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PREFACE

Under the Track Safety Research Program
conducted for the Federal Railroad Admin-
istration (FRA) at the Transportation
Systems Center (TSC), new guidelines are
being developed to provide a basis for
improved track and maintenance safety
specifications. These new "Track Safety
Performance Specifications" are being
constructed using both analysis and ex-
perimental data to provide an assessment
of track geometry and whether it will
guide the vehicle safely under the loads
imposed by revenue traffic. Efforts con-
ducted under this program have included:

. Statistical Correlation of
Railcar Accident Data and
Freight Car Characteristics
{Conducted at TSC, Ref. 1)

¢ Development of a data base of
engineering parameters charac-
terizing the physical parame-
ters and configurations of
railway rolling stock by Pull-
man-Standard Corporation.
(Ref. 2)

. Development of analytic charac~
terizations of track geometry
variations found in existing
track by ENSCO, INC. (Ref. 3)

. Field tests and demonstrations
conducted in cooperation with
the railroad industry and the
American Railway Engineering
Association (AREA)

. Analytic studies of the rela-
tion between track geometry
variations and derailment po-
tential conducted by The Analy-
tic Sciences Corporation (TASC).
(Ref. 4).

This report describes the continuation
of work commenced earlier {(Ref. 4). In
particular, the work includes analysis
of the results and support of the
vehicle/track interaction test at
Bennington, New Hampshire in August 1982,
a new study of the effect of curvature
on the limits in gage and crosslevel
variations set to prevent derailment,
and the extension of studies of align-
ment wvariations with constant gage
into curves.

The work described in the report is
primarily intended to support the study

iiil

of track safety and can be used by those
in government (FRA, TSC), the American
Railway Engineering Association (AREA)
and the railroad industry, particularly
the Association of American Railroads
(AAR), responsible for addressing safety
in rail transportation. The results will
also aid the rail vehicle manufacturing
industry in assessing the response of
particular vehicles to track geometry.

The authors wish to thank Dr. Herbert
Weinstock, the TSC Technical Monitor,
for his advice and support in guiding
the work and for providing the framework
within which the work was carried out.
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INTRODUCTION

extensions of the study as required by
this analysis, especially in the range
of high track curvatures.

In support of the Federal Railroad Ad-~
ministration (FRA), Transportation Sys-
tems Center (TSC) is conducting studies
of the relationships between track geom-
etry variations and rail car dynamic
response as related to safety, in order
to recommend limits on acceptable track
geometry wvariations and track strength
requirements. The primary tool for con-
ducting the analytic studies has been a
computer program developed for TSC by
The Analytic Sciences Corporation
(TASC). This program, named SIMCAR, is
based upon a sixteen degree-of-freedom
analytical model of a freight car. As
reported in Ref. 4, the SIMCAR parame-
ters were initially adjusted to provide
good agreement with the field test data
available on steady-state curving behav-
ior, rail cars and specially con-
ducted perturbed track tests. The pro-
gram was applied by TSC to the develop-
ment of preliminary recommendations of
limits on track gage and crosslevel
variations as a function of track curva-
ture for the 10-25 mph speed range.
Relationships were also established
between wheel/rail forces, peak-to-peak
amplitude and wavelength for sinusoidal
track alignment variations to recommend
limits on track geometry alignment vari-
ation wavelengths of greater than

39 feet. 1In addition, general test re~
quirements were defined to:

e Verify force predictions at
high track curvatures and lim-~
iting gage and cross-level
geometry variations for the
10-25 mph range

. Verify and demonstrate the
large amplitude and long wave-
length results obtained and
extend these into a full range
of curvatures

. Provide baseline data that
would permit extending the
10-25 mph study results into
higher speed regimes.

Further investigations on the low speed
gage requirements necessary to evaluate
the influence of a specific minimum
track strength and the assumption of
clean dry friction coefficients on the
results presented are also identified.
The sinusoid was used to describe typi-
cal alignment variations representative
of railroad experience and to define
the applicability of a chordal measure~
ment to control these variations.

The objective of the work reported here
is to provide details of the analysis

supporting the tests conducted at Ben-
nington in August 1982, and discuss the

1-1/1-2






2. STUDY METHODOLOGY

2.1 INTRODUCTION

The study reported here constitutes a
continuation of work on the safety-
related dynamic response of freight
cars, subjected to track geometry varia-
tions representing operating conditions
that are felt to be typical of train
derailment situations. As such, the
work described complements work carried
out and reported previously (Ref. 4)
under the Track Safety Research Program.

The method used has been to identify
derailment scenarios, typical of service
derailments, indicated in the FRA Rail-
road Accident/Incident Reporting System,
and to choose quantitative measures of
dynamic response which can be directly
related to the proximity to derailment.

To this point in the work reported, the
100 ton hopper car has been chosen as
the study wvehicle. 1t was known to have
suffered a significant number of derail-
ments, especially when loaded and re-
sponding in roll to large crosslevel
variations. The derailment scenarios
in order of severity (determined from a
review of FRA data and industry experi-
ence) may be summarized as follows:

i Crosslevel on loaded high
c.g. cars, 10-25 mph

ii Alignment-gage response of
loaded high c.g. cars,
10-25 mph

iii Alignment-gage response of
unloaded hopper cars in curves,
25-40 mph

iv Crosslevel induced response
of unloaded hopper cars on
tangent track, 25-40 mph

v Alignment-gage response of
light box cars on tangent
track, 40-60 mph

vi Lateral-yaw response of loco-
motives during spiral entry-
exit, 40-60 mph.

Specific track geometries which may pro-
duce track-induced derailments, are used
to investigate vehicle response and
proximity to derailment and to estab-
lish safe bounds on track geometry vari-
ation. Typical of these have been {(see
Fig. 2.1-1):

e Outward rail cusps at joints
for studies of limits to gage
variation on tangent track and,

» STEADY STATE CURVING 250800
NOMINAL
GAGE
ALIGNMENT
PERTURBATION
AMPLITUDE
* QUTER RAIL CUSPS {CUSP)

““1,"’4=r::_"1
MINIMUM
- GAGE

| MAXIMUN ™~
GAGE

¢ WITH CUSPED CROSS LEVEL

CROSS LEVEL
CUSP AMPLITUDE

- g Ta [ad

* SINUSOIDAL ALIGNMENT
fote WAVELENGTH =ty
: i

CONSTANT
GAGE

PIP
AMPLITUDE

Figure 2.1-1 Track Scenarios

more importantly, in curves to
prevent wheel climb and/or wheel
drop

) Downward rail cusps at joints
for studies of limits to cross-
level variation to prevent ex-
cessive wheel lift and wheel
¢limb in curves due to rail roll
resonance

. Sinusoidal alignment variations
for studies of limits to align-
ment variation to prevent wheel
climb and wheel drop under dy-
namic gage widening forces.

The terms wheel 1lift, wheel climb and
wheel drop are defined in Section 2.2.

The model used to simulate the dynamic
response of the car represents a typical
freight vehicle having two 3-piece trucks
and is described in Ref. 4. The computer
code is called SIMCAR. The methodology
used herein has been to:

. run the program for typical
scenarios at various levels of
severity of track geometry
variation

* predict the safe bounds

2-1



] design tests or use existing
test data to validate the
results

. use simulation results to pro-
vide as complete a picture of
track geometry and response as
possible

. modify or improve the model
and rerun the program until a
satisfactory set of limiting
geometries covering the range
of scenarios has been achieved.

Previous studies identified safe varia-
tions in track geometry with the mini-
mum rail restraint conditions defined
in Section 2.2.3 in the low speed range,
for the 100 ton hopper car with new
wheel profile, in the following sce-
narios.

2.1.1 Scenario A

Dynamic curving without crosslevel but
with gage wvariation, 10-25 mph to pre-
vent wheel drop on track with minimum
rail restraint.

SAFE LIMITS

Degree of , ,

Curve Cusp Amplitude | Maximum Gage
0-5 1.75 in. 57.75 in.
5-10 1.75 in. 57.75 in.

10-15 1.00 in. 57.5 in.

2.1.2 Scenario B

Sinusoidal alignment variation at con-
stant gage to prevent wheel drop on
track with maximum gage (57.75 in) and
minimum rail restraint.

SAFE LIMITS

Degree of Curve| Wavelength i$g§{€$3§
0 39 ft 1.33 in.
0,5 50 ft 1.25 in.
0,5 75 ft 3.25 in.
10 90 ft 4.5 in.
10 39 fc 1.0 in.
10 50 ft 1.0 in.
10 75 ft 2.7 in.
10 90 ft 3.75 in.

2.1.3 Scenario C

Crosslevel alone on tangent track to
prevent wheel lift greater than 1/2 in.
from continuous low joints,

SAFE LIMIT

Continuous variation in crosslevel
of 0.625 in. (This would result in
a value for TSC's crosslevel index,
CLI, of 0.3 in.)

2.1.4 Scenario D

Dynamic¢ curving with crosslevel and gage
variation to prevent wheel climb on rigid
track.

SAFE LIMIT

On a ten degree curve it was found
that the combination of crosslevel
and gage variation provided a great-
er hazard than the above limits for
them individually. Several alterna-
tive combinations were possible and
require further investigation.

2.2 DERAILMENT PROCESSES AND MEASURES

Section 2.1 sets out theée nature of the
derailment process for the particular
scenarios identified from a review of
derailment data. In this section, the
derailment processes are identified and
related to the measures used in the model
described in Ref. 4. Derailment repre-
sents the cessation of guidance provided
by the rails to the wheelsets and is
characterized by movement perpendicular
to the direction of travel. 1In particu-
lar, the wheel may lift from the rail
surface, and/or may move laterally as
when the flange climbs over the rail, or
when the outside of the non-flanging
wheel moves inside the gage face of the
rail. These three derailment conditions
are referred to as wheel lift, wheel
climb and wheel drop.

Wheel 1ift is principally associated
with the static and dynamic effects of
variation in crosslevel. Dynamic wheel
lift occurs when the vehicle suspension
rolls about a low center excited by
crosslevel variation at low joints on
staggered jointed track or at high over-
balance speed in curves. Wheel lift is
therefore descriptive of an impending
carbody rollover or of a potential unre-
strained lateral movement.

Wheel c¢limb or the climbing of the rail
by the wheel in flange contact is fre-
quently associated with partial wheel
unloading. Statically, a torsionally~
stiff freight car can exhibit wheel un-~
loading and wheel 1lift if the rate of
crosslevel variation along its length
exceeds the capability of the suspension
and body to twist under its load. This
condition is more prevalent with lightly
loaded cars having constant contact side-
bearers. In this situation, derailment
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may follow unloading of the flanging
wheel in curves where a lateral force
is sustained. With the wheelset in
flange contact with the rail, and the
flanging wheel lightly loaded vertical-
ly, the non-flanging wheel carries an
increase over its static load and the
lateral force developed by the non-
flanging wheel may drive the flanging
wheel onto and over the rail. Dynamic
unloading of the flanging wheel can
occur and is found to be important in
tight curves with large roll response
due to crosslevel variation at joints.
The wheel lateral to vertical force
ratio, L/V, is frequently used to indi-
cate proximity to derailment conditions
in this mode and is especially impor-
tant for monitoring test measurements.

Wheel drop occurs as a result of gage
increase due to static curving and/or
dynamic gage widening forces. Track
,with a minimum restraint capability
~contributes to incipient wheel drop by
permitting wider gages to be developed
for the same lateral force.

2.2.1 Body Roll Angle
Derailment indices pertinent to this

study are discussed in this and the
following subsections. A threshold for
body roll angle was chosen from the
experience gained from other studies of
the rock and roll phenomenon (Ref. 5).

A value of *5.0 degrees is considered
excessive. For the loaded hopper car
investigated, this angle occurs well

after commencement of rotation over the
sidebearing and centerplate separation.

a ten degree curve with gage and align-
ment wvariation. Although roll derail-

ment is predicted, i.e., the angle ex-

ceeds +5.0 degrees, it is accompanied by
wheel climb as seen in Fig. 2.2-3.

2.2.2 Wheel Lift and Wheel Climb

In earlier studies (Ref. 5), a value of
0.5 inch was used to signify an exces-
sive height of the wheel tread above the
rail in crosslevel response. For the
AAR 1/20 profile, 0.5 inch approximates
the height beyond which the flange angle
decreases. The value of wheel lift at
the tapeline during wheel climb may be
calculated from the lateral wheel/rail
movement and knowledge of the profiles
as given in Fig. 2.2-2. 1t suggests
derailment if the wheel moves more than
0.1 inch beyond initial flange contact
for new AAR 1/20 wheels on AREA 132 1b.
rail. Distance beyond flange contact is
calculated in SIMCAR. Figure 2.2-3 il-
lustrates the results for the same case
shown in Fig. 2.2-1. The graph indi-
cates the time history of the position
of the flange beyond initial contact
with the rail. Wheel climb is seen to
occur simultaneously with a roll angle
exceeding five degrees (see Fig. 2.2-1).

2.2.3 Vheel Drop

The "distance to wheel drop™ (in inches)
for new wide-flange wheels is defined by
the equation,

DISTDROP 0.5 (64.5 £ 0.3 -

instantaneous track gage)

A typical plot of carbody roll angle © Yyheel
against time from the SIMCAR model is
given in Fig. 2.2-1 for severe roll in
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where Ywheel' is the wheelset lateral

position relative to the track center-
line. The wheelset must also avoid ap-
proaching wheel drop by a safety margin.
A value of zero represents a wheel drop
derailment. The safety margin of 1.25
in. (shown in Fig. 2.2-4) represents a
maximum gage of 59 in. and has been used
for the cases studied. This gives the
distance to the wheel drop limit as,

3.07 in. - instantaneous
flangeway clearance.

DISTDROP =

2~4

The instantaneous flangeway clearance for

rigid track is available from the computer

program SIMCAR, and is illustrated in
Fig. 2.2-5. The true clearance will
have additional gage increases due to
each rail deflection. A representation
of this effect as computed in the pro-
gram plots lateral force against dis-
tance to wheel drop directly and is given
in Fig., 2.2-6. The limiting lateral
rail deflection curve for the minimum
rail restraint that is chosen as accept-
able is added to the computed output
plot and the value of the deflection for
the low rail is established. The rail
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deflection curve for the high rail is
then plotted from the low rail deflec-
tion point and gives a limit above
which the computed points indicate a
possible derailment.
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3. ANALYTIC RESULTS FOR 100 TON
HOPPER CAR

3.1 SCENARIO DESCRIPTION

This study continues the scenario ap-
proach described in Ref. 4. Two sce-
narios are addressed which relate di-
rectly to track geometry as it affects
safety from derailment. These are the
combination of variations in alignment,
gage and crosslevel in curves, espec-
ially tight curves, and the variation
of alignment alone on both tangent and
curved track. A standard loaded 100 ton
hopper car was chosen for the study.
Its parameters are given in Appendix A.
The study methodology is described below.

3.1.1 Alignment, Gage and Crosslevel
in Tight Curves

The major reason for the choice of this
scenario is that it provides a severe
environment to identify limits to gage
and crosslevel in curves which, if ex-
ceeded, would cause possible derailment
in the speed range of 10-25 mph. The
mode of derailment found to be most
likely in this scenario includes a large
lateral force and unloading of a flang-
ing wheel. The rail geometry chosen is
that of the exponential cusp, outward
and downward at the outer rail joint
and downward only at the inner rail
joint with staggered rails. Thus, the
crosslevel due to the downward cusps
excites the roll of the vehicle body
and the outward cusp on the outer rail
causes large dynamic lateral forces
associated with gage and alignment vari~
ation. This combination can result in
a large lateral (L) and small vertical
force (V), hence a large L/V ratio and
the danger of incipient rail c¢limb by
the wheel.

The process is illustrated in Fig. 3.1-1,
which shows the separate effects of
outer rail alignment and crosslevel., A
similar result is apparent in the re-
sults shown in Figs. 3.1-2 and 3.1-3
for crosslevel excitation on tangent
track and a ten degree curve. However,
with additional lateral excitation due
to outer rail cusps, the minimum verti-
cal force may not be coincident with
the maximum lateral force and a computer
study was carried out using the SIMCAR
program to identify the proximity to
incipient wheel ¢limb in tight curves.
A summary of these runs is given in
Table 3.1-1. This matrix of runs was
designed to establish the largest values
of alignment, gage and crosslevel which
do not exhibit incipient wheel climb.
One significant additional variable was
included in the runs, namely speed.

Differences in the results were apparent
from small speed changes around the roll
resonance, especially in the time and
duration of peak lateral and minimum ver-
tical wheel forces. A range of speeds
was therefore examined for certain cases.
This table identifies the results dis-
cussed later in this chapter. The com-
puted output of greatest interest -~
representing proximity to wheel climb --
was illustrated previously in Fig. 2.2-3.

3.1.2 Sinusocidal Alignment Variations

A more severe alignment environment than
the lateral cusp of the preceeding sce-
nario 1is that provided by track having
constant gage and large sinusoidal align-
ment variations with wavelengths between
39 and 90 ft, especially where the track
has a minimum restraint capability. The
limiting derailment mode in this scenar-
io, in the 10-25 mph speed range, is
wheel drop.

Figure 3.1-4, illustrates the prediction
of incipient wheel drop as a function of
variation wavelength for constant gage.
It also shows the occurrence of wheel
climb beyond the rail restraint line
which suggests that wheel climb is also
possible on stiff track for large varia-
tions in alignment geometry. The cases
investigated here are associated with
track having a minimum restraint capabil-
ity. Also seen from Fig. 3.1-4 is the
widely differing response to different
wavelengths. The study reported here
uses 39, 50, 75 and 90 ft to cover the
range of interest and provides prelimi-
nary results at a higher speed and for
curves up to 15 degrees. The new list
is given in Tables 3.1-2 to 3.1-5 for the
four wavelengths. As in the previous
scenario, summaries of the results are
given in the tables. The runs were ar-
ranged to find the values of amplitude
at each wavelength, which was "just safe"
from incipient wheel drop derailment for
the given rail restraint curve.

3.2 RESULTS FOR ALIGNMENT, GAGE AND
CROSSLEVEL IN TIGHT CURVES

The potential for wheel climb as a re-
sult of the combination of dynamic wheel
unloading and lateral force was discussed
in Ref. 4 as a baseline case., Figure
3.2-1 shows that the limit of 0,1 in.
set for the lateral wheel displacement
beyond initial flange contact (DYLF 12)
is exceeded. Wheel 1lift is alsoc appar-
ent (negative vertical force on the
wheel occurs due to the fact that the
model permits snubbing to exist bevond
wheel 1ift). The speed of 15 mph is
chosen here and the gage, cusp amplitude
and crosslevel were those previously
chosen in separate studies as limiting
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TABLE 3.1-1
SUMMARY CROSSLEVEL, GAGE, CURVATURE RUNS
100 TON LOADED HOPPER - CG 98 in. ABOVE RAILS

MIN. MAX. LAT. | MIN. MAX.
BATCH | CURVE | CROSSLEVEL| GAGE | GAGE | CUSP | SPEED | SPEED COMMENT
: g ’ in. in. in. mph mph
Roll angle increasing after
0/1 0 1 TIGHT (4] 11 » 17 7 cycles > 7 deg at 13.5 mph.
Substantial wheel 1lift.
Wide gauge reduces angle but
0/2 0 1 58 58 0 14 - still > 5 deg.
Substantial wheel lift.
3 Max. roll angle 2 deg.
0/3 0 A TIGHT 0 15 - Min. vert force 12 kips.
No incipient wheel climb.
5 Max. roll angle 1.5 deg at 16 mph
0/4 0 % TIGHT 0 14 » 16 might peak at 15.5 mph.
8
Crosslevel below threshold input.
3 3 3 Roll angle moderate (as 0/3),
0/5 o A 56 57 17 15 - increase in lat. force but
no incipient wheel climb.
3 3 3 Large roll angle >3 deg.
3/1 3 8 56 37 12 14 > 16 no incipient wheel climb.
5 3 3 Large roll angle 6 deg at 15 mph,
5/1 5 g 56 57Z IZ 13 -+ 16 wheel 1lift.
Serious climb at 16 mph.
5 1 3 1 Large roll angle 4 deg at 14 mph,
5/2 5 3 565 573 17 14 -+ 16 min. vert. force zero.
No incipient wheel climb.
1 3 1 _ Very little roll < 0.15 deg.
10/1 10 0 562 7 1& 15 No incipient wheel climb.
1 1 3 1 Moderate roll 2 deg at 15 mph.
10/2 10 2 562 575 14 14 > 16 No incipient wheel climb.
5 1 3 1 _ Large roll > 4 deg,
10/3 10 8 562 574 14 15 serious climb.
1. 5 3.
Crosslevels = in., %., = in.,
10/6 | 10 codee | se6x| se; | 0 | 15 - 2 8
moderate max. roll at VA in.
No incipient wheel climb.
1 1 1 - Small roll,
15/1 15 2 562 562 0 15 no incipient wheel climb.
' 5 1 1 Moderate roll 1.5 deg at 15.5 mph,
1572 15 3 56§ 565 0 15 = 16 no incipient wheel climb.
3 1 1 Moderate increasing roll at 14 mph,
15/3 15 A 565 56§< 0 14 - 16 min. vert. force < 10 kips.
Serious climb at 14 mph.
1 1 1 Moderate roll at 15-16 mph, wheel
15/4 15 3 565 575 1 13 - 16 climb just to 0.1 in. limit,
No incipient derailment.
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TABLE 3.1-2

RUN LIST FOR SINUSOIDAL ALIGNMENT VARIATION

ALIGNMENT

RUN PERTURBATLON GAGE | SPEED COMMENTS
No. | YeNerw | awpiirupe | CONST. | MPH | G SKFE. 3 - JUST V- VERY
T-1 39 5.0 58.0 25 C + D

2 3.0 l C+D

3 3.0 15 C+D

4 1.33 57‘.'75 25 JS(D)

5 1.00 10-95 Very little flanging

6 1.00 56‘.5 1095 | No C or D, 26 kips Lat (Axle 1)

\i 95 mph

T-7 50 5.0 58.0 25 C+D

8 3.0 ! C+D

9 15 D

10 2.0 57.75 25 D JS{(C)

11 58.0 D JS(C)

12 1.75 57.75 D

13 1.50 D

14 1.25 JS(D)

15 1.125 5-100 D (45 mph up) No C.

16 ! 1.00 58.0 25 JS(D)
T-17 75 5.0 58.0 25 D

18 3.5 57.75 JS(D)

19 3.25 l S

20 3.0 58.0 D

21 l 15 JS(D)

22 v 1.5 57.75 16-95 JS(D) 70 mph. D - 95 mph.
T-23 90 5.0 58.0 25 D

24 4.5 57.75 S

25 4.5 57.5 vs

26 3.5 Vs

27 3.0 58.0 v A%

28 15 Vs

29 ) 56.5 25 vvs
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TABLE 3.1-3

RUN LIST FOR SINUSOIDAL ALIGNMENT VARIATION
5 DEGREE CURVE

BASIC ALIGNMENT
RUN CURVE PERTURBATION GAGE SPEED COMMENTS
BAL. | WAVE- P/P C - CLIMB D - DROP
NO. | deg | gpppn | 1ENGTH | amprITupg | CONST- | mph | o AR 3 - JUST V - VERY
5-1| 5 25 39 1.33 57.75 25 D
2 { 15 D
3 170 25 JS(D)
4 0.75 ; S
5-5 | 5 25 50 1.25 57.75 25 JS(D)
6 ¢ ¢ 1.125 L VS
5-7 25 75 3.25 57.75 25 JS(D)
5.8 | 5 25 90 4.50 57.75 25 s
TABLE 3.1-4
RUN LIST FOR SINUSOIDAL ALIGNMENT VARIATION
10 DEGREE CURVE
BASIC ALIGNMENT
RUN CURVE PERTURBATION GAGE SPEED COMMENTS
BAL. | WAVE- P/P C - CLIMB D - DROP
NO. \deg| opppn | LENGTH | AMprITUDE | CONST- mph | o . SAFE J - JUST V - VERY
10-1 |10 25 39 1.33 57.75 25 D
2 ¥ 57.5 D
3 1.25 JS(D)
4 1.0 S
5 15 Vs
6 25 57.75 JD
7 v ‘ A 0.75 4 JS(D)
10-8 |10 25 50 1.75 57.5 25 S
9 1.5 Vs
10 1.25 Vs
11 * 57.75 JD
12 J \ y 1.0 4 Y JS(D)
10-13|10 25 75 3.5 57.5 25 s
14 3.25 57.75 D
15 2.7 D
16 2.5 D
17| y ’ Y 2.25 Y Js(D)
10-18(10 25 90 4.5 57.75 25 D
19 57.5 S
20 3.75 # JD
21|} ' ‘ 3.5 57775 | JS(D)
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TABLE 3.1-5

RUN LIST FOR SINUSOIDAL ALIGNMENT VARTATION

15 DEGREE CURVE

RUN CURVE PERTURBATI ON GAGE | SPEED COMMENTS
No. | deg | $Biin | rimetm | ampiitupe | CONST- | meh | € T SRR D TNET v vey
15-1 | 15 25 39 1.33 57.75 25 D

2 57.5 D

3 170 57.75 D

4 57.5 D, JS(D)

5 0.875 s

6 0.75 57.75 D

7 57.5 S

8 0625 57.75 D

9 0.375 JD

0| | I ! 0.25 ‘ JS(D)

1| 15 25 50 1.5 57.5 25 JS(D)

12 1.25 57.75 D
10-13 1.125 57.5 s

14 1.0 S

15 0.75 57.75 D

16 0.625 D

17 0.5 JD

18| | y 0.375 JS(D)
10-19 | 15 25 75 3.25 57.75 25 D

20 l 57.5 JS(D)

21 3Y00 JS(D)

22 1.75 57,75 D

23 1.5 D

24 i \ 4 1.25 ¥ Js(D)

25 | 15 25 90 4.5 57.75 25 D

26 l 57.5 JS(D)

27 3.5 S

28 2.5 57.75 D

29 2.25 D

30 2.00 D

31 4 3 ¥ 1.75 ' JS(D)
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conditions to prevent derailment. The
combination of crosslevel and outer
rail lateral cusps in tight curves is
found to represent a more severe envi-
ronment than the separate variation of
vertical (crosslevel) and lateral rail
position (alignment and gage).

Similar results were obtained for other
curvatutres. Figures 3.2-2 through 3.2-5
show the effect of speed near roll res-
onance, in a five degree curve. The
largest roll angle occurs near 14 mph
although 15 mph is also large. Simi-
larly, large variations are observed in
the vertical load leading to dynamic
unloading. The lateral forces shown in
Fig. 3.2-4 are also large at both 14
and 15 mph. However, the 15 mph speed
provides a combination of large lateral
force with wheel unloading which leads
to wheel climb {(i.e., DYLF > 0.1) as in-
dicated in Fig. 3.2-5. Again, values
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of 5/8 in. crosslevel or 1 3/4 in. lat-
eral outer rail cusp were found previous-
ly to be insufficient to cause derailment
under separate excitation.

A further study was undertaken on the
five degree curve to establish a reduced
lateral cusp which, together with the
5/8 in. crosslevel variation, would give
the maximum cusp amplitude that does not
lead to wheel c¢limb. The computer output
is summarized in Figs. 3.2-6 through
3.2-9. The peak roll again appears to
occur at a speed between 14 and 15 mph.
However, the roll angle (Fig. 3.2-86) is
reduced significantly and the wheel un-
loading (Fig. 3.2-7) is less severe than
for the previous case. This result il-
lustrates the coupling between lateral
excitation and roll response since the
crosslevel is unaltered from the previ-
ous simulation. Reducing the lateral
outer rail cusp amplitude produces the
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same effect as increasing the minimum
gage to 56.5 in. from the previous value
of 56.0 in. The lateral force is also
less than that for the larger lateral
cusp, but the major difference is that
the large lateral forces (cf. Fig.
3.2-8) persist over a smaller time,
which permits a time difference between
the occurrence of wheel unloading and
lateral thrust. This result is seen as
the absence of incipient wheel c¢limb in
Fig, 3.2-9,

These results suggest that by reducing
the amplitude of outer rail cusps at

five degrees of curvature together with
further reductions in crosslevel varia-
tion at higher values of curvature, it

is possible to significantly reduce the
likelihood of wheel c¢limb. Since the
original outer rail cusp at low curva-
tures was 1 3/4 in., results were sought
for this admplitude on a three degree
curve with the previously used cross-
level variation of 5/8 in. The results
are remarkably similar to those of the
previous five degree curve with the
smaller lateral cusp amplitude as shown
in Figs. 3.2-9 through 3.2-12. The
wheels barely unload and the lateral
forces are not sustained to coincide
with the unloading. No wheel climb is
predicted.

For the ten degree curve the incipient
wheel climb derailment is eliminated by
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the reduction of crosslevel variation CROSSLEVEL | OUTER RAIL CUSP
from 5/8 in. to 1/2 in. as compared in

Fig. 3.2-14. This raises the question
of a possible equivalence in the effect
of reducing crosslevel and lateral cusp
amplitude wvariations. Figures 3.2-15
through 3.2-18 show, respectively, the Case 2 1 in 11 in
history of roll, vertical force, lat- 2 4
eral force and lateral excursion beyond
flange contact for different track per-
turbations that are near derailment on

Case 1 % in 0 in

It would appear that when a severe ten-~

dency to derail exists, a reduction in
a ten degree curve. The roll angle and 1/4 in. of cross level variation is
vertical fqrce responses are similgy. equivalent to about 1-1/4 in. of lateral
However, differences are apparent in cusp reduction, supporting the suggestion
the lateral force due to the large dif- that limiting lateral cusp amplitude
ference in track. The two cases are:
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alone in high curvatures would impose a
track gage impossible to maintain for
these tests. The result also suggests
that incipient rail c¢limb is more con-
sistent with wheel unloading than ex-
cessive lateral force in the range of
normal track tolerances,

At the higher curvature of 15 degrees a
further reduction in lateral cusp ampli-
tude to 1,0 in. is necessary to prevent
wheel climb, even with the reduced cross-

level variation of % in. A comparison

of results for the four output variables
on ten and 15 degree curves are given in
Figs. 3.2~19 through 3.2-22, for 15 and

16 mph.
1% in. for the ten degree curve and

1.0 in. for the 15 degree curve. Com-

plete unloading of the wheel does not

occur. However, the combination of high
curvature and lateral cusps are suffi-

cient to give large lateral forces but

not enough to provide incipient wheel

climb {(cf. Fig. 3.2-22),

The lateral cusp amplitude is

The results in the ten degree curve were
used as a basis for planning the test
carried out in Bennington, New Hampshire
in July and August 1982.
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Figure 3.2-6 Roll Angle of 100 Ton Loaded Car-
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Figure 3.2-10 Roll Angle of 100 Ton Loaded Car-
body (Response to Crosslevel and

Gage Variation, Curvature
Outer Rail Lat. Cusp 1.75 in.)
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{Response to Crosslevel and Gage
Variation, Curvature 3 Degrees/

Crosslevel Variation 5/8 in./
Maximum Gage 57.75 in./Outer
Rail Lat. Cusp 1.75 in.)

Figure 3.2-12 Lateral Forces on Leading Wheels
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3.3 RESULTS FOR SINUSOIDAL ALIGNMENT
VARIATIONS

Sinusoidal alignment variations on tan-
gent track having a minimum restraint
capability at low speed were recon-
sidered in order to confirm and extend
the results given previously in Ref. 4.
The limiting derailment scenario is
that of wheel drop following dynamic
wide gage. The results given in
Table 3.3-1 represent the best assess-
ment for tangent track for a fixed wide
gage of 57 3/4 in.
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Figure 3.2-16

During this investigation a search was

made to establish the coupling between
sinusoidal alignment variation and roll
response. The results are shown in Fig.

3.3-1. Severe roll response is apparent

at 15 mph for a peak/peak alignment .
amplitude of 3 in. at a 39 ft wave-
length. However, this amplitude is more
than twice that which creates forces
large enough to cause a wheel drop de-
railment on the track identified. The
wheel c¢limb resulting from large roll
response is therefore not critical in
this work.
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At the much smaller alignment peak/peak
amplitude of 1 in., the simulation pro-
gram predicted that a wide gage on tan-
gent track would permit the wheelset to
ignore the alignment variation with
little or no flange contact while at
normal gage repeated flange contact
occurs. This result is shown in Fig.
3.3-2. However, the trend of larger
forces from tighter gages only exists
where flange contact can be avoided.

In general, under incipient wheel drop

.conditions and, in particular, in curves

where flange contact occurs with modest
alignment variation, larger gages result
in smaller distances to wheel drop from
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the rail restraint curve. This becomes
the dominant influence as shown in Fig.

3.3-3.

In a preliminary investigation of the
effect of speed on response, it was shown
that higher speeds generally cause larger
forces. An example is given in Figs.
3.3-4 and 3.3-5 for a 50 ft wavelength
alignment sinusoid on tangent track.
With the peak/peak amplitude of 1.125 in.
shown, a speed of 45 mph just provides
the prediction o¢f wheel drop. At

100 mph, on stiffer track with a higher
rail restraint curve than that given,
the prediction shows the beginnings of a
wheel climbing tendency. This is indi-
cated by results with a reduction in
DISTDROP, or distance to wheel drop, at
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TABLE 3.3-1
LIMITING VALUES OF ALIGNMENT AMPLITUDE
WHEEL DROP AT LOW SPEED ON TANGENT TRACK
HAVING A MINIMUM RESTRAINT CAPABILITY

WAVELENGTH, ft | PEAK/PEAK AMPLITUDE, in.
39 1.375
50 1.25
75 3.50
90 4.50

high lateral force levels. It is caused
by the flanging wheel c¢limbing beyond
initial flange contact and permitting
the non-flanging wheel to move across
its rail head further, reducing
DISTDROP.

The majority of the curving results
discussed in this section are taken at
balance speed. The change in lateral
force resulting from different track
elevation in curves is due to a trans-
fer of vertical axle load between
wheels. Figure 3.3-6 shows this effect
for the loaded hopper at 25 mph in
curves having a balance speed of 25 mph
and 15 mph, respectively. The latter
result at overbalance (a speed greater
than balance) shows the separation of
the curves of vertical force on inner
and outer wheels. However, the curves
of L/V on the low rail are almost iden-
tical and show a value near p = 0.5 for
this saturated tight (15 degree) curving
condition. Thus, the lateral force on
the low rail is reduced, providing an
apparent reduction in the tendency to
gage spreading on this rail in the over-
balance case. Figure 3.3-7, for the
same conditions, shows little differ-
ence in the lateral force on the outer
wheel but an apparent reduced tendency
to wheel drop due to this reduction in
force on the low wheel in the overbal-
anced condition (track superelevation
2.3 in.). It is felt that this exag-
gerates the result since the rail re-
straint curve does not reflect the addi-
tional lateral stiffness under increased
vertical load. The results at balance
speed are chosen to be representative
of the worst conditions on track having
a minimum restraint capability.

In curvatures of five degrees and above,
the wheelset tends to follow the outer
rail and cannot exhibit the flange-free
path of tangent track previously shown
in Fig. 3.3-2 even for wide gage
(57.75 in.). Figure 3.3-8 shows the
path of the leading wheelset in five,

3-26

ten and 15 degree curves at a gage of
57.75 in. and sinusoidal alignment peak/
peak amplitude of 1 in. Only the five
degree curves shows periods of flange-
free curving. All results are run at a
balance speed of 25 mph. The wavelength
for this illustration is 39 ft. The
tendency to wheel drop is shown in Fig.
3.3-9 for the same conditions. As the
curvature increases, the lateral force
on the leading outer wheel also in-
creases. However, the lateral force on
the inner wheel decreases. This is due
primarily to the increase in longitudi-
nal force between the wheel and rail in
the tighter curves which rotates the
saturated (full slip) contact force more
towards the longitudinal than lateral
direction giving rise to a smaller lat-
eral component. However, this reduction
in inner wheel lateral force and its
effect on the rail restraint curve are
insufficient to compensate for the larger
outer wheel force and hence the tendency
to wheel drop is greater in the tighter
curves.

The effect of curvature is seen more
directly in Figs. 3.3-10 and 3.3-11,
which plot the peak individual and the
sum of the gage spreading lateral forces
in zero, five, ten and 15 degree curves.
Both show the increase in lateral force
with curvature for a fixed gage of
57.75 in. It has been previously shown
in Ref. 4 that the value of 34.5 kips
for the sum of the gage spreading out-
ward forces on both rails represents a
limit to prevent a gage of 57.75 in.
from spreading sufficiently to cause
incipient wheel drop. Using this limit-
ing value it may be seen that peak/peak
sinusoidal amplitudes of 1.375 in., which
do not lead to wheel drop on tangent
track, must be reduced for curvatures of
five degrees to 1.0 in. and for curva-
tures of ten degrees to 0.75 in. to pre-
vent incipient wheel drop for the gage
of 57.75 in.

The value of the gage is again shown to
be of primary importance in this sce-
nario. An increase in DISTDROP, the
computed drop, is identical to the de-
crease in gage. For track with a mini-
mum restraint capability, this repre-
sents an equivalent change in single
wheel lateral force, at the wheel drop
limit, of 15 kips for every inch. Thus,
a reduction in gage of 0.25 in. permits
an increase in force of just under four
kips without causing a wheel drop de-
railment prediction. At the larger
forces in tighter curves this becomes
important and gages of both 57.75 in and
57.5 in were investigated in ten and
15 degree curves.
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The process by which the prediction of
a limiting value of sinusoidal alignment
peak/peak amplitude has been identified
is given in Figs. 3.3-12 and 3.3-13.
The lateral forces of Fig. 3.3-12 are
reviewed to find the maximum value for
the outer wheel and the simultaneous
value for the inner wheel. The outer
wheel lateral force is also a computer
plotted output on the curves of Fig.
3.3-13. Added to this plot are the
rail restraint curves, first for the

inner wheel and with the knowledge of

its lateral force, for the outer wheel.
The runs were generally carried out by

decreasing an alignment peak/peak ampli-
tude until a case was found for which

the wheel drop limit was not exceeded.

In Fig. 3.3-11, this amplitude is seen
to be 2.25 in.

The limiting sinusoidal alignment peak/
peak amplitudes for which incipient wheel
drop derailment is not predicted on track
having a minimum restraint capability in
the low speed regime for a 100 ton hopper
car are presented in Figs. 3.3-14 through
3.3-19. Each figure shows the results
for wavelengths of 39 ft, 50 ft, 75 ft,
and 90 ft, selected to indicate the range
of long wavelength alignment variations
found in real track. Figures 3.3-14
through 3.3-17 are for tangent, five
degree, ten degree and 15 degree curves
at a gage of 57.75 in. Figures 3.3-18
and 3.3-19 are for ten degree and 15
degree curves at a gage of 57.5 in.
From the figures it can be seen that the
value of 4.5 in for the 90 ft wavelength
is slightly below the computed limit for
zero degree and five degree curves and
57.75 in. gage and for the ten degree
curve and 57.5 in. gage. However, no
larger values were considered necessary
as part of this investigation on limits
to track geometry specification. The
reduction of track gage from 57.75 in.
to 57.5 in. for curves of ten and 15
degrees 1is consistent with that found
previously in runs with combined cross-
level and gage variation. In particu-
lar, the tolerances the results suggest
for the individual lateral rail align-
ment at the larger gage of 57.75 in.
appear to be too restrictive for prac-
tical implementation although both gages
were run and their results given.

The results for tangent track were used
as the basis for planning the sinusoidal
alignment variation tests at Bennington,
New Hampshire, carried out in July and
August 1982.
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4, SIMULATION RESULTS FOR
BENNINGTON TEST

Simulation runs were carried out with
SIMCAR following the tests at Benning-
ton, New Hampshire. These runs used
the modified car parameters given in
Appendix A. Since there was no measure-
ment of the height of the center of
gravity or of the snubber friction,
these quantities were estimated. The
run list with the modified car data is
given in Table 4-1. The design of the
test included three sections: tangent
track with alignment sinusoids of 39 ft,
50 ft and 90 ft wavelengths, a six de-
gree curve with alignment sinusoids and
outer rail cusps and a twelve degree
curve with combined crosslevel and outer
rail cusps. Results for the six degree
curve were unavailable and have been
simulated.

The two sections of the Bennington test
track simulated were the tangent with
alignment sinusoids and the twelve deg-
ree curve with outward cusps on the
outer rail and crosslevel or downward
cusps at the staggered rail joints.

4.1 ALIGNMENT SINUSOIDS ON TANGENT

TRACK

Simulation of this scenario were carried
out with 50 ft and 90 ft sinusoids but
without crosslevel. The test used a
lighter car than that assumed in the
preceding chapter. The height of the
body center of gravity was also reduced.
A list of parameters for the car used in
this scenario is given in Appendix A.
The test results for the peak lateral
forces and the SIMCAR values are given
in Figs. 4.1-1 and 4.1-2. The simulated
results compare well with those meas-
ured. However, Figs. 4.1-3 and 4.1-4
show the vertical force minima and dy-
namic peak/peak values for the same runs.
These vertical forces show clear evidence
of the roll resonance during the test
runs. The actual resonance would not be
at the sinusoidal alignment wavelength
but at the rail length of 33 ft. This
situation was not simulated. It is be-
lieved that the lateral transfer of load
between wheels on the same axle would
not greatly affect the results for the
peak lateral force.

TABLE 4-1
RUN LIST FOR THE BENNINGTON TEST SIMULATIONS

BASIC ALIGNMENT N . 12 DEGREE
RUN CURVE PERTURBATION GAGE SPEED | CAR CURVE
COMMENT
WAVE - P/P . .
BAL. CONST. HT CROSSLEVEL CUSP
NO. deg SPEED LE?ETH AMPLITUDE in. mph in. in. in.
in.
Bl 0 - 30 4.5 57.0 10 60 - -
B2 15 Lateral Forces
B3 20 Good - Vert
Force poor due
B4 25 to presumed zero
30 Crosslevel
BS5 12 21
B6 - - 56.5 15 60 0.3 1.25
B7 * 0.625 Inadequate
Roll response
B8 70 | with this
B9 14 60 0.75 Input and Ht
B10 Y ! 10 l l i
Bl1l 12 21 - - 56.5 20 67 0.25 1.25
B12 14 0.625
B13 10 0.80 Best
Bl4 14 t Fit
B15 ! 14 0.90
Y
B16 0 - 50 1.25 57.0 20 67 - - No Crosslevel
B17 15 Input or
B18 1 10 1 Roll




Figure 4.1-1

Figure 4.1-2
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4.2 CUSPS AND CROSSLEVEL IN A TWELVE This difference is seen principally in

DEGREE CURVE the amplitude of roll and hence vertical
load transfer. The test result suggests
In this test, the large lateral to ver- a larger angle in roll for the almost
tical force ratios developed, particu- static crosslevel input. This could be
larly by the locomotive, lead to an due to smaller suspension resistance to
upper limit on speed of 14 mph. The roll arising from reduced snubber fric-
results for peak lateral forces and tion or spring rate although the latter
vertical forces on the low and high is also a contributor to the roll fre-
rail are given in Figs. 4.2-1 through quency. No attempt was made to "opti-
4.2-3, respectively. The wvertical mize" the simulation parameters. The
forces again give evidence of the roll trends are similar for both the test
resonance estimated at about 17 mph or results and the simulation. The sensi-
0.75 Hz. tivity of the simulation and known ve-
hicular behavior to roll damping and
Very little information was available the body to bolster roll moment charac-
on the 100 ton hopper test car suspen- teristic are apparent in these results.
sion characteristics. The static ver-

tical wheel load of 25,000 1lb was taken
as an average over the wheels. An at-
tempt was made to represent the vehicle
using parameters given in Appendix A.
The results are shown in the figures.
The simulation vehicle has a lower reso~
nant frequency at the amplitudes given.
Furthermore, there appears to be a sig-
nificant difference between the simula-
tion and test results at 10 mph.
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Figure 4.2-1 Peak Lateral Wheel Forces in the 12 Deg Curve (21 mph Balance/
Outer Rail Cusp 1.25 in./Crosslevel (Nominal) 0.75 in.)
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5. CONCLUSIONS AND RECOMMENDATIONS

The work described in Chapters 3 and 4
leads to conclusions concerning both
the geometry beyond which either wheel
climb or wheel drop is predicted in the
low speed regime of 10 to 25 mph, espec-
ially in tight curves, and the recommen-
dations already implemented on the value
of geometric wvariables for tests on
track with a minimum restraint capabil-
ity carried out at Bennington, N.H. in
August 1982,

5.1 DYNAMIC CURVING WITH CROSSLEVEL
AND GAGE VARIATION IN TIGHT

CURVES AT LOW SPEED

. In tight curves at low speed
with track characterized by
outer rail cusps at joints and
crosslevel at both outer and
inner rail joints, the results
confirm that the response to
the combined excitation pro-
vides a more severe condition
than that resulting from either
occurring separately.

. Under these conditions the
limiting geometries which do
not result in a wheel climb
prediction under combined
crosslevel and gage variation
for the fully loaded 100 ton
hopper car are given in
Table 5.1-1.

. For the test at Bennington,
New Hampshire, under conditions
of track with a minimum re-
straint capability, a cross-
level of 0.75 in. combined
with an ocuter rail cusp of
1.25 in. in a twelve degree
curve provided a severe test
of the ability of the vehicle/
track system to resist wheel
drop due to dynamic wide gage.
However, the results are not
conclusive due to the diffi-
culty of obtaining a full
characterization of the ve-
hicle used.

. The particular circumstance
which renders the combination
of track crosslevel and gage
and alignment variation hazard-
ous in tight curves is the
danger of having an unloaded
wheel driven up the flange
(wheel climb) by a heavily
loaded non-flanging wheel with
an angle of attack to the rail
during a roll cycle.

TABLE 5.1-1
LIMITS PREDICTED FOR TRACK GEOMETRY FOR
COMBINED OUTER RAIL CUSPS AND STAGGERED
JOINT CROSSLEVEL IN CURVES*

CURVATURE | CROSSLEVEL | LAT. CUSP | MAX. GAGE
deg in. in. in.
0-3 0.625 1.75 57.75
3-5 0.625 1.25 57.75
3-10 0.5 1.25 57.75

10-15 0.5 1.0 57.5

*100 ton loaded hopper, new wheel profiles.

5.2 DYNAMIC CURVING WITH ALIGNMENT
SINUSOIDS AND CONSTANT GAGE AT

LOW SPEED

. The sinusoidal alignment varia-
tion with constant gage provides
to the 100 ton hopper a more
severe response and potential
for wheel drop derailment than
the alignment amplitude due to
outer rail cusps above. This
is particularly true for wave-
lengths greater than 39 ft.

) Incipient wheel drop becomes
more likely with increasing

- speed

- curvature

- gage in curves

- alignment amplitude

It should be noted that this
increase is not necessarily
associated with an increase in
lateral force.

. Under these conditions the lim-
iting geometries which do not
result in a wheel drop predic-
tion for a 100 tom hopper car
urlder excitation by sinusoidal
alignments of varying amplitude
and wavelength are given in
Table 5.2-1.

. The lateral forces measured at
Bennington, New Hampshire are
close to those predicted using
SIMCAR and confirm its accuracy
in providing an assessment of
wheel drop forces in sinusoidal
alignment studies with the new
wheel profile characteristics
used in this study.



TABLE 5.2-1
MAXIMUM PEAK/PEAK AMPLITUDES OF SINUSOIDAL TRACK ALIGNMENT VARIATIONS
WHICH DO NOT GIVE INCIPIENT WHEEL DROP DERAILMENTS ON
TRACK HAVING A MINIMUM RESTRAINT CAPABILITY TO A
LOADED 100 TON HOPPER CAR (25 mph at Balance Speed)

WAVELENGTH CURVE (DEGREES) TRACK GAGE (in.)

(ft) 0 5 10 15

39 1.375 | 1.00 | 0.75 | 0.25 573

50 1.25 | 1.25 | 1.00 | 0.375

75 3.50 | 3.25 | 2.25 | 1.25

90 4.50° | 4.50 | 3.50 | 1.75

39 - - 1.25 | 1.0 573

50 - - 1.75 | 1.50

75 - - 3.50 | 3.25

90 - - 4.50% | 4.50

* Very safe result - higher value possible.

5.3 RECOMMENDATIONS

e The simulation program (SIMCAR)
presently has some deficiencies
in representing wheel forces
and therefore the results are
difficult to interpret. These
analytic problems may lead to
inaccuracy in the interpreta-
tion of conditions of incipient
derailment. It is recommended
that the program be modified
to provide a more accurate
representation of wheel forces
and an increase in computation-
al efficiency.

® It is recommended that the
present studies be extended to
include higher speeds, a great-~
er variety of car and locomo-
tives in frequent usage, a
wider range of rail/wheel pro-
files and additional track
geometries so that safety spe-~
cifications may be proposed
which cover the full range of
operating conditions found on
the railroads.
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APPENDIX A

PARAMETER VALUES USED IN

The
the
the
try

THE SIMCAR MODEL

values used in SIMCAR to represent
100 ton hopper car for studies of
limiting conditions of track geome-
and to represent the test vehicle

at Bennington are given in Table A-1.
A detailed description of the SIMCAR
model may be found in Ref. 4.

TABLE A-1
PARAMETER VALUES USED FOR SIMCAR PREDICTIONS

VARIABLE DESCRIPTION s LOADED | BENNINGTON
NAME
KY Lateral stiffness 1b/in 2.04X104 2.04X104
BY Lateral damping 1b-sec/in 3.242x10° | 3.242x10°
Xz Vertical stiffness 1b/in 4.422x10% | 4.42210
BZ Vertical damping 1b-sec-in 2.0x10% 2.ox10%
KzZZ Yaw stiffness 1b-in/rad 0.0 0.0
BZZ Yaw damping 1b~in-sec/rad 0.0 0.0
KZT Tram stiffness 1b-in/rad 3.43X107 3.43X107
BZT Tram damping 1b-in~-sec/rad 0.0 0.0
KXXR Carbody to bolster roll stiffness Ib/in 1.0><109 1.{)X109
T Half-length between truck centers in 243.0 243.0
HT Height from top of springs to body center in 82.0 67.0

of mass

GAMSX Twist modal displacement at truck —-=- 0.9274 0.9274
GAMSY Lateral bending modal displacement at truck - -0.6237 -0.6237
GAMSZ Vertical bending modal displacement at truck | ---- -0.6237 -0.6237
GAMPSZ | Lateral bending modal derivative at truck ——— -0.01028 ~0.01028
A Half wheelbase of truck in 35.0 35.0
B Half gauge in 29.75 29.75
MC Carbody mass 1b-sec?/in 630.77 465.0
IXC Carbody roll inertia 1b-in~sec2 1.82*-’9(106 1.345X106
IvC Carbody pitch inertia 1bin-sec? 1.68x107 | 1.24x107
12¢ Carbody yaw inertia 1b-in-sec’ 1.6657x107 | 1.23x107
MXC Twist modal mass 1b-in-sec2 9.12><1()5 9.12><105
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TABLE A-1

PARAMETER VALUES USED FOR SIMCAR PREDICTIONS (Cont.)

SIMCAR
VARLABLE DESCRIPTION UNITS o en | PENNINGTON
MYC Vertical bending modal mass 1b-sec22in 317.2 317.2
MzC Lateral bending modal mass lb-secz/in 317.2 317.2
MW Wheelset mass lb*seczfin 7.731 7.731
MS Sideframe mass lb-secz/in 2.983 2.983
MB Bolster mass lb-seczfin 3.78 3.78
v Wheelset yaw inertia lb-in-sec2 5.889X103 5.889X103
1S Sideframe yaw inertia 1b-in-sec? 1.366x10° | 1.366x10°
IBX Bolster inertia, roll 1b-in-sec’ 2.757x10° | 2.757x10°
IBZ Bolster inertia, vaw lb-in-sec2 2.?5?X103 2.757X103
oMX Twist frequency rad/sec 44,08 44.08
oMY Vertical bending frequency rad/sec 108.45 108.45
0MZ Lateral bending frequency rad/sec 63.90 63.90
ALPHA Conicity, centered - 0.05 0.05
RO Wheel radius, centered in 18.0 18.0
F22 Lateral tread creep coefficient 1b 1,83><106 1.83><106
F11 Longitudinal tread creep coefficient 1b 1.96X106 1.96><106
GLOADZ | Influence of centrifugal load ———— 0.0 0.0
WSG Distance from center to spring group in 39.52 39.52
HSG Height of top of springs above rail in 16.0 16.0
FLANG Flange angle (relative to axle) deg 67.0 67.0
CKGF Coefficient of lateral force increase - 0.0 0.0
following flange contact
CR Single~sided flange clearance at rail in 0.325 0.325
MU Coefficient of friction between wheel and - 0.5 0.5
rail
KGLEAD | Characteristic leading edge stiffness at 1b/in 1.0><106 1.0><106
flange
CLSB Clearance of the side bearers in 0.25 0.25
LsSB Half lateral distance between sidebearers in 25.0 25.0
RCP Centerplace radius in 7.0 7.0
FSND Snubber force per side, downstroke 1b 4.0X103 4.0X103




TABLE A-1

PARAMETER VALUES USED FOR SIMCAR PREDICTIONS (Cent.)

V%EEIE@?E DESCRIPTION UNITS }Iiggggg BE%%I;EEON
FSNU Snubber force per side, upstroke 1b .0X103 &.OXIO3
DELCP Centerplace free play rate rad/sec .745X10-3 1.745X10-3
TCP Centerplate torgue 1b-in .619><104 5.619><104
PSNT Tram free play rad 0.05236 0.05236
KZZNT Nonlinear truck tramming stiffness 1b-in/rad .43X108 3.43X108
K2y Lateral suspension stiffness on gibs 1b/in .02X106 1.02X106
DELHG Suspension lateral clearance in 0.375 0.375
K2z Vertical stiffness following spring closure 1b/in .&06X106 2.406X106
COMSG Close coiled compression of spring group in 0.9104 0.9104
EXTSG Extension to free length of spring group in 2.7771 2.7771
CRINC Incremental creepage change at flange ———— 0.0105 0.0105
contact

CRATE Rate of creepage change with lateral -——- 4.09 4.09
displacement after flange contact

CLOAD Coefficient of vertical force ratio in ——— 1.0 1.0

lateral force calculation
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