  Truck  C r o s s  Arm and S t r u t
<

S t r a i n  g a u g e s  w e r e  a p p l i e d  t o  o n e  c r o s s - a r m  and one  
c r o s s - s t r u t  o f  t h e  B a r b e r - S c h e f f e l  t r u c k ,  b u t  t h e y  w e r e  n o t  
c a l i b r a t e d  d u r i n g  t h e  TDOP p r o j e c t .  The r e s u l t s  w h i c h  a r e  
a v a i l a b l e  a r e  t h e r e f o r e  i n  t h e  f o rm o f  v o l t a g e s  r a t h e r  t h an  
f o r c e s ,  and can  o n l y  be  u s e d  t o  show r e l a t i v e  t r e n d s  r a t h e r  t h a n  
a b s o l u t e  m a g n i t u d e s .  As F i g u r e  4 . 1 2  s h o w s ,  t h e  v a r i a t i o n s  i n  
s t r a i n  f o r  an empty  c a r  on t a n g e n t  t r a c k  w e r e  s m a l l  e no u g h  t h a t
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F i g u r e  4 . 8  - A n g u l a r  D i f f e r e n c e  B e t we e n  A x l e s  
(XNG1) ,  C a l c u l a t e d  From A n g l e s  o f  A t t a c k
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F i g u r e  4 . 9  - A n g u l a r  D i f f e r e n c e  B e t w e e n  A x l e s  
(XNG2) ,  C a l c u l a t e d  From A x l e  
L o n g i t u d i n a l  D i s p l a c e m e n t s
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F i g u r e  4 . 1 0  - A n g u l a r  D i f f e r e n c e  
(XNGl) on Curve #2 
Hand Cur v e )

2SQQ.9 256G.0

B e t we e n  A x l e s  ( 6 . 2 °  L e f t
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F i g u r e  4 . 1 1  - A n g u l a r  D i f f e r e n c e  B e t w e e n  A x l e s  
(XNGlj  on Curve  #3 ( 6 . 1 °  R i g h t  Hand C u r v e )
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F i g u r e  4 . 1 2  - Cross - Arm S t r a i n  Gauge V o l t a g e  on  
Ta n g en t  T r a c k  ( B l ) ,  U n f i l t e r e d
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t h e  l o w e r  l i m i t  o f  t h e  d y n a m i c  r a n g e  o f  t h e  i n s t r u m e n t a t i o n  
s y s t e m  was  e n c o u n t e r e d  ( " j u m p i n e s s "  o f  t h e  . c u r v e ) .  T h i s  c o u l d  be  
s m o o t h e d  by f i l t e r i n g  a t  50Hz ( F i g u r e  4 . 1 3 )  or  20Hz ( F i g u r e  
4 . 1 4 ) .  The r e l a t i o n s h i p  b e t w e e n  v a r i a t i o n s  i n  t h e  s t r a i n  o f  t h e  
c r o s s  arm and t h e  s t r u t  d i d  n o t  a p p e a r  t o  be  s t r o n g  on t a n g e n t  
t r a c k  ( F i g u r e  4 . 1 5 ) .

S t e a d y  c u r v e  n e g o t i a t i o n  r e s u l t s  f o r  a f u l l y  l o a d e d  c a r  on 
t h e  B a r b e r - S c h e f f e l  t r u c k s  ( f r o m  t e s t  run  BS 0 1 0 )  p r o v i d e  
a d d i t i o n a l  i n f o r m a t i o n .  For  t h e  l e f t  hand 6 . 2 °  c u r v e ,  F i g u r e s
4 . 1 6  and 4 . 1 7  show l i t t l e  a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  t h e  
s t r a i n s  i n  t h e  c r o s s  arm and s t r u t  ( f o r  t i m e  i n t e r v a l s  o f  1 
s e c o n d  and 1 2 . 5  s e c o n d s  r e s p e c t i v e l y ) .  On t h e  6 . 1 °  r i g h t  hand  
c u r v e ,  F i g u r e s  4 . 1 8  and 4 . 1 9  i l l u s t r a t e  an a p p a r e n t  n e g a t i v e  
c o r r e l a t i o n  b e t w e e n  t h e s e  s t r a i n s .  A l s o  n o t e  t h e  r e v e r s a l  o f  
s i g n  f o r  the'  two s t r a i n s  on t h e  o p p o s i n g  c u r v e s  ( F i g u r e s  4 . 1 7  and  
4 . 1 9 ) .

The raw c a l i b r a t i o n  d a t a  f o r  t h e  DR-1 s t e e r i n g  arm s t r a i n  
g a u g e s  ( i n  A p p en d i x  B o f  t h e  Type I I  T e s t  R e s u l t s  R e p o r t )  w ere  
u s e d  t o  d e v e l o p  r e l a t i o n s h i p s  b e t w e e n  t h e  s t r a i n  g a u g e  v o l t a g e s  
on t h e  d a t a  t a p e s  and t h e  l a t e r a l  f o r c e s  i m p o s e d  on a w h e e l s e t .  
T h i s  l e d  t o  two f o r c e  e s t i m a t e s ,  b a s e d  on u s e  o f  t h e  two s t r a i n  
g a u g e  c h a n n e l s :

FSA1 = 7 30 0  B1
FSA2 = 3 47 0  B2

The a p p r o x i m a t e  f a c t o r  o f  two d i f f e r e n c e  may h a v e  b e e n  t h e  
c o n s e q u e n c e  o f  o n l y  h a v i n g  a h a l f  b r i d g e  f o r  B1 r a t h e r  t h a n  a 
f u l l  b r i d g e .  The c a l i b r a t i o n  f o r  B2 a p p e a r e d  t o  be  much more  
s t a b l e  and l i n e a r ,  and f o r t u n a t e l y  i t  was  B1 r a t h e r  t h a n  B2 w h i c h  
was d e s t r o y e d  e a r l y  i n  t h e  t e s t .  C o n s i d e r a b l e  u n c e r t a i n t y  s t i l l  
s u r r o u n d s  t h e s e  v a l u e s  b e c a u s e  o f  t h e  p o s s i b i l i t y  t h a t  t h e  
e x c i t a t i o n  v o l t a g e  u s e d  i n  t h e  t e s t  p ro g ra m was h a l f  o f  t h a t  u s e d  
f o r  t h e  c a l i b r a t i o n s  and b e c a u s e  o f  some d o u b t s  a b o u t  t h e  p r e c i s e  
p o s i t i o n i n g  o f  t h e  s t r a i n  g a u g e s  and a b o u t  t h e  c a l i b r a t i o n  
c o n d i t i o n s  ( p o i n t s  o f  f o r c e  a p p l i c a t i o n  and r e s t r a i n t s  on

52
(



ST
RA

IN
 G

AU
GE

 V
OL

TA
GE

 
(m

V)

Figure 4.13 - Cross-Arm Strain Gauge Voltage on
Tangent Track (Bl), Filtered at 50Hz
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Figure 4.14 - Cross-Arm Strain Gauge Voltage on
Tangent Track (Bl), Filtered at 20Hz

54



ST
RA

IN
 G

AU
GE

 V
OL

TA
GE

 
(m

V)

Figure 4.15 - Cross-Arm and Cross-Strut Strain
Gauge Voltages on Tangent Track (B1 
and B2), Filtered at 50Hz
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Figure 4.16 - Cross-Arm and Cross-Strut Strain 
Gauge Voltages in Curve #2 (6.2° 
Left Hand Curve), 1 Second Duration
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Figure 4.17 - Cross-Arm and Cross-Strut Stain 
Gauge Voltages in Curve #2 (6.2° 
Left Hand Curve), 13 Seconds 
Duration
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Figure 4.18 - Cross-Arm and Cross-Strut Stain 
Gauge Voltages in Curve #3 (6.1° 
Right Hand Curve), 1 Second Duration
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Figure 4.19 - Cross-Arm and Gross-Strut Stain 
Gauge Voltages in Curve #3 (6.1° 
Right Hand Curve), 13 Seconds Duration
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wheelsets). Once again, the trends are likely to be of 
considerably more significance than the absolute magnitudes. In 
particular, because of the choice of calibration conditions, 
these strain gauge measurements cannot reveal the magnitude of 
the loads experienced by the steering arms, but may only indicate 
something of the lateral bearing adapter or wheel/rail forces 
which were imposed on the wheelset or truck.

4.3 Vertical Spring Dynamic Forces

The vertical deflections of the coil springs were used to 
estimate the variations in the forces transmitted across these 
springs for comparison with the variations in the bearing adapter 
vertical forces. The comparision would not be expected to be 
especially close because of the forces transmitted through the 
friction snubbers. The steady-state spring deflection (from 
vehicle weight alone) cannnot be readily identified because of 
unknown biases on the spring deflection channels (D1-D4). 
Therefore, only dynamic spring forces can be considered here.

The spring constants were not explicitly defined in any of 
the TDOP documentation, but were derived from the reported static 
vertical deflections of the loaded and unloaded cars. By 
equadring the ̂ if‘f^Yence^ih”TTies"e^deflections with the weight 
differences of the cars, it was estimated that the 
Barber-Scheffel had a vertical stiffness of 27,500 lb./in. for 
each side (left or right) of the truck and the DR-1 had a 
stiffness of 25,900 lb./in. These stiffnesses were multiplied by 
the average spring deflections [(D1 + D2)/2 on the right and (D3 
+ D4)/2 on the left] to derive the estimates of dynamic vertical 
force variations on each side of the truck.

The front and rear spring deflections on the right side of 
the instrumented truck, D1 and D2, appear to be almost mirror 
images of each other on the basis of the plots of Figures 4.20 
and 4.21. Similarly, D3 and D4 on the left side (Figures 4.22
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Figure 4.20 - Vertical Deflection of Right Front 
Suspension Spring (Dl)
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Figure 4.21 - Vertical Deflection of Right Rear 
Suspension Spring (D2)
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Figure 4.22 - Vertical Deflection of Left Front 
Suspension Spring (D3)
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Figure 4.23 - Vertical Deflection of Left Rear 
Suspension Spring (D4)
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and 4.23) are of opposite phase with each other, implying that 
truck pitch (or bolster,pitch) is the dominant response mode.
The magnitudes of the deflections are small enough to test the 
lower limit of the dynamic response range for all four of these 
channels. It seems odd that the left side is experiencing much 
higher frequency disturbances than the right side, even though 
the magnitudes are comparable. The net force variations 
associated with these spring deflections on the two sides of the 
truck are shown in Figures 4.24 and 4.25 for one and 6.5 seconds 
respectively. These force plots appear to bear little if any 
relationship to each other.

4.4, Axle Longitudinal Displacements

The longitudinal displacements of the axle ends relative to 
the truck side frames (or the shear pad housings on the Barber 
Scheffel) were recorded on channels D19-D22. These measurements 
may have had some zero offsets (biases), based on results 
observed in unperturbed operations on tangent track. If this 
were the case, the true zero displacement values could not really 
be known and only the^relative displacements could be 
investigated. Examples of these measurements for the 
Barber-Scheffel truck under an empty car are shown in Figures
4.26-4.28.

Figures 4.26 and 4.27 show the longitudinal displacements in 
inches of the left and right ends of the lead axle (without bias 
removal). Although these are almost perfectly in phase, the 
magnitudes are different by a factor of about 20, bringing the 
Figure 4.27 results down, to such a low level that the 
quantization effect of the D/A conversion is painfully apparent. 
This could have been caused, by an instrumentation problem or by 
some physical constraint on the truck which would keep the front 
left bearing adapter almost immobilized. Later segments of the 
same test run (BS-002A) in curves produced a much wider range of
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Figure 4.24 Vertical Truck Side Spring Dynamic 
Forces (one second duration)
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Figure 4.25 Vertical Truck Side Spring Dynamic 
Forces (six second duration)
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Figure 4.26 - Longitudinal Displacement of Left 
End of Front Axle (D21)
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Figure 4.27 - Longitudinal Displacement of Right 
Fnd of Front Axle (D19)
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Figure 4.28 - Longitudinal'Displacements of Both 
Ends of Rear Axle (D20, D22)
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J l
1  ̂ values on channel D19, so this was either the result of a

temporary physical constraint or an intermittent instrumentationi ! problem. Figure 4.28 shows the longitudinal displacements of 
both ends of the rear axle, which are almost identical in 

, ! waveform but appear to have different biases. The/1 resultSj for
both axles indicate that the axle displacements'at low speed on 
tangent track are mainly longitudinal translations and not 
yawing. The changes in the mean values oT: XD19-D22 for operations 
on different curves indicate the trends^fin wheelset alignment.

: 1 For test runs BS-002A and BS-010, therSe mean values changed very
substantially between curve #2 (6.2/ left) and curve #3 (6.2° 
right), and in most cases they had7opposite signs on these two 
curves. Because of the lingering7 uncertainty about the zero 
calibration points for these channels, this information should 
only be used to calculate steady state axle alignment estimates 
with caution. !f

4.5 Axle Bending Moments
i j

The. TDOP Phase II testing of the Type I trucks generated 32 
■ , channels of axle bending strain guage data, while the testing of

the Type II trucks produced 24 channels of these data (6 channels
 ̂ for each side of each axle). The quadrature pairs of gauges at

the same location (those located 90° apart around, the axle) are
used to estimate axle bending moments. The axle bending channels 
and their combinations in the data reduction process were 
scrutinized closely because of their significant influence on.the

J estimates of lateral wheel/rail forces.
A sample plot of three of the strain gauge channels on the 

' ; right side of the lead axle is shown in Figure 4.29. The large
I sinusoidal component corresponds to wheel rotations, and provides 

no information about force or moment variations. The three 
. J channels are phase shifted because of their differing locations

around the periphery of the axle. The biases which are apparent
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Figure 4.29 - Three Axle Bending Strain Gauge 
Channels, Front Axle, Right Side 
(G113, G115, G116)
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\

L. in the Figure (non-zero mean values) must be removed before
further use can be made of the data for estimating forces and 
moments.

The most serious problem apparent in the axle bending data 
is the roughness of the plots, indicating substantial changes in 
value from one sample to the next. This observation, coupled 
with the statements in several of the TDOP project reports about 
filtering of the axle bending data only at 500Hz, leads to a 
strong suspicion of aliasing on these data channels. Because 

: 1 these channels were sampled at 200Hz, any strains produced by
^ structural vibrations or external inputs at frequencies betweeni 100Hz and 500Hz would be expected to be aliased into the data, 

making them appear to be occurring at lower frequencies. It is 
• very likely that several lightly damped structural modes of the

• ' wheelset occur within this frequency range and would therefore
make appreciable contributions to the measured strains.

L Unfortunately, it is virtually impossible to remove the aliased
components after the sampling (in the absence of continuous  ̂

i analog data), so the axle bending channels must always be to some
extent suspect.

A graphic visualization of the use of a quadrature pair of 
strain gauges to estimate an axle bending moment is shown in 
Figure 4.30, which is a cross-plot of channels G109 and G113.

— When the biases are removed from these channels, the circular
pattern formed by the cross-plot will be centered at the origin..

( The radius of the "circle," such as it is, represents the net 
bending moment on the axle (most of which is attributable to 
vehicle weight). As Figure 4.30 illustrates, the jaggedness of 
the individual strain gauge channels produces very abrupt changes 

' 1 in the estimated bending moment. This effect can be countered by
low pass filtering, but the filtering will still not be able to 
eliminate all of the distortions produced by aliasing.

1 Figures 4.31-4.33 show one second of the data on axle
bending channel G109 unfiltered and then low-pass filtered at

t t
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Figure 4.30 - Cross-Plot of Quadrature Pair of 
Axle Bending Strain Gauges, Front 
Axle, Right Side (G109, G113)
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Figure 4.31 - Axle Bending Strain Gauge G109,
Unfiltered, One Second Duration
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Figure 4.32 - Axle Bending Strain Gauge G109,
Filtered at 50Hz, One Second
Duration
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Figure 4.33 - Axle Bending Strain Gauge G109,
Filtered at 20Hz, Once Second
Duration
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50Hz and 20Hz cutoff frequencies (4-pole Butterworth filters). 
Cross-plots of this channel with its quadrature pair G113 
filtered at 50Hz and 20Hz are shown in Figures 4.34 and 4.35 for 
comparison with Figure 4.30. Much of the roughness has been 
removed by the filtering, although the comparison is not 
completely fair because Figure 4.30 was based on a longer segment 
of the test run. Cross-plots of longer stretches of data (5 
seconds), filtered at 50Hz and 20Hz, are shown in Figures 4.36 
and 4.37.

The data reduction equations discussed in Chapter 3 were 
used to derive axle bending moment estimates from the axle strain 
gauge channels. A sample time history for the intermediate 
variable CVR1 (one bending moment from a quadrature pair on the 
right side of axle l) is shown in Figure 4.38. The many moderate 
size peaks in this curve do not match the peaks in the 
simultaneous curves for AVR1 and BVR1, which are the estimates of 
the same bending moments using the two other quadrature pairs at 
the same location. The one large peak at about 120 samples into 
the run does match (indicating that it must be a real physical 
phenomenon) but the other peaks are most likely artifacts of the 
aliased data. The three estimates of bending moments, AVR1, BVR1 
and CVR1, are averaged together to get R1V, which is shown in 
Figure 4.39. . The averaging process has not eliminated much of 
the roughness in this case.

Filtering (of the raw data channels) can greatly reduce the 
discrepancies among AVR1, BVR1 and CVR1, although it cannot 
entirely eliminate them. Figures 4.40 and 4.41 show the averaged 
estimates of the bending moment R1V when the data were low-pass 
filtered,at 50Hz and 20Hz. In the latter case, the separate 
components of the estimated moment were sufficiently similar to 
each other that most of the peaks and valleys probably correspond 
to real variations in the bending moment.

Not all of the axle bending strain gauge channels were found 
to be working satisfactorily all of the time. In particular,
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MEASURED BENDING MOMENT (in-lb), G109

F i g u r e  4 . 3 4  - C r o s s - P l o t  of Q u a d r a t u r e  P a i r  of A x l e  B e n d i n g  S t r a i n  G a u g e s  (G109,  G113) F i l t e r e d  at 50Hz, O n c e  S e c o n d  D u r a t i o n
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MEASURED BENDING MOMENT (in-lb), G109

F i g u r e  4 . 35  - C r o s s - P l o t  o f  Q u a d r a t u r e  P a i r  of A x l e  B e n d i n g  S t r a i n  G a u g e s  (G109, G113) F i l t e r e d  at 20Hz, O n e  S e c o n d  D u r a t i o n
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MEASURED BENDING MOMENT (in-lb), G109

F i g u r e  4 . 36  - C r o s s - P l o t  of Q u a d r a t u r e  P a i r  of  A x l e  B e n d i n g  S t r a i n  G a u g e s  ( G 109, G113) F i l t e r e d  at 50Hz, F i v e  S e c o n d s  D u r a t i o n
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MEASURED BENDING MOMENT (in-lb), G109

F i g u r e  4.37 - C r o s s - P l o t  o f  Q u a d r a t u r e  P a i r  of A x l e  B e n d i n g  S t r a i n  G a u g e s  (G109, G113) F i l t e r e d  at 20Hz, F i v e  S e c o n d s  D u r a t i o n
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F i g u r e  4 . 3 8  - C a l c u l a t e d  A x l e  B e n d i n g  M o m e n tC V R 1 , D e r i v e d  f r o m  Q u a d r a t u r e  P a ir  G10 9 and G113
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F i g u r e  4.39 - A v e r a g e d  A x l e  B e n d i n g  M o m e n tC a l c u l a t i o n  for R i g h t  S i d e  of F r o n t  A x l e  (R1V) U n f i l t e r e d
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SAMPLE NUMBERS

F i g u r e  4 . 4 0  - A v e r a g e d  A x l e  B e n d i n g  M o m e n tC a l c u l a t i o n  for R i g h t  S i d e  of F r o n t  A x l e  (R1V) U s i n g  D a t a  F i l t e r e d  at 50Hz
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99*9 199*9 199*9 299*9

F i g u r e

SAMPLE NUMBERS

.41 - A v e r a g e d  A x l e  B e n d i n g  M o m e n  C a l c u l a t i o n  for R i g h t  S i d e  A x l e  (R1V) U s i n g  D a t a  F i l t e  2 0 Hz
f F r o n t  ed at
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G 2 1 4  g a v e  r e a d i n g s  w h i c h  w e r e  o n l y  251 to 35% as l a r g e  as the 
r e a d i n g s  on t h e  o t h e r  g a u g e s  at the s a m e  l o c a t i o n  in r u n s  B S - 0 0 2 A  
a n d  B S - 0 1 0 .  It s h o u l d  be d e l e t e d  f r o m  t h e  d a t a  a n a l y s i s  for 
t h e s e  r u n s ,  l e a v i n g  o n l y  two q u a d r a t u r e  p a i r s  of g a u g e s .  L e s s  
s e r i o u s  s c a l e  f a c t o r  e r r o r s  c o u l d  be c o m p e n s a t e d  for b y  
n o r m a l i z i n g  t h e  a x l e  b e n d i n g  c h a n n e l s  by t h e i r  s t a n d a r d  
d e v i a t i o n s  ( a n a l o g o u s  to t h e  n o r m a l i z a t i o n  b y  R M S  w h i c h  w a s  c i t e d  
in t h e  T D O P  p r o j e c t  d o c u m e n t a t i o n ) .

4.6 B e a r i n g  A d a p t e r  F o r c e s

T h e  v e r t i c a l  b e a r i n g  a d a p t e r  f o r c e s  a n d  t h e i r  l i n e s  of 
a c t i o n  m u s t . b e  e x t r a c t e d  f r o m  12 c h a n n e l s  o f  s t r a i n  g a u g e  da ta ,  
f o u r  o f  w h i c h  a r e  u s e d  to e s t i m a t e  v e r t i c a l  f o r c e  m a g n i t u d e s  a n d  
e i g h t  o f  w h i c h  d e t e r m i n e  t h e  l i n e s  o f  a c t i o n  a n d  t h e  a p p r o p r i a t e  
c a l i b r a t i o n  f a c t o r s  for t h e  f o r c e s .  T h e  p r o c e d u r e s  f o r  r e d u c i n g  
t h e s e ' d a t a ,  u s i n g  the p u b l i s h e d  c a l i b r a t i o n  i n f o r m a t i o n ,  w e r e  
e x p l a i n e d  in S e c t i o n  3.2. S i g n i f i c a n t  q u e s t i o n s  h a v e  a r i s e n  
a b o u t  u n d o c u m e n t e d  d i f f e r e n c e s  b e t w e e n  t h e  s t r a i n  g a u g e  
e x c i t a t i o n  v o l t a g e s  a n d  g a i n  f a c t o r s  u s e d  in t h e  c a l i b r a t i o n s  a n d  
in t h e  v e h i c l e  t e st s .  In t h e  a b s e n c e  of p o s i t i v e  i n f o r m a t i o n  
a b o u t  t h e s e  d i f f e r e n c e s ,  it is n o t  p o s s i b l e  to p r o d u c e  d e f i n i t i v e  
e s t i m a t e s  of t h e  m a g n i t u d e s  of the b e a r i n g  a d a p t e r  or w h e e l / r a i l  
c o n t a c t  f o r c e s .

B e a r i n g  a d a p t e r  s t r a i n  g a u g e  d a t a  f r o m  t e s t s  of the  
B a r b e r - S c h e f f e l  t r u c k  w e r e  r e d u c e d  u s i n g  t h e  p r o c e d u r e s  of 
S e c t i o n  3.2, a s s u m i n g  no d i f f e r e n c e s  b e t w e e n  t h e  c a l i b r a t i o n  a n d  
t e s t  c o n d i t i o n s .  T h e  c a l i b r a t i o n s  f o r  t h e  D R - 1  b e a r i n g  a d a p t e r s  
w e r e  u s e d  f o r  t h i s  e x e r c i s e  o n  t h e  b a s i s  o f  t h e  s t a t e m e n t s  on  
p a g e  61 o f  t h e  Ty p e  II T r u c k  T e s t  R e s u l t s  R e p o r t .  H o w e v e r ,  s o m e  
u n c e r t a i n t y  a b o u t  w h i c h  set of a d a p t e r s  w a s  u s e d  o n  the 
B a r b e r - S c h e f f e l  h a s  b e e n  e x p r e s s e d  b y  s o m e  T D O P  p r o j e c t  
p a r t i c i p a n t s ,  i n t r o d u c i n g  f u r t h e r  d o u b t s  i n t o  the d a t a  a n a l y s i s .  
T h e  c a l c u l a t e d  f o r c e  l e v e l s  w e r e  m u c h  h i g h e r  t h a n  t h e y  s h o u l d
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h a v e  b e e n  (the s u m  of the v e r t i c a l  f o r c e s  o n  the f o u r  a d a p t e r s  
b e i n g  a b o u t  t h r e e  t i m e s  t h e  s t a t i c  l o a d  o n  t h e  t r u c k )  for the 
c o m b i n a t i o n  of r e a s o n s  a l r e a d y  c i t e d .  A l t h o u g h  t h e  m a g n i t u d e s  of 
the c a l c u l a t e d  f o r c e s  a r e  i n c o r r e c t ,  s o m e  s a m p l e  r e s u l t s  a r e  
r e v i e w e d  ,h e r e  to s h o w  h o w  t h e y  c a n  b e  used.

F i g u r e  4.42 s h o w s  t h e  c a l c u l a t e d  v e r t i c a l  f o r c e s  o n  the f o ur  
a d a p t e r s  of the i n s t r u m e n t e d  t r u c k .  T h e  s u b s t a n t i a l  d i f f e r e n c e s  
b e t w e e n  t h e m  c o u l d  b e  a t t r i b u t a b l e  to t h e  u s e  o f  t h e  w r o n g  set of 
c a l i b r a t i o n s ,  b u t  the s i m i l a r i t i e s  a n d  d i f f e r e n c e s  in the 
w a v e f o r m s  for left a n d  r i g h t  s i d e s  a n d  f r o n t  a n d  r e a r  a x l e s  a r e  
s t i l l  of i n t e r e s t .  T h e  b e a r i n g  a d a p t e r  f o r c e  is b y  far the 
l a r g e s t  c o m p o n e n t  in t h e  e s t i m a t e  o f  v e r t i c a l  w h e e l / r a i l  f o r c e ,  
as s h o w n  in F i g u r e  4.43. M o s t  o f  t h e  d i f f e r e n c e  b e t w e e n  the 
b e a r i n g  a d a p t e r  f o r c e  a n d  w h e e l / r a i l  f o r c e  a p p e a r s  to be f r o m  the 
1 5 00  lb. a d d e d  to r e p r e s e n t  h a l f  t h e  w e i g h t  of the w h e e l s e t ,  
w h i l e  t h e  a x l e  b e n d i n g  t e r m s  o n l y  a p p e a r  to a d d  s o m e  n o i s e  to the 
f o r c e  e s t i m a t e  ( p r o b a b l y  b e c a u s e  of the i n a d e q u a t e  f i l t e r i n g  of 
t h o s e  c h a n n e l s ) .  T h e  e s t i m a t e s  o f  l a t e r a l  w h e e l / r a i l  f o r c e s  w e r e  
m o r e  s e r i o u s l y  d i s t o r t e d  b y  t h e  b e a r i n g  a d a p t e r  c a l i b r a t i o n  
p r o b l e m ,  a n d  a p p e a r e d  to be u n r e a l i s t i c a l l y  h i g h  f o r  o p e r a t i o n s  
o n  u n p e r t u r b e d  t a n g e n t  t r a c k  at 26 m p h.  It w a s  t h e r e f o r e  
n e c e s s a r y  to d i s r e g a r d  t h e  l a t e r a l  f o r c e  c a l c u l a t i o n s  a n d  t h e  L / V  
f o r c e  r a t i o  c a l c u l a t i o n s ,  w h i c h  w e r e  b a s e d  o n  the l a t e r a l  f o r c e  
e s t i m a t e s .
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5. R E C O M M E N D A T I O N S  F O R  F U R T H E R  W O R K

T h e  T D O P  P h a s e  2 d a t a  s h o u l d  be u s e f u l  f o r  i n v e s t i g a t i n g  
s o m e  a s p e c t s  o f  t r u c k  p e r f o r m a n c e ,  b u t  a n y  p o t e n t i a l  u s e r  of 
t h e s e  d a t a  n e e d s  to be a w a r e  o f  t h e i r  l i m i t a t i o n s  b e f o r e  
i n v e s t i n g  e f f o r t  in a n a l y s i s  a n d  d a t a  r e d u c t i o n .  At the s a m e  
ti me ,  n e w  t e s t  p r o g r a m s  s h o u l d  b e  d e s i g n e d  so a s  to p r o d u c e  d a t a  
w h i c h  w i l l  c o m p l e m e n t  the u s a b l e  d a t a  f r o m  T D O P .  T h e  t e s t  c a s e s  
a n d  m e a s u r e m e n t s  s h o u l d  b e  s u f f i c i e n t l y  c o m p a t i b l e  w i t h  T D O P  that 
t h e  r e s u l t s  c a n  b e  c o m p a r e d  m e a n i n g f u l l y ,  b u t  t h e y  s h o u l d  not 
l e a d  to n e e d l e s s  d u p l i c a t i o n  o f  c o n d i t i o n s  w h i c h  w e r e  a l r e a d y  
c o v e r e d  e f f e c t i v e l y  in TD OP .

5.1 A p p l i c a b i l i t y  of T D O P  Ph

A s  p a r t  o f  t h e  c u r r e n t  w o r k ,  it h a s  b e e n  n e c e s s a r y  to r e v i e w  
m u c h  o f  t h e  T D O P  P h a s e  2 d a t a .  T h i s  r e v i e w  h a s  p r o v i d e d  s o m e  
i n d i c a t i o n s  of t h e  s u i t a b i l i t y  of m u c h  o f  t h e s e  d a t a  f o r  m o r e  
w i d e s p r e a d  use. T h e  f o c u s  h a s  b e e n  on t r u c k  d y n a m i c s  d a t a  r a t h e r  
o n  c a r b o d y  or r e s i s t a n c e  d a t a ,  s o . t h i s  r e v i e w  h a s  n o t  c o n s i d e r e d  
t h e  c a r b o d y  a c c e l e r o m e t e r  c h a n n e l s  or t h e  i n s t r u m e n t e d  c o u p l e r .

E a c h  c h a n n e l  w h i c h  is to be u s e d  s h o u l d  b e  i n s p e c t e d  
g r a p h i c a l l y  b e f o r e  e x t e n s i v e  d a t a  r e d u c t i o n s  a r e  a p p l i e d .  
U n d o c u m e n t e d  i n t e r m i t t e n t ,  d e a d  a n d  b i a s e d  c h a n n e l s  h a v e  b e e n  
f o u n d  on t h e  T D O P  tapes. If t h e s e  p r o b l e m s . a r e  n o t  i d e n t i f i e d  at 
t h e  o u t s e t ,  v e r y  m i s l e a d i n g  r e s u l t s  w i l l  b e  o b t a i n e d  f r o m  the 
d a t a  r e d u c t i o n s  a n d  t h e  s o u r c e s  of e r r o r  c o u l d  be q u i t e  d i f f i c u l t  
to i d e n t i f y .  T h e  i n s p e c t i o n s  of t h e  c h a n n e l s  s h o u l d  b e  b a s e d  on 
a p h y s i c a l  i n s i g h t  i n t o  t h e  c h a r a c t e r i s t i c s  w h i c h  s h o u l d  be  
e x p e c t e d  o n  e a c h  c h a n n e l  a n d  a k n o w l e d g e  of t h e  c h a r a c t e r i s t i c s  
of t h e s e  c h a n n e l s  on the o t h e r  d a t a  t a pe s .
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A n g l e  of A t t a c k  M e a s u r e m e n t s

The w h e e l / r a i l  a n g l e  of a t t a c k  m e a s u r e m e n t s  m a y b e  of 
c o n s i d e r a b l e  u s e  w i t h  the a d d i t i o n a l  s i g n a l  p r o c e s s i n g  d e s c r i b e d  
in S e c t i o n  4.1. H o w e v e r ,  u n t i l  t h a t  p r o c e s s i n g  p r o c e d u r e  is 
i m p l e m e n t e d  a n d  t e s t e d ,  it is n o t  p o s s i b l e  to s a y  w i t h  a n y  
c e r t a i n t y  h o w  u s e f u l  t h e s e  m e a s u r e m e n t s  w i l l  b e  for d e t a i l e d  
e v a l u a t i o n s  of v e h i c l e  d y n a m i c  r e s p o n s e .  S t r a i g h t f o r w a r d  
a p p l i c a t i o n  of t h e  d a t a  r e d u c t i o n  p r o c e d u r e  r e p o r t e d  in t h e  T D O P  
r e p o r t s  l e a v e s  t h e s e  m e a s u r e m e n t s  c o r r u p t e d  b y  i r r e g u l a r i t i e s  of 
w h e e l  r i m s  a n d  r a il  s u r f a c e s ,  a l t h o u g h  it s t i l l  p e r m i t s  e v i d e n c e  
of s o m e  r o u g h  t r e n d s  in s t e a d y - s t a t e  c u r v i n g  to s h o w  t h r o u g h .

W h e e l / R a i l  L a t e r a l  D i s p l a c e m e n t s

T h e s e  m e a s u r e m e n t s  a r e  o f  c o u r s e  d e r i v e d  f r o m  t h e  s a m e  r a w  
d a t a  as the a n g l e - o f - a t t a c k  m e a s u r e m e n t s  a n d  a r e  t h e r e f o r e  
s u b j e c t  to t h e  s a m e  r e c o m m e n d a t i o n s  r e g a r d i n g  t h e  a d d i t i o n a l  
s i g n a l  p r o c e s s i n g .  On t o p  o f  t h a t ,  t h e  a v a i l a b l e  T D O P  
d o c u m e n t a t i o n  d o e s  n o t  p e r m i t  t h e  d e t e r m i n a t i o n  of t h e  n o m i n a l ,  
u n p e r t u r b e d  c o n d i t i o n  m e a s u r e m e n t s .  H o w e v e r ,  a t h o r o u g h  s t u d y  of 
the m e a s u r e m e n t s  o b t a i n e d  for s t e a d y - s t a t e  o p e r a t i o n s  in c u r v e s  
a n d  on t a n g e n t  t r a c k  m a y  p e r m i t  a p o s t e r i o r i  i d e n t i f i c a t i o n  of  
w h a t  the n o m i n a l  c a s e  was.

R a d i a l  T r u c k  A r m  a n d  S t r u t  F o r c e s

The D r e s s e r  D R - 1  t r u c k  w a s  f i t t e d  w i t h  t w o  s t r a i n  
b r i d g e s  on its s t e e r i n g  a r m  a s s e m b l y ,  w h i l e  t h e  B a r b e r  
h a d  one e a c h  on a C r o s s - a r m  a n d  a c r o s s - s t r u t .  T h e  
B a r b e r - S c h e f f e l  g a u g e s  w e r e  n e v e r  c a l i b r a t e d ,  a n d  c a n  
o n l y  be u s e d  to s h o w  a p p r o x i m a t e  t r e n d s  o r  to c o r r e l a t  
v a r i a t i o n s  w i t h  o t h e r  r e s p o n s e  v a r i a b l e s .  A l t h o u g h  th 
g a u g e s  w e r e  c a l i b r a t e d ,  t h a t  c a l i b r a t i o n  w a s  d e r i v e d  i

g a u g e  
- S c h e f f e l

t h e r e f o r e  
e d y n a m i c  
e D R - 1  
n t e r m s  of
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l a t e r a l  f o r c e s  i m p o s e d  on a w h e e l s e t  a n d  t h e r e f o r e  c a n n o t  r e v e a l  ^ 
t h e  l e v e l  of f o r c e s  or m o m e n t s  t r a n s m i t t e d  t h r o u g h  the s t e e r i n g  
arm. C o n s e q u e n t l y ,  t h e s e  m e a s u r e m e n t s  t o o  c a n  o n l y  s e r v e  to s h o w  
r o u g h  t r e n d s .  D e t a i l e d  s t u d i e s  of r a d i a l  t r u c k  d y n a m i c s  w i ll  
r e q u i r e  m o r e  e x t e n s i v e  i n s t r u m e n t a t i o n  a n d  d i f f e r e n t  c a l i b r a t i o n  
p r o c e d u r e s .

B e a r i n g  A d a p t e r  V e r t i c a l  F o r c e s

T w o  d i f f e r e n t  s t r a i n - g a u g e d  b e a r i n g  a d a p t e r s  w e r e  u s e d  in 
t h e  T D O P  t e st  p r o g r a m ,  o n e  for the D R - 1  a n d  B a r b e r - S c h e f f e l  
t r u c k s  a n d  the o t h e r  for t h e  r e m a i n i n g  t r u c k s .  T h e  D R - 1  a d a p t e r s  
w e r e  r e l a t i v e l y  i n s e n s i t i v e  to v a r y i n g  v e r t i c a l  l o a d s  a n d  
a p p a r e n t l y  v e r y  s e n s i t i v e  to t h e  l i n e s  o f  a c t i o n  o f  t h o s e  l o ad s .  
T h i s  m a k e s  the d a t a  r e d u c t i o n  p r o c e s s  e x t r e m e l y  s e n s i t i v e  and  
p r o n e  to e r r o r .  I n d e e d ,  t h e  c a l i b r a t i o n s  a r e  so i n t e r n a l l y  
i n c o n s i s t e n t  a b o u t  l i n e  of a c t i o n  that t h e s e  m e a s u r e m e n t s  c a n n o t  
be i n t e r p r e t e d  w i t h  a n y  c o n f i d e n c e .  T h e r e f o r e ,  t h e  w h e e l / r a i l  
f o r c e  m e a s u r e m e n t s  for the D r e s s e r  t r u c k  a r e  b e s t  i g n o r e d  for all 
f u r t h e r  wo rk ,  a n d  s h o u l d  b e  a s s u m e d  to n o t  e x i s t .

T h e  s t r a i n  g a u g e  m e a s u r e m e n t s  f r o m  the T y p e  I a d a p t e r  (used  
o n  m o s t  of t h e  o t h e r  t r u c k s )  m u s t  be t r a n s l a t e d  i n t o  f o r c e  
e s t i m a t e s  u s i n g  the c a l i b r a t i o n  i n f o r m a t i o n  r e p o r t e d  in A p p e n d i x  
B of t h e  T y p e  I T e s t  R e s u l t s  r e p o r t .  A l t h o u g h  t h e s e  r e s u l t s  d i d  
n o t  h a v e  as s e v e r e  a s e n s i t i v i t y  p r o b l e m  as t h e  r e s u l t s  for the 
D R - 1  a d a p t e r ,  t h e y  w e r e  s t i l l  p l a g u e d  b y  a m b i g u i t i e s  in t h e  l i n e  
o f  a c t i o n  c a l i b r a t i o n .  In o t h e r  w o r d s ,  the c o m b i n a t i o n  of the 
i n n e r  a n d  o u t e r  s t r a i n  g a u g e  r e a d i n g s  o n  an a d a p t e r  c a n  n o t  
a l w a y s  r e v e a l  t h e  l i n e  o f  a c t i o n  o f  t h e  f o r c e  w i t h  c e r t a i n t y ;  
s o m e  c o m b i n a t i o n s  o f  t h e s e  r e a d i n g s  c o u l d  r e p r e s e n t  a n y  of 
s e v e r a l  d i f f e r e n t  l i n e s  o f  a c t i o n .  T h i s  a m b i g u i t y  c a s t s  d o u b t  on 
b o t h  t h e  m a g n i t u d e s  o f  t h e  b e a r i n g  a d a p t e r  v e r t i c a l  f o r c e  
e s t i m a t e s  a n d  t h e i r  l i n e s  o f  a c t i o n .  T h e s e  d o u b t s  a r e  r e f l e c t e d  
in u n c e r t a i n t i e s  a b o u t  t h e  m a g n i t u d e s  o f  t h e  v e r t i c a l  a n d
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e s p e c i a l l y  t h e  l a t e r a l  w h e e l / r a i l  f o r c e s .  T h e  r e s u l t s  d e r i v e d  
f r o m  t h e s e  a d a p t e r s  s h o u l d  be u s e d  w i t h  c a u t i o n ,  b a s e d  on an 
u n d e r s t a n d i n g  of the l i m i t a t i o n s  o f  t h e  o r i g i n a l  c a l i b r a t i o n s .
T h e  s e n s i t i v i t y  o f  the r e s u l t s  to t h e .s p e c i f i e d  u n c e r t a i n t i e s  
s h o u l d  b e  q u a n t i f i e d  in a f o r m a l  s e n s i t i v i t y  s t u d y  a n d  the d a t a  
s h o u l d  n o t  b e  u s e d  for p u r p o s e s  w h i c h  r e q u i r e  f i n e r  r e s o l u t i o n  o f  
f o r c e  i n f o r m a t i o n .

A x l e  B e n d i n g  M o m e n t s

T h e  a x l e  b e n d i n g  m o m e n t  m e a s u r e m e n t s  a r e  d i f f i c u l t  to 
e v a l u a t e  b e c a u s e  t h e  v a l u e s  f o u n d  o n  t h e s e  c h a n n e l s  o f  the d a t a  
t a p e s  h a v e  a l r e a d y  h a d  c a l i b r a t i o n  f a c t o r s  a p p l i e d  ( a v a i l a b l e  
d a t a  a r e  in i n c h - p o u n d s  r a t h e r  t h a n  m i l l i v o l t s ) ,  B e c a u s e  t h e s e  
c h a n n e l s  w e r e  l o w - p a s s  f i l t e r e d  at 5 0 0 H z  a n d  s a m p l e d  at 2 0 0H z ,  
t h e y  c o n t a i n  a l i a s e d  i n f o r m a t i o n  f r o m  f r e q u e n c i e s  a b o v e  1 0 0 H z  
w h i c h  c a n n o t  b e  e l i m i n a t e d .  T h e  s e r i o u s n e s s  o f  t h i s  a l i a s i n g  
c a n n o t  b e  r e a d i l y  d e t e r m i n e d  b e c a u s e  t h e  l e v e l  of t h e  s i g n a l s  
b e t w e e n  1 0 0 H z  a n d  5 0 0 H z  is n o t  k n o w n .  It is s a f e  to a s s u m e  t h a t  
t h e s e  s i g n a l s  w e r e  m u c h  l o w e r  t h a n  t h e  m a j o r  s i n u s o i d a l  c o m p o n e n t  
o f  e a c h  a x l e  b e n d i n g  c h a n n e l  ( c o r r e s p o n d i n g  to t h e  a x l e  b e n d i n g  
p r o d u c e d  b y  t h e  w e i g h t  of t h e  e n t i r e  c a r,  at t h e  w h e e l  r o t a t i o n  
f r e q u e n c y ) .  H o w e v e r ,  it is n o t  c l e a r  h o w  s i g n i f i c a n t  the  
a l i a s i n g  is r e l a t i v e  to the v a r i a t i o n s  in the e n v e l o p e s  of the  
s i n u s o i d a l  b e n d i n g  s i g n a l s , 1 w h i c h  c o n t a i n  t h e  i n f o r m a t i o n  of 
i n t e r e s t  for w h e e l / r a i l  f o r c e  e s t i m a t e s .

The r a w  a x l e  b e n d i n g  c h a n n e l s  a r e  v e r y  n o i s y ,  p r o b a b l y  
b e c a u s e  of t h e  a l i a s i n g  a n d  i n a d e q u a t e  f i l t e r i n g .  B e f o r e  t h e y  
a r e  u s e d  for c a l c u l a t i o n  o f  w h e e l / r a i l  f o r c e s  t h e y  s h o u l d  be 
l o w - p a s s  f i l t e r e d  to e l i m i n a t e  as m u c h  o f  t h e  n o i s e  as p o s s i b l e  
w i t h o u t  d e s t r o y i n g  t h e  i n f o r m a t i o n  o f  i n t e r e s t .  A  f o u r - p o l e  
B u t t e r w o r t h  f i l t e r  c e n t e r e d  at 2 0 Hz  w a s  f o u n d  to be a r e a s o n a b l e  
c h o i c e  for t h e  e x p l o r a t o r y  s t u d y  r e p o r t e d  h e r e .  Of c o u r s e ,  
h e a v i l y  f i l t e r e d  d a t a  w i l l  n o t  b e  u s a b l e  f o r  i n v e s t i g a t i n g
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h i g h - f r e q u e n c y  w h e e l / r a i l  f o r c e  v a r i a t i o n .  T h e  T D O P  d a t a  s h o u l d  
o n l y  be u s e d  to i n v e s t i g a t e  l o w e r  frequency, p h e n o m e n a  (up to 10Hz 
or at m o s t  2 0 H z ).

B e c a u s e  t h e  w h e e l / r a i l  f o r c e  e s t i m a t e s  a r e  d e r i v e d  f r o m  
r e l a t i v e l y  c o m p l i c a t e d  c o m b i n a t i o n s  of t h e  a x l e  b e n d i n g  c h a n n e l s ,  
it is n e c e s s a r y  to s p ot  c h e c k  a l l  of t h e s e  c h a n n e l s  to i d e n t i f y  
p o s s i b l e  p r o b l e m s  (d ea d  c h a n n e l s ,  s c a l e  f a c t o r  e r r o r s ,  e t c. ) .
O n e  d e f e c t i v e  c h a n n e l  c o u l d  s e r i o u s l y  d i s t o r t  a n  e n t i r e  set of  
a x l e  b e n d i n g  d a t a ,  b u t  c o u l d  be v e r y  d i f f i c u l t  to i d e n t i f y  o n l y  
f r o m  the p r o c e s s e d  da ta .

5.2 I n s t r u m e n t a t i o n  f o r  N e w  T e s t  P r o g r a m s

T h e  T D O P  P h a s e  2 t e st  d a t a  h a v e  y i e l d e d  s o m e  i m p o r t a n t  
l e s s o n s  a b o u t  t r u c k  d y n a m i c  test i n s t r u m e n t a t i o n  s y s t e m s  a n d  t e st  
c o n d i t i o n s .  If t h e s e  l e s s o n s  c a n  be a p p l i e d  to f u t u r e  t r u c k  t e s t  
p r o g r a m s ,  t h e y  s h o u l d  m a k e  it p o s s i b l e  to c o l l e c t  m o r e  u s e f u l  
r e s u l t s .  T h e  m o s t  s i g n i f i c a n t  d i f f i c u l t i e s  w e r e  a s s o c i a t e d  w i t h  
t h e  m e a s u r e m e n t s  o f  w h e e l / r a i l  f o rc e s ,  l a t e r a l  d i s p l a c e m e n t s  and 
a n g l e s  of a t t a c k ,  w h i c h  c u r i o u s l y  e n o u g h  w e r e  a l s o  t h e  s o u r c e s  o f  
t h e  m o s t  t r o u b l e  f o r  the T D O P  P h a s e  1 da ta .

T h e  c o m b i n a t i o n  of i n s t r u m e n t e d  b e a r i n g  a d a p t e r s  a n d  a x l e  
b e n d i n g  s t r a i n  g a u g e s  d o e s  n o t  a p p e a r  to be a d e s i r a b l e  w a y  of 
m e a s u r i n g  w h e e l / r a i l  v e r t i c a l  a n d  l a t e r a l  f o r c e s .  T h e  a c c u r a c y  
of t h i s  t e c h n i q u e  a p p e a r s  to be s e v e r e l y  l i m i t e d  r e l a t i v e  to that  
o f  m o d e r n  p l a t e  i n s t r u m e n t e d  ■ w h e e l  s e t s ,' w h i c h  a r e  r e c o m m e n d e d  f o r  
u s e  o n  f u t u r e  t r u c k  t e s t  p r o g r a m s .  B e c a u s e  of t h e  s t r o n g  ^
i n f l u e n c e  of w h e e l  p r o f i l e  on v e h i c l e  d y n a m i c  r e s p o n s e ,  u s e  of  
i n s t r u m e n t e d  w h e e l s e t s  w i t h  s e v e r a l  d i f f e r e n t  p r o f i l e s  m u s t  be 
c o n s i d e r e d  v e r y  s e r i o u s l y .  T h i s  is p a r t i c u l a r l y  i m p o r t a n t  for  
e v a l u a t i n g  the i n f l u e n c e  o f  c o m p o n e n t  w e a r  o n  t r u c k  d y n a m i c s .

T h e  f i d e l i t y  of t h e  w h e e l / r a i l  l a t e r a l  d i s p l a c e m e n t s  a n d  
a n g l e  of a t t a c k  m e a s u r e m e n t s  h a s  n o t  b e e n  f u l l y  e s t a b l i s h e d  
b e c a u s e  i m p l e m e n t a t i o n  of t h e  e x t e n s i v e  a n d  d e l i c a t e  d a t a
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r e d u c t i o n  p r o c e s s  w h i c h  m u s t  b e  f o l l o w e d  to e x t r a c t  this 
i n f o r m a t i o n  f r o m  t h e  r a w  d a t a  c h a n n e l s  w a s  o u t s i d e  the s c o p e  of 
t h e  p r e s e n t  s t u d y .  C o n s e q u e n t l y ,  it h a s  n o t  y e t  b e e n  d e t e r m i n e d  
w h e t h e r  the e x i s t i n g  r a w  d a t a  a r e  s u f f i c i e n t  for d e r i v i n g  u s a b l e  
e s t i m a t e s  of l a t e r a l  d i s p l a c e m e n t  a n d  a n g l e  of a t t a c k .  It is 
r e c o m m e n d e d  t h a t  t h i s  d a t a  r e d u c t i o n  p r o c e s s  b e  i m p l e m e n t e d  a n d  
t e s t e d  b e f o r e  d r a w i n g  f u r t h e r  c o n c l u s i o n s  a b o u t  t h e s e  d a t a  or 
a b o u t  a l t e r n a t e  m e t h o d s  f o r  m e a s u r i n g  t h e  s a m e  q u a n t i t i e s .

D u r i n g  the e v a l u a t i o n  of the T D O P  P h a s e  2 d a t a  it b e c a m e  
a p p a r e n t  t h at  s o m e  a d d i t i o n a l  m e a s u r e m e n t s  w o u l d  h a v e  b e e n  v e r y  
u s e f u l  to s u p p l e m e n t  t h o s e  w h i c h  w e r e  a v a i l a b l e .  It w o u l d  h a v e  
b e e n  v e r y  r e v e a l i n g  to h a v e  m e a s u r e m e n t s  of t h e  f r i c t i o n  s n u b b e r  
f o r c e s  s i m u l t a n e o u s l y  w i t h  a l l  t h e  o t h e r  m e a s u r e m e n t s .  T h e s e  
f o r c e s  p l u s  t h e  v e r t i c a l  s p r i n g  f o r c e s  ( c a l c u l a t e d  f r o m  s p r i n g  
d e f l e c t i o n s )  c o u l d  s e r v e  as c r o s s  c h e c k s  on the b e a r i n g  a d a p t e r  
f o r c e  e s t i m a t e s .  B e c a u s e  t h e  d e t a i l s  o f  r a d i a l  t r u c k  p e r f o r m a n c e  
h a v e  n o t  b e e n  e x t e n s i v e l y  s t u d i e d  in t h e  p a s t ,  s o m e  m o r e  t h o r o u g h  
i n s t r u m e n t a t i o n  of t h e  p e c u l i a r  f e a t u r e s  o f  t h e s e  t r u c k s  w o u l d  
h a v e  b e e n  h i g h l y  d e s i r a b l e .  T h e  r o t a t i o n s  o f  t h e  B a r b e r - S c h e f f e l  
s h e a r  p a d  h o u s i n g s  r e l a t i v e  to t h e  s i d e  f r a m e s  s h o u l d  h a v e  b e e n  
m e a s u r e d  to g i v e  a b e t t e r  i n d i c a t i o n  of t h e  a x l e  a l i g n m e n t .
S t r a i n  g a u g e s  s h o u l d  h a v e  b e e n  i n s t a l l e d  at s e v e r a l  k e y  l o c a t i o n s  
on the D R - 1  s t e e r i n g  a r m s  to i n d i c a t e  t h e  s t r e s s e s  p r e s e n t .  
S i m i l a r l y ,  b o t h  c r o s s - a r m s  a n d  b o t h  c r o s s - s t r u t s  s h o u l d  h a v e  b e e n  
i n s t r u m e n t e d  o n  t h e  B a r b e r - S c h e f f e l  t r u c k .  T h e  s t r a i n  g a u g e  
c a l i b r a t i o n s  s h o u l d  h a v e  b e e n  p e r f o r m e d  in b e n c h  t e s t s  of t h e  
a r m s  and s t r u t s  a l o n e ,  so t h a t  t h e  f o r c e s  in t h e s e  m e m b e r s  c o u l d  
be i d e n t i f i e d  l a t e r  u n d e r  t h e  d y n a m i c  t e s t  c o n d i t i o n s .  
C a l i b r a t i o n s  b a s e d  on f o r c e s  a p p l i e d  to a c o m p l e t e  t r u c k  c a n n o t  
r e v e a l  the f o r c e s  i m p o s e d  on t h e  i n d i v i d u a l  t r u c k  m e m b e r s .

T h e  t r u c k  c a l i b r a t i o n  a n d  t e s t  c o n f i g u r a t i o n s  s h o u l d  
r e p l i c a t e  n o r m a l  t r u c k  o p e r a t i n g  c o n f i g u r a t i o n s  as c l o s e l y  as 
p o s s i b l e  if t h e y  a r e  to p r o d u c e  m e a n i n g f u l  d a t a  a b o u t  t r u c k  
p e r f o r m a n c e .  T h o s e  t r u c k s  w h i c h  a r e  d e s i g n e d  to o p e r a t e  w i t h
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c o m p l i a n t  s h e a r  p a d s  s h o u l d  be t e s t e d  w i t h  t h o s e  p a d s  in p l a c e ,  
a n d  s u p p l e m e n t a r y  s h i m s  a n d  o t h e r  ad h o c  m o d i f i c a t i o n s  to the 
t r u c k s  s h o u l d  b e  a v o i d e d .  T h e s e  c h a n g e s  w o u l d  m o d i f y  t r u c k  
d y n a m i c  p e r f o r m a n c e  a n d  o b s c u r e  the t r u e  d y n a m i c  c h a r a c t e r i s t i c s  
of t h e  t r u c k  d e s i g n s ,  m a k i n g  the test r e s u l t s  u n r e p r e s e n t a t i v e  of  
t r u c k  p e r f o r m a n c e  in r e v e n u e  se rv i c e .

5.3 A d d i t i o n a l  T e s t  C a s e s  N e e d e d

It w o u l d  be v e r y  d e s i r a b l e  to be a b l e  to m a k e  m a x i m u m  u s e  of 
t h e  t r u c k  t e st  d a t a  w h i c h  h a v e  a l r e a d y  b e e n  c o l l e c t e d  at 
c o n s i d e r a b l e  e x p e n s e  in T D O P  P h a s e  2. T h e  g a p s  in t h o s e  d a t a  
s e t s  c a n n o t  be r e a d i l y  f i l l e d  b e c a u s e  t h e  t r u c k s  w h i c h  w e r e  
t e s t e d  n e w  h a v e  n o w  s e e n  c o n s i d e r a b l e  s e r v i c e  in t h e  T D O P  W e a r  
D a t a  C o l l e c t i o n  P r o g r a m .  T h e i r  p e r f o r m a n c e  w o u l d  be e x p e c t e d  to 
c h a n g e  as w e a r  e f f e c t s  a c c u m u l a t e ,  a n d  i n d e e d  a p r i n c i p a l  g o a l  of 
a n e w  t e st  p r o g r a m  s h o u l d  be to i d e n t i f y  h o w  w e a r  a f f e c t s  t r u c k  
d y n a m i c s .  T h e  o n l y  w a y  to s u p p l e m e n t  t h e  e x i s t i n g  T D O P  P h a s e  2 
d a t a  for u n w o r n  t r u c k s  w o u l d  be to o b t a i n . a  n e w  set of t r u c k s  a n d  
r e p e a t  s o me  of t h e  t e st  c a se s .  Indeed, it w o u l d  a p p e a r  to be 
a d v i s a b l e  to d o  t h is  f o r  o n e  of the T y p e  II t r u c k s  so that at 
l e a s t  o n e  c o m p a r i s o n  b e t w e e n  t h e  n e w  a n d  w o r n  t r u c k s  c a n  be 
c o n d u c t e d  on a s t r i c t l y  " c e t e r i s  p a r i b u s "  (all e l s e  b e i n g  e q u a l )  
b a s i s .  T h e  m o s t  l o g i c a l  c a n d i d a t e  t r u c k  to u s e  for t h i s  w o u l d  be  
t h e  D r e s s e r  D R - 1 ,  s i n c e  the b e a r i n g  a d a p t e r  f o r c e  d a t a  c o l l e c t e d  
for it in T D O P  P h a s e  2 w a s  s e r i o u s l y  d e f i c i e n t .  P a r a l l e l  t e s t i n g  
o f  a n e w  a n d  a w o r n  D R - 1  t r u c k  a l s o  p r o v i d e s  the o p p o r t u n i t y  to 
c o l l e c t  e x t e n s i v e  d a t a  a b o u t  t h e  f o r c e s  i m p o s e d  o n  d i f f e r e n t  
p o r t i o n s  of t h e  s t e e r i n g  a r m s  (aft e r  an a p p r o p r i a t e  c a l i b r a t i o n ) .

T h e  r e m a i n i n g  t r u c k s  n e e d  o n l y  be t e s t e d  in t h e i r  w o r n  
c o n d i t i o n  to p r o v i d e  d a t a  w h i c h  c a n  b e  c o m p a r e d  to the T D O P  
P h a s e  2 d a t a  for u n w o r n  t r u c k s .  The l e v e l  o f  d e t a i l  at w h i c h  
t h e s e  c o m p a r i s o n s  w i l l  be v a l i d  w i l l  be c o n s t r a i n e d  by the 
l i m i t a t i o n s  of the T D O P  d a t a  w h i c h  h a v e  a l r e a d y  b e e n  d i s c u s s e d .
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T h e  test c o n d i t i o n s  c a n  n o t  be i d e n t i c a l  to the T D O P  test 
c o n d i t i o n s  u n l e s s  t h e  n e w  t e s t  p r o g r a m  is c o n d u c t e d  on the s a m e  
s e g m e n t s  of t r a c k ,  w h i c h  is n o t  p r a c t i c a l .  R a t h e r ,  it s h o u l d  be 
a s s u m e d  that t h e s e  t e s t s  w i l l  be c o n d u c t e d  u s i n g  the l a b o r a t o r y  
a n d  t r a c k  f a c i l i t i e s  of the T r a n s p o r t a t i o n  T e s t  C e n t e r  (TTC) in 
P u e b l o ,  C o l o r a d o .  T h e s e  c a n  to s o m e  l i m i t e d  e x t e n t  be u s e d  to 
r e p l i c a t e  the T D O P  t e s t  c o n d i t i o n s ,  b u t  it w o u l d  n o t  be w i s e  to 
e x p e n d  h e r o i c  e f f o r t s  to f o r c e  the n e w  t e s t s  to c o n f o r m  e x a c t l y  
to t h o s e  c o n d u c t e d  for T D O P  P h a s e  2. I n d e e d ,  the p r e l i m i n a r y  
a n a l y s e s  w h i c h  s h o u l d  be p e r f o r m e d  in s u p p o r t  of test p l a n n i n g  
m a y  d e m o n s t r a t e  s o m e  d i s t i n c t  a d v a n t a g e s  to be g a i n e d  by 
d e v i a t i n g  f r o m  t h e  T D O P  t e s t  c o n d i t i o n s .

The T D O P  P h a s e  2 t r u c k  t e s t s  w e r e  p e r f o r m e d  in the f o l l o w i n g  
f i v e  test zones:

1. M a i n l i n e  C l a s s  4 trac k ,  w i t h  e l e v e n  c u r v e s  of b e t w e e n
1 . 1  a n d  6.2 d e g r e e s ,  b o t h  l e f t  h a n d  a n d  r i g h t  ha nd .

2. M a i n l i n e  C l a s s  4 t a n g e n t  t r a c k ,  5 m i l e s  long, m a d e  of 
b o l t e d ,  j o i n t e d  rail.

3. Y a r d  t r a c k ,  C l a s s  1 w i t h  12 a n d  16 d e g r e e  c u r v e s  in 0.2 
m i l e s  .

4. S p u r  t r a c k ,  C l a s s  2 c u r v e d  a n d  t a n g e n t  w i t h  s u b s t a n t i a l  
c r o s s - l e v e l  v a r i a t i o n s .

5. M a i n l i n e  C l a s s  4 t a n g e n t  t r a c k ,  4 m i l e s  long, m a d e  of 
c o n t i n u o u s  w e l d e d  rail.

T h e s e  t e st  z o n e s  w e r e  u s e d  to c o n d u c t  t e s t s  in five 
d i f f e r e n t  test r e g i m e s :

1. H a r m o n i c  r o ll  a n d  b o u n c e - - c o n d u c t e d  at s p e e d s  b e t w e e n  4 
a n d  30 m p h  on t e s t  z o n e  4.

2. C u r v e  n e g o t i a t i o n - - c o n d u c t e d  o n  t e s t  z o n e  1 four t i m e s ,  
t h r e e  t i m e s  g o i n g  u p h i l l  ( a b o v e ,  b e l o w  a n d  at b a l a n c e  
s p ee d )  a n d  o n c e  g o i n g  d o w n h i l l  (at b a l a n c e  s p e e d ) .

3. H i g h  S p e e d  L a t e r a l  S t a b i l i t y - - c o n d u c t e d  at s p e e d s  
b e t w e e n  40 a n d  79 m p h  on t e st  z o n e s  2 (and 5 for D R - 1  
a n d  M a x i r i d e ) .
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4. Fuel C o n s u m p t i o n - - c o n d u c t e d  o n  t e s t  z o ne  2 in u p h i l l  
a n d  d o w n h i l l  d i r e c t i o n s  at speeds, b e t w e e n  40 a n d  79 m p h

5. L o ad  E q u a l i z a t i o n - - c o n d u c t e d  on t e s t  z o n e  3 at 10 m p h  
f o r w a r d  a n d  r e v e r s e .

T h e  n e w  t e st  p r o g r a m  s h o u l d  be d e s i g n e d  to p r o d u c e  r e s u l t s  
w h i c h  c a n  be m a t c h e d  to t h e  f i v e  t e s t  r e g i m e s  l i s t e d  a b o v e ,  e v e n  
if t h e y  a r e  n o t  p r o d u c e d  on test z o n e s  i d e n t i c a l  to t h e  f i v e  u s e d  
in T D O P .  T h e r e  a r e  d i s t i n c t  a d v a n t a g e s  to u s i n g  t h e  R a i l  
D y n a m i c s  L a b o r a t o r y  w h e r e  p o s s i b l e ,  s i n c e  it p e r m i t s  t h e  
e x p e r i m e n t s  to b e  c o n t r o l l e d  m o r e  c l o s e l y  t h a n  t h e y  c o u l d  b e  on 
t r ac k .  T h e  h a r m o n i c  b o u n c e  a n d  r o l l  t e s t s  ( t e s t  r e g i m e  1) are 
i d e a l l y  s u i t e d  for t h e  V i b r a t i o n  T e st  U n i t  ( V TU ) ,  w h i c h  c a n  be 
p r o g r a m m e d  for i d e a l i z e d  c r o s s - l e v e l  v a r i a t i o n s  or for 
r e p r o d u c t i o n  o f  t r a c k  g e o m e t r y  m e a s u r e d  in t h e  f i e l d  ( i n c l u d i n g  
a n y  t r a c k  g e o m e t r y  m e a s u r e m e n t s  w h i c h  m a y  b e  a v a i l a b l e  for the 
T D O P  t e st  z o n e s ) .

The c u r v e  n e g o t i a t i o n  t e s t s  (test r e g i m e  2) p o s e  t h e  m o s t  
s e r i o u s  p r o b l e m  f o r  r e p r o d u c t i o n  of the T D O P  t e s t  c o n d i t i o n s  at 
TTG, s i n c e  t h e y  c a n n o t  b e  a c c u r a t e l y  r e p r o d u c e d  in t h e  R D L  and  
t h e  e x i s t i n g  T T C  t e s t  t r a c k s  h a v e  d i f f e r e n t  c u r v a t u r e s  and 
s u p e r e l e v a t i o n s  f r o m  the T D O P  test z o n e s .  T h e  R a i l r o a d  T e s t  
T r a c k  (RTT) h a s  c u r v e s  of o n l y  0 ° 5 0 r a n d  t h e  T r a i n  D y n a m i c s  
T r a c k  (TDT) a n d  T r a n s i t  T e s t  T r a c k  (T TT )  o n l y  go u p  to c u r v e s  of 
1 ° 3 0 ' .  O n l y  t h e  F A S T  t r a c k ,  w i t h  c u r v e s  o f  3°, 4° a n d  5° 
and t h e  b a l l o o n  l o o p  at 7°30' p r o v i d e  s u b s t a n t i a l  c u r v a t u r e s .  
B e c a u s e  of the h e a v y  u t i l i z a t i o n  of the F A S T  t r a c k  f o r  w e a r  
r e l a t e d  e x p e r i m e n t s  it is n o t  c l e a r  w h e t h e r  it w o u l d  be a v a i l a b l e  
f o r  s e p a r a t e  t r u c k  d y n a m i c s  t e st i n g .  F u r t h e r m o r e ,  its 
s u p e r e l e v a t i o n s  a r e  m a r k e d l y  d i f f e r e n t  f r o m  t h o s e  o f  t h e  T D O P  
t e s t  z o n e  1. D e s p i t e  t h e s e  c o ns i d e r a t i o n s , ,  t h e  F A S T  t r a c k  
p r o b a b l y  r e m a i n s  t h e  m o s t  p r o m i s i n g  c a n d i d a t e  a m o n g  t h e  T T C  
f a c i l i t i e s  f o r  f u r t h e r  t r u c k  c u r v e  n e g o t i a t i o n  t e s t i n g .

H i g h  s p e e d  l a t e r a l  s t a b i l i t y  a n d  f u el  c o n s u m p t i o n  t e s t s  
(t es t  r e g i m e s  3 a n d  4) a r e  w e l l  s u i t e d  f o r  t h e  R o l l  D y n a m i c s  U n i t
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(RDU), w h i c h  c a n  p r o v i d e  v e r y  w e l l  c o n t r o l l e d  c o n d i t i o n s  for 
t h e s e  t e sts. T h e  l o a d  e q u a l i z a t i o n  t e s t s  ( t e s t  r e g i m e  5) c o u l d  
b e  p e r f o r m e d  o n  t h e  V T U,  a g a i n  m a k i n g  u s e  of a c t u a l  m e a s u r e d  
t r a c k  g e o m e t r y .

5.4 C o n c l u s i o n

T h e  T D O P  P h a s e  2 t e s t  d a t a  p r o v i d e  s o m e  u s a b l e  i n f o r m a t i o n  
a b o u t  f r e i g h t  t r u c k  d y n a m i c  r e s p o n s e .  T h e s e  d a t a  m u s t  be 
i n t e r p r e t e d  v e r y  c a u t i o u s l y  b e c a u s e  of s o m e  s u b s t a n t i a l  
l i m i t a t i o n s  of t h e  i n s t r u m e n t a t i o n  a n d  a m b i g u i t i e s  in the 
d o c u m e n t a t i o n .  T h e  n u m b e r s  f o u n d  o n  t h e  T D O P  d a t a  t a p e s  c a n n o t  
be t a k e n  at f a c e  v a l u e ,  b u t  m u s t  be s c r u t i n i z e d  c a r e f u l l y  to test 
t h e i r  p h y s i c a l  r e a s o n a b l e n e s s .

T h e  T D O P  d a t a  can, w i t h i n  c e r t a i n  i m p o r t a n t  l i m i t a t i o n s ,  be 
u s e d  to d e f i n e  b a s e l i n e  p e r f o r m a n c e  o f  u n w o r n  t r u c k s  for l a t e r  
c o m p a r i s o n  w i t h  t e s t i n g  o f  w o r n  t r u c k s .  T h e s e  l i m i t a t i o n s  
s p e c i f i c a l l y  r e f e r  to the f i d e l i t y  o f  t h e  w h e e l / r a i l  f o rc e ,  
d i s p l a c e m e n t  a n d  a n g l e  o f  a t t a c k  d a t a ,  w h i c h  m a y  n o t  be a d e q u a t e  
for s o m e  a p p l i c a t i o n s .  A  n e w  t e s t  p r o g r a m  f o r  w o r n  t r u c k s  c a n  be  
d e s i g n e d  to p r o d u c e  r e s u l t s  s u i t a b l e  f o r  c o m p a r i s o n  w i t h  the  
b a s e l i n e  p e r f o r m a n c e  m e a s u r e d  in T D O P  P h a s e  2.
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A P P E N D I X
L i s t i n g  of D a t a  R e d u c t i o n  P r o g r a m s

T h i s  v e r s i o n  of the d a t a  r e d u c t i o n  p r o g r a m s  u s e s  t h e  DR-1 ^ h ea i r X n gl - a d ap t e r  c a l i b r a t i o n s  for the D R - 1  t r u c k  a n d  the k ^ T y p e  I ^ a d a p t e r  for the B a r b e r - S c h e f f e l  a n d  T y p e  I t r uc k s .')KrTor- m o d i  f i c a t i o n s  w o u l d  s w i t c h  the B a r b e r - S c h e f  fel to / t h e  D R -1  a d a p t e r  c a l i b r a t i o n s .

A- U
-r
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5200 * G101/ G1G2, G103, G105, G1Q6, G107, G109,5300 * Gill, G112, G113, G11 5, Gl 16,5400 * G201, G204, G205,5500 * G208, G209, G210,5600 * G212.G213,G214, G2165700 C5800 C5900 COMMON / REDCON / IANS, IANT, IANU: 6ooo COMMON / REDSTAT / LRED, NDISP, NVERT,NSEL,LUN2,LUN3> 6100 COMMON / ASCLAB / IADIS(19), IAVER<36), IA<3>6200 C6300 DIMENSION PMEAN(128)1 6400 EQUIVALENCE (PMEAN <1 >, XMP < 1 > >6500 C6505 DIMENSION XINP <46)' 6510 EQUIVALENCE< XINP(1),S1)■ ,> 6515 C6600 C-h-j* «■***.* tt***-*-*****##-**'a-#*-****#*#*-* -a-**#**#***7 6700 C6800 LRED= TRUE.6900 IERR=0. 7000 C7100 C . . . BARBER-SCHEFFEL TYPE TRUCK- 7200 IF< IANT. EQ. 2) GOTO 107205 XKVS=27500.7206 XC3=2. 49i7207 GOTO 157300 C . . .DR-1 TYPE TRUCK7400 10 XKVS=25900.‘ 7405 XC3=2. 1177410 c7500 c76007700 c7705 c . . . REMOVE BIAS FROM THE FOLLOWING CHANNELS :, , 7710 c A9-A14;D5-D1Q. THIS CODE IS7715 c ...VERY ORDER DEPENDENT ON THE INPSEL COMMON7720 c7725 15 DO 20 1=2, 71 7730 XINP <I)=XINP( I)-XMP(I)7735 XINP(1+33)=XINP(1+33)-XMP <1+33 >7750 20 CONTINUE7755 C! 7800 IFXIANS. EQ. 2) GOTO 500‘ 7900 c. 8000 c . . . NEED TO CALCULATE THE FOLLOWING VARIABLES: ; 8 1 0 0 c . . . ACCORDING TO THE CAR TYPE AND LOAD:- 8200 , G . . . VLA1,VLA2,VLA3, VLA4, BMA1, BMA2, BMA3,BMA43300 c ...THIS IS COMPUTED BY INTRPOLATIONS BASED| 8400. c ... ON THE "F" VALUES.| !8500 c’ 8600 CALL TABLE(IERR)8700 IF(IERR. NE.0) GOTO 950! | 8800 c89009000 c *1 9100 c V E R T I C A L  F O R C E S  *1 ' 9200 c it9300t 9400 c9500 c ' ’ ' .



9600 C 9700 C 9800 9900 
10000 
10100 10200 C 10300 10400 10500 10600 10700 C iOSOO 10900 
11000 11100 C 
11200 11300 11400 11500 11600 C 11700 C 11800 C 11900 
12000 
12100 
12200 12300 C 12400 C 12500 C 12600 12700 12800 ' 12900 13000 C 13100 C 13200 C 13300 13400 13500 13600 13700 C 13800 C 13900 C 14000 14i00 14200 C 14300 C 14400 C 14500 14600 C i4700 i 4800 C 14900 C 15000 C 15100 15200 15300 C 15905 C15915 C15916 C

. . . AXLEBENDING CALCULATIONS. . .
AVR1=((<G116-XM116>**2> BVR1=((<G115-XM115>**2) CVR1=( ( (Gi 13—XMl13) **2) R1V=(AVR i+BVR1+CVR i)/3.
AVL1=(((G101-XM101>**2> BVL1=((<G102-XM1Q2)**2) CVL1=((<G103-XM103)**2> Li V= (AVL1+BVL1+CVL1)/3.
AVR2=<((G201-XM20i >**2> BVR2=(((G204—XM204)**2) R2V= (AVR2+BVR2) /2.
AVL2=(((G209-XM209)**2) BVL2=<((G210-XM210)**2) CVL2=(((G212-XM212>**2) L2V=(AVL2+BVL2+CVL2)/3.

+ ((Gl12-XM112>**2)>**. 5 + <(Glll-XMlll)**2>)**. 5 + ( (G109-XM109)**2> >**. 5
+ ((G105-XM105)**2))#*. 5 + ((G106-XM106)**2>)**. 5 + (<G107-XM107)**2>>**. 5
+ ((G205-XM205)**2))**. 5 
+ ((G208-XM208)**2))**. 5

+ ( <G213-XM21.3)**2) )**. 5 + ((G214-XM214)**2>)**. 5 + ((G216-XM216)**2))**. 5
...VERTICAL FORCES AT WHEEL/RAIL INTERFACE...

FVR1 = 1500. + (R1 V-Ll V) /30. +VLA1 FVL1=1500. - ((RlV-LlV)/30. ) + VLA2 FVR2=1500. + <(R2V-L2V)/30. ) + VLA3 FVL2=1500. - ((R2V-L2V)/30. ) + VLA4
...LATERAL FORCES AT WHEEL/RAIL INTERFACE...

FLR1 = 156. 45 - (. 05556*(BMA1-L1V)> FLL1 = 156. 45 - (.05556*(BMA2-R1V)) FLR2=156. 45 - (. 05556*<BMA3-L2V)) FLL2=156. 45 - (.05556*(BMA4-R2V))
+ (.081944*(R1V-L1V))- (.081944*(R1V-L1V)) + (.081944* (R2V-L2V > )- (. 081944*(R2V-L2V))

... LATERAL/VERTICAL FORCE RATIOS ON INDIVIDUAL WHEELS
QUR1=FLR1/FVR1 QUL1=FLL1/FVL1 QUR2=FLR2/FVR2 QUL2=FLL2/FVL2

... WHEELSET NET LATERAL FORCES. . .
FL1=FLR1-FLL1FL2=FLR2-FLL2

. . . TRUCK NET VERTICAL FORCE. . .
FVNT=FVR1+FVL1+FVR2+FVL2. . . TRUCK NET LATERAL FORCE. . . FLNT=FLR1+FLR2-FLL1-FLL2

. . . TRUCK SIDE L/V RATIO. . .
QLFT =(FLL1+FLL2)/(FVL1+FVL2)QRGT=(FLR1+FLR2)/(FVR1+FVR2)

...ADDED THESE EQUATIONS IN PLACE OF V3BA,VSWR,VSDF ...FLLT TESTS VALIDITY OF EQUATION FOR FLL1
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16 6 0 0 C * * * * * * * * * * * * * * * * * * * * * * * * * * * • * * - * * * * * • » ■ • ) ? • * • « • -S-a-S-tt--8-■»••*•«•■«• •»■■«•*■»•■«•*•**•«•
i6 7 0 0 c

>”  i6 S 0 0 500 C O N T IN U E
i 16 9 0 0 I F (  I A N S . L T .  2  ) G O T O  10 0 0

i 7 0 0 0 c
1 7 1 0 0 c . . .  L A T E R A L  T O  W H E E L / R A I L  C A L C U L A T I O N S . . .
1 7 2 0 0 c
1 7 3 0 0 L R S 1 = . 5 *  ( P 2 + P 4  )
1 7 4 0 0 LW S 1= . 5 * < P 1 + P 3 )
1 7 5 0 0 L  WR1 =LW S 1 - L R  S 1
1 7 6 0 0 L R S 2 = . 5 * ( P 6 + P 8 )
1 7 7 0 0 LW S2= . 5 *  ( P 5 + P 7 )
1 7 S 0 0 LWR 2 = L W S 2 -L R  S 2
1 7 9 0 0 c
18 0 0 0 c . . . A N G L E  T O  R A I L / W H E E L  C A L C U L A T I O N S . .
i8 1 0 0 c

; 18 2 0 0 A R S 1  = 1 2 6 . 1 7 * ( P 2 - P 4 )
18 3 0 0 A W S 1 = 1 7 1 . 9 * ( P 1 —P 3 )
i8 4 0 0 AWR1 =AW S1 - A R S 1
18 5 0 0 A R S 2 = 1 2 6 . 1 7 * ( P 6 —P 8 )
18 6 0 0 A W S 2 = 1 7 1 . 9 * ( P 5 —P 7 )
1 8 7 0 0 A W R 2 = A W S 2 -A R S 2
18 8 0 0 c
18 9 0 0 c . . . A X L E  R E L A T I V E  A N G L E S  ( P O S I T I V E  F O R  R I G H T  C U R V E )

-  19 0 0 0 c
1 9 1 0 0 X N G 1= A W R 1-A W R 2

> 19 2 0 0 c . . .  A N G L E  L O N G I T U D I N A L  D I S P L A C E M E N T . . .
19 3 0 0 X N G 2 = ( D 2 1 + D 2 2 - D 1 9 - D 2 0 ) * 3 4 3 8 . / 7 9 .
19 4 0 0 c

, , 19 5 0 0 c . . . S P R I N G  GROUP V E R T I C A L  D I S P L A C E M E N T S  T O  E S T I M A T E
! . 19 6 0 0 c . . . D Y N A M I C  V E R T I C A L  F O R C E S
“  1 9 7 0 0 c

19 8 0 0 c . . . L E F T
| 1 19 9 0 0 V L S P = ( D 3 + D 4 ) * X K V S / 2 .
L ,  2 0 0 0 0 c . . .  R I G H T

2 0 1 0 0 V R S P = ( D 1 + D 2 ) * X K V S / 2 .
, 2 0 2 0 0 c
i 2 0 2 0 2 c . . . T R U C K  S W IV E L  T O  I D E N T I F Y  C U R V ED  T R A C K

2 0 2 0 5 S W I V = X C 3 * ( D 1 3 - D 1 4 )
2 0 3 0 0 G O T O  10 0 0

i 2 0 4 0 0 c
L '  2 0 5 0 0

2 0 6 0 0 c
i 2 0 7 0 0 950 W R IT E (L U N M S G , * )  ( "  ER R O R  FROM R E D E Q  R O U T I N E . ' )
i 1 2 0 8 0 0 I E R R = i  ■



2 0 9 0 0  
2 1 0 0 0  
2 1 1 0 0  
2  i 2 0 0  
2 1 3 0 0  
2 1 4 0 0  
2 1 5 0 0

G O T O  1000 
C
C **■«•****■»■# # *  #  f t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C
1000 C O N T I N U E  

R E T U R N  
EN D



10 S U B R O U T I N E  T A B L E  (IERR)

3 0  C R E D U C T I O N  EQUATIONS. *
40 C OUTPUT: VLA1-4, B M A 1 - 4  *

50 C*******#***-fr#*'*#*#**#**#*****tt*****#-*-*#***'***********'*HHfr
60 C I A N S = l - 4 VERT. FORCE, D I S P L A C E M E N T ,  BOTH, *
70 C S T A T I S T I C S  O N L Y  *
80 C I A N T = l - 3 B A R B E R - S C H E F F E L ,  DR-1, T R U C K  T Y P E l a
90 c I A N U = l - 2 L O A D E D  T R U C K  OR E M P T Y  *

’ 100 Ca-aaaaaaaaaaaaaaaa-aaa-aaa-aa-aaaa-aa-a-a-aaa-aaaa-a-a-aa-aa-ttaa-aaaa-aa-*
: 110 C a

1 2 0 C R E V I S I O N S : a
- 130 C 6 - 1 7 - 8 2  J U ..INITIAL E N T R Y  *

140 C a #  a- a a #  a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a  a a a a a
150 C *
160 C D I M E N S I O N S  / C O M M O N S  *
170 C a
180 C-s-a-H-SHS-fta-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-a-
190 C

—  2 0 0 R E A L * 8 PMIN, PMAX, PMEAN, PMSQ, PRMS, PVAR, P S T D
2 1 0 R E A L a 8 XMP, XM101, XM102, XM103, XM105, XM106, XM107,
2 2 0 a . XM109, XM111, XM112, XM113, XM115, XM116,
2 3 0 a X M 2 0 1 , X M 2 0 4 ,  XM205, XM208, X M 2 0 9 , X M 2 1 0 ,
2 4 0 a XM212, XM213, XM214, X M 2 1 6

; 2 5 0 C
2 6 0 R E A L * 4 LR31, LWS1, LWR1, LRS2, LWS2, LWR2, L1V, L 2 V
2 7 0 c
2 8 0 C O M M O N / S E T D A T  / I S C H A N U 2 8 ) ,  J C H A N ( 1 2 8 > ,  ICHAN(2, 128),

' 2 9 0 a UCHAN(2, 128),
3 0 0 a XSTART, XSTOP, NAVE, N C H A N
3 1 0 C O M M O N / S E T V A L  / JSTART, K S T A R T , JSTOP, KSTOP,

' 3 2 0 a MMILEP, NMILEP, F M I L P
3 3 0 C O M M O N / L U N S  / LUNMSG, LUNNAM, LUNOUT, LUNIN, L U N S C R
3 4 0 c
3 5 0 c . . . C O M M O N S  N E E D E D  FOR D A T A  R E D U C T I O N  E Q U A T I O N S  ...
3 6 0 C O M M O N / S T A T S  / P M I N Q 2 8 ) ,  P M A X (128),
3 7 0 a XMP (46), X M 1 0 1 , XM102, XM103, XM105, XM106, XM107,
3 8 0 a XM109,
3 9 0 a XM111, XM112, XM113, XM115, XM116,
4 0 0 a XM201, XM204, XM205, XM208, XM209, XM210, XM212, X M 2 1 3
4 1 0 * XM214, XM216,
4 2 0 a P M S G ( 128), P R M S < 128), P V A R (128), P S T D < 128)
4 3 0 c

, 4 4 0 C O M M O N / O U T D I S P /  LRS1, LWS1, LWR1, LRS2, LWS2, LWR2,
4 5 0 a ARS1, AWS1, AWR1, ARS2, AWS2, AWR2,
4 6 0 a XNG1, XNG2, VLSP, VRSP, FSA1, FSA2, S W I V
47 0 C O M M O N / O U T V E R  / VLA1,VLA2, VLA3, VLA4,

■ 48 0 a BMA1, BMA2, BMA3, BMA4, AVR1, BVR1, CVR1, RiV,
L 49 0 a LIV, R2V, L2V,

500 a FVR1, FVL1, FVR2, FVL2, FLR1-, FLL1, FLR2, FLL2,
i 510 a Q U R 1,Q U L 1 , QUR2, QUL2, F L 1 , FL2, F V N T , FLNT,
; 520 a QLFT, Q R G T , VSBA, VSWR, V S D F
~  53 0 c

540 C O M M O N /  I N P S E L  / SI , A9 , A10, All, A12, A13, A14, A17,
1 55 0 a FI, Fil, F12, F2, F 2 1 , F 2 2  ,
L '  560 a F3, F31..F32, F4, F41, F 4 2  ,

570 a PI ,P 2  ,P 3  ,P4 ,P5 , P6 , P 7  , P 8  ,
580 a B 1 , S 2  ,
590 a D1,D2, D3, D4,

‘  6 0 0 a D5 , D6 ,D7 ,D8 , D9 , DI O  ,
, - 6 1 0 a- D13, D14,



U W M ^ ^ ^ ^ k p k h h k O O OPJf-0<imHO'tJJ4=-qpJt-*OOrox|o o o o o o o o o o o o o o o o
ooo

r —  r —■ r—  r—  r—O O O O O O ' 0 ' 0 ‘J'J<l'0<lr0>0<I'0CCi00CDG0C00DC0mCDai>vJ'vJ%Js4N4-N|xjvjs401-t»qpJi-*0'Oq''IO"01>qpJ>-‘-0'aqx|0'OI>qpJi-‘-0'QraxlO'UI.{sqpJi'-o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
xi o- O' O' O  <1 ffl x|o  o  o  o

O' O' O' O' O'
O' OI >  q  PJo  o  o  o  o

1o O  PJ o  o n f) O  O  CJ o ccccccccc o o  o o O o  o oPJ o # * # o #o o * * * o ## # # #* * * ## * * * # # # # # ## * * ## * * *c  o O  ►*» C o  O  ►*-! M H  W 1—1 t—l * Cl >  <C * a * 1—! O  H  > # d  a a m a o  o  or  m o  xj 3o r □  o n  “n *n -n XI X| * 3  xj r # * xi O  XI XJ . # >  > > o O  o  o>  r H  O  3  !> <~j —| rs /\ * >  3  > # XI * H  '•> 3 # H H H C  2 3  3  3CO II o  r~ cj cj O  O  XI > .—. # !-»• H* I-* * * hH O  -  Z # > > > m  m 3  3  3ii ^ pj ii ii XJ CJ 03 1 1 XI * II II II * m * > hh || <  z o  o  o~  "T] pj ii >  pj o  - '  ra pj co o XI CO # O N * * z 3>- # 1—! i—i i—i >  CO z  z  zO  CJ CD t-' XI O <i pj r  v  ~ CJ PJ * r  xi o * co * c <1 Z  O * XI XJ XJ r  i-tm no O  3  0 oi o  pj xi xi 4> H* -X # > 3 0 # # O  H  • * CD CD CD m o X X Xr  + z  o o  o  • • CJ co * • XI • # »-* z  o * co * z o  • * XI xi r z  z o o  o o  o  o# — o '  m • h* pj xi r  cj • # # o * # * m '  r # IO »-* PJ o >  XI 30 pj PJ w t—̂ 1—*■ »-*■PJ o pj o  • • ^  CJ H  ►* • : > * m * H * m xi co m m t-»- o  o H' O  -OO " # PJ • xi o  • M- * >M« > XI # > # * pj o  • * X \ \ 2 O O D pj CO ►" H  H  'O  > 71 o  o  m h  r  • XI • o * 3  XI a # XI * O  t-* # o  o  o m r  m o '  '  oo  # CJ ~ — r • n r co r > M- »-* > # * *• *w # \ X \ XJ > >  H  o <D o  o O  O  PJO  T| pj r  o  ■ h io m XJ * "0 # <D <1 • # 3  Z ca >  z PJ PJ w i-* t-* o• CJ 4* O  ‘ ‘ v  * H # H # * O o  o # m — -l t-*- o  o ►* O ’ 'i-*- O O H O O X 1 i m # m # * ~l O  XI * >  •- X  X q <J > PJ PJ o+ — '  H  X  ’ CJ > 30 * XI # e * a •w* ’ # Z  PJ X '  '  PJ•w* PJ O  30 i-* 10 z  • * * # ro t—1 1—1 o o  o O  O  t-tO' C O # ' ' a  o a # a * XJ # CJI # -w- >  r  > pj PJ PJX O  <1 • O  >  • <w* r # r * o >  > # O  XI z I-*- t-** o t-̂  O  o'  -0 H  CD > «*■*» i # i # i # o z  z # h  m co > O  OI q  q  ioO  ■— >OOi h  O  10 2 XI o IO # M- * * H  H # X q  o  ' '  '  pj1 1 < O O H  O cj a * * # # 3: »̂s **■ o o  oa  o o  pj x r IO H * * # O # T3 »-*■ 2  M , M t—*■ t—*■ *■m • O  XJ O' CJ ^ • a # # # H # O  O  > *-«■ Or  O' w O O H - X l r * # # * h* n  Z O' OI oi•— * CO — CJ m io # * # CJ # '  CO H# XI H  CO >- PJ • o * * ■m* # XJ ' o  oPJ CJ X) i—t v  • 1 o # # m * •w # t—i ' 1-̂  t—■OI i-* co co r o * # # # >  Z  M t->- Oo  ~ r  r  o  m # # 3 # o # <  <  > O'- O'o pj m a  • > * * # o # m m zo H  1 * * * XJ # H # 30 30 c ot-i o  o XI * * # q # H 1-*•w* z CJ * * H # i # q  ' o* H  PJ H M- * * * <i # O' Z xl-n m O' * N*» # , # •< # •0 # qCJ 30 O  XI "W * * # OI # '  m <DX) CJ # * # o # r i-—o  *-*• o # * # t—i ' or  '-' o # * H * * >  r <1>  ~ H * * * * — cH o * # XJ * * q  Zm o # * # * — PJo PJ * # c # #>  H PJ * * * * rco a o  • # # o * * c* # # # zX| PJ # # 7Z # qO  > * # #XI o * # #* * #XJ * # #XI # *m * #<  ►—i # # # #
ocCO
■0>
CO



1

pricgrocoNjvjvj^sjvjsj^jsjsjo-O'O'OChO'O'O'O'&'Oioicncncntfluioiuiui^.^UUMO'OCOvjO'Ol45CJPJMO'OmvlO'Oi45CJPJ.-0'OCDv|0'Ol45CJPJ.-0'OCQ
a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

H1 M- K H1 K H*-45 454»45 45 45 45 45 tocDCDCocjtocotococjpj •'40'Ol45CJPjMO'aC0vlCl'Oi45CJMi-'-O'0o o o o o o o o o o o o o o o o o o o
t— ^ I— '  t— ^ t—^  ^  1—»

10 PJ PJ PJ PJ PJ 
CO vj O' OI 45 CO
o  o  o  o  o  o

to n to o to o to  o to
cn 45 to PJ H
o o o o o

o

C O M 0 X 0 M ©  >  c  a  m ©  > . <  O  m ©  >  <  m ©  ©  m H  H  H  H
r ~  m  T 3 o  3 J  r  m *0 a  3 3  r  m  t j o  3 3  r  m  t j O  3 3  r  33 • 0 0 3 1 " n  T i  " n  t i
>  r *  ea h  3  >  r t o H 2 > r o H  3  >  r  t o H  3  >  1 3 — 1 H  — * <■«* /N
P J  11 7 0 a  p j  p j II 7 0 O  P J  P J  II 7 0 O  P J  P J  II 3 3 a  p j  p j  3 3 • a  a  m "T| ^  /N  /N
II —  M ii ii /■N *-*■ II II - •  m II II ~  M - II II M 33 ( Q  ^  T ]
0 "  T 1  || t o  >  r n  m II t o  >  - '  m  ii t o  >  ^  3 1  II t o  >  M  || •O ~  63 i u  i u  t o
v l  P J  O I t o  3 )  P J  P J •15 t D  3 3  o  P J  t o CO 3 3  o  P J  P J 0 0  7 0  *-*• m - ■ < 1  CO 33 • M -
O  P J O  3 * P J o  3  m  p j a  3  m  p j 0  3 * - ■ c n  i—  »— 0  0  4 * '
O  1 Z  O ' 1 z  r  i z  r  i Z  O • o  o  • • h  ♦  ♦  r

+ v i i *  — • 1 *  3 1 1 O -  r • -T l  *T| H
*  p j O  P J O  - 0  M M - M  p j P J  * CO H • ~  i u  r u  *
" n 1 o m  *-*• • 1 I-*- ►* * P I  • *n i i )  h  h > t i
P J  4s. o * O r  o  4 5 O  K  *w 3 | O p I T I '  *-* ^  111

* m * o  * m  o P J r *  4 5  • • p j
m r 31 • r n r  o  v . t o r  *  r  r  - -
p j PJ p j * t o  © 31 H  h  •»-*• +  * - O  O  H  P J  • 1 >•w* •w* +  o '  H I * * T 1 3 1 Z«W* /“«. V CO O  3 3  —  P J  P J  C3

»-* - ' • o i 4 » c  —  P J  p j  •\ V \ *-*• a}c O
o • 3 1 -  *0 ©  * 31

<*s 1 O  P J t o  O i  *h  O  >  >  P J
( O  1 1 * - O I  O  31 H  Z  Z  P J

o o m  o a  ■ O o  a  o  •
r ~  • m 3 3  • • r

O ' -P> r t o o  t o  — '  — • m
* * *  * •w* O ' c n  o »  3 i  “n  *
T | 3 | o  m * O t n  o  p j  p j  ~
P J P J v j  P J - 0 *-* P J  P J  M -
N> >-*• O  * - O 63 • • •

o o * 0 r  r  r  4 5

**n
PJ

*
T |
PJ

cn
o

■ocd
33

r n  m m *  • • m
—' p j

zHm3]-o
a
r
>Hm
>
CO

31
o
31

u70m<n□
C
to

-D>(0
to

PJ PJ* ‘ s/
45 o  ~* * Mm m 
pj pj o
M  I-  o•W ̂  •—J •W w Q
%•* *W»

CO
o o u  
o  o  oH -H0 O
to  U01 45 O O

t o  o  o  o  o  o  o P J  o p j  n P J n
o * CD O ' 45
o * O o o

*
*
*
*
*

M  M * ©  63 © * - * > < ; O  M  >  c  o I D  H  ^
3 i  m *  . O  3 a  3 3  3 3  r o  33 3 3  r  m P  33 33

**** * H  > H  6 3  3  > H  63 3  >  r H  »  3
3| * a  t o a  r  c o  t o o  r  t o  t o  ii o  r  u
PJ * n P J  11 II PJ II II — P J  II

O  P J * t o  > P J  II >  P J P J  II >  —  31 P J  II >
* O  33 t o  45 33 « J 1 C O U H D U CO P J  33

o i  r * O  3 O  3  0 o  3  m  p j O  3
*  m * * t o z  o z  r  + Z
r n  • * * * +  o i *  - ' 1
p j  — ' # c t-J- • P J  P J  o
*—  o > * r * +  o i  • +
•w* * o * > 3 1 a  o  * - o
• O i > * CO CO m o * m
1“  * 33 * r  o  3 i i-
h  " h ■H * • t o
• P J m * +  M-
31 7 0 * »*"s *w*
P J  ' - * M - w
P J  — 63 *

33 * O  V
© 1 * I

>  o K * o  —
Z  H * m  i
O  O * r  o
* # v  *
—  t o * *  t o
3 1  M * »-*• if
P J  o * O' 31
P J * O '  t o

* O  * -
r * O
m *

* •w
3 | * *
p j * 3|
M - * PX̂ * *
•w *

*
© *
o #
H *
a *

* '
t o *
p j *
o *



p j p j  p j  p j  p j  p j  iu  p j  p j  p j  iu  p j  p j  p j  p j p j p j 10 p j  iu  p j  iu  p j  ro  p j  ro  p j  p j  p j  ro  ro  p j  p j  p j  p j  p j  iu  p j  ro  p j  iu  ro  n j n j p j i- "  i -  m - h * ► -  i -  i-*  ^  i -  i-*
^ ^ ^ . ^ ^ U U C J U U Q U C O C O C J P J I O p J P J r O P J P J P J M P J ^ H  H-  H  h *  M  H 1 P H*  H^ O  O  O  O  O  O  O  O  O O O ' d > 0 < l O O ' 0 '0 ' C ' O C 0 C D C D C 0 C0 CD
- F > U P J t - J- 0 ' O C U ^ I O ' U l - ( i C O P J ► J- O ' 0 C 0 ,' 4 0 ' C J l - t » U P J » - * O ' 0 C D v l 0 ' C J i - t » t J P J H * O ' 0 C 0 v 4 C h t n 4 5 . C 0 P J H i C i i D l D s I t h a i i i L l M p o ^ m s i f h f n ^
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

CJ1

ccc cccc

o  o 42. O  4» o  45. O  45. O 45. O O  O 42. 0 0 0 0 0  c o o  c o o
o # # CO •t» co PJ Hi 0  #  CO O'
o * # o o o O O 0  #  0  0

# # #
* * #
# * #
* # #
* # #H  H  1—1 »—« * # o  r a <o >  < :  *-» o  >  <  a  n O  >  <  O  w O  >  <  HH O  H  H  l-H h  h  #  o r a  0  >  c  m  o >

T l  T1 T1 T1 # o # O  3 o a m o  x j  r  m  t j o  x j  r  m  m 0  x i  r  - o ' O  TJ  T |  T | t i  t i  *  0 3  a x j r x i  a  t o
^  (— , # * H  > H  3  >  ca - 4  3  >  r  03 H  3  ! P  r  6 ) H  3  >  CO — |  / s  /H, ^ - •  #  H >  H  3  >  0  - 1 3

* X I # O  - t i a  -tsi 4*  x j a  ■>  45. i i  x i 0 4 14 5  II XJ 0  45. 45. XJ O  H  T ] /N —  t i  #  0  p j  a  p j  p j  x j  0  p j
O  p j T | * * II i i n PJ ti n ~  p j II 11 — > PJ II II PJ TO 4 i - • 45. «  || II II H^ ||

H* * m # *-* < 4s. >  PJ II 4 i >  ^  T l II 45 >  ~  -n  II 45 >  PJ II —  ra  p j  0 O P J  #  4 1 <  C 0 > 0 ' l l  C 0 >
s j  PJ K  K # # o  r CO X I  O  4 * cn  X I  h*  4s. CO CO 30 PJ 45. PJ 00 X I  CJl H* ■ 45. X I • • *  o r -  t n  x i  ' j  o  a n )
• t i  CJ1 45 ' * cn * o  > 0  3  0 O  3  4s  PJ 0  3  CJl PJ 0  3  0 • M - p j  o u i o r  *  O J >  0 3 0  0 3

<D * * o  •11 z  o Z  CO 1 Z  O  1 z  0 • O ’ • H  # CJl H  #  PJ Z  0  Z
#  * n  n  m * cn * o  # o +  o  ~ 1 O  ~ 1 O • -  r  • • m #  • • *  #  +  • +
T ] !-*. »-* • ■ * * > • O  O  H * IU  O  O PJ • ■P* — 1 ’ ^  ■£> " t l  ^  *  >  PJ *  PJ
H ' PJ PJ PJ > * m # * m  • +  • • # PJ 1 T | 1— 45. 0  >  #  30 -T l |
PJ 1 1 • a * * 3 n r  *  O ' O  *  CJl T | 0  h*  m  • — ■ H  ■ 0  #  3  PJ O
1 • H» 3> * 30 * 4s» -t» 1 O  VJ m o # 4s. • -  r  o -  • - •  0  >  #  p j  m

O  U1 >0 t> "0 * # h i m  # r  m  t i ■ 41 r M r cji X i #  r
• PJ v l  * H # # r  -n r  45 • to  0  #  m r  #  h  #
h*  cn I-*  t i m * # 4 * +  *1 • 0  0  h  -n  • m  t i  m  #
" O ' *  h * 30 * # +  ► * A  *w* • '  H  X  45. T l 42. 30 #
O ' (D  O  PJ * * Srf* 45. O  30  h . - 45. T |  M-

■H  H  1 r a * o # • • 45. C  "  PJ 4> "  03 #
Q  ’ O r * # H* 0  \ O  * 0  * "  " PJ ~  30 #
H  T l  T i  • i * 70 * s 1 • '  - o •w  | $

M- W- -0 H * * O 0  ^ • <1 CJl H  O  > ' O  PJ #T l  1-t v l # 1 # 1 ^ m  1 • O O X I O Z >  O  #
H> sx  w  H * # O  1 r  0 • c n  • <  h  0 Z  H  #l_k • ^ # i - i * m v  * • 0  O ' C3 O  #

>  >  ■ * * r  • #  4s. V*  — J ,«■*, #
Z  Z  > # * H*  CJl 0  4 *  T l

> 0 - 0 2 * * *  SJ 4s. # 45. 42. T l H ' #
2  ‘ • O * * H» #  . CO T l • T3 C  0  PJ 42. O  • *
O  ^  ^  ‘ # r * PJ -T l O  45. ■ ca  cn PJ #

"n  t i  -v * # CJl 4 * O  ►-* • x j  m  r #
*"• H» H * "Tl * □ # O • p j  m l~  #
T | H  H  M * * O  — c n H  #
M* M- * > * * o>- ^ #
► *  O  O  • * * T l 3  H >)C
• m  m  id * a # * 45. m O  #
o  • ■ H * * T l O ' #  ~
m  o  H * • * m * 4s. m  ^ i CJl #

o * * 0  # #  #
O  sJ  p j  • # a * c  m T l #
• CJl - t i # * >  4s. • t i #
PJ H* #  CJl * # — | M- ijt
co #  m  * * * 1— 1 V ^  #
O ' T l H* T | * * O •—  $
t  H  P J K * H * Z •w  >|C
T | p j | PJ * * cn #
•-*■ 1 O * 30 * O  #
PJ O  • — * * >  0 O  #
— '  • CJl * C # tn  0 H  #
~  h*  PJ 0 * * O

-0  CJl O * o # r *  0
O  O ' "  H * * > 42.
o  ^  -w  a * * c n  4s. PJ
H  Ni- # * ~ l CO O
o  <d  o i * * 0

o  o  ►-* * * XJ
CJ1 O  H  O # # >
-t*  H  O # * tn
o  o * * OJ

CJl * *
CJl PJ * *
GJ O * #
o * *# # #



c
2450
2 4 6 0
2470
2480
2 4 9 0
2 5 0 0
1510
2 5 2 0
2 5 3 0
>540
>550
2 5 6 0
7 5 7 0
1580
2 5 9 0
2 6 0 0
•1610
6 2 0

2 6 3 0
" 6 4 0
6 5 0

£ 6 6 0
2 6 7 0
1680
'690

2 7 0 0
“ 7 1 0
7 2 0

2 7 3 0
2 7 4 0
7 5 0

_ 7 6 0
2 7 7 0
7 8 0
790

2 8 0 0
^°10

20
&£>30
2 8 4 0
350
360

2 8 7 0  
" 3 8 0  
i 390 
£900
2 9 1 0  
720 
?30 

2 9 4 0  
“750 
>60 

2 9 7 0  
7^80 
: >90
LJ00 
3 0 1 0  
: '20
: 30 
3 0 4 0  
? ° 5 0

C. . 
C
510

C
52 0

*

C
53 0

*

C
5 4 0

*

C
5 5 0

C
5 6 0

C

IF(F11. LT. 0. 2 8 6 * F 1 2 )  G O T O  550
. . . F E L L  THRU. IF POSSIBLE, I N T E R P O L A T E  AS F O R  P R E V I O U S  P A S S  

I F ( IPBL1. EQ. 0) G O T O  9 9 5 0  
G O T O  (510, 5 2 0 , 5 3 0 , 5 4 0 ,  550) IPBL1 
G O T O  9 9 5 0

VLA1 = 15625. *F1+7810..
A R M l = A R M N - 2 .
I P BL1=1 
G O T O  560

C A L L  TW0DIM(2. 14, -.971, 1.25, -.525, F12, Fll, DEL)
V L A 1 = ( D E L * < 1 5 6 2 5 . *F1 + 7 8 1 0.)) +

( (1. - D E L ) * ( 11500. *F1 + 5750. ))
A R M 1 = A R M N  - 1. - D E L
I P B L 1 = 2
G O T O  560

C A L L  T W O D I M (  1.25, -.525, .741, -.196, F12, Fll, DEL) 
V L A 1 = ( D E L * ( 11500. *Fl+5750. )) +

( (1. - D E L  >#(9710. *F 1 +4850. > )
A R M 1 = A R M N - D E L  
I P B L 1 = 3  
G O T O  560

C A L L  T W O D I M C  .741, -.196, .286, 0.0, F12, Fll, D E L  > 
VLA1 = (D E L * (9710. *Fl+4850. )) +

( (1. - D E L ) * (12990. *F 1 +3900. ) )
A R M i = A R M N + l .  - D E L
I P B L 1 = 4
G O T O  560

VLA1 = 12990. * F 1+3900.
A R M 1 = A R M N + 1 .
I P B L 1 = 5  
G O T O  560

B M A 1 = V L A 1 * A R M I  
G O T O  6 0 0

C
C ... A D A P T E R  BR-1
C
6 0 0  IF(F21. GE. 3. 3*F22+0. 69) G O T O  6 1 0

IF( (3. 3*F22+0. 69. GT. F21). AND. (F21. GE. 1. 37*F22+0. 311) ) G O T O  6 2 0  
IF( (1. 37*F22+. 311. GT. F21). AND. (F21. GE. 0. 625*F22+. 062 5 ) )  G O T O  6 3 0  
I F ( (. 625*F22+. 0625. GT. F21). AND. (F21. GE. 0. 3 6 * F 2 2 -  136)) G O T O  6 4 0  
I F ( (0. 3 6 * F 2 2 — 0. 136. GT. F21). AND. (F21. GE. 0. 25*F22-0. 2) ) G O T O  6 5 0  
I F (0. 25*F22-0. 2. GT. F 2 1 ) G O T O  6 5 5

C ... F E L L  THRU. IF P O S S I B L E  I N T E R P O L A T E  A S  P R E V I O U S  P A S S
IF (IPBR1. EQ. 0) G O T O  9 9 5 0  
G O T O  ( 6 1 0 , 6 2 0 , 6 3 0 , 6 4 0 , 6 5 0 , 6 5 5 )  IPBR1 
G O T O  9 9 5 0

C .........................................................................................
C
6 1 0  V L A 2 = 2 0 0 0 0 .  * F 2 - 10000.

A R M 2 = A R M N - 2 .
I P B R 1=1 
G O T O  6 6 0



3060 C
3070 620 CALL TWODIM( 3. 3, . 0. 69, 1.37, 0.311, F22, F21, DEL )3080 VLA2=<DEL*<20000.*F2-10000. >) +
3090 * < < 1. -DEL)* <11500. *F2-5750. ))
3100 ARM2=ARMN-1.-DEL
3110 IPBR1=2
3120 GOTO 660 /
3130 C
3140 630 CALL TWODIM < 1. 37, 0.311, 0.625, 0.0625, F22, F21, DEL )
3150 VLA2= < DEL*(11500. *F2-5750. >) +
3160 * < ( i. -DEL) * < 10000. *F2-8000. ) )
3170 ARM2=ARMN—DEL
3180 IPBR1=3
3190 GOTO 660
3200 C
3210 640 CALL TWODIM <0.625, 0.0625, 0 36, -0.136, F22, F21, DEL )
3220 VLA2=<DEL*<10000. *F2-B000. )> +3230 * < <1. -DEL)*<8550. *F2-10680. ))
3240 ARM2=ARMN-DEL+1.0
3250 IPBR1=4
3260 GOTO 660
3270 C
3280 650 CALL TWODIM <0. 36, -0.136, 0.25, -0.2, F22, F21, DEL )
3290 VLA2=<DEL*<8550. *F2-10680. )) +
3300 * < < 1. O-DEL) * < 20000. *F2—30000. ) )
3310 ARM2=ARMN-DEL+2.
3320 IPBR1=5
3330 GpTO 660
3340 C
3350 655 VLA2=20000. *F2-30000.
3360 ARM2=ARMN+2.
3370 IPBR1=6
3380 GOTO 660
3390 C
3400 660 BMA2=VLA2*ARM2
3410 GOTO 700
3420 C
3430 c*********#**********.*#***#***#**.#.#****#****#********-**-*************
3440 c
3450 c ...ADAPTER BL-2
3460 c
3470 700 IF<F31. GE. 3. 08*F32—0. 31 > GOTO 710
3480 IF< <3. 08*F32-0. 31. GE. F31 >. AND. <F31. GT. 2. 31*F32-. 462)) GOTO 720
3490 IF< <2. 31*F32-0. 462. GE. F31). AND. <F31. GT. 1. 294*F32-0. 159) ) GOTO 730
3500 IF < < 1. 294*F32-0. 462. GE. F31). AND. <F31. GT. 0. 567*F32-0. 042) ) GOTO 74<
3510 IF< <0. 0567*F32-0. 042. GE. F31). AND. <F31. GT. 0. 152*F32+0. 0045)) GOTO
3520 IF<0. 152*F32+0. 0045. GE. F31) GOTO 760
3530 c . . . FELL THRU. IF POSSIBLE, INTERPOLATE AS PREVIOUS PASS.
3540 IF < IPBL2. EQ. 0) GOTO 9950
3550 GOTO <710,720,730,740,750,760) IPBL2
3560 GOTO 9950
3570 c. .
3580 c
3590 710 VLA3=14080. *F3 + 4230.
3600 ARM3=ARMN-2
3610 IPBL2=1
3620 GOTO 770
3630 C
3640 720 CALL TWODIM(3. 08, 2. 31, -0. 31, -0. 462, F32, F31, DEL)
3650 VLA3= < DEL* < 14080. *F3+4230. ) ) +
3660 ■a- < < 1. -DEL) * < 12990. *F3+3900. ) )



3 6 7 0 A R M 3 - A R M N - 1 .  - D E L
3 6 8 0 I P B L 2 = 2
3 6 9 0
3 7 0 0 C

G O T O  7 7 0

3 7 1 0 7 3 0 C A L L  T W O D I M <2. 31, -0. 462, 1. 294, -0. 159, F32, F 3 1 , D E L )
3 7 2 0 V L A 3 = ( D E L * (12990. *F3+3900. )) +
3 7 3 0 ((1. - D E L )*(11500. *F3+3450. )) '
3 7 4 0 A R M 3 = A R M N - D E L
3 7 5 0 I P B L 2 = 3
3 7 6 0
3 7 7 0 C

G O T O  7 7 0

3780. 7 4 0 C A L L  T W O D I M ( 1. 294, -0. 159, 0. 567, -0. 042, F32, F31, DEL)
3 7 9 0 V L A 3 = ( D E L * ( 11500. *F3+3450. )) +
3 8 0 0 * ( (1. - D E L ) * (16670. * F 3 - 1 670. ) )
3 8 1 0 A R M 3 = A R M N - D E L + 1.
3 8 2 0 I P B L 2 = 4
■3830
3 8 4 0 C

G O T O  77 0

3 8 5 0 7 5 0 C A L L  T W O D I M (0. 567, -0. 042, 0. 152, 0. 0045, F32, F31, DEL)
.. 3 8 6 0 V L A 3 =  (D E L *  (16670. * F 3 - 1670. >) +
3 8 7 0 * ((1. - D E L ) *(25000. *F3+7500. ))
3 8 8 0 A R M 3 = A R M N - D E L + 2 .
3 8 9 0 I P B L 2 = 5

" 3 9 0 0 G O T O  7 7 0
3910 C i
3 9 2 0 7 6 0 V L A 3 = 2 5 0 0 0 .  *F3+7500.
3 9 3 0 A R M 3 = A R M N + 2 .
3940 I P B L 2 = 6
3 9 5 0
3 9 6 0 C

G O T O  7 7 0

3970 7 7 0 B M A 3 = V L A 3 * A R M 3  .
i 3980 
3 9 9 0 C

G O T O  8 0 0

4000 C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
1 0 1 0 c
4 0 2 0 c ... A D A P T E R  B R - 2
4 0 3 0 c
0 4 0 BOO IF(F42. GE. 4. 71*F41-0. 37) G O T O  8 1 0 *
'050 I F ((4. 7 1 * F 4 1 — 0. 37. GT. F42). AND. (F42. GE. 3. *F41+0. 1 )) G O T O  8 2 0
4 0 6 0 I F < <3. *F41+0. 1. GT. F 4 2 ) . AND. (F42. GE. 0. 65*F41+0. 0 6 5 ) ) G O T O  8 3 0
‘0 7 0 IF< (0. 6 5 * F 4 1 + 0 .  065. GT. F42). AND. <F42, GE. 0. 37*F41+0. 1 ) ) G O T O  8 4 0
0 8 0 IF( <0. 3 7 * F 4 1 + 0 .  1. GT. F 4 2 ) . AND. (F42. GE. 0. 133*F4i+0. 0 1 3 ) ) G O T O  8 5 0

* 0 9 0 IF(0. 133*F41+0. 013. GT. F42) G O T O  8 6 0 '
4 1 0 0 C . . . F E L L  THRU. IF POSSIBLE, I N T E R P O L A T E  A S  F O R P R E V I O U S  PASS.
110

- 1 2 0
4 1 3 0

14 0 C.
15 0 e

4 1 6 0 8 1 0
- * 1 7 0

18 0
.1 9 0

4 2 0 0 c
2 1 0 8 2 0
220

4 2 3 0
'’ 2 4 0

250
-r260

IF( IPBR2. EQ. 0) G O T O  9 9 5 0  
G O T O  (810. 820. 830. 840. 850, 860) 
G O T O  9 9 5 0

IPBR1

V L A 4 = 1 6 7 0 0 . * F 4 + 3 3 3 0 .
A R M 4 = A R M N -2 .
IP B R 2 = 1  
G O T O  8 7 0

CALL TWODIM(4. 71, -0. 37, 3. 0, 0. 1, F41, F42, DEL) 
VLA4=(DEL*(16700. *F4+3330. )) +

( ( D E L - 1 .  ) * ( 1 2 5 0 0 .  * F 4 ) )
ARM 4=ARM N—1 . - D E L
IP B R 2 = 2
G O T O  8 7 0

4 2 7 0 C



4 2 8 0 8 3 0 C A L L  T W O D I M (3. 0, 0. 1, 0. 65. 0. 065, F41, F42, DEL)
4 2 9 0 V L A 4 = ( D E L * ( 12500. * F 4 ) ) +
4 3 0 0 * ( (1. - D E L ) * (  10750. *F4+1075. ))
4 3 1 0 A R M 4 = A R M N - D E L
4 3 2 0 I P B R 2 = 3
4 3 3 0 G O T O  87 0
4 3 4 0 C
4 3 5 0 8 4 0 C A L L  T W O D I M (0. 65, 0. 065, 0. 37, 0. 1, F41, F42, DEL)
4 3 6 0 V L A 4 = ( D E L * <  10750. * F 4 + 1 075. ) ) +
4 3 7 0 * ((1. - D E L )*< 13700. *F4+2740. >)
4 3 8 0 A R M 4 = A R M N - D E L + 1 .
4 3 9 0 I P B R 2 = 4
4 4 0 0 G O T O  8 7 0
4 4 1 0 C
4 4 2 0 8 5 0 C A L L  T W O D I M (0. 37, 0. 1,0. 133. 0. 013, F41, F42, DEL)
4 4 3 0 V L A 4 = ( D E L * ( 13700. *F4+2740. )) +
4 4 4 0 * ((1. - D E L )*<20000. *F4+200Q. ))
4 4 5 0 A R M 4 = A R M N — DEL+2.
4 4 6 0 I P B R 2 = 5
4 4 7 0 G O T O  8 7 0
4 4 8 0 C
4 4 9 0 8 6 0 V L A4=20000. *F4+2000.
4 5 0 0 ARM4 = A R M N + 2 .
4 5 1 0 I P B R 2 = 6
4 5 2 0 G O T O  8 7 0
4 5 3 0 C
4 5 4 0 8 7 0 B M A 4 = V L A 4 * A R M 4
4 5 5 0 G O T O  1 0 0 0 0
4 5 6 0 C
4 5 7 0 C***#*****#***#*************#*4HH**tt***-*'3Ht'*"H''*-*#"*«-**'*#*-**#-*'3t'-**#-#-it'-»-'K
4 5 8 0 C
4 5 9 0 C
4 6 0 0 9 0 0 C O N T I N U E
4 6 1 0 IF (IANU. NE. 2) G O T O  1 2 0 0
4 6 2 0
4 6 3 0 C *
4 6 3 5 C B A R B E R - S C H E F F E L  A N D  *
4 6 4 0 C T Y P E  1 T R U C K  E M P T Y  *
4 6 5 0 C *
4 6 6 0 C***#*#***#**********#-#******* ********#**#*********#'*****"***'***##-
4 6 7 0 c
4 6 8 0 c . . . A D A P T E R  #1
4 6 9 0 c
4 7 0 0 IFCF12. GE. 1. 1 5 * F11) G O T O  9 1 0
4 7 1 0 I F ( (1. 15*F11. GT. F12). AND. (F12. GT. 1. 0 5 * F 1 1 > ) G O T O  9 2 0
4 7 2 0 IF( (1. 05*F11. GE. F12). AND. (F12. GE. FI 1) ) G O T O  9 3 0
4 7 3 0 IF((F11. GT. F12). AND. (F12. GE. 0. S 8 6 * F 1 1 )) G O T O  9 4 0
4 7 4 0 I F ((0. 8 8 6 * F 1 1. GT. F12). AND. (F12. GE. 0. 8 3 1 * F 1 1) ) G O T O  9 5 0
4 7 5 0 IF CO. 831*Fil. GT. F12) G O T O  9 6 0
4 7 6 0 c . . . F E L L  THRU. IF POS S I B L E ,  P R O C E S S  A S  F O R  P R E V I O U S  1
4 7 7 0 IFCIPBL1. EQ. 0) G O T O  9 9 5 0
4 7 8 0 G O T O  ( 9 1 0 . 9 2 0 , 9 3 0 , 9 4 0 , 9 5 0 , 9 6 0 , 9 9 5 0 )  IPBL1
4 7 9 0 G O T O  9 9 5 0
4 8 0 0 c. .
4 8 1 0 c
4 8 2 0 9 1 0 VLA1 = 1562. 5*F1
4 8 3 0 A R M l = ARMN-2.
4 8 4 0 IPBL1=1
4 8 5 0 G O T O  9 7 0
4 8 6 0 C
4 8 7 0 9 2 0 D E L =(F12-1. 0 5 * F 1 1 ) / (0. 1*F11)
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5500
5510
5520
5530
5 5 4 0
5550
5560
5570
5580
5 5 9 0
5 6 0 0
5610
5620
5630
5 6 4 0
5 6 5 0
5660
5670
5 6 8 0
5 6 9 0
5 7 0 0
5 7 1 0
5 7 2 0
5 7 3 0
5 7 4 0
5 7 5 0
5 7 6 0
5 7 7 0
5 7 8 0
5 7 9 0
5 8 0 0
5 8 1 0
5 8 2 0
5 8 2 5
5830
5 8 4 0
5 8 5 0
5 8 6 0
5 8 7 0
5 8 8 0
5 8 9 0
5 9 0 0
5 9 1 0
5 9 2 0
5 9 3 0
5 9 4 0
5 9 5 0
5 9 6 0
5 9 7 0
5 9 8 0
5 9 9 0
6 0 0 0
6 0 1 0
6 0 2 0
6 0 3 0
6 0 4 0
6 0 5 0
6060
6 0 7 0
6 0 8 0

1 1 1 0  VLA4=1220. *F4
A R M 4 = A R M N  
IPBR2=i 
G O T O  1160 

C
1 1 2 0  C A L L  T W O D I M .  97,-11. B, 1. 0,-12. 4, F42, F41, DEL) 

V L A 4 = < 1220. * D E L + < 1445. *(1. - D E L ) > )*F4 '
ARM4=ARMN-2. + (2. * D E L  >
I P B R 2 = 2  
G O T O  1160 

C
1 1 3 0  C A L L  T W O D I M C 1. 0 , - i 2 .  4 ,  0 .  8 2 , - i 2 .  3 ,  F 4 2 ,  F 4 1 ,  D E L )  

9 L A 4 = ( 1 4 4 5 .  * D E L  + ( 1 2 3 0 .  * ( 1 .  - D E L ) ) ) * F 4  
A R M 4 = A R M N - i .  + ( 2 .  * D E L >
I P B R 2 = 3  
G O T O  1160 

C
1140 C A L L  TW0DIM(0. 82, — 12. 3, 0. 73, -12. 3, F42, F41, DEL) 

VLA4=(i230. * D E L  + < 1510. *( 1. -DEL) ) )*F4 
ARM4=ARMN+1. + D E L  
I P B R 2 = 4  
G O T O . 1160 

C
il50 VLA4=1510. * F 4

ARM4=ARMN+2.
I P B R 2 = 5  
G O T O  1160 

C
1160 B M A 4 = V L A 4 * A R M 4

G O T O  1 0 000 
C

c *
C B A R B E R - S C H E F F E L  A N D  *
C T Y P E  I T R U C K  L O A D E D  *
C ■' *

c , .V..' ! -

1 2 0 0  I F <Fll. GE. 1. 569*F12-1. 523) G O T O  1210
IF( (1. 569*F12-1. 523. LT. Fli): AND. (Fll.GE. 1. 37 5 * F 1 2 - 1 .  888) ) G O T O  1 2 2 0
IF( (1. 375*F12-1. 188. GT. F l l ). AND. (Fll. GE. 1. 124*F12-0. 360) ) G O T O  123~
IF( (1. 1 2 4 * F 1 2 — 0. 360. GT. Fll). AND. (Fll. GE. 0. 774*F1 2 + 1 .  150) ) G O T O  124
IF( (0. 774*F12+1. 150. GT. Fll). AND. (Fll. GE. 0. 697-K-F12+1. 140) ) G O T O  1 2 5 u
IF (FI 1. LT. 0. 6 9 7 * F 1 2 + 1 .  14) G O T O  1260

C . . . F E L L  THRU. I N T E R P O L A T E  A S  F O R  P R E V I O U S  P A S S  IF P O S S I B L E
IF< IPBL1. EG. 0) G O T O  9 9 5 0
G O T O  (1210, 1220, 1230, 1240, 1250, 1260, 9 9 50) IPBL1 
G O T O  9 9 5 0

C ...................................... ................... ............. ................
C
1 2 1 0  VLA1=7520. *Fl-52630.

ARMl=ARMN+2.
IPBLi=i 
G O T O  1270 

C
1220 C A L L  T W Q D I M d .  569,-1. 523, 1. 375,-1. IBB, F12. Fll. DEL)

VLA1 = (DEL*<7520. *F l - 5 2 6 3 0 .  >) + ( 1. - D E L ) *(6000. #F 1-49800. ) 
A R M l - A R M N + l . + D E L  
I P B L 1 = 2  

. G O T O  1270
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/ Y c ! 0

7 9 3 0

7 9 4 0

1 0 0 0 0  C O N T I N U E  
R E T U R N  
E N D



100
200

S U B R O U T I N E  TWODIMC AT, B 1, A2, B2, XO, YO, D E L  )

3 0 0 C T W O  D I M E N S I O N A L  I N T E R P O L A T I O N  FO R  T H E  T A B L E *
4 0 0 C L O O K U P  R O U T I N E  C O M P U T I N G  R E D U C T I O N  E Q U A T I O N S *
500 C B E T W E E N  L I N E S  Y 1 = A 1 * X + B 1  A N D  Y 2 = A 2 * X + B 2 ■a
60 0 G F O R  P O I N T  (XO, YO). #
70 0 C #
aoo C C A L L E D  F R O M  TABLE. FOR «■
900 c INPUT: Ai, A2, Bl, B2, XO, YO #
1000 c O U TPUT: D E L *
1100
1200
1300
1400
1500
1600
1700

c
X D 1 = ( A 1 * Y 0 + X 0 - A 1 * B 1 > / < A l * A l + l .  > 
Y D 1 = A 1 * X D 1 + B 1
D I S 1 = ( ( < X D 1 - X 0 > * * 2 )  + ( < Y D 1 - Y Q > * * 2 )>**. 5 
X D 2 =  ( A 2 * Y 0 + X 0 - A 2  s-B2) / (A 2 * A 2 + 1 . > 
Y D 2 = A 2 * X D 2 + B 2

1800
1900
2000 c

D I S 2 = < < ( X D 2 - X 0 ) * * 2 >  + ((Y D 2 - Y 0 >* * 2 ))**. 5 
D E L = D I S 2 / (D I S 2 + D I S 1 )

2i00
2200
2 3 0 0

R E T U R N
E N D
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