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BACKGROUND INFORMATION
on the the
TRACKHTRAIN DYNAMICS PROGRAM

The .Track-Train Dynamics Program encompasses studies
of the dynamic interaction of a train consist with track as
affected by operating practices, terrain, and climatic
conditions,

Trains cannot move without these dynamic interactions.
Such interactions however, frequently manifest themselves in

. ways climaxing in undesirable and costly results. While

often differing and sometimes necessarily so, previous efforts
to reasonably control these dynamic interactions have been
reflected in the operating practices of each railroad and in
the design and maintenance specifications for track and
equipment.

Although the matter of track-train dynamics is by no
means a new phenomena, the :increase in train lengths, car
sizes and loadings has emphasized the need to reduce wherever.
possible excessive dynamic train action. This in turn
requires a greater effort to achieve more control over the
stability of the train as speeds have increased and railroad
operations become more systematized. ’

The Track-Train Dynamics Program is representative of
many new programs in which the railroad industry is pooling
its resources for joint study and action.:.

A major planning effort on track-train dynamics was
initiated in July 1971 by the Southern Pacific Transportation
Company under contract to the AAR and carried out with AAR
staff support. Completed in early 1972, this plan clearly
indicated that no individual railroad had both the resources
and the incentive to undertake the entire program. There-
fore, AAR was authorized by its Board to proceed with the
Track~-Train Dynamics Program.

In the same general period, the FRA signaled its interest
in vehicle dynamics by development of plans for a major
test facility. The design of a track loop for train dynamic
testing and the support of related research programs were also
pursued by FRA. :

In organizing the effort, it was recognized that a
substantial body of information and competence on this problem
resided in the railroad supply industry and that significant
technical and financial resources were available in government.



_ Through the Railway Progress Institute, the supply
industry coordinated its support for this program and has
made available men, equipment, data from earlier proprietary
studies, and monetary contributions.

Thr0ugh'the FRA, contractor personnel and direct
financial resources have been made available.

Through the Transportation Development Agency, the
Canadian Government has made a major commitment to work on
this problem and to coordlnate that work with the United
States' effort.

Through the Office de Recherches et D'Essais, the
research arm of the Union Internationale des Chemins de
Fer, the basis for a full exchange of information with
European groups active in this field has been arranged.

‘ The Track~Train Dynamlcs Program is managed by the
‘Research and Test Department of the Association of American
Railroads under the direction of an industry-government
steering committee.  Railroad members were designated by
elected members of the AAR's Operation-Transportation
General Committee, supply industry members by the Railway
Progress Institute, U. S. Government members by the Federal
Railroad Administration, and Canadian Government members by
the Transportation Development Agency. Appropriate task
forces and advisory groups are established by the steering
committee on anad hoc basis, as necessary to pursue and
resolve elements of the program.

The staff of the program comprises AAR employees,
personnel contributed on a full- or part-time basis by
railroads or members of the supply industry, and personnel
under contract to the Federal Railroad Administration or
the Transportation Development Agency.

The program plan as presented in 1972 comprised:

1) Phase I -- 1972-1974
Analysis of and interim action regarding the
present dynamic aspects of track, equipment,
and operations to reduce excessive train action.

2) Phase II -- 1974-1977

Development of improved track and equipment
specifications and operating practices to
~increase dynamic stability.




3) Phase III - 1977-1982

Application of more advanced scientific prin-
ciples to railroad track, equipment, and opera-
tions to improve dynamic stability.

Phase I is in progress with a projected two-year budget
of about $4 million supported about 27% by FRA, 20% by RPI
and its member companies, 10% by TDA, and 43% by AAR and its
member railroads.

The major technical elements of Phase I include:

a) The establishment of the dynamic characteristics
of track and equipment.

b) The development and validation of mathematical
models to permit the rapid analysis of the effects
on dynamic stability of modifications in design,
maintenance, and use of equipment and track
structures.

c) The development of interim guidelines for train
handling, makeup, track structures, and engineer
training to reduce excessive train action.

The attached report presents response characteristics
and physical data of the 6 x 11 Ride Control freight car
truck. The report is intended to establish those parameters
necessary for use in understanding the dynamic performance
of the conventional three piece freight car truck related
not only to the "rock and roll" problem, but to other per-
formance problems as well.

As research on this program proceeds, reports on other
elements of Phase I will be issued and existing reports
updated at appropriate intervals.
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FOREWORD

In recent years, service demands on the railroad industry
have undergone significant changes. As a result, a number of
important design innovations have been introduced to the freight
car fleet.- The resultant has been the construction of a
large number cf heavy, high volume freight cars. As the
utilization of this type of equipment has increased, so have the
operating problems. One important problem.is that of harmonic
roll, most commonly referred to as "Rock and Roll."

There are several synonYmouS>terms for harmonic roll
that may be used throughout the test.  They are:

Harmonic Roll - Rock and Roll
.- Car Rocking _ ,
Lateral Instability

In general, the rock and roll problem is related to the
operation of high capacity, high center of gravity freight
cars over track that has an uneven surface. The problem is
most predominant on track that has surface variation due to

alternately staggered joints. When operating over rough
track of this nature at speeds usually between 15-25 mph,
excessive carbody roll may be developed. - Energy is added to

the moving system with each roll cycle, and, if the car sus-
pension does not have adequate damping, extreme carbody roll
will develop, resulting in wheel 1lift and probable derailment.

A general‘Solution,to the-roék and roll problem involves
an extensive study of the entire system consisting of track,

suspension, and carbody design. A study of this scope results
in a better understanding of the mechanics and dynamic inter-
actions of a freight car in its operating environment. The

result can be a freight car that not only meets marketing
requirements, but one that can be operated safely with minimal
problems.

In order to begin investigation of track-train dynamics
problems, the Southern Pacific under contract to the AAR
sent a questionnaire to sixteen selected railroads in mid-1971.
From the responses received, it was realized that two serious
problems faced the railroads. These problems were

(a) Rock and Roll
(b) Sudden gage widening and rail roll-over

Keeping this in view and realizing work was needed in

these areas, the planners of Phase I of the track-train dynamics
research program designated Task 13, Special Projects, to
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handle these areas. With respect to rock and roll, the
primary objectives of Task 13 were to

(1)

(2)
(3)
(4)
(5)
(6)

Develop guidelines which could be used by indivi-
dual railroads to assist them in minimizing rock
and roll problems '

Develop a document to be used as a reference in
solving rock and roll problems

Develop a model for computer simulation of freight
car dynamics ,

Develop characteristics of common freight car
trucks and their related components

Develop a log of freight car characteristics
critical in designing stable freight cars

Develop comparisons of important parameters
controlling rock and roll by using existing computer
simulations

By using the information developed from the primary
objectives, certain secondary goals could be accomplished

during Phase II of the overall research program. These goals
will be to '
(1) Develop car design specifications
(2) Develop specifications for truck design
(3) Aid in developing laboratory procedures for
evaluation of damping devices
(4) Define the function of the freight car truck
within the dynamic system as related to transfer
- of energy from track to carbody
(5) Perform simulations to evaluate new car designs

To present the findings related to the primary objectives
of Task 13 outlined above, it was decided to present a series
of harmonic roll related documents to the industry to be used
as reference material in a similar manner as the Track-Train

Dynamics Bibliography. This document, Volume II of the
Harmonic Roll Series, presents important technical information
on a common freight car truck. Later volumes in the Harmonic

Roll Series will provide more technical information about
freight car dynamics.

iii
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INTRODUCTION

The current contribution of American Steel Foundries to
the AAR/RPI/FRA Track-Train Dynamics Program consists of developing
the characteristics of a 70-ton Ride Control Truck.

All experimental data are a product of laboratory tests
conducted in the ASF Test Engineering Department laboratory in
Granite City, Ill. Total program was broken down into seven
separate parts which have been reported as follows:

PART NO. REPORT TITLE
I 4~5-74 Frictional damping forces at side

frame/truck bolster interface as a
function of displacement and velocity.

11 3-22~74 Vertical lateral torsional and pitch
spring rates of standard truck coil
group.

I1I 2-8-74 Deflection characteristics of

representative truck bolsters and
side frames and the torsional
rigidity of a truck bolster.

v 2-22-74 Torsional resistance of a truck
bolster/car body centerplate
interface.

v 1-3-74 Theoretical clearances and resulting

possible relative motions between
truck bolster, side frame and axle
bearing.

VI 1-4-74 Mass Moment of Inertia of side frame
(vaw and pitch) and truck bolster
(vyaw and rock).

For the purpose of establishing investigative boundaries,
the test truck was defined by the T.T.D. project as follows:

ASF A-3 Ride Control Truck

5' - 8" Wheelbase
6 x 11 Roller Bearings
33" Wheels

14" Diameter Bowl 13 3/4" Center Plate

For the purpose of establishing investigative boundaries, the
test truck was defined by the T.T.D. project as follows:"

ASF A-3 Ride Control Truck Stucki Single Roller Side Bearings
5' - 8" Wheelbase 14 Outer D-5 3 11/16" travel 7791#solid
6 x 11 Roller Bearings 12 Inner D-5 3 3/4" travel 4013#solid
33" Wheels 4 Ride Control Springs 3020#Column Load
14" Diameter Bowl 13 3/4"

Center Plate AAR No. 18 Brake Beams

H4A Composition Shoes

1 3/4" Center Pin Diameter Approx. Wt.8300# 5000 mls.min.wear

Test data will provide into computer-mathematical models for use
in dynamic analysis of curving, hunting (also known as swivelling) and
response to track irregularities. Data will be used primarily for the
accomplishment of T.T.D. Tasks #8 and #13.



FRICTIONAL DAMPING FORCES AT SIDE FRAME/TRUCK BOLSTER
INTERFACE AS A FUNCTION OF DISPLACEMENT AND VELOCITY

.Test Report - Part I

American Steel Foundries Participation In
AAR/RPI/FRA Track-Train Dynamics Program



OBJECT

Determine frictional damping forces developed by a
6" x 11" Ride Control truck bolster/friction shoe/side
frame system. For a column load of 3020 1b., evaluate
friction characteristics as a function of relative bolster-
to-side frame motion  and velocity.

SUMMARY

As is expectable from dry friction systems, damplng
forces were essentially independent of position and velocity
of motion. Vertical and lateral damping are most easily
described by statement of their average effective coefficients
of friction (sliding), .5 and .37, respectively, regardless
of direction of motion. Data scatter relating to these
figures was relatively moderate, but specific data events
were seen to be dependent on immediate history of motion.

For example, vertical damping forces approached a galled
surface state without combination lateral motion, and lateral
damping increased quite linearly (to a maximum) with
continued lateral-only input.

With imposition of steady lateral loads acting through
the bolster gib/side frame column interface, vertical damping
forces increased by a factor of .46 {(the interface sliding
coefficient of friction) times the lateral 1load. Vertical
damping forces were seen to be ‘negligibly effected by truck
out-of-square condition except for the maximum case in which
gib/column contact occurred.

TEST SPECIMENS

The following components comprlsed the subject damping
system.

Drawing No. Pattern No.

1 Truck Bolster 74455-B 21732-DA
1 Side Frame 72965-H 21850~N
2 Friction: Shoes - 71808-P 17742

2 Outer Damping Coils : 53998-H 3025

2 Inner Damping Coils © 53999-G 3026

All but- the bolster (which was acquired solely for the
Track~Train Dynamics .program) were on-hand items used in
previous road test-applications. The specified side frame
was a substitution for the requested Patt. 1 21850-R side
frame, but the two are identical for these test purposes.

TEST FIXTURE

Desired data were derived from application of the
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Fig. 1

TEST FIXTURE







specimens to the fixture illustrated by Figures 1=5, As
shown, the test fixture accepted a bolster end (burned from
the test specimen), the friction components and the entire
side frame, which collectively represent one-half of a
truck's damping system. The basic function of the apparatus
was to simulate coil motion by hydraulically imparting
vertical and/or lateral bolster displacements relative to

the retained (welded in place) side frame. The indicated
slides afford desired one or two dimensional bolster motion.

Vertical and lateral bolster movements were controlled
by separate but similarly-operating electro-hydraulic closed-
.loop systems, which were generally programmed for sinusoidal
motion for this test. Appropriate adaptations allowed use
of the MTS Systems Corpn. test machine (which is normally
used for bolster fatigue testing) for controlling the
vertical bolster parameters. A scratch~-built system yielded
necessary lateral inputs.

Data acquisition took form in oscillograph recordings
of the vertical and lateral motions and loads in resistance
to the motions. Force-displacement oscilloscope photographs
were also taken of specific events to provide better presen-
tations of the damping characteristics. For the vertical
case the load and displacement transducers were "built-ins"
of the hydraulic actuator trains. Since there were two
vertical-acting actuators, the load signals were electronically
summed and the motion signals averaged for application to
the oscillograph. The single load cell and displacement
beam transducer signals were applied directly for the lateral
case. Figure 6 presents an example of an oscillograph
recording in illustration of the four monitored signals.

PROCEDURE

Since the tests were to simulate service damping conditions,
wear-in of the specimen components was necessary. This
involved imparting roughly 25,000 cycles each of vertical
and lateral bolster motion over the range of positions slated
for use during the data events. The side frame column
friction plates had been renewed prior to wear-in, but the
described cyclic inputs generated roughly 80% friction shoe/
plate bearing and the red powder associated with the components'
wear. Post wear-in column load was set at 3020 1b. through
appropriate damping coil shimming (accurate to within - 25 1b.).
One final point concerns use of load coils during the wear-
in (as illustrated in the set-up photographs) to help return
the bolster to the upper position of a cycle. While this
helped relieve strain of the lateral slide for the extended
wear—-in period, load springs were not used for the actual
test events. ‘



The test itself was divided into four basic phases,
but the general procedure was similar for all, That is,
various displacements and frequencies were used within
definition of the basic phase to satisfy the objective of
determining the friction characteristics as a function of

displacement and velocity. A given test event consisted
of a reasonable number of motion cycles with a specific
peak-to-peak displacement and cyclic frequency. Wwithin

limitations of the test apparatus, the amplitude and frequency
variations were directed toward encompassing typical

service phenomenon. Taken individually, the four phases
were:

1. Vertical Damping

As the name implies, the subject phase involved only
frictional forces generated by vertical bolster movements.
With a center position corresponding to a load coil spring
height of 8-1/4" (chosen because it is a rough median to
the range of possible coil heights), vertical bolster displace-
ments were varied in even increments from 1/4" to 3.0"
peak-to-peak, each displacement having been used in conjunc-
tion with a frequency range of "very slow" (down to .1 hz) to
the maximum capable from the hydraulic actuating system for
the amplitude involved (up to 3.0 hz). A lateral movement
of 1/8" @ 1 hz. was combined with the vertical motion to
prevent galling of the shoe or friction plate surfaces, but
this lateral input was removed for oscillograph recordlng of
the vertical events.

2. Lateral Damping

A sequel to the vertical damping test, the subject phase
used lateral inputs ranging from 1/8" to 1/2" peak-to-peak at

frequencies from .25 to 3.0 hz. The side frame columns
centered within the bolster gibs served as the center of the
lateral movements. Similar to the previous phase, a vertical

motion (.5" peak-peak @ .25 hz) was added to the lateral
during event set-up, but was removed for lateral event
recording.

3. Vertical Damping With Superimposed Constant Lateral Force

The subject phase was conducted to test for the increased
frictional effect of bolster gib side/frame column contact
during vertical motions. The lateral cylinder (under load
control)_was used. to apply steady lateral loads against the
side frame while the vertical motions were imparted in the
usual manner.. - Lateral loads were varied from zero to



Fig. 5
FRICTIONAL DAMPING TEST FIXTURE
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30,000 1b. in 5,000 1b. increments and vertical motions of
.5" @ .5 Hz, 1.0" @ .5 Hz and 2" @ .2 Hz were used for each
of the lateral loads. : : '

4. Vertical Damping With Truck Out -0f- Square

This final test phase simulated the rail conditions,

" self-explanatory in its tltle, by pivoting the side frame
with respect to its center in a yaw motion. The angular
position was maintained by welding the side frame at the
pedestal supports and the bolster was laterallz centered in
its usual "square position" and maintained by appropriate
cylinder input and the stop illustrated in the photographs.
With the bolster and side frame positioned as described,
vertical bolster motions were induced with variation of
stroke amplitude and frequency similar to that of the phase
3 test.

Two angular side frame positions were tested in addition
to the standard square orientation. ' - The first was attained



Fig. 6
OSCILLOGRAPH RECORDING
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by manually yawing the bolster until physical 1nteractlon,"
such as gib/column contact, would permit no more, This
resulted in a yaw motion approximately 1.5 degrees, = The
second position was achieved by simply reducing the first
by .5 deg. to yield a one degree out-of-square condition.
This smaller yawed position did not 1nvolve any direct
bolster/side frame contact.

DATA REDUCTION

Data procurement generally consisted of straightforward
measurement of the oscillograph traces at appropriatelocations,
yet certain data corrections were requlred to account for
signal error induced by the apparatus slide friection and
inertia effect of the moved bolster assembly. Slide '
friction was simply subtracted from the measured loads based
on pre-~test, calibration with the friction shoes pinned.
Inertial forces, however, presented a more complex problem. ,
Calculations disclosed that for the lateral and lower frequency/
lower amplitude vertical motions, inertial force bias in the-
load signals was negligible and was treated as such. The
inertial forces of the more rigorous vertical movements were
significant though (up to roughly 10% of the damping force),
but the motion variant load, being unlike the constant slide
friction error, essentially prescribed its own correction
by permitting load reading at motion midstroke, the point
at which inertia effects are zero. While this worked
satisfactorily for analysis of sliding friction forces,
derivation of break-away {(static) friction loads was hindered
by its roughly simultaneous presence with the peak of the inertial
load at the start of a stroke motion. For this reason,
break-away study was directed primarily to those amplitude/
frequency combinations for which 1nert1al forces were
negligible.

RESULTS AND DISCUSSION

1. Vertical Damping

Figures 7 and 8 initiate the subject discussion since
they best illustrate the general damping characteristics
associated with this test phase. Comparison of the two
force/displacement oscilloscope photographs leads to the
fact that the load magnltudes are roughly equal. :

Since the two cases represent dlfferent amplitude/ -
frequency combinations, it follows that vertical damping
force is independent of both amplitude and velocity. --Although
in light of known friction laws the stated independence is
not surprising, establishment at this point simplifies -

10
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energy modeling of purely vertical damping since it may
now be based on a constant friction force acting through
some given distance. Indeed, expended energy comparison
for Figure 7 and 8, derived from planimeter area determina-
tion, relates them almost exactly through ratio of their
amplitudes of motion. That is, Figure 8 with a two inch
peak-peak stroke displayed roughly twice the energy
absorption as theFigure 7 diagram with a one inch stroke.
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- With acceptance of the previous paragraph it becomes
necessary to define the constant friction force (or ensuing
effective coefficient of friction). Enter Figure 9,
which was developed from the many events relating to the
various combinations of motion amplitude and frequency.
Loads are plotted as a function of calculated maximum
velocity to support the non- dependence of load on same.

Here it is seen that while loads over the gamut of events were
not as constant as implied by Figures 7 and 8, variation was
not too extensive in most cases. Besgides, the departures
from the average lines (developed through simple numerical
averaging of the loads defined by the horizontal portions
of their load traces) generate no obvious trend, which
actually forces use of the averages from a practical stand-
point. Therefore, the given averages, 3100# (u_ = .49) and
3140#% (u = .5) for the down~and up-strokes, resSectlvely,
are offefed as the vertical damping characteristics of the
used system. The effective Y _ values are based on the

3020 1b. column load, but shoufd reasonably hold for others
as well. Of course a sole W_ = .5 could accurately serve
for both directions of motion. )
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Use of the preceding for vertical damping modeling
seems straight-forward, yet some conditions of nature could
render this simplifled approach appreciably inaccurate in
various service instances. The first of these complications,
break-away friction force, at first appears considerable, but
from an energy absorption analysis may be accurately
neglected in most cases. This stems from the fact that
the static break-away peaks averaged 4300 1lb. ( = .68) and
3800 1b. ( = .6) for the up~and down-strokes, respectively
(which are roughly 25% greater than the steady sliding
figures), but provided only a small percentage of the energy
damping of a cycle, the percentage decreasing to negligible
with 1arge amplitude motions. As a specific example
Figure 7 is cited. Here, of the 7400 in-1b total damping
energy represented by the load/displacement rectangle,
only 200 in-1lb (2.7%) was attributable to break-away friction
(downstroke break-away was negligible for this particular
event) . Assuming a 200 in-1b down-and up-stroke break-away
peak, this would still only amount to slightly over 5% of
the total damping energy. Check of break~away characteristics
for events of other amplitudes revealed that the 5% figure
held down to displacements of .25" peak-peak, but diminished
to about 2.5% at a 2" stroke. These percentages could be
applied to the average sliding energy determinations if
accounting of the small break ~away energy is desired in the
modeling situations.

Another factor tending to complicate vertical damping
modeling is well illustrated by the previously discussed
Figure 9. The point made here relates to the damping force
scatter illustrated by both up-and down-stroke data, but
primarily by the latter. Although the average force
recommended for modeling of the average situations should
provide adequate realism in most situations, the noted
scatter in this controlled test makes it obvious that
certain rail occurrences will not be explained by this
method. Furthermore, test execution made it apparent that
the scattered points, or any for that matter, can be greatly
influenced by the history of previous motion insofar as
the activity effects the condition of the contacting friction
surfaces. For example, the two up-stroke data points,
indicated as being off the scale in the Figure 9 plot,
resulted from data events previous to which little or no
gall-eliminating lateral motion was applied during vertical
motion set-up. Hence, the lack of lateral motion allowed
a tremendous increase in the vertical coefficient of friction.
While this was a departure from usual procedure it served to
illustrate a dramatic problem involved with modeling of
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damping forces, and since motion histofy in service is
generally random, such variation in damping force is likely,
but difficult to accomodate in modeling situations.

A logical progression from this service~complicating
situation leads to the possible variation in truck fabrication
which could markedly effect damping forces. The primary
violations in this regard are simple variation of column
load due to spring, friction shoe, etec., inconsistencies and
non-parallelism of the side frame column friction plates.
While the variation in column load could be easily handled
through use of the given effective coefficient of friction,
the friction plate problem can alter effective coefficient
of friction through change in the self-energizing characteris-
tics of the wedge friction shoe system, primarily on the
downstroke. Also, the vertical out-of-parallelism can
yield damping forces which are dependent on stroke, due to
change in column load with position.  ASF has witnessed
instances in which friction plate irregularities have been
the apparent cause of shoe chatter, which would yield an
oscillating damping force curve, but in all it is felt that
the mentioned problems in this paragraph do not match the
damping load variations possible with :the previously-
discussed friction plate/shoe galling type of damping, which
was seen to depend on motion history.

One further area was investigated to help qualify the
vertical damping characteristics offered for modeling use.
It pertains to the range of tested motions in comparison
with those possible in service. . Considering that vertical
motions of roughly 3.0" peak-peak @ 3-4 Hz (which calculates
to a maximum velocity of about 3 ft/sec) may be expected in
service under some rough track conditions, the used velocities
of the test, at about .2 ft/sec maximum, seem insufficient.
But research into published dry friction tests has indicated
that the implied difference between test and possible service
velocities is not nearly sufficient to expect an appreciable
change in friction characteristics. Aside from the velocity
aspect, the vigorous service motion mentioned, through
inertia effect of the 18 1lb. friction shoes, can yield column
load variations of about ¥ 60 1b. This too, however, at only
T 2% effect on static column load, appears insufficient to
warrant great concern for modeling purposes, assuming lack of
unknown dynamic effects. Hence, the range of test conditions
should have provided data sufficiently descriptive of the
entire range of service vertical motions.

In summary to Vertical'damping, the use of a ¥, = ,5
figure should provide satisfactory modeling of a fixked column
load system such as the Ride Control tested. Additions to
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damping energy due to break-~away forces may be made by
using the small percentage given, The other conditions
discussed which tend to detract from this simple modeling
approach are mentioned to provide possible gualitative
correction to those modeling situations in poor correlation
with service phenomenon.

2. Lateral Damping

Lateral damping characteristics generally resembled
those of the vertical phase as the oscillograph photographs,
Figures 10 and 11, are quick to illustrate. Again, the
constancy of damping force level within an event and in-
comparison with events of differing motion indicate an
independence from amplitude and velocity. Furthermore,
the damping energies displayed by Figures 10 and 11 are
related through ratio of their amplitudes of motion. With
this established, derivation of a good average damplng
force (or effectlvelg ) for multiplication with given stroke B
will provide the simple model for simulation of lateral
damping energy.

The average lateral damping level is provided through
Figure 12, which is a plot of the in-and out-board motion
damping forces as a function of maximum velocity of the
appropriate amplitude/frequency combination. As seen,
the inboard force at 2190 1b. (u. = .36) and the outboard
level at 2275 1b. (p_ = .38) are®similar enough to define
with an effective Sof .37 acting with the 3020 1b. column _
load. This g is immediately recognized as being less (about
25%) than the U5 figure generated by the vertical damping
phase. The self-energizing effect of the vertical system
may provide explanation for this difference, but the effect
of pre-event motion history rates concern, as will be seen.

Vertical damping forces had been observed as being
guite constant for cycles within a given event (see Figure 6).
On the other hand, lateral loads within a given event
exhibited an increasing nature in almost linear relation
with the number of cycles elapsed during the event. (Loads
also displayed some scatter from event to event but did not
show the range of the vertical case). The lateral loads
given in Figure 12 were taken from the first lateral-only
motion cycle after stopping of the anti-galling vertical
motion used during lateral set-up. However, maximum lateral
damping forces were not developed until an average of 30
cycles later, at which point damping forces had more than
doubled from the initial cycle level
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Figure 13 was constructed to describe the nature of
the lateral load build-up since; having occurred diligently
for each standard lateral event, the characteristic is
assumed valid. Note that the lateral damping forces
portrayed in this figure were averaged from the individual
in-and out-board forces of the various amplitude/frequency
events for the particular elapsed cycle.
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154
S Loads Relate
o} To Sliding Friction | ‘ |
D oo First Cycle o
= | i
i
= | |
= I [
5 J | | Symbol Legend:
5 10 o0
2 o :D . | Lat. Ampl. (PK-PK)
L | - i
% [ | X A250n.
© x ' | I ox 0=
| o 1l0 00, 0— 50
B ' |
o .05 x X
m i |
% O I E%
g x X l
o |
= | Avg. (s = .36) :Avg.G«s=.38)
L ' T v v T
-2500 -2000 +1500 2000 2500
Compression (Inboard) Tension (Qutboard)

" LATERAL DAMPING FORCE (LB)

While the described lateral force build-up is definitely
mysterious, it is apparently related to the pre-event motion
history since lateral events recorded back-to-back, that is,
without vertical motion used in between for anti-galling
purposes, displayed roughly continuous lateral forces
without appreciable drop=-off or build-up. Hence, use of
the Figure 13 data is assumed mandatory for accurate’
modeling of lateral energy damping.

As illustrated in Figure 11, lateral break-away loads
were usually no greater than the sliding forces. Occasion-
ally peaks of a few hundred additional pounds were noted,
but the effect on damping energy was so miniscule that
modeling for the lateral case need not consider it.

3. Vertical Damping With Superimposed Constant Lateral
Force '

The subject test phase generated straightforward results
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as depicted in the Figure 14 plot. Here, data appeared to
follow elementary friction laws as vertical forces increased
linearly with imposed lateral force at an average ratio of
.46:1, which effectively describes the sliding friction
coefficient at the bolster gib/side frame column interface.
(Data were corrected for slide friction as of function of
applied lateral load). :

Note that the plot offset to the right of origin
resulted from the normal friction shoe damping forces. To
model the subject situation under average conditions all
that is required is to add vertical damping of a .46 x
lateral force to the standard friction shoe damping term.

Study of break-away friction forces for the phase at

hand revealed, as with the vertical friction shoe-only
tests, that the static forces contributed very minutely
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Fig. 14
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to the energy damping of the systemn. In this case the

break-away forces averaged about 13% greater than the

given sliding friction forces, but being essentially instan-
taneous and occurring at the start of a motion, at which
point velocity is a minimum, the break-away loads provided
no appreciable gain with regard to energy absorption,

4. Vertical Damping With Truck Out-Of-Square

The following table summarizes sliding friction results
applicable to this section.

One Way Average Vertical Load (LB)

Side Frame .5" ampl.@ .5 Hz 1.0" ampl. @ ,5 Hz
Yaw (deg.)

2800 2900

3900 3800

Recalling from Figure 7 that the average "square"
truck damping force was around 3100 1b., it appears that
the slight 1% yaw had little, if any (considering scatter of
friction forces) effect on the damping characteristics of the
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friction shoe apparatus. . On the other count, however, the
maximum side frame yaw angle presented greater friction
resistance; but, considering that bolster gib/side frame
column contact was maintained at two points. during this

test, it is felt that the supplementary friction force
resulted therefrom.  Thus, for simulating purposes it is
concluded that through yaw angles just short of the maximum
tested (this condition eliminating possibility of supplementary
metal contact), friction shoe damping will be negligibly .

. effected by an out-of-square condition. For yawed
circumstances involving gib/column contact, a -supplementary
damping term could be added to the friction shoe effect

based on a sliding friction coefficient of .46 (borrowed

from the superimposed lateral force phase, #3). This should
adequately consider the supplementary friction effects if

- the yawing input load can be determined. :

In qualifying the stated conclusions, the "Clearance"
report Part V is considered. The maximum yaw angle
achieved for this test, at 1.5°, is sufficiently close to
the maximum achievable from appropriate tolerance combinations,
about 2.5°9, that included results should cover the majority
of service conditions, excessively worn situations excepted.
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VERTICAL, LATERAL, TORSIONAL BND
PITCH SPRING RATES OF STANDARD TRUCK COIL GROUP

' Test.Repbrt - Part II

American Steel FQundriés Participation In
AAR/RPI/FRA Track-Train Dynamics Program
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OBJECT

Determine the Vertical
Lateral
Torsional
and Pitch (including Rock)

spring rates for the subject 70-ton Ride Control truck coil
group over the range of possible coil heights.

CONCLUSIONS AND RECOMMENDATIONS

The following table summarizes the instantaneous spring
rates coincident with a vertical spring height of 8",

Loading Rate

Vertical 22,150 1b/in
Lateral 9,300 1lb/in
Torsional 5,760 in-1b/deg.
Pitch 1,720 1b/deg.
Rock 1,520 1b/deg.

A second table presents the approximate rate of spring
rate change within the given range of vertical heights.

Application Spring

Loading Rate of Rate Change Height Range (in.)
Vertical None SR peme 7 = 9=3/4
Lateral = +3,260 1lb/in/in. vert.defl. 7 - 9-1/2
Torsional +1,064 in-1lb/deg/ in.vert.defl. 7 - 9-1/2
Pitch -+ 147 1b/deg/in.vert.defl 7 - 9-1/2

Rock + ' 214 1b/deg/in.vert.defl. 7-1/4 - 9-1/2

; As seen, the vertical rate remained constant throughout
the noted range, whereas the other rates displayed a general
tendency to increase with spring deflection.

With nominal solid and free heights of 6-9/16" and
10-5/16", respectively, the presented information should
handle most situations. However, the significant increases
in rate of rate change for spring heights beyond the given
ranges require recognition for accurate modeling throughout
the spring heights in service use. Specific data are sup-
plied in the Results covering the entire coil height range.

Orientation of spring tangs (coil ends) had no signi-
ficant effect on the various spring rates.
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TEST SPECIMENS

Test spring grouplng, a 70-ton Ride Control Configura-
tion, was composed of 7 outer (ASF Drg. 31081-003) and 6
inner (ASF Drg. 32506-129) .D-5 coils taken at random from
a stock of coils previously used for road test purposes.
The specimens should be ‘good representations of "average™
service coils, having experienced initial settling but
affording design load support. Test set-up 1llustrat10ns
to be’ discussed show arrangement of the coil group.

TEST PROCEDURE

Data acquisition basically involved imposition of
appropriate group loading (corresponding to the four load-
ing forms stated in the Object) and measurement of resulting
group deflection. This yielded data in the form of load
vs deflection for graphical determination of the load rates.

Spring tang orientations were varied for most loading
configurations to test for possible effect on rate. To
aid organization, the spring group was arbitrarily assigned
to the BR corner of a rail car. Tang orientation "outboard"
is self-explanatory. Orientations "A" and "B" indicate
tangs facing the A and B car ends, respectively, and perpen-
dicular to the outboard orientation. For a given orientation,
all tangs for inner and outer springs faced the same direc-
tion.

Common to all but the vertical rate test, the load and
deflection signals were recorded on oscillograph paper for
convenient reduction. Loads were measured with an axial
load cell and displacements with a linear transducer. There-
fore, geometric transformations of the recorded data were
needed in some cases to yield data applicable to the load
rate desired. Although the displacement-measuring linkages
and corresponding transformations may be inaccurate for
large displacements, the small motions concerned with this
report are well w1th the good practice small angle assump—
tions used.

At this polnt the pecullarltles of the four loading
modes are dlscussed separately.

Vertical Spang Rate

The simplest of all, this test consisted of vertically
deflecting the coil group through its range of travel, while
simultaneously noting load and deflection at convenient
height increments. It was performed in a standard static
test machine, from which load measurements were taken.
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LATERAL SPRING RATE TEST SET

Fig. 16
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Resulting data provided rate in units of 1b. vertical load
per in. vertical deflection. Deflections were scale
measured. Random tang orientation was used since no tang
effect could even be imagined for this type of loading.

Later&l Rate

Figure 15 & 17 illustrate the utilized lateral rate
set-up. Test method consisted of laterally zeroing the
movable spring seat bottom plate, setting the desired
vertical height by applying necessary static machine load,
and then activating the hydraulic cylinder, which pulled
the bottom plate from its datum position. The noted dis-
placement transducer measured the relative motion between
top and bottom of the springs. Figure 18 presents an
oscillograph example of a lateral rate test event for a
specific spring height. A similar recording was attained
for each in the gamut of spring heights and tang orienta-
tions. Rate information developed from the load/deflection
data: tock the form of 1b. lateral load per in. lateral
deflection of the bottom spring seat. ‘

Fig. 17
LATERAL SPRING RATE TEST SET-UP
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Fig. 18
LATERAL SPRING RATE RECORDING

D-5 Coils 9" Coil Ht.
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TORSIONAL SPRING RATE RECORDING
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N

TIME

\Angular Deflection
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The lateral rate test was done primarily with the
tangs outboard (in direction of the lateral deflection)
and secondarily with the tangs in the "A" orientation, per-
pendicular to the deflection. The degree of lateral de-
L flection imposed was guided by the maximum possible bolster-
to-side- frame lateral motion, 23/32", derived from Part V
of this report. ‘ '

‘The greased teflon sheet in the set-up illustration,
while enabling ease of slip between the bottom spring seat
plate and stationary base plate, was nevertheless not com-
pletely friction-free. . The force required to overcome this
friction did not, however;, complicate lateral rate determina-
tion since it merely acted to shift the load/deflection data
curve upward, without altering its slope. (Of course for
math model use the .slope-developed spring rates are assumed
to initiate from the zero load/zero deflection origin).
Comparisons of vertical load with the springs in the later-
ally deflected position to the vertical load for the zero
position (negligible difference) verified the constant teflon
friction component throughout the lateral travel of a test
event.

Torsional Rate

Figure 19 & 20 illustrate the subject fixture, which is
a variation of the lateral rate fixture just discussed. In
this case, however, motion was imparted by the hydraulic
cylinder acting through a wire cable/partial sheave assembly
to twist the bottom spring seat plate relative to the top
plate. 1In addition to the greased teflon bearing beneath
the bottom spring seat plate, a center radial bearing was
required to serve as the center pivot.

The axial load measured in turning the spring seat
plate was multiplied by the sheave radius to yield torque.
The . linear bottom-to-top spring seat motion measured by
the noted transducer was transformed to arcuate motion
through appropriate trigonometry. The resulting torque/
angular deflection relation yielded graphical slope (rate)
determination in the form of in-1b torque per degree of
spring seat rotation. As with the lateral test, bearing
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‘ Hg19 .
TORSIONAL SPRING RATE TEST SET UP

friction was neglected in the rate determinations. Figure
18 presents an oscillograph: example of a tors1on test,
single height event.

. Tang orlentatlons used 1nclude outboard as primary
and "A" as check. Angular deflections were guided by the
maximum possible bolster-to~side frame yaw (2 46 - one
direction from datum) found

Pitch Rate (Including chk'Rate)

Pitch and rock rate are discussed coincidentally be-
cause the test fixture required was the same for both,
as illustrated by Figures 21 & 22, Variations between the
two loading modes result from the orientation and placement
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of the indicated load blocks. (Figure 21 shows pitch
set-up.) :

Test method consisted of setting desired vertical
height and applying jack load to one side of the coil group
until sufficient deflection was attained. For application
to the load/displacement plot, the load data were used as
recorded, whereas the deflection data were adjusted to
indicate arcuate displacement about the top, center of the
spring beneath the solid:load block (opposite the jack).
Ensuing rates took units of 1b. jack load per degree of
upper spring seat deflection. Innate fixture friction was
effectively zeroed-out by the graphical procedure as in the
previous lateral and torsional rate determinations.

Pitch and rock rates were figured for tang orientation
outboard, primarily, but also for "A" and "B" thoroughly.
From the Part X clearance report, maximum side frame pitch
possible (4.75° one direction) was used to 1limit that
loading. Maximum side frame rock relative to the bolster,
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Fig. 21 .
PITCH SPRING RATE TEST SET-UP
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at almost 150, was too great to achieve with the used fix~
ture, so. deflectlons were limited by factors of test safety
and accuracy. .Still, 1nputs achieved were sufficient to-
develop satlsfactory rate data which should stand for most -
situations. achievable in service.,  As with all other test
loadings, the- sprlng group was . unloaded and zeroed before
each test event : . . - :

RESULTS AND DISCUSSION

General

Figures 23 - 30 present the load vs deflectlon plots
from which the.load rates .were ‘determined for the -four
basic load set—ups. 'Not -shown.on these plots are the re-
peat data events used to verify accuracy of the primary
events. The summarizing tables presented in the Conclusions
provide a "handle"” on.rates expectable: w1th1n range of most
coil helghts. However for most load;ng cases, accuracy of
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Fig. 22
PITCH AND ROCK SPRING RATE TEST SET-UPS
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rate throughout spring travel requires departure from the
approximate rates given, primarily due to the tendency for
drastic rate increase for heights approaching solid and

rate decrease for spring lengths approaching free height.
When appropriate, plots of rate as a function of coil height
are presented with the individual loading discussions to
enable accurate computer modeling throughout the range of
possible coil heights.

Vertical Rater

The simplest of the rate tests also produced the most
straightforward results, as the vertical calibration of
Figure 31 indicates. Here, the vertical load/spring height
plot was almost perfectly linear between spring heights of
9-3/4" and 7", with a corresponding constant rate of
22,150 1b/in (22,207 1lb/ in theoretical design). Since
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ROCK LOAD (LB.)
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the given rate span nearly covers the range of possible

coil height (10-1/4" to 6-9/16"), and the deviations from
linearity are not too extensive, the 22,150 1lb/ in. figure
could reasonably satisfy modeling use for the entire range
of vertical heights. By linearly extrapolating the straight
line portion of the load/height plot, errors of only 5,000
1b. (6% low) at solid and about 1,500 1lb. {(also low) at

free height are indicated for the linear approximation. Of
course, complete accuracy could be achieved by programming
the entire data plot.
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The rate deviations mentioned are further discussed at
this point since similar behavicr, though more pronounced,
was noted for the other three loading modes in this test.
Specifically, spring rate decreased as coil heights approached
free conditions from some compressed state. On the other
end, rate increased with approach of solid height. The
reasons for this behavior, at least for the vertical loading,
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probably lie in the variations of the individual spriﬁgs'in‘z
that different free heights and end square variations could
cause the reduced rates near free height, and random inter-

coil contact could result in the increased rates neéar solid ==

height. o

Lateral Rate

The Figure 32 lateral rate plot demonstrates an obvious
tendency for rate increase with increased coil deflection.’
While this characteristic is similar to those portions of
the vertical calibration showing rate variation, the lateral
data formed only a very narrow plateau of constant rate,
noted at the 8" spring height position. Still, the data
formed a rather smooth curve with programming capability for
accurate modeling over the range of spring heights. (35,000
1b/in is offered as a rate estimation for the solid spring
height). The noted linear approximation line, as given in
the Conclusions as 3,260 1lb/in per inch of vertical height,
is within 15% of the data curve in the 7" to 9-1/2" range
and could offer convenient use if it fits a particular
modeling situation.
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The "A" tang orientation data points in Figure 32,
while hinting at a slightly lower rate than the outboard
orientation,’ dre not sufflclently différent. to wartrant
con31deratlon, partlcularly in“view of the relative sen-
31t1v1ty of the graphlcal slope. technique for rate deter~
mination. The indicated "outboard" curve should provide
satisfactory model usage and be within about 1,500 1b/in
of an average serviceable spring group through the height
range.

Torsion Rate

The Figure 33 tor51on rate plot dlsplays rate change
behavior similar to the lateral results, yet the subject
plot possesses a ‘much broader plateau of relatively constant
rate, spannlng “the 7- 3/4" to 9" helghts.
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As with the lateral rate
should: be considered for

A - quick look at the

plot, entire curve programmlng
full range accuracy _

"A" tang orlentatlon data points

dispels any concern for p0581ble tang effects on torsional

rate.
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The subject rates, presented in Figure 34, portray

characteristics in direc

t mimic of the forgone lateral and

torsional loadings, except that they afford the greatest

height range (7-1/2" to

9") in possession of a reasonably

constant load rate. Since tang orientations were so

thoroughly investigated
points represent average
A, and B for all pitch p

for these loadings, the plotted rate
rates from orientations outboard,
oints and the 8" and 9" heights of

the rock curve. The plots also indicate range of rate for

a specific height and 1lo
orientations. As seen,
of the plotting symbols

two averaged rock points.

tang orientation is imma

ading, generated by the three tang
all ranges were within the dimensions
except for the 7" pitch rate and the
This allows the conclusion that
terial to the subject rate levels.
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As with the other load rates, the linear approximation 'of -
the rate plot could be used for convenience within the inter~
mediate spring height range, but full curve programming is
required to handle situations including free ‘and solid heights.
6,000 and 5,000 lb/deg. are offered for the respective pitch
and rock curves as reasonable approximations for rate at
spring height infinitesimally greater than solid.
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DEFLECTION CHARACTERISTICS OF ‘
REPRESENTATIVE TRUCK BOLSTERS AND SIDE FRAMES,
AND THE TORSJONAL RIG’ID'J,:TY OF A TRUCK BOLSTER:

Test Repart - Part III

»'AmeriCah Steel Foundries Participation In- .-
- AAR/RPI/FRA Track-Train Dynamics Program
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OBJECT

Determine the deflection characteristics of the subject
castings under the following loading conditions:

1. Truck Bolster.
a)  Vertical €enterplate
b) Vertical Side Bearlng
¢) -Transverse S
d) Torsional

2. Side Fraﬁe.'

a) Vertical (Full spring seat)
b) Transverse (At columns)

RECOMMENDATIONS

The succeeding table presents average load rates recom-
mended for general description of 6"x1l1l" Ride Control truck
components with rod-under brake configurations and 5'-8"
truck wheel base. "Results" section of the report presents
values for specific casting patterns, which were generally
seen to be within roughly 10% of the listed averages.

1. Truck Bolster. Average
Load Rate

a) Vertical Centerplate 2.12 x 106 1b/in.

b) Vertical Side Bearing 3.58 " "

c) Transverse 1.95 " "

d) -Torsional (single specimen) 1.72 " in-1lb/deg.
2. Side Frame.

a) Vertical 3.21 x 106 1b/in.

b) Transverse .71 " "

TEST SPECIMENS

Although the general plan for data acquisition in the
Track Train Dynamics series of laboratory testing centered
about bolster -Patt.- 21732-DA and side frame Patt. 21850-R,
various other patterns (in addition to 1732-DS) - were
used for this particular test phase since appropriate vertical
and transverse test data were already available, and, in justi-
fication of their use, they represent only minor variations
to the primary pattern designs. Too, use of the numerous
patterns provides insight to the possible range of deflection
rates within the realm of similar casting design. The list of

46



N

utilized patterns is presented below.

Patt. No. Drg. No, Serial No.
Truck Bolsters 21732-AJ 77108-B 102,103 (Except
Torsion Test)
21732-AW 71888-B 102,103 (Except
: Torsion Test)
21732-CE 74455-B 4731, 24732
21732-DA 74455-B 1887 (Torsion
: Test Only)
Side Frames 21850 - 70635-B 63, 65
21907-A 71224-B 9, 10
21974 71739-B 6, 7

As seen, the Patt. 21732-DA bolster was used only for the
torsion loading, whereas the other three bolsters' use applied
to the vertical and transverse loadings. All castings were of
6" x 11" Ride Control design (5'-8" wheel base) with a rod-
under brake rigging configuration (Patt. 21732-CE bolster uses
ABSCO-type brakes).

PROCEDURE

Procedure for acquisition of all -but bolster torsion data
resorted to simple file research into records of previous AAR
static deflection tests, which are standard for certification
of new casting designs. Related vertical and transverse load-
ing test set-ups and methods are those of AAR specifications
M-202-67 and M-203-65 for bolsters and side frames, respec-’
tively. (Copies of test set-ups, as illustrated in the AAR
manual, are included as Figure 35a, 35b and 35c.

Basically, the deflection tests consists of loading specimens
in set increments while monitoring corresponding deflection
with dial gages. Casting set (indication of yield) is deter-
mined by noting dial gage offset from zero datum after release
of a specific load. A 5,000 lb. zero datum load is standard
for all AAR loading conditions to "settle" twist of non-
uniform loading of the specimens.

Typical AAR test loading sequence for a specific specimen
restricts gross yielding until the final load set-ups, namely
"vertical centerplate" for the bolster and "vertical" for the
side frame. This procedure, while importantly ensuring good
elastic deflection data for all loadings on a given specimen,
limits yield point study for all but the noted loading set-
ups. (Some tests, due to variations in procedure over the
vears, hever dgrossly yielded the specimens; e.g. Patts.
21732-AW & CE bolsters).

AAR static certification tests require that two specimens
of each pattern be subjected to the loadings, thereby providing
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Fig. 35b
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Fig.350
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a more statistically valid test and, in turn, providing two
sets of data for appropriate averaging in this report. This

should ensure development of reasonably representatlve deflec-
tion characterlstlcsf

Bolster torsional deflection data were determined from
application of the single Patt. 21732-DA specimen to the test
set-up illustrated in Figure 36. With the casting "clamped"
by the test machine at its centerplate, twist was imposed by
the measured jack load acting through the known moment arm,
resulting in a correspondlng torque input. Dial gages located
at the extremes of the spring seat provided "differential™
twist measurements to comply with the imposed torque. For
the small angles involved, the lineal dial gage motions were
taken as arcuate displacement in calculation of twist angles.

F@ 36
BOLSTER TORSIONAL LOAD RATE TEST SET upP

Two vertical clamping loads (50,000 and 100,000 1b),
were used to test for possible effect. The degree of angular
deflection imposed was limited by the strength of the torque
arm beam, which had been chosen to provide sufficient input,
based on estimation of the torsional load rate.
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As with the vertical and transverse deflection situations,
the torsional data were applied in the form of load vs, deflec-
tion plots for graphical (slope) determination of the desired
load rates. Torsional inputs were not sufficient to inflict
set, -but set data, where’ avajilable from the vertical and trans-
verse loadings, were also plotted on the deflectlon plots for
convenient evaluation.

RESULTS
The load vs. deflection (éhd set, where appropriate) plots
are presented in Figures 37 - 42. ‘Summarizing deflection rate,

set and yield point information are .provided on page 60.

Vertical and Transverse Loadings

Generally, vertical and transverse load results are
straightforward and require little comment. The load-deflec-
tion plots closely parallel typical stress-strain curves,
thereby displaying characteristic linearity in the elastic
range and increased deflection rate after yield point attain-
ment (where applicable).

Recalling that a 5,000 1lb. zero datum load was used for
these tests, it is not surprising to see that the lpad-deflec-
tion plots intersect the ordinate axes in the neighborhood of
this load level, The most consistent viplation of this charac-
teristic was displayed by the Patt. 21732-AW bolster plots
which intersect the ordinate {(with extrapolation).notably
above the 5,000 1lb, level for all of the three load set-ups.
Explanation of the discrepancy appears to lie in a slight non-
linear condition at the lower end of the deflection range which
is not well defined by the relatively few data points. The
given Patt., 21732-AW plots neglect the lower scale non-
linearity, but should still be sufficiently accurate for most
mathematical model 51tuat10ns S

Note that. all inleldual castlngs dlsplayed gqod deflec-
tion correlation with their "partner" specimen for all loading
conditions. This 1mplles that, not only are the given load
rates reasonably accurate, but that specimens of a specific
pattern display very similar and repeatable deflection charac-
teristics. Furthermore, castings of similar general design
have very similar load rates, as evident by the given indi-
vidual rates belng within 15% of average of the comparable
patterns.

Bolster Torsion

The bolster torsional rigidity plot, Figure 40, illus-
trates a very linear load-deflection relation within the range
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tested. The two vertical clamping forces were equally
acceptable since they afforded similar results. Consider-
ing the very high load rate derived from the test plot, it
appears that torsicnal load rate should be outside concern
in most mathematical model sSituatidons since, except at
solid height, the spring group is incapable of transmitting
sufficient torque input for appreciable bolster torsion.
Even at spring solid it would take roughly 50,000 1lb input
action at one wheel to instill a 1° twist in the bolster,
assuming loading conditions similar to those in this test.

Other than torsional inputs at spring solid, the only
other concéivable rail occurrence under "normal" situations
which could provide high twisting loads is that which some-
times accompanies high speed coupling.  Occasionally, excess
coupling speed can rotate the bolster sufficiently to jam
it with the side frame, thus providing a positive twisting
interface should additional twisting energy be present. But,
this is hardly a ride quality consideration.
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TORSTONAL RESISTANCE AT A TRUCK
BOLSTER/CAR BODY CENTERPLATE INTERFACE

Test Report ~ Part IV

American Steel Foundries Participation In
AAR/RPI/FRA Track-Train Dynamics Program
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OBJECT

Determine the frictional resistance to torsional
relative motion between car body and truck bolster center-
plates. Primary test conditions include use of a "worn-in"
diameter bolster centerplate with both 1ubr1cated and non-
lubricated (dry) surface.

CONCLUSIONS AND RECOMMENDATIONS

3.0 (dry) and .41 (lubricated) in=-1b/lb. vertical load
are torsional friction rates recommended for mathematical
uses simulating the conditions of this test. These figures
correspond to sliding co-efficients of friction, ¥y, of .624
and 09 for dry and lubricated surfaces, respectlvely, and
do not account for any interaction between the vertical
centerplate surfaces. Breakaway (static) friction figures
were generally no higher than those for the sliding conditions.

In the process of data acquisition for development of
the indicated friction rates, it became clear that, while
the "lubricated"” information should relate well to service
conditions of similar nature, the range of centerplate condi-
tions definable as "dry", compounded by possible sSurface
galling, renders the actual service friction rate subject
to considerable variation (perhaps 45%) from the test
friction rate given.

TEST SPECIMENS

Test specification for use of a worn-in 14" diameter
centerplate was satisfied by mating an on-hand car body
centerplate (nominal 13-3/4" outside dia., 3-3/8" dia. king
pin hole) and a 100-ton bolster with 15" diameter center-
plate. Both of these items were well worn-in from previous
on-track test usage and possessed typical smooth and gall-
free appearance.

As a secondary test and for general information, a new
Patt. 21732-DA truck bolster was also enlisted for use with
the previously-mentioned car body centerplate. This bolster
had been acquired to serve as the primary specimen in other
phases of the Track-Train Dynamics program, but its as-cast
centerplate surface, wear-in of which was impractical, dis-
qualified it from primary usage in this test phase.

PROCEDURE AND TEST FIXTURE

Data were acquired through application of the specimens
to the fixture illustrated in Figure 43 & 44. The basic
function of the apparatus was to turn the car body center-
plate relative to the restrained bolster during application
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Fig. 43

CENTERPLATE TORSIONAL FRICTION TEST SET-UP
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of a constant vertical Centerplate load. The torque required
to induce the motion, obtained as a function of applied
vertical load, yielded the desired torsional friction rate.

Figure 45 helps to simplify understanding of the
fixture operation. As shown, the car body centerplate was
bolted to a rotatable platform which was itself isolated from
the base plate and I-beam structure by a greased sheet of
1/8" thick teflon. The teflon was used to diminish friction
‘between the turning platform and base plate, and thereby
establish frictional resistance at the car body and bolster
centerplate interface as the primary resistance to the turning
relative motion. A stud and free-turning radial bearing
located and retained the platform center (also car body
centerplate center) at the base plate. center.

Turning force was applied to the car body centerplate/
platform assembly by the hydraulic cylinder/cable system
acting through a partial sheave. A load cell between the
cylinder and cable clevis measured the axial cable load,
which was later transformed to torque by multiplication with
the known sheave radius. A displacement transducer mounted
on the I-beam monitored location and movement of the car
body centerplate with respect to the bolster. With an
actuator stroke capability of 6", arcuate displacement per
test event were in the neighborhood of 20°. An oscillograph
recorded the axial load and displacement signals.

Vertical loads were applied to the bolster bottom
through a double rocker block to equalize loading and counter
possible non-parallelism between test machine and center-
plate surfaces. Vertical load magnitudes were chosen on
logical steps to provide a range from zero to roughly one-
half loaded weight of a 70-ton car. (Dry tests were limited
by strength of the cable assembly). The sequence of vertical
loading - for the dry surface phase generally resorted to use
of three widely spaced loads to achieve significant data
range before possible galling altered the frictional charac-
teristics. Fill-in points were then conducted as required.
Since galling was not a problem with the lubricated center-
plate, loads in this phase were simply increased from zero
in even increments.

Pre test conditioning of the centerplate surfaces in-
cluded wire brushing and solvent cleaning to remove all traces
of lubricating grease or dirt. Occasionally during the dry
surface testing, the centerplate surfaces were separated
and any galling removed by grinding. "MOly-kote" served as
the grease in the lubricated testing.

Torque data were acquired for:both as-cast and worn-
in bolsters under both dry and lubricated conditions, with
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worn-in surface receiving primary consideration. Since the
teflon used to reduce friction between the turning car body
‘centerplate assembly and base plate was not actually friction-
free, calibration tests were also conducted. These consisted
of "lubricating" the centerplate surfaces with another teflon
sheet and running the torque tests through a similar gamut

of vertical loads. One-half of the applied torque was

taken as the teflon friction loss for the centerplate tests,
and was appropriately subtracted, proportionately with verti-
cal load, from the measured dry and lubricated data.

Test method consisted simply of zeroing position of the

car body centerplate, applying vertical load and then apply-
ing cable tension until cylinder run-out, with effort toward
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producing a constant and unabrupted motion. Essentially,
each data pull or event such as this provided two primary
points of information: the break-away (static friction)
load, and the sliding motion friction load. The upper
sample oscillograph recording in Figure 46 illustrates these
points for a data event. Note that the deflection trace was
used primarily for reference since specific position is ac-
tually irrelevant to friction characteristics.

The measured break-away and sliding loads, when
appropriately multiplied by the radius moment arm (10"),
supplied the desired torque loads for the particular verti-
cal load and conditions of the test. The data were then
applied to a plot with points from other vertical loads to
enable)graphical (slope) determinations of the friction rates.

Relating the torque/vertical load data to coefficient of
friction was accomplished by solving the following formula for
3 - 3

T o= 2/3 R, R

R2 Rl

vertical load

torgue input

coefficient of friction

1-11/16" nominal radius of car body center-
plate king pin hole

6-7/8" = nominal outer radius of car body
- centerplate

7o)
!

RESULTS AND DISCUSSION

Results converge to the torque/vertical load plots of
page 69 and the following summarizing table derived therefrom.

Friction Rate (Sliding) Sliding
(in-1b/1b vert.)

Worn-in Bolster

(a) lubricated (Moly-kote) 0.41 .09
. (b) lubricated (Teflon): 0.41 .09
. (c) dry 3.0 .624
As-cast Bolster
(a) lubricated : 0.72 .15
(b) dry , 2.5 .520

-As might be expected, the lubricated as~cast centerplate
was somewhat "stickier" than the greased worn-in surface,
whereas the opposite was true for the surfaces in the dry
test condition. This logically relates to the many peaks of
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Fig. 46
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the rough as-cast surface which tend to "pierce" lubricant,
but offer less adhesion than -the flat, smooth surface under
dry conditions. In any case, an as-cast surface will wear
in quite rapidly under typlcal service and should therefore
_ require little concern in mathematical simulations. As an
aside, note that the Moly-kote grease and the teflon sheet v o
afforded nearly identical friction reduction when applied to ~/
- the worn-in centerplate. '

The above table and enclosed data plot offer no information
about static friction because test events usually did not
exhibit breakaway loads greater than the steady sliding forces,-
if any were present at all. In .fact, the lower oscillograph
recording on page 67 illustrates & more typical force
curve than that of the nearly ideal upper recording. For
instances in which break-away was prominent (less than 10%
of the data events) it was on the order of 5 to 15% (8% average)
greater than the steady sliding friction force, and was most
consistent for the dry, as-cast surface test conditions.

As the plots of Figure 47 indicate, all events related to
lubricated test conditions produced very linear and repeatable
-data. - But, as hinted in. the Procedure report section, non-.
lubricated test conditions were very inconsistent, thereby '
complicating derivation of a representative friction rate.

The given data points (reference to worn-in test) do not
appear excessively scatter-prone because they were chosen as
most representative from the many points scattered about the
relative graph area. ‘Criteria for data acceptability was
based on relationship with other data.and judgment of possible
bias from surface galling, which tended to markedly increase

turning force. (Since service centerplates are usually
gall-free, gall-free data were obviously most desirable for
this test). As it turned out, the majority of data points

plotted for the -worn-in case were taken from a single series
of events, primarily because they displayed roughly linear
frelatlonshlp (indication of constant surface conditions), with
near gall-free appearance at termination.

- The dry testing made it obvious that similar scatter was
even more probable under dry service conditions due to the
possible presence of dirt and residual lubricant., Realistically,
service friction rate for any random condition could span
the lubricated and dry rates of this report. However, from a
practical model standpoint, the given lubricated rates should
be service representative of that condition.- The dry test
rate for the worn-in centerplate would probably be on the high .
(sticky) side of average service conditions because of the \W)
laboratory~-clean surfaces and galling tendency. Based on the
data scatter experienced, estimation of the possible range of
dry friction rates in service modifies the given 3.0 in-1b/lb
test rate by + 10% (3.3 in-1b/1b) to -45% (1.65 in-1b/1b). An
‘average service rate might split the extremes at about 2.5 in-1b/lb.
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THEORETICAL CLEARANCES AND RESULTING
POSSIBLE RELATIVE MOTIONS BETWEEN
TRUCK BOLSTER, SIDE FRAME AND AXLE BEARING

Test Report - Part V

American Steel Foundries Participation In
AAR/RPI/FRA Track-Train Dynamics Program

70



OBJECT

Determine existing clearances and resulting possible
relative motions between defined major truck components
for use in mathematical model analysis.

CONCLUSIONS

Manufacturing tolerances of side frames and truck bolsters
provide a relatively wide range of possible clearances. These,
in turn, allow variations in possible component motions that
would appear to be significant in any cause and effect study
on a mathematical truck model.

SPECIMENS

For the purposes of this study, major truck components
are defined as follows:

Components ASF Piece No. ASF Drg. No.
Ride Control Truck Arr'g't. 74524
Side Frame 21850-R 74098-K
Truck Bolster 21732-DA 74455~-B
Ride Control Spring 3091 54222-D
D-5 Outer Coil 3072 ’ 31981-003
D-5 Inner Coil 3073 32506-129

6"x11" Roller Brg.
Roller Brg. Adapter (Standard AAR)
PROCEDURE

Brief consideration was given to the idea of assembling
the subject test truck and physically measuring the various
clearances and relative motions. However, the known varia-
tions due to manufacturing tolerances quickly ruled out the
physical approach because of the considerable time and cost
involved in duplicating the possible variations in hardware.

A theoretical approach was deemed a very satisfactory
substitute. The result of the theoretical approach is a
series drawing board layouts depicting the possible varia-
tions in clearances and resulting motions.
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All working layouts were made full scale sc a high degree
of accuracy in measurements could be maintained. Geometry
was used, whenever possible, to determine the relative motions.

However, on several occasions, it was necessary to "scale off"
a dimension because of too many unknowns.

The general approach to each layout was to:
1) Decide on type motién possible‘(rotation, etc.)
2) Define limits of motion (contact poinﬁs).
3) Construct full scale layout.

aJ Nominal dimensions , :
b) Maximum dimensions (tolerances)
¢) Minimum dimensions (tolerances)

- 4) Superiﬁpose désired motion (bolster rotation
relative to side frame, etc.) on layout.

5) Calculate (or measure) extremes of motions for
) nominal, maximum and minimum clearances.

'6) Reduce layout to scale convenient for reporting.

As noted, each layout (except no. 12) is shown under three
conditions - nominal dimensions and dimensions imposed by
maximum and minimum tolerances.

RESULTS

Sketches, numbered 1 thru 12, (Figures 48-59) show clear-
ance and motions deemed most important for meeting stated
objective of this study. Table on page 74 summarized the
results of the study. Table shows the maximum, nominal and
minimum possible peak-to-peak motions. Angles shown on the
sketches are corrected to the decimal system in the tabula-
tion. : ‘

Limits of motion ranges occur when minimum tolerances on
one component are matched up with maximum tolerances on the
paired component. A simple example is the Lateral Bolster
Motion Relative to the Side Frame condition shown in sketch
no. 2 (Figure 49). Maximum bolster gib width (9-1/2")
matched peak-to-peak relative motion of 1-1/16". Reversing
the tolerances (minimum bolster gib width and maximum side
frame column width) produces a minimum peak-to-peak relative
motion of only 11/16". Nominal peak-to-peak motion of this
location is 7/8". Thus, the tolerances in this instance can
allow motion anywhere from nominal to plus or minus 21%.
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Relative range of variation is even greater for several
locations. One location that may be of particular interest,
when studying truck swivel (hunting) is axle yaw inside
the side frame pedestal, shown in sketch no. 11 (Figure 58).
Maximum yaw with nominal dimensions is calculated to be
5.932°. Maximum and minimum yaw angles (with proper toler-
ances matches) are 7.1840 and 3.447°, respectively. Here,
the tolerances can allow yaw angles anywhere from ndéminal to
plus 21% or minum 42%.

Examination of the summary table shows many such
"clearance" ranges. Naturally, various clearance ranges can
be examined in various combinations. For instance, maximum
side frame yaw can be combined with minimum axle yaw. Or, the
maximums and minimums can be reversed for a different effect.

Care must be exercised when combining various motions for
study. It is possible that maximum limits of motion at one
interface would prevent the maximum limits of motion from
occurringat a second interface. For instance, side frame
rock (roll) relative to the bolstér end could not reach the
maximum angle because of limits imposed at the axle bearing/
side frame pedestal interface.

Note, also, that the possible effects of brake beam inter-
ference are noted on the sketches, but not measured. The
brake beams were not included in the truck defined by Task
#13 for the clearance study and would appear to be of little
importance at this time. Although the beams may have some
limiting effects on motions, limits would apply only to a
rocking side frame near the outer limits of motion.

It should be emphasized that all the clearances and
motions presented herein are based on "unworn!" truck con-
ditions. Although test truck has been defined as a vehicle
with 5000 miles service, wear (actual loss of significant
metal) is considered negligible.
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MASS MOMENT OF INERTIA OF GIDE
FRAME (YAW AND PITCH) AND TRUCK
BOLSTER _ (YAW AND ROCK) _

Test Report - Part VI

American Steel Foundries Participation In
AAR/RPI/FRA Track-Train Dynamics Program
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OBJECT

Determine, for the subject castings. the mass moments of
inertia relative to the following axes through the respective
centers of gravity.

1. Truck Bolster (with and without friction shoes).

a) Roll (Rock) axis.

b)“h Yaw.axis.
2. side Frame G
‘4)  ‘Pitch-axis.
b) nglgxis. ’
RECOMMENDATIONS .

The following values are recommended for use as the mass
moments of inertia for typical castings of the type tested.

1. Truck Bolster: Roll and Yaw axgs,
178.6 l1lb~ft-sec
(with friction shoes)

2. Side Frame: Pitch axis, 83.1 lb—ft-ssc2
Yaw axis, 77.6 lb-ft-sec

TEST SPECIMENS

1. Truck Bolster: Pattern No. 21732-DA
{6"x11"Ride Control)
Drawing No. 74455-B
Serial No. 1887

2. Side Frame: - Pattern No. 21850-N
(6"x11"Ride Control)
Drawing No. 72965-H
Serial No. 1861

Original plan called for use of a Pattern No. 21850-R side
frame, but the close similarity of the "N" and "R" patterns
enabled convenient use of the "on-hand" "N" side frame.

. TEST FIXTURE

To the.exclusion of the tedious method of increment
mass calculation, an experimental procedure was used for
determining thedesired inertial figures. This consisted of
suspending the castings individually on a free pivot and treating
the resulting system as a compound pendulum for application
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of the following formulas,

Mass Moment of Inertia about

the pivot,
I = TZWL for small angles
o 4 H2
where: T = period of oscillation
W = weight of specimen.
‘L = distance from pivot to

specimen center of gravity.

From the parallel axis theorem:
Mass Moment of Inertia about

specimen center of gravity,

I =1 - %52
cg o g

Ly 2
with g taken as 32.2 ft/sec

Figures 60 & 61 respectively illustrate test set-ups
with the bolster specimen in the yaw orientation and the
side frame in the pitch orientation. As seen, the free
pivots consisted of two spherical rod ends (secured to the
cross beam) through which a rod, appropriately oriented
and welded to the specimen, was passed. This arrangement
maintained the castings in the single plane of oscillation

~perpendicular to the desired inertial axis. Set-ups for

attaining bolster roll and side frame yaw inertial specifics
used rods welded to the opposite casting ends and perpendicular
to the povit rods illustrated. All pivot rods were affixed

at a point corresponding to intersection with imaginary
longitudinals through the specimens' centers of gravity.

TEST PROCEDURE

Period of pendulum swing, T, was obtained by angularly
displacing the suspended castings and stopwatch timing the
motion through a specific number of free cycles; the total
time divided by number of cycles yielded T. A number of
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initial angular displacements and cyclic counts gerewtried, ,
but the excellent repeatability afforded by a 15 -displace-
ment for 20 cycles rendered this combination suitable for

T input to the calculations. (Note that, despite use of
the specified combination for formula application, T vaired
relatively little regardless of displacement or-count o
utilized). ‘The timing procedure was repeated three to five
times for attainment of a good average T. - Check of T sen-
sitivity to relatively small changes in inertia was provided
by testing the bolster with and without friction shoes as
well as with various weights affixed at the centerplate.

Weight, W, of the test specimens was determined through =
simple scale weighing. Pendulum arms, L, were tape measured
on the specific specimens and found agreeable with blue '
print dimensions.

Inertial determinations were made through simple applica-
tion of the T, W and L figures tothe previously noted formulas
and, while nearly negligible, corrections were made to account
forthe small weights of the pivot pins.

RESULTS
The following table discloses the experimental determina-
tions for the test weights indicated: 1 I
o 5 cg 2
Test W(lb) L(in) T(sec) (lb-ft-sec”) (lb-ft-sec”)
Bolster
Roll axis
W.frict.shoes l1l61* 46.5 2.533 723.5 185.8
w.0. " " 1089 46.5 2.508 664.7 160.6
Yaw axis
W.frict.shoes 1157% 48.0 2.543 758.1 - 185.2
w.o0. " " 1085 48.0 2.520 698.1 161.0
Side Frame
Pitch axis 774% 41.625 2.354 373.2 85.5
Yaw axis 772% 43.75 2.360 397.6 79.7

Note: *Slight test weight variations due to differing pivot
pin assemblies.

Friction shoe weight: 18 1lb. per unit.
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(The above I values were approximated by assuming
weight differentiS? occurrence at the center of gravity only,
which would have no effect on period of swing, and then
multiplying the experimental wvalues by ratio of desired
weight to test:weight). } ’

Discussion with ASF manufacturing personnel derived that
normal weight is a good figure by which to define a represen-
tative casting (weight variations are typically within 10~20
1b.). - Hence, the listed I (normal) values should be
applicable to mathematical &&nsiderations of "typical" castings.

It was previously noted that an "N" pattern side frame
was tested instead of the "R" pattern requested, but similarity
of design and normal weight (758 1lb. for the "R" and 752 1b.
for the "N" pattern) make the inertial figures satisfactory
for either.
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