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1. INTRODUCTION

A mathematical model for simulating the (coupled) longitudinal and
vertical motion of railroad cars in impact situations is described in this
document. The model was developed under contract DOT-0S-40106 for .the pur-
pose of étudying conditions under which coupler override may occur.

The model is similar to the one developed by Raidt(l)f A description
of Raidt's model was made available to Washington University together with
the results of validation studies which included impacts between loaded
railroad cars up to 10 mph, Raidt's model was reprogrammed at Washington
University and its correlations with experimental data were verified.

The model was then employed to simulate three switchyard accidents,
those of East St. Louis [1972], Decatur [1974] and Houston [1974]. The
results of this work were presented in a preliminary report(z). Because
all switchyard accidents involved impact between loaded hazardous material
tank cars and light cars, it became necessary to validate the mathematical
model for such impacts. A series of non-destructive tests were conducted
at the ramp facility of Miner Enterprises in Chicago early in 1975. On
the basis of these tests minor revisions of the matﬁematical model became
necessary., A report, giving detailed account of this work, is available(3).
Following revision of the model, close correspondence was established be-
tween experimental and analytical results,

At the present, the model provides four options: it can represent
car body dynamics only (6 N state variables, N is the number of cars), or
it can include longitudinal lading dynamics (8 N state variables), or it
can include the longitudinal motion of trucks, without the lading (10 N
state variables), or it can add both lading and truck longitudinal degrees
of freedom to the car body degrees of freedom (12 N state variables). 1In
addition, friction forces (either viscous or poulomb friction) can be in-
cluded in the calculation of truck vertical forces. The model accounts for

both vertical and horizontal coupler slacks.

Numbers in parentheses indicate references.



A serious limitation of the model is that in the absence of more
accurate information, the force-deflection relationship of car underframes
is represented'ﬁy linear springs. It is known, however, that underframes
can deform plastically under high buff forces. In the presence of bending
moments caused by vertical forces due to dynamic action and eccentricities
in the load path caused by vertical coupler misalignment and pitching
oscillations, it is established that plastic hinges can form in the under-
frame of most railroad cars under high buff forces. This can result in
plastic buckling. Unfortunately, the subject of plastic buckling and the
post-buckling behavior of railroad cars is almost completely unexplored
and the mode of buckling cannot be predicted with certainty. Thus the
mathematical model does not obviate the need for a great deal of engineering
judgement in drawing specific conclusions for any given situation.

The model can be readily modified to accept future information on the
actual characteristics of car underframes and couplers when such information
becomes available,

The documentation presented herein has been prepared in accordance with
"TSC Computer Program Documentation Guidelines", an undated manual issued by
the Data Services Division of the Transportation Systems Center. The docu-

mentation level is 3, as specified in the manual,



2. PROBLEM DESCRIPTION

2.1 Longitudinal train action model

The car body, lading and trucks are idealized as rigid bodies. The
idealized car body dynamic model is shown in Figure 1. Each car has three
degrees of freedom: longitudinal Xi’ vertical Yi’ and pitching ei. Car
numbering is from right to left. The right and left trucks are called
front and rear trucks respectively.

The lading of each car has one degree of freedom; it can move longitu-
dinally only. The lading model is shown in Figure 2, If lading motion is
. suppressed, then the lading mass is simply added to the car body mass.

The truck vertical and pitching mofions are neglected, however two
options are provided for the truck longitudinal motion: the trﬁck may move
relative to the car body, or it may be rigidly attached to the car body. The
dynamic model for the truck is shown in Figure 3,

2.2 Horizontal coupler force

At both ends of a car body mass, a spring, representing the underframe
spring, is connected in series with the draft gear. To account for.the
hysteresis loop of the draft gear, it is assumed that the draft gear spring
rate can drop from a higher spring rate to a lower spring rate, and vice
versa, depending on whether the draft gear ig unloading or loading. This

can be seen in Figure 4, where DK, is the draft gear spring rate in a loading

i
condition, HLi is the hysteresis 1load, DSTi is the draft gear travel.

The combined characteristics of an underframe spring and a draft gear

th

is shown in Figure 5, where UK, is the underframe spring rate of the i~ car.

The coupler spring rate can drip from the slope of line O'A' to the slope
of line 0'B' or B'A', and vice versa, depending on whether the draft gear
is unloading or loading.
The coupler spring rates ESli, ESZi and ES3i’ the loading and unloading
spring travels DSli and DSZi can be expressed as

o]

47}

-
]

DK, x UKi/ (DKi + UKi) ¢D)

e

w

N
i

(HLi/DSTi) X UKi / [(HLi/DSTi) + UKi] (2)
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ES3; = UK, (3)
DS1; = DK, x DST, / ESL, (4)
DS2, -= HL, / ES2, (5)

The horizontal cdubler force is determined by Subroutine HCF.

2.3 Vertical coupler force

In calculating vertical coupler forces, it is assumed that there
exists a hypothetical spring rate, representing the elastic properties of
the coupler shahk, such that the vertical force acting on the coupler is
equal to this spring rate multiplied by the coupler vertical displacement.
It is assumed also thatathereﬁiéia'§ertical coupler slack. If the upward
displacement of the coupler is smaller than the vertical coupler slack, then
the vertical coupler force:is zero.

Due to the vertical a&d pitching motions of two adjacent cars, initally
engaged couplers may becomefdisquaged when the offset between the two coup-
lers exceeds the. coupler heighgét'The forces which counteract the coupler
offset is the friction force'écting along the couﬁler faces, which is pro-
portional to the horizontal céppler force acting thfough the coupler faces.

The vertical coupler force, the offset between adjacent couplers and
whether coupler disengagementf6ccurs are determined by Subroutine CVES.

2,4 Vertical truck force

In determining the vertical truck forces FT RTi acting on the ith

’
car, it is assumed that theré is a nonlinear Spring in the truck-bolster
structure. Until the truck sbring travel TSTi is exceeded, the truck vertical
spring constant TVKi is used. Once the truck spring has bottomed, the much
stiffer bolster spring constant BKi is used. Coulomb friction or viscous
friction can also be included in the calculations.

Due to the fact that ﬁhé car body 1is not attached to the truck center
plates, the vertical truck forces are always compressive. When the car
body lifts off the center piate, there is no vertical truck force acting

on the car body,



The vertical truck forces and whether the trucks are separated from
the car body are determined by Subroutine TRUCK.
2.5 Lading dynamics

The vertical and pitching motions of the car lading are included in
those for the car body itself, in other words, the lading does not have
independent degrees of freedom in vertical and pitching motions. However,
the lading has an independent longitudinal degree of freedom.

The lading dynamic model is represented by its mass MLi’ the spring
between the lading and the car body with a constant rate RLKi, and the
friction coefficient RLFi.

It is assumed that if the resultant force of the lading inertia force
and the sprihg force acting'on the lading by the car body is less than the
maximum available friction foéce between the lading and the body, then
the relative motion is zero.

The lading motion and forces are determined by Subroutine HFORCE. 1f
the lading longitudinal degree of freedom is not wanted, then the lading
mass can be simply added to the car body mass.

2.6 Horizontal truck force

Either both trucks may move together with the car body, or each truck
may have one degree of freedom representing its longitudinal motion. In
the former case, the horizontal truck force acting on the car body is simply
equal to the truck inertia force; in the latter case, it is assumed that
there exists a linear spring represented by the rate THK:.L and a friction co-
efficient THFi between the truck and the car body.

The horizontal truck force is determined by Subroutine HFORCE. Due to
the fact that the vertical truck forces are, in general different, the
front and rear horizontal truck forces are calculated by calling Subroutine

HFORCE separately.



3. METHOD OF SOLUTION

3.1 Mathematical equations

The equations of motion for the longitudinal train action models as

shown in Figures 1, 2 and 3 are:

Car: ) :
M Xy = By TPy TFL, P, -RE (6)
o1, +up) ¥,o= V- Vo, - W, - WLy + FT, o+ RT, (N
Ipg 85 = Py (By = Cy 85) =Py (By +Cy 8y
Sy (Ci +E; 91) + V. (Ci - By ei)
+ FT, (}3i + Hy ei) - RT, (}3i - H; ei)
- Fi, (4, - B, 0,) - RH, (H; +B, 8,) (8)
Lading:
My B&Li < T (9)
Trucks:
Mp; %Ry T Ry | ab)

In the prbgrém, the equations of motion are expressed in forms of
state variables,

3.2 Functional flow chart

Subroutine RKGSM which applies a fourth order Runge-Kutta numerical
method, is used to solve the differential equations (6) to (11).

Using the given initial state values, Subroutines HCF, CVFS, TRUCK,
HFORCE are called to determine horizontal coupler forces, vertical coupler
forces, vertical truck forces, lading and horizontal truck forces. Then

Subroutine RKGSM is called to calculate the new state variables.



After new state variables were obtained, Subroutines HCF, CVFS, TRUCK,
HFORCE are again called to calculate new forces and Subroutine RKGSM is
called to find new state variables until the final state varlables are

obtained. The functional flow chart is shown in Figure 6.
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4. PROGRAM-DESCRIPTION

4.1 Operating environment

This program has been developed on an IBM Model 360/65 running under
OS-MFT Release 21.8 and HASP 3.1, It uses standard IBM FORTRAN Library
I/0 routines and the ABS Function. No tapes and disks other than the
SPOOL disks by HASP are used. The memory requirements depend on the
parameter NSIZE (see the following section).

4.2 Program specifications

The program structure is shown in Figure 7. The figure can be used
to overlay the program. The MAIN program sets the maximum size of the
arrays, NSIZE. If not enough words are available in the array A used to
dynamically allocate all other arrays &hose size is dependent on the input
papameters,.oniy two statements need to be changed, and only the MAIN pro-

gram needs to be recompiled,

DIMENSION A(nnnn)
NSIZE = nnnn

1

where nnnn is replaced by a.number representing the number of words (or
doublewords in the double precision version) needed for the vafiable arrays.

nnnn must be at least (110+20*%IJK)*NC+2, where NC is the number of
cars and IJK is a parameter indicating which dégree of freedom option is
being investigated,

The I/0 device assignments are:

Unit 5 card reader
Unit 6 printer
Unit 7 punch

To change any of these, see ICRD, IPRT, IPUN in Subroutine MAINO.

4.3 Subprograms
Subroutine MAINO is called by MAIN to set up arrays. Subroutine

MAINI is called by MAINO, It calls Subroutine READEM to read in the input
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14

For better understanding of the subprogram, the user may refer to the
IBM scientific subroutine package and reference 4). '

4.4 Source listing

The source listing of the entire program are provided in Appendix A.
4.5 Detailed flow charts
The flow charts of MAIN, MAINO, MAIN1, FCT, OUTP, HCF, TRUCK, CVEFS and

HFORCE are provided in Appendix B.
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data, it calls Subroutines RITEM1l, RITEM2 to print out the input data, it
sets initial conditions and calls Subroutine RKGSM to solve the system
equations, and it calls the plotting subroutine if supplied by the user.

Subroutines FCT and .OUTP are called by RKGSM. FCT is used to cal-
culate the derivates of the system state variables, and OUTP is used to
print out the solutions. OUTP stores the data to be plotted if a plotting
subroutine is supplied by users in Subroutine MAIN1,

Subroutines HCF, TRUCK, CVFS and HFORCE are called by FCT, their func~-
tions are shown in Figure 6,

Subroutine RKGSM is a modified program of RKGS in IBM System/360
Scientific Subroutine Package (360A-CM-03X), Version III. It employs a
fourth-order Runge-Kutta method for the solution of initial-value problems.

The main parameters used in RKGS and RKGSM are described in the fol-

lowing:
PRMT(1) Lower bound .of the interval (input)
v PRMT(2) Upper bound of the interval (input)

PRMT(3) ‘Initial increment of the independent variable (input)

PRMT(4) Upper error bound (input)

PRMT(5) Not input parameter. Subroutine RKGS (or RKGSM)
initializes PRMT(5) = 0, If the user wants to termi-
nate the subroutine at any output point, he has to
change PRMT(5) to non-zero by means of Subroutine OUTP.

Y Input vector of initial values (destroyed). Later on
Y is the resulting vector of dependent variables computed
at intermediate points T.

DERY Input vector of error weights (destroyed). The sum of
its components must be equal to 1. Later on DERY is
the vector of derivatives which belong to Y at a point
T. '

NDIM An input value, which specifies the number of the state
variables of the system.

IHLF An output value, which specifies the number of bisections

of the initial increment

AUX An auxiliary storage array with 8 rows and NDIM columns
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For better understanding of the subprogram, the user may refer to the
IBM scientific subroutine package and reference 4. '

4.4 Source listing
The source listing of the entire program are provided in Appendix A.

4.5 Detailed flow charts
The flow charts of MAIN, MAINO, MAIN1, FCT, OUTP, HCF, TRUCK, CVFS and

HFORCE are provided in Appendix B.

-



5. PROGRAM USE

5.1 Input
The first input card is for NC, IM, IC, IJK, IT, IPLOT with a format

(615), where

NC Number of total cars
M Number of the first impacted car
IC IC = 0, couplers not engaged at the impacted end

IC # 0, couplers engaged at the impacted end

IJK IJK = 1, car body degrees of freedom only
IJK = 2, lading degrees of freedom added
IJK = 3, horizontal truck degrees of freedom added
IJK = 4, both lading and horizomtal truck degrees of

freedom added
IT IT = 1, Coulomb friction in truck vertical force
IT = 2, viscous friction in truck vertical force
IPLOT IPLOT = 0, no plotting subprogram supplied by the user
IPLOT # 0, a plotting subprogram is supplied by the user
The second input card is for SPEED, (PRMT(I), I = 1, 4), ST1, ST2 with
a format (8F10.0), where

" 1

SPEED Impacting’speéd in miles per hour

PRMT Defined in Section 4.3
ST1 Time step to print output
ST2 Time step to plot output

Then car parameters W, WL, WT, C, B, H, E, RMI, UK, DK, HL, DST, HCS,
TVK, BK, TST, TF, CVK, CVF, VCS, RLK, RLF, THK, THF are read with a format
(8F10.0). The definition of these parameters is given in Chapter 7. 1If
IJK = 1, RLK, RLF, THK, THF are omitted, if IJK = 2, THK, THF are omitted,
if IJK = 3, RLK, RLF are omitted.
5.2 Output

The first set of output data contains NC, NDIM, ICRD, IPRT, IPUN with
a format (L4, [6/312).

The second set of output data contains NEEDED, NSIZE with a format (2I6).
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The third set of output data contains NC, IM, SPEED with a format (213,
F7.2). '

The fourth set of output data contains IC with a format (13).

The fifth set of output data contains IJK, IT, IPLOT with a format (313).

The sixth set of output data contains (PRMT(I), I = 1,4) with a format
(4¥7.3).

The seventh set of output data contains ST1, ST2 with a format (2F7.3).

Then car number (I, I = 1, NC) with a format (10I10) and the car input
parameters W, WL, WT, C, B, H, E, RMIL, UK, DK, HL, DST, HCS, TVK, BK, TST,
TF, CVK, CVF, VCS, RLK, RLF, THK, THF with a format (10F10.3) are printed.
Same as.for the input data, the printing of RLK, RLF, THK, THF depends on
the value of IJK.

Next the car number (I, I = 1, NC) with a format (10110) and the cal-
culated car parameters Y0, ES1, ES2, DS1, DS2 with a format (10F10.3) are
printed.

. The solutions are printed in the following sequences:

First, T, {HLF with a format (F10.4, I2), then all state variables

with a format (6F12.5). The car body state variables printed first:

X(1), X(1), Y(1), ¥(1), o(1), 8(1)
X(2), X(2), Y(2), ¥(2), 6(2), 6(2)

x(NC),k(NC),Y(NC),&(Nb),e(Nc),é(Nc)

If IJK = 2, the car body state variables are followed by the lading state

variables:
X (1), X (1), XL(2), X€2), XL(3), X (3),
XYy XL(4)y eee oen

If IJK = 3, the car body state variables are followed by the front and rear

truck state variables:
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.

Xp(1), Xp(1), Xp(1), Xp(1), Xp(2), Xp(2),

XR(2), Xp(2), Xp(3), Xp(3), «vn ...

If 1)K = 4, the car body state variables are followed by the lading and

truck state variables:
@, X, @), X0, xR, XD
XL(2), X (2), Xp(2), X2, X(2), Xp(2)

XL (NC), X (NC), Xp(NC), Xp(NC), Xz(NC), X, (NC)

The seduence of the state variables in subroutine MAIN1, where their
initial values are set is the same as those described above.
Following the state variables, I, P(I+l), X1(I), X2(I), XC(I), V(I+l),
FL(I), FH(I), RH(I) are printed with the format (I2, 8F12.5) for I = 1,NC.
Then I, FT(I), RT(I), FD(I), RD(I), SP(I), IFT(I), IRT(I), ICD(I) are
printed with the format (I2, 5F12.,5, 3I2) for I = 1, NC.
5.3 Editing and diagnostics

HLE 1s an output value, which specifles the number ol bisect lons ol
the initial increment (PRMT (3)). If IHLF becomes greater than 10, Sub-
routine RKGSM returns with error message IHLF = 11 into Subroutine MAINI.
Error message IHLF = 12 or IHLF = 13 appears in case PRMT(3) = 0 or in
case SIGN (PRMT(3)). NE.SIGN (PRMT(2) - PRMT(l)) respectively.

5.4 Sample problem

To illustrate the application of the program,. the following example
is presented. Five loadea tank cars, moving with a constant speed of 12
mph, strike a standing box car. The couplers at the impacted end are
assumed not engaged after the impact (IC = 0). The lading degrees of
freedom are considered (IJK = 2). The Coulomb friction force is assumed

to be zero in calculating the truck vertical forces (IT = 1),
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The program was run for PRMT(1l) = 0.0, PRMT(2) = .040, PRMT(3) = .002.
It actually used 64 K bytes (with NSIZE = 1000), and took 2.82 seconds when
compiled using the IBM FORTRAN IV H (OPT = 2) Compiler. The input data deck
is shown in Figure 8, and the output data are shown in Figure 9. Some
computer plotted results with PRMT(1) = 0.0, PRMT(2) = 0.800, PRMT(3) = .002,
ST2 = ,008 are shown in Figure 10.
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7. NOTATIONS AND SYMBOLS

BK:

CH:
CVF:

DDX:
DDXT:
DK:
bDs1:
DS2:
DST:
DTH:
DX:
DXF:
DKL:
DXR:
DXT:
DY:

ES1:

ES2:

ES3:
FD:
FH:
FL:
FT:

Name 6f the major array

Half length between truck centers, inches
Bolster spring constant, Kips per inch

Haif length between coupler faces, inches
Coupler height, inches

Coupler vertical friction coefficient

Coupler vertical spring constant, Kips per inch
Symbol for d?'x/dt:2

Horizontal acceleration of car body center plate
Draft gear spring constant, Kips per inch

Draft gear loading‘spring travel, inches

Draft gear unloading spring travel, inches
Draft gear spring travel, inches

Symbol for d6/dt

Symbol for dx/dt

Symbol for dXg/dt

Symbol for dXp/dt

‘Symbol for dXR/dt

Horizontal velocity of car body center plate
Symbol for dy/dt

C.G. height above coupler, inches

Equivalent draft gear and, underframe loading spring constant,

Kips per inch

Equivalent draft gear and underframe unloading spring constant,
Kips per inch

Same as UK, underframe spring constant, Kips per inch

Front car body centerplate displacement, inches

Front truck horizontal force, Kips

Lading force, Kips

Front truck vertical force, Kips



H: C.G. height above center plate, inches
HCS: Horizontal coupler slack, inches

HL: Draft gear hysteresis load, Kips

I: Car number i

Iy Mass moment of inertia, Kips-inch-sec
IC: IC = 0, impacted end not coupled

IC # 0, impacted end, coupled

1CD: ICD = 0, no coupler disengagement
ICD = 1, coupler disengagement occurs
ICRD: Card reader unit
IDP: Parameter indicates the sequence of the data to be plotted

IFT: IFT = 0, no front truck separation from car body
' IFT = 1, front truck separated from car body
IJK: IJK =

IJX =

1, car body degreeé of freedom only

2, ‘lading degrees of freedom is added

IJK = 3, horizontal truck degrees of freedom are added
4

IJK = 4, lading and horizontal truck degrees of freedom are
added
IM: The first impacted car number

IPLOT: IPLOT = 0, no plotting subprogram supplied by the user
IPLOT # O, plptting subprogram supplied by the user
IPRT: Printer unit -
IRT: IRT = 0, no rear truck separation from car body
IRT = 1, rear truck separated from car body
IPUN: Card punch unit
IT: IT

1, Coulomb friction in vertical truck force
IT = 2, viscous friction in vertical truck force

K1,K2,K3: Dimensions of variables

M: Car body mass, = W/g
M),: Lading mass, = Wp/g
Mps Truck mass, = Wp/g

NC: Number of cars



NDIM:

NEEDED:

NSIZE:
P:
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Number of state variables

Needed words

Size of'array A

Horizontal coupler force, Kips

Bolster pin length, inches

Rear car body centerplate displacement, inches
Rear truck horizontal force, Kips

Friction caefficient between lading and car body
Lading sﬁring constant, Kips per inch

Symbol for Iy

Rear truck vertical force, Kips

Coupler offset, inches

Impacting speed, miles per hour or inch per second
Coupler offset at previous time step, inches
Time increment to print out results, 2 2 PRMT(3)
Time increment to plot results, 2 2 PRMT(3)

Time

Truck vertical friction force or friction coefficient
Final time

Symbél for 8

Initial time

Truck horizontal friction coefficient

Truck horizontal spring constant, Kips per inch
Truck spring travel, inches

Truck vertical spring constant, Kips per inch
Time at which solutions are printed out

Time at which solutions are plotted

Underframe spring constant, Kips per inch
Vertical coupler force, Kips

Vertical coupler slack, inches

Car body weight, Kips

Lading or truck mass

Lading weight, Kips
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WT: Each truck weight, Kips

X: Symbol for x

XC: Relative horizontal displacement between the adjacent cars, inches
XCO:’ Relative horizontal displacement between the adjacent cars at

previous time step, inches

XF: Symbol for xg

XL: Symbol for xi,

XR: Symbol for xp ‘

XT: Horizontal displacement of car body center plate
X1: Coupler spring displacement for front car, inches
X2: Coupler spring displacement for rear car, inches
X: Car body horizontal displacement, inches

Xpt Front truck horizontal displacement, inches

XL, Lading horizontal displacement, inches

xRt Rear truck horizontal displacement, inches

Y: State variables, or symbol for y

YO: Initial truck spring displacement, inches

YY: Symbol for y

y Car body vertical displacement, inches

0: Car body pitching displacement
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9. APPENDICES

9.1 Appendix A - Source Listing

DISCLAIMER

This program is furnished by Washington University, School of Engineering
and Applied Science, in partial fulfillment of the terms of Contract No.
DOT-0S-40106. The contractor and program developers make no warranties,
expressed or implied, concerning the accuracy, completeness, reiiability,
usability or suitability of the computer program and its associated data
and documentation, except that these parties do attest that the program

does meet the contract requirements.,
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9.2 Appendix B - Detailed.Flow Charts

MAIN PROGRAM FLOW CHART

SET NSIZE

!

CAaLL SurouTINE MAINO

Y

Stop

Y
EnD
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SuproUTINE MAINO Frow cHART (MAING 1S CALLED.BY THE MAIN

__VES

PROGRAM)

St ICRD, IPRT, IPUN

!

Reap NC, I, IC, IJK, IT, IPLOT

Y

DeETERMINE K1, K2, K3, NDIM

¢

PrINT NC, HDIM, ICRD, IPRT, IPUN]'

l

DETERMINE WNEEDED

'

Is NEEDED > NSIZE ?

Y

Jyo :

PriNT NEEDED, NSIZE| |PrinT NEEDED, WSIZ

Y

Stop

Y
CaLL SuBrouTINE MAIN1

Y
RETURN

Y

> END
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SUBROUTINE MAINY riow cHART (MAINL 1s caLLeD BY [AINO)

CaLL SuBROUTINE READEM
TO READ CAR INPUT DATA
Y
RrINT NC, IM, SPEED, IC, IJK

IT, IPLOT, PRMT, ST1, ST2
Y
CALL SusrouTine RITEML
TO PRINT OUT CAR PARAMETERS

Y

LQETERMINE Y0, ES1, ES2, ES3, DS1, DS2

CaLL SuBrouTINE RITEM2
TO PRINT OUR CALCULATED CAR PARAMETERS

Y

SET ERROR WEIGHTS DER§1

SeT Y(I), ICD(D), IFTCD), IRT(D),
XCO(I) EquAL.To zERO

!
[EALCULATE SPO([S]
!

SET XC(NC), SPOCNC), SP(HC), X1(NC),
X2GiC), P(1), P(RC+1), V(1), V(NC+D),
EQUAL TO ZERO

| SPEED = - SPEED*17.6 |

SET INITAL VELOCITIES ACCORDING TO IJKT

SET INITIAL Tl, r2

LL SUBROUTINE RKAAA]

Is IPLOT = P—- CALL PLOTTING SUBROUTINE

SUPPLIED BY USER
y
ST5;1<
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SuerouTINE FCT Frow cHART (FCT Is cALLED BY ‘RKGSM)

DeTERMINE X, DX, DDX, YY, DY, TH, DTH

Y

CaLL SuBrouTINE HCF To DETERMINE

HORIZONTAL COUPLER FORCES

Y

CaLL SusrouTiNE TRUCK To DETERMINE

TRUCK VERTICAL REACTIONS

v
CaLL SUBROUTINE CVFS To DETERMINE

I | VERTICAL COUPLER FORCES AND OFFSETS

IJK=1 IJK = 3.4
l 1K = 2 l
[
FL = 0, ' DeTermineg XL, DXL, DETERMINE X1, DXT,
Fit = W1*DDX/386.4 FH = WT*DDX/386.4 DDXT
RH = FlI RH = FH
IJK =3 IJK =4
‘ { {
CaLL SusrouTINE HFORCE To DETERMINE AF, DETERMINE XL,
DETERMINE LADING FORCES DXF, XR, DXR DXL, XF, DXF,
FL = 0. XR, BXR
Y Y
CaLL SusrouTINE HFORCE TO CaLL SusrouTiHE IiFORCE To
DETERMINE FRONT TRUCK HORIZONTAL FORCES DETERMINE LADING FORCES

Y

CaLL SusrouTiINE HFORCE ToO

DETERMINE REAR TRUCK HORIZONTAL FORCES

{

CALCULATE DERIVATIVES OF CAR BODY STATE VARIABLES

K =1 [K =2 [K=73 IJg =4
A

CALCULATE DERIVATIVES CALCULATE DERIVATIVES| |CALCULATE DERIVATIVES'
OF LADING STATE VARIABLES OF TRUCK HORIZONTAL OF LADING AND TRUCK

STATE VARIABLES HORIZOWTAL
12 STATE VARIABLES

Is ABS(DERY(D)) < 1.0720 7 = |

YES

DERY(I) = 0.




TR TR T I T T S L LT - P

SuBrOUTINE OQUTP rFrow cHART (OUTP 1S CALLED BY

YES

IsT<T17?

P

RKGSI)

PRINT ouT T, IHLF
AND STATE VARIABLES

!

PRINT ouT I, P, X1, X2,
XC, V, FL, FH, RH

!

PrinT ouT I, FT, RT,
FD, RD, SP, IFT, IRT, ICD

Y

SET XCO = XC, SPO = SP

!

11 =T + ST1

"

» RETURN [e——

Is IPLOT = 0 2F—NO0—2mls T < T2?

‘ l NO
USER STORES DATA TO

Y YES

EnD

BE PLOTTED
Y
12 =T+ ST2
IDP = IDP + 1
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SusrOUTINE HCE fFrow cHART  (HCF 1s cALLep BY FCT)
|aLCULATE XC(I)|

[=1

\

s 1= 1t - 1 2—"s>{s D < 0 2" >Is iC> 02
YES
y NO YES NO
-~ Y
HCS2 = HCS(I) + HCS(1+1) 1 P(I+D = 0

€
! X1(1) =0
Is XC(D) < 0 2=Yes—Is xco(D) < 0 2| (1) = 3
YéS y Y NO Y io
Eﬁ] 1J=1 Is xc() < 02 N1 =1]
A A
Ms X¢(D > xco() 2= r—thcm 2 XC0(D) 7]
y/ES _1 ! —~ Y YES
o—is 1) > 07] f Mis 10>0 2}—-
[ = - xe) vEs VES N

S T ”‘:T.'.“Liii R
el YO - Ngs2 2fNe - [ [is XCCD) » ilcs2 2

L.
y YES L YES ° 1
S1(1) = ES2(D) SI(I) = kSI(D P(I+1) = 0
USI1(1+1) = ES2(1+1) S1(1+1) = ESI(I+D) XS1 =0
ST(I) = DS2(D) ST(I) = bS1(D XS82 =0
ST(1+1) = DS2(I+1) ST(I+1) = DS1(1+1)

L fxea) = xedD) - Hes2 e—

[Caccurate PUI+D), XS1, XS2]

[xCD = xcD + Hes?]

Y
P(1+1) = P(I+1) | YES Is J<07? |«

XCD) = - X0 y No
XS1 = - Xsl | X1(D) = Xs1
AS2 = - XS2 X2(1) = X2

[=1+1[<

NO —Is | = NC ?

>
-




bl

SusrouTine TRUCK FLow cuarT (TRUCK 1s caLeD By FCT)

FF=0

[Tss = TST(D)
CFF = TF(D)
1]
1=1
y
- 1AL = Y(D - DRI

s Al + YO(I) < 0

4
?]—NO-»

l YES

[A2 = - &1+ yoan|

DA = DY(I) - (-1)Y*B(]

JEOTHAD

imT=1 1

T=2

[lsvA>02

YES ' NO

[ = - cre] [Fr - cirl

2

J =
rRT(I) = TVK(D*A2+FF |-~

= J=
< FTC(D = TVK(D"TSS+EK (1) * (\-TSS ) +FF b

y

>ls A2 >TSS ?I—Yfis
J=1
r{FT(I) = TVK(1)*A2+FF jt—=—

1

FF = - CFF*DA

|

|

l

| LM
| e RTO = TVK(D*TSS*BRA1)® (A2-TSSoFF Jme . 2

NO

J=1

J=2
RD(T) = AL

Eree
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SuBROUTINE CYFS Frow cHART (CVFS 1s caLLED BY FCT)

[EBbPLER HEIGHT CH = 11.0

1]

TR

1

CALCULATE RELATIVE VERTICAL DISPLACEMENT
FOR ADJACENT COUPLERS I, I+1,
ASSUME THERE IS NO RETRAINT

\

TEST TO SEE IF THE RELATIVE VERTICAL
DISPLACEMENT [S LARGER THAN THE
AVAILABLE COUPLER SLACK

NO lv(I+1) =0

YES

\

CALCULATE VERTICAL FRICTION FORCE
VF AVAILABLE BETWEEN COUPLERS

!

CALCULATE ELASTIC VERTICAL FORCE
VE IF RELATIVE DISPLACEMENT
1S NOT ALLOWED

[TsVE>VF? | N0 o fy(l+l) = VE

YES
|

[ V(I+1) = VF wITH PROPER SlGNA;]

[EALCULATE NEW SP(I)‘

YES Is [sPcD| > cH 2

Y NO

WITH PROPER SIGN
SP(1) = SPO(I)

-1 =]+ =

“|speny = spoch)

[

= NC ? I

NO

—

Is

L
Y

' ES

RE]URN |

Enp
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SuBrouTINE _HFORCE rrow cHART (HFORCE 1s caLLep By FCT)
[1=1
»IIs WA(D > 0 2 —"0—={F() = 0]
YES

CALCULATE MAXIMUM FRICTION FORCE FFM

!

CALCULATE SPRING FORCE FE(I)

Y

DV = ABS(DXA(I) - DX(I))

!

rYES Is DV < 0.0001 2|

[CALCULATE INERTIAL FORCE FI [Ts DXACD) < DX(D) ?]

* + YES +N0
FA = FE(D + FI FF(D) ="FFM] [FF(D = - FFM
Is FFM_< ABS (FA) ? l i

vES yo F(D = FE(D + FF(D]
[FF(I) = - FA|

[ =141

NO
[FE(D = - FRM] [FECD) = FAIMF——— | N°—Is [ > WC ?|
|
YES

[RETURN]

Enp
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