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' BACKGROUND INFORMATION
on the B
TRACK-TRAIN DYNAMICS PROGRAM

- The Track-Train Dynamics Program encompasses studies
fo the dynamic interaction of a train consist with track as
affected by operating practices, terrain, and cllmatlc con-
ditions. . :

" Trains cannot move without these dynamic interactions.
Such 1nteractlons, however, frequently manifest themselves in
ways climaxing in undesirable and costly results. While often
differing and sometimes necessarily so, previous efforts to
reasonably control these dynamic interactions have been re-
flected in the operating practices of each railroad and in the
design and maintenance specifications for track and equipment.

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

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

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

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

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

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



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

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

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

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

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

The program plan as presented in 1972 comprised:
1) Phase I -- 1972-1974
Analysis of and interim action regarding the
present dynamic aspects of track, equipment,
and operations to reduce excessive train action.
2) Phase II -- 1974-1977
Development of improved track and equipment
specifications and operating practices to
increase dynamic stability.
3) Phase III -- 1977-1982
Application of more advanced scientific principles

to railroad track, equipment, and operations
to improve dynamic stability.
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Phase I cfficiaily ended in December of 1974. The major
technical elements of Phase I included: :

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

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

,c)fv-The development of 1nter1m guidelines for train
o ‘handling, makeup, track structures, and engineer
trainlng to reduce excessive traln action.

The. attached report represents the user's manual docu-
mentation for the 2,3,and 4 Axle Rigid Truck Curve Negotiation
Model, Whlch was developed as an element of item b) above.
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I. INTRODUCTION

The rigid truck curve negotiation model calcﬁlates
the lateral wheel-rail forces associated with the negotiation of
a section of curved track by a rigid framed locomotive truck
for a variety of normal operating conditions. The model itself
is of a quasi-static nature modeling the truck in static
equilibrium for each set of input data. Each truck of the
locomotive is modeled individually and is assumed to have a
conventional center bearing connection from the bolster to
the locomotive, which does not impart any rotational stiffness.
(this is a valid assumption under the static context of the
model.) The model simulates two, three and four axle trucks.
The model will also compute the curving forces under various -
external conditions that exist which include:
1. Operation at over or under balance speed.
2. Train operation forces which may result in
buff force components acting at the truck center
bearing.
3. Any combination of individual axle loads.

4. Any combination of individual wheel loads con-
sistent with axle loads.

5. Development of a tractive or braking effort.

6. Any combination of individual wheel radii.



ITI. COMPUTER ENVIRONMENT

The truck curve negotiation model is written in Fortran
IV. Execution of the program on an IBM 370/158 required 520
bytes of core. As can be seen on the SAMPLE EXECUTION
(APPENDIX A), the net CPU time required for the twelve

simulations was approximately one minute.

III. CONTROL CARDS (JCL)

A very simple PROC has been written to simplify execution
of the program on the Association of American Railroads 370/158
system. A listing of this procedure (TKVEXEC) is provided on
the next page. Input (usually in card form) is read into the
system via unit 5. It is then copied onto a temporary file
(unit 7) so that a listing of card input (by column) can be
printed before actual processing of the data by the system be-
gins.

IvV. INPUT DATA

A. DATA DESCRIPTION - The following data is required for
operation of the program:

1. The tractive effort being developed by the loco-
motive and acting along the locomotive centerline.

2. The braking effort being developed by the loco-
motive and acting along the locomotive centerline.

3. The net buff force acting along the locomotive
centerline. (The buff force at the No. 2 or
trailing coupler, minus the buff force at the No. 1
or leading coupler.)
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4. An indication of which truck (leading or trailing)
is to be modeled. .

3. The magnitude of the centerplate “breakaway" moment.
6. The truck longitudinal Speed. |
7. The track radius at the point of study..

8. A description of the total free 1ateralvaxlelto
truck frame clearances in the truck and their
locations.

9. A description of the total wheel-to-rail clearance
at each axle.

10. The vertical load acting on each wheel.
11. The diameter of each wheel.

12. The lateral load acting perpendicular to the loco-
motive centerline at the center bearing.

13.. The gauge of the track.

14. A description of the truck indicating its wheelbase,
and centerplate location.

15. The distance between bolster centers on the loco-
' motive.

16. A description of any lateral axle-to-truck frame
suspension. . This requires the knowledge of the
total available travel and the system stiffness.
(This is to apply to rubber thrust blocks, etc.)

17. A description of the frlctlon-creep relationship to
be used. The program is de51gned to handle relation-
ships of the type depicted in Figure 1, where the
curved portion of the graph may be represented by
an equation of form:

4 3 2 -
Ayt + AgX3 4+ A2 + A X+ Ag=F

Resultant Creep expressed . in radians

Where X
F = Coefficient of Friction
This equatlon if valid up to a cutoff creep value
after which a constant peak coefficient is used by
the system. The coefficients for the curves shown
if Figure 1 are as follows:

a. Curve 1 AO = =0.00059402
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A, = +23.1745758
A, = -191.89145
A5 = -14123.605

Ay, = +98954.0

Cutoff 0.020

Peak

0.289
A = 21.5062

Cutoff 0.01344

Peak 0.289

18. Explanation of truck option. For some types of
locomotive trucks, the truck is not symmetrical
in that the bolster is not centrally located. For
these trucks a difference will exist between the
leading truck and trailing truck in their alignment
with the locomotive centerline, causing a difference
in the lateral and longitudinal components of the
center bearing load transmitted from the locomotive
to each truck. The variable "truck" specifies
whether the truck under consideration is the
leading or trailing truck on the locomotive.

CARD LAYOUT - The data for execution of the program must

be entered on cards according to the specifications in-

dicated below. Note that under the TYPE heading, FX

. refers to integer format (must be right justified

in columns indicated), and FL refers to real format

(numbers must contain decimal point and can be placed

anywhere within the specified columns). Note also that

certain data is required only if a three or four axle

truck 1is being simulated. Each variable description

indicates whether that variable is for all cases (ALL),

3 and 4 axle trucks only (3 and 4 AXLE), or for 4 axle

only (4 AXLE). FORMAT specifications are included, and

6



" in the case where some data is needed only for

three and four axle truck, the FORMAT refers to the

four axle case. .

Input Card 1 - Format (I1)

Column

Units

Description

Vériable Type

1 NAX FX -

Input Card 2 - Format (20A4)

Units -

Number of axles on truck
being simulated. Must be 2,
3, or 4. (ALL)

Description

Column Variable Type

1-80 - - -

A verbal description of the
truck type or distinctive
program inputs. The choice of
words are at the option of the
operator. (ALL)

Input Card 3 - Format (I10, 6F10.0):

The number of lateral center-
plate loads inputed to the

The tractive effort to be
The braking effort to be con-
The buff force to be con-

Truck position option.
TRUCK = 1.0 for leading
truck, & TRUCK = 2.0 for
trailing truck. (ALL)

' The centerplate breakaway

Column Variable Type Units Description
1-10 NCPL FX -

program. (ALL)
11-20 TE FL Lbs.

considered. (ALL)
21-30 BE FL Lbs.

sidered. (ALL)-
31-40 BUFF FL Lbs.

sidered. -(ALL)
41-50 TRUCK FL -
51-60 CPBMOM FL Inch-

1bs. moment. (ALL)

61-70 SPEED FL MPH

The longitudinal truck speed.
(ALL) ' ‘ .



Input Card 4 - Format (F10.0)

Column Variable " Units

Type

Description

1-10 RF FL Feet

Input Card 5 - Format (8F10.5)

The radius of the section of
track being transversed by the
locomotive. (ALL)

The nominal free clearance
per side between the axle &
truck frame at axle No. 1. (ALL)
The nominal free clearance per
side between the rail & wheel
flange at axle No. 1. (ALL)

The nominal free clearance per
side between the axle & truck
frame at axle No. l. (ALL)

The nominal free clearance per
side between the rail & wheel
flange at axle No. 2. (ALL)

The nominal free clearance per
side between the axle & truck
3. (3 and

The nominal free clearance per
side between the rail & wheel
3.(3 and 4 AXLE)

The nominal free clearance per
side between the axle & truck
4. (4 AXLE)

Column Variable Type Units Description
1-10 AFCL1 FL Inches
11-20 RWCL1 FL Inches.
21-30 AFCL2 FL Inches
31-40 RWCL2 FL Inches
41-50 AFCL3 FL Inches
frame at axle No.
4 AXLE)
51-60 RWCL3 FL Inches
flange at axle No.
61-70 AFCL4 FL Inches
frame at axle No.
71-80 RWCIL4 FL Inches

Input Card 6 - Format (8F10.0)

Column Variable Type Units

The nominal free clearance per
side between the rail & wheel
flange at axle No. 4. (4 AXLE)

Description

1-10 WL1l1l FL Lbs.

The vertical wheel load at axle
No. 1, innerside of the curve.
(ALL)



71-80

The verticl wheel load at
axle No. 1, inner side of the

The vertical wheel load at axle
No. 2, innerside of the curve.

The vertical wheel ioad at axle
No. 2, .outer side of the curve.

The vértical wheel load at axle
No. 3, inner side of the curve.

The vertical wheel load at axle
No. 3, outer side of the curve.

The vertical wheel load axie
No. 4, Inner side of the curve.

The vertical wheel load at axle

Column Variable Type Units Description
11-20 WL12 FL | Lbs. |
| curve. (ALL)
21-30 WL21 FL Lbs;
| | (ALL)
31-40 WL.22 | FL Lbs.
n } (ALL)
41-50 WL31 FL  Lbs. '
| (3 and 4 AXLE)
51-60 . WL32 FL .}ibsb
| (3 and 4 AXLE)
61-70 W14l FL - - Lbs.
(4 AXLE)
WL42 FL' Lbs.

"No. 4, Outer side of the curve.

(4 AXLE)
Input Card 7 - Format (8F10.4)
Column Variable Type Units Description
1-10 WD11 FL Inches The wheel diameter at axle
: : No. 1, inner side of the curve.
(ALL)
11-20 WD12 - FL Inches The wheel diameter at axle
o No. 1, outer side of curve.
(ALL)
21-30 WD21 FL Inches The wheel diameter at axle
. : No. 2, inner side of the curve.
(ALL)
31-40 WD22 FL Inches The wheel diamter at axle
No. 2, outer isde of the curve.
(ALL)
41-50 WD31 FL Inches The wheel diameter at axle

No. 3, inner side of curve.
(3 and 4 AXLE)



Column Variable Type Units Description

51~60 WD32 FL Inches The wheel diameter at .axle
‘ No. 3, outer side of the curve.
(3 and 4 AXLE)

61~70 WD41 FL Inches The wheel diameter at axle
No. 4, inner side of the curve.
(4 AXLE)
71-80 WD42 FL Inches The wheel diameter at axle
" No. 4, outer side of the curve.
(4 AXLE)

" Input Card 8 - Format (7F10.3)

Column ~Variable Type Units Description
1-10 G FL Inches The track gauge. (ALL)
11-20 BC FL Inches - The distance between the loco-

motive bolster centers. (ALL)

21-30 WBASE FL Inches The truck wheelbase; distance
between lead & trailing axle
centerlines. (ALL)

31-40 CPD FL Inches The distance between the lead
axle centerline and bolster
centerline. (ALL)

41~-50 A ' FL Inches The distance between the lead
axle centerline and second axle
centerline. (3 and 4 AXLE)

51-60 B FL Inches The distance between the second
axle centerline and third axle
centerline.

(3 and 4 AXLE)

61-70 C FL Inches The distance between the third
- axle centerline and trailing
axle centerline. (4 AXLE)

Input Card 9 - Format (F10.5, F10.0)

Column Variable Type Units Description

1-10 DDEFL FL Inches The total additional lateral
: , axle displacement allowed by
the lateral axle suspension.
This is in addition to the
lateral free clearances. (ALL)

10



Column Variable Type Units Description

- 11=20 RATE -~ FL Lb./ The stiffness of the lateral
' - ’ In. axle suspension. (Note: This
"suspension" is in reference
to resilient rubber axle
thrust blocks, etc.) (ALL)

Input Card 10 - Format (F10.8, F10.6, F10.4,F10;2, F10.0,
F10.7, F10.5) o

Column Variable Type Units Description
1-10 A0 FL - - The coefficient AO in the
' friction/creep curve equation.
(ALL)
11-20 ‘Al . FL - The coefficient Al in the
Friction/creep curve equation.
(ALL)
21-30 A2_, FL . - The coefficient A2 in the
o a o ' friction/creep curve equation.
(ALL)
31-40 . A3”' ' "FL | - The coefficient A3 in the
' o ‘ friction/creep curve equation.
(ALL)
41-50 A4 . FL - The coefficient A4 in the
- friction/creep curve equation.
(ALL)
51-60 'CUTOFF - FL - This is creep value after which

the friction coefficient remains
constant. (ALL)

61-70 PEAK FL - The maximum coefficient of
‘ friction attained at the knee
of the curve, i. e., at the
cutoff value. (ALL)

Input Card(s) 11 - Format (F10.0)

Column Variable Type Units , Description
1-10 CPL (I) FL Lbs. The lateral load acting at the

locomotive center bearing and
perpendicular to the locomotive
centerline. The number of loads
inputed must be equal to NCPL;
use a new card for each dif-
ferent load. (ALL)

11



V.

PROGRAM OUTPUT

‘A.

DATA DESCRIPTION - The output page will list the

computed curving forces along with the input data from

which they were calculated. The variables are explained

below. After each variable description, an indication

is given whether it appiies to all cases (ALL), (2 and

3 AXLE), 3 axle only (3 AXLE), or 4 axle only (4 AXLE).

Note that "outer" refers to the truck side furthest

from the center of curvature. All .forces are in pounds.

1. CPL - The component of the lateral centerplate load
applies at the locomotive center bearing that acts

perpendicular to the truck centerline. (ALL)

2. K12 - The lateral flange force developed at the
leading outer wheel. (ALL)

3. K21 - The lateral flange force developed at the
second inner wheel. (ALL)

4, K22 - The lateral flange force developed at the
second outer wheel. (ALL) -

5. K31 - The lateral flange force developed at the
third inner wheel (3 and 4 AXLE)

" 6. K32 - The lateral flange force developed at the

third outer wheel. (3 and 4 AXLE)

7. K4l - The lateral flange force developed at the
fourth inner wheel. (4 AXLE)

8. K42 - Thelateral flange force developed at the
fourth outer wheel (4 AXLE)

9. FRICT1l - The lateral component of the friction
force developed at the tread of the leading inner
wheel. (2 and 3 AXLE)

10. PFRICT12 - The lateral component of the friction
force developed at the tread of the leading outer
wheel. (ALL) ,

1l1. FRICT2]1 - The lateral component of the friction

force developed at the tread of the second inner
wheel. (2.and 3 AXLE)

12



12. FRICT22 - Thelateral component of the friction
force developed at the tredd of the second outer
wheel. (2 and 3 AXLE) .

13. FRICT31 - The lateral component of the friction
force developed at the tread of the third inner
“wheel. (3 AXLE) . :

l4. FRICT32 - The lateral component of the friction
force developed at the tread of the third outer

- wheel. (3 AXLE) :

15. FRICT41 - The lateral component of the friction
force developed at the tread of the fourth inner
wheel. (4 AXLE)

16. FRICT42 - The lateral component of the friction

force developed at the tread of the fourth outer
wheel. (4 AXLE)

S~

- 17. D1 - The perpendicular distance (inches) from
the leading axle to the instantaneous center
("frction center") of rotation. (ALL)
18. s - The’perpendicular distance (inches) from the
~ truck centerline to the instantaneous center of
rotation. (ALL)
In addition fo the outputs listed above, the moment about
the instantaneous center of rotation due to the longitudinal
components Qf the friction force at each/wheel plus the
net lateral load at the leading outer and trailing inner
wheels will be displayed.
ERRORS AND WARNINGS - An effort has been made to keep the
model flexible by allowing a wide (usually unlimited)
range of values for most input parameters. Some input
values are examined (e.g., speed must not be negative)
for validity and if in error, the simulation will be
aborted with a message issued on the output sheet.

Warnings may occur when the model cannot determine an

equilibrium configuration.

13



e T e

i

SR
:
¥
b i

e AR
il s Ty ¥ o A

L2

«-.F
T
N

)
N AT

W*Mrm ——



Specifically the messages are:

1. ERROR - INVALID SPEED. A negative value has
been found on the input card.

2. ERROR -~ INVALID WHEEL RADIUS. A wheel radius
(input is diameter) is either zero or negative.

3. ERROR - TRACTIVE OR BRAKING EFFORT MUST BE
0.0. Both TE and BE were input. ‘

4. WARNING - TRUCK IS AT TRANSITION POINT, NUMBERS
GIVEN ARE ONLY A CLOSE APPROXIMATION. The model
could not determine an exact equilibrium
position, but numbers from last iteration ar
quite reliable.

5. WARNING - FRICTION CENTER LOCATION AND FORCES
ARE CLOSE APPROXIMATION IN THIS CASE. Due to
the nature of the model, the iteration proce-
dure in its attempt to balance the parameter
has encountered a case where balance (unbalanced
force < 50 1lbs.) is not attained.

6. SOLUTION NOT POSSIBLE IN THIS CASE - The
iteration procedure to determine force
balance required more than 10,000 attempts.
The configuration can't be solved by this
model. This is an internal check on the
iteration process used in searching for the
friction center. A 10,000 element array has
been filled if this message occurs, simply
aborting execution. This occurrence is highly
improbable.

7. The message - A FRICTION COEFFICIENT OF GREATER

: THAN... IS REQUIRED TO BALANCE THE TRACTIVE,
BRAKING, OR BUFF FORCES INPUTTED TO THE PROGRAM
For equilibrium to be reached with these forces,
a new friction-creep relationship which attains
a greater peak coefficient of friction must
be used - will appear when the available fric-
tion as specified by the inputted friction-creep
curve is not sufficient to balance the trac-
tive, braking, or buff forces specified. This
indicated that a gross slipping condition
would occur, unless the available friction were
to increase. The coefficient of friction
printed out will be the same as the peak
friction constant inputted to the program to
serve as a check for proper data input. The
corrective action required will be to follow
one of these three approaches:

14



"A. Increase the wheel loads to increase the

friction forces.

‘B.. Increase the peak: attalnable coefficient

of friction.

C. Decrease the spec1f1ed tractive, braking,
or buff forces.

The message - FINAL CONSTRAINT - w1ll appear
when the curve size specified is below that
which can be negotiated by the truck without
having flange contact at the leading outer,

~middle inner (third inner for 4-axle) and

trailing outer wheels. The program is not

A*designed to compute  flange forces once the

theoretical threshold of final constraint has
been passed.

(3 and 4 AXLE TRUCKS ONLY)

‘The message = NO EQUILIBRIUM POSITION HAS BEEN
. DETERMINED ~ will appear when the truck is at
.the'exact.transition_point between first degree
‘constralnt and free curving. Recommended ac-

tion is to change the radius of curvature
sllghtly.

15



APPENDIX A - SAMPLE EXECUTION
The following pages contain a) a listing of the card
deck for a sample problem and b) the output generated (JCL

included) from execution. Twelve simulations are included.

16



//IKVEXECA JOB POBToRDM) ¢ 1E0000 MACMILLAN' ¢CLASSEF
//IKVEXEC EXEC %xvexzc _
7/TRUCK, INPUT DD  * ‘ .
%EST NEW SYSTE FRONT.TRUSK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR
15005 .o.o 060 10 9000,0 G0,.0
0,250 0,3125 zso 25
32600,0 32%00.0 3256 32535
3620 3620
56:5 484.0 163.3’5 78, 3?5 _
0,250 20000.0
'°°°3328°5 23,174582-191,89146-14123,609. 98954,044 0,020 0.289
2 . [ )
TEST . NEW SYSTEM rnour TRUCK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR
1 0,0 0. 0,0 1.0 9000,0 40,0
1500%8 0,3125 aso 0,3125
32§ 60.0 32400, 0 3256 32%00,0
36,0 16,0 36.0
56,5 484.0 163, 3*5 78,375
0,280 20000,0
0,0 21.5082 0,0 0,0 0,0 0.,01344 0,289
, 200040 .
TEST NEW SYSTEM REAR TRUCK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR
{ 0,0 0,0 040 2.0 3006 .0 40,0
180353 0,3125 aso 043125
32500.0 32%00.0 3256 3a§ .o
3640 3650 0
§6,5 484.0 153.3?5 1s.3$s
] 280 20000,0
-.oogoggog 23.174582191,89146=14123,609 98954,044 0.020 0,289
%EST NEW SYSTEM REAR TRUCK 2=AXLE MEDIUM MOMENTY WITH CREEP FACTOR
1 0,0 0,0 0.0 2.0 9000,0 40,
1000,0
0,2%0 0,3125 0,250 0,3125
312580.0 32300.0 32580.,0 32%00.0
3640 16,0 36.0 36,0
56,5 484.0 163.3%s 78,315 _
0,250 20000,0
0,0 21.5082 0.0 0,0 0.0 0.,01344 0,289
200020
?Esr NEW SYSTEM FRONT TRUCK 3=AXLE MEDIUM MOMENT WITH CREEP FACTOR
1 0,0 6,0 0,0 1,0 9000.0 40,0
1soo 0
2%0 0.3125 zso 3125 0,250 0,3125
32560.0 32800,0 3256 32% 32500.0 32500,.0
16,0 36.0 36 3 3620 36,0
56.5 48410 163.375 7a.3fs 79,635 .7%0 _
0,280 200000 ,
.ooggggog 23.17aséa-191 89146=14123,609 98954,044 020 0,289
?zsr NEW SYSTEM FRONT rnucx 3eAXLE MEDIUM MOMENY WITH CREEP FACTOR
0,0 0,0 0,0 1.0 9000,0 40,0
l30060 0,3125 2so 0,312% zso 3125
32560 0o 32800.0 3256 32%0 .o 3256 3a§
e.o 36.0 3e 3
56 484.0 163.3$5A 78, 355 79, eés 33.7§o
ooaé 20000,0
21,5062 0.0 0,0 0.0 0,01344 0,289
2000.0

17



noo noo woo noo

N e o N oo N oo N\i oo
-0 -0 -0 0 —_O O
Momn MmomMm Mo M Mmoo M
N (472l “n N
onN [ =14V} i on c N
4] .4} g ”m
<o o o o ro oocoun o s cooin o < oCoowmn o o ooon o
x e o [ ] © O e N s ety ® O & N e oy @ x e th e sfy x o N sy @
oo nN Qo N -0 NOWOWOo N 0O NOOVO N OO0 ANOCL YO N o NOBoO N
-y . - L] [SL= 5 s|OM o . [S 2. 5 L =1 4NN} L] - "«OM o [ -3 *OOM o [
(%) < (8] o - omn M o© L= ¢ o ™M o Q on ™M o (] on M o
L 4 L [T N O (T8 N O < [ VIR +] L ¢ N O
ta W Lad ] M 'S (4] [T 4]
a o
[+ 8 Q i R [TY] a o
wo Mnooo o wo mnooco I xo Nooco © xe nNooo I Wo mooo o wo vhooco ¥
x e Nesn N x o o oln ¥ Qe e atn U e Ne st I X ¢« NN Ny x o NN &N I
WO =OO~ © LVO —=OO~ M O = OvN O O OO MM QO —OoOvN O OO —~O g0 ™M
O MOM e o O MOM & IO MOM e+ o XTO MOM e w © MOM o o © MOM &
o g MM o IO N M O -0 N —~ © -0 i - O Io oW e O Io N — O
-0 OoON -0 o «© L4 -0 OofN © -0 oy O L -0 O V¥ -0 o v L4
L) [ 4] ~— (4] [ =4 K 4 L4 = [ ] (=] - " - [ (=]
x = = x
| oud - )
- [t 4 Zz >~ -
Z20 OoO0oOowWn 2 Z20 oOoo0oin o wo oOoCcoo - wo oooo O 0 oo I ZO0O OO00O O
We th ooy I W e N e ey i X &« I e 0 T T o N e C . woe th e e =¥ W e N & e L]
IN NOYVD © IN NOCOD © Q= NOOYIN © Oes NOoOOVWN O EN NOOW © TN NOVIN ©
o *«OM o e - O «aOMN ¢ X *OM & o X ‘“OM o (=] "My o [ o OM o
x om o I x otn o on N3 on N x oW N I X own N
N~ N N~ X LAV - Y 4 x [ VIR -] N O N N O
x [ 4] o X [ 4] s J (4] o o g b ” o z [
> @ pe ] Lo «© [oad s «© 2
- o - [} o [ — o Lnd
[=] [a] i W o o
o nooin o Wwo hooin o FOo wmnhoom o o wnoown o wo woown o wo hoon o
T e N oo~ © T o N s o L) o N oo~ O * 0 & o~ [ ) X e N oap~ O X o i & op- ]
© =M O O OO o o —=oOovMm O O oM o O =000 O D —=OLOmMm O
Mmom o [ MoMm o [TV} MOoOM o ° Wt MOM o momMm ° MmMoMm o
al wn o M\ 'Y ) o ®© —t NN © ™M - "wh o w ®h @ ™ w s ©
- oN ~ N - on - > ocnN o~ N > on I~ - oN M~ N - onN I~
x Lad] - > L] L 14 ” -t «L M x (4] -t > (4]
¢ x L4 [ ] = [ - J -
L] - L] 3 - x L - »
[ 4] [ ] m ] 3 [ ] L
o OoOooOINn v o oooin o o oocon o o ocoon o o OOoOoIN Y o ocoun ©
s N oo~ 7 s N e o [ X & N o I X o U e o~ . o M eoep 3 e U o o L]
XO NOOM o Xe nNoOoOMm o LO NOOM «— VO nNooOMm O XO NOOM xXo NOoOOM O
o O o O [ & *OM e p oM+ O o ] oM o (8 oM o O (8] e« o
= on M ® s on ™M [+ 4 SN ~ © @ (=17 L D on ~ © pum | o  r~
x N O . [+ 4 N O - [4 VIR - o] . " N @ (1 4 N o o [+ 4 N ©
- M ea e [ [ I M e e My e [ o M o e | o My e
o - o - o
[+ 4 - [+ 4 Zz Lo 4 s 4 . -— a
o 8 [ < o [ o A [ <
we wmnoocoon W tihoooon Xo MNoOoOON O NOCOON wo Noo oon wo NoooonN
x o 0 &2 e o x o 0N oo o oD W e 0N\l oo e o e ®© 0\ ¢ o o o0 X o N ¢ ¢ o ot x o U o e o s
O =OLOITION O ~OLOITIOOC O =OOION O —OOIOO S —=OLDIIOWN O =-OOIOO
MoMOo I Moo MOMDVOI MmcMaoown MOM DOI MO MG O
b ®Nh IO~ x N JO o x o®an IO~ X N JO e X N IO~ z N IO o
tat ofng O v s on C e [13] o C o i on (=L ol 1%} on O w ong O v
- , " N e - 4] ney - (4] N e - [ 4] NNy [ [g] n e - M [4 V14 V)
w 4] w0 : w "M o o 4] w
> nN > - > on > > N >
w w (-] . (7] w ' (7]
=OQOONONCO —OOCOOINOOO =OOOOWMNMONST -OOOOINC OO OO0 YNOoONC ~OoOOoOOONOOO
= ot o s YNO &= X N s e WN e X g)N ® s HNO ¢ I SN e o W o X o e e qNC o T ot ¢ s olN o @
W ONOCYONITO W ONODVOHNOO L ONOCYOVNTO W ONCOLONOCO W ONOD VYNUIIOC W oNOCOONCCO
Z O SOMN 2O Z © sOMiN e © Z O sOMIN 00 T C© sOMIN e © 2Z O OM N «0C Z C© OoMUN & O
[=2=1Ta} omno . OO o O wnown omno nown (= T ] (=117} otno oown o O
- 0N on - N N - N on - 0N N - N omn - N N
- * o | o ”m - (4 (=} | g wy [ o L4} (=] - "
w (-] w w [ = w w (=] v
[TH 4 V7] lat . [TV it . w
- s M- Lo " I - r I+

18



-19-

CCOOOOOOCOO OO0
IFINO-DO O M3 INO~DO
NN PN s NN
MEVARAMNMNMNNPINN NN

et vt oot vl ot sl ent ot ont oot enl o=t

109

o
(=]
-
’ x
% % W % W o
% L ] N
* % n
» *
» »* [
% X » @x
% A » -t
% o % >
» O »
#* O % [« 4
% @ » [ L3 =]
% O *» - 4 ~0 -
»* * b = o (=1 /]
% W = o [} [TY]
* Z » [ ] ., - w
fa * - » a xe - W [*Y]
] * J » ) B a d w
W % Z [ o~ W W in
o0 * = » [=] oZ x O N
g % <« » [ 0D ol
ol % X » o the [ 4]
[ &) L 3 * = (] > [~}
- * I B O e om
- % W #* O a ol z
Z # O » (8] on -t
L #» O ¥ a (Y] —E (=] X
| % I # O b9 “wrls, [+ 4 -
- * % W X W (e ]
[ nd *» O % X © ] ol (8]
x Z Ww ~ > [ -]. 4 o
(8 X - 2 e INXX - e (&) o x o
< < > « > axlr o W © - a
b 4 - & J X ZD e Wit b9 o . (& ]
-l D o - ORZE o (1Y) © «
(=4 oW = e =HAO <. > [S I ) X
o x X I Onox ow X w W "o
(=4 WO X O 0O Wt (-, 1TY] [ [ =) x 00 oNn
o 4 WV € & xoo e ofX [=) W e —in
W E 2O E - o0 Q) (8] > 8 HIHOmOO
- [: 4 ® JEar- xWe oo ot X NN FTOoO~TIO)
> % -~ 5 O Z0O0HD «EF-O noConD — M OO0
~ » # 0O =xZOa OOWo X-OoO002Z e MMNX (-] 71}
x % W ¥ - «N.HZ 0O .Jn (88T "N T} =] S MM D
o % X % 8 ZFZO~AEiNa DaNoOrO © PPttt
xw # ™ % O >N nGE-ON XLOCO © © o xX2ZZ22220
ota) W % O XO0)Lwred o = § QA +=2DD052D0
=X % O % & e XDadXM kb -tz . 4
@ ¥ W ¥ 0 AN JLEKONLX a | QL4 I 00 Axix<d
o> ¥ - ¥ Z FTZOZMNZZ2J QOOOOWLOVOF+—RIDDODONM
X % D # O OODHO>OwR b= === WD = DD WD =~ <N
- % W % O 00 DOMaRvwR X DIX>D>-> DZZ2ZZ2NC
. % W =» z on WoOLOoLIM ~ N\ 00000
% X » (] [-.]. ] >Wwiwituivig e M [+ 4 (=18}
¥ W » [ [ ] X 0 P 0= K 2> U0 o) oWwIHBLMOO
»* » - [aV=T-RR L £ &8 (W1 4l d -] (4. W. ¥ . |
Q¥ O O O D (=] QOLOL =2 2Z2x¥Y LVWLOLI
My # O » O woOrono XOOOOW ¢#» M LLOXXXXZ A
QX # & % & xomool — OIS JCEXMNE DI llaliailale—
S % a ¥ 0 o - 2 LdddldEOuwMNiuaxd
» »-: [+ a ddadaa XNOUVD-FDIDINTIOWN L
« * @ % CD o=e wmtwms -4 L] Ar P NNOOMMOOW
QL # = ¥ O POOOoO - W [TV] o | vt NNZ -
Wiy % X % W ~-DOOO0 s O -o0>0aa (i 4
N W = ¥ X X Wl X deeemOeMNAS>®> Wb [L] o]
Wity % # W OO -NOr~ QO ST Oeny . -«
>> » % > DuMnooo D ROy D+ e
xx » * X EEene-—— @ -
et . 2.8.8. 8.2 4t 20T TR 'Y "N | o $Dt0n (T ]
NN W W W A O DCIC LA I I IC ICIC NN D P P e O PUMNIN N T © ot ot omt o ST
WA W W W W %I H XX LI I\ NN QOO OO0 000

-t AN N e NN NN NN N N NN
i i Wwitiu st i)
s [bepe daqdCaq<

IMIN 03,25SEC



INPUT CARD DATACRY COLUMN) PAGE 1
00000000011111111112222222222333333333344444444485555555555666666666677777777778
123456789 oaa% 4s67 901asagevaqolasase7aqo123a567590123a567aqo123ase7aqo1asa§evaqo
2 i
TEST NEW SYSTEM FRONT TRUCK 2<AXLE MEDIUM MOMENT WITH CREEP FACTOR

1 0.0 0.0 0,0 1,0 9000,0 40,0
1500,0
0,250 0,3125 zso 3125
32500,0 32%00.0 sasoo 3a§
36,0 36.0 36
56,5 484.0 163.3?5 78, 355
0,250 2ooog 0

-.ooggggog 23.174582+191,89146-14123,609 98954,044 0,020 0.289
2 * ’
TEST NEW SYSTEM FRONT TRUCK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR

t 0.0 0. 0,0 1.0 9000.0 40.0
150980 25 0,250 0,3125 |
sagbo 33538.0 32565.0 32500,0
6 o 73640 36,0 36,0
4a4.0 163,335 78.3%s
0, a%o 20000,0
0.0 21.5082 0.0 0.0 0.0 0.01344 0.289
5 2000.0
TEST NEW SYSTEM REAR TRUCK 2*AXLE . MEDIUM MOMENT WITH CREEP FACTOR
000 5 0,0 0,0 0.0 2.0 9000.0 40,0
0,280 0,3125% 0,250 31125
32580.0 32%800.0 32500.0 3z§oo
36,0 36,0 36,0 16
56,5 4840 163.3%s 18.3?5
0.250 20000,0 - :
"°°3388°§ 23.174582-191,89106=14123,.609 98954,044 0,020 0.289
2 [ ]
TEST NEW SYSTEM REAR TRUCK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR
1 040 .0 0,0 2.0 90000 40,0
1gog§8 0,3125 250 3125
sasgg.g 32%32.8 32560 32%
oSgég 20333:3 163.3?5 78.375 _
‘0.0 21,5062 0.0 0.0 0,0 0.01344 0.289
. 200040 .
TEST NEW SYSTEM FRONT TRUCK I=AXLE MEDIUM MOMENT WITH CREEP FACTOR
lsoo_é B 0.0 0.0 0.0 1.0 9000.0 a [ ]
0,250 0.,3125 0,250 0.,3125 0,250 0.3125
32500.0 32500.0 32500.0 32500,0 32500,0 32500,0
0 1111111222222222233333333334444440U445555555555666666666677777777778
?ggagggggé}53353%390123ase7eoo 234567R901234567890123456789012345678901234567890

_Oz_
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0,020

PAGE
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000
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INPUY CARD DATA(BY COLUMN)

ACTOR
40,0

9000,0

MEDIUM M?MSNT WITH CREEP F

0,0

FRONT TRU%Ko 4=AXLE

0,0

NEW SYSTEM

tn

-t

TEST

2

0

6
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0,289
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N e
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9000,.0
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2=AXLE TRUCK CURVE NEGOYIIATI'ON MODEL 24 Nav i975
CURVE NEGOTIATION FORCES UNDER THE ‘INFLUENCE OF LATERAL CENTER PLATE LOADS
TEST NEW SYSTEM FRONT TRUCK 2-AXLE . MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1500,0 FEEY ( 3,8 DEGREES)
TRUCK SPEED 3 ~ 40,0 MPM { 704,0 INCHES/SEC)
TRACK GAUGE = 56.58 INCHES R _
LEAD AXLE TO BOLSTER CENTER DISTANCE = 78.375 INCHES ;
TRUCK WHEEL BASE = 163,375 INCHES FRICTION=CREEP CURVE CHARACTERISTICS
- : , AQ 3 -o.ooosoaozo CUTOFF = 0.020000
BXLE 1 BXLE 2 Al = 23,1745758
WHEEL LOADS=INNER RATL 32500,0 32500.0 - LBS A2 = <1981,89145
WHEEL LOADS=OUTER RAIL 32500.0 32500.0 (8BS A3 2 <14133,608
A AL = 98984,0 PEAK = 0,28900
WHEEL RADTI=INNER RAIL 18,0000 18,0000  INCHES
WHEEL RADIT=OUTER RATL 18,0000 18,0000  INCHES _
AXLE=~FRAME CLEARANCES 0.25000 0.,25000  INCH LATERAL SUSPENSION STIFFNESS VALUES
RA!L--“HEEL CLEARANCES 0.31250 0.31250 INCH --.-.------.-.---.-......-.-.---..-‘-.-.-
DDEFL = 250000 INCH
RATE = 93530050 LBJINCH
NO TRACTIVE OR BRAKING EFFORT
BUFF FORCE 0,0_LBS .
CENTER PLATE BREAKANAY MOMENT = 9000.0 INCH=LBS
:#t#t##t##t‘###lt##t#t#‘*#ttt*t### RESULTS ¥ ¥ a ¥k XXk RXRrRRRRREENERANEXE RESULTS ‘**#t#‘#**###*#t*t#?##**‘***t##t#*
: _  CURVING FORCES(LBS) : ' :
¢ cPL K12 K21 K22 FRICTI1 FRTCT12 FRICT21 FRICT22 *
: 2000, 13679, 0. 0, 5915, 5915, -68, -8, .
¥ - *
*  FRICTION CENTER LOCATIONCINCHES) FRICTINNAL MOMENT(INCH=LBS) : :
£ Dl z 161,69 § = 0,00 132116.5 *
* : %/v;n&xros L/V RATIOS x
: NNER RATL BUTER RAIL x
+  NET LATERAL LOAD AT LEADING OUTER WHFEL = 7763.8 LBS AXLE 1 0.182 0.239 $
P oNET LATERAL LOAD AT TRAILING INNER WHEEL = =68.4 LBS AXLE 2 =0,002 0.0 M
¥ *

KRR NER RN RN KRR RN R KRR AR KRR RN AR RN R R AR R AR R AR R AR SRR R R R AR R RN KRR RN G R R R KRR X R RKE RN RN R K KX

—sz_



2=AXLE TRUCK CURVE NEGOTIATION MODEL 24 NOV 197S
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS
TEST NEW SYSTEM FRONT TRUCK 2«AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1500,0 FEET ( 3,8 DEGREES)

TRUCK SPEED = 40,0 MPH { 704,0 INCHES/SEC)

TRACK GAUGE = $6,.50 INCHES

%Eﬁg«‘ﬁhgeloeﬂg%sIER ?E§I§$SD§3E:E§E y 784375 INCHES FRICTION=CREEP CURVE CHARACTERISTICS

BOLSTER CENTERS = 484,000 INCHES :3.:--3-6-.-...-.--.EG;B;E-;.-..B:BT;ZZB

WHEEL LOADS=INNER RATL 325060 0  33850%0 iss AL s 51‘3?31951

WHEEL LOADS=OUTER RATL 32500.0 32500,0 [BS. A3 = 0.0

WHEEL RADIT=INNER RATL 18,0000 18.0000  INCHES ad s 0.0 PEAK = 0.26900

WHEEL RADIT=OUTER RAIL 18,0000 18.0000  INCHES

OREIRRAE CLEAANEED 03D ST M LLTERLL SUSPENSION STIEPUESS vALUES
| PRI TR

gSFgﬂgg;ézE OR B:AKING EF;ORTLB .

CENTER PLATE BREAKAWAY MOMENT = - 9000,0 INCHelLBS

:#“‘t‘##tt"“‘#t‘t‘#tt#‘#‘#t‘t#‘ RESULYS EEXRPEEREREE AR R R EKERERKKEREEEEEER '§ESULTS KEXRERKEREEREELEE AR ERERRREEEEEE KKK

: CURVING FORCES(LBS) :

: cPL K12 K21 K22 FRICT11 FRICT12 FRICT21 FRICT22 :

: 2000, 14411, 0. 0. 6278, 6278, “66. .66, :

E FRICTION CENTER LOCATIONCINCHES) FRICTIONAL MOMENT(INCH=LBS) _ E

* Dl = 161,69 s = 0,00 132956.9 “ *

; | - TWheR'RATD  hOTeR'RITD | ;

$  NET LATERAL LOAD AT LEADING OUTER WHEEL = 8132.7 LBS . AXLE 1 0,193 0.250 *

$  NET LATERAL LOAD AT TRAILING INNER WHEEL = «65.5 LBS : AXLE 2. «0.002 0.0 :

T T I I I T T e e T T T R T R Tt T L R T R R 2 e R I At T I IS I i I it ItIetint

_bz_



2=AXLE TRUCK CURVE NEGOTIATION MODEL 24 Nov 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS
TEST NEW SYSTEM REAR TRUCK 2=AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CUR RE & 1000,0 FEET (  S,7 DEGREES)
TRUCK SPEED = 40,0 MpH 04,0 INCﬁESISECE
TRACK GAUGE ® 56,50 INCHES
#SAD AXLE 7O _BOLSYER CENTER DISTANCE = 78.375 INCHES
uck NHEEL'BASE s ?63 %75 INCHES , RICT
BOLSTER CENTERS =  4B4.000 INCHES 5EEE-£2§:EBEEZ.E“BV§ c:AaAcTEglstssf_.__
’ s = N ] 0 .
: : AXLE 1 AXRE 2 :é Hi goo;os gg CUTOFF: : 9792 000
WHEEL LOADS=INNER RATL 32860,0 32860.0 LBS A2 = 8915 v -
WHEEL LOADS=OUTER RAIL 32500,0 32500.0 LBRS :3 = .1aséggzos P, . L
- . . ‘289
WHEEL RADII=INNER RAIL 18,0000 18,0000 INCHES * -9 -0 EAk = ;;‘28 09
WHEEL RADII=OUTER RATL 18,0000 18.0000 INCHES -
AXLE=*FRAME CLEARANCES 0.25000 0.25000  INCH ATERAL SUSPENSION sv FFNESS Vi
RATL==WHEEL CLEARANCES 0.31250 0.31250  INCH E..E..E.S.EEE..Z.....I.......!.&"EE..-.-
| RECE T OSNh (hten
ggrrangggge OR BRAKING srronTLs
]
csu‘eg PLATE BREAKAWAY MOMENT s 9000.0 INCH-LBS
:##‘U‘#tllt!‘t##t‘#!‘tttt##‘t#"‘# RESULTS EEEEXEXFES KRS RERNRERERREFREERREEER RESULTS *#tt##'#t‘tl‘ltﬂ‘t'l#‘l!"l“‘l#lt
: CURVING FORCES(LBS) _ o
' cPL K12 K21 K22 FRICT11 FRICT12 FRICT21 FRICT22
: 2000. 18225. 0. o. 803‘. 8031- 95. 'qs'
x
*  FRICTION CENTER LOCATIONCINCHES) FRICTIONAL MOMENTCINCH=LBS)
£ D1 s 164,94 S = 0,00 183516,6
* /V _RATIOS V RATIOS
. ‘ 5NNER R}IL ‘ 3 TER R{?L .
: NET LATERAL LOAD AT LEADING OUTER WHEEL = 10194,5 LBS AXLE 1 0,247 . 0,314
: NET LATERAL LOAD AT TRAILING INNER WHEEL = 94,8 LBS AXLE 2 0,003 0,0 .
EER R AR AR RN R AR R R RN R R RN R R AR RN RN AR RN R AR SRR AR AR KRR R R R R AR R R RR KRR AR SRR R LR

&iiii*ﬁﬂlﬂlﬁ‘l***‘l*l‘l



2=AXLE TRUCK CURVE NEGOTIATION MODEL 24 NOV 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTFR PLATE LOADS
TEST NEW SYSTFM REAR TRUCK 2«AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF cunv.ruas 3 1000,0 FEET ( 5,7 DgGREES)
TRUCK SPEED = 40,0 MPH { 704,0 INCMNES/SEC)
TRACK GAUGE = 56,50 INCHES
%Eﬁox‘abgeioaggkslen ?§§’§$s°}2252§‘ * TEubth. INGHED FRICTION=CREEP CURVE CHARACTERISTICS
B I :o . °§? Shisit CUTOFF = 0.013440
WHEEL LOADS=INNER RAIL 32%50.0 §z§50.o LBS Al : '0.3
WHEEL LOADS=OUTER RAIL 32500,0 32500,0 LBS Az = o'o . . G
AG = " ] 0.
WHEEL RADII=INNER RAIL 18,0000 18,0000  INCHES
WHEEL n:o%f—éuvgn RA}L 18,0000 18,0000 INCHES
AXLE==FRAME CLEARANCES o.isooo 0.,25000  INCH LATERAL SUSPENSION STIFFNESS VALUES
R‘IL..““EEL CLE‘R‘NCES o. 1250 0.3‘250 INCH LAA A A I I A T L L R LAY L R R LR L ey )
DDEFL = 0,2%50000 INCH
RATE = 20000,0 LB/INCH
NO TRACTIVE OR BRAKING EFFORT
BUFF FORCE s L
CENTER PLATE BREAKAWAY MOMENT = 9000,0 INCH=LBS
:tttttttttttttttttttttttttttt:tttt RESULTS ** 55X X axx e exxknrssx RESULTS ttttttttttttttttttttttttttt.t‘ttt:
. CURVING FORCES(LBS) ’
: cPL K12 K21 K22 FRICT11 FRICT12 FRICT21 FRICT22 :
: 2000, 20728, 0. 0. 9258, 9258, 120, 120, '
% ¥
: FRICTION CENTER LOCATIONCINCHES) FRICTIONAL MOMENT(INCH=LBS) :
s DI 165,44 S = 0,00 191292,5 &
' . L/V RATIOS L/V RATIOS *
: INNER RAIL OUTER RAIL. .
*  NET LATERAL LOAD AT LEADING OUTER WHEEL = 11469,.7 LBS AXLE 1 0,285 0.353 :
¥
$  NET LATERAL LOAD AT TRAILING INNER WHEEL = 120.1 LBS AXLE 2 0.004 0.0 :
%

B L I I I I I I T T T T O T T T L T T T T T T TR R T IR IS T
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3=AXLE TRUCK CURVE NEGOTIATION MODEL

24 NOV 1975

CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS

TEST NEW SYSTEM FRONT TRUCK 3=AXLE MEDIUM MOMENT WITH CREEP FACTOR
RADIUS OF CURVATURE = 1500,0 FEET ( 3,8 DEGREES)
TRUCK SPEED = 40,0 MPH { 704,0 INCHES/SEC)
TRACK GAUGE = 56,50 INCHES
LEAD AXLE TO BOLSTER CENTER DISTANCE = 78,375 INCHES
LEAD AXLE TO SECOND AXLE DISTANCE = 79.625 INEHES
SECOND AXLE TO THIRD AX%E DISTANCE = 83.750 INCHES
TRUCK WHEEL BASE 3 163,375 INCHES
ROLSTER CENTERS =  484.000 INCHES

AXLE 1 AX 2 AX 3
WHEEL LOADS=INNER RATIL 3385000 31585020 32§So.o LBS
WHEEL LOADS=OUTER RATIL 32500.0 32500.0 32500.0 LBS
WHEEL RADII-TNNER RAJL 18,0000 18,0000 18,0000 INCHES
WHEEL RADIT=OUTER RAT( 1820000 1820000 18.0000 INCHES
AXLE==FRAME CLEARANCES 0.25000 0.25000 0.25000  INCH
RATL==WHEEL CLEARANCES 0.31250 0.31250 0.31250  INCH
NO TRACTIVE OR BRAKING EFFORT
BUFF FORCE = 0 LR
CENTER PLATE BREAKAWAY MOMENT = 9000.0 INCH=LBS

K12
12977,

CPL
2000,

FRICTION CENTER L
D1 =

NET LATERAL LOAD
NET LATERAL LOAD
NET LATERAL LOAD

*
¥
#
¥
¥
]
¥
*
]
*
*®
*
%
*
*
X
¥
*
*
¥
%
¥
¥
: CLEARANCE
x

138,44 S =

eeeWARNINGee=TRUCK IS AT TRANSITION POINTy NUMRERS GIVEN HERE ARE ONLY A CLOSE APPROXIMATIONe==WARNINGwe= E
CURVING FORCES(LBS) :

K21 K22 K31 K32 FRICT11 FRICTi12 FRICT21 FRICT22 FRICT31 FRICT32 :

0. 4026, 0. 1939, 5192. S192. 2350. 2350, =-1010, =1010. :

OCATIONCINCHES) FRICTIONAL MOMENT(INCHeLBS) :

0,00 197281.4 :

L/V_RATIOS L/V_RATIOS ¥

INNER RATIL OUTER RAIL :

AT LEADING OUTER WHEEL = T7T785.7 LBS AXLE 1 0.160 0,240 :

AT SECOND OUTER WHEEL = 1675.,4 LBS AXLE 2 0,072 0,052 :

AT TRATLING INNER WHEEL = =1009.8 LBS AXLE 3 =0,031 0,091 :

RETWEEN MIDDLE OUTER WHEFL AND RAIL = «0,219 INCH :

AR R AR R R R R R R KR R R R R KRR R R KRR R R R KRR R R R R R R R R R R R R R R R R R KRR KR R R R RN MR R R R R RN RN R R R KRR R R KRR KRR KRR R R K

FRICTION=CREEP CURVE CHARACTERISTICS

A0 = «0,000%594020 CUTOFF = 0,020000
Al = 23,1745758
A2 = =191,89145%
A3 = =14133,608
A4 = 989S4,0 PEAK = 0,28900

LATERAL SUSPENSION STIFFNESS VALUES

DDEFL = 0,250000 INCH
RATE = 30000,0 LB/INCH

KEERERAERERRREEERRSEFEFRRRRRANEEE RESULTS FEXXSEERERRXRXNKRERRRRARKRRERERRRRE RESULTS ¥ ERERRERRRRRAERRRERRRRERRERRRRFR KR

-Lz_




3=AXLE TRUCK CURVF NEGOTTATION MODEL 24 NOV 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTFR PLATE LOADS
TEST NEW SYSTEM FRONT TRUCK 3<AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1500,0 FEET ( 3,8 DEGREES)
TRUCK SPEED = 40,0 MPH { 704.,0 INCHES/SEC)
TRACK GAUGF = 56,50 INCHES
LEAD AXLE YO BOLSTER CENTER DISTANCE = 78,375 INCHES
LEAD AXLE TO SECOND AXLE DISTANCE : 79.625 INCHES
SECOND AXLE TO THIRD AXLF DISTANCE = 83.750 INCHES
TRUCK WHEEL RASE ® 163,375 INCHES
BOLSTER CENTERS =  48U4.000 INCHES

AXLE 1 AXLE 2 AXLE 3
WHEEL LOADS=INNER RAIL 3385010 536020 356020  Les
WHEEL LOADS=OUTER RATL 32500.0 32500.0 312500.0 LBS
WHEEL a;o}{-luuen RAIL 18,0000 18,0000 18,0000 INCHES
WHEEL RADIT=OUTER RAT( 1820000 1820000 18,0000 INCHES
AXLE==FRAME CLEARANCES 0.25000 0.25000 0.25000  INCH
RATL==WHEEL CLFARANCES 0.31250 0.31250 031250  INCH
NO TRACTIVE OR BRAKING EFFORT
BUFF FORCE = L
CENTER PLATE BREAKAWAY MOMENT = 9000,0 INCH=LRS

CURVING FORCES(LBS)
CPL K12 kel Ke2 K31 K32

FRICTION CENTER LOCATIONCINCHES)

D1 = 138,19 S = 0,00 194935,3
NET LATERAL LOAD AT LEADING OUTER WHEEL = 7945.5 LBS
NET LATERAL LOAD AT SECOND OUTER WHEEL = 1599,0 LARS
NFET LATERAL | OAD AT TRAILING INNER WHEEL = -978,0 LBS

CLEARANCE RETWEFN MIDDLF OUTER WHEFL AND RAIL = =0,219 INCH

b A R A R LR EE R RIS R R Y X2

FRICT21 FRICT22 FRICT3Y
2274, 2274, =978, =978,

FRICT11 FRICT12
2000, 13311, 0, 3873, 0. 1861, 5366. S3s66,

FRICTIONAL MOMENT(INCH=LRS)

AXLE 1
AXLE 2
AXLE 3

22323232211 i R R R R e s R R R R R R R R R s S R R R R R RS R R R

FRICTION=CREEP CURVE CHARACTERISTICS

A0 = 0,0 CUTOFF = 0.013440
AL = 21.5061951

A2 = 0.0

A3 = 0.0

Ad s 0,0 PEAK = 0,28900

LATERAL SUSPENSION STIFFNESS VALUES

DDEFL = 0,250000 INCH
RATE = 20000,0 LB/INCH

EEERERREERRRRRRRERRRRRRRRRNNKERER RESULTS KESEB RS0 RR R RS RRRRRRRNRRRERRRRRE RESULTS RERKRRERRRRARKERRARRRRKRRENRQRERER
x
eeeWARNING===TRUCK IS AT TRANSITION POINTs NUMBERS GIVEN HERE ARE ONLY A CLOSE APPROXIMATION==eWARNINGe===

FRICT32

L/V RATIOS L/V RATIOS
INNER RAIL OUTER RAIL
0.165 0,244
0,070 0,049
=0,030 0,087

&
%
x
*
x
X
X
*
X
¥
*
X
x
X
*
*
*
X
x
*
*
*
%
*

-88_



J=AXLE TRUCK CURVE NEGOYIATION MODEL

24 NOV 1975

CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS

TEST NEW SYSTEM REAR TRUCK 3=AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1000,0 FEET ( 5,7 DEGREES)

TRUCK SPEED 3 40,0 MPH { 704.,0 INCMES/SEC)

TRACK GAUGE 3 56,58 INCHES

LEAD AXLE TO BOLSTER CENTER DISTANCE = 78.375 INCHES

55;0 AXLE TO segouo AXLE DISTANCE . 79.625 INCHES

RSO, SHE 10 DItk peThice, ¢ 83178 ucues ratcrion-creee_cunve

BOLSTER EENTERS. = 484.000 INCHES .--S.!E.:E.EEE.g?-!..E!tBiEIEEEfIIEf....-

AO = «0,000594020 UTOFF = 0,020000

BXLE 1 AXLE 2 AXLE 3 Aé s  33,17457%8 ¢

WHEEL LOADS=INNER RAIL 32%860.0 32800.0 32660,0 LBS A2 = -161 89145

WHEEL LOADS=OUTER RAIL 32500.0 312500.0 32500.0 LBS :3 z -1a$g%§203 PEAK 0.28900

y |

WHEEL RAD}}-INNER RA}L 18,0000 18,0000 18,0000  INCHES * *

WHEEL RADI!=OUTER RAIL 18,0000 1820000 18,0000 INCHES

AXLE==FRAME CLEARANCES 0,25000 0.25000 0.25000  INCH ATERAL SUSPENSION STIFFN A

RATL==WHEEL CLEARANCES 0.31250 0.31250 0.31250 INCH E.-E.ﬂﬁ..-..E..EE...II...EEE.!.EEEf-....

- ORRTE = 3850099 I87Tnew

NO TRACTIVE OR BRAKING EFFORT t

BUFF FORCE LBS

CENTER PLATE BREAKAWAY Mouént * §000,0 INCH=LBS

ERXERRARERRRRERRERRSRERNERAERRRES RESULTS‘“t#¥#*###tti‘*ﬁ*#tf!#***'#‘**##*# RESULTS *#3*###tt‘#t#'#t**###‘#*######}#**

cPL K12 K21 K22 K3t
2000, 20906, 0. 0. 0.

%
¥

%

*

¥

¥

.

%

: FRICTION CENTER LOCATIONCINCHES)
: Dl = 140,91 S = 0,00
.

*

»

*

*

%

*

%

%

P

X

NET LATERAL LOAD AT LEADING OUTER WHEEL =
NET LATERAL LOAD AT SECOND OUTER WHEEL =
NET LATERAL LOAD AT TRAILING INNER WHEEL =
TRUCK IS IN A TPANSITION BETWEEN FRFE

e I MmN I mTmL

CURVING FORCES(LBS)

k32  FRICTI1 FRICT12 FRICT21 FRICT22 FRICTS1 FRIET32
0. 7240, 7240, 3579, 3579, 1358, 1355,
FRICTIONAL MOMENT(INCH=LBS)
280502.8 ‘ :
L/V RATIOS L/V RATIOS
INNER RATL GUTER RATL
13666,1 LBS AXLE 1 0.223 0,420
-3578,6 LBS AXLE 2 0,110 0,110
-1355,3 LBS

CURVING AND FTRST DEGREE CONSTRAINT ’

TR R SIS SR SRS R 2 X X 2

-68-



3=AXLE TRUCK CURVE NEGOTTATION MODEL
CURVE NEGOTIATION FORCES UNDER THE INFLUFNCE OF LATERAL CENTER PLATE LOADS

TEST NEW SYSTEM REAR TRUCK 3=AXLE
RADIUS OF CURVATURE = 1000,0 FEET ( 5,7 DEG
TRUCK SPEED = 40,0 MPH { 704.0 INCHES/SE
TRACK GAUGE = 56,50 INCHES
LEAD AXLE 70 BNLSTER CENTER DISTANCE
LEAD AXLE TO SECOND AXLE DISTANCE
SECOND AXLE TO THIRD AXLE DISTANCE
TRUCK WHEEL BASE ® 163,375 INCHES
BOLSTER CENTERS = 484,000 INCHES

AXLE 1 AXLE
WHEEL LOADS=INNER RAIL 35k5000 §3k50%
WHEEL LDADS=OUTER RAI{ 32500.0 3250040
NHEEL RAD}}-INNER RAIL 18,0000 18,0000
WHEEL RADI1=OUTER RAIL 1820000 18.0000
AXLE==FRAME CLEARANCES 0.25000 0.25000
RATL==WHEEL CLEARANCES 0.31250 0.31250
NO TRACTIVE OR BRAKING EFFORT -
BUFF FORCE s 0,0 LRS
CENTER PLATE BREAKAWAY MOMENT =

24 Nov 1975

MEDIUM MOMENY WITH CREEP FACTOR

FRICTION=CREEP CURVE CHARACTERISTICS

AXLE 3 AL = %s) 5061951
= [ ]
3355020  Las A2 = 0.0
32500.0 LBS AT = 0.0
AL = 0.0
18,0000 INCHES
1820000 INCHES
0,25000  INCH
0.31250  INCH
DDEFL =
RATE =

Q000.0 INCH=LBS

CUTOFF = 0.013440

PEAK = 0,28900

LATERAL SUSPENSION STIFFNESS VALUES

20000,0 LB/INCH

EXEERNORERNRRRARRBRRRRRERRREERNEES RESULTS BRAEFKARAEREARRERERRRKERNRREERIREE RESULTS SEKRRREBEXRBEEARERARERNRRKABEXKE RN
M .

K12 K21 k2e
22818, 0. 0.

CcPL
2000,

FRICTION CENTER LOCAYION(INCHES)
D1 = 140,58 § = 0,00

NET LATERAL LOAD AT LEADING OUTER WHEEL
NET LATERAL LOAD AT SECOND OUTER WHEEL

¥
*
*
¥
*
%
x
]
*
¥
*
%
¥
¥
*
¥
: NET LATERAL | OAD AT TRAILING INNER WHEEL
X

*

K31

0,

TRUCK IS IN A TRANSITION RETWEFEN FREE CURVING AND FIRST DEGREF CONSTRAINT

*

CURVING FORCESC(LBS) :
K32 FRICT11 FRICT12 FRICT21 FRICT22 FRICT3I1 FRICT32 ¥
0. 8188, 8188, 3550, 3550, =1328, =1328, *

%x

FRICTIONAL MOMENT(INCH=LBS) b
287902.9 *

L/V RATIOS L/V RATIOS M

INNER RAIL OUTER RAIL :

14630,2 LBS AXLE 1 0,252 0,450 :
=3550,1 LBS AXLE 2 0,109 -0,109 '
-1328,.0 LBS AXLE 3 “0,041 0.0 ;
]

 J

*

P I I I T I I I I I S e T T T T L T LT LT R TSt L T R T LT T ST Tt L LTI IIIIIITIO LI,

_08_



-4=aXLE TRUCK CURVE NEGOTIATION MODEL 24 NOV 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS
TEST NEW SYSTEM FRONT TRUCK 4<AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1500,0 FEET ( 3,8 DEGREES)

TRUCK SPEED = 40,0 MPH { 704,0 INCHES/SEC)

TRACK GAUGE = 56,50 INCHES '

LEAD AXLE TO BOLSTER CENTER DISTANCE = 78.375 INCHES

geao AXLE T0 ssgono AXLE DISTANCE = 62.500 INCHES

ECOND AXLE_TO H&RD AXLE DISTANCE = 61,250 INCHES

THIRD AXLE TO FOURTH AXLE DISTANCE = 63,625 INCHES

TRUgK WHEEL BASE =  187.375 INCHES

BOLSTER CENTERS = 484,000 INCHES

AX%E 1 AX%E 2 AXLE 3 AX%E 4

WHEEL LOADS=INNER RAIL 32%00,0 32900,0 32500,0 32500,0 LBS
WHEEL L[OADS=OUTER RATIL 32500,0 32500,0 3250020 32500.0 LBS
WHEEL RADII=INNER RAIL 18,0000 18,0000 18,0000 18,0000 }NCHES
WHEEL RADII=OUTER RATIL 18,0000 18,0000 18,0000 18,0000 NCHES
AXLE==FRAME CLEARANCES 0.25000 0.25000 0.25000 0.25000 NCH
RATL==WHEEL CLEARANCES 0.%1250 0.31250 oi%:aso 0.31250 }Ncu
NO 1n‘srxve OR BRAKING EFFORT

BUFF FORCE 2 0 L
CENTER PLATE BREAKAWAY MOMENT = 9000,0 INCH=LBS

FRICTION=CREEP CURVE CHARACTERISTICS

A0 8 =0,000594020 CUTOFF s 0.,020000
Al 8 ég.a;asgie
A2 £ =191,89145
A3 8 «14133,605
Al = 98984,0 PEAK ® 0,28900

LATERAL SUSPENSION STIFFNESS VALUES

oosst = 0,250000 INCH
RATE = 30000,0 LB/INCH

EERREFEEPERXERRAEEAXZRERRARERERREEE RESULTS FPEXFEXERFETEXRRXXREKRRKREXRXAEXRRXXRERE RESULTS ‘*#*#*##*¥#**‘lt*f&!***“!#*itt#*t

E CURVING FORCES(LBS) _ s
: CPL K12 ket K22 K31 K32 K4t KQ? FRICT11 FRICT12 FRICT4t FRICT42 :
: 2000, 15856, 0, 7405, 0. 0. 0. 0. 6048, 6048, =859, =859, :
E FRICTION CENTER LOCATIONCINCHES) FRICTIONAL MOMENTY(INCH=LBS) s
: D1 =z 166,19 S = 0,00 257867,.3 L/V RATIOS L/V RATIOS :
: INNER RAIL OUTER RAIL :
: NET LATERAL LOAD AT LEADING OUTER WHEEL = 9807.8 LBS AXLE 1 0.186 0,302 :
: NET LATERAL LOAD AT SECOND OUTER WHEFL = 3390,2 LRS AXLE 2 0.124 0,104 :
: NETY LATERAL LOAD AT THIRD OUTER WHEEL s «1709,5 LBS AXLE 3 0,053 =0,053 :
: NET LATERAL LOAD AT TRAILING INNER WHFEL = -A58,5 LBS AXLE 4 =0,026 0,0 :
: CLEARANCE RETWEFN THIRD OUTER WHEEL AND RAIL = =0,102 INCH :
AR R R KRR RN IR R RN KRR RN R R R R R R R KRR R RN N KR SRR RN E R R KRR RN R E KX

-'[g_



d=AXLE TRUCK CURVE NEGOTIATION MODEL

24 Nov

1975

CURVE NEGOTIATTON FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS

TEST NEW SYSTEM FRONT TRUCK de=
RADIUS OF CURVATURE = 1500,0 FEET
TRUCK SPEED = 46,0 MPH [ 704,
TRACK GAUGE = 56,50 INCHES
LEAD AXLE YO BOLSTER CENTER DISTA
kEAD AXLE TO SESOND XLE DISTANCE
ECOND AXLE Y0 THIRD AXLE DISTANC
Talme wiLe, T8, COUT AL SISTANE
BOLgTER CENTERS = 484,000 INCH
AX%E 1
NHEEL LOADS-INNER RA}L 32500,0
WHEEL LOADS=OUTER RAI( 32500.0
WHEEL RADII=INNER RAIL 18,0000
WHEEL RADIT=OUTER RATL 18,0000
AXLE=~FRAME CLEARANCES 0.,25000
RATL==WHEEL CLEARANCES 0.31250
NOD TRAETIVE OR BRAKING EFFORT
BUFF FORCE 0.0
CENTER PLATE BREAKAWAY MOMENT =

CPL Ktie

2000,

D1 = 166,19

NET LATERAL LOAD
NET LATERAL LOAD
NET LATERAL LOAD

¥
¥
¥
¥
¥
¥
¥
¥
 J
¥
¥
3
¥
]
¥
&
*
x
¥
%
: NET LATERAL LOAD
%

&

x

16625,

K21
0.

0,00

mmmm 2
wn (]
m

AXLE

o
-~
]
Z
O

9000,0 INCH=-LBS

K22 K
7427,

FRICTION CENTER LOCATIONCINCHES)
$ =

AT LEADING OUTER WHEEL

AT SECOND OU

TER WHEEL

AT THTRD OUTER WHEEL

AT TRAILING

INNER WHEEL

31

CLEARANCE BETWEFN THIRD OUTER WwHEEL
O I I e e e R P e el

0.

CURVING FORCES(LRS) i
K32 Kl K42 FRICT11 FRICT&? FRICT41 FRICT42 :

0. 0. .0. 6453, 6453, -823, =-ges3, ;
FRICTYIONAL MOMENT(INCH=LBS) i
256913.8 *

L/V _RATIOS L/V RATIOS *

INNER RATIL OUTER RAIL :

10171,5 L8S AXLE 1 0,199 0,313 :
3401,2 LBS AXLE 2 0,124 0,105 :
-1647,9 LBS AXLE 3 0,051 =0,051 :
=R22,7 LBS AXLE 4 «0,025 0.0 :
AND RATL = =0.,102 INCH :
X

MEDIUM MOMENT WITH CREEP FACTOR

FRICTION=CREEP CURVE CHARACTERISTICS

| A0 = 0,0 CUTOFF = 0.013440
AXLE 4 - Al = 31,3061951
%2500.0 LBS A2 = 0.0
250040 LBS Ad 02,0 PEAK 2890

™ N s .

18,0000 INCHES € 0 0
18,0000 INCHES
0.25000 INCH LATERAL SUSPENSION STIFFNESS VALUES
0.31250 INCH CIX T TP P T LT T TP PR P LY T TPy ¥

DDEFL = 0,250000 INCH
RATE = 20000,0 LB/INCH

XXEERERRRRRRRXERERERRXNEAEREERREEE RESULTS FFEXEXXREEXXRREKXXNEFIRXREEREXKKEEE RESULTS XERXRR XXX XEREERRERXRRAERRER KR EX
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U=AXLE TRUCK CURVE NEGOTTATION MODEL 24 NOV 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS

TEST NEW SYSTEM REAR TRUCK UeAXLE MEDIUM MOMENT WITH CREEP FACTOR
RADIUS OF CURVATURE = 1000,0 FEET ( 5,7 DSGREES)
TRUCK SPEED = 40,0 MPH { 704,0 INCHMES/SEC)
TRACK GAUGE = 56,50 INCHES
LEAD AXLE YO BOLSTER CENTER DISTANCE = 78.375 INCHES
SEAD AXLE T0 ssgono AXLE DISTANCE = 62.500 INCHES
ECOND AXLE TO THIRD AXLE DISTANCE s 61.250 INCHES
TRUCR WHEEL Base s " 1aysoe TnthEs =  83-625 INCuES FRICTION=CREEP CURVE CHARACTERIST
) Ne
AQ = =0,000594020 TOFF = 0000
AXLE 1 AXLE 2 AX%E 3 AXLE 4 Aé = 33 1;4593 ke e
WHEEL LOADS=INNER RAIL 32500,0 12500,0 32500,0 32500,0 LBS A2 = =191,8914
WHEEL LOADS=OUTER RATL 32500.0 32500.0 32500.0 32500.0 LBS AT = =14133,60
4 s 989%4,0 PEAK ® 0,28900
WHEEL RADII=INNER RAIL 18,0000 18,0000 18,0000 18,0000 INCHES
WHEEL RAPIT=OUTER RAIL 18,0000 18,0000 1820000 18,0000 INCHES
AXLE==FRAME CLEARANCES 0.25000 0.25000 0.25000 0.25000 INCH LATERAL SUSPENSION STIFFNESS VALUES
R‘IL-.HHEEL CLEAPANCES 0-%1250 0031250 0:;!250 0.%1250 INCH AL L I AL AR L L AL DAY L DL P L L Ty Lty
DDEFL = 0,250000 INCH
RATE = 20000,0 LB/INCH
NO TRASYIVE OR BRAKING EFFORY
BUFF FORCE s L
CENTER PLATE BREAKAWAY MOMENT = 9000.0 INCH=LBS
EXXEEEERRERREREXR SRR ERREREXRRABEEE RESULTS $FXXXXRXXFREREXEXEXRRRERERRRERRR KX RESULTS *XX%5kkRRXk XXX R RRERXERRRRREE KRR
¥
* CURVING FORCES(LBS) :
. cPL K12 K21 K22 K31 K32 Kd1 K42 FRICT11 FRICT12 FRICT41 FRICT42 *
: 2000, 231‘3. 0. 706‘. 0. 0. 0. 0- 7926- 7926. -15630 '1563. :
¥
: FRICTION CENTER LOCATION(CINCHES) FRICTIONAL MOMENT(INCH=LRS) :
* D1 s 161,42 S = 0,00 3167387.5 *
g L/V RATIOS L/V RATIOS *
% INNER RAIL OUTER RAIL :
¥
*  NET LATERAL LOAD AT LEADING OUTER WHEEL = 15187.8 LBS AXLE 1 0.244 0,467 :
*  NET LATERAL LOAD AT SECOND OUTER WHEEL = 1572.6 LBS AXLE 2 0.169 0,048 :
£ NET LATERAL LOAD AT THIRD OUTER WHEEL z «2250,8 LBS AXLE 3 0.069 «0,069 :
NET LATERAL LOAD AT TRAILING INNFR WHEEL = =1562,7 LBS AXLE 4 -0,048 0.0 :
L
* TRUCK IS IN A TRANSITION BETWEEN FREE CURVING AND FTRST DEGREE CONSTRAINT :
*
‘t““#ttt‘#‘##*t*t#“tt"tlt#t#t‘t#"#“#‘t#“##‘“ltt.‘#t##‘*‘#t‘#“*‘#*'#*ttt‘#t*t*t‘*‘#‘###*#*"‘#t*##“‘*##t‘#‘t“‘#
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U=AXLE TRUCK CURVE NEGOTIATION MODEL 24 NOV 1975
CURVE NEGOTIATION FORCES UNDER THE INFLUENCE OF LATERAL CENTER PLATE LOADS
TEST NEW SYSTEM REAR TRUCK 4=AXLE MEDIUM MOMENT WITH CREEP FACTOR

RADIUS OF CURVATURE = 1000,0 FEET ( 5,7 DgGREES)
TRUCK SPEED = 40,0 MPH { 704,0 INCHES/SEC)
TRACK GAUGE 3 56.50 INCHES
LEAD AXLE TO BOLSTER CENTER DISTANCE = 78.375 INCHES
LEAD AXLE TO SECOND AXLE DISTANCE z 62.500 INCHES
SEEOND AXLE _TO THIRD AXLE DISTANCE = 61.250 INCHES
TROCR 55%EL'8.§2”-‘“ {;%Elgés}ﬁgﬁgs * RIS ShORES FRICTION=CR RVE CHARACTERIST
Ne P CURV A
eoLgren CENTERS =  4B4.000 INCHES -..E-I-..E.EE-.E.--..E.:..E.E.If.fff....
A0 = 0,0 UTOFF = 0.013440
Axge 1 Axge 2 AXLE 3 AXgE 4 Al = 31,506195% . -
HHEEL LOADS=INNER RA¥L 32$00,0 32500.0 32500,0 32500,0 LBS A2 = 0,0
WHEEL LOADS=OUTER RATL 32500,0 32500.0 32500.0 32500.0 LBS Az = 0.0 . i
A o A .
WHEEL RADII=INNER RAIL 18,0000 18,0000 18,0000 18,0000 INCHES * i sl i
WHEEL RADIT=OUTER RATL 18,0000 18,0000 18,0000 18,0000 INCHES
AXLE==FRAME CLEARANCES 0,25000 0.25000 0,25000 0.25000  INCH LATERAL SUSPENSION STIFFNESS VALUES
R‘IL--NHEEL CLEAR‘NCES 0.31250 0.31250 0.31250 0.31250 INCH D T T T
Doert = 0,250000 INCH
RATE = 30000,0 LB/INCH
NO TRACTIVE OR BRAKING EFFORT
BUFF FORCE = 0,0 L
CENTER PLATE BREAKAWAY MOMENT = 9000.,0 INCH=LBS
EXERREEREREBRRERERAERRRERERRREEREE RESULTS ¥FXXXXEXXERERERXXKRRXERERERRRERK Y RESULTS XXX XXXk XXkERXEREkEXERXXXREEEXREEEES
] ¥
: CURVING FORCES(LBS) :
: CPL K12 K21 K22 K31 K32 Kut K42 FRICT!1 FRICT12 FRICT41 FRICT42 ¢
: 2000, 25801, 0. 7629, 0. 0. 0. 0. 9252, 9252, =1500., =1500, :
*
: FRICTION CENTER LOCATION(CINCHES) FRICTIONAL MOMENT(INCH=LRS) :
* Dl = 161,62 s = 0,00 379273,0 *
M L/V RATIOS L/V RATIOS *
M INNER RATL OUTER RAIL :
¢ NET LATERAL LOAD AT LEADING OUTER WHFEL = 16548,9 LBS AXLE 1 0.285 0.509 *
$  NET LATERAL L04D AT SECOND OUTER WHEEL = 1855,7 LBS AXLE 2 0.178 0,057 *
¥  NFT LATERAL LOAD AT THIRD OUTER WHFEL s «2206.1 LBRS AXLE 3 0.068 -0,068 *
*
¥ NET LATERAL LOAD AT TRATLING INNER WHEEL = «1499,8 LRS AXLE 4 =0,046 0.0 :
| 3
* TRUCK IS IN A TRANSITION RETWEEN FREE CURVING AND FIRST DEGREE CONSTRAINT *
3
EXXF RS R FE P R RN E R R RN R KR KRR R KN R R R R R R RS R R R E R R RN R R R R R R R RN R R R R RN E R R AR AR R R KRR R AR KRR R R R R KRR R KRR R R KRR RN AR R R
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' _AP‘PENbe B - LQCOMOTIVE _ANb TRUCK NOMENCLATURE -

The pages following provide a rgpresentation of the
orientation of the trucks, the“fo£Ces and ffiction-center loca-
tion, ahd general system geometry. The 4-axle truck is shown

since it is most complex.
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Direction of Travel

K42 K32 K22 l Ki2
2 = _* —~7 N— 7
K41

T

Force Location 8 Sense
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Direction of Travel
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Frictional Moment

FRICTION FORCES

a— T,
* FRICT 42 ] FRICT 12
RO~ o ), <L J——
— \
w
~
[ | 'l
FRICT 41 FRICT I
T R e 2 ] e e 4

\

Force Location & Sense



.. Direction of Travel
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