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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: understandlng 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
production of a large library of test data for several different
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'ihsights into the safety performance of
“radial trucks, in.particular as affected by the forces imposed on
the bearing adapters. _ ‘

It was necessary to 1nvest substantlal ‘effort in decodlng
the TDOP data tapes’ before- attentlon could be directed to the
~safety assessment of‘radlal trucks. Some of this effort was
',attributableftbZdéfiCiencies in. the TDOP documentation, some was
a consequence of. the gféat 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'réport‘SOvthat 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 forcés 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.
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
prdcess 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-applicabilityiof the TDOP test data
and the design of new test programs to supplement the data
available from TDOP. ' | ' '



2. REVIEW OF TDOP PHASE 1 DATA AND DOCUMENTATION .

This investigation is based on the use of the extensive
truck test data?collected~by Wyle Laboratories as part of Phase
Il of the FRA-sponsored Truck Design Optimization Project
(TDOP). TDOP Phase II included a series of sixteen separate test
conditions for one standard (TypeNI)‘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-Eyents Reports (such
‘as [3, 4]). The Results Reports include lengthy appendices
conta1n1ng callbratlon data, data reduction equations and the1r
,derlvatlons, diagrams of 1nstrumentat10n locatlons and the test
plans and. procedures.v The Test Events Reports reproduce -the
vheader files- from the: data tapes, 1nc1ud1ng calibration
‘1nformat1on, and the handwritten dally Test Events Log maintained
by the Test Director. This 1nformat10n is supplemented by the
NTIS f0rmat'information snpplied 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
1nformat10n 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
wh1ch was m1551ng from the TDOP documentation is rev1ewed here.



2.1 Definition of Tape Records

Although the National Technical Information Service (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
4'allowab1evva1ues, but simpiy’the ranges selected to use for the
~ calibration. Some additional programming effort was required
becauée'df the incompatibility between the binary format of the

-~ calibration record and the American.Standard Code for Information

Interchange (ASCII) of 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 and Sign Conventions-

The engineering units described in the channel description
record do not invariably correspond to the relevant physical
“‘units. The torque measurements Tl and T3 are described as kips,
which is a force rather than a'forque measurement. This may have
corresponded to kips force applied in the calibration procedure.
The data reduction equations summarized in Appendix D of the Type
II Truck Test Results Report have no units associated with thenm,
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 ferms‘of inch-pounds. The sign conventions
were not clearly defined thoughout the TDOP documentation,
‘requiring some tfial-and-er;or work before physically meaningful
interpretations of the data could be developed.



2.3 Biases (DC offsets)’

~ The eccelerometer~and axle strain gauge channels (A and G
. prefixes in labels) have biases which in some cases are larger
than the variations in the measurements, even though these should
be zero mean in most cases.r The axle strain gauges must have the
biases removed before they can be used to estimate wheel/rail
forces. - ThiS‘requires‘an extra prehprocessing'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 1atera11yrat'several'g'Su
~The bias removal will also be needed for suspension deflections,
espec1a11y the 10ng1tud1na1 axle deflections of the radial trucks.
-The presence of substantlal blases on the data tapes makes
it 1mp0551b1e to use the ‘TDOP data to der1ve conf1dent estlmates
of some important’ steady state values, such as acceleratlons and
'suspen51on deflect1ons durlng steady . curv1ng The dlfferences in

5these values for dlfferent curve negotlatlons in- the same test

run can be estlmated roughly from the d1fferences in the computed»i

: mean values for the dlfferent segments of the same tape.
However, differences from one test run to another (dlfferent _
A71nstrumentatlon cal1brat10ns, temperature effects, etc.) cannot
be accounted for in this way: The. bias problem also makes ‘it
1im§dssib1eotovuse the wheel/rail force calibration data to
estimate the real bias:components on all the lateral forces which
©.are ettributable to.wheel/rail'contact geometry‘even'mhen no
u,external‘laterél'fOrces are7present (F1 in the derivation of

4’f'Append1x C.of the Type. I Test Results Report) | Biases on the

“axle 1ong1tud1na1 dlsplacement measurements make 1t impossible to

‘gfuse these.to calculate the extent to which the- wheelsets of the-

‘radial trucks allgn themselves on curved track, although it may



still be possible to make cqmparisons among curves on a single
test run.

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 dction at the bearing édapters 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
tablellook-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_pdints 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 ocuter 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_deterhine,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.
g«The>second‘of~theseeis in practice the more important, because
the calibration curves for vertical force on the third»chahnel
:5are highly sensitive to .the line of action. Incorrect |
determination: of the line of ‘action could produce estimates of
- the vert1ca1 force which are wrong by factors as large ‘as f1ve or
ten.
Because of the limited resources ava1lable for recreating
7 che bearing adapter analysis procedure, the simplest feasible
Avfapproach was adopted, recognizing that it will limit the accuracy
" of the results which can be obtained. The calibration curves

. were linearized. about two d1fferent operatlng points, one -

);correspondlng to the nominal weight of the empty test car- (8500
. 1b per. adapter) and the other to the nominal. weight of the fully
" loaded test car (30,000 lb per adapter) Separate sets.of data-

"'reductlon logic were developed for the loaded and empty cars . and

. for the -two’ d1fferent sets- of adapters (Type I and DR- 1) The
“TDOP. documentatlon was confu51ng and amblguous about the choice
of adapters on each truck, making it appear that the L
" Barber-Scheffel was tested using the DR-1 adapters, although this
was denied by the Wyle Laborator1es personnel most directly
involved in the. testing. v
The relationship between the'readings-on‘the inner-and outer
strain gauges»mUSt be used to distinguish the line of action of
the vertical forte. Unfortunately, the callbrat1on data do not
permlt ‘this to be determlned unamb1guously for all of the .
| adapters and 1oad1ng conditions.’ Figure 2. .1 is an example of a
" well-behaved- bearlng adapter calibration relatlonshlp, in which
the Iine of action of the load can be readily determined (by
.ihterpolation) for;ahy combination'of measuremehts on the
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channels F21 and F22. The numbers assigned to the five .radial
lines on this figure correspond to lines of action at the center
‘and 1 and 2 inches from the center of the adapter. By contrast,
Figure 2.2 is a typical example of an ambiguous calibration
result. If measurements of Fl1l and F12 corresponding to the
- point labeled "A" are obtained, it is ‘impossible to fellawhetlthe
line of action was. Furthermore, the calibration curve for loads
at the +Z location is between the curves for the 0 and +1
locat1ons, maklng it 1mp0551b1e to do meaningful 1nterpolat1ons.
Results such as. the example shown in Figure 2.2 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
forcesmeasufement: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 u51ng 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
distussions 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

10



- of ‘that piece‘aS-a'wéy'of estimating the forces transmitted from
the one arm to. the other. The calibration was apparently
conducted using lateral forces applied to one beéring'adapter,

- with the opposite wheelset r1g1d1y restrained. HoWever, this. is
not documented. There is also a ‘question about the excitation
voltége 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
gainrfactorSVWouldvneed to be.adjusted further.

2.6 Angle of Attack MeésUrements

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
t_specialvtestjfixturefmounted'dn the truck\sideframe.and_the'wﬁeel*

“and rail.. The measurements relatiVelto the rail were fdund'te
~ have sharp spikes at intervals corresponding'to rail joints,
”,iWhich7were3phasevshifted:for'the\transtCers moﬁnted‘forefand.aft

- j'of'the:aXle;.;In~ordet\t0~use_thesewmeasurements;tdfindicate the

-actual wheel-Tail 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 wh1ch the two transducers are separated
This requires an- addltlonal step in the data reductlon process.
With only this phase shift, it will still not be possible to
obtain an accurate and unbiased measurement of the lateral
~wheel-rail displécement.,'Ahvinherent bias 1s built into the
measurement system because the transducers are not mounted at the
dsame dlstances from the wheel and- rall : Furthermofe; deviations

in the upper or-outer rail surface- observed by the: transducer may'
not be good’ representatlons of the deviations in the gauge
‘(1nner);surface, which are of greater importance to vehicle
. dynamic response. ' ' ‘ ) |
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-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-te cycle that it
. must be measuring wheel face irregularities, has to be filtered
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 Problems

" 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 in Appendlx D of the Type II Test Results
Report are not con51stent with the derivation in the earlier
.report.‘ One important simplification was the: assumptlon that
lateral forces acting at the bearing adapter would be applled to
the wheelset along the axle‘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 bendlng moment terms and in the polarities of these terms.

12



The data reduction equations‘for the axle Bending
measurements in Appendix D of the‘Type II Results Report contain
RMS terms used for normallzatlon, but these were not documented
at all. : '

~ 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 axie 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 5004
.Hz fllterlng, with the’ resultlng problem of a11a51ng of 51gnalsv
-above 100 Hz :(to.be dlscussed more thoroughly 1ater) ‘

2.8 }Qustom:Software?Development

o Substantialvsoftwarevdevelopment éfforts are needed before
one can make use of any of the raw TDOP test data for 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 w111 be

hlghly machine dependent For example, on the SCT VAX 11/780

,computer it was. necessary to.'swap- the. bytes of the two-byte

1nteger words conta1n1ng the data because of- the differences

between this computer and the computer which was or1g1nally used

‘to wr1te the tapes.

13



-Inforder 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
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 rémains the only practical
‘way of extracting information from data tapeé as extensive as the
TDOP tapes. } i

14



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
multlple channels to develop estimates of many of the important

- quantities, especially the wheél-rail forces. Wherever possible,

the equations and definitions presented in the TDOP Phase II,
Type I1 Truck Test Results Report (Flgure 3.1) were used, but in ‘
some cases these had to be modified and supplemented with .
additional equations.

3.1 Axle Bending

The axle bend1ng moment calculations shown- under the head1ng
- "Wheel/Ra1l Forces" were mod1f1ed 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

.':uderlved from the equatlons of- F1gure 3.1: Therefore, those

equatxons were.. mod1f1ed by the removal of the RMS terms and the
1nsert10n of a bias removal term on each channel (subtraction of
"the mean value calculated over an extended steady- state period).
'1Th1s change leads to equat1ons of the form: ‘

| vz 2, 1/2
(A-V) = [(Gllé-Mllﬁ) + (G112-M112) 4] R

L 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’bendlng-from three_different_Quadrature pairs of strain
. guages, which are=theh averaged together in the<equat10nvfor
(R1-V). .The quadrature pairs are strain gauges located 90°
apart on the axle, and can be identified by numbers which are
.Separated fromAeachAother by 4.

.15



APPENDIX D - DATA REDUCTION EQUA‘!’!ONS .

WHEEL/RAIL PORCES

Typical Vertical Axle Bending Moment Calculations:

(a-V) -{[(RMSRIIRMSGHS) a6 }? « [(RMSRI/RMSGHZ) G112] }
(8-V) ={[(RMS /RMSG, <) Gis] % + [(Rmsg /RMSG ) Gt }
(c-v) =_{[(Rmsmmmsd113) cns] %+ [(musm/almsci09)c;msa]"’}*i
(R1-V) = - [(A=V) +(B-V) + (C-V) ] /3

-Simil;r calculations were made for (L1-V), (R2-V), and (L2-V).

PRIMARY SPRING VERTICAL DISPLACEMENTS (MAXIRIDE)

Xgy = 0.8333 D15 + .0834 (D15 + D17)
X, = 0.8333 D17 + 0834 (D15 + D17) .
Xgp = 0.8333 D16 + .0834 (D16 + D18)

Xy, = . 0.8333 D18 +.0834 (D16 + D18)

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

" LATERAL AH_D'VERTICAL FORCE CALCULATIONS
FVR1 =  1500.+.03333 |(R1-V)-(L1-V)] + VLA1
FVLI =  1500.=.03333 [(R1-V)-(L1-V)] +VLA2
FLRL = 15645 - 05556 x BMAL + .05556 x (L1 - V).
+0.081944((R1 - V) - (L1 - V)]
FLLI = 156,45 - .05556 x BMA2 + .05556 x (R1 = V)

- 0.081944 [(R1-V) - (L1-V)]

QUR1I - = FLR1/FVR1

Figure 3.1 - Data Reduction Equations from TDOP
’ Phase II, Type II Truck Test Results
Report :
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" QULL ° = - FLL1/FVLl’
AXL1 = FLR1~FLL1

“AXVI = FVRL *+FVL1

" Same calculations are repeated for axle 2.

WHEEL UNLOADING INDEX
FVT = FVRI + FVLI + FVR2 + FVL2
MINV - = Minimum of (FVR1, FVL1, FVR2, FVL2)

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

ANGLE OF ATTACK

LRSI =  .5(P2+P4)
LWS1 = .5(P1'+P3)
LWRl . =  LWSI-LRSI
CLRS2 = .5(PS + )
LWS2 = .5(P5+P7)
LWRZ = LWS2-LRS2
ARS1. = Clx(P2-P4)
AWSL = . C2 x (P1-P3)"
AWRL = AWSI-ARS1
| © ARS2:-. = > C1x(P§-P8).
AWSZ = C2 x(P5-PT)
| AV&"RZ = AWS2-ARS2

See Table E-1 for values for C1 & C2. -

"Figure 3.1 (Cont'd)




TRUCK AND TRUCK/CARBODY MOTIONS

Swiv = C3 (D13 - D14)

TRAM =  C4 (D6 - D5)

SGVD = (D1 +D2+D3+D4V4. _
SGRL =  C5(D1+ D2 -D3- D4)or C5 (D15 + D16 - D17 - D18)
CBBL =  C6 (D11~ D12) ,

CBSF = SGRL + CBBL

'CARBODY MOTIONS

Prior- to using accelerometer data to .calculate carbody motions, it was necessary to
adjust the scale factofs and polarities of some channels. These adjustments were '
made in the ADARS data base to data base parameters GAIN and Cl. The data are
divided by GAIN. C1 is the conversion.factor from volts to engineering units. Table
E-2 shows the changes made to GAIN and C1. 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-fhat'.were
determined using the above:techniques.

PTCH = C7(Al=-A2)

VERT = 0.5 (AL +A2).
AROL = - C8(A2-Ad)
BROL. =  C9 (A7~ A3)

ROLL = 0.5 (AROL + BROL)
TWST = BROL- AROL

ARLL = C10 x (A16 - AS) + C11 x YAW

Figure 3.1 (Cont'd)
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T YAW

BRLL =  Cl12 x (A1S - A5)- C13 x YAW
CRLLL  =. - 0.5 (ARLL + BRLL)
- LAT = Cl14 x (A5 + AB) + C15 x (ALS + Al6)
(EMPTY) -
LAT = =  CI16 x (A5 + A6)+ C17 x (ALS + A16)
(LOADED) : .
YAWB =  CI8x (AS - A6)
YAWT = Cl19x(Al5 - Al§)
= 0.5 F(YAWBI +YAWT) .

Table E-4 gives the coefficients for cérb'ody motions.

NOMENCLATURE

SGRL

CBSF
A=V -
BV,
C-v:

_R1-v
L=V
. R2-V

L2-V

CSWIV
‘TRAM -
" SGVD

CBBL -

Truck swivel rotation {carbody to bolster)

_Truck tram rotation (bolster to side frame)

Spring group vérticél displace‘ment
Spring group roll angle
Carbody - bolster roll angle

"~ Carbody - side frame roll angle

Vertical axle bending . moment from the first pair of quadratui-e gages

"~ Vertical axle bendmg moment: from the second pair of -

quadrature gages. .

Same as A-V except, third pair of gages

' Vertical axle bendmg moment for the gages near the rxght wheel

of axle 1 )

Same as R1-V except left wheel
- -Same as R1-V except axle 2

“Same as L1-V except axle 2

Figure 3.1 (Cont'd)
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VLAl
VLA2
VLA3

VLA4

BMAL

BMA2
- BMA3
BMA4
FVR1
FVLL
FVR2
FVL2
'FLR1
FLL1
FLR2

FLLZ

QUR1
- QUL1
QUR2
QUR2
AXL1
AXL2
AXV1
AXV2

R1

‘Bending moment due to VLAL

Vertical load on bearing adapter #1 (R1)
Vertical load on bearing adapter #2 (L1)
Vertical load on bearing adapter #3 (R2)
Vertical load on bearing adapter #4 (L2)

t

Bending moment due to VLA2

- Bending moment due to VLA3

Bending moment due to VLA4.

Vertical wheel/rail force - Rl

- Vertical wheel/rail force - L1

' Vertical wheel/rail force - R2

Vertical wheel/rail force - L2

Lateral wheel/rail force - R1

Lateral wheel/rail force = L1
Lateral wheel/rail force - R2
Lateral wheel/rail force -~ L2

L/V ratio- R1 .

.. ‘L/V ratio - L1

L/V.ratio - R2
L/V ratio - L2
Total lateral wheel/rail force on axle 1
Total lateral wheel/rail force on/ axle 2

Total vertical wheel/rail force on axle 1

. Total vertical wheel/rail force on axle 2

Primary spring displacement, R1 spring group

Figure 3.1 (Cont'd)
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L1

<

R2

>

L2
FTV

MINV

wul

LRSi

LWSi -

LWRi
ARSI
AWSi
AWRi
PTCH

VERT -
_ AROL. .
BROL
ROLL.
TWST
ARLL
- BRLL*

. RLLL.
LAT
YAWB

YAWT

YAW -

* | Primary spring displacement, L1 spring grdup

- Primary spring displacement, R2 spring group

Primary spring displacement, L2 spring group
Total vertical wheel/rajl force for B-end truck
Minimum vertical wheel/rail force for four-wheels of B~end. truck

Wheel unioading index, equal to zero implies all four wheelsvhave equal
load, equal to.one implies one wheel has no load .

Lateral displacement of rail relative toside frame for axle i, i = 1,2
Lateral dispiacement of wheel relative to side frame for a-xie i,i=12
Lateral displacement o,f wheel l;elétive to rail for axle i, i = 1,2
Angular displacement of rail relative.to side frame for axle i, i = 1,2
Angular displacement of wheel relative to side frame for axle i, i = 1,2
Angular displacement of wheel relative to ll'ai.l, for axle i, i =1,2
Carbody pitch acceleration

Carbody vertical acceleration

-Carbody A-end roll acceleration {from.vertical accelerometers)

Carbody B-end roll acceleration (from vertical accelerometers)

Carbody roil acceleration (from vertical accelerometers)

. Carbody twist acceleration (from vertical accelerometers) -
Carbody A-end roll acceleration (from lateral accelerometers)

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

Carbody roll acceleration {from lateral accelerometers)

‘ Carbody lateral acceleration at CG

Carbody yaw gccelei-ation near bottom of carbody

"+ Carbody yaw aé;celeratio’n near top of carbody

_- 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 estimates were: -

‘Left Side - Right Side
Axle 1 . G101 and G105 G112 and G116
G102 and G106 o G111l and G115
G103 and G107 G109 and G113
“Axle 2 G209 and G213 ' G201 and G205
: G212 and G216 G204 and G208

(G210 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,’thé quadrature equation for G210 and G214
should be removed to avoid distorting the results.

- 3.2 Beafing Adapter Vertical Forces and Moments

The lateral and vertical force calculations at the Bpttom 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=1,2,3 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 primarily for the
Dresser DR-1 truck (Type II) and the other primarily for the
remaining trucks, referred to as the Type I adapters. The
'adapters were calibrated in static tests at TTC, and the complete
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~TABLE'3-4. CHANNEL BESCRIP;I'ION FILE'FOR'BARBER-SCHEF-FEL TRUCK

PHIIBLY i
TYpes 30 . NATE= 200 - NCHNE 96 OATE= T/313/80
STARY mMP= 314,979 ' .

1 Sl sPEED . LT O.u 50,0
2 S2  AUTOMATIC LOCATION DETECTOR DETECTION 0.0 5.0
3 S3  BRAKE CYLINDER- PRESSUNE PS10 G.0 90,0
4 S¢ . THROTTLE -SETTING . ) PUSITION 0.0 5.0
8 Al @ END CHTR CARBODY VERT 4CCEL - G'S 0.0 0.937
6 A2 A END CNTR CARBUDY VERT ACCEL - €S 0.0 1.315
7 A3 B ENnD NT(BL) CARBODY VERT ACCEL (113 0.0 1.566
& Av A END WT(AL) CARBOOY VvERY -aCCEL ’ 6'S 0.0 1.548
9 A5 - B END RT(HL) CARBOOY LAT ACCEL 6°'S 0,0 0.984
10 A& A END ATiAL) CARBOOY LAY ACCEL. 6°S 6.0 0,966
11 A7 B END LFtBR) CARBCOY VEKT ACCEL G*S 0.0 14573
12 A8 . & END CNTR CARBODY LONG ACCEL : 6°'S 0.0 1,000
13 A9 BL=-1 (RT FT) BRG ADPT VERT ACCEL 6°'S 0.0 5.874
1¢ A10 BL=-1 (RT FT) BRG a0PT LAT ACCEL 6°S . 0.0 5,977
15 Al BL=2 (RT RR) BRG ADPT LAT ACCEL . G'S 0.0 5,531
16 A12 BR=1 (LF FT) BRG ADPY VERT ACCEL w*'s 0.0 B2
17 A3 ALe3 (RT FY) BRG AUPT LAT ACCEL -1 0.0 5.599
18 Al4. AL-4 (RT RR) BRG ADPT LAT ACCEL 6*s 0.¢ 3.779
19 A1S B<LND CNTR CARDODY TOP LAT ACCEL. G'S 0.0 1,538
20 Al6 A<CND CNTR CARBODY TOP LAY ACCEL G*S 0,0 1.587
21 AY7° CARBODY BOTTOM CNTR LAT aCCEL G*S 0.0 1,570
22 F1  BLel BCAR ADPY VERF STRAIN . MILLIVOLTS 0.0 1.0
2% Fi1l BL=3 RCAR ADPT OUT VERT STRAIN _ RILLIVOLTS 8.0 1,0
24 Fl2 BL-1-BCAR ADPT IN VERT STRAIN MILLIVOLTS 6.0, e1,0°
25 Fe¢  BR-1 gCAR ADPT VERT STRAIN RILLIVOLTS 0.0 1.0
26 F21 BRel BEAR-ADPT QUT VERT STRAIN * MILLIVOLTS 0.0 1.0
.27 F22 BR-1 BEAR ADPT IN VERT STRAIN RILLIVOLTS 0.0 1.0
" 28 F3 + BLe2 BCAR ADPT VERT STRAIN RmILLIVOLTS 0.0 1.0
. 29 F31 BlL=2 BLAR ADPT QUT VCRY STKAIN . MILLIVOLTS: 0.0 ~1.0
30 F32. 8L-2 .8EAR AOPT IN-VERT STRAIN AILLIVOLTS - 0.0 1,0
3y F&  BRe2 BEAR ADPT VERT STRAIN - . KILLIVOLTS 0.0 1.0
32° F42 BKe2 BEAR AOPR OUT VERT STHAIN . nILLIVOLTS 0.0 °1.0
33 _ FN1- @R-2 'BLAR ADPT IN VERT STHAIN RILLIVOLTS V.0 1.0
A Pl BL-3 WHEEL/SIDCFRAME POS; wa® INCHES . 0.0 1.0
35 P2 BL=1 RAIL/SIDEFRAME POS =B« INCHES 0.0 - 1,0
3 P3'- BL=l WHECL/SIDEFRAME POS wg». . ° _INCHES S 0.0 1,0
© 37 P& BLe~l RAIL/SIDEFRAMC POS =D» "INCHES - 0.0 1.0°
.38 PS5 BL-2 wHCEL/SIDCFRAML POS. =aw .« E INCHES 0.0 1.0
- 39 Pe BL=2 RAIL/SIDEFRAFE POS =g» . e INCHES . : 0.0 1.0
- . 80 PT77- BL-2 WwHELL/SIOEFKAME POS nwCw ’ INCHLS - 0.0 - 1.0
o wy . P87 BL-2 KAIL/SIDEFRAME POS =0w . - . INTHES 0,0 .- 1,0
- 42 81 '8el AxLE ROTARY PyLSE GEN o - POSITION (2] 6,285
43 G2 B8-2 AXLE ROTARY PULSE GEN - : POSITION 0,0 . 64283 -
44 .. BY CROSS AAM STRAIN o . RILLIvVOLTS 0.0 ‘1.0
4% B2  CROSS STRUT STRAIN . . e MILLIVOLTS 0.0 1.0
46 T :Be=1 AxLE TOHQUL (GAGE 3a)_ ) ) X1PS 0.0 1010.2
47 T3 - B=2 AxLE TORQUE (GAGE 1A) XIPS 8.0 968.7
[T GdOI AXLE %2 STRAIN,GAUGE 1 . INeLBS . 6.0 1117000,
©9 . 6202 AXLEL w2 STRAIN .GAUGE 2 ‘ : IN-LBS Ge0 1149000,
'50- G203 AXLE a2 STRAIN GAUGE 3 ' © . IheLBS 0.0 11587000,

ﬁze. Code ident No.

A 28360 - €-901-0012-4

Scale lRev . lShae' o

~Figure 3.2 - . Sample Channel Description File from
TDOP Phase II, Type II Truck Test
Results Report (Typical of file
included on each data tape)




TABLE 3-4 (CONT'D). CHANNEL-DESCRIPTION FILE FOR BARBER-SCHEFFEL TRUCK

PHIIBLL . .
TYpE= - 3) RATEZ 200 NCHNE 96 DaTEz 7/13/80
STARY MPz 314,979

1157000,

53  G20% AXLE w2 STHAIN CAUGE & IN=LES 0.0
82 6205 AxLE «2 STRAIN GAUGE 5 IN-LBS 0.0 1152000,
33 6208 AXLE #2 STARIl GAUGE 8 IN-LBS 0.0 1119000,
54 - 6209 axtE s2 STRAIN GAUGE ¢ INeLES 0.0 1174000,
55 G210 AxLE «2 STrAIM GauGE 10 IhelES u.0 1176000,
56 6212 AxLE =2 STRELIN GAUGE 12 IhaLES 0.0 1157000,
87 6213 axLL a2 STRAIN GAUGE 13 INeLES 0.6 1174000,
S8 G214 AXLE »2 STRAIN GAUGE 34 L 1N-LBS 0.0 1175003,
%9 . 6216 AXLE s2 STRAIN GAUGL 16 IN-LBS 0,0 1157000,
60 D5 BL-1(RT FY) BOLST/SIOE FR LAT D1sP INCHES 0.0 1.000
61 06  BL=2(RT AR) BOLST/SIGE FR LAT 01SP INCHES 0.9 1,000
62 D7  BL=2(AT) HOLST/SIOE FR ROTAYTION INCHES 0.0 1.000
63 D8 BRe1(LF FT) BOLST/SIDE FR LAT DIsSP INCHES 0.0 1,000
- ‘64 D9  BR«2(RT RR) BOLST/SIDL FR LAT ULISP "INCHES 0.0 1.000
65~ D10 BR-2(RT) BOLST/SIDE FR ROTATION . INCHES 0,0 1,000
%6 Ol  BL=1(RT FT) SPR GP VCRY DIse IHCHES 0,0 1,000
67 D2° BL=2(RT RR} SPG GP VELAT DISP : INCHES ° 0.0 1.000
68 D3 BR-L{LF FT) SPG GP VERT DISP INCHES 0.0 1.000
&9 D%  BRe2(LF RR) SPG GP VERT 01sP <. INCHLS 0.8 1,000
70 - 0113 BL{RT) CARBODY/BOLST REL VERT 01sP INCHES 0.0 1.000
71 D12 8R{LF) CARBODY/BOLST ALL VCRT 0ISP INCHES 0.0 1.000
72 D33 B.END FWD CARBODY/TRUCK LAT DISP " INCHLS 8.0 1,000
73 0D1% 8 END REAR CARBODY/TRUCK LAY DISP . INCHES 0,0 1.000
7¢ D19 BL«1(RT FR) SIDEC FR/AXLE LONG DISP © INCHES 0.0 1,0
7S - 020 8L=2(RT AR) SIDLC FR/AXLE LONG DISP INCHES 0.0 1.0
76 021 BRei(LF FR) SIDE FR/AXLE LONG DISP INCHES | 0.0 1.0.
77 - D22 BR=2ILF RR) SIDE FR/AXLE LONG DISP -  INCHES 8.0 .
78" €1 B END COUPLER FORCE ’ POUNUS g.0 3000,0
79 €2 B END COUPLER ANGLE DEGREES 8.0 9,0
. 80 €3 A END COUPLER FOHCE . POUNDS . 0.0 3000,0
81 C% A END COUPLER ANGLE ) ) DEGREES 0.0 . ]
82 GR  FILTERED LONGITUDIwAL ACCEL ' £ SRADE 0.0 8,73
83" G116 AXLE sl STRAIN GAUGE 16 IN=LBS. 0.0 1183000, .
8¢ G115 AXLE s) STRAIN GAUGE 15 . IN-LBES 0.0 1180008,
-85 6113 AXLE =l STRAIN GAUGE 33 1H=LAS 0.0 1163000,
86 6112 axiug si STRAIN GAUGE 12 . INoLBS - 0.0 ‘1386000,
87 6311 AXLE al STRAIN GAUGEL 31 INeLHS- 0.0 1189000,
88 G109 axLf s1 STRAIN GAUGE 9 IN=LES 0,0 1164000,
89 6107 AXLE #1 STRAIN -GAUGE 7 FUTINCE 0.0 1171000,
90 G106 AsLE s) STeALN GAUGE ¢ INeLeS | 6.0 1175008,
191 G105 axLf al STAAIN GAUGE 5 IN=LBS e.0 13104000,
92 GAU3 AXLL sl STRAIN GAUGE 3 IN=LES 0.0 1174000,
93 G1lU2  AXLE s1 STRAIN GAUGE 2 1N-LHS c.0 117100¢,
94 G103 AiLE s1 STRAIN GAUGE 3 IN=LRS 0.0 1172000,
9% " 63  RLSET PULSE A=) RPG voL1sS " 0.0 5.0
96, . Gw  RESET PULSE B=2 RPG vOLTS 8.0 5.0

Size | Code Ident No.

A ZB3BO c-‘901-o<‘)1‘2-.a

Scale ]Rev Sheet

Figure 3.2 (Cont'd)
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sets of calibration curves are reproduced'invAppendices B of the -
TDOP Type I. (109 plots) and Type I1 (220 plots for DR-1) Test
- Results Reports. .

A typical set of calibration curves for a Type I bearing -
adapter‘lOaded at-its center line is reproduced in Figures

5.3-3.5. The darkening in the middle square on the right side of .

the wheelset schematic (upper right corner of each figure)
'indicatesﬁthat the vertical load was centered above adapter 3.

- Figure 3.3 is the calibration for the center strain _gauge

: (1dent1f1cat10n of total. 1oad) while Figures 3.4 and 3.5 are the
ca11brat10ns for the outer and. 1nner 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 1b for the empty car and 30,000 1b for
‘the loaded car. The linear approximations, shown en.the figures,
are yery,CioSe to'the nonlinear ealibratibns over a substantial.
range of vaiues,.in contrast‘to a linear 1east squares fit, which
would have been that close only at two intersection p01nts A
quadratic curve fit could not come close to f1tt1ng the
'ca11brat10n data, and higher order f1ts were rejected because of .
" the extreme algebraic compllcatlons they would have- 1ntroduced
into the later stages of the data reduction.. The one situation
- in which. the linear approx1mat1ons-used~here would produce
serious errors is the unloading of an adapter on a fully loaded
car (such as a near wheel-1ift), for which the linear
approximation would estimate a‘ substantial negat1ve-vertica1
force (rail phlling'down on-wheel).< That‘caution'should be borne
~in mind when the linearization is used, and the data reduction
program should switch-to the separate linearization for the empty

‘.car when the signal level drops into its range.

L1near equatlons of the form y = ax+b were developed to
‘descrlbe each of the approx1mat10ns, 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
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were used to characterize each adapter. The DR-1 adapter had
separate éalibrations for three different levels of lateral
force; but'because the differences were small, only the set for
zero 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 betweén 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 beé described simply as the ratio
between the two gauge readings. For the loaded car
linearizations, this requires plotting the relationship between
the two calibration curves in a form like that of Figs. 2.1 and
2;2. Each line in each of those figures describes a pair of
loaded-car linearizations similar to those shown in Figs. 3.4 and
3.5. The ambiguous cases, such as the example of Figure 2.2,
must be treated with great care to retain as much-information as
possible and eliminate that which seems most physically
unreasonable. In some cases the calibrations were so ambiguous
(scattered results, with no clear trends with line of action) .
that the line of action could not be distinguished. For'thesé
cases, the line of action was assumed to be at the adapter.
centerline and an average gain was chosen for the vertical force
estimate. This'average was based on the gains for the two or
more lines of action which were in question. When these gains
were similar, the accuracy of the average would be expected to be
quite good. However, in some.cases the gains to be averaged were
so dissimilar that very little confidence could be placed in the
average value. The quality of the calibration data for each
adapter under each of the two loading conditions is described in -
Table 3.1. -The important aspects of the calibrations are the
certainty with which they can be used to identify the line of
action of the vertical force and the sensitivity of the estimated
vertical force level to possible errors in the identification of
that line of action.
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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 omne
calibration was deleted.
Results are sensitive to
the ambiguity

2 (BR-1) Fromt, Left -
‘ ‘ .| of actiom, with results

Good resolution of line

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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The calibration data were used to derive a set of equations

‘and associated logic to convert the strain gauge~v01tages-on the
data tapes into estimates of vertical force and line of action.

- The computer code which .implements -this procedure is shown in the
Appendix. A two-dimensional interpolation procedure (subroutine
TWODIM) is used to blend.the answers produced by the calibration
curves for"diffefent lines of action when the actual line of
action falls between two of the calibration cases. The data

‘ reduction“program calculates the forces VLAi and moments BMAi at

each time interval by: ‘ ’

1)  Using the inner and outer strain gauge meésurements Fil
- and Fi2 to identify the line of action of the vertical
force (if possible). .

2) Using the-identified line of action to select the .
'5ﬂgappropfiate vertical force calibration (or blending'of
calibrations) to apply to the center strain gauge

meésufément,'Fi; to'calculate the'Verticalffdrce VLAi.

3). . Multiplying the force VLAi by thé momeht'arm»of the
| identified<line of action relative to the intersection-
".of the axle centerline with the vertical plane -of thej“"
wheel/rail contaét to calculate the moment VMAi.‘ For a
line of actionYCentqredubn the adapter;vthis moment arm
- is ten inches.

3.3 Vertical‘énd Lateral Wheel/Réil Forces

The axle bendihg and:bearihggadaptér calculétiqns.described;
in Sections 3.1 and 3.2 are needed to estimate the wheel/rail

- contact forces frdﬁ the TDOP data. The discrepancieS'between the
 wheel/rai1 force equations as derived in Appendix C of the TODP

. Type 1. .Test ResultS~RepOrt'and as reported in Appendix D of the -
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Type Il Test Results Report were already discussed in Section
2.7. The simplified form of the latter reference (Figure 3.1),
"assuming the line of action of lateral forces at the axle
centerline, was adopted for use here, with cross-checks to the
derivation. )

.The source of the 1500 1b constant added in the two

) equations for vertical forces (FVR1 and FVL1) was not identified,
although it probably corresponds to half of the weight of the

. wheelset. That weight would contribute to the vertical
wheel/rail fofcé, but not to the bearing adapter force. . The
second "=" sign in the equation for FVL1l is a typographical
error, and should actually be a negative sign ("-").

The source of the 156.45 1b constant added in the two
‘lateral force equations was also undocumented, but it could
correspond to the lateral force component imposed on each rail by

" 'the wheelset as a function of the wheel/rail confact%angle. The

remaining terms in the lateral force equations differ somewhat in

the two TDOP source documents. Proceeding from the derivation in

the Typé'I documentation, it would appear that the lateral force
equations in Figure 3.1 should be: ’

FLR1

= 156.45 - .05556 BMAL - .05556(R1-V)
+ .081944 [(R1-V) - (L1-V)]
FLL1 = 156.45 - .05556 BMA2 - .05556(L1-V)

- .081944 [(R1-V) - (L1-V)]
.lehe third tefm in each equation’differs from Figure 3.1 in sign,

* and in the side of the axle.used to obtain the bending moment
estimate. This’discrepancy remains unexplained.
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3.4 Additional Data Reduction Equations

The. data reductlon procedures spec1f1ed in the TDOP prOJect
reports were supplemented with some additional procedures for ,
Cross-checking results and deriving additional measures of truck
performance. | -

" Two different methods of calculating the angle formed by the
two axles on the instrumented truck were implemented. These are
intended to show the extent to which the wheelsets of a radial
 truck align themselves in negotiating a curve. The first method
simply uses the difference between the angles of attack of the
two wheelsets relative to the rail:

‘ XNG1 = AWR1 - AWR2Z,
- where AWR1 and AWRZ were defined in Figure 3.1.

Thietrelies on the assumptionlthat’the-railbis essentia}ly~ .
tangent for the length of the truck, which is obviously(nOt true
in a curvef However, if the local radlus of curvature of the
track-is: known, the angle subtended by a chord of the length of
the truck,wheelbase can be -subtracted from XNG1 to define the
angle'formed‘by the two axles. The second method, which is va11d
for the DR-1 truck but not for the Barber -Scheffel, uses the four
measurements of axle longltudlnal d1splacement relative to the
truck side frame (D19-D22, defined in Figure 3.2):

- XNG2 = 43.52(D21+D22-D19-D20),

This method cannot be appiied to the Barber-Scheffel truck
because the D19-D22 measurements are- of dlsplacements relative to
the special shear pad hou51ngs, which can in turn align

- themselves relative to the side: frames. - Even fo: the DR-1 truck,
XNG2 must. be: regarded as an approx1mat16n because the side frames
“and bolster are not rigidly connected, but are subJect to a
‘lozeng1ng or parallelogrammlng type of d1stort10n '
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The wheel/rail force equations were supplemented with some
new equations designed-to provide_additional physical insights
and to serve as cross-checks on the lateral and vertical force
estimates.’ Theée include the wheelset net lateral forces:

FL1
FL2

FLR1 - FLL1
FLRZ. - FLLZ,

the net vertical and lateral forces on the truck:

FEVR1 + EVL1 + FVRZ + FVL2
FLR1 + FLR2 - FLL1 - FLL2,

FVNT
FLNT

and the truck side lateral/vertical force ratios:

(FLL1 + FLL2)/(FVL1 + FVL2)
(FLR1 + FLRZ)/(FVR1 + FVR2).

QLFT
© QRGT

All the quantities on the right sides of these equations were'_
defined in Figure 3.1, and the sign convention defines positive
lateral forces to be acting in on each side. The net vertical _
truck force should have a long-term mean value comparable to half
the tare weight of the car (steady-state'load on the truck). The
truck side L/V force ratios can be used to evaluate the potential
for rail-rollover derailments. '

The cross-checks on the data reduction procedures were
implemented using alternate derivations for the difference
between two lateral wheel/rail forces and for the net lateral
force on the bearing adapters. The calculations of the lateral
forces on the bearing adapters (net per wheelset) were derived
from corrected versions of the equations in Appendix C of the

Type I Test Results Report, yielding

FNL1 -
“FNL2

10.0437 (-1.95 ((R1-V)-(L1-V))-BMA1+BMAZ)
0.0437 (-1.95 ((R2-V)-(L2-V))-BMA3+BMA4).
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The' difference between the -two 1ateral forces. calculated u51ng
the equations in the Type IT. Results Report is: ‘

. FLR1-FLL1 = 0-05556(1.95((-R1-v)'-(L1‘*-v))-BMA1+'BMA2).
The difference ih coefficienfs arises because the second method
(from Type II,repert) assumed the lateral force at the bearing -
adapter to be acting along the axle centerline rather than at the
axle radius.. The different sign on the axle'behding moment term
appears to be a discrepancy between the two derivations, perhaps
attributable to inconsistent sign conventlons '
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4. EXAMINATION OF TEST DATA

Portions of the TDOP Phase II test data were reviewed

- carefully to establish>their'suitability for use in evaluating
the force environment experienced by the bearing adapters. This .
involved examination of the truck instrumentation channels, but

generally not of the carbody channels, from test cases BS002A and -

BS010 (first 7 seconds of tangent track énd curves #2 and #3, 13
seconds each). ' It was necessary to go through this process to
‘gain a-qomplete understanding. of the significance of each channel
and to identify any problems with particular channels. It also
helped in the evaluation of the confidence with which the
‘measured data could be used to eétimaté the important measures of
truck performance.  In this chapter, the test data in several
méjor categories are reviewed and assessed:

1. ,Whéellrail‘displacément and angle o£vattack

- 2. .Strains in radial truck cross‘arm ahd strut
~(Barber-Scheffel)’ - |

3. Dynamié forcg;»in supénéion-sbrinQS'
4. Akle longitudinal displacements

S}’ ~Ax1e»bendigg moments -

6. Bearing adapterLforééé

7. .«Net'ﬁheel/rail:forces :

8. L/V force ratios
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- Unless otherwise noted the test data to be illustrated were from
the start of curve negotiation test case BS002A on the
Barber-Scheffel truck.  This was on tangent track (prior to the
first curve) at a speed of 26 mph. The abscissas of the-
time-history plots are labélledvby number of samples at 200 Hz.
Therefore, a label of 200 corresponds to one second.

4.1 Wheel/Rail Displacement and Angle of Attack

The lateral displacements and angles of attack relative to
the rail of the two wheelsets were determined from eight eddy
current transducers, on channels P1-P8. These transducers
.measure the distances to the wheel rim and the outer rail face
fore and aft of each axle centerline. The individual data
channels are not very revealing by themselves, although they can
be more interesting when plofted in combinations. An example of

. this is Figure 4.1, which shows the distances measured to the

~rail. by ‘the transducers fore and aft of axle 1.

Figure 4.1 prov1des a convincing illustration that the
"maJorlty of the 51gna1 observed on these channels is produced by
.track geometry_varlatlons. The two curves are phase shifted by a
time interval equivalent to the time it took -for the test car to
'travél the distance separating transducers P2 and P4. The sshapes
"~ of the curves are nearly identical, indicating that they are
measuring the same thing at different times. Finally, the major
dips in each curve are separted by one second;-corresponding very
‘closely to the 39-foot interval between rail joints. The phase
shift apparent in Fig. 4.1 means that the data reduction
~equations which were listed in Fig. 3.1 for the wheel/rail
displacement and angle of attack should not be used directly on
the raw test data. Rather, the data channéls, for the
transducers mounted ahead of the axles (P2 and P6) should be
delayed by a time interval equal to the phase shift relative to
‘the behind-axle channels (P4 and P8) before applying the data
reduction equations.>
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The suggested shifting of the two channels will lead to
improved estimates of angle of attack, but will still leave the
lateral displacement estimates with two problems. The first is
that the lateral displacement of the wheel relative to the rail
will appear to change abruptly at each rail joint (or other track
perturbation) regardless of whether or not it really changes.
This can be avoided by low-pass filtering of the data to
_eliminate»the]fast transients and to restrict attention to the
slow, quasi-steady changes in wheel/rail lateral displacement.
The second problem with the 1ateral displacement estimates is the
lack of suitable calibration data to tell what wheel/rail
difference values correspond to zero lateral displacement.
Appendix E of the TDOP‘Type II Test Results Report contains one
set of static tesf data for test run BS-012 .on the
Barber-Scheffel truck, showing the distance frqm each transducer
to thefwheel or'rail.,‘Unfo:tunately, all of these distances
. proved to be significantly larger than the mean values observed
on the tape for tést‘BS-OOZA‘at the start (tangent track) or in
. either curve #2 or #3 (respectively left-hand and right-hand
curves of gfeater_than 6°). Indeed the static test distances
. exceeded the maxima observed in these two sharp curves in all but
two éases (channels P6 and P8 in curve #2). The minimum values
of displacement'relétive to the rail were negative for all
transducers in curve #3, which would appear to be difficult to
achieve physically and may imply the existence of a calibration
problem. Based on these observations, it is doubtful that the
. true lateral displacement of the wheelsets can be identified from
the test data, although the relative lateral displacements for
different curves in the. same test run should be identifiable.

Proceeding with this caution in mind, it is stiil
‘interesting to observe.the intermedidte quantities which are
calculated in ordef to éstimate.wheelset lateral displacements
using the TDOP data reduction equations without the suggested
corrections. Figures 4.2 and 4.3 show the distances to rail and
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~wheel respectively at the-lead axle for the first four seconds of
 test :BS-002A. ’Whilé-the rail measurement is dominated by the
»relat;vely'low frequency_associated with large track geometry

- variations, the wheel measurement is dominated by smaller

amplitude variatidns‘at a higher frequency, associated with
':individual wheel rotations. This is illdstfated very
dramatically ianigure’4.43.which.shows the angle between the
wheel and the bracket holding the transducers at axle 1, derived
- from the difference between P1 and P3. "The large, nearly
fsinusoidal;'waveform corresponds . to wheel rotations, and the very
repeatable perturbations near the peaks probably represent
surface irregularities on the wheel rim. Figure 4.4 shows how a
wheel wobble produced by a wheel-to-axle misalignment of about 6
arc minutes can contrubute significantly to the angle-of-attack
calculations. - This should be removed in future ‘attempts to apply
. the TDOP angle-of-attack data by approprlate compensat1on
V(subtractlon of the wheel-wobble component) ‘ '
The calculated" values of the angles between the transducer
-brackets'and~th§-ralllare,vas;expected, domlnateduby‘the track.
‘fgeometryxand particulér1y~fhe rail joints. Figure 4.5 shows an -
:.eXamplé for about 6.3 seconds of test data, with the sharp peaks
'caused:byfthe successive passage of transducers P2 and P4 ovér
the rail joint. ' ' o
‘ The final products of the measurements wh1ch have been
:‘descrlbed here are the estimates of wheel-rail lateral"
displacement and angle of attack. The lateral dlsplacement
‘estimates for the two instrumented wheelsets are shown in Figure
- 4.6. The dominant influence of track geometry is apparent from
“the phase shift corresponding to the truck wheelbase. - The bias

- separating the two curves cduld repreSent a real. difference

-~ between the: two wheelsets or.-could be the result of d1fferent

-;transducer mounting geometr1es or callbratlon conditions.

L Unfortunately, it is not possible to tell .which explanatlon

 applies. The computed angles of attack of the two wheelsets for
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one secbnd of test time are shown in Figure 4.7, where the
influence of track geometry is once again apparent. -These

- results are virtually useless for,evaluating vehicle dynamic
response in their present condition because the true angle of
attack is submerged below the much larger influence of track
geometry variations. With appropriate phase shifting of channels
. and compensation for wheel wobble these measurements may be able
to provide high?quality estimates of angie of attack.

The difference between the two angles of attack, XNGl, is
plotted in Figure 4.8 as a crude-estimate of the angle formed by
~ the two wheelsets on tangent track. This estimate is of course
corrupted by the same problems which plague the estimates of the
individual angles of attack. An alternative calculation of the
~ angle between the two wheelSets appropriate for trucks with
- standard single-piece sideframes is XNG2, shown in Figure 4.9.

. Because of the unusual construction of the Barber-Scheffel truck

"_:'thls 1s not a valid representation of the a11gn1ng of its

wheelsets. _However, the XNG1 calculation can probably be-of use.
after.the angle of attack: calculatlon procedures are refined in
,;the suggested ways. Even u51ng the procedures spec1fled 1n the
'_TDOP data reduct1on equatlons, the differences between |
. negotiation of left and right hand curves can be distinguished.
'Figures 4.10 and 4.11 show-XNG1 in "steady state" curving on two
6° curves, one 1eft hand and the other right hand. The mean
value of XNG1 was -28.01 arc minutes in the left hand: curve and
-8.61 arc m1nutes in the right hand curve.

4.2 Strains in Rédial Truck Cross'Arm-and Strut

Strain gauges'were‘applied to one cross-arm and one
- cross-strut of the- Barber Scheffel truck, but they were not
'ca11brated dur1ng the TDOP project. The results which are

V.,ava11ab1e are,therefore in the form of‘vdltages rather than .

forces, and can only be used to show relative trends rather than
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Figure 4.8 Angular Differance Between Axles
(XNG1), Calculated From Angles of
Attack (Barber-Scheffel truck)
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,absolhte magnitudes. As Figure 4.12 shows, the variations in-
" strain for an empty car on tangent track were small enough that

the lower limit of the dynamic range of the inStrumentation’

-system was encduntered ("jumpiness" of the curve). This could be
. smoothed by filtering at 50Hz (Figure-4.13) or 20Hz (Figure

4.14). The relationship between variations in the strain of the
cross arm and the strut did not appear to be strong on tangent
track. (Figure 4.15). ' ’
Steady curve negotiation reeults for a fully loaded car on
the Barber-Scheffel trucks (from test run BS010) provide
additional information. For the left hand 6.29 curve, Figures

4.16 and 4.17 show little apparent relationship between the

strains in-the cross arm and strut (for time intervals of 1.

second and 12.5 seconds respectively). On the.6.1° right hand

curve, Figures- 4.18.and 4.19 illustrate an apparent negative

'correlation between these strains. Also note the reversal of™
_51gn for the two’ strains. ‘on the opp051ng curves (F1gures 4.17 and’

4, 19) ; : .
The raw callbratlon data for -the DR-1 steerlng ‘arm straln

‘_}gauges (1n Appendlx ‘B of the Type II Test Results Report) were
-used to. develop relatlonshlps between the strain gauge voltages_
"on the data- tapes and the lateral forces imposed on a- wheelset.

This 1led to two force estimates, based on use of the two straln

fgauge channels:

FSAL
FSA2

7300 Bl
- 3470 B2

‘The approximate factor of two difference may have been the

consequence of only having a half bridge for Bl rather than a

“full bridge. The calibration for B2 appeared to be much more -

stable and linear, and fortunately it was Bl rather than BZ which

. was destroyed early in the test. Con51derab1e uncertainty still
‘surrounds these values because of the p0551b111ty that the

excitation voltage used in the test program was half of that used

“for the calibrations. and because of some doubts about the precise
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" STRAIN GAUGE VOLTAGE (mV)
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£8.6 18089 " 15648 260.8

SAMPLE NUMBERS

Figure 4.12 Cross-Arm Strain Gauge Voltage on

Tangent Track (Bl), Unfiltered
.- (Empty car) =
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STRAIN GAUGE VOLTAGE (mV)

YA Ex
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" 9.998

5.099|-

5040 - E 188.8 18848 i 260.8

" SAMPLE NUMBERS - -

Flgure 4,13 - Cross-Arm Strain Gauge Voltage on

-Tangent Track (Bl), Filtered at 50Hz
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STRAIN GAUGE VOLTAGE {mV)}
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Figure 4.14 - Cross-Arm Strain Gauge Voltage on

Tangent Track (Bl), Filtered at 20Hz
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. TEST RUN:BS 010. . -

Strut Strain o

Arm and Cross-

Cross

(Aw) 39V170A 39NY9 NIVYLS

13 Seconds

Left Hand Curve);,

“Gauge Voltages in Curve #2 (6.20
Duration

.- Figure 4.17 -
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9.6

STRAIN GAUGE VOLTAGE. (mV) ‘

“6002

Figure 4.18 -

20842

TEST RUN BS 010

Cross-Arm and Cross-Strut Strain
Gauge Voltages in Curve #3 (6.10°
Right Hand Curve), 1 Second Duration
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.positioning of the strain gauges and about the calibration

conditions (points of force application and restraints on

‘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_ébnditions;'

these strain gaugé measurements cannot reveal the magnitude of

the loads experienced by the steering arms, but may only indicate

: something 0f the lateral bearing adapter or wheel/rail forces -

- which were imposed on.the wheelset or truck. 3 _ ' S

’=4.3-.Vertica1 Spring Dynamic Forces

. The vertical deflections of the coil springs were used to
‘estimate the variations in the forces transmitted across these l
springs for combariSon with the variations in the bearing adapter
;verticai forces.  The comparision would not be expected to be
especiallyﬁcldse_because of the forces transmitted through the
friction snubbers. The steady-state spring deflection (from
t'vehicleiweight'alone).cannnot be readily identified because of
unknown biases on'the spring deflection channels (D1-D4).
.Tﬁerefore;'only dfnamicvspring 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
equating the differences in these 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 1b./in. These stiffnesses were multiplied by
the average spring deflections [(D1 + D2)/2 on the right and (D3
+:D4)/2 on the léft] 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
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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
and~4;23),are.of‘pppositetphase 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
- Ehanhels.,'lt: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 deflect1ons on-the two- 51des 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 10ng1tud1na1 dlsplacements of the axle ends relative to

hthe 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 (blases) based on results
_observed in unperturbed operations on tangent - track. If ‘this

were -the case, the true 'zero displacement values could not reaily
be known and only: the relative dlsplacements could be. ' ‘
investigated. Examples of these measurements for the .
Barber-Scheffel truck under an empty car on tangent track are
shown in Figures 4.26 - 4.28.

F1gures 4.26 and 4.27 show the longitudinal displacements in
inches of the left and right ends of the lead axle (w1thout bias
removal). Although these are almost. perfectly in phase, the

~ magnitudes are different by a factor of about 20, ‘bringing the
. Figure 4.27;resu1ts‘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 .
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SPRING DEFLECTION (IN.)
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Figure 4.20 - Vertical Deflection of Right Front
Suspension Spring (D1)
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SPRING DEFLECTION (IN.)
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‘Figure 4.21 - Vertical Deflection of Right Rear
Suspension Spring (D2)
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- SPRING DEFLECTION (IN.)
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208.0 668.8 669.9

Flgure 4.22 - Vertical Deflection of Left Front
_ Suspen51on Spring (D3)
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Figure 4.26 - Longitudinal Displacement of Left
' o End of Front Axle (D21) .
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Flgure 4 27 - Long1tud1nal Displacement of nght
. End of Front Axle (D19)
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left bearing adapter almost immobilized." Later segments of the.

same test run (BS-002A) in curves. produced a much wider range of

values on channel D19, so the effect shown in Fig. 4.27 was

either the result of a temporary physical constraint (for

example, dry friction) or an intermittent instrumentation -

-problem. Figure 4.28 shows the longitudinal displacements of

. both ends of the rear axle of the lead truck, which are almost

identical in waveform but appear to have different biases. The
results 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 of D19-D22 for:
operations on different curves indicate the trends in wheelset 2
alignment. For test runs BS-002A and BS-010, these mean values | |
changed very substantially between curve #2 (6.2° left) and

curve #3 (6.2° right), and in most cases they had opposite ’

© signs on these two curves. Because of the lingering uncertainty
about the zero calibratién-points for these channels, this '
information should be used with caution to calculate steady state
axle alignment estimates. |

]

4.5 Axle Bending»Moménts

J

The TDOP Phase II testing of the Type I trucks generated 32
channels of axle bending strain gauge 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
estimates of lateral wheel/rail forces. o
. A sample plot of three of the strain gauges channels on the
right side of the lead axle is shown in Figure 4.29. The large
sinusoidal component.corresponds to wheel rotations, and provides
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Figure 4.28 - Longithdinal Displacements .of .Both
 Ends of Rear Axle (D20, D22)
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‘no information about force or moment variations. The three

channels are phase shifted because of their diffefing locations

- around . the periphery of the axle. The biases which are apparent

in the F1gure (non-zero mean values) must be removed before

- further use ‘can be made of the data for estimating forces and

moments. - - A

The most serious problem'apparent in the axle bending data
is the roughness of ‘the plots, 1nd1cat1ng substantial changes in
value,f;om one sample to. the next. This observatlon, 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
these channels were sampled at 200Hz, any strains produced by
structural vibrations or,extefnal inputs at frequeﬁcies between
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 wouidltherefore -

make appreciable contributions to the measured strains.

lUnfortunately,‘1t is v1rtually 1mp0551b1e to- remove the aliased
.components after the sampling (in the absence of continuous
~ analog data), so the axle bendlng channels must .always be to some

extent suspect. , _
A graphic visualization of the use of a quadrature pair of

-strain gauges to estimate anvaxle\bending moment is shown‘inv
- 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: radlus of the "c1rc1e," 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'chaﬁhels produces very abrupt changes-

~in the estimated bending moment. .This effect can be countered by

low pass fllterlng, but the filtering will still not be able to
eliminate all of the dlstortlons produced by aliasing.
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MEASURED BENDING MOMENT (in-1b), 6109

820 2o

+ 10000 < TON90e S GV \‘_\ 3660008 1698068

Figure 4.30 - Cross-Plot of Quadrature Pair of
- : Axle Bending Strain Gauges, Front
Axle, Right Side (G109, G113)
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Figures 4.31-4.33 show one second of the data on axle
bending channel G109 unfiltered and then low-pass filtered at .
50Hz and 20Hz cutoff frequencies (4-pole Butterworth filters).

- Cross-plots of this channel with its quadrature pair G113

filtered at SOHz 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. - ' i |

The data reduction equations discussed in Chapter 3 were
used to derive axle bend1ng moment estimates from the axle stra1n
gauge channels. A sample time history for the intermediate
variable CVR1 (one bending1moment-from_a quadrature pair on the
right-side of axle 1) is shown in Figure 4.38. The many moderate-
size peaks-in ‘this curve do not match the peaks in the" |

: 51mu1taneous curves for. AVRl and: ‘BVR1, whlch .are the estimates of_
" sthe same bending moments u31ng the two- other quadrature pa1rs at.

the: same locatlon. -The one large peak at about 120 samples 1nto '

the- run does match (1nd1cat1ng ‘that it 'must be a real: phy51cal

phenomenon) but the other: peaks are most likely artifacts of the
aliased data. The three estimates of bendlng moments, AVR1, BVR1
and CVR1, are averaged together .to get RlV 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 AVR1l, 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
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" MEASURED BENDING MOMENT (in-1b)
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5568808

-88859.6|
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Figure 4.31 - Axle Bending Strain Gauge G109,
Unfiltered, One Second Duration
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MEASURED BENDING MOMENT, G109 °

186688.8

}
- 196666.96|

Flgure 4. 32 - Axle Bending Strain Gauge: G109
Filtered at 50Hz, One Second
Duration



. 1968666.96}

MEASURED BENDING MOMENT (in-1b)

50898-8&

Figure 4.33 - Axle Bending Strain Gauge G109,
Filtered at 20Hz, Once Second
Duration :
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MEASURED BENDING. MOMENT (in-1b), 6109

- 18R801.0

Flgure 4.34 - Cross-Plot of Quadrature Pair of

Axle Bending Strain Gauges (G109,
“Gl13) Filtered.at 50Hz, Once Second

Duration
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MEASURED- BENDING MOMENT (in-1b), G109

i ‘ﬁa\smce

Figure 4.35 - Cross-Plot of Quadrature Pair of
Axle Bending Strain Gauges (G109,
G113) Filtered at 20Hz, One Second
Duration



MEASURED BENDING MOMENT (in-1b), G109
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: Figure 4.36 - Cross-Plot of Quadrature Pair of

Axle Bending Strain Gauges (G109,
G113) Filtered at 50Hz, Five
Seconds Duration :
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MEASURED BENDING MOMENT (in-1b), G109 . .
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. > 149080.8) .

“AXLE BENDING MOMENT (in-1b)

- 68800481l

- 4686860.0

1268600.9

100689.8

. 8669946/ | |

5.8 186,98 ; 1868.8
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‘Figure 4.38 - Calculated Axle Bending Moment
CVR1, Derived from Quadrature Pair
G109 and G113 By :
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AXLE BENDING MOMENT (in-1b)
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.Figure 4.39 - Averaged Axle Bending Moment
Calculation for Right Side of Front
Axle (R1V) Unfiltered:
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AXLE BENDING MOMENT (in-1b)

1200808
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" . SAMPLE NUMBERS.

Flgure 4. 40 -~ Averaged Axle Bending Moment
, Calculation for Right Side of Front

Axle (R1V). U51ng Data Filtered at
50Hz
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AXLE BENDING MOMENT (in-1b)
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SAMPLE NUMBERS

F1gure 4.41 - Averaged Axle Bending Moment :
-Calculation for Right Side of Front

Axle (R1V) Using Data Filtered at
20Hz
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Not all of the axle bending strain gauge channels were found
to be working satisfactorily all of the time. 1In particular,
G214 gave readings which were only 25% to 35% as large as the
readings on the other gauges at the same location in runs BS-002A
and BS-010. It should therefore be deleted from the data-

- analysis for these runs, leaving only two quadrature pairs of
gauges. Less serious scale factor errors could be compensatéd'
for by ﬁormalizing the axle bending channels by their standard

: deviations_(analogous to the normalization by RMS which was cited
in the TDOP project documentation).. ' |

4.6 »Bearing Adapter Forces

The vertical bearing adapter forces and their lines of
action must be extracted from 12 channels of strain gaﬁge data,
" four of which are used to estimate vertical force magnitudes and
eight of which determine the lines of action and the appropriate
calibnatioh factors'fot.the £orées. The procedureskfof reducing
these data;'using the-published‘calibration~informatioﬁ, were
explained.in Section 3.2. Significant questionélhavefarisen'
about undocumented differences between the strain gauge ,
excitation voltages and gain factors‘used.in/the'calibrations and
in the vehicle tests. In the absence of positive information
.abbut~thesé differences, it is not possible to produce definitive
estimates of the magnitudes of the bearing adapter or wheel/rail
contact forces. A | N B

vBearing adapter strain gauge data from tests of the
Barber-Scheffel truck were reduced using the procedures of .
Section 3.2,'assdming'no'differences between the calibration and
test conditions. . The calibrations for the DR-1 bearing adapters
" were used for this exercise on the basis of the statements on
‘page 61 of the Type Il Truck Test Results Report. However, some.
uncertainty about which set of adaptefs-was used on the
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" Barber-Scheffel has been expressed by some TDOP project
participants,'introducing-further doubts into the data analysis.
The calculated force levels were much higher than they should
have been (the sum of the vertical forces on the four adapters
being about three times the static load on the truck) for the
combination of reasons alreédy cited. Although the magnitudes of
~the calculated forces are incorrect, some sample results are
reviewed here to show how they can be used.

Figure 4.42 shows the calculated vertical forces on the four
adapters of the instrumented truck, operating on unperturbed
- tangent track. The substantial differences among them could
‘possibly be attributable,to'the use of erroneous assumptions
about the adapter strain gauges, but the similarities and A
differences in the waveforms for left and right sides and front
and rear axles are still of interest. The bearing adapter force
is by-farvthe"largest component in the estimate of vertical
wheel/rail force, as shown in Figure 4.43. Most of the
difference'betweengthe bearing adapter force and wheel/rail force
éppears to be from the 1500 1b. added to represent half the
weight of the.wheelset,‘while the axle bending terms only appear
to add some noise to the force estimate (probably because of the
_inadequate ffltering of those channels). The estimates of
lateral wheel/rail forces were more seriously distorted by the
bearing adapter calibration problem, and appeared to be
unreaiistically high for operations on unperturbed tangent .track
at 26 mph. It was therefore necessary to disregard the lateral
force calculations and the L/V force ratio calculations, which
were based on the lateral force estimates.
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5. RECOMMENDATIONS FOR FURTHER WORK

The TDOP Phase II data should be useful for investigating
some aspects of truck performance, but any potential user of
these data needs to be aware of their limitations before
investing effort in analysis and data reduction. At the same
time, new test programs should be designed so as to produce data
which will complement the usable data from TDOP. The test cases
and measurements should be sufficiently compatible with TDOP that
the results can be compared meaningfully, but they should not '
lead to needless duplication of conditions which were already
covered effectively in TDOP.

5.1 Applicability of TDOP Phase II Data

‘As part of the current work, it has been necessary to review
much of the TDOP Phase II data. This review has provided some
indications of the suitability of much of these data for more
widespread use. The focus has been on truck dynamics data rather
on carbody or resistance data, so this review has not considered
the carbody accelerometer channels 6r the instrumented coupler.

Each channel which is to be used should be inspected
graphically before extensive data reductions are applied;
Undocumented intermittent, dead and biased channels have been
found on the TDOP tapes. 1f these problems are not identified at
the outset, very misleading results will be obtained from the
data reductions and the sources of error could be quite difficult
~to identify. The inspections of the channels should be based on
a physicallinsight into the characteristics which should be
expected on each channel and a knowledge of the characteristics
of these channels on the other data tapes.



Angle of Attack Measurements

The wheel/rail angle of attack measurements maybe of
considerable use with the additional signal processing described
in Section 4.1. However, until that processing procedure is
implemented and tested, it is not possible to say with any
certainty how useful these measurements will be for detailed
evaluations of vehicle dynamic response. Straightforward
application of the data reduction procedure reported in the TDOP
reports leaves these measurements corrupted by irregularities of

: wheel rims and rail surfaces, although it still permits evidence

of some rough trends in steady-state curving to show through.

Wheel/Rail Lateral Displacements

These measurements are of course derived from the same raw
~data as the angle-of-attack measurements and are therefore -

- - subject tothe same recommendations regarding the additional

signal processing.. On.top of that, the available TDOP

-~ documentation does not permit the determination of the hominal,
unperturbed condition measurements. However, a thorough study of
the measurements obtained for steady-state operations in curves
and on tangent track may permit a posteriori identification of
what the,nominal.case was.

Radial Truck Arm and Strut Forces

The Dresser DR-1 truck was fitted with two strain gauge
bridges on its steering arm assembly, while the Barber-Scheffel
l'»héd one each on a cross-arm and a cross-strut. The
Barber-Scheffel gauges were never'calibrated; and can therefore
only be used to show approximate trends or to correlate dynamic
variations with other response variables. Although the DR-1
gauges were calibrated, that calibration was derived in terms of

94



lateral forces imposed on a’'wheelset and therefore cannot. reveal
the level of forces or moments transmitted through the steering
arm. . Consequently, these measurements too can only serve to.show
rough trends. Detailed studies of radial truck dynamics will
require more extensive instrumentation and different calibration
procedures. ‘ | ' |

Bearing Adapter Vertical Forces

Two different strain-gauged bearing adapters were used in
the TDOP test program, one for the DR-1 and Barber-Scheffel
trucks and the other for the remaining trucks. The DR-1 adapters
were relatively insensitive to varying vertical loads and »
apparently very sensitive to the lines of action of those»ldads.v
This makes the data reduction process.extremely sensitive and-
prone to error. Indeed, the calibrations are so internally '
_inconsistent about line. of action that these measurements cannot
be-interpreted with any confidence. Therefore,Mthe'wheel/rail
fbrce“measurements>for the Dresser;énd Barber-Scheffelrtfucks are-
- best ignored for all further work, and should be assumed to not
exist. - - , ‘ |

The strain gauge‘measureménts from the Type I adapter (used -
on most of the other trucks) must be translated .into force B
estimates using the calibration information reported in Appendix
B of the Type I.Test Results report. Although-theée‘resultS~did
not have as ‘severe a sensitivity problem as the results for the
DR-ljadaptér, they were still plagued by ambiguities in the line
of action calibration. In other words, the combinatioen of the

inner and outer strain gaUge readings on -an adapter can not
always reveal the line of action of the force wifh ceftainty;,
some combinations of.these reédings could represent any of
several different lines of action. This‘ambiguify casts doubt on
both the magnitudes of the bearing adapter vertical force

- éstimates ‘and their lines of action. These doubts are reflected
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~in uncertainties about thé'magnitudes of the vertical and
especially the lateral wheel/rail forces. The results derived
from these adapters should be used with caution, based on an
understanding of the limitations of the original calibrations.
The sensitivity'of the results to the specified uncertainties
should be quantified in a formal sensitivity study and the data
should not be used for purposes which require finer resolution of
force information. -

Axle Bending Moments

The axle bending moment measurements are difficult to
evaluate because the values found on these channels of the data.
tapes have already had calibration factors applied (available
~data are. in inch-pounds rather than millivolts). Because these
Channels were low-pass filtered at 500Hz and sampled at 200Hz,
they contain aliased information from frequencies above ‘100Hz
- which cannot be eliminated. The seriousness of this aliasing
cannot'be:readily determined because the level of the signals
.befween 100Hz and 500Hz is not known. It is safe to assume that
these signals were much lower than the major sinusoidal component
of each axle bending channel (corresponding to the axle'bending
produced by the weight of the entire car, at the wheel rotation
frequency). However, it is not clear how significant the _
aliasing is relative to the variations in the envelopes of the
‘sinusoidal bending signals, which contain the information of
interest for wheel/rail force estimates.

The raw axle-bending-channel data are very noisy, probably
because of the aliasing and inadequate filtering. Before they
are used for calculation of wheel/rail forces they should be
~ low-pass filtered to eliminate as much of the noise as possible
without aestroying the remaining information of interest. A
four-pole Butterworth filter centered at 20Hz was found to be a
reasonable choice for the.explofatoryvstudy reported here. Of
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codrse,‘heavily filtered data will not be usable for
investigating high‘ffequency wheel/rail force variations. The
TDOP data should only be used to investigate lower frequéncy-'
phenomena (up to 10Hz or. at most ZOHz), andvshould only be used
for qualitative comparisons rather than deflnlng quant1tat1ve
standards because of the 311351ng

Because the wheel/rail force estimates are derived from
relatively complicated combinations of the axle bending channels,
it is necessary to spot check all of these channels to identify
. possible problems (dead channels, scale factor errors, etc.).
One defective channel could seriously distort an entire set of
axle bending data, but could be very dlfflcult to identify only
from the processed data '

5.2 Instrumentation for New Test Programs

The TDOP Phase IT test data have yielded some important
lessons about truck dynamic test instrumentation - 'systems and test
cond1t10ns., 'If these, lessons can be- applled to future truck test
:Aprograms, they should make 1t p0551b1e to collect more useful -
results. - The most 51gn1f1cant d1ff1cult1es were associated w1th
‘the measurements of wheel/rail forces, lateral displacements and
‘angles of attack, which curiously enough were also the sources of
the most trouble for the TDOP Phase I data. . '

_ " The combination of .instrumented bearing adapters and axle
bending strain gauges does: not appear to be a desirable way of"
‘measuring*wheel/rail.vertical and lateral forces. The accuracy
of this technique appears to be severely limited relative to that
of hodern:plate-instrumenfed'wheelsets, which afe recommehded for:
use on future truck test prpgrams. Because of the strong -
“influence of wheel profile on vehicle.d?namic response, use of»
instrumented wheelsets with several different profiles must'be
considered very.seriously; This is particularly important for
evaluating fhe influence of component wear .on truck dynamics.



The fidelity of the wheel/rail lateral displacements and
angle of attack measurements has not been fully established
because -implementation of the -extensive and delicate data
reduction process which must be followed to extract this
information from the raw data channels was outside the scope of
the present study. Consequently, it has not yet been determined
whether the existing raw data are sufficient for deriving usable
estimates of lateral displacement and angle of attack. It is
.recoﬁmended that this data reduction process be implemented and
~tested before drawing further conclusions about these data or
_about alternate methods for measuring the same quantities.

During the evaluation of the TDOP Phase II data it became
‘apparent that some additional measurements would have been very
useful to supplement those which were available. It would have
been véry revealing to have measurements of the friction snubber
forces simultaneously with all the other measurements. These
’fdrces‘plus\the.vertical spring forces (calculated from spring
deflections) could serve as cross checks on the bearing adapter
force estimates. Because the details of radial truck performance .
. have not been extehsively studied in the past, some more thorough
‘instrumentation of the peculiaf features of these trucks would
have been highly desirable.» The rotations of the Barber-Scheffel
shear pad housings relative to the_side frames should have been
measured to give a better indication of the axle alignment.
Strain .gauges should have been installed at several key locations
on the DR-1 steering arms to indicate the stresses present.
Similarly, both cross-arms and both cross-struts should have been
instrumented on the Barber-Scheffel truck. The strain gauge
calibratipns should have been performed in bench tests of the
arms_and struts alone, ‘so. that the forces in these members could
be identified later under the dynamic test conditions.
Calibrations based on forces applied to a complete truck cannot
reveal the forces imposed on the individual truck members.

98



The truck calibration  and test‘configurations should
replicate normal truck operatlng conf1gurat1ons as closely as
possible if they are to produce meaningful data about truck
7performance. “Those trucks which are designed to operate with
compliant shear pads should be tested with those pads in place,
and supplementary shims and other ad hoc modifications to the
trucks should be avoided.  These changes would modify truck
dynamic perfbrmance and obscure the true dynamic characteristics
of the truck designs, making the test results unrepresentative of
-truck performance in revenue service. ' ‘

5.3 Additional Test Cases Needed

_ It would be'very'desirable_to be able to make méximum use of
the truck test data which have already been collected at ‘
considerable expense in TDOP Phase II. The gaps in those data

 sets cannot be readily filled because the trucks which were

tested new have now seen considerable service. in.the TDOP Wear
Data ColIettiOh’Program. Their performance would be, expected to
change as wear effects aecumulate, and indeed a principal. goal of
a new test program.should be to 1dent1fy how wear affects truck-
dynamics. The only way to supplement the existing TDOP Phase II
data for unworn trucks would be to obtain a new set of trucks and
. repeat some of the test cases.- -Indeed, it would appear to be
advisable to do this for one of the Type II trucks so that at
least-one comparison between the new end.worn trucks can be
conducted on a strictly ''ceteris pefibus" (all else‘being equal)
basis. The most logical candidate truck to use for this would be
the Dresser DR-l;_sinceithe‘bearing-adapter force data collected
for it‘iﬂ TDOPvPhase”II,were“setieusly deficient. Parallel

~ _testing of a new and a worn DR-1 truck also provides the

opportunity to collect extensive data about the forces impdSed on
vdifferentlportiohs_of the steering. arms (after an appropriate
calibration). '



- The remaining‘trucks“need only be tested in their worn
condition to provide data which can be compared to the TDOP Phase
'II data for unworn trucks. The level of detail at which these
comparisons will be valid will be constrained by the limitations
of the TDOP data which have already been discussed. The test
conditions can not be identical to the TDOP test conditions
unless the new test program is conducted on the same segments of
track, which is not practical. Rather, it should be assumed that
these tests will be conducted using the laboratory and track
‘facilities of the Transportation Test Center (TTC) in Pueblo,
Colorado. ‘These can to .some limited extent be used to replicate
the TDOP test conditions, but it would not be wise to expend
<heroic efforts to force the new tests to édnform exactly to those
conducted for TDOP Phase II. Indeed, the preliminary analyses
which should be performed in support of test planning may
demonstrate some distinct advantages to be gained by deviating
from the TDOP test conditions. ' '

The TDOP Phase II truck tests were performed in the
following five test zomes: : .
1. Mainline Class 4 track with" eleven curves of between
1.1 and 6.2 degrees, both left hand and right hand .
2. Mainline Class 4 tangent track, 5 miles long, made of
bolted, jointed rail.
3. Yard track, Class 1 with 12 and 16 degree curves in 0.2
mile.
4. Spur track, Class Z curved and tangent with substantial
cross-level variations. 3 . ‘
5. "Mainline Class 4 tangent track, 4 miles_long, made of
continuous welded rail. »
-These test. zones were used to conduct tests ‘in five
different test regimes: -

1. Harmonic roll and bounce--conducted at speeds between 4
and 30 mph on test zone 4.
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2. 1CurveHnegotiation--conducted on test zone 1 four times,
three times going uphill (above, below and at balance
speed) and once going downhill (at balance speed).

3. High Speed Lateral'Stability--conducted at speeds
between 40 and 79 mph on test zones 2 (and 5 for DR-1
and Maxiride). ' '

4. Fuel Consumpt1on--conducted on test zone 2 in uphill.

' and downh111 directions at speeds between 40 ‘and 79 mph.

5.. . Load Equal1zat10n--conducted on test zone 3 at 10° mph

" forward and Teverse.

The new test program should be designed to produce results
which can be matched to the five test reglmes listed above, even
if they are not produced on test zones identical to the five used
in TDOP. There are distinct advantages to using the Rail
Dynamics Laboratory where possible, since it permlts the
experiments to be controlled more closely than they could be on
track. . The harmonic bounce and roll tests (test regime 1) are
ideally suited for the Vibration Test Unit (VTU), which can be
programﬁed for:idealized cross level variations or for
reproductlon of" track geometry measured in the f1e1d (1nc1ud1ng
any. track geometry measurements whlch may be avallable for the
_ TDOP test zones). | _ ,

’ . The curve negotiation tests“(test'regime 2) pose the most
serious problem for reproduction of the TDOP test conditions at
TTC, since they cannot be accurately reproduced -in the RDL and
".the existiﬂg TTC test tracks have different curvatures and
superelevations from the TDOP test zones. The Railroad Test
Track (RTT) has curves of only 0°50! and the Train Dynamics
Track (TDT) and Transit Test Track (TTT) only3go up to curves of
1930'. Only the FAST track, with-curves_of 30, 49 and 59

‘and the balloon loop at 7°30' provide substantial curvatures.
"Because of the heavy utilization of the FAST track for wear
related experiments it is not clear whether it would be available
.‘for separate truck dynamics testing} Furthermore, its:
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superelevations are markedly different from those of the TDOP
test zone 1. Despite theseiconsiderations, the FAST track
probably remains the most promising candidate among the TTC
.facilities for further truck curve negotiation testing.

High speed lateral stability and fuel censumption tests
(test regimes 3 and 4) are well suited for the Roll Dynamics Unit
(RDU), which can provide very well controlled conditions for
these tests. The load equalization tests (test regime 5) could
be performed on the VIU, again maklng use of actual measured
" track geometry

5.4 Conclusion

The TDOP Phase Il test data provide some usable information
about freight truck dynemic response. These data must be
interpreted very cautiously because of some substantial
-~ limitations of the instrumentationvénd ambiguities in the
~ documentation. - The numbers found on the TDOP data tapes cannot

- be taken at face value, but must be scrutlnlzed carefully to test

their physical reasonableness. ,

The TDOP data can, within certain 1mportant 11m1tat10ns, be
used to define baseline performance of unworn trucks for later
comparison with testing of worn trucks. These limitations
specifically refer to the fidelity of the wheel/rail force,
displacement and angle of attack data, which may not be adequate
for some applications. A new test program for worn trucks can be
designed to produce results suitable for comparison with the
baseline performance measured in TDOP Phase II.
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APPENDIX

Listing of Data Reduction Programs

This version of the data reduction programs uses the DR-1 bearing
adapter calibrations for the DR-1 truck and the Type 1 adapter

" for the Barber-Scheffel and Type I trucks. Minor modifications
would switch the Barber-Scheffel to the DR-1 adapter calibrations

(which were in fact used to generate the results shown in Figures
'4.42 and 4.43). , -
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SUBROUTINE REDEG (IERR)

- NNt 36662010 320 9 2030 2 U 23 HE T T I I T I F WA I I

c . REDUCTION EQUATIONS. *
C%******‘***************%**************#*********i******i
c . 1ANS=1-4 " . VERT.FORCE, DISPLACEMENT, BOTH, *
c oo . STATISTICS ONLY .
c IANT=1-3 .- .BARBER-SCHEFFEL, DR-1, TRUCK TYPE1l#
c IANU=1-2 " LOADED TRUCK DR EMPTY *
Cb****i****#***ﬁ***********9******************i**********
*
c REVISIQNS: - : *
c &-17-82 JJ . ° T INITIAL ENTRY #
C*i*#********************%****#********6******#****%**%{*
(o4 B *
c DIMENSIONS /7 COMMONS ’ *
C ) *
< C}#i*#*%**********#***;**#****é*#’*********i*i*********l*
C .
© REAL#8 PMIN, PMAX, PMEAN, PMSQ, PRMS, PVAR, PSTD
. - REAL#*8 an;xn101.xnioe,xnioa.xnz°5;xnxoa.xnto7.
* T UXM109, XM111, XM112, XM143, XM115, XM115,
* XM201, XM204, XM2035, XM208, XM209; XM210, -
- * 'xn212.xn213,xnax4.xnzie .
.C‘
'REAL#4 LRSI Lus1.LwR1.LRsz.stz.Lunz.Liv.sz
c 2 .
COMMON / SETDAT / ISCHAN(128), JCHAN(128), ICHAN(2, 128) .
S ' © - 'UCHAN(2, 128), o . :
w0 w7 XSTART, XSTOP, NAVE., NCHAN ..
»fconnon 7 SETVAL +/ JSTART, KSTART, JSTOP, KSTOP, -
S _ " . MMILEP, NMILEP, FMILP ' I :
LU COMMON / LUNS . :/ LUNMSG, LUNNAM, .LUNOUT: LUNIN. LUNSCR.
c. :
c. - v, -coMMONS NEEDED FOR DATA REDUCTION EQUATIONS .
‘ . COMMON / STATS / PMIN(128), PMAX(128),
* . © XMP(4&),XM101, XM102, XM103, XM105, XM106, XM107,"
* - XM109,
* XM114, XM112, XM113, XM11S5; XM116, = . ,
» '._xnao1,xn204.xnzos.xnaoa.xnao9.xn210.xn212.xn213.‘
* T XM214; XM214,
* PMSQ(129).PRMS(129) PVAR(128), PSTD(128)
c
-~ COMMON / OUTDISP/ LRS1, LWS1, LWR1, LRS2, LWS2, LWRZ,
» ARS1, AWS1, AWR 1, ARS2, AWS2, AWRZ,
* . XNG1, XNG2, VLLSP, VRSP, FSA1, F5A2, SWIV
COMMON / QUTVER '/ VLA1, VLAZ2,VLAZ, VLAG,
# - BMA1, BMA2, BMAZ, BMA4, AVR1, BUR1, CVR1, RIV,
#* L1V, R2V, L2V
» FVR1,FVLL, FURZ, FUL2, FLRL, FLL1, FLR2, FLL2,
# QUR1, GULI.GURZ.GULE.FL1;FL2,FVNT,FLNT,
. © QLFT, QRGT: FLLT, FNL1, FNL2 .
c
- COMMON / INPSEL / 31 A9, AL10, AL11, A12, A13, A14, 17,
* ‘F1,F11,F12 F2.F21 Fa2 ,
* - F3,F31,F32, F4,F41,Fa2 ,
* PL P2 .PS ,P4 ,P5 ,Ps ,P7 .,PB ., °
o BL ,B2 . ’ : )
* D1, D2, D3, D4,
* ~. D5 ,D& .D7 .D8 .D9 ,D10 ,
#® D13, D14,
*

D19. 020, D21, D22 , .
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8200
38300
84GC0
8500
8600
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8900
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2200
2400
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c

6101, 6102, 6103, 61085, G104, G107, 6109,
G111, 6112,6113, 6115, G116,

.G201, G204, G205,

€208, 3209, 6210,

6212, G213, 614, GR1S6

* & % & N

'COMMON / REDCON / IANS., IANT, IANU
COMMON / REDSTAT / LRED. NDISP. NVERT.NSEL, LUNR, LUN3
COMMON 7 ASCLAB / IADIS(19), IAVER(36&), 1A(3I)

DIMENSION PMEAN(128)
EQUIVALENCE (PMEAMN(1), XMP{1))

' DIMENSION XINP (44)
EQUIVALENCE( XINP(1),81)
c .
[ P2 L T2 -2 R AR T LA s ol and s ot t Lol s i L g P23 SR S 3% W %

c

LRED=. TRUE.
IERR=0
c
c .. . BARBER-SCHEFFEL TYPE TRUCK
IF (IANT. £6. 2) GOTO 10
XKVS=27500.
1C3=2. 491
€070 15 -
c ©...DR=1 TYPE TRUCK
10 XKVS=25700.
: - XC3=2. 117 - \
c
c
C PRt e s ST E e L R S S e S T RSl P s 2 et )
C .
c: ...REMOVE BIAS FROM THE FOLLOWING CHANNELS
c A9-A14; DS-D10. THIS CODE IS
c '...VERY ORDER DEPENDENT ON THE INPSEL COMMON
c : : _
15 DO 20 1=2,7
XINP(I)=XINP(I)=XMP(I) :
' XINP (I+33)=X INP ( I+33)=XMP (1+33)
20 CONTINUE
c
IFCIANS. EG. 2) ©0TO 500
¢
¢ ..NEED TO CALCULATE THE FOLLOWING VARIABLES
c . ACCORDING TO THE CAR TYPE AND LOAD:
c .. VLAL, VLAZ, VLAZ, VLA4, BMA1, BMA2, BMAG, BMA4
c . .. THIS IS COMPUTED BY INTRPOLATIONS BASED
¢ .ON THE "F" VALUES.
¢

CALL TABLE(IERR)
IF(IERR. NE. 0) GOTQ 950
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c »
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AVRLI=(((G1146~XM116)##2)
CGVLLI=(( (G103~XM1Q3) *#2)

S LiV=(AVLI+BVL1+CVL1) /3.

© AVL2=( ( (G209~-XM209) ##2)

¢ -FLL2=154.45 -~ (. 055546# (BMA4—R2V) )"

. AXLEBENDING CALCULATIONS. .

+ ((G112-XM112)%#%2) ) #»,
BURL=({(C115=XM115)y##2) + ((GL111-XM111)%s2))*e,
CVRL=(((G113-XM113)#%2) + ((GL09-XM109)#%#2)) %%,
R1V=(AVR1+BVR1+CVR1)/3; .

uaag

((G105~XM10S) %#2) )%,
((G106=XM10Q6)#%2} ) %,
((G107-XM1Q7 ) 3##2) ) %%

AVL1=(( (G101~XM101)#52)
BVL1=(.( (G102-XM102) ##2)

ETRT

++ ¢+

© AVR2=(((G201~XM201)##2) + ((G205-XM20S)#%2) )%, S
'BYR2=( ( (G204~XM204) ##2) + ((G20B=XM208)*#2))#%. 5

R2V=(AVR2+BVR2) /2.

+ ((GR1T3-XM213) #%2) ) #*,
BVL2=( ((G210~XM210)##2) .+ ((G214-XM214)%%2) ) ¥,
CVL2=a(((6212~-XM212)%%2) *f(ﬁGZib~XM2$6)*¥2))**.
L2V=(AVL2+BVL2+CVL2)/3

W

VERTICAL FDRCES AT NHEEL/RAIL INTERFACE

* FVR1=1500. +(R1V-L1V)/30. +VLA1

FUL1=1500. = "((R1V-L1V)/30. ) + vLA2

FVR2=1500. + ((R2V-L2V)730.) + VLA3
FUL221500. '« ((R2V=L2V)/30.) + VLA4

. . LATERAL FORCES AT;UHEEL/RAIL INTERFACE. . .

| FLR1=156. 45 - (. 05556#(BMAL-LIV)} + (. 0B1944%(RIV-L1V))
© FLL1=156. 85 - (. 05556% (BMA2-R1V})

(..081944%# (R1V-L1IV)) -
(. 081944% (R2V-L2V))
(. 081944% (RIV-LIVY)

FLR2=156. 45~ (. 05556#(BMA3-L2V) )

v

. LATERAL/VERTICAL FORCE RATIDSAON:INDIVIDUAL WHEELS. . .

QUR1=FLR1/FVRL

CQULLsFLLI/FVLL

GURZ=FLR2/FVR2
QUL2=FLL2/FVL2 "

. WHEELSET NET LATERAL FORCES...

 FL1=FLR1-FLLL.
FL2=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

CQLFT=(FLL1+FLL2) /(FVLLI+FVL2) -

GRET=(FLR1+FLR2)7 (FVR1+FVR2)

. ADDED THESE EGUATIDNS IN PLACE OF VSBA, VSWR, VSDF -
. FLLT TESTS VALIDITY OF EQUATION FOR FLL1
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FLLT=0. 0556%(44, 254FVL1 - A3560. - VLAL#(ARM1+24. 25))

... EQUATIONS FOR LATERAL FORCES ON BEARING
... ADAPTERS. (NET PER WHEEL SET)

FNL1=0. 0437%# (=1, 95%(R1iV=L1V)~-BMA1+BMA2)
FNL2=0. 0437%(~1. 95#(RV-L2V)-BMA3+BMAZ)

bpad ail o 2 2 DA Ll ot e X S Il S 2 et Lt e st Sl s 2 Y

*

WHEEL/RAIL DISPLACEMENT =
#

FHIEETIAE o 35 I TE I AP N TSI T 8 J RIS 2 I R 18 5 S I F S I 30 R I R

CONTINUE '
IF(IANS. LT. 2y GOTD 100

... LATERAL TO WHEEL/RAIL CALCULATIONS. ..

LRS1=. 5%(P2+P4)

LWSL=. S*(P1+P3)
LWR1=LWS1~-LRS1
LRS2=. 5# (P&+PB}
LWS2=. S#(PS+P7)
LWR2=LWS2-LRS2

... .ANGLE TO RAIL/WHEEL CALCULATIONS...

ARS1=126. 1 7%{P2-P4)
AWS1=171, 9%(P1-P3)
AWR1=AWS1-ARS1
ARS2=126. 1 7#(P&-P8)

. AWS2=171. ?I#(P5-P7)

AWR2=AWS2-ARS2
.. - AXLE RELATIVE ANGLES (POSITIVE FOR RIGHT CURVE)

" XNG1=AWR 1 -~AWR2

... ANGLE LONGITUDINAL DISPLACEMENT...
ANG2=(D21+D22~-D19-~D20) %3438, /79.

... SPRING GROUP VERTICAL DISPLACEMENTS TO ESTIMATE
... DYNAMIC VERTICAL FORCES

... LEFT

| VLSP=(D3+D4)*XKVS/2.

.. RIGHT _
VRSP=(D1+D2) #XKVS/2.

... TRUCK SWIVEL TO IDENTIFY CURVED TRACK »
SWIV=XC3#(D13-D14)
GOTO 1000

C 304030 309 40 41 35 30 30 30 41 336 9 30 T0 36 34 M 26 31 31 38 38 35 38 30 3015 302536 203545 T H 28 3 36 36 5 I HH 46 9 360 2 45 96 35 4536 3696 35 H 45 25 I3 3

c
50

WRITE(LUNMSG, #) (‘ ERROR FROM REDEQG ROUTINE. /)
IERR=1




20900 . 64OTO 1000

21000 c

21100 C 390457 Je S0 T3 I TR I N T I I 2 A F 0 230 I oA T 10 H AN 0T 2 2 A I IS I I B 3N
. 21200 ¢

21300 1000 CONT INVE

21400 . RETURN , ' i

21500 END :




10
20
30
40
50

&0 -

70

.80

30
100
110

120

130

140

130
160

- 170
- 180
190 -

200
210

220 -

230

240 - -

250
260
270
280

290 .
300 -
310

320

330 .

340
350
. 360

370

380
390
4Q0
410
420
430
440
4350
460
470
480
490
S00
310
520
530
540
550
560
570
S80
S0
600
610

SUBROUTINE TABLE (IERR)

G 0 I WA A I I I 1 M2 U AL T I A M I 8 AL 2 P ST Y RS2 2 L

] REDUCTION EQUATIONS. o *
c. QUTPUT: VLA1-4, BMALI-4 *
c IANS={-4 - VERT. FORCE, DISPLACEMENT, BOTH, *
[ . STATISTICS ONLY *
€ . . - lANT=t-3 BARBER-SCHEFFEL, DR—1, TRUCK TYPEL®
C. - TIANU=1-2 LOADED TRUCK OR EMPTY *
¢ . . . *
€ .. - REVISIONS: o
c L 6=17-82 JJ INITIAL ENTRY *
o2 Lo XTI A T 2R ST 2Lt R L A e R L L f 2 LT L
c C *
€. - DIMENSIONS /7 COMMONS *
c.. ®
c .
REAL*E. PMIN, PMAX, PMEAN, PMSQ, PRMS, PVAR, PSTD
REAL#8 XMP, XM101, XM102, XM103, XM105, XM10&. XM107,
* L XM109, XM111, XM112, XM113:,'XM115, XM116, -
* XM201, XM204, XM205,.XM208, XM209, XM210,
L . M212, XMR13, XM214, XM216
REAL*4 LRS1,LWS1,LWR1, LRS2, LWSZ, LWR2, L1V, L2V .
€
. COMMON / SETDAT / ISCHAN(128), JCHAN(128), ICHAN(2,128),
s - UCHAN(2, 128),
L XSTART, XSTOP, NAVE, NCHAN
"~ COMMON -/ SETVAL / JSTART./KSTART, JSTOP, KSTOP,
* N . MMILEP, NMILEP, FMILP
: COMMON / LUNS < /-LUNMSG, LUNNAM, LUNDUT. LUNIN-, LUNSCR .-
c N
. : ) COMMONS NEEDED FOR DATA REDUCTION EQUATIDNS
i COMMON / STATS 7/ PMINC128), PMAX(128),
» . XMP (44), XM101, XM102, XM103, XM1035, XM10&., XM107»
* XM109,
* XM111, XM112; XM113, XM115, XH116' - ) ’
* XM201, XM204, XM20S, XM208, XM209, XM210, XM212, XM213,
i XM214, XM216,
* PMSQ(128), PRMS(128), PVAR(128), PSTD(IZB)
[
- cOmMMON / DUTDISP/ LRS1, LWS1, LWR1, LRS2, LWS2, LWR2,
I ARS1, AWS1; AWRL, ARS2, AWS2, AWR2,
* XNG1. XNG2, VLSP, VRSP, FSA1, FSA2, SWIV
COMMON / QUTVER / VLAL,VLAZ2, VLAG, VLA4,
] . BMAL, BMAZ2, BMAZ, BMA4, AVRia BVRI CVR1,R1V,
* L1V, R2V, L2V;
* " FVR1, FVL{, FVR2, FVL2, FLRI: FLL1, FLR2, FLL2,
* QUR1, QULL, GURQ: QUL2, FLLL, FL2, FVNT: FLNT, -
* . QLFT, GRGT, VSBA, VSWR, VSDF
C .
COMMON 7 INPSEL / S1 , A9 ,A10, ALl, A12, A13, A14, AL7,
* Fi1,F11,F12, F2,F21,F22 ,
* F3,F31,F32, F4,F41,F42 ,
* Pt , P2 ,P3 ,P4 ,PS ,PSs ,P7 .P8B ’
* B1 ,B2 ., ’
*  D1,D2, 03, D4,
* * D5-,D& D7 D8 ,D? D10 ,
* 'DIG: D14u 2



620"

&30 -

640 " -
. &50°

660

&70..

©. &80
&90

- 700

710

© 720.
730.
740"

750
750
770
- 780

790: -

800

810 .

- 820

830 .
840

-850
. 8&0

870
. 880

-890

.. 900
910
o

920

- 930
940
950"

60

970 - .

. 980

e

. C
¢

“99OHWV>‘

-1000

" 1010 -

020

1030
1040
1050

1040

1070

1080

1090.

1100
1110

1120
1130 -
1140 -

1150
1140

1170 -

1180
1190
1200

1210 .

1220

oG

D19, D20, D21, D22 .

» s
* © G101y 0102.9103.etos.czos.czo7.cxov,-
* T 6111,6112, 6113, 6115, 61164,
»* - G201, 6204, G205,
* 6208, 6209, 6210, .
* - G212, 6213, 6214, 6214
c
c ,
. ‘-cunnuu / ‘REDCON /. IANS, IANT. IANU
.. .COMMON- / REDSTAT / LRED,NDISP, NVERT,NSEL, LUN2, LUN3
. “COMMON / ASCLAB / IADIS{(19); IAVER{(34), IA(J)
¢ : i .
DIMENSION PMEAN(128)
) EQUIVALENCE (PMEAN(1), XMP (1))
e
_ DATA IPBL2 /0/
- DATA .IPBRL /0/.
DATA IPBR2 70/
¢ - . .
C*ifd*i*******i**?***’****f**********l*i’*%***#***i******.
ARMN=10,
IF((IANT LT 1). OR.-(IANT.GT. 3)) GOTO 9950
L. f 7 GOTO (900,100, 900) IANT
& 03 SR
:100: IF (IANU. NE. 2) -60TO 500
o ,
. C**************#*********ii****ﬁ*i*l**************&&*************
e : - *
[V D R,E-s s E,R~--»D-R -1 E n PT Y T R-U C.K . e
. W
@ﬁC*&*********#******i***********i*************i****i************** .ot
. ADAPTER. BL-1 '
wvuAr=aooooi*Fr
ARML1=ARMN’
© BMA1=VLA1#ARM1
C***********Q***********#***************i***********#*********** .
c’
c.. . ADAPTER BL-2.
cﬂ
" IF{(F32/F31). LE. -1, 0) '6OTO 200
IFC(=F31. LT. F32). AND. (F32. LE. ~0. 4#F31)) GOTO 220
© IF((=~0. 4%F31. LT. F32). AND. (F32. LE. -0. 1#F31)) GOTO 240
© - IF(ABS(F32). LT. (0. 1#ABS(F31))) GOTO 260
IF(F32/F31. CT. 0.0) GOTO 260
¢ ' . FELL THRU. IF POSSIBLE INTERPOLATE AS FOR PREVIOUS PASS.
. IF(IPBL” £G. 0). GOTO 9950. -
. " 60TO (200,220, 240, 240, 9950) IPBL2
; 6070 9950
o A
200 © VLLA3=20000. #F3
ARM3=ARMN. ~
© IPBL2=1
- GOTO 280
.C .. :
220 DEL=(F32+(0. 4#F31)) / (=0.&#F31)

VLA3=(DEL#20000. + (1. 0-DEL)#25000. }*F3



1230 ARM3=ARMN~1+DEL,

1240 . . IPBL2=2
1250 . GOTO 280

1260 ¢ S ,

1270 240 . DEL=(F32+(0. 1#F31)) / (=0. 3%F31)

1280 VLAS3=(DEL#25000. +(1. O~DEL ) #16600. ) #F3

1290 . ARM3=ARMN=-2+DEL

1300 - - - 1PBL2=3

1310 GOTO 280

1320 ¢

1330 240 VLAZ=25000. #F3 .

1340 © . ARM3=ARMN+1

1350 . IPBL2=4
1360 . 60TO 280

1370 ¢ '

1380 280 . BMAJ=ARM3®VLAS

1390 6070 300

1400 € :

1410 [o4 »m»*om“*m-l-a-&iw9**#{4-9**##4****%&#&**4**§§§§§*§
1420 ¢

1430 € . ADAPTER BR-1

1440 C :

1450 - € :

1460 . 3000 - IF(F22.LE. (0. 5#F21)) GOTO 310

1470 . IF(((0. S#F21). LT. F22). AND. (F22, LE. F21)) GOTO 320
1480 . . IF((F21.LT.F22). AND. (F22.LE. (1. 4#F21))) GOTO 330
1490 . IF(((1. 4%F21). LT. F22). AND. (F22. LE. (2. 0#F2{))) GOTO 340
1500 . . - IF(((2.0#F21). LT.F22). AND. (F22. LE. (2. 4%F21))) @OTO 350
1510~ - IF(F22. OT. (2. 4#F21)) GOTO 340

15280 - ¢ - . FELL THRU. IF POSSIBLE INTERPOLATE AS FOR PREVIOUS PASS
1530 .. IF(IPER1.LT.1) GOTO 9950

1540- .. . €OTO (310, 320, 330,340, 350, 360, 9950)° IPBR1

1550 . | 6OTO 9950

1560~ C..... PO S R P '

1570 ¢ _ -

1580 310 = IPBR1=1

1590 - . - VLA2=11100. #2

1600 - © ARM2=ARMN=2

1610 - €070 380

1620 ¢

1630 320 IPBR1=2 )

1640 _DEL=(F22-F21) / (0. 5#F21)

1650 VLA2=(DEL#11100. "+ (1. 0-DEL)#9100. )#F2

1660 ' ARM2=ARMN~1-DEL. ' ‘

1670 ' eQTO 380

1480 € :

1690 . 330 - IPBR1=3 o

1700, . - - DEL=(F22-(1.4#F21)) / (=0. 4¥F21)

1710 . VLAZ=(DEL#9100. + (1. 0=DEL)#&700. )#F2

1720 ARMZ2=ARMN-DEL

1730 _ GOTD 380

1780 ¢ :

1750 340 - -IPBR1=4

1760 - DEL=(FR2-(2. 0%F21)) / (=0, &#F21) .

1770 VLAZ=F2#6700. -

1780, . . . ARM2=ARMN+1-DEL

1790 GOTO 380

1800 C

1816 350 IPBR1=5

1820 DEL=(F22-(2. 4#F21)) / (=0. 4%F21)

1830 VLA2=4700. #F2



1840 - ARM2=ARMN+2-DEL

1850 : GOTD 380
1860 ~C
1870 - 360 ° - -IPBRi=¢é
1880 . VLA2=4700. »F2
1890 ARM2=ARMN+2
1900 .GOTO 380
1910. C )
© 1920 380 = BMA2=VLAZ2#ARM2
. 1930° . GOTO 400
1940 C

P To I 2 e s E R S s SR R e s 2
1960 = C ’ .

1970 ¢ ...ADAPTER BR-2
1980 ¢ s
1990 400~ IF(F42.LT. (0. 05#F41)) 6OTO 410
2000 © IF(((D. 0S#F41).LE. F42). AND. (F42. LT. (0. 5#F41))) GOTO 420
2010 IF(( (0. S*F41). LE. F42). AND. (F42. LE. (1. 67#F41))) 6OTO 430
. 2020 © IF(F42.0T. (1. &7#F41)) COTO 440 -
2080 ¢ .FELL THRU. TRY TO USE SAME EQUATIONS AS LAST: PASS
‘2080 . . . IF(IPBRZ. LT 19 60TQ 9950
. 2050 © .. GOTO (410,420, 430, 440, 9950) IPER2
T2060. . Cet i e
2070 ¢
2080 - 410 * . IPBR2=1
2090 . .. VLA4=25000. +F4
2100 .+ . ARM4=ARMN=-2
2110- - - GOTO 480
2120. ¢
2130 - 420 .. IPBR2=2
. 2140 - . DEL=(F42-(0. 5¥F41)) / (=0. 45#F41) :
2150 - VLA4=(25000. $DEL+(1. 0-DEL)#14300. ) #F4
'2160.0 . ' ARM4=ARMN~-2+DEL -
2170 i . GOTD 480
2180 ¢ »
2190° 430  IPBR2=3 . .
2200 . - DEL=(F42-(1.67%F41)). / (=1, 17%F41)
‘2210 | VLA4=(14300. sDEL + (1.0-DEL)#12500. Y#F4 .
2220 . - - ' ARM4=ARMN+DEL~-1 : _
2230 . -eOTO 480
2240 C ‘
. 2250 - 440. ' IPBR2=4
2260 - VLA4=20000. #F4
2270 . . i ARM4=ARMN -
2280 - "~ 6OTO 480
2290 ¢
£ 2300 .. 480 .~ BMA4=VLA4®ARM4
2310 . 60TO 10000
2320 ¢ :

e L o B A R at b L D A I P P P I T PP Y

3340 ¢ : - o *
2350 ¢ = ' DRESSER DR=-1 LOADED . TRUCK *
2360 ¢ e : s

2370 - C*u“«-**-l-**H**«»**«»*-&***m*******************4*{%&**********«-{*%{-4*
2380 -C .

2390 ¢ - ...ADAPTER BL-1{

2400 ¢ ) : o : B .

2410 S00 . - IF((F11.GE. 2. 14#F12-0. 971). AND. (F11. GT. 0. 45#F12)) GOTOD 510

2420 . ©OIF((2, 14%F 12~ 971.GT.F11). AND. (F11. GE. 1. 25#F12-0. 325)) GOTD 520 -
2430 . : IF((1. 25#F12-. 525. GT. F11). AND. (F11. GE. 0. 741#F12-0. 194)) GOTD 530 -

2440 C IF((0. 741#F12-0. 196. GT. F11). AND. (F11. GE. Q. 286#F12)) GOTO 540



2450

2460

2470
2480

- 2890

2500
2510

2520

2530

2540/

2550
2560

o 2570
2580 .

as9o
2600
2610

2620

2630

2640 .

2650

2660 -
2670 -
. 2680 .
- 2690 -

- 2700

2710
2720 .
2730 -
2740°
2750 -

- 2760

2770
2780 .
a790 . -

2800

2810

- 2820

2830..
2840 -

2850
2860

2870
- -2880

2890

2900

- 2910

B 2920 -
- 2930 -

2940
2950
29460
2970

2980 .

2990
3000

3010 .

3020
3030
3040
3050

510, .

c
s20

s30

540 S

550 -

c
3460
¢

C
c
c

400

410.

-“IF(FIZ LT. 0. 286%#F12) GOTO S50

.FELL THRU. IF POSSIBLE,INTERPQLATE AS FOR PREVIOUS PASS
IF (IPBL1. EG. 0) GOTO 9950

GOTO (510, 520, 530, 540, 550). IPBL1

¢OTG 9950

VLA1=15625. #F1+7810. .
ARML=ARMN=2,

IPBLi=1

60TD S&0

CALL. TWODIM(2. 14, - 971, .25, - 525, Fl2, Fl1l, DEL)

VLA1={DEL#(15625. #F1 + 7810.)) + .
- {(1, ~DEL)*(11500. *Fi + 5750.))

ARMi=ARMN - {. - DEL

IPBL1=2 :

. 6ATQ 940

CALL TWODIMC 1.25, -. 925, .741, = 1946, F12, Fii. DEL)
VLAL1=(DEL#%(11500. #*F1+5750. )) +
- . (1, =DEL) #(9710; #F1+4850. )
ARM1 =ARMN=-DEL
IPBL1=3
GOTO 5607

CALL TWODIM( .741, = 194, . 284, 0.0, F12i Fi1, DEL )

VLAL1=(DEL#{9710. #F 1+4850. )} +

((1. ~DEL)#(12950. *F1+3éoo »

‘ ARMiﬁARNN+1.-DEL

IPBL1=4
GOTD 560

VLA1=12990. #F1+3900.

. ARM1=ARMN+1.

1PBL1=5
6070 560

BMA1=VLA1#ARML
60T 500

’ cmw&wmnw&ommmmnm

'ADAPTER BR-t

IF(F21 GE. 3. 3#F22+0. 69) GOTO 410 :

IF ({3, 3#F22+0. 69. GT. F21). AND: (F21, GE, 1. 37#F22+0. 311)) GOTOD 420
IF (1, 37#F22+. 311. GT. F21). AND. (F21. GE. 0. b25#F22+. 0625)) "G0OTO 630
IF ((, 625+F22+. 0625. GT. F21). AND. (F21. GE..0. 36#F22~. 136)) 6OTO 540
IF((0, 26%F22-0. 136. GT. F21). AND. (F21. GE. 0 25#F22-~0. 2)) GOTO 650

“IF(0, 25#F22-0. 2. GT. F21) GATD &55

. FELL - THRY. IF POSSIBLE INTERPOLATE AS PREVIBUS PASS
IF(IPBRI EG 0) GOTO 9950
GOTD (410; 620, 630, 440, 650, &55) IPBR1-
60TO 9950 °

VLAR=20000. #F2=10000.
ARM2=ARMN-2.

IPBR1=1

GOTO 460



3060

. 3070
-3080
3090

3100
3110
3120
3130
3140

3150
" 3140
- 3170

3180
3190
3200
3210

3220 -

3230

- .3240 -
- 3250
3260

3270

©. 3280
- . 3290 -

3300

. -3310

3320

. 3330
T . 3340

3350
3360

- 73370

3380

3390
3400 -
. 3410
. ‘3420
3430 .
"3440

34%0

3460
- 3470

3480

3490
3500 .
"3510

3520

3530
3540

3550

©..- 3560
-~ 3570 .
3580
-."3590
. 3600
. 3610
© 3620

3630
3640
3650
36460

€

n .

‘620 - .:CALL TWODIM( 3.3, 0.49, 1.37. 0.311, F22, F21, DEL.)

: . VLAR=(DEL#(20000. #*F2-10000. }) +.

* ({1, -DEL)* (11500, #F2~5750. ))
ARM2=ARMN~-1. ~DEL
IPBR1=2
6OTO 540

c ,

630 - - CALL TWODIM ( 1. 37, 0.311, 0.625,. 0.062S, F22, F21, DEL ).

- VLA2=(DEL#*(11500. #F2-5750.)) +

o { (1. =DEL)*(10000. #F2~-8000. ))
.. ARM2=ARMN-DEL
© IPBR1=3
; -60TO 640
c .
540 .CALL TWODIM (0. 425, 0.0625, 0.3&, =0.136, F22, F21, DEL )
. VLA2=(DEL#*(10000. #F2-8000. )) + :
- { (1. -DEL.)#(8550. #F2~10480. )
- ARM2=ARMN-DEL+1. 0 :
. IPBR1=4
- GOTO 640 )

c .
. 650 - CALL TWODIM (0.3&, -0.136, 0.25, -0.2, F22, F21, DEL )
.- ¢ VLA2=(DEL#(8SS50. #F2-10680.)) + o C

o ((1. 0~DEL)*(20000. #F2~30000. ) )
* . ARM2eARMN-DEL+2."
IPBR1=S -

. . 6OTD 640
et _
455 - VLA2=20000. *F2-30000."
: © " ARM2SARMN+2.

.. IPBR1=& .

: . GOTO 640
c «

660 . . BMAR=VLA2*ARMZ '
<~ GOTO 700.
.Oii*gtt*ig*:i:%x;ig*ix* A .

c - : . : .

c- - .. ..ADAPTER BL~2 4

c. . - , o

700 .. IF(F31.GE. 3. 08%F32-0. 31) GOTO: 710.

.- IF (3, 0B#F32-0. 31. GE. F31). AND. (F31. GT. 2. 31#F32-. 462)) GOTO 720
o IF((2.0 31%F32-0. 462. GE. F31), AND. (F31. GT. 1. 294#F32-0. 159)) - 6OTO 730
IF( (1. 294%F32~0.-462. GE. F31). AND. (F31. GT. 0. 567#F32-0. 042)) GOTD 740
IF((0, 0547#F32<0. 042; GE. F31). AND. (F31. 6T. 0. 152%F32+0, 0045)) 6OTO: 75C
. IF¢O. umm*ﬂum+o 0045. GE. F31) GOTO 740
c " . FELL THRUY. IF tnmmumrm.uzqmvaFDﬂm bm PREVIOUS PASS.
o Hwﬂnvmrn mo Q). 6OTA 9950
GOTO nvno.vmo.ﬂuo.vho.ﬂmo.ﬂoov IPBLZ:

.H_‘..ooqo 9950 -
¢
. 710 . * VLA3=14080. #ﬂw + hmwo
-7 7+ ARM3=ARMN-2
" IPBL2=1
: 6070 770 4
c - e _ . -
720 °  CALL TWODIM(3. 08, 2. 31, -0. 31, —0. 462, F32, F3¢, DEL)
: - VLA3=(DEL#*(14080. #F3+4230. )) +
» | ((1. =DEL)#(12990. #F3+3900. ))



34670
3680

3690
3700

3710

3720
3730

3740

3750

18760
3770

3780

3790

© 3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910

3920
3930 -

3940
39%0
3960

3970
3980.
3990

4000

- 4010

4020

4030
4040 -

4050

- 4060
4070 .

4080
4090
4100
- 4110
. 4120
4130
4140
4150
4160

4170

4180

4190
. 4200 . -

4210
4220
14230
4240
423590

"a260 -

4270

< : ‘ .
Lo T e

730 °

-740

750

740

e
770

c

- €

c

810

820

800

ARMIwARMN~1. =DEL
IPBL2=2
@070 770

. CALL THODINM(2. 31, -0. 462, 1. 294, -0. 139, F3Q, F31, DEL)

VLAO*(DEL#(lE??O #3+3900.)) +

((1i. -DEL)#(11500. #~3+3450Q. )
ARMGSARNN-DEL
IPBL2=3

60OTO 770

CALL TWODIM(1. 294, -0. 139, 0. 547 0. 042, F32, F31, DEL)
VLA3=(DEL #{(11500. #F3+3450.)) +
((1. -DEL)#(16670. 'F3-1670 )y

. ARMImARMN=-DEL+1.

IPBL2=4
¢QTOQ 770

. CALL TWODIM(O. 347, -0. 042, 0. 152, 0. QO45:F32;F31:DEL)

VLAS=(DEL®(14670. #F3-1670. 1) +
( (1. =DEL)#(25000. #£3+7500. ))
ARMS-ARHN-DEL*Q.
IPEL2=S
GQTQ 770

VLAG=2%000. *F3+7300.
ARMI=ARMN+2. -
IPBL2=s

| 6OTO 770

BMAS=VLA3»ARM3
GOTO 800

. ADAPTER BR-2 = ' .

IF(F42, GE. 4. 71#F431-0. 37) ¢aTO 910
IF( (4. 71#F41~0. 37. GT. F42). AND. (Fa2. 0. 3. #F41+0. 1)) GOTO 820
IF( (3, #F41+0. L. OT. F42). AND. (F42. GE. 0. 45#F41+0. 065)) 60OTO 830

- IF((0. 65#F41+0. 043. GT. F42), AND, (F42. GE. 0. 37%F41+Q. 1)) GOTO 840

IF( (0. 37#F41+0. 1. OT. FA2). AND. (F42. GE. 0. 133%F41+0. 013} ). COTO 850
IF(O 133#F41+0. 013. GT. F42) ' 6OTO B&0

IF(IPBR2.

. FELL THRU. IF POSSIBLE., INTERPOLATE AS FOR PREVIOQUS PASS.
EG 0) 60TO 9950 :

elaygs) (910:820.830.840.850:860) IPBR2

6OTQ 9950 .

VLA4=14700. *F4#3330
ARMA=ARMN-2.

- IPBR2=1
. GQTO 870

" CALL TWODIM(4. 71, -0.37,3.0,0. 1, F41, F42, DEL)

VLA4=(DEL#{156700. #*F4+3330. )) +

IPBR2=2
coTa 870

((DEL-1. )% (12500. #F4})

ARM4=ARMN=1. -DEL.



4280 ’836  CALL TWODIM(3.0,0..1,0. 65,0 0651F41;F42.DEL)

4290 - . . VLA4=(DEL#(12500. *#F4)). +

4300 3 * - (€1, ~-DEL)*(10750. #F4+107%5. )

4310 R ARM4=ARHN—DEL

4320 ’ IPBR2=3

4320 GOTD 870

4340 - C

4350 840 . CALL TWADIM(O. 45, 0. 065, 0.37. 0. 1, F41, F42.DEL)
4360 . <+ VLA4=(DEL#(107S0. #F4+107S..)) + )
4370 . .- = {(1. =DEL)#(13700. #F4+2740. )}

4380 . ARMA=ARMN~DEL +1.

4390- - IPBR2=4

4400 : © G0OTO 870 -

4410 - C- :

4420 850 - . CALL TWODIM(0.37,0.1,0.133,0. 013, F41, F42, DEL.).
4430 VLA4=(DEL#(13700. #F4+2740.)) +

4440 R = ((1. -DEL)*(20000. #F4+2000. )

4450 ARMA=ARMN-DEL +2.

4460 . . . . IPBR2=5

4470 : : GOTO 870

4480  C )

4490 . 840 VLA4=20000. #F4+2000.

. 4500 . ARMA=ARMN+2.

4510 IPBR2=4

. 43520 GOTO 870
4530 € : : . o
4540 870.-  BMA4A=VILA4#ARM4
455Q ‘ GATO 1Q00Q0

- 4560 c o o

TN L Ao REIN oL © 22 2 2 0 o o p IR s s R R S R T L R X A R S TS A R
-, 4580 . C ' : c ' o
4590 - C ‘
. 4600 - 900. CDNTINUE
- 4610 < TIFCIANY, NE. 2) GOTD 1200
»54620;*.c**4***&*****4****4§*******§»*4*«5*4********o****************#**4
84430 c : . *

4635 - C - . . BARBER-~-SCHEFFEL AND IR
45640 c . TYPE 1 CTRUC K- CEMPTY. A
4550 c B
4660 _fC**i**********i**********ii*i******i*****&**i***&***l**&**&******
.4670 ©~ C - :

45800 € . o - - f ADAPTER ﬁl ]

4490 . C' S o ’ ‘ :
4700 == -~t“'_IF(F12 GE.l 15*F11) GOTO 910 ’ -7
4710 7 . - IF((1, 154F11. GT. F12). AND. (F12. GT. 1. 059F11)) GOTO 920 .

4720 ¢ ~'f,‘IF((1 OS#F11. GE. F12).AND. (F12. GE. F11)) 6OTD 930
4730 | . IF((F11.GT.F12). AND. (F12. GE.. 0. 88&*F11) ) 60TAQ 940
4740 = - - IF((0. 886#F11.-GT. F12). AND. (F12. GE. 0. 831#F11)) GOTO 950
4750 -« - IF(0.831»Fil. 6T F12) GOTO 960
4760 C - ) . FELL THRU. 1IF. POSSIBLE.PROCESS AS FDR PREVIDUS PASS
-4770 . - IF(IPBLI Ee 0) 60TO 9950 - ]

4780 - - . - . GOTO (910.920.930,940.950.960.9950) IPBLI
4790 .. GOTO 99350 -

4800 - C. . ... l_. T S
4810 . ¢ | - . . g STy
4820 910 VLA1=1562L5*F1 SR ’ a
4830 © - ARM1=ARMN=-2. -

4840 -~ IPBL1=t
4850 - - . © ° 6GOTO 970

© 4860 (o L sl E

© 4870 920 - DEL=(F12~1. 0S#F11) / (0. 1#F11)



4940
4890
4900
4910
4920
4930
4940

4950
4940

4970
4980

4990 .

9000
9010
- 5020
S030
5040

5050
5040

S070

$080.

5090
S160

5110
- .-5120 -

- 5130
’ 5140

5150
$1&0

. 5170

51680

5190
5200 -
" 5210
'5220°
. s230.
- " 5240

5250
5260
5270

5280

5290
5300
$310
S320

' .53830

3340
5350
5360
5370
5380
15390
.. 9400
- 5410
5420
5430

5440.

5450
5440
5470
.2480

c . x .

,pO

<r>~uncmrtnwum.0i»AH.IUNFQ*H#UO.v.*ma
ARM1=ARMN=1. -DEL :

IPBLI=2

GOTO 970

930 "DEL=(F1i2-F1i) / (0Q.05xF1i1)
VLA1=148Q. #F 1
ARM1i=ARMN-DEL

IPBL1=3

GOTO 970

Obo cmrnaﬂumlh.mm&#ﬂnpvv\A.pu&*ﬂpnvm
. © VLAI=1450. #F1
ARMi=ARMN-DEL+1.
IPBL1=4
GOTO 970

S0 DEL=(F12~-(. 831%#F11)) / (0. 095«F11)

- -VLA1=(1450. #DEL + (1-=DEL)#*#1463%9.) % ﬂ»
- ARM1=ARMN=-DEL+2.
IPBL1=5
6OTO 970

960 VLA1=1439. #F1 .
ARM1=ARMN+2, o .
~IPBLi=4 , . :
GOTO 970

C .

970 BMAL=VLAL#ARM1

- .- -GOTO 1000
C

e 0%%:%%:2*‘%:**#‘*%‘%*#

c o . ADAPTER #2

~ 1000 TVLA2=1439. #F2

IF{F22. LT. 0. 7#F21) <F>mu»wuo *F2
ARM2=ARMN
BMAR=VLAR*ARM2.

0##t*#t###*t###tt#t**#t*t***t##**#t*#**##*#*#t*****#t***#t#**t*#*##
0 S
c o I )Ubvﬂmw #u

>m3UI>mZZ

© VLA3=170. *ﬂm s
‘ ,um3>mlcrbm*>mzu . n”vu
n**t*t#*#***#**##t*#**#*#t**###**t#**##**#*#**t**#********#*****#**
c .
c : . ADAPTER #4

. IF(F41. GE. 0. Oﬂ#ﬂ&Jlns 8y 6OTO 1110

" IF{(F42-12. 4.'LE. F41). AND. (F41.LT. 0. 974#F42-11, 8)) 6OTO »Hmo
JIF (0. mn*ﬂle»m 3.LE. F41). AND. (F41.LT. F42-12. 4)) GOTO 1130
IF((73%F42~12. 3..LE.'F41). AND. (F41.LT. 0. mJ*ﬂ#JIHM va GOTO 1140 -

: . IF(F41, rﬂ 0.:73#F42-12.3) GOTO 1150 .

c o .FELL THRU. IF POSSIBLE, PROCESS AS FOR nmmcuocm PASS

) HﬂAHtmmM NO 0) GOTO 9950° .

G0TO (1110, 1120,-1130, 1140, 1150, 9950) vamm

GOTO 9950 '



Ce s~

5300
5510

5520
S530°
5540 -
- 5550
5560
5570
5580 °

§590.

5600 -
5610

-5620

5430 -

5640
34650
5660
5670

5680 .

S6%0

'$700.. -

15710

5720°

5730
5740 ...
5750 -

5760
5770

5780.
5790 .-
.. 5800.°
. S810-

5820

©o 8825
S830 .
. 5840 .
. . 5850 -
. SB&0 -
. 5870.

5880
5890

. 5900
5910
$920.°
5930
5940 <

5950

5960°

5970

5980 -
- 5990
- .6000.

6010 - -
6020

4030

- 6040 7
&050 . .-

$060

6070 .

4080

1110

_é

VLA451220. #F4

ARMA=ARMN
> IPBR2=1
", GOTO 1160
1120 CALL TWODIM(.97,-11.8,1.0,~-12. 4, F42, F41,DEL) -
. . VLA4=(1220. #DEL+(1445. #(1, -DEL)))*F4
ARMA=ARMN=2. +(2, #DEL)
"IPBR2=2
- . 6OTD 11460
c : .
1130 CALL TWODIM(i. O, -12. 4, 0. 82, =12. 3, F42, F41, DEL)
- VLA4=(1445, #DEL + (1230. »({. -DEL)))*F4
ARMA=ARMN~1{, +(2. #DEL)
IPBR2=3
GOTO 1160
c N
1140 . CaLL TWODIM(O.82,-12.3.0. 73, -12. 3, F42, F41., DEL)
- VLA4=(1230. #DEL. + (1510. #(1.  -DEL)))#F4
ARM4=ARMN+1. +DEL
IPBR2=4
S GOTO 11460
c .
"1150 - VLA4=1510. #F4
- . ARMA=ARMN+2.
IPBR2=5
GOTD 1140
1160. BMA4=VLA4#ARM4
~ eOTO 10000 -
-G - . . : RO , .
C*****#****4*&*&*&9&****#***9*****i&*i**&*********i**&***&i******2
c i A . ) . o
-C" -BARDBER --S c H EFFEL A ND - R
C: TYPE 1 .T R U C K. “L-OADED . ®
< : # )
Cmw*u*m*ww*wﬂ**ﬂmw*ww**ﬂ****m**m* coL
"y
12005 . IF(Fi1, GE. 1. S&9#F12~1. 523) GOTO 1210 -
- " IF (1. 569%F12-1. 523. LT, F11): AND. (F11. QE 1. 375*F12—1 BBB)) GDTD 1220
IF((1. 375#+F12~1. 188. GT. F11). AND. (F11. GE. 1. 124*F12~0. 360}) 6OTO 1230 -
T 5 IFC(1. 124#F12-0.-360. GT. F11). AND‘(Fll GE. 0. 774%F12+1. 150)) 60TO 1240
T PR IFCC0, 774%F12+1,150. GT. F11). AND. (F11: GE.0.697*F12+1 1403) GOTO 1250
C o IF(F11 LT. 0. 697%F12+1. 14) GQTO 1240+ =:
€ N . FELL  THRU. INTERPOLATE: AS FOR" PREVIOUS PASS~IF. POSSIBLE
S -_'IF(IPBLi EG 0) GOTD 9950 . .
C - GATO ¢1210,1 2"0:1”30:1240.1"50.1260.9950) IPBL1
p -6ATD-9950 . . A I R T TRt
Q.. L e e e e Lo
1210 - VLA1=7520. #F1-524630." .
: T ARMI=ARMN+2.. oLE ey
< IPBLAEL Sty .
:'f. i;GOTD 1”70 T
C- - N - 3
1256 CALL TWODIM(L. 569, L. 523,1 375,71 188, F12, F11., DEL) -

VLAL=(DEL*(7520. *F1—52630 )) e (1 -DEL)*(bOOO *F1-49BOO;,),j

. ARM1=ARMN+.+DEL’ - &/ .. %
IPBL1=2 . . e

€0TO 1270 . -
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&700

. &710

&720

4730
&740 -
6730

67460

6770

6780
4790

800 -

6810.

6820
4830
&840
&850
6860
6870

4880 -
5890
&900
6910

6720

. 4930

&940

6250

6960

6970

. 6980

&990-

-7000

<. 7010
. 7020
7030
.. 70407
© 7050 -
17060,
7070

7080
7090

7100 .
-7110. %
17120

7130 - -
. 7140 -
7150
7160
7170 .
7180

7190

7200
. 7210 -
. 7220 ¢

7230
7240 - -

7250

7260 .
7270
- 7280

7290 .

1340.

1350 -

1360 .

1370

c

1380

¢

o
¢

c »
1400 . .

CALL TWODIM

“VLAR= ¢ DEL#(

(1. 166/, 0. 302, 0. 91, 1. 215, F22,F21, DEL)
6250, *F2-54380. )) + ( (1. ~DEL)#(4850. #*F2-40290. ) )

ARM2=ARMN+DEL

IPBLZ2=4

' GOTD 1380

VLA2= (DEL#(
ARMZ2=ARMN+D

. IPBL2=5

GOTO 1380

- CALL TWODIM(O. 91, 1. 215, 0. 727, 1. 655, F22, F21, DEL) .

4850. *F2~40290.)) + (1. -DEL)*(5670. #F2-45330. ) .
EL-1. - :

CALL TWODIM(O. 727, 1. 655, Q. 7625, 1. 036, F22, F21, DEL)

VLAZ2=(DEL#(
IPBL2=6

GOTO 1380

5670. #F2-45330.)) + (1. —DEL)*(7910*F2—5§500 )

- ARMR=ARMN+DEL -2,

VLA2=7910#F2-58500.
ARM2=ARMN=-2.

- IPBL2=7

GOTO 1380

BMAR=VLAZ*ARM2

GOTO 1400

[ *;*‘*“'l** U 1 e FE T I I A I oI I S H T I U S 36 I I T U T e S U U T A 26 I T S A N e 36 36T I 3

. ADAPTER #3

IF(F31. GE. 1.

295#F32—, 7S51) 6OTO 1410

IF1(1.295*F324}751QGT.F31).AND,(F31 GE. 0. 955%F32+. 667)) GOTO 1420
IF( (0. 9S5#F32+.'667. GT. F31 ). AND. (F31. GE: 0. 75#F32+1..325) ) GOTO 1430 °

*leLaa-aaoo.*Fa-544ao

ARMI=ARMN+1.

©ooen IPBRIst
.-+ GOTO 1460.

. CALL - TWODIM(1. 295.~. 751, . 955, . 667,F32;
"¢ VLAQ=DEL#(&4800. *F3-54420.) + (1. -DEL)*(SSBO *F3-39780. )
" ARM3=ARMN+DEL B L ;

IPBR1=2

’ 5gcorn 1460

1440

7300 ¢

1430 :

vvwthRM3=ARMN-1
. IPBR1=3
. ©OTO-1460

. IF (0. 75%F32+1.325. GT. F31). AND. (F31. GE. 0. 79%F32+., 67")) GUTD 1440 .
L IF (O, 79#F32+. 672, GT. F31).- 6ATO 1450 '

. FELL . THRU. IF- POSSIBLE.INTERPDLATE AS. FDR -PREVIQUS PASS. -

" IF(IPBR1.EG. 0) GOTO 9950
60TO (1410,
60TO 9950 -

1420.1430.1440-1450) IPBRI

Hee 0¥

¥

FSi DEL)

+DEL

-’CALL THODIM(O 79, 1. 325:0 79.0. 672,F32‘F311DEL)

VLA3=DEL#(56670. #F3-45330. ). + A1, —DEL)*(?O?O *F3-51820. )

L ARMI=ARMN-2. +DEL



7310
7320
7330
7340
7350
7340
7370
7380
73%0

- 7400
7410
7420
7430
7440
7450
7460
7370

7430.

7490
7500
7510

520

7530 .

7540
7550
7360
7570
.7580

7590

7600
7610

7620
7630°

7840
7650

7660
7670
7680
7690

7700
7710
7720

7730

- 7740

7750
7780
7770

7780

7790
7800 °

7810
7820

7830 .
7840

7850 .
7860
7870 -

7880

7890 -
7900

T 77210

1450

¢

1460

¢

. 1530

1540

c

1550
¢

[of ******H*M‘*m’*“*m'#;!‘-‘"Iv;l*-l-*'l'*‘l';l',*-l"*%N******{%b*m***“**ﬂ“***

c

9950 . .

c

IPBR1=4
GOTO 1460

VLA3=9090. #F3-51820.
ARM3=ARMN=2.

IPBR1=5

6OTO 1460

BMA3=VLA3*ARM3
GOTO 1500

© G AT e A LN *******“***#&***}******&*%**********;}***ﬂ**mﬂ“

. ADAPTER #4

IF(F41. GE. 1. 384F42-14. 77) 60TO 1510
IF{ (1. 38%F42-14. 77. GT. F41). AND. (F41. GE. 0. 488%F42-11. 4). AND. .
(F41. GE. -8. 0)) GOTD 1520
IF((0. 688#F482-11.4. GT. F41). AND. (F41. GE. 0. 791sF42-12. 26). AND.
© (F41.LT: 1. 38#F42-14. 77)) GOTO 1530

IF(0. 791#F42-12. 26. GT. F41) GOTO 1540

.FELL THRU. IF PDSSIBLE.INTERPOLATE AS FOR PREVIOUS PASS.
IF (IPBR2. EG. 0) GOTO 9950

_ 6OTO (1510, 1520, 1530, 1540) IPBR2

GOTO 9950

VLA4=6427 ‘#F4-51207. -
ARMA=ARMN-1.
IPBR2=1

.GOTC 1550

CALL TWODIM({.238,0. 488, ~14. 77, ~-11. 4.F4 +F41,DEL)
VLA4=DEL #(5780. #¥F4-446240, ) + (1. -DEL)*(S?SO #F4-53450, )
ARM4=aRMN+1. =(2. #*DEL.)

' IPBR2=R
6070 1350

CALL TNODIM(O.&BB:‘II 4:0 791:—12.26.F4 F41, DEL)
VLAS=DEL #(5750. *F4—53540 )+ (1.fDEL)*(7690.*F4—64620 )

'-ARM4=ARMN+2-DEL

IPBR2=3

’_GDTD_ISEO

VLA4=7690. *F4=-564620..

- ARMA=ARMN+2,

TPBR2=4

8070 1550

_BMA4=VLAG*ARM4
" -GOTO 10000

WRITE(LUNMSG.*) (/. ERR _IN.TABLE ROUT. *, IPBLI, IPBL2, IPBR1, IPBR2)
IERR=1 '
60TD 10000

o a2 2 T R 2o L L S e 22 S

C



7720 10000  CONTINUE
7930 RETURN
7940 END

.
S
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100

200 -

300
400
5GO

&00

700
. 800
900
1000
1100

-1200.

. 1300
1460
1500
15600

1700 -

1800
1900
2000
2100
2200
2300

SUBROUTINE TWODIM( Al,Bi.A2; B2, X0, Y0, DEL )~

[of Lo 222 LTS B E e e S R R e S e S A A R R

c TWO DIMENSIONAL INTERPOLATIDN FOR THE TABLE ®
c LOOKUP ROUTINE COMPUTING REDUCTION EQUATIONS *
¢ . BETWEEN LINES Yi=Al#X+B1 AND Y2=A2%X+B2 *
€ | FOR POINT (XO,YO). ‘ i *
< » , *
c CALLED FROM TABLE. FOR *
c INPUT: Al: A2, Bi, B2, X0, YO *
C- - QUTPUT: DEL #
C TP Yo 2 3 U I I A2 S BT I I L I e 25 Hedh b J A W S b A S 4 25 6 oA 600 e b 6
c
: CXD1=(AL#VO+X0-A12B1)/ (Al®*ALl+1l. )

YD1=A1#XDi+B1

DIS1=a( ((XDi~X0)##2) + ((YDi=YO)##2))#% 5

XD2=(A2#YO+X0=A2%B2) / (A2%A2+1. )

YD2=A2#XD2+B2

DIS2=(((XD2-X0)#%2) + ((YD2~YO)##2))#% 5

DEL=D1S2/(DIS2+DIS1) .
c

RETURN

END
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