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EXECUTIVE SUMMARY

Increasiﬁg‘ demands on freight car performance during the past several decades have
revealed the shorteomings of the standard three-piece freight car truck. The evidence
comprises increased truck maintenance, damage to track, and more frequent

derailments.

Truck manufacturers are responding to the need for better truck performance by
introducing modifications of the standard truck as well as novel configurations de-
signed to reduce problems under specific operating conditions. Justification for the
higher cost of improved trucks is difficult to establish for two reasons:

Too little quantitative information is available on the characteristies of
the standard truck, as well as that of the various new designs, to make
possible a comparison in engineering terms.

While data on truek maintenance cost and fréight car utilization are
available in the files of railroads and operators, these data have not
been systematically related to truck performance.

The objectives of the Truck Design Optimization Project (TDOP) Phase II conducted by
the Federal Railrod Administration are:

To define the performance of both standard and premium trueks in

' quantitative terms, represented by performance indices.

To establish a plan for collecting economic data on the cost of
acquiring, operating and maintaining the standard three-piece truck.

To establish a quantitative basis for evaluating the economic benefits to
be derived from improved freight car trucks.

To supply a basis for a performance specification for freight car trucks.

The means by which these objectives will be achieved are:

Road testing of several represen'ta'tive car body types on a number of
premium trueks. '

Mathematical modeling of freight cars and trucks and comparison of
model test results with a view towards extending knowledge of truck

behavior to configurations not tested.

Determination of wear of premium trucks in unit train service over an
extended period of time.

Collection of economic data on truck maintenance and operation, and
correlation of such data with information on truck performance.

iii/iv
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SECTION 1 - INTRODUCTION

1.1 INCREASING DEMANDS ON RAIL TRANSPORTATION SYSTEMS

The demands made on the country's rail fransportation systems have steadily risen over
the b'ast few decades. The gross rail weight of freight cars has shown a continuing
increase, ‘which results in higher wheel loads and accelerated de.terioration‘ of the
track, while higher centers of gravity increase the risk of derailment. In ac-
commodating themselves to shippers' requirements, the railroads have introduced a
number of new freight car config'urations which, by virtue of extreme inertial or
structural properties, such as low torsional stiffness, or high center of gravity, givé
rise to problems of operation and maintenance more severe than was the case for cars
of more conventional proportions. In addition, maintenance and repair problems are

aggravated by the high utilization rate of unit trains.

1.2 PERFORMANCE SPECIFICATION FOR FREIGHT CAR TRUCKS

The freight car truck performs a number of essential functions. The truck 1) attenu-
ates the magnitude of impulsivve and periodic forees, arising from track imperfections,
which are transmitted to the carbody and lading, 2) damps motions of the carbody
excited by rail irregularities, 3) maintains.adequat,e vertical wheel loads to guard
against derailment in the presence of lateral forces, 4) transmits braking forces, and 5)
guides the car around cur\}es. In performing these functions, the components of the

truck suffer various forms of deterioration, such as wear and fatigue failure.

While we can determine the cost of repair and replacement of worn and failed com-
ponents, of impaired operation, and of damage to lading, there is a lack of specific,
detailed information that would make it possible to evaluate quantitatively the per-

formance of a freight car truck against its cost of acquisition and maintenance.

Recent advances in freight car truck design have rhade: the task of evaluating truck
performance even more complex. Design changes rangé' from add-on devices, such as
constant-contact side bearings, to new truck confjlfgﬁif_a(tions that are based on the
better understanding of vehicle dynamies gained from"aji'alysis, laboratory experiments

and road tests.



In the area related to economics, a large body of data has been collected in the form -
of maintenance and repair data, car movement files and track conditions. HoWevér, .
except for a few valuable pilot studies, this information has remained substantially
uncorrelated with the design featul_'es of specific trueks. It is a principal objective of
this report to set up a framéwork within which relationships between the performance
and cost of freight car trucks can be established.

1.3 "TRUCK PERFORMANCE" DEFINED A
A railroad or operator needs a means for evaluating the cost effectiveness of a freight

car truck with respect to its operating conditions. These conditions may differ con-
siderably from one railroad to another. For example, a railroad operating primarily in
mountainous territory at relatively low spéeds may be concerned with reducing wear of
wheels and rails in curves. On the other hand, a railroad operating in flat terrain at
high speeds will require that its trucks have a high ecritical Speed of hunting. The
design features of a truck that fulfills both these requirements are, to some extent,
incompatible. Another example of such comparative incompatibility is the rigid truck
with primary suspension. The low unsprung mass of this design reduces dynamic rail
loads, and the rigidity of the frame improves curving behavior; however, the ability to
maintain adequate vertical load distribution under cross-level irregularities is
impaired. '

A useful characterization of truck performance thus requires the identification of

specific performance regimes which may be defined as sets of conditions associated

with predominant features that distinguish one regime from another. This is illus-
trated by the examples of curving, hunting and equalization mentioned above. Besides
being distinct and non-overlapping, the set of performance re-gim es should be inclusive,
i.e., identify all aspects of tmick behavior. This subject is discussed in greater detail in
Section 3. ’

el

Performance criteria express qualitatively the aspects of truck behavior considered

desirable in the various performance regimes. Criteria may range from the most
general, such as safefy from derailment or low wear rates, to the specifie, such as
lateral stability or eurve negotiability. '



In order to make possible the quantitative evaluation of truck performance, both
absolute and comparative, each performance regime must be associated with a per-
formance lndex, by whlch 1s meant a measurable quantity typiecal of -that regime.

Examples are the crltlcal speed of huntlng, lateral wheel load in curves and minimum
vertical wheel load, which are characteristic of the lateral stability, curve negotiation

and equalizétion regimes, respectively.

A truck performance specification defines a range of performance indices for each

performance regime that a truck must meet under specified operating conditions, such
as speed, track quality and degree of curves, with due regard to state of wear or other
deterioration associated with age or ton mileage. Specification of performance in
quantitative; operational terms will, on the one hand, give latitude to design innovation

and on the other, will facilitate correlation with economic factors.

The establishment, by testing and analysis, of performance indices for both conven-
tional and improved freight car trucks is the objective of the Truck Design Optimi-
zation Project (TDOP). V

1.4 TRUCK DESIGN OPTIMIZATION PROJECT (TDOP)

The first formal attempts to specify truck performance were made by the Committee
on Freight Car Trucks of the Association of American Railroads (AAR) in the 1960's.
In the context of Section 1.3, the results of that earlier effort would be equivalent to a
set of performance criteria of trucks. P.V. Garin and R. Byrne of the Southern Pacific

Transportation Company took a leading part in this activity.

'1.4.1 TDOP Phase I

Beginning in 1972, the Federal Railroad Administration (FRA) sponsored a broad-based
effort to quantify freight car truek performance. Southern Pacifie Transportation
Company was the contractor for this first phase of the Truck Design Optimization
Project. A number of conventional three-piece trucks built by American Steel Foun-
dries (Ride Control) and the Standard Car Truck Company (Barber S-2) were tested
under five different car bodies, both 70 and 100-ton. Additional tests were performed

with trucks modified by the addition of special hardware intended to improve operation



under specific conditions. The data from Phase I constitute the main basis for -
characterizing the performance of the standard or Type I freight car truck. As will'be
noted later ori, it will be necessary to supplement these data by additional tests.

1.4.2 TDOP Phase Il

Wyle thoratories_ is the contractor for TDOP Phase II, with the Uhion Pacific Rail-
road as the principal subcontractor. The scope of the project includes the testing and
analysis of premium or Type II trucks. For the purposes of this project, the main
restriction pia{ced on a Type II truclk is that it preserve coupler height, but the method
of mounting the wheelsets on the frame, and of supporting the carbody are not spec-
ified. This allows the project to evaluate a number of truck designs, both domestic and
. foreign, that differ to varying degrees from the conventional three-piece truck defined

as Type L.

The widening of the performance rénge due to the inclusion of premium trucks
underscores the need for establiéhing the quantitative measures of Type I truck
performance discussed in Section 1.3. Thus, the first task to' be performed in TDOP
Phase II and the planned'ap_broach constitutes the subject of this report. The task is.
summarized in the Statement of Work issued by the FRA:

'"The Contractor shall define performance indices which ean be cor-
related to the economics of railroad operation. Such performance
indices should include ride quality, curve negotiability, safe operating
speed, track foreces, and truck ecomponent loadings as related to wear
maiﬁtenance,‘ efficiency, and operating conditions. The Contractor
shall then define these performance indices in terms of ‘the economic
relationships to railroad operating costs and profits. The Contract_or
shall make use of the data collected in Phase I TDOP as well as any
appr;priate data collected under the programs itemized in Attachment
2, which lists government-sponsored research efforts. The Contractor
shall review this information for the purpose of determining the
adequaéy of available test data for quéntifying these performance
indices for a Type I freight car truck, for 'c']uantifying the relationship

2t



between the performance indices and the economic data for the
complete characterization of the Typel truck, for deriving
performance and test specifications, and for yielding data épplicable
. to model development and validation. Consideration should be given to
such items as: Is there adequate data to a) characterize Type I truck
performance under the most representative conditions of wear; b)
. -define performance variation in terms of ‘s'uspension“ “syétem
modifications including side bearing and stabilizer influence; c) evalu-
ate ride quality characteristics with modified and unmodified trﬁck'
suspensions under varying car body designs; d) correlate performance
and wear versus operating conditions; e) provide input to and validation
criteria for analysis tools; and f) generate total economically based

performance specifications for this class of truck."

In order to meet the objectives, it is necessary to establish a frame of reference and a
set of performance criteria that would be both inclusive and flexible enough to
accommodate all aspects of truck performance', and also responsive to the needs of
those responsible for the acquisition, operation and maintenance of freight car trucks.

1.5 REPORT ORGANIZATION

Section 2 of this report describes the characteristics of the freight car truck, and the
environment in which it must operate. It outlines the methods by which its per-
formance is investigated; these include road testing, mathematical modeling, and

analysis of maintenance and repair records.

Section 3 introduces a comprehensive scheme for establishing the characteristics of
the truck in terms of performance and deterioration, and points out the need for
translating conventional descriptions of these aspects into a terminology more

amenable to engineering and economic analysis.

Section 4 outlines the approach to quantification of truck performance in several
distinet operational regimes. The goal is the establishment of performance indices by

" means of which trucks of different characteristics can be objectively rated and



specified to suit specific operational requirements.

Section 5 gives an overview of the parallel engineering and economic studies aimed at
establishing the relationships between performance and cost of the three piece truck. ‘.

A plan for collecting additional economic data is outlined. Finally, Section 6 presents
- & sunmary of work to be performed in TDOP Phase II.



SECTION 2 - THE FREIGHT CAR TRUCK: ITS DESIGN AND EVALUATION

Apart from track, the freight car tfuek has long been recognized as the most critical
componeht 6f the rail vehicle system. It supports the carbody and its lading, guides it
along the track, transmits braking forces, and isolates the car to some extent from
dynamic excitation caused by track irregularities. In performing these functions, the
truck is subjected to wear and impact due to the highly concentrated forces at the

contact points between its components.

The design of the standard three-piece freight car truek, last improved by the addition
of friction snubbing in the "thirties", must be considered as an engineering, man-
ufacturing and economic achievement. It is relatively inexpensive to produce in large
quantities by casting. Its loose construction, i.e., the bolster-side frame and adapter-
pedeétal connections, make it tolerant of vertical track irregularities (a property
generally termed "equalization" which refers to the load distribution over the four
wheels when their contact points are not in a plane). The truck's relatively few stan-
dardized components can be readily stocked at repair facilities, and mamtammg or

r'epalmng it does not requlre a hlghly skilled labor force.

The efficiency of the standard truck design may be appreciated from the fact that the
weight of a carset (i.e., a pair of trucks) is only 10% or less of the gross vehicle
weight. This is remarkable in view of the restrictions placed on the truck envelope by
the limiting dimensions of height, width and rail clearance within which both the
suspension components and the load-carrying structure must be accommodated. In an

engineering sense, the three-piece truck may be regarded as optimized.

2.1 THE TRUCK ENVIRONMENT

The performance of the standard truck becomes even more remarkable when one
considers that it must operate under a wide range of conditions. The period during

which these conditions change range from years to fractions of a second.

Deterioration of truck components, such as wear of wheels, snubbers, gibs and adap-
ters, takes place over several years and profou'ndly: modifies truck performance,



usually for the worse. Changes in the foundation modul,us' of the track are in part
caused by seasonal and diurnal variations of temperature ahd humidity; these changes .
in turn affect truck behavior, as may -he evidenced by- the number. of deraiiments on

~ frozen ground, or on rail forced out of-gauge-limits: by thermal expanswn, and by the
Amcrease m cr1t10a1 Speed on wet rail.

A major Cha,nge in o?ﬁzﬁating conditions.is represented by the total gross rail weight,
which may vary by a factor of two or-more (depending-on the lading)-and-=oceurs over
periods -measured in days or weeks. This variation. in weight greatly- affects-the: -

_ sbehavior -oft-some -cars;-particularly -with respect to hunting- s&ébilvi?ty and
~ harmenic roll. - |

, The- most important change in operating conditions to which-the- truck must
aceommodate_itself ié‘t-he va-riabi'li‘ty"‘in"t‘he“"track', ~whiceh. varies during-time intérvals

“measured in seconds-to- mmutes, althoucrh -some. eharacteristies-due-to*terrain may-vary:

over hours. Changes encountered by the truck include transitions from tangent to
curved track, from contmuously welded to jointed rail,-crossings, turnouts. and bridges.

. Another ‘variation in operating conditionis- caused: by the difference in the.standards to--
which a railroad maintains the- track. T o '

Adaptation of the truck to all of these changes in condition is, of course, not practical.
Long term changes (e.g., deterioration) are routinely corrected by maintenance. At
the: other-end of the time scale, changes in track properties must simply be handled by

_the .ability of:the-truck-to..mitigate=their -effect-on-the-car and-lading:--Maintaining: -

e

-gro§s"r',ail‘..weightfi-s feasible -ﬂn-lyri:n?unu»sua‘lz-e-carses',!'-'f*or;zéXample,' when a railroad runs
) 'un,it;traifls,—-loaded, with ore’'in one direction, and with eoal on the return trip. It is not.
surprising that hunting is less of a problem for- cars that always run fully loaded, than

" “~for those that must travel empty at high speeds.

"In recommending suspensi_on parameters, ‘truek manufacturers take into-acecount, to a
limited extent, the predominant serviee eondition of the freight care t-o be carried by |
their 'trucks However, the range of available suspension parameters.of.three-piece
trucks is limited to- sprmg travel-and-frietion-snubber column load.. This range is small

compared to the operational variables discussed above.
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2.2 TRUCK COMPONENT DETERIORATION

An essential requirement of the freight ecar truck is that it must perform in the en-
vironment. described above in a state of increasing deterioration, which is brought
about by its interaction with that environment. In the standard three-piece truck, the

only precision comp'onents are the roller bearings, the journals of the ‘axles on whieh

~ they are mounted, and the surfaces of the adapters that mate them with the truck. All

other components, such as the center bowl, friction snubbers, gibs, and the adapters
themselves, transmit loads by metal—toémetal contacts through surfaces capable of
moving relative to each other - -sliding - or normal to each other, through clearances.
The resulting deterioration of these highly loaded connecting points or interfaces
represents a large cost to the industry bécause repairs or replacements must be made
to ensure safe operation and prevent delays. In addition, the changes in clearances as
the connecting surfaces wear or deform changes the kinematies of the truck as a

mechanism.

These changes have a profound effect on the dynamic response of the truck and the
railcar body to the conditions of the track described above. For example, wear of the

frietion snubber shoe decreases the resistance to harmonic roll and thus results in

* inereased probability of derailment when the vehicle is crossing staggered rail joints at

certain critical speeds. Snubber wear also decreases the yaw stiffness of the bolster-
side frame connection; the resulting increase in the degree of parallelogramming
increases the angle of attack of the leading wheelset during curve negotiation and thus
leads to increased wear of both wheels and rails. Comparable changes in truck

performance can be associated with almost every other group of components.

Wheels, brakes and rails interact to produce complex wéar patterns that affect
performance long before components are changed or repaired to ensure safety of
operation. As with the other eiamples given above, the cost of impaired effectiveness
due to deterioration is not easy to establish since the mechanism of damage cannot be

viewed in action and must be inferred by analysis of such damage.

T

2.3 DIFFICULTIES OF TRUCK IMPROVEMENTS

The standard three-piece truck is highly serviceable, but not perfect. Attempts to



improve its performance and dyrability have a long history, with both railroads and
sUppliers contributing novel componenf;sas—ﬁw"ell as entirely new design concepts.- The

_acceptanee of these improvements is impeded net only by their unavoidably higher

initial cost, but by the diff ieulty iof justifying. this cost in terms of improved
performance, which is defmed as a combmatlon of higher safe operating speed greater
loadncarrylng capagntyg 1mpx oved mde quallty, reduced damage to track structures, and
lower maintenance cost '

I_m,ptrovement' requires detailed knowledge of what exists; thus, characteri‘.zation must
p.I:ecA[_ede,“ and form the basis ffor,‘op,timizétion. Three main sources of information on.
t:hek 'berfocmanee are road te,s,ts_f,,. mat@hemetﬁical"mqqels and maintenance records.
Bata from these sources are apt to be limited by the selection of variables, distorted

Aby the method of--ac¢quisition, and sometlmes depmved of potentlal usefulness by

'1nappropr1ate interpretation. The problems associated with these information sources

L

are briefly outlined below.

2.3.1 Road Tests

- _ Since railroads tend.to be péagrhatic_, their preferred procedure for characterizing

truck'pepforr'nance from the operatibhal and economie ‘s'taridpoints has been road tests,

~ It seems safe to state that there is notime when at least one road test is not being -

conducted somewhere on the North American continent. A road test represents the

real environment in all its complexity,?ifather"‘than simulates it partially. rI"his tends to

-lend. credibility to. the results which may be enhaneed by direct observation of‘the teSt'
-specimen. | '

The test approach to’ 1nformat10n gathering is useful when the variables can be-un- .

- amblguously 1dent1f1ed For example, the.stress distribution in a bolster-under- known -

conditions of speed and-track- propertles,- when:combined with laboratory data; may be:-

-"_ used with some.confidence-to:predict.fatigue-life-in bolsters manufactired to the same

standards of quality control with respect to materials_and workmanship. On the other:-
hand, when some of the important variables are 1mpreclsely known, prediction of

‘vehlcle behavior for conditions other than those: tested becomes less nehable An

example is the influence of moist rail on the eritical .speed of hunting which illustrates

10
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the effect of a large change of conditions on the magnitude of the crcep coefficient

which is not accurately known in the first place.

The diffiéulty of predicting.long-term resul_fs from road tests has been illustrated by a
number of case histories. Modifications of a vehicle shown by road tests to solve a
particular problem have at times given rise fo other problems during prolonged éervice,
caused by imf_oreseen interactions. The possibiiity of multiple causes cohtributing to

an observed failure or malfunction greatly'increases the difficulties of interpretation.

Lack of s‘_uitabl'e transducers, and the difficulties involved in their development and

application, have emérged in recent years as factors Hmiting the information that can

_be extracted fripm"road tests. The variables most"difficult to measure are generally

the same as those causing the greatest problems in the matheinatical modeling of the
fréight car truck. These are the areas between components in sliding contact which
exhibit non-linear interactions. They include the bolster~side frame connection made
through the friction snubbers, the contact areas between the pedestal and the adapter, -
the bolster gibs and side frame columns, and the wheel and rail. Since these sets of
componenfs constitute the major wear points of the truck (apart from the brake shoes),
their ch'a.nges in shape modify the kinematics of the three-piece truck and thus affect

the dynamies of the vehicle to a large extent.

The problem of measuring the interaction between truck components at their contact
areas has received considerable attention in TDOP Phase II. A transducer system for
measuring snubbing friction forces and column loads (including differential column
loads due to center plate friction moments during curve entry) is about to be road
tested. Consideration is being given to the measurement of vértical, lateral and
longitudinal wheel loads, including the lateral shift of the vertical load on the adapter
crown due to side frame roll. It is also considered important to locate the transverse

position of the wheel with respect to the rail; to make possible the -correlation of

wheel contour with ecurving behavior.

In summary, care will be taken that the road tests planned for TDOP Phase II will be

properly conducted, adequately instrumented, and rationally interpreted.

11



2.3.2 Mathematical Models

Mathematical modeling is a useful and often indispensable tool for interpreting and-

‘predicting the behavior of dynamie systems. However, applications of modeling tech-
niques to freight car trucks have had mixed success, and opinions concerning its use-

fulness for solving the railroads' problems are divided.

The foundation for the systematic _application of mathematical modeling to some
aspects of rail vehicle dynamies was laid in‘the‘ 1960's by Alan Wickens and his group at
~ the British Rail Research Establishment in Derby. -~ Wickens'- linearized  analyses of
hunting were supported by the results of bath roller rig and track teéts, although
discrep’anéi_es between predicted ang mqasluped friction forces were noted. -

2.3.2.1 Models of Freight Car Trucks. The mathematical modeling of the three-piece

freight car truck represents a more complex task than the linéarized versions of the
passenger cars analyzed by Wickens. The non-linearities already referred to allow
simplifying linearizations, with their efficient analysis in the frequency domain, to be
made only under the assumption of small motions. However, the main interest of the
railroad industry centers on those aspects of safety relaied to extreme behavior of
freight cars, and on the damaging effects of both track=-and self- excited force inputs
of large magnitude, when system parametérs change rapidly and often discontinuously.
Typical examples are a freight car undergoing harmonie roll of large amplitude, or the
wheel flanges of a hunting truck striking the rails. Mathematical models that deal
with details of such behavior require analysis in :che time domain, which is more costly

and time consuming. The modeling is made more difficult by the searcity of reliable

‘'measurements for the parameters that characterize the non-linear connections

between truck compon_ent’s.

2.3.2.2 Validation. A mathematical model is said to be validated when it is shown to
be ablé {o reproduce or predict a physical event, sequence of events, or other repre-
sentation of reality aceording to a set of criteria. These validation criteria may define
an acceptable match between the measured and calculated values of a set of
.'pérameters, or the pfobability of an eveﬁt's happening bf not happening, or any other

verifiable quantity or circumstance. However these ér,if;éria are defined, they must be

12
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related to some significant feature of the system being modeled in order to be:
meaningful in a practical engineering context. In the end the selection of validation
criteria is based on professional ]udgment and a consensus of 1nfor'med opinion is

required to decide on the validity of the model.

The validation criteria may thus be said to be equal in importance not only to the
construction of the mathematical model but also to the kind of measurements, and
their acecuracy, with which the modeling results are to be compared. It follows that
the activities of model construction, identification of validation criteria, and selection

of test conditions and measurement channels must be closely coordinated.

Besides providing valuable insight, a well-validated model can reduce the amount of
testing required. However, the confidence that may be placed in a model's ability to
predict conditions other than those shown to agree with test results is commensurate

with the extent to which it has been validated.

2.3.2.3 Mathematical Models in TDOP Phase II. Mathematical models will be utilized
in TDOP Phase II to anélyze and predict the behavior of trucks and freight cars..
Validation of existing models, and others that may be required, is an essential part of

the work being carried out.

Validation of models representing freight cars on three-piece trucks will initially be
based on test data acquired in Phase I. . An approach to modeling, given in the
Appendix, is illustrated by the analysis of the dynamics of a freight car under normal
operating conditions through an evaluation of test data and their comparison with the
results of some simple models. The example demonstrates a number of the points
made above, including limitations arising from unav01dable imperfections in the data,
which circumsecribe the limits of validity but do not preelude some useful conclusmns
and insights.

2.3.3 Evaluation of Wéatj and Damage

Establishing the cost-effectiveness of the freight car truck requires not ohly the
analysis of performancé under given operating conditi-p_ﬁs,‘ but also an assessment of

13



the deter10rat1on of truck components, the car body, and the ladmg, as a’ result of
these operating conditions. -

One impediment to determining the cost effectiveness of a specific freight. car truék" is
the form in which records of repair and maintenance are kept... It is difficult to
establish the real causes of a particular case of deterioration in a truek component
One of the most 1mportant results to be achieved in TDOP Phase II is the establish-
ment of correlations between the performance of the truck, and the cost of reahzmg_ _
_ that performance. The collection of additional economic data will be discussed in.a.
separate report. A framework for correlating data on truck ‘performance and
deterioration is presented in Section 3 of this report. ' ‘

'2.4° TRUCK DESIGN IMPROVEMENTS

While many details on truck performance and deterioration remain to be dealt with
‘quantitatively, there exists a ba51s of knowledge and data sufficient to suggest ma]or :

1mprovements in design. These 1mpvovements are of two main kinds:
° Modlflca’_clon of the three—plece truck by addition of special hardware

o  Alternate truck configurations.

2.4.1 Modified Three-Piece Trucks

A number of special components have been developed to improve the roll dynamies of
the .carbody. Among these are constant contact side bearings, center plate extension
padé (C—PEPS) and adjustable pneumatic side bearings (air springs). Modifications of
~ the suspension, intended to improve ride quality and dampen harmonic roll, include
augmented snubbing, through higher column loads, by additional dampers inserted in
the spring nest, or by hydraulie dampers.

Several approaches have been tried to improve lateral stability. Apart from larger
center plates, which increase resistance to truck swivel, such modifications include
hydraulic dampers-between the carbody and truck bolster, or between the truck bolster
and side frames,” and structural ties between the side frames to reduce
parallelogramming. The rigidity or resistance of these devices required to maintain

14



the truck in tram against the moments applied bty creep forces appears in general to-

have been underestimated.

Several of the modifications listed above have been in service for some time, and a
number were tested in TDOP Phase I. Evaluation of these test data will be performed

in Phase Il

2.4.2 Alternate Truck Designs

Almost without excepﬁon, all Type II trucks are made up of two side frames connected
at their centers by a member analogous to the bolster of the conventional Type I truck.
What distinguishes alternate truck designs from each other, and from the conventional
truck, are the nature of the side frame/bolster connection,- the suspension, and in a few
cases, the method of supporting the carbody. These differences exert a significant
effect on truck performance, particularly with respect to curve negotiation, lateral

stability and load equalization.
For purposes of classification, premium or Type II trucks may be broadly divided into
"rigid" and "radial" configurations. Differences between individual members of each

. class are discussed below with reference to the standard or Type I three-piece truek.

2.4.2.1 Rigid Trucks. The connection between the side frame and bolster allows

relative displacement in all six degrees of freedom. The bolster moves vertically to
change the spring loéding under varying vertical loads, and its capability for lateral
displacement, limited by the bolster gibs, isolates the carbody to some extent from
truek motions caused by laterél rail irregularities, or from self-excited motions.
Longitudinal motion of the side frames oeeurs during braking and thus isolates the

center plate to some extent from shoek loading.

Since the springs are placed close to the axis of rotation in pitech of the side frame
(i.e., a horizontal axis through the bolster), they eannot exert a large moment and thus
offer iittle resistance to the rotation of individual 51de frames caused by cross level
rail irregularities. This response is called equahzatlon or tracking ability and is
important in maintaining vertical wheel loads adequate to prevent deraﬂment under

31multaneous lateral forces.
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However, this advantage is obtained at the cost of impaired characteristies in other
_ respects. The side frames are free to roll (about longitudinal axes) which requires that.
"the beapiﬁg adapters be ecrowned to prevent rocking. Crown wear due to sliding
restricts the roll freedom of the side frame.

The least desirable characteristic of the ldosé bolster-side frame-connection is that it
allows relative rotation in yaw (about a vertical axis). This reduces the kinematie
wavelength of the truck and lbwers'the critical speed at which body hunting begins, A
second effect of yaw rotation is the parallelogramming of the Vtruck in curves, which

increases the aﬁgle of at\ta,;:kl of the leading wheels with respect to the rails and thus
| promotes wear of both. o - o

A different compromise is represented by the truck-with a completely rigid bolster-
side frame conneétion, sﬁch as the French Y-25 or the British Gloucester GPS 25. The
rigid connection, of course, requires a primary . suspension (i.e. springs at the axle
bearings) which has the advantage of reducing the unsprung mass. Howéver, while the
stiffness in tram brings the advantages mentioned above with regard to hunting and
curve negotiation, larger deflections of the primary suspension springs are required for

| wheelllvoad equalization than are compatible with other important features, such as
desired natural frequencies of the ecarbody and available space. Thus the capability for
load equalization of European trucks is considered less adequate for American service
than that of the standard truck. ‘

This problem of equalization is solved in the Symi'ngton XL-70 truck by a side frame-
bolster connection which keeps the truck in tram but allows the side frames to pitch.
The primary suspension' springs thus need not. be designed for the additional travel

-required for load equalization.

A numbei' of American trucks with see'o'n_dary éUSpensions have also been designed with
a view towards‘eombining stiffness in tram with the freedom of the side frames to
rock (pitch) so as to improve equalization. The Rockwell truck achieves this by a pair

of connecting rods, parallel to the bolster, which are mounted in spherical bearings.

The ACF fabricated truck makes use of a transom _plat'e' connecting the side frames,
which is rigid in bending but flexible in torsion and keeps the side frames in tram while
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providing freedom in pitch. There is no bolster since the weight of the car body is

carried directly on the side frames.

Yet another solution of the tram stiffness-load equalization problem is represented by
the National Swing Motion Truck. The side frames are connected by a rigid transom
which is mounted on rockers. This arrangement holds the truck in tram, but permits
them not only to rock for load equalization, but to roll as well. In combination with
the crowned pedestal roofs, this roll freedom permits the transom, and with it the
spring nest and bolster, to translate or swing laterally. The transom and side frames
thus act as a pendulum, the gravitational stiffness of W‘hich is in series with the lateral
stiffness of the suspension, and decreases the couplir;é between the truck and car body.

This feature, combined with the stiffness in tram, makes for good lateral stability.

2.4.2.2 TFlexible and Radial Trucks. A completely different approach to better truck

performance is based on the improvement in curve negotiability by reduction of the
lateral flange forces that ocecur in both rigid and standard trucks. Embodiments of this
design approach leave the good equalization characteristics of the standard truck
unimpaired but must inciude provisions for enhancing lateral stability which is not an
inherent feature of this type of truck. The following brief outline of curving kine-

maties may help to explain the main features of the radial trueks.

A single, unrestrained, coned or profiled wheelset can theoretically negotiate a con-
stant curve without relying on creep forces. The wheelset displaces radially outward
so that the diameter of the rolling line of the outer wheel is greater than that of the
inner wheel. One revolution of the axle thus advances the outer wheel farther along

the track than the inner wheel.

When the difference in advance is exactly equal to the difference in length between
the outer and inner rails between two radii through the center of the curve, the wheel-

set performs pure rolling motions, without sliding or creeping.
When the wheelset is prevented from assuming a radial position in a curve, as it would

be in a rigid or standard three-piece truck, the direction of rolling of the wheels is not

aligned with their direction of motion tangential to the curve. The wheels thus slip
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radially, and the resulting lateral creép forces, outward at the leading axle and inward
at the trailing axle, constitute a moment that resists th'e'rot.ati_on of ‘the'truék as it - |
" rounds the curve. ‘This' moment is balanced by longitudinal creep forces, directed
forward at the outer wheels, and backward at the inner wheelé, which afe due to the
factA that the truck is displaced radially outward beyond the rolling equilibrium position
| of the single wheelset described above. Thus, the wheels also slip in the longitudihal
direction. ' ' - ' S

The condition described above, which is called flange-free curving, pre?ails only as
long 'as sufficient flange,clearancé remainé; As the radius of the curve décreasés,
contact occurs between the flange of the outer leading wheel and the rail. From that
- point on, the truck is guided around thé curve by the flange force which must
ovefcome' the friction forces of the slipping wheels. (This simplifiedv descript‘ionA has
~ omitted the consideration of gravitational stiffness which may be significant in pr_o#
filed wheels.) The lateral forces can reach considerable magnitude even when the
curve is traversed at equilibrium. épeed, and this condition is thought to contr_ibute
significantly to wheel and rail wear. It is aggravated in.the loose three-piece truck
because the angle 6f attack increases as the truck is forced out of tram by the frictidn
forces. . - ] -
The regime of flange=free curving can be extended to curves of smaller radius by
~ providing some lohgitudinal flexibility at the axial boxes, so as to allow the wheelsets
to approach a radial position. This approach has been tried with some success in
Germany where the lateral forces on the outer wheels of a so-called flexible truck
were about 40% of that at the leading outer wheel of a rigid truck. However, a com-
promise is required between good curving ability and lateral stability: a truck with too
soft a wheelset yaw restraint has. a low critical speed. ‘

Another disadvantage of the flexible truck is that the capability for radial alignment

of the axles is largely lost when the curve is traversed at other than equilibrium speed.

In order to extend the range of flange-free curving to curves of sma]le}fl radilis, and to ’
‘non-equilibrium speeds, a number of truck designs have been proposed, in the last 40
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years, in which the axles or side frames are constrained by special lin‘kages, into near-
radial alignment in curves. Recent versions of this concept are the British Scales
truck, the List truek (built as the Dresser DR-1), and the South African Scheffel or
Cross Anchor truck, developed by Standard Car Truck Company.

All of these trucké require‘ suitable elastic longitudinal restraints at the axle boxes, in
the form of elastomerie springs, to assure lateral stability. It should be noted that the
bolster-side frame connection and the secondary suspensibn of the American radial
trucks are conventional and thus preserve the advantages of équalization, as well as

standard components such as snubbers.

Since radial trucks depend on creep forces for flange-free curving they require wheels
of relatively high effective conicity. This requirement conflicts with the low effective
conicity desirabl'é for high critical speed. Therefore, some wheel profiles used with
radial trucks have a low taper at the rolling line, a throat with a large radius, and a
drop-off taper. The later two properties produce a large difference in rolling radii
when the wheelset is displaced from the rolling line (where both wheels run on equal -
radii) and produce the loﬁgitudinal creep forces that guide the truck around the curve.
The effect of wear on the change in wheel contour, which may affect the curving

performance, remains to be investigated.

2.4.3 Assessment of Type II Trucks

A number of the Type II or premium trucks described above will be road tested and
analyzed in TDOP Phase II to establish quantitative information on their performance
in the principal regimes mentioned in Section 1, and more fully discussed in Section 4.
Since most of these trucks have had relatively little servicé, they will be operated in
unit trains for one to two years,‘and their wear characteristics determined by .periodie

measurement.

All of the premiuim trucks have an initial eost higher than that of the standard three-

piece truck. While this cost may well be justified in tefins of savings (through better

performance and reduced maintenance), it cannot be assessed without first establishing

the relationships between cost and performance of s_tgﬁdard trucks. The standard
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three-piece truck has yet to be quantlfled in sufflclent detail to permlt an- economlcl
evaluation. '

The basic data for such a study were acquired in Phase I of TDOP. Phase 11 will evalu-
ate these data, supplement them, if necessary, by additional tests, and develop cost |
and performance baselines against which Type II trucks can be compared. .

In order to meet thls objective, it 1s necessary to establlsh a frame of reference and a
set of performance 1ndlces that cover all essentlal englneermg and economic. aspects‘
of the freight car truck '
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SECTION 3 - CHARACTERIZATION OF TRUCK PERFORMANCE

3.1 TERMINOLOGY
One of the problems of dealing effectively with the truck is that it is seen and dealt
with in widely differing ways, and from different points of view, by those engaged in

its design, analysis, mathematical modeling, construection, operation, maintenan_'ce, and
financing. Each grdup tends to emphasize certain features or characteristies of the
truck at the expense of others, and arrives at conclusions and recommendations not
necessarily in agreement with those of another group that uses a different frame of
reference. In order to characterize the performance of the freight car truck, as a
necessary prerequisite to quantification, it is necessary to settle on a terminology that
is both useful to the operating and maintenance of the truck, and technically A
discriminating so as to be able to identify problems and point to solutions at the en-
gihe_ering level. A

There is some discrepancy between the railroads' and operators' approach to the truck,
and that of the theoretician and constructor of mathematical models. A railroad
knows what truck-car éombinations give rise to operational or maintenance problems; .
in iooking for long-term effeects it enjoys the advantage of large sample size and is
thus able to identify components, or combinations of components, directly associated |
with unsatisféctory operation. The drawback of this pragmatic approach is that it
tends to addréss a problem too specifically. A component may be modified when it has
caused trouble, but the solution of that pt'oblem leads to another problem because the
modification has changed the performance of the entire system in ways that were not
predicted, but may not have been unpredictable. One often hears this sequenée of

events deseribed as the "band-aid" approach.

The mathematical modeler faces the opposite problem. In order to deal with a work-
able system, he must simplify, abstract and generalize. When the model does not
agree sufficiently well with reality, he is driven to including greater amounts of detail.
Beyond a certain amount of "refining" or "tuning", there is the risk of losing sight of
the ‘main objective of the modél,, which is to solve a particular problem, or to gain'
insight into an important phenomenon. Thus, while the railroad's and the  modeler's’
truck start from the same object, their charjaéterizations are sometimes too far apart

for fruitful communication.
) '
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‘The objective of this. seétio‘n is to bring :tbgethex? the various points .df view frbm which A"
. the freight car truck may be approached, and to clarify the relations betwe'e_h th’em. '

3.2 THE TRUCK "UNIVERSE"

Figure 1 shows the frames of reference used to deal with the freight car truck. The
diagram is divided into two main domains, performance and detérioratibn, with cost
indicated as a factor in both. The mterface between these two domains is formed by
" the truck components. '

3.2.1 Operational Regimes

Performance may be defined either in operational or in functional terms. Operatiorial
descriptions include a combination of problem. areas, phenvomena', '. regimes, and
_conditions. Some of these are indicated in Table 1. For gxamplé, hunting' may_'be'\

~ considered a phenomenon, a dynamic regime, and a problem afea. . Other :ma'jor
performénce regimes listed are curve negotiation, hat'moni_c roll, ride quality, de-
~ railment, load equalization, braking response, and possibly others. Under each major-
heading are listed som'é of the characteristies associated with the pa’rticulaf regime.
Such a claési'fication of truck performance features is useful for demonstrating the
range and variety of requirements, and there is probably little doubt as to the Ach’ar—
acteristies of the ideal truck in an§ of theée_ performance regimes. For example, all
railroads would like a high critical speed and low sensitivity to wheel profiles with .
respect to hunting, and also a rhinimum flange force ‘during curve negotiation.
Unfortunately, the requirements for high performance in several regimes are fre-
~ . quently incompatible. '

The weight given to some aspeet of performance over another depends to some extent
on a railroad's particular operating conditions, as well as on economic factors. The
process of trading-off to reach an acceptable level of pérformdnde is called optimi-
zatibn in the context of this report. Because of the complexity of the freight car
truck and its environment, optimization should not be considered in the same light as
the exact discipline of the same name.

3.2 2 _E_ngneermg Characteristics
Optimization requires’ that the truck: be cons1dered in functlonal terms, that is, in

terms of the engineering characteristies of its components_ and their interaction. This
approach makes available a large range of. techniques and experience developed and
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Table 1. Truck Operational Characteriéti;}j

HUNTING

Critical Speed

Lateral Acceleration

Sensitivity To :
- Wheel & Rail Contour
- Gauge

- Carbody Properties

CURVE NEGOTIATION

Axle Alignment
Lateral Wheel Loads
Wheel Climbing
Wheel Unloading
Resistances

HARMONIC ROLL
Critical Speed
Maximum Amplitude
Centerplate Liftoff
Buildup And Decay Rates
W heel Lift
S: ubbing

RIDE QUALITY
- Shock
Vibration
Isolation/Transmission
. Damage Potential

DERAILMENT

Wheel Climll)ing.

" . Loss of Guidance (Wheel Lift)

Change in Gauge
- = Pre-Existing
- Forced

LOAD EQUALIZATION

Resistances

BRAKING RESPONSE
Crabbing. ‘




validated for other mechanical and dynamic systéms. Major engineering char-
acteristics are listed on Table 2. These include the kinematics both of the truck and of
the wheel on the rail, stiffnesses and damping characteristies, clearances and other
significaht nonlinearities, load paths, statics of the braking system, and finally the
signifieant characteristics of the car body, such as its dimensions, including the truck
spacing, its mass, its mass distribution, (i.e., moments of inertia and location of center

of gravity) and in some cases, its flexibility in bending and torsion.

" The analysis of these functional characteristics of the truck and car body is an
essential part of the mathematical modeling process to be discussed later in this
report. The engineering characteristies shown in this list are, of course, abstractions
that present significant features of the actual truck components on the centerline of
the- truek universe (see Table 3). Some of these c_omponénts require a detailed
breakdown to reflect their importance in various performance regimes, and to make

possible the required engineering analysis.

3.2.3 Deterioration

To reflect actual conditions, a realistic engineering analysis cannot be based on the
assumption that all of the components remain unchanged over a pefiod -of time and
perform their functions according to the equations describing them when new. Almost
all components of the freight car truck are subject to various forms of deterioration.
The deterioration in performance may be high in proportion to the amount of metal
removed or damaged. For example, a small change in wheel tread contour may greatly
lower the critical speed as may a widening. of the clearances between the bearing

adapter and its seat in the pedestal.

Deterioration is accepted as a reality inherent in freight car operation and is-allowed
for in maintenance schedules and repair facilities, as well as in replacement budgets.
Frequencies and rates of failure above the expected are cause for concern, especially

when they oceur in a particular type or class of components.

In spite of steadily improving methods of mathematicéi ‘and physical analysis, cir-
cumstances of accelerated and catastrophic deterioration remain difficult to establish.
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‘Tabie 2. Truck Functional Characteristics

'KINEMATICS

Truck Frame
Wheel/Rail

STIFFNESS - TRUCK

Warp

Torsion

Roll
Nonlinearities

STIFFNESS.- SUSPENSION

Vertical

Lateral
Yaw (Swivel)
Roll

| pAMPING

Vertical
Lateral

Yaw
Nonlinearities

BRAKE MECHANISM - STATICS

'CLEARANCES
Adapters
- Longitudinal
—  Latéral
Gibs
- Lateral
- Longitudinal

Side Bearings

LOAD PATHS

Braking Load

Eccentricities

Vertical
Lateral
Primary

Secondary

CAR BODY

Dimensions

- Truck Spacing
Mass
Mass Distribution

Flexibilities_
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AXLES

WHEELS

Tread
Throat
Flange
Plate
Hub

BEARINGS

ADAPTERS

'SIDE FRAMES

Pedestals

Columns

RAIL
Profile
Gauge

(Foundation)




Table 3. Truck Components

BOLSTER
Beam -
" Center Bowl
Gibs

~ SUSPENSION
Springs
Friction Snubbers
Side Bearings

. BRAKE SYSTEM
Shoes

Brake -Beam

Linkages

SPECIAL COMPONENTS
Links & Ties
Hydraulie Shock Absorbers

Elastomers




This méy in part be due to limitations in the method of reporting and accounting which
are limited to few categories;' For example, some reporting systems make provisibns :
for only three categories of deteribratipn: broken, worn or missing. There are good
reasons for setting up condemning limits for worn wheels, such as "thin flange" and
"high flange"; however, these regulations do not cover subtle differences in wear
patterns which may have a profound effect on lateral stability, nor are they able to
identify differences in causes, and sometimes not even in the mechanism of wear. For
example, the change in contour in the throat of a flange that may appear to be calised
by wear may in fact be due to metal flow caused by severe and repeated impact
associated with hunting. '

The lower half of the freight car truck universe diagram (Figure 1) illustrates the need
for such clarification. It distinguishes between modes or evidence of deterioration on
the left, and mechanisms or causes of deterioration on the right. Some of the major

modes of deterioration are:

“metal flow

abrasion

plastic deformation surface/subsurface cracks

gross loss of material brittle fracture

change in properties dislocation

The more important mechanisms or causes are shown in Table 4.
The identification of failure modes and mechanisms in more precise technical terms
may well facilitate the solution of such problems, again by relating them to the exist-

ing technology. That is the main advantage of, for example, characterizing center

plate wear as being associated with boundary lubricated sliding friction.
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Table 4. Mechanisms or Causes of A’I‘ruck Deterioration

Overload/Overstress
Fatigue
Impaect
Thermal Stress
Sliding Friction - Unlubricated
Sliding Friction - Boundary Lubricated
Contact Stress '
- Shear
- Fretting
- Stress Corrosion
Cutting
Manufacturing Flaw
Misfit

3.3 TRUCK "UNIVERSE" APPLIED TO HUNTING

Although deterioration shows up in individual eomponents it must be treated as a
system problem, just like performance, for the most effective solution. In fact, the
aspects of performance and deterioration are connected and interact. = We may il-
lustrate this interaction by applying the diagram of the freight car truck universe tb a
specific phenomenon, that of. hunting, shown as a single entry in the operational

category (see Figure 2).

Functionally, this is connected with a large number of engineering characteristies,
shown on the right, which include the kinematics of both the suspension and the wheel
and rail, the stiffness of the truck and suspension, clearances in all the mechanisms,
and the characteristics of th‘e car body. The components of the truek directly involved
are the wheel tread and throat as well as some properties of the rail, including profile

and gauge, and surface condition.
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The deterioration side of the diagram shows some of the possible modes and me__ch#
anism of damage that may be involved, such as metal flow and fracture in wheels,"

dislocation of the rail due to lateral impaet, impact at the gibs and the ‘rim'of the
center bowl, and center plate wear due to boundary lubricated sliding frietion.
Another possible interaction begins with the configuration of the brake vrigging which
influences the transverse location of the brake shoes with respect to the wheel and is
believed to affect the development of the worn contour. This in turn can lead to la§rge
differences in critical speed, an effect that has been verified in several road tests and

in the analyses based on test results.

The interaction between performance and deterioration for the case of hunting are
shown in Figure 3. Hunting in freight cars occurs when one of the lateral natural
'ffequencies of the car body on its suspension comes close to the kinematic frequency
of at least one of the two trucks. Therefore, different cars with the same truck, or

the same car with different lading, will not necessarily become unstable at the same .

critical speed. When two identical ears with the same lading have widely different
critical speeds, under the same track conditions, this difference in performance can be
shown to be due todifferences in the contours of the worn wheel treads which i.niturn
are believed to be produced by the characteristics of the brake rigging, and by

differences in the brake shoes themselves.

The contributions of these'various factors to the development of stable and unstable
wheel profiles are not well known, and consideration is being given to the construction
of a test rig that will allow a more positive identification of the importance of the
various factors involved in the wear process. Thus, the left side of Figure 3 represents
a combination of known facts, such as the dynamies of the spring mass system
represented bj} the car, and the importance of the effective conicity of the wheel
profile, with conjectures concerning changes in the system due to localized
deteriorafion, that is, the removal of small amounts of metal from the circumference

in fhe wheel.
By contrast the right side of the diagram portrays the observable damage and the

resulting cost .of repair ‘or replacement.. Such damage is caused by impact between the
wheel and rail, which may result in damage to both, as well as to other truck
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components through which the impact forces are propagated, such as the bolster gibs,
the side frame columns and the center bowl. In severe cases, the car structure may be.
fatigued and the lading damaged. In addition, if there is relative motion between truck
cémponénfs during iimpacts, caused by huntihg thére will obviously be abrasion and
fretting, even fractures may occur. ' ‘

Similar relationships between performance and deterioration aspects may be estab-
lished for other major performarice regimes of the freight car truck. - The considera-
tion of these relationships is an essential basis for the establishment of performance
guidelines. : o
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SECTION 4 - QUANTIFICATION OF TRUCK PERFORMANCE

4.1 SELECTION OF PRINCIPAL PERFORMANCE REGIMES

The preceding section has presented the truck environment in a number of reference
frames and has pointed out some of the relationships between performance and de-
terioration. In order to define truck performance in quantitative terms, it is neces-
sary, as a first step, to select a number of operating conditions or regimes that fulfill
the criteria mentioned in Seetion 1. Individually these regimes sho_uid be associated
with distinetly different operating conditions, and collectively, they should permit

overall evaluation of truck performance.

The following regimes have been selécted for quantification of truek performance:
R e Hunting
o Steady State Curve Negotiation
e Load Equalization

e Ride Quality

They represent distinetly different and complementary aspects of truck performance.

4.1.1 Hunting

Hunting is a self-excited lateral and yaw oscillation of the truck and carbody that
occurs above a certain speed (the "eritical speed"). The range of the eritical speed is
determined by a number of factors which include the contours of the wheel tread and
rail, the surface condition of the rail, the design features of the truck, the char-
acteristics of the suspension system, and the mass and mass distribution of the car-
body. With all of these parameters being equal, the contour of the wheel tfead has
~been found to have an overriding influence on lateral stability.

In dynamic terms, hunting represents an interplay between creep forces at the wheel-
rail interface, elastic restoring forces that tend to center and stabilize the truck,
inertial forces that act to increase the excursions of hunting, and suspension damping
that attenuates them. The effect of track irregularities is believed to be secondary to

the self-excited cause of hunting.
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In economic terms, the large relative motions of components in & hunting truck cause
accelerated wear; impacts between wheel flange und rail cause gauge widening and
pose the danger of wheel fracture, and severe lading damagb is-'known to be caused by

the lateral vibration of the.carbody.

4.1.2 Steady-State Curve Negotiation

In steady-state curve negotiation, horizontal forcas betWeen the wheels and rails act
to rotate the truek about the center of the curve, even though there is no relative
rotation between the truck and carbaody. For standard freight car trucks, the lateral
force that turns the truck in the curve is usually the ﬂénge force at the outer leading
wheel, and-is likely to contribute to the resi\st_én(:o of the truek to forward motion. It
is believed that this flange force is'responsiblé for much of the wear ‘that leéds to .
condemnation of wheels for "thin flange". As mentioned in Section 2, one of the
objectives of truck designs has been the improvement of truck kinematiqs't'o extend

the region of flange-free curving to curves of smaller radius.

4.1.3 Equalization

Equalization ("trackability") refers to the ability of the truck to maintain an .adequate
load on-all four wheels under a range of t_rack conditions, and the dynamics of the
vehicle resulting from transient or periodicl changes on these conditions. A
combination low vertical wheel load with a simultaneous lateral load can lead to

derailment. Wheel lift is an extreme case of wheel unloading.

All trucks have some provision fof" accommodating vertical rail irregularities with a
wave Iéngth of the order of rriagnitude of the axle spacing. -This adjustment is intended
to retain a safe vertical load on the four wheel-rail contact points when they no longer
* lie in a plane. As discussed in Section 2, the standard truck adjusts itself to such
vertical rail irregularities by independent rotating of the side frames, while rigid
trucks rely on the displacement allowed by the secondary suspension, or on torsionally
flexible side frame connections. For all trucks,’ -there is some limit of track twist
-beyond which vertical wheel loads may fall beldv«i a safe minimum, and the probability

- of derailment is inereased.
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Vertical rail irregularities with a wavelength of the order of the truck spacing alsp\\
lead to wheel unloading by exciting some of the natural modes of vibration of \:d;‘é'
carbody on its suspension. Resonant vibrations are set up when the frequenecy of
excitation, given by the speed divided by the wavelength, is close to one of the body

mode natural frequencies.

The mode with the lowest natural frequency in freight ears is generally lower center
roll in which lateral displacement of the center of gravity and roll about that center
occur roughly in phase. Alternating vertical forces, most usually due to misaligned rail
joints, gives rise to car body osleilla.tions called harmonic roll or rock-and-roll, in which
the carbody pivots about centers successively farther offset from the geometric center

of the truck: first, the edge of the center plate, and finally the side bearings.

The lateral shift of the center of gravity compresses the springs on the one side until
they are solid and in extreme cases the opposite wheels lift off the rail. Derailment is
inevitable if any Kkinetic energy of roll rotation remains when the center of gravity of
the body is vertically above the side bearing..

Harmonic roll is a low-speed phenomenon, oceurring at speeds below 20 mph. The
critical speed is determined by rail joint spacing, mass and mass distribution of the car
body (inc,luding height of center of gravity) and the characteristics of the suspension
system, i.e., the spring rates. The main resistance to harmonic roll comes from
friction snubbing. The effect of windage (i.e., the air resistance of the car body) on

roll damping appears not to have been investigated.

At higher speeds, and thus higher frequencies, an important dyhamic cause of wheel
unloading is the phenomenon called bounce, although it should more properly be called
pitech. When the carbody oscillates about a transverse horizontal axis, with the ends of
the carbody rising and dropping out of phase; a vertical bounce motion may be
superimposed. The natural frequency is determined by the mass moment of inertia in

piteh of the carbody and by the suspension épring stiffness.

In both the harmonic roll and bounce regimes, derailment is highly likely if the lifting
wheelset is subjected either to lateral loads, or if there is a relative lateral dis-
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placement between wheel and rail. This may be due to a curved track, in the case of
harmonie roll, and to a lateral velocity of the wheelset near the bouncing end of a car.

4.1.4 Ride Quality

Ride quality denotes a standard of performance rather than a performance regime. It
is generally taken to refer to the acceleration environment in the carbody and thus
‘reflects the capability of the truck to attenuate both periodic and transient
distributions, i.e., vibration and shock arising from tgack irregularities. This char-
acteristic of the truck to act as a mechanical filter is also termed_transmissibility.
Unlike ride quality, which requires a definition of disturbances intrc;duced by the track,
it represents a characteristic of the truck alone and is thus more suitable as a
performance criterion. This point illustrates the case required in selecting suitable
performance criteria for each regime, a subject that is discussed in greater detail

below.

4.2 ESTABLISHMENT OF PERFORMANCE INDICES

4.2.1 Definitions

-

Section 1.3 has defined the relationships between performance regimes, criteria and
indices. To repeat briefly, criteria denote features characteristic of a specific regime;
they may be expressed in positive or negative terms (for example, "high lateral
stability" or "freedom from hunting"). A number of more or less general performance
criteria may be identified for each regime, but not all are equally suitable to charac-
terize truck behavior in a quantitative way. Such characterization requires the se-
lection of a measurable physical quantity that can be unafnbiguo’usly associated with
performance in a specific regime. The measure of performance serves as the per-
formance index.

It may be evident that the conditions under which a truck is evaluated in each regime
must be carefully specified. For example, track characteristics are of the greatest
importance in the harmonic roll regime, and in specifying ride quality, while it is
relatively unimportant with regard to hunting, except perhaps for gauge. A second

factor that must be specified is the state of wear of various truck components. The
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overriding effect of the worn wheel contour on the critical speed of hunting has been
well established. In addition, worn friction shoes reduce the level of energy dissip:“ati‘hd*m
during harmonie roll, bésides permitting greater truck warp in curves and thus
increasing flange forces. '

The process of selecting suitable performance criteria for establishing performance

indices is discussed below for each of the five major performance regimes.

4.2.2 Hunting

The importance of picking suitable criteria in establishing a performance index is
illustrated in Table 5, with respect to hunting.

Table 5. Hunting

CRITERIA INDICES

Safe Operation in Desired
Speed Range

High Lateral Stability
High Critical Speed Critical Speed

Low Sensitivity to Unfavorably
Worn Wheel Profiles

Low Lateral Accelerations Magnitude of Lateral Accelerations
Near Critical Speed

The first two criteria listed on the left are obviously important from the operational
point of view but do not lend themselves easily to quantitative expression. The third
criterion, ﬁigh critical speed, can obviously be directly translated into a number which
has long served as a performance index for lateral stability. The next criterion, low
sensitivity to unfavorably worn wheel profiles, represents a desirable feature in a rail
vehicle, but again would be difficult to express quantitatively. The final eriterion, low
lateral accelerations near the critical speed, may be the basis for a useful second
performance index. It allows for differences in the severity of hunting whiech has been
observed in different truck configurations.
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~ 4.2.3 Steady State Curve Negotiation

The second performance regime, curve negotiation, shown in Table 6, again illustrates
the care required in passing from-an operationally defined performance criterion to a

performance index based on engineering factors.

Table 6. Curve Negotiation

CRITERIA = INDICES

Low Wheel & Rail Wear |

Safety From Derailment ,

Low Lateral Wheel Load : Lateral Force on Leading
Outer Wheel per 1000 1b
Axle Load, per Degree of

Curve, Balance Speed

Operational considerations would lead to such criteria as safety from derailment and
low wheel and rail wear. These also are difficult to quantify. In order to isolate basic
differences in curve negotiation performance between different truck designs, we 'must
eliminate a number of extraneous factors such as the effect of unbalanced centrifugal
forece not compensated by superelevation, and transient effects that occur during curve
entry, and focus on the basic kinematic characteristics of a given truck th.at’determine
its orientation in a curve of constant radius, under the influence of creep and

'grayitational forces alone.

This suggests the lateral force on the outer leading wheel of the truck during steady
state curving as a likely candidate for a performance index. As is well known, and has
been confirmed by both road tests and mathematical modeling, this force is strongly
determined by the ability 6f the axles to align themselves with the radius of the curve.
By contrast, any property of the truck tending to increase the angle of attack, such as
the 'parallelogramming of the standard three-piece truck, increases the lateral wheel
load-directed toward the inside of the curve. Thus, a suggested performance index for
curve negotiation could be the lateral force on the leading outer wheel, per thousand

pounds of axle load, per degree of curve, at balance speed.
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The imperfections of this index are associated with differences in wheel profile whre;kg
would thus have to be specified in detail in the comparison between the curve
negotiation capability of different trucks, as well as in the creep coefficients that
determine the angle of attack of the leading outer wheel in flange-free curving.
Nevertheless, the most important characteristics of the truck in this-regime are
determined by its kinematics, as embodied in the relationship of the rigid components

and the properties of the elastic connections between them.

4.2.4 Equalization

As pointed out in Section 4.1.3, the conditions that affect reduction in vertical wheel
load may be classified according to the wave length of the vertical rail irregularity

that leads to such reduction.

4.2.4.1 Track Twist. The performance index for equalization with respeect to track
irregularities of short wave length, such as rail joints and track twist, is the easiest to

define, at least in a static sense:

Let WH =sum of forces on the three most heavily loaded wheels

-

Let W-L = force on most lightly loaded wheel .
= angle of twist of track within axle spacing of truck, degrees .
WUI = wheel unloading index

then

W /3_W W

Lj+6 =|1-"L }6 ,degr'ee_1
WH /3 WH/3

WUl =

It may be seen that this index may vary from zero for a perfectly equalized truck
(since 'WH/3 = WL) to 1/6 for a truck with one wheel completely unloaded, or unity for
unit twist in degrees. This simple, provisional performance index for equalization must

be qualified as follows:

40



a. Because of frictional resistance of the snubber, a truck on perfectly levél.
track may not have all wheels equally loaded. '

‘b. A series of wheel .unloading indices, expressed as a curve, will have to be
used with trucks having nonlinear elements, such as multi-rate springs or

limits to the relative displacement of components involved in equalization.

c. The index does not take into account dynamie conditions of rapidly varying
 track twist, such as might occur during spiral entry or exit. The inertia of a
wheel may tfansiently relieve the vertical force on a rapidly dropping inner
rail, or the wheel on the rapidly rising outer rail may bounce and thus relieve
the vertical load. However, the wheel unloading index could be cast in
dynamic terms by ihtroducing the rate of twist into the denominator, either

directly or as a function of rolling velocity and axle Spacing.

It may be noted that the suggested performance index for wheel unloading due to truck
"twist is not sufficient to measure derailment potential since it is not referred to such
indices as L/V ratio, or the duration of lateral wheel impact on the rail. Derailment
associated with wheel unloading is a complex dynamie process which it‘ may be
impossiblé to define in terms of a truck performance specification. On the other hand,
the proposed wheel unloading index describes a characteristic of the truck itself that
could easily be specified, and which it may be possible eventually to relate to the

derailment potential on the basis of test data and analyses.

4.2.4.2 Harmonie Roll. The performance index for harmonie roll, associated with

vertical roll irregularities of long wave length, illustrates the difficulty of quantifying
~a complex dynamie regime. From an operational point of view, one obvidusly wants fo
prevent hazardous> conditions, and damage to truck components, such as would occur
during center plate lift-off and wheel lift. In the first case the suspension‘springs are
compressed §olid1y and are thus subject to fretting damage, and during wheel lift there

is always the danger of derailment when the track has even a slight curvature.
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Table 7. Harmonic Roll

CRITERIA INDICES
Prevention of Center Plate Lift-off
Prevention of Wheel Lift

Low Maximum Roll Amplitude Maximum Roll Amplitude Under
Under Given Excitation Given Excitation Amplitude
and Frequency
Rapid Decay From Maximum Rate of Energy Dissipation in Snub-
Amplitude bing System: 1lb-ft/sec or per cycle
Amplitude

When the springs are solidly compressed during harmonic roll, the motion of the car
body is determined almost entirely by the kinetie energy of roll rotation existing in the
car body. With a given excitation due to resonance with rail joint spacing, that kinetic
energy is largely determined by the energy that has been dissipated in the snubbing
system prior to that point. This circumstance suggests that a performance index for
harmonie roll should in some way be associated with the capability of the suspension
system to dissipate energy, for example, by snubbing friction. Parameters available
for variation are level of friction force, distance through which this force acts (i.e.,
spring travel) and rate of increase of friction level with spring compression. The
effectiveness of this energy dissipation system could be measured in a number of ways,
such as maximum amplitude after initial excursion. The mass and mass distribution,
that is the car weight and the height of the center of gravfty, will have to be specified
in the establishment of this performance index.

4.2.5 Ride Quality

The aspect of performance shown in Table 8, Ride Quality, does not fit neatly into the
proposed scheme. Ride quality should be "good," according to some scale. As usually
expressed, ride quality is already a performance index, and the choice here is not
between different criteria to be expressed as performance indices, but rather between
various ways of quantifying that performance index, some of which are indicated in the
table.
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Table 8. Ride Quality

~ Function of Speed, Track Quality and Vehicle Suspension
Referred to a Specific Location on Carbody
Identified as Acceleration Response
Expressed Statistically
Mean and Standard Deviation
Exceedances or Probability Distribution
Expressed as a Funetion of Frequency
Transmissibility
.- Power Speectral Density

" It is evident that many qualifications are necessary to ensure fair comparison between
different truck designs, such as the speed, the quality. of a track, and the character-
istics of vehicle suspension as well as its mass and mass distribution. Furthermore, in
a usable performance index, a standard for track quality must be agreed upon, and the
magnitude of accelerations (expressed either statistically or as a function of
frequency) must be refefenced to the same location on the car body, for example, a
" point directly above the center plate. These restrictions will be taken into account
both in the instrumentation of vehicles during Phase II testing, and in the evaluation of

data from t_hesé tests.
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SECTION 5 - CORRELATION OF ENGINEERING AND ECONOMIC FACTORS

5.1 INTRODUCTION

The preeedi.ng sections have dealt almost exclusively with the engineering and
Aoperavtional aspeets of the freight car- truck. In order to fulfill one of the major
objectives of the program, the engineering aspects must be correlated with the
“economies of truck operation and maintenance. .

The difficulties of ‘achieving such correlation should not be underestimated. They aris_e.‘.’- _
in part from the fact that mechanisms of vdeteriora.ti.on are not easily observed in
process, but-must be inferred from arf inspection of the observed damage. Such

interpretations are not always unambiguous. ‘A second important reason is the
| fincompleteness of the available data, in the areas of both performance and economies
relafing to the truck. It is, of course, one of the objeetivee of TDOP to id'enti.fy.
: miseing data, and to analyze and utilize data that exist in various files and records. A A
method for locating and collecting'_the required data is outlined in Section 5.3. -

5.2 SUMMARY OF PHASE Il PROGRESSION

. The progress towards the goal of correlating performance and economics is shown
, s_cheniet’ieally in Figure 4.- The "Truck Universe" which was discussed in_ Section 3 is
shown at the ‘top of .the.,.figure. The .universe is divided into two main sec(tions,
performance and deterioration, with cost as an element common to both. The left side
of Figure 4 deals with the engineering aspects of performance and deterioration, while
the right side comprises the eeonothic aspects related to deterioration and cost. The
first band illustrates procedures for utilizing(various data sources, which, on the
.engineering side, consist mainly of Phasel performanoe data supplemented by
mathematical modeling studies. On the economic side, data sources consist of various
types of files and records maintained by railroads.

At the next level, provisional performance baselines are established by major regimes
in the engineering area, and for attrition and cost with respect to economiecs. In the
latter case, we have tried to show that the attrition and cost baselines may be raised

by specific operating conditions that require identification.
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"This simplified approach requires fhgdifications necessary to accommodate conclusions -
E “of other ongoing work, such as. research teSting, pilot programs; and observations by
knbwledgeable individuals. One must - -expect to find data that cannot be fitted 1nto
31mp11f1ed schemes-set up to orgamze a mass of data mto some intelligible form. :

_ As shown in the next band, it is necessary to confront reality ahd explain or remove
discrepancies'with the analytical schemes.A In the engineering area, information gaps
will ‘inevitably show up during attempts at 1nterpret1ng data. . The data rhay be'
incomplete, contradlctory or non-eXIStent- causes of observed events may be unknown, -
( ~or more than one cause may be assigned to an_Qbserved event orllncl,dent of damage.,
. In order to fill such informafion gaps, it may be necessary to 'perform additional tests
and research, and to develop special models to explain condltlons not reproduclble by
exlstlng models. Examples of such mformatlon gaps are the proposed wear test
.program, the measurement of snubbmg frlctlo_n under operating condltlons, and the
proposed measurement of accelerated wheel and brake wear on a truck rather than a
- dynamometer. Similar information-gaps are Iikely t0 be found in the economic area, in
the form of incomplete data, non—ex1stent records, and madequate data processmg

Possmle remedies are shown in the flgure

‘At this ‘stage, the principal results of our study aré the establishment of performance .
indices clm. the ,'éngineet"ing’ side, aécompanied by a critique of the performance
guidelines developed under Phase I, and the development and implementation of ‘a.
. truck data collection scheme. |

The two branches of the study, possibly supplemented by additional activities intended
to fill information gaps, will come together in the final objective, the benefit/cost
analysis of the Type I truck.

The main purpose of Figuré 4’is to show the various activities being carried on and
planned for the project, and to illustrate the connections between them.

The interaction between the engineering and economic studies may occur in a variety '

of ways. For example, an observation of accelerated wear or other deterioration may
suggest the presence of a particular mechanism or- details of a dynamic regime that
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could be confirmed by testing or mathematical m'odeling. On the other hand, a review -
of test data, combined with model analysis, can lead to prediction of types or rates of
deterioration of particular 'components. A‘n, examplé 6f the latter approach is
presented in the Appendix. e '

It may be noted that the procedures outlined in the preceding are followed in general
 outline by ‘railroads and suppliers in their efforts to improve equipment or evaluate
new design featurés or concepts. The responsibility of TDOP Phase II is somewhat
wider: as mentioned in Section 1, it will attempt to provide a quantitative basis for
_performance specifications for both standard and premium trucks. These specifica-
tions must encompass the complete range of operating conditions and must be
applicable to a wide variety of truck cdnfi'gliratioris. Since there are some functional
similarities between ecompeting truck dgsigns, a formal approach to the definition of

performance is considered mandatory.

5.3 ECONOMICS METHODOLOGY FOR EVALUATING IMPROVED TRUCK PER-
'~ PORMANCE

It is recommended that an incremental cost/benefit analysis be conducted to evaluate -
propose‘d. investments in improved trucks. Railroads follow such procedures in arriving-
at their profit-making decisions with regard to rolling stock investment. However, the
data required to establish the operating cost of ‘existing conventional trucks and for
comparing their cost effectiveness with improved trucks, have never been available in
usable form. It has now been established that the basic data can be obtained from the
Union Pacifie Railroad (UP) as a result of their data collection efforts over the last 18

months.

There are two broad categories of economic data required: .

a. The cost data required are the capital investments or purchase prices of the
conventional and improved trucks, adjusted for any credits and debits such
as investment tax credits. or additional working capital requirements. The
difference is the net incremental cost. -

b. The benefits data required are derived from the actual operating cost of the
conventional truck and the estimated operating cost of the improved truck.
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Their difference is the estimated gross ineremental benefit which is adjusted-
for the income tax shield arising from depreciation allowances and .
~ discounted to present value using a railroad's cost rate to acquire the
" investment funds (i.e., their cost of capital). That calculation produces the
estimated net incremental benefit.

To measure the cost effectiveness of the improved truek, the estimated net
inecremental benefit is divided by the actual net incremental cost over a range of
expectations. Values greater than one provide benefits greater than cost, a profitable
investment; less than one, an unprofitable investment; equal! to one, an "indifferent"
investment. (The timing of the costs and benefits will be based on an assumed

implementation schedule for any improvements.)

The proposed data collection plan will disecuss the data t'equired to establish operating
costs for the standard three-piece truck, and the data's availability at UP. These data
are to be used in special studies in the following areas: truck maintenance, truck life
cycle, and track life. Some areas can be more effectively studied through engineering
work at this time (e.g.; fuel consumption). In several areas it is difficult to separate
the truck-caused costs from other causes (e.g., derailment and lading damage). In
these areas, we are requesting typical data for further study. In any event, the results
of any of our spécial_studies will ultimatelyvbe used in estimating operating costs for

the standard truck and to evaluate the effectiveness of an improved truck.

5.4 DATA AVAILABLE FOR COLLECTION

"It has been determined that the actual data c'ollectved in TDOP Phase 1 were too |
limited for determining the cost effectiveness of trucks. The data are in non-machine
readable hardeopy form and consist of two-year old information on off-line component
repairs for new box and flat ears. The data were collected in Phase I for the purpose
of demonstrating the feasibility of implementing a cost acquisition system for trucks
which did not exist at the time. The Phase I data are too limited because they cover
only one categdry of costs, do not include mileage and other operating conditions, are
too restrictive with regpect to car age, and are not representative of the national
experience of different railroads in various service.
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Through Wyle's subcontract with the Union Pacifie, it has been established that the
following data is alvailable Light maintenance, car movements, track data (includihg :
posted speed) and aceldents were found avallable in machine readable form. Heavy
repairs, 1admg damage and track delays are in semi-automatic form; UP plans to
automate it within the TDOP contraet period. Fuel eonsumption and actual speed are
not belng collected for the fleet and may requwe special data collection handling.
Details of the planned economic datd collection effort will be described in a future
report. ' |
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SECTION 6 = FUTURE PLANS
The informatioh required‘f_or an understand:i'ng of tﬁe dynamies and deteri.or‘ationv of the
standard'three—p‘iece truck will be derived from a number of sources. Broadly
speaking, the engineering information will ecome from test data, and their interpreta-
tion. The collection of economic data, mentloned brlefly in Section 5, will be
discussed in a separate report. Thls concludmg section outhnes the procedures to be
followed to acquire and interpret quant1tat1ve mformatlon on the various ‘performance
aspects of the truek that were discussed qualitatively in the earlier sections of the

report.

6.1 PHASE I TEST DATA

3t K ,' o o Y
S ,L-.,....:* N / ,-.; Y,
- - N

The road tests conducted durmg Phase I 1nvolved five dlfferent car bodles 1n three
conditions of lading, five dlfferent trucks supplled by two manufacturers, f1ve dif-
ferent wheel profiles, and five dllfferentl kinds of track. Testing all possible com-
binations of these variables would have conStituted a much larger effort than was
contemplated for that program, while omitting any one variable completely might have
failed to provide important clues. With some exceptions to be noted later, the

instrumentation of the trucks and car bodies épp‘ears to have been adequate.

The combinations of variables tested in Phase I is shown in the matrices of Figures 5
through 9, one for each type of track. Each matrix contains the combination of car
body and state of lading with the truck and wheel profile. Actual combinations tested
are indicated by a solid eirele. A cross entry in the matrix shows an inapplicable
combination (such as a 100-ton car body on a 70-ton truck). - A blank space‘indicates a

combination not tested.

The analysis given in the Appendix of the dynamics of the 100-ton boxcar shows that a
considerable amount of information on the dynamies and probable wear of the vehicle
may be extracted from the test data. Similar, more extensive analyses will be
performed on data relating to other test conditions.

Comparison of the performance of different trucks under the same car body will

require considerably more analysis since many combinations of trucks and car bodies
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TRUCK l ASF 70 TON | ASF 100 TON BARBER BARBER ASF 70 TON
RIDE CONTROL|RIDE CONTROL| 70 TON 100 TON LOW LEVEL
C AR BODY 55 WHEELSS :
COND. A|BCDEABCDEABCD-E BICIDIETAIBICIDIE
EMPTY |o |®le®| |® o| | | ’
REFRIGERATOR FULL
LOADED |@®|@| e [ ] °
EMPTY °
BOXCAR FUL
' LOADED °
EMPTY ®
100 TON ATE .
BOXCAR FULL
LOADED °
EMPTY ®
FLATCAR FU
LOADED °
EMPTY ®
100 TON TALE
HOPPERCAR FULL
LOADED °

®A- NEW %o B - NEW Yo C - CYLINDRICAL D - HALF WORN E - WORN

Figure 5. Phase I Test Matrix: Curved Track

[¢]TEST DATA AVAILABLE
[ ] no TEST conpucTED

NON-APPLICABLE TEST
CONDITION
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ASF 70 TON

ASF 100 TON

BARBER

TRUCK BARBER ASF 70 TON
CAR BODY RIDE CONTROL |RIDE CONTROL] 70 TON 100 TON LOW LEVEL
LOAD WHEELS *
COND.KBCDEABC.DEABC_EEABCDEABICDE
EMPTY |e|e0|e |00 °
REFRIGERATOR| Pl
LOADED |@|® | @ ° °
EMPTY ®
70 TON TR
BOXCAR FULL
LOADED °
EMPTY - 5
100 TON TALE
BOXCAR FULL
LOADED | °
EMPTY P py
89 FT ~HALF
FLATCAR UL,
LOADED {e
~ 10oTon [ ENELY h
'HOPPERCAR | FULL
LOADED ®

f A - NEW %o B - NEW Yo C - CYLINDRICAL D - HALF WORN E - WORN

Figure 6. Phase I Test Matrix: High Speed Jointed Track

[¢] TEST DATA AvaLABLE

D NO TEST CONDUCTED

& NON-APPLICABLE TEST
CONDITION
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TRUCK , ASF 70 TON | ASF 100 TON BARBER BARBER ASF 70 TON
CAR BODY RIDE CONTROL|[RIDE CONTROL| 70 TON 100 TON LOW LEVEL
- LOAD WHEELS *
conp._[ATBICTDTETATBICIDIETAIBIC (D] BICIDIEJAIBICIDIE
EMPTY |(e(o|e (0@ °
REFRIGERATOR| HuLL |®
LOADED @ |@®| @ ° °
EMPTY °
70 TON TALF
BOXCAR FULL
LOADED °
EMPTY
100 TON ALF
BOXCAR FUL
LOADED
EMPTY ° °
FLATCAR FULL
LOADED °
EMPTY °
100 TON AT
HOPPERCAR FULL
LOADED °

°.A - NEW Yo B - NEW Yo C - CYLINDRICAL D - HALF WORN E - WORN

Figure 7. Phase I Test Matrix: High Speed CWR Track

[¢] TEST DATA AVAILABLE
[} no TEST conpucTED

g NON-APPLICABLE TEST

CONDITION
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TRUCK I ASF 70 TON [ ASF100 TON | BARBER BARBER ASF 70 TON
CAR BODY ‘R RIDE CONTROL|RIDE CONTROL| 70 TOM 100 TON LOW LEVEL
LOAD WHEELS ¢ o
cond. [ATBICTDI[ETAIBICIDIEJA[BIC A DIE c|b
EMPTY |e (e e |06 [ ° '
REFRIGERATOR FOLL |®
LOADED |® |0 | e ° °
" EMPTY °
BOXCAR LL -
LOADED ° i \
EMPTY o |o ™ -~
P
100 TON SALF \\f{,-
BOXCAR FULL 7
. | LOADED ol | ™
EMPTY bt ~
FLATCAR FUL, -
LOADED %! | !
, EMPTY ° ry ”
100 TON A
HOPPERCAR |— FULL .
| LOADED ® | |

® A - NEW %o B - NEW Yao C - CYLINDRICAL D - HALF WORN E - WCRNM

Figure 8. Phase I Test Matrix: Medium Speed Jointed Track X

E] TEST DATA AVAILABLE
D NO TEST CONDUCTED

NON-APPLICABLE TEST
CONDITION
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CAR BODY

TRUCK

ASF 70 TON

ASF 100 TON

RIDE CONTROL |RIDE CONTROL

BARBER
70 TON

BARBER
100 TON

ASF 70 TON
LOW LEVEL

LOAD
COND.

EMPTY

WHEELS *
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HA
FULL

LOADED o0

AIBICIDIEJAIBICIDIEJA[B
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HOPPERCAR
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Figure 9. Phase I Test Matrix: Shimmed Track

[¢]TEST DATA AvAlLABLE
[ ] wo TEST conpucTED

NON-APPLICABLE TEST
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were not tested in Phase I. Such comparison will rely heavily on validated matheﬁ; E
matical models. In particular, it would have been desirable to test the same car bod-i}'
on low-speed jointed track, on trucks with both load-dependent and load-independent
friction snubbing. - ' '

During Phase I, few tests were run on worn wheels on high-speed tangent track, so that

little information on hunting behavior is contained in the test data. However, this
scarciicy of data on lateral stability is not eonsidered detrimental since a number of
very good hunting tests have beeﬁ performed in the last few years, which have
investigated the effect of a number of'parameters on the critical speed. These tests
include those conducted by Southern Pacifie, and by American Steel Foundries and the

Burlington Northern Railroad on the tracks of the Missouri Pacific. v

Thué, adequate data appear to be available to characterize the Type I truck with
respect to ride quality and hunting. 'Performancg data relating to the remaining
regimes are less complete and will require additional testing and analyses, to ,bé'
discussed below. Also, tests will be required to measure snubbing friction with
instrumentation developed during Phase I, but not completed in time to be
incorporated in the test plan. | ) ‘

: .
6.2 FRICTION SNUBBER FORCE MEASUREMENT SYSTEM

Dufing the planning of instrumentation early in Phase I, it was realized that the
measurement of snubbing friction would be essential to the complete understanding of
truck behavior. Instrumentation of the test trucks included measurement of
accelerations and relative displacement of truck components, relative displacement

between car body and truck, and car body accelerations.

For a time, consideration was given to extracting the value of snubbing forces from
displacement and acceleration data by means of computer analysis. This approach was
judged to be complex and unlikely to produce satisfactory results. In November 1974,
Wyle Laboratories proposed the d'evelopment of a transducer for measuring both
vertical and lateral snubber friction forces, as well as normal column loads. This
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project was funded through Southern Pacific under TDOP Phase I and eompleted under-
the auspices of the Federal Railroad Administration after the termination of Phase I.

The transducers were designed, buiit, installed and tested in an ASF Ride Control and a
Barber S-2 truck, both of 70-ton capacity. An account of the deviece will be given in an
FRA report to be published in the near future. ’ ‘

A road test of the Friction Snubber Measurement System is planned for the.‘,Fall‘_'of
1978. The two trucks will be provided with transducers to measure relative
displacements between side frames and bolster, as well as between car body and truck
bolsters. This should make it possible to determine the predicted increase in column
load, and therefore frlctlon force, durlng relatlve rotation between side frame and
bolster, and also the amount of energy d1ss1pat10n accompanying car body roll. It
should also be possible to determlne center plate friction by measurement of
differential column loads which indicate the moment apphed by the side frames to the

truck bolster durmg curve entry and exit.

6.3 CURVE NEGOTIATION

‘The o_ne performance regime for -which Phase 1 data are inadequate is curve
‘negotiation. This is because lateral wheel loads, which guide the truck around the .
curve, were not measured. The lateral forces between the bearing adapters and
pedestals, which were measured by strain-gauged pins, represent axle loads produced
by such external conditions as unbalance’d superelevation, forces due to angled
couplers, and transients due to axle or side frame accelerations. They do not measure
lateral wheel loads arising from tread creep and flange friction forces which are
characteristic of curve negotiétion, and constitute major.céusesof wheel and rail

wear.

It is planned to repeat the curving tests of Pﬁase I with improved instrumentation
designed to measure true lateral wheel loads. Two schemes are under consideration:
M‘easure‘ment of axle bending moments, "according to the method developed by
Peterson et al. and further perfected by American Steel Foundries; and the
instrumented wheel plate method worked out by Tlinois Institute of Technology., Wyle
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is presently working on modifications of the axle bending technique with a view
towards increasing its accuracy. B - e%f %
An additional desired improvement relates to the measurement of vertical wheel loads
which are required to make possible.separation of axle bending moments due to both
vertical and lateral wheel loads. Existing vertical wheel load transducers in the form

of instrumented bearing acapters are not considered satisfactory.

The alternative method of strain-gauging the side frame has been perfected by
American Steel Foundries, but requires a separate scheme for almost every truck

design and is not suitable for field calibration.

Furthermore, it appears desirable to measurefﬁof enly“ the total vertical wheel load,
but the lateral pos1t10n of its line of actlon whlch mdlcates the degree to which the
two roller bearing races share the load unequally Sueh unsymmetrical loadmg, due to
side frame roll, may accelerate bearing wear. Finally, longitudinal forces are
transmltted between the pedestal and the bearing adapter, particularly during curve
negotlatlon and brakmg Detailed knowledge of the load distribution on the adapter
would not only be of value in understanding wear patterns at the pedestal and bearing,’
but provide additional insight into truck dynamies which is known to be affected by

longitudinal clearances in this area.

A transducer is being designed to measure forces on four segments of the interface
between the roller bearing and the adapter. This will make ‘possible identification of
unsymmetrical vertical bearing loads as well as longitudinal force components. in
combination with the improved method of measuring lateral wheel loads, such a
transducer should make possible a more complete picture of interaction between rail,

wheel and truck than has been achievable before.

6.4 EQUALIZATION ("TRACKABILITY")

As already mentioned, the use of a suitable transducer will make it possible to measure
quasi-static vertical wheel loads from which the Wheel Unloading Index can be
calculated when data on track twist are available. Further, the availability of means
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~of measurmg lateral wheel loads can supply data on’ dynam1c unloadlng of wheels aS"
well as L/V ratios from which derallment potentials can be calculated

A co'mmon type of derailment, due to harmonic roll, * occurs' on curued track. When
one wheel lifts off, the guiding capab111ty of the axle is lost, so that it contmues in a
path tangent to the curve. When the wheel drops back on the rail, the relative pos1tlon
of the wheel tread. and rail head has been shifted laterally by the curvature of the rail, |
so that the wheel contacts the rail on the flange or may miss the rail altogether. ThlS
condition depends on the angle of roll and the curvature of the track. M

Two approaches are contemplated to study harmonic roll. "I.‘he first considers energy

dissipation by the snubbers; this study will be greatly aided by the results from tests of
. the . Friction Snubber Force Measurement System deseribed in Seetion 6.2. Other
, contrlbutlons will come from mathematlcal models that have succeeded in closely
-reproduclng the roll dynamies of a vehicle on shimmed -track and are judged to be
‘usable, with proper care, to extrapolate to amplitudes greater than those permitted in
the tests. It will be possible to reproduce roll eonditions approaching derailment with
the car body restrained against complete overturning in the Rail Dynamies Laboratory.
at the Transportation Test Center (FTC). Additional test results are expected from
the powered roll table built and operated by Southern Railways.

The second approach considers the nature of the track irregularities in greater detail
than has been customary. The shimmed track used in harmonie roll tests represents a
useful idealization for the study of vehicle dynamics. However, vertical irregularities
in real track are not uniform, and the sequence of irregularities of different
magnitudes may have an important effect on the amplitude of roll. For example, it is
conceivable that an ensemble of rail offsets of given height could produce a greater
amplitude of roll when they occur in ascending rather than descending order of
magnitude. Nor do present methods of testing and analysis take into account

E ] .
Less severe forms of harmonie roll may occur at higher speeds when the upper center.

roll mode is excited, or at a low speed on tangent track when the kinema*iz frc--

of the truck comcldes with the car body's natural frequency of lower center roll. The
latter is thus, strietly speaking, a.case of hunting. Both variants of harmonic roll were
encountered during Phase I testing. :
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permanent depressions in the rail beyond the joint, caused by the impact of the wheel
returning after lift-off. e,
In order to provide a more realistic basis.for studies of harmonic roll, Phase II of TDOP
will utilize the results of a national track survey. These data will make it possible, via
mathematical modeling, to determine the effect of random sequences of vertical raii
irregularities on the angle of roll. Since for a given segment of track, the range of
irregularities can be specified, but the sequence may vary from one subsegment to the
next, the derailment potential due to harmoniec roll of a given railcar will be associated
with a probability distribution that reflects the sequential distribution of vertical

irregularities along the segment of track under consideration.

6.5 WEAR DATA COLLECTION

The Wear Data Collection Program will collect wear data on several Type I and Type II
freight car trucks beginning in November 1978. The objectives of the program are to
collect sample wear data, establish wear trends, evaluate wear measurément methods;
develop a schedule for measurement oceurrence, and provide data for economic
models.

A limited Wear Data Collection Program using unit coal trains operating in actual
revenue service over several railroad systems will be initiated. The program's mea-
surement techniques have been developed through evaluation of existing railroad and
industry measurement techniques as well as those being used on the Facility for
Accelerated Service Testing (FAST) program at the TTC. Initial verification sampling
at close mileage intervals will be made to ensure that baseline data on early wear are
preserved. The wear data will be entered into the TDOP data base and will be
compared by engineering and economic analysts with wear data from other data
sources (e.g. industry, AAR, and the FAST program).

Wear data will be collected on six types of freight car trucks. Two trucks of each type
will be installed on 100-ton hopper cars and will run in two unit coal trains, the
Carbondale/Sunnyside Unit West (CSUW) and the Kaiser Unit West (KUW) operating on
a 1600-mile round trip b_etween Utah and California. Three test ears will be run in the
CSUW train and three test cars in the KUW train. Except for these six 100-ton test
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cars, the rest of the unit train consists of 125-ton hbpper cars. Howevef‘, these 125--
ton cars are normally filled to only the 100-ton level. ' ' "

The unit trains will travel on Union Pacific, Santa Fe, and Denver and Rio Grande
tracks. The unit coal trains will allow Wyle to collect data on both Type 1 and Type nm
trucks from service that is typical for the railroads.

Both of the 'traihs pass through Las Vegas, Nevada and are easily accessible to Uni_oh‘
Pacific's Repair-in-Place (RIP) track. Most of the service will be on Union Pacific's
main line class 4 track, with curves of at leaét_lo degrées. The 1600-mile round trip is
completed in four days with the trains leaving at staggered, two-day intervals. The
maximum speed of the trains will be about 50 miles pef hour with an expected
" accumulation of 140,000 miles per year.

The six trucks to be tested are the Américan Steel Foundries (ASF) Ride Control truck,
the Dresser DR-1 Steering Assembly truck, the Modified Barber S-2 truck, the Barber
S-2 Center Plate Extension Pad (C-PEP) truck, the Standard  Car Radial Barber-
Scheffel truck, and the National Casting Swing Motion truek.

The ASF Ride Control and the Modified Barber S-2 will prov1de representative data on
the Type I trucks. .The Barber C-PEP represents a modified normal 100-ton truck, and
is considered a Type II truck. The DR-1, Barber-Scheffel, and Swing Motion trucks will
provide wear information for Type II trucks. These last four trucks meet the critical
elements of the .proposed selection criteria for Type II trucks (i.e., feasibility of
technical design, length of service éxperience, and availability)f

6.6 SUMMARY AND OUTLOOK

The performance rating of freight car trucks by means of performance indices is
intended to enable a potential user to select the truck configuration best suited to the
needs of his particular operation. While it is not too difficult to establish a few

distinet regimes that suffice to characterize truck performance, not all technical "
details are available yet to define performance unambigiously even for the standard
three-piece, Type I truck. As was shown, a large amount of information cén be
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extracted from Phase I test data; at the same time, the need for additional data and
more finely diseriminating measurements has become apparent. Thus, the effor''&??f()\f:-;é
specifying Type I truck performance, as a base against which the performance of
premium -or Type II trucks will be compared, will continue for much of the duration of
the project. '

The economics of truck operation are closely related to the deterioration of truck and
car components, and possibly to lading damage, as affected by operating conditions
such as speed, load, track type and quality, and state of wear. The identification of
mechanisms and rates of wear, as a function of the variables mentioned above, as well
as of truck configuration, is one of the most important activities of Phase II. It will be
complemented by the collection and study of economic data. An example of an
attempt to corrélate some parts of the performance and deterioration segments of the
"Truck Universe" is given in the Appendix; there are obviously many similar
relationships that can, and will, be investigated. ‘

A major challenge of this task is seen to be the need for general conelusions, expressed
in some simple quantitative way (such as performance indices) so as to be useful to
operating personnel' without time-consuming effort, but at the same time adequately
founded on a large base of technical detail. The amount of detailed information is
increasing at a great rate, as a result of new truck and car designs, and of tests and
ahalysés being conducted by members of the industrial and academic communities. It
will require a continuing effort to integrate this information, as well as that being
generated by TDOP, into the sort of general framework within which truck

performance can be established for the benefit of the railroad industry.
The eventual objective of TDOP is to provide a technical and economic basis for the

establishment of truck performance specifications that will enable a railroad to obtain
the particular features suited to its needs.
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APPENDIX A , :
DYNAMICS AND WEAR OF 100-TON BOXCAR FROM PHASE I DATA

1 INTRODUCTION

The body of this report has presente'd the characteristics and performancevof the
freight car truck, and the methods proposed to study and define it, in the most general

" terms. Reference frames, such as the Truck Universe, precisely defined pérforménc’e

indices, and the Phase II progression chart are useful for dealing .with a mass of
detailed observations and measurements which may not fall into place and reveal their
meaning without some structured approach. As pointed out by Charles Darwin, "to be

a good observer, one must be an active theorizer".

| As already mentioned, there are bound to be discrepancies between our simplified

schemes and theories, and the real world in which-extraneous and significant details
oceur together and are difficult to separate. Thus, one cannot claim to understand a:
set of test data until one has explained all featur_es and correlated them with each

other on the basis of applicable physical principles.

To illustrate this approach, we preseht the analysis of a limited set of Phase I test data

relating to the general area of ride quality. The data are shown to make physieal sense

in terms of a few simple mathematical models and permit an estimate of snubber wear

that appears to be in the range of observed values.

2 100-TON BOX CAR: COMPARISON OF MODEL AND TEST DATA

2.1 Undamped Natural Frequencies and Normal Modes ,

Figures A-1 through A-4 show the vertical and lateral accelerations at various points
in the car body and truck of the 100-ton box car on Barber trucks, on both jointed' rail
and continuous welded rail (CWR)_, for a range of speeds. In the case of jointed track,
cnc <f the most striking featufes‘is the pronounced peak in the both vertical and
lateral accelerations at 50 mph. A slight hump at that speed is also noticéable in tha
record of lateral accelerations on CWR in one of the two test zones into which the

-tested section of track was d1v1ded Such & peak could be due to resonance of the car

body on its suspension in one of the rigid body modes.
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Figure A-1, Vertical Acceleration on Jointed Track
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This hypothesis was explored by means of the simple math model shown in Figure A-5,
which has the car body supported vertically and laterally on suspension springs, without
damping. The known mass of the loaded and empty car, less trucks, and the known
height of the centers of gravity, were used to compute the mass moments of inertia in
roll, pitch and yaw. Longitudinal motion being disregarded, there are in addition two
linear degrees of freedom, lateral and vertical. The values for the lateral spring rates
were taken from the Sumitomo report prepared for Southern Pacific, and the vertical
spring rates are those specified on standard drawings.

Results for the loaded car are shown in Table A-1. Under each of the natural fre-
quencies are listed the normal modes of vibration, which are relative values with the
largest displacement being set equal to 1. It will be noted that, in this idealized
representation, all modes in which the springs are arranged with symmetrical offsets
from the center of gravity are uncoupled, that is, only one mode of vibration occurs.
The only modes for which this does not apply are those identified as upper center and
lower center roll which are in fact combinations of roll rotations and lateral
displacements. The frequency of upper center roll is about 1.89 Hz. Table A-2 gives

the same information for the empty car.

Figure A-6 represents an attempt to correlate test and model data. It is clear that the
frequency of upper center roll, of 1.89 Hz is so close to the frequency of the excitation
of 39-foot rail joints at 50 mph, 1.88 Hz, that the hypothesis of resonance appears to
be well supported. However, correspondence between the calculated and measured
mode shape is not nearly as good, as shown on the figure. Using the RMS lateral
accelerations at the roof and center sill, we can locate the virtual center of upper
center roll, but the ratio of roll to lateral displacements is off by a wide margin.
However, an error of measurement of 1/100 of a g in the lateral acceleration of the
center sill would reduce this error to 10 per cent. This suggests the limits to which
attempts to correlate test and model data can be forced. In this case, the
correspondence in freque‘?cy is considered more important than the diserepancy in the
mode shapes. In other words, the measurements cannot locate the node of the
vibration mode very accufafely. It should be noted that close identification of the
lower natural frequencies is generally accepted as evidence for the validity of a model.
In any case, friction or other forms of damping'produce coupling between modes so

that the uncoupled modes resulting from the model represent only useful idealizations.

A-6
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‘Table A-1.- Normal'Mo'dés aﬁd ﬁgtural 'AFrequéncig‘sjof 'Loaded 100-ton Bbxéér’ A'

- XJ1
XJ2
- XJ3

SKV
SK.

XL
Bl
H

.29851 x 103

25,000

8,000

555
39
58

INPUT DATA
25130105 - Weight
22668x10° - Roll
-30556x 108 - piten
. - Yaw .

Mass Moments of Inertia

- Vertical Spring Rate | poy gige Frame
- Lateral Spring Rate B

- Truck Centers
L= Spring Nest Moment Arm
. = C.G. Height Above Floor

NORMAL MODES AND NATURAL FREQUENCIES (Hz)

1

~ Frequency | 1._89
Latéral 1 | 1.0
- Vertical 2 .‘ - 0.
Roll 3 | 031829
Pitch 4 -0,
Yaw 5 0.

3

0.773

1.0
-0.

-.00902

4 S
2.53 1.45
0 0.
0. 0

0. 0
1.0 0

0 1.0




Table A-2. Normal Modes and Natural Frequcneies of Empty 100-ton Boxear

INPUT DATA

W 7300 x 10°
XJ1 79825 x 10°
XJ2 .10751 x 108
XJ3 .10614 x 10°
SKV 25,000

SKL 8,040

XL 555

Rl 39

H 26

NORMAL MODES AND NATURAL FREQUENCIES (Hz)

1 2 3 4 5
Hz: 2.59 3.65 1.75 4.25 2.45
1 1.0 0 1.0 0 0
2 0 1.0 0 0 0
3 002188 0. ~0.01089 0. 0.
4 ~ o | 0. 0. 1.0 0.
5 B 0. 0. 0. 0. 1.0




01-v

0979 ACCELERATIONS MEASURED AT ROOF AND FLOOR
LOCATE VIRTUAL CENTER OF ROLL.

MOTION IS COMPOSED OF A LATERAL ACCELERATION
- OF .023g AT CG, PLUS A ROTATION OF
{12-.023)/89 = .00109g/in ABOUT CG.

SIS LYY

147

——y NORMALIZED ON THE LARGEST COMPONENT , THE
2125 ROLL MODE IS .00109/.023 = .047.

04g
. THE MODEL. #ESULT 12 032 HOWEVER, AN ERROR OF .Olg IN THE MEASURED ACCELERATION
WOULD GIVE & RESULT OF .035, AN ERROR OF ABOUT 10%.

PREDICTED NATURAL FREQUENCY OF UPPER CENTER ROLL IS 1.89 Hz. FREQUENCY OF
EXCITATION BY 39 FT RAIL JOINTS AT 50 MPH IS (50 x 5280)/(3600 X 39) = 1.88 Hz. PSD'S OF
BOTH VERTICAL AND LATERAL ACCELERATIONS AT ROOF OF CAR SHOW SHARP PEAKS

AT 18-19 Hz. THE MODEL EXPLAINS THESE RESULTS.

Figure A-6. Compariscn of Test and Model Data for 100-ton Loaded Boxcar at 50 mph



Additional confirmation of resonance is provided by the PSD of lateral acceleration at.
the roof of the car which shows a pronounced peak af about 1.9 Hz (Figure A-7). A
peak of equal magnitude af twice that frequency may be due to either or both of two
causes: Since the truck center spacing of the 100-ton box car, 46 ft 3 in., is larger
than the 39-ft rail spacing, an excitation at twice the rail joint frequency. will occur.
On the other hand, since the excitation is not sinusoidal, a second harmonie of
considerable amplitude is likely to be present. Since the amplitudes of other .har—'

monics are much lower, the first explanation is probably more correct.

It should be noted that resonant oscillations in upper center roll may also be excited on
. continuous welded rail because of departurés from perfect alignment and cross level.
In fact, the RMS amplitudes at the roof and center sill have practically the same

values for both joiﬁted and continuous rail.

2.2 Estimate of Snubber Wear

If we accept the measuréd dynamie behavior of the 100-ton box car as typical we may
use the data for a rough prediction of wear between components of the truck. - The
steps involved in such a caleulation which takes into account only the vertical relative
displacement between the bolster and side frame, due to upper center roll are shown

below.

Assume Roll Mode as 0.001g/in at 1.89 Hz

Angle of Roll = (0.001)(386)/ [2mx1.89] 2 = 0.00274 Radians

Half-amplitude of Linear Displacement at Side Frame = (39) (0.00274) =
0.10675 in. : '

Rubbing Distance per Cyele = (4) (0.10675) = 0.427 in./cyecle

Rubbing Distance Over 1,000,000 Miles at 50 mph:

d= lﬂ%@l x 3600 x 1.89 x 0.427 = 5.81062 107 in.

K x Bearing Pressure x Sliding Distance

Depth of Wear =
3 x Hardness

CA-11
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Where K = Archard Wear Coefficient =1 x 1074

Assume Bearing Pressure = 100 psi
Brinell Hardness = 300 (kg/mmz) = 426,700 psi

- CONCLUSION
Depth of Wear = 0.454 in. (Due to This Motion Alone)

With the roll amplitude derived at as a compromise between the tést and model data,
the total rubbing distance during a travel of one million miles at 50 mph is slightly
under sixty million inches. The standard method of calculating the depth of adhesive
wear utilizes the total sliding distance, the unit bearing pressure, the Brinell hardness
of the softer of the two materials in contact, and a dimensionless coefficient, the
Archard wear coefficient, which ranges between 5 x 107 and 2 x 1074 for poorly
lubricated or unlubricated surfaces. Assuming a mean value of 1 x 10'4, a unit bearing
preésure of 100 psi, and a Brinell hardness of 300 (which corresponds to 426,700 psi) we
arrive at a "combined" depth of wear of slightly under one-half inch due to the vertical
component of upper center roll alone. It should be emphasized that this kind of
calculation is presented merely to illustrate an approach towards predicting wear, and
that contributions of other relative motions will have to be considered, and compared
to actually measured data, to establish baseline values that may be used with some

confidence.

2.3 Response of Truck Components

Additional wear must be expected from movements of truck components relative to
each other and to the car body. For example, Figure A-8 shows the PSD of the
vertical acceleration at one roller bearing adapter for a 50 mph run on jointed track.
Within the frequency range considered, all harmonics of the fundamental frequency of
about 1.83 Hz are present, indicating that the run was made at 48.66 mph. The
harmonics would make it possible to work out the shape of the periodic pulse applied to

the wheel when passing over a rail joint.

It may be noted that the peaks at 7-1/2 and about 15 Hz are higher than the rest, and
that there are two peaks close together near 15 Hz. The explanation for these results
is provided by Figure A-9 which shows accelerations for the same roller bearing
adapter, at the same speed, but on continuous welded rail. Only the peaks at 7-1/2 and
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15 Hz are significant. This suggests that the wheel may have been unbalanced; since a
36-inch diameter wheel at 48.66 mph will have a basic frequency of 7.57 Hz. Here
again, the excitation contains higher harmonies, possibly because the stiffness of the
track provides greater resistance to downward acceleration than the suspension system

‘does to upward aceeleration.

~ Additional mformatlon that may be useful for studles of ride quahty and wear are

, shown in the next two figures.  Figure A-10 is the PSD of vertical acceleratlon at one
side frame that apparently did not have an unbalanced wheel. The distribution of the
harmonies is' somewhat different from that for the ‘axle, with the double rail joint
frequency predominating at the lower end of the spectrum. The high peak at 13 Hz
may be acceanted for by the fact that the seventh harmonie of the rail joint impulse is

.very close to the frequency of excitation of the side frame due to the double 1mpulse

on two axles spaced 5 ft, 10 in. apart.

| Figure A-11 shows that the lateral accelerations on the axle are of the same order of
magnitude as the vertical accelerations on the side ‘frame.  The simultaneous
occurrence of vertical and lateral rhotion‘s_, in the presence of a normal steady state
load; describes conditions conducive to wear of bearing adapters and pedestal roofs
which -it may be possible to quantlfy by further analysis of the test data, perhaps :
supplemented by additional tests. '

2.4 Wear Due to Lateral Self-Excitation

The preceding discussion may have suggested that jointed rail is the main cause of
wear in truck components. According to our interpretation of the test results, it
appears that considerable movement of the vehicle takes place also on continuous
welded rail. One reason for this is obvious: if the rails are not perfectly plane and
parallel, they will excite some of the natural modes of vibration of the vehicle. The
impressions in the roadbed, made by i'ail joints of former jointed track replaced by
CWR, have also been shown to persist even after repeated track repair. All that ean
be sald is that the large impulses caused by rail joints, which give rise to the many
harmonics in the PSD, will be absent on CWR.
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o : "However, car. osclllatlons may oceur even on perfect track, owmg to excltatlon caused .
... by ereep. forces. The dynamies of this process is analogous to huntlng, although ‘the

' motlons are much smaller.

' A wheelset performmg the llghtly .damped s1nus01dal motlon is sometlmes called_" =

"llvely" The technical term for ‘this motion is "kmematlc hunting," whlch 1mpl1es that
~ inertial forces are neghg1ble. ~The wavelength of kinematic huntmg of a wheelset is
'very constant for a given state of wear of the wheel contour. It can be recogmzed 1n_
many of the test data from Phase L For a proflled wheel the wavelength is: ‘

A =2 qf=
- -V o , . S
where a = half gauge, in.
= . wheel radius, in. }
o = wheel taper (or- effectlve con1c1ty)

For a 36 1n. wheel with a 1: 20 taper, and a dlstance of 60 in.'between contact patches, '

the- wavelength 1s.

e j')‘ o "21; /(30) (18) ft
= 127y .05

54.4 ft

>
I

The frequency of excitation at 50 mph is: -

A {1) (5280)

b= % 7 GoooGad
f =

1.35 Hz

'I_‘he kinematic wavelength of a two-axle truck depends on the stiffness of the con-
nection between axles, which in the case of the standard 'three—piece truck is deter-
mined by the rotational stiffness of the sideframe/bolster connection. Figure A-12°
shows the relationship between kinematic wavelength and truck stiffness, with wheel
taper as a pa'ratneter. It is evident that, for standard roller bearing trucks, the kine-
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 matic wavelength differs negligibly frorri that of a single wheelset except a’f ‘the upper-
end of the range, where it approaches, but does not qulte reach the longer wavelength

of the completely rigid truck.

“The relationship between wheel profile and kinematic wavelength was demonstrated by -
hunting tests in Phase 1, as well as other tests run by Southern Pacific. This suggests a

, _search of the test results for the frequency of kinematic hunting.

4 The PSD of lateral aecele_rations at the roof of the empty 100-’tor_i beﬁcar at 50 niph," B
on CWR, shown in Figure A-13, has its highest peak at about 1. 25 Hz. In view of the
shght uncertamty in speed one may confidently conclude that this mode of vibration is - ;
forced by the wheelset, particularly since the empty earbody has ‘o resonance as low
.as 1 25 Hz.

Since the lateral acceleration at the center s111 is neghglble, -the car body appears to

be rolling about a center near its floor.

We may use these data to compufe the ap'prdximate amount of wear between the side
frame and bolster, ‘due to the vertical comp_onent of this roll, in the same way as Wa's
done for 'the loaded car on jointed rail. From the PSD, the acceleration at the top of -
the roof i is about .0707 g. For a roof height of 145 in. above the floor, at 1.25 Hz, the

vertical dlsplacement at the side frame (half amplitude) is:

(.0707) (386) (3.9) | = 0.119 in.
@2 7 x 1.25)2 (145)

X

The total rubbing distance over one miilion miles at 50 mph Aand- 1.25 Hz, 'is
d = M‘%M X  3600x 1.25x 4 x 0.119

4.2844 x 10" in

o
n

Using the same data for unit bearing pressure and material hardness, we arrive at a
depth of wear of 0.335 in. This is about three quarters ‘'of that ecomputed for the wear '

-.o'f the loaded box car due to upper center roll.
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3 SUMMARY

The precedmg discussion has attempted to 111ustrate one approach to the 1nterpretat10n L
of the test data upon wh1ch the characterlzatlon of the ’I‘ype I truck performance will

. be based

It is clear that otxr models will never perfecuy- reproduce the behavior of the real
' system for a variety of reasons. Among these are the s1mp11fy1ng assumption made in-
- the modelmg, and imperfections in the data that may be due to llmltatlons in mea—»» a

suring techmques.

However, 1naccuracles in.the performance of a model do not necessarlly negate jts
_ alldltx. As mentloned earlier, the validity of a model 1s, in the last ana1y31s, a matter
- of- technical judgment, as is the confidence with whlch even mc_omplete results -_may be
utilized to eraldate the real system, to suggest refinements in'the model that would
- ‘reduce the observed dlscrepancles, and to 1dent1fy 1mprovements in measurement

techmques that would. explam the. d1screpanc1es.
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| APPENDIX B - GLOSSARY'
~ ADHESION
The absence of gross shppage of the wheel on the rail m the presence of tangentlal
_forces at the mterface. :
- ANGLE OF ATTACK

Horizontal angle between the vertleal plane of the wheel and the tangent to the rall at’
-the pomt of contact. : , : :

- ANOVA
Analysis of variance, a body of tests of hypotheses, methods of estlmatlon, ete. us1ng
statistics which are linear comblnatlons of sums of squares of linear functlons of the
observed values.
AXLE
The steel shaft on which the car wheels are mounted The axle not only holds the
wheels to gage, but also transmits the load from the journal boxes to the wheels.
"B" END.OF CAR

The end on whieh. the hand brake is located.

BALANCE SPEED
The speed with which a vehicle traverses a superelevated curve of constant radius.

when the centrifugal force exactly balances the horizontal component of the weight
due to 1nchnatlon.

BILLING REPAIR CARD

The card which, under AAR Interchange Rules, is furnished to the car owner when
repair work is done on a forelgn car.

BOLSTER (BODY)

The transverse members on the underframe of a car which transmit the load carried by
the longltudmal sills through the center plate ‘to the trucks.



- BOLSTER SPRING-

The main suspensmn spring of a car dlrectly supportlng the truck bolster and the
weight of the car body e _ , .

- . BOLSTER (TRUCK)

A beam placed across the frame of a. truck to receive, through the’ center plate, the:

welght of the carbody and transfer it to the truck frame and wheels through the sprlng
" sets i in the 81de frames. . , ‘

BOUNCE

Vertical osclllatlon of the center of grav1ty of the sprung mass (car body, truck -
bolster, ete. ) : .

“BRAKE BEAM |

The 1mmed1ate supportmg structure for the two brake heads and brake shoes actmg
- upon any given pair of wheels. . : -

" BRAKE SHOE
Friction unit contaeting the wheels.
BUFF
A térm used to describe compressive coupler forces.

CENTER PLATE

One of a pair of plates which flt one into the other and which support the car body on
the trucks, allowing them to turn freely under the car.

CENTER SILL

The central longitudinal member of -the car underframe which forms the backbone of
the underframe and- transmlts most of the buffing shocks from one end of the car to
the other. "

CHAINING

A computer ‘programming technique where linkages are provided connecting data
~ records having the same key and associated with a master record. In the case
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discussed here, the master record is a flle containing a 1ist of all the access keys, and -
- the linkage may be thought of as being the disk address of the record before and the
record after each record in the cham. . o
CLIMB

The process of ‘the wheel ﬂange contactlng and cllmblng the rail frequently onto the
: rallhead : .
COUPLER

The device connecting one rail vehicle to another.

. CURVES'

In the United States it is customary to express track curvature in degrees noted by the

“deflection from the tangent measured at stations 100 feet apart. The number of .
degrees of central angle subtended by a chord of 100 feet is the "degree curve." One
degree of curvature is equal to a radius of 5,750 feet. :

CREEP

The capability of two bodies to displace in their plane of contact without slipping. It is .

made 'possible by shear deformation of both bodies in the region of the interface, which

can support tractive forces. . _

CRITICAL DAMPING

. Amount of damping at which no oscillatory vibration occurs after a sprmg—mass has
been released from a nonequilibrium position. :

CRITICAL HUNTING SPEED

Minimum speed at which violent truck shimmy ocecurs.

CRITICAL SPEED -

Excltatlon forces applied to the vehicle are related to forward speed. A critical speed
is one at which a ear-truck dynamic resonance oceurs.

CUSHIONING DEVICE

. Part of the coupler used to absorb shocks.



DAMPING

. Means to absorb vibration energy in the system.

DAMPING COEFFICIENT

Number descrlbmg the energy absorbmg property of a phys1cal system.

DATA. BASE

A collection of interrelated data stored together to serve one or more apphcatlons, -
data is stored so that they are independent of programs -using the data, a common and .

controlled approach to maintenance and retrieval of data.

DEFECT CARD

Issued by the railroads to acknowledge their responsibility for damage done to a car for _

which they are liable in accordance w1th the rules as set forth by the Assoclatlon of
American Railroads. :

DEGREE OF FREEDOM

A single parameter or coordinate of ch01ce with physwal objects, it implies the ablllty_

to displace along or about one coordinate axis.
DRAFT
A term used to deseribe tensile coupler forces.

DRAFT GEAR

The name of that unit which forms the connection between the coupler rigging and the
center sill. The purpose of this unit is to receive the shoecks incidental to train
movements and coupling of cars, and so. cushion the foree of impact that the maximum
unit stress is brought within the capacity of the car structure.

DRAG RATING

The amount of drawbar pull avallable from a particular locomotive cons1st calculated

at the mmlmum contlnuous speed.

DRAWBAR FORCES

N Longitudinal forces at the couplers between cars and/or locomotives that may be

LY



either tensile (draft) or compresswe (buff), dependmg on the operatlon of the tram at -
. the time. .

DYNAMIC BRAKING
" An electrical means used to. convert some of the power developed by the momentum of
a moving locomotive into an effectlve retardmg force.
ELEVATION
The higher position. of one of the two rails..

FISHTAILING
Special case of yaw deseribing the motlon of the rear-end lateral motion of the vehlcle

about the front truck as a center. -

FLAT SPOT

Loss of roundness of the tread of a rallroad wheel, caused by wheel—shdmg

FLEXIBLE TRUCK . .

A truck in which the axles are allowed to displace relative to the frame in the lateral
and yaw. degrees of freedom, agamst elastic constralnts, usually in the form of -
elastomers. :

A FORCE—DISPLACEMENT CHARACTERISTICS

Graph describing the force necessary to reach/maintain a speclflc amount of.'
displacement.

FORCED FREQUENCY

Frequency imposed on the system by superimposed forces (rail joints, ete).

FOREIGN CAR

Any car not belonging to the particular railway on which it is running.

B-5



L , i st [V - N P LE—— .-

FRICTION BLOCK

A castmg attached to the truck bolster as a gulde and -to take the wear between the

- bolster and transom. Commonly called Bolster Guide.

" FRICTION PLATE

A removable plate to prevent wear on the main body of a component.- -

GAGE (OF THE TRACK)

The distance between the rails measured from the 1ns1de head of each rail at a right

angle 5/8 inches below the top of the rail. The standard for this dimension on North
American Railways is 4 ft. 8% in.

GRADE

Part of roadbed with changing elevation,

GROSS WEIGHT

The total weight of a car, including the lading.

HARMONIC ROLL

Periodic angular displacement of the vehicle body about its longitudinal axis, due to

vertical track inputs close to the natural frequency of the carbody on its’ suspensmn
referred to as Rock and Roll. ,_

HI-CUBE CAR

A box car of approximately 85-ft length and 10,000 cu ft capacity designed for hauling
automobile body stampings and other low den81ty freight. -

HIGH SLIDE GONDOLA CAR

A gondola car, with sides and ends over 36 in. high, for carrying coal or minerals.

HOPPER CAR

A car, open or covered with the floor sloping from the ends and sides to one or more
hoppers, which will dlscharge its entire load by gravity through the hopper doors.

B-6
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HOT BOX

" An overheated Journal (commonly known as a hot box) is caused by excesswe friction =
between bearlng and journal, lack of lubricant or foreign matter. :

'HUMP (CREST) -

. The act of switching and classifying tralns w1th grav1ty being used as the prlme mover

usually accomphshed with the use of a small hill.

HUNTING

. Dynamic instability of sets of wheels or entire trucks cons1st1ng of a lateral translatlon‘
along the axle and rotatlonal vibration about a vert1ca1 ax1s. -
I-IYS'PER]BIS '

Multivalued section of physical device characteristics.

- INTERCHANGE

‘The transfer of cars from one road to another. -

INTERPOLATION

Derivatien_ of function values at argurhents not listed in the look-up table. .

- ITERATION

Method of computation through refinements. The iteration is called convergent if the
sequence of computed values is convergent. The first element of that sequence is
called initialization. : : _
JACKING PAD

Bosses with flat surfaces incorporated on the under frame surface of a locomotive or
car body bolster or frame to provide places to apply jacks for lifting the vehicle.
JACKKNIFING

A condifion involving ‘two' coupled rail vehicles in which. there is excessive center sill

misalignment and coupler angularity. Jackknifing is caused by high buff forces in the
. train, , '
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JOURNAL BEARING '
A comb1nat1on of rollers and’ races or a. block of metal, usually brass or bronze, in
“contact with a journal, on which the load rests. In car construction the term when
unqualified means a car axle journal bearmg S -

JUNCTION BOX
A metallic receptacle in which several lines of electrical cohdUctors_are joined.
KINEMATICS :

: The branch of- mechanics  that deals w1th motlon w1thout cons1deratlon of 1nert1a1
forces : _ R
KINEMATIC WAVELENGTH

The wavelength of the sinusoidal motlon of a wheelset or truck along the track when '
mertlal forces are negligible.

KINETIC ENERGY

A moving body possesses an amount of ehergy equal to the energy needed to bring it to
rest. ' The energy of the moving body is called Kinetic Energy. It is defined as half the
product of the mass (mass movement of inertia) and the square of the veloclty (angular
veloclty)

KINETIC FRICTION

~ Frietion of motion, such as that between the brake shoe and wheel (when the wheel is
turning) or as between a wheel and rail (during sliding or sl1pp1ng) Kinetic fr1ct1on is’
always less than static friction.

LATERAL VIBRATION

Pure side to side movement in the horizontal plane.

LIFE CYCLE

The expected life of truck components over the life of a freight car.



™

' LOOK‘—UP TABLE

"Values of a functlon at several arguments arranged in a way that a computer can

access it.

'LOW LEVEL . . . A
: Referrmg to the helght of the Trailer on Flat Car (TOFC) or ‘auto rack flat car deck

above the top of the rail. Low level cars have a deck helght of 31"' as opposed to
413" height for "standard level" cars. : , L

LOWER CENTER ROLL

Rotation of the car body about a virtual longitudihal axis'below its center of .gravity.

L/V RATIO
Defined as the ratio of the lateral "forc.e to the vertical force of a car or locomotive
wheel on a rail. It is an important indicator of wheel climb, shifting of the track
structure, rail turnover and/or derailments. : :
NATURAL FREQUENCY

The frequency at which the system tends to vibrate when released after being'

displaced from neutral position.

NEST SPRING

. A helical spring with one or more coils of springs inside it.

NET INCREMENTAL BENEFIT-

Present value of future operating costs of Type I Trucks subtracted from the future
operating costs of a Type II Truck.

NET INCREMENTAL COST .

Purchase 'pric’:é of a Type II Truek minus invéstment tax credits subtracted from the

same number for a Type I Truck.

NOSING

~

: Speclal case of yaw usually deserlbmg a motlon of a locomotive which apphes lateral
. forces alternately on the rlght and left rails of the track.
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o PARALLELOGRAMMING

» ~Re1at1ve longltudmal displacement of truck 81de frames whlch causes the truck to go in
and out of tram : : -

PERFORMANCE CRITERIA .

. The aspects of truck behavior considered.desirable in various performance regimes.

Criteria may range from the most general, such as safety from derailment or low wear

rates, to the specifie, such as lateral stab111ty or a eurve negotlablllty

' PERFORMANCE INDEX

A measurable physwal quantity characterlstlc of performance in a partlcular regime.

An example of a performance index for hunting would be the critical speed, and for
curve negotiation, the lateral load on the outer leading wheel of the truck. Each

performance index must be qualified by a statement of conditions for. whlch it apphes,
and which may affect its magnitude. to varying degrees. _ : S

PERFORMANCE REGIME

The characteristic way in which a railear or truck responds to a combination of track
and operating conditions (such as speed): Inherent in this definition is a comparison

with stable vehicle behavior on "ideal" tangent track. Performance regimes selected .

for truck charaeterization should be sufficiently distinet to permlt ranking of truck

performance on non-overlapping scales. The five primary regimes chosen are hunting,

steady state curve negotiation, harmonie roll, ride quality and derailment.

PITCH

Angular motion in the vertical plane about the axle perpendicular to the direction of .

the track.

POWER SPECTRAL DENSITY

‘ ThlS represents the distribution of energy in a vibrating system under defined test
conditions over the frequency spectrum specified.

PRESENT VALUE

A method of aceounting for the effeet of time in economics. A dollar given to you -

today is worth more than a dollar given to you next year.

B-10
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RADIAL TRUCK -

A truck in which the axles of the wheelsets are made to assume an appr’ox'lmately :
radial orientation in a curve. A radial truck is a special form of flexible truck. in which
the wheelsets or side frames are connected by special devices-that determme the
curvmg kinematics. : : .

RAIL OVERTURNING -

While thls is not a car or truck motion term, it should be“ applied only when there is
conclusive evidence of excesswely hlgh lateral forces generated by | the rail vehlcle'
mvolved : ‘ '

- REGRESSION

A statistical procedure for flttlng the coefficients of an equation, usually based on
minimizing the sum of the squares of the errors between the observed and predicted
values of the equation. . : :

RBONANCE

The condition at which forcmg frequency is equal to natural frequency, this usually '
results in violent motion. , :

ROCK AND ROLL

A slang term for the excesswe lateral rocklng of ears and locomotives, usually at low .
speeds and associated with jointed rail. The speed range at which. this ecyclic
phenomenon occurs is between 10 and 25 mph, with the exact speed determined by
such factors as the wheel base, height of the center of gravity of each individual car or

' . engine, the spring dampemng associated with each vehicle's suspension system, and the

relative difference in elevation between successive joints in ]omted rail territory. In.
extreme cases, actual wheel 11ft can occur which can result in derailments (see also
Harmonic Roll).

~ ROLL

Rotation of the car body about a longitudinal axis through the center of gravity.

ROLLABILITY

The relative resistance of the truck to longitudinal motion.
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' ROLLER BEARING -

. The general term apphed to a. group of Journal bearmgs ‘which depend upon the rolling
- action of a set of rollers, in order to reduce rotational friction. The different types
are dlstmgmshed by the shapes of the rollers and by their arrangement in the bearing:.
) Three types of rollers are’ in common use at present for car ]ournals - cylmdrlcal :
o tapered and spherical. : . .

ROLLER -BEARING ADAPTER

»o

A specla.lly shaped plece of steel whlch assures proper seatmg of a roller bearlng in the :
pedestal type side frame , , _ e

RUN—]N

Descrlbes the relatlve movement of the cars ln the train to a state of ¢ compresswn.

RUNQOUT"

Describes the rela_tive movement of the cars in the tra-inl to a state of tension.

K SAG OR DIP

A rapld decrease in grade followed by an increase in grade suff1c1ent to result in
abnormal slack adjustment. .

SHEARING STRESS

The actlon or force causing two contacting parts or layers to slide upon each other,
moving apart in opposite directions parallel to the plane of their contact.

SHIMMY

A synonym for hunting.

SIDE BEARING

Bearings attached to the bolsters of -a car bady, or truck, on each side of the center
.plate to prevent excessive rocking. The upper, or body side bearing, and the lower, or
truck side bearing, are sometimes merely large flat surfaces. Other types of side -
bearings employ rollers, springs and friction elements to maintain constant contact and
control relatlve movement between body and truck.
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' SIDE FRAME

" The frame whlch forms the side of a car body or a truck. . It includes the columns .
braces, plate, belt rall ete., for the car body; and the side member of a truck frame.

- SILL (CAR)

: The main longltudlnal members of a car underframe whlch are connected transversely
by the end sills, body bolsters, and ecross tles. . Sills are divided into side sills,
mtermedlate sﬂls and center sﬂls. ‘ o : ' o .

' SNUBBERS

Dampmg dev1ces whlch are used to attenuate osclllatlons of a car or truck They may
be similar to hydrauhc shock absorbers. Friction devices are c_ommonly used in rail
vehicles. : - STTY L
SPRING GROUP

A helical car sprlng assembly formed of a number of separate sprmgs, single, or nested'
and united by a.common pair of spring plates. ' .

STRINGLINING

A term used to- deseribe the tendency of cars to pull off the inside of curves, trying to

approach a straight line when the train is in draft.

SUPERELEVATION

The vertical distance between the heights of inner and outer edges of railroad rails.

SWING BOLSTER

A truck bolster (so called in distinction from a rigid bolster) which is suspended by

hangers or links so that it can swing laterally in relation to the truck. The object of
providing this swinging motion to the bolster is to prevent, as much as possible, lateral
blows and shocks from being ecommunicated to the car body, and, vice versa, to prevent
the momentum of the car body from actmg with its full force on the truck frame and
wheel flanges. : -

SWING HANGER

Bars or links, attached at their upper ends to the frame of a swing motion truck, and
- carrying the spring plank at their lower ends. Also called bolster hanger. '
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SWING MOTION

A term applled to an arrangement of hangers or transom for .the sprmgs and truck‘

bolster wh1ch enables a car body to swmg laterally on the truck

SWIVELING'

" Angular oscillation about an axis; a sym metry, usually apphed to truck actlon when the

. bolster osclllates around the center—pm.
TARE WEIGHT
" The weight of an empty car.
THROAT (CAR WHEEL)
The .curved transition between the wheel tread and flange.

TRACK-TRAIN DYNAMICS

"A term used to describe the dynarnlc motion and the resulting dynamic forces that
result from the interaction of the vehicles coupled into a train interacting with the

track, under given climatic conditions, train handllng, train makeup, grades, curvature

and operatmg pohcles.

TRACK-TRAIN ENVIRONMENT

A11 the conditions which effect the track and/or the train, such as grades, curvature,
locomotive and car characteristies, train handling, ete. ,

TRACTIVE EFFORT

The force exerted by a locomotive on the track for the movement of a train, measured
. in pounds. :
TRAIN BLOCKING :

The orgamzatlon of cars within a train wh1ch minimizes the dynamic 1nstab111ty of the
train. :

v



TRAM
".-ThlS term apphes to the dlagonal measurement of axle bearmg locatlons ‘When, in a ‘

four-wheel. truck the two dlagonal measurements are equal the truck is. sa1d to be in
' tram. : : o :

_ TRANSMISSIBILITY RATIOS
- These crlterla represent the ratio of max1mumv car bddy accelerations to input

acecelerations that can be accepted for a specified duratlon to the ba81c dynamlc mdex-
of the track proflle used in the quallfymg tests. - . _ :

. TREAD

The exterlor cy]mdrlcal surface of a car wheel next to the flange whlch comes in
contact w1th the rail. : : . :
TRUCK CENTERS

The center pomt of a truck. The dlstance between truck centers is that distance as
measured from one truck center to the other truck center on a smgle ear. '

TRUCK CLASSIFICATIONS ‘
TYPE I GENERAL PURPOSE DFSIGN (STANDARD THREE-PIECE)
Thls. de51gn is interchangeable with ex1st1ng trucks so as to preserve. the present
- . truck coupler height, supports the car body on center plates, utilizes air brakes
which are compatible with existing systems, accepts, standard wheel sets "and

journal bearings, and whose components meet applicable Association of American
Railroads (AAR) requ1rements.

TYPE II: SPECIAL PURPOSE DESIGN (PREMIUM)
This design utilizes current wheel set and journal bearing assemblies, is
compatible with existing air brake systems, and preserves car coupler height.
- The Type II truck may employ mechanisms other than center plate and side
bearings for support and stabilization of the car body.

TRUCK WHEEL BASE

The horizontal distance between the centers of the first and last axles of a truck. ,
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1 UNDULATING GRADE

A track proflle w1th grade changes S0 often that an average “train- passmg over the o

track has some cars on three of more alternating ascending and descending grades.
The train slack is always tending to adjust as cars on descendlng grades. tend to roll
'faster than those on ascendlng grades. ' -

. UNrr"rnAm

A train’ transportmg a smgle commodlty from one source ‘(shipper) to one destlnatloni_ :

o (consxgnee) in accordance with an- apphcable tariff and w1th ass1gned cars.

| -'UPPER CENTER ROLL

Rotatlon of the car body about a long1tud1na1 axis above 1ts center of grav1ty
mncu VIBB'ATION"
APure'up and down motion often described as,boun_ce."

'WALKING ©

vTh1s term describes, the vertical equallzatlon and flexibility of a truck. Trucks ‘are

required.to negotlate rough track conditions which demand that each wheel follow the

rail head ‘with. minimum- tendency to unload. Proper equahzatlon is implied and

sufficient mechanical freedom to permlt independent rise and fall is necessary. When -
a-truck meets these requirements, it is said to "walk" freely on rough track. w1thout'

deralhng or unloadmg of any of its wheels.

- WEARPLATES

Renewable, wear—re51stant hardened steel plates which may be applled to center-

plates, side bearing pads, draft gear hous1ngs, ete.

‘.WHEEL

' The flanged rolling element whlch carried the weight and provides gu1dance for rail
‘vehicles. It also serves as the brake drum for tread-braked equipment. = Major
classifications are "forged" (wrought) and "cast" steel wheels.

' WHEEL CLIMB

This term apphes to the condition where the lateral (ax1al) force between the wheel

. flange and rail head is great enough so that the resulting friction force causes the -

,__wheel flange to elimb- up on the rail.
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' WHEEL FLANGE

- The prOJectmg edge or rim on the perlphery of a car wheel for keeplng it on the rail.

'WHEEL LIFT | |
This term apphes to the lifting of a lightly loaded wheel due to high vertlcal force on |
~ the opposite bearing and the resulting moment. Such forces are encountered when rail
vehicles are operated at speeds too great for the existing super-elevation on a curve,
from very slow speed operation on a high super-elevation curve, from high- draft (or‘
buff) forces on a curve, or from harmonlous rocking of a car on rough track. '
: WHEEL PLATE
The part of a dise car wheel which connects the rim and the hub. It occuples the place
and fulfills the same purpose as the spokes do in an open or spoke wheel. -
WHEEL SLIDING
The situation where the wheel is rotatlng slower than longltudmal movement would
dictate, and adhesion is lost.
WHEEL SLIPPING
The s1tuatlon where the wheel rotates faster .than longitudinal movement would
dlctate, and adhes1on is lost.
WHEEL TREAD

. The exterior cylindrical surface of a wheel which bears on the rails.

WHEEL UNLOADING

_ Reduction of vertical wheel reaction on the rail.

YAW

Angular motion in the horizontal plane about avvvertical axis.
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ERRATA

Executive Summary, third paragraph, change "Federal Railrod

Administration" to "Federal Railroad Administration".

Paragraph 4.2.4.1, sixth line should read: "© = angle of twist of
track within axle spacing of truck, degrees'.

Change "HIGH SLIDE CONDOLA" to "HIGH SIDE CONDOLA".



EXECUTIVE SUMMARY

Increasing demands on freight car performance during the past several decades have
revealed the shortcomings of the standard three-piece freight car truck. The evidence
comprises increased truck maintenance, damage to track, and more frequent
derailments.

Truck manufacturers are responding to the need for better truck performance by
introducing modifications of the standard truck as well as novel configurations de-
signed to reduce problems under specific operating conditions. Justification for the
higher cost of improved trucks is difficult to establish for two reasons:

e Too little quantitative information is available on the characteristics of
the standard truck, as well as that of the various new designs, to make
possible a comparison in engineering terms.

e While data on truck maintenance cost and freight car utilization are
available in the files of railroads and operators, these data have not
been systematically related to truck performance.

The objectives of the Truck Design Optimization Project (TDOP) Phase II conducted by
the Federal Railroad Administration are:

e To define the performance of both standard and premium trucks in
quantitative terms, represented by performance indices.

e To establish a plan for collecting economic data on the cost of
acquiring, operating and maintaining the standard three-piece truck.

e To establish a quantitative basis for evaluating the economic benefits to
be derived from improved freight car trucks.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>