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PREFACE

The work reported here is part of a Research Program into
various technical problems in Rail Transportation which is cur-
rently underway at Illinois Inst. of Tech., Chicago, Il1ll. The
Program is under the joint sponsorship of the U.S. Department of
Transportation, Association of American Railroads, General
Motors Corp. (Electro-Motive Division), and Illinois Institute
of Technology under Contract Number DOT-0S-40103,

The Program of work is being conducted in the Department of
Mechanics, Mechanical and Aerospace'Enginééring at IIT, with
Dr. Sudhir Kumar, Department Chairman, as Project Director.
Three technical areas of Rail Transportation are being investi-
gated in this research program, and these are:

1) Freight Damage

2) Wheel/rail Friction

3) Diesel Engine Noise

This report is a Technical Report on a part of the work
completed on Freight Damage in this project.

The support of the sponsors is gratefully acknowledged, and
we are indebted to a number of individuals for their assistance
in the course of this work. Specifically, our gratitude is due
to Dr. S. Kﬁmar, Project Director, who has provided invaluable
advice and assistance in this work, and to Messrs. L. Olson and
T. Tse, of AAR, for their continued help and advice. Also, we
appreciate the effort put into the project by Mr. S. Shah of
IIT, during the summer of 1974. Gratitude is also due to Mr. R.
Bullock, Senior Project Engineer of Standard Car Truck Co. of

Chicago, for his valuable advice and support for this project.

K. S.
T. W.

iii






TABLE OF CONTENTS

ABSTRACT ¢ & & o & o o o o o o & o o s o s o @

PREFACE + +v & ¢ & & o o ¢ o o o o o o o o o s

LIST OF ILLUSTRATIONS . + + v o « v o o v v o .

LIST OF TABLES « &+ ¢ &« ¢ o o o o s o o s o o«

LIST OF ABBREVIATIONS AND SYMBOLS . + . . +« « o

1.

2.

INTRODUCTION TO FREIGHT DAMAGE ASPECTS . .

SELECTION OF A BOX CAR AND DETERMINATION OF
CHARACTERISTICS . . ¢ v v v o 4 ¢ o o o o &

The Car Body . « « « v ¢ o o « o o =« &
The Center Plates . . « « « o o o o« =
The Side Bearings . . « + « « « « « &
The Center Plate Extension Pads . . .
The Axle, Wheel Set and Sideframes . .
Suspension Springs . . ¢« + + ¢ 4 e o .
The Friction Shoe and Spring-Steel Wear

MDD
L]

NoOUr i wNo

Plate . L] L) . . L] L] L L) L) . L] L ] L]
Rail Profile and Subgrade Structures
Couplers . « ¢« ¢ ¢ ¢ o ¢ o o s o s+ o

NN
L] L]
O

MATHEMATICAL MODEL . + o o o o o o o

E

l General Description . . . . o o e .
2 Car Body and Truck Bolsters Interface

3 Truck Bolsters and Sideframes Interface
4 Rail Profile and Subgrade . . . . . .
5 Coupler FOXCES . +« « o 2 « o o s s o &
6 Car and Freight Element Interface . .

WWwwwww

EQUATIONS OF MOTION AND METHOD OF SOLUTION

4.1 Equations of Motion . ¢« « « 4+ ¢ ¢ « &
4.2 Solution by Computer Iterative Method

COMPUTER PROGRAM . & o ¢ & o o o » s s o

. MAIN Program . . .
Subroutine DELGAP
Subroutine DELGIB
Subroutine SPRING
Subroutine ACCELN
Subroutine RUNG .
Subroutine CPLATE
Subroutine CAL + & « ¢ « o « « o« o &

e e s e s e s
o« s s s e e o
e o o o 2 e o
¢ o o e o o o
e o o 0o s s »
e s o s s o
e o s s e s
s o 2 s v e
o o o s o

s e 2 e 2 e

oo oon

* e o o

Page

- ii
« iii
- vi
«viii
. ix
. 1
. 5
. 5
. 6
. 6
. 6
. 8
. 8

8
L] 9
. 9
. 1
. 1N
. N
. N
. 14
. 15
. 15
. 17
.17
. 18
. 19

19

e ® o & s e o o
N
o



5.9

5.10
5.11
5.12

6. COMP
6.1

6.2
6.3

Subroutine TSOOO L] . L] L) . - L] L] L) L] . L] L] ® .
Subroutine SGNFUN . « & ¢ o o o s o o « s o o &
Nonlinear Modeling . . « « & o o o s « o o o &
Computer Program for Frequency Analysis . . . .
UTER MODEL VALTIDATION &« &+ o o o o o o s o o o o
Methods of Validation . . . ¢ ¢ ¢ ¢ « ¢ o o & &
Comparison of IIT Model with Other Models . . .
Validation of IIT Model . +« v ¢ o« o« ¢ & o o o

7. DYNAMICS OF A SINGLE FREIGHT ELEMENT . « ¢« « ¢ « « &

7.1
7.2

8. CONC

APPENDIX
A.

Bo
c-1.

c-2.

c-3.
C'—40
c-5.

REFERENC

Freight Dynamics Study by Computer Model
Simulation « « « ¢ & ¢ ¢ ¢ ¢ ¢ ¢ e ¢ 0 e e e
case Studies L] L] L] L] * . - L] L] L] L ] L) . L) L] . L] L]

Case 1. Rocking Mode, Freight Element near Roof
of Box Car - 17.5 mph

Case 2. Rocking Mode, Freight Element near Roof
of Box Car - 50 mph

Case 3. Bounce Mode, Freight Element at Front
End of Box Car - 50 mph

Case 4. Bounce Mode, Freight Element at Center of

Gravity of the Car Body - 50 mph

LUSIONS AND RESULTS . « ¢ « ¢ o o o s o o o o o @

EQUATIONS OF MOTION &« . « ¢ ¢ o o o o o o o o o o
COMPUTER PROGRAM LISTINGS . « o ¢ « o« o o o« o o o
EQUIVALENT VISCOUS DAMPING COEFFICIENT . . . . .

DETERMINATION OF SUSPENSION SPRING STIFFNESS FOR
A TYPICAL TRUCK ., « & s o« o o o = o o o o o =+ o

BENDING STIFFNESS OF A TYPICAL TRUCK BOLSTER . .
DESCRIPTIVE DATA FOR A 70-TON BOX CAR . . . . . .
TRACK INPUT EQUATIONS . . ¢ « « o« ¢ « o o o o s &

ES AND BIBLIOGRAPHY . . o &« « « o o o o o o o o &

vi

Page
22
22
23
23
25
25
26
26
35

35
35

43

45
75
105

110
110

113
115

119



Figure
2-1.

3-la.

7-1&.

7-1b.

7"23.

7-2b.

7-3a.

7"'3bo

LIST OF ILLUSTRATIONS

A Typical Freight Car Truck . . « + ¢ & « o o & «

The IIT Mathematical Model of a Freight Car with a
Freight Element . . . . . & v ¢ 4 ¢ « ¢ 4o o & o &

Degrees of Freedom of the IIT Mathematical Model .
Car Body Roll Angle, 17.5mph . . ¢« ¢ ¢« ¢ « v « o o
Front Center Plate Vertical Reaction, 17.5 mph . .
Wheel Loads, 17.5 mph . . + ¢ ¢« v ¢ ¢« & o« ¢ o o o &
Front Bolster Lateral Reaction, 17.5mph . . . . .

Front Center Plate Vertical Reactions - Bounce
Mode, 60 mph . . ¢ ¢ v ¢ ¢ 4 ¢ ¢« ¢« o o« o o o o

Rear Center Plate Vertical Reactions - Bounce Mode,
6 O mph L L] - - - L] L] L] L] . L] L] L] - . - . . . . L]

Suspension Spring Group Compression, Right Front -
Bounce Mode, 60 mph . . . . « &+ « ¢ « o o « o o &

Suspension Spring Group Compression, Right Rear -
Bounce Mode, 60 mph . . . « « « + ¢ ¢ ¢« ¢« « o o &

Freight Element Lateral Acceleration at Roof of the
Car (Rocking Mode - 17.5 mph) « « & « & ¢ « « o &

Car Body Lateral Acceleration at its Center of
Gravity (Rocking Mode - 17.5 mph) . . . . . . . .

Freight Element Acceleration Spectrum, Lateral
(Rocking Mode = 17.5 mph) « ¢« ¢ « ¢ o « o « o s &

PSD Analysis, Freight Element Lateral (Rocking
Mode - 17.5 mph) .« ¢ & & ¢ ¢ ¢ ¢ ¢ ¢ @ o s e o

Lateral Acceleration of Freight Element at Roof of
the Car (Rocking Mode - 50 mph) . . . . . . . . .

Vertical Acceleration of Freight Element at Center
of Gravity of the Car Body (Rocking Mode - 50
mph) . L] L] - . . L) L ] L L] L] L] . . - . L] . . - L] L]

Vertical Acceleration of Freight Element at Front
End of Car (Bounce Mode - 50 mph) . . . . . . .« .

Vertical Acceleration of Freight Element at Center
of Gravity of the Car Body (Bounce Mode - 50 mph)

vii

Page

12
13
29
29
29
30

32

32

33

33

36

36

38

38

39

39

40

40



Figure
7-5a.

7~5b.

A"lao

A—lbo

A-2.

A-3.

A-4.
A-5.
A-6.

c-1.

C-2a.

C-2b.
c-2c.
c-24d.

C-3a .

C-3b.

C-3C .

Freight Element Acceleration Spectrum, Vertical,
Front End of the Car (Bounce Mode - 50 mph) . .

PSD Analysis, Freight Element Vertical, Front End
of the Car (Bounce Mode - 50 mph) . . . . . .

Euler's Angles . ¢ + o« o o o o o o o o o o o o

Transformation of Body Angular Velocities to
Inertial Angular Components . . « o« « « o o « &

Bolster Lateral Constraint . . + ¢« ¢« « ¢ ¢ o « &

Vertical Springs at Car Body and Truck Bolster
Interface L . . . L] L - - . L) . L L] . . L] . L L

Vertical Springs at Bolster and Truck Interface .
Lateral Springs between Front Bolster and Truck .
Track Springs at Front Truck . . . . . « « « o« &

Free Body Diagram of a Typical Friction Shoe
during UpstrOoke . « « & o « o o o o« ¢ s o o o o

Schematic of the Cross-section of a Typical
Truck BOLStEr . + & o o « o o o o o o o o o o =

Area Moment of Inertia . . o« o o ¢ o o o o o o

Transverse Shear .« ¢ o « o o s o o o o s s o o o

Bending Moment Diagram . « « o« o o o 2 o o o o

Rocking Mode Vertical Track Profile - Half-
S tagg ered L] L] L] L] - L] L] - L] . . . L] ® - ‘Q - - .

Bounce Mode Vertical Track Profile - Rail Joints
in Phase .« ¢ ¢ o 4 o ¢ o o o o o o o o o o o

Lateral Track Profile . ¢« ¢ & o & ¢ o ¢ o o o o »

viii

Page

41

4
49

49

52

54
57
57

59

108

112
112
112
112

117

117

117



Table

Degrees of
Comparison
Comparison

Comparison

LIST OF TABLES

Freedom . . « « o o o o o o o o« o o o
of IIT, AAR and Stucki Models . . . .
of Results with Stucki's - Rocking Mode

of Results with Stucki's - Bounce Mode

ix

Page
11

26
27
34



Synmbol

LIST OF ABBREVIATIONS AND SYMBOLS

" Description

d21d3

dli» ,ds

GAP
GIB

h21h3

xi
yi

zi
KBOM

axle centers in each truck

bolster center of gravity above that of
the truck

freight cushion material damping coefficient

damping coefficient at point i
lateral damping coefficient at point‘i
truck center distance

horizontal distance of center plate from
car body center of gravity

longitudinal distance between center of
gravity of the bolsters from suspension
~spring groups

longitudinal distance between center of
gravity of the trucks from suspension
spring groups

center plate radius
acceleration due to gravity

distance between centerline of bolster
and sidebearings

sidebearing clearance
gib clearance
half rail gauge

lateral distance between bolster center of
gravity and suspension groups

rotational inertia of mass i about x axis
rotational inertia of mass i about y axis
rotational inertia of mass i about z axis
bottomed spring stiffness

freight spring stiffness

vertical spring stiffness at point i
lateral spring stiffness at point i

pitching spring stiffness between bodies
i and j

torsional spring stiffness between bodies
i and j

mass of body i

center of gravity of wheel sets above rails

Units
inch
inch

lb—sec/ih
lb-sec/in
lb-sec/in
inch
inch

inch
inch

inch
in/sec2

inch

inch
inch
inch

inch

1b-in-sec?
lb—in-sec2
lb—in—sec2
1b/in
1b/in
1b/in
1b/in
1b/rad

1b/rad

1b—sec2/in
inch



Symbol Description Units

Ry to rail lateral inputs inch
Ris

RL rail length inch

S maximum rail surface variation inch
TL spring travel to solid inch
VvV, to rail vertical inputs inch
Vg

X, lateral displacement of mass i inch
yi longitudinal displacement of mass i inch
z; vertical displacement of mass i inch
by roll angle of mass i radian
¢i pitch angle of mass i radian
oy yaw angle of mass i radian






l. INTRODUCTION TO FREIGHT DAMAGE ASPECTS

Freight loss and damage faced by the rail transportation has
been a very serious problem in the United States. For the year
1973, a total of $232,576,501 was claimed for L & D (1-1). This
amount, being 0.8% less than that reported in 1972, was still
very sizable compared with the earnings of the rail transporta-
tion of freight.

Increasingly, attempts have been made to identify the causes
and to solve the principal freight damage problems. In the
recent years, extra emphasis has been placed on the aspect of
careful freight handling, by the manufacturers and the railroad
shippers. Proper loading methods for different freight in a
railroad car are recommended by the Freight Loading and Container
Section of the Association of American Railroads (1-2). Defec-
tive or unfit equipment in railroad cars will render the freight
more susceptable to damages. Shippers are urged to replace such
equipment when necessary. Moreover, the dynamics of the car and
that of the freight/package system contribute significantly to
much of the direct or indirect causes of freight damage.

The dynamics of the car are primarily of two kinds--longitu-
dinal shocks and over-the-road type of vibrations. Longitudinal
shocks on the cars due to coupling and humping actions in classi-
fication yards give rise to high acceleration level impulse type
of excitations to the freight within the car. Most of today's
package design criteria are aimed at protecting freight elements
from such shocks and usually drop tests are used to study and
subsequently to choose certain cushioning materials as for pack-
aging a particular kind of freight. Over-the-road vibrations,
although usually do not give rise to high amplitudes of excita-
tion, may have a prolonged effect on the freight elements.
Moreover, package materials designed to protect the freight
primarily from shocks may turn out to be providing bad dynamic
environments to the products within, (1-3) while the train is
running over the tracks. If a resonant frequency of the freight
and cushioning material combination is encountered, the cushion-
ing material may in effect magnify the input vibration levels to



the freight and cause damage instead of protecting it. Vibra-
tions, on the other hand, may not necessarily be the direct
cause of freight damages. Prolonged vibrations can shake loose
the freight elements from their initial loading positions. This
loosening effect, which is called rattle, allows free motion of
the freight element. This, coupled with the longitudinal shocks
during run-ins and run-outs (depending on the type of terrain
that the train is running through) can cause tumbling and falling
of freight elements and subsequently damage them. It can be
seen then that a seVere vibration environment may contribute
very much to freight damage both directly and indirectly. The
indirect contribution is made when vibrations establish a
damage-~-prone situation. Thus it becomes clear that for preven-
tion of freight damage it is necessary to fully understand the
vibration enviromment in a typical rail car and then isolate the
freight from such vibrations as much as economically possible.

In the past years, tremendous emphasis has been given to
the handling aspects by shippers and the rail industry. It is
evidently very important now to study the dynamics of the car
together with that of the freight/package'syetems. This study
can enable better future design of packaging materials for the
dynamic requirements of freight in a%railroad car. Furthermore,
a study as such may yield better design criteria for the rail-
road truck suspension, damping systems and track requirements
for a smoother ride for the freight. At this stage of research,
it is our primary interest to study the freight environment in
a typical railroad car.

One effective way to study the freight environment in a
rail car which allows the option of modifying and'redesigning
fairly easily the various parameters such as suspension and
damping systems, etc., is by the mathematical model study
approach. Several mathematical models have been developed in
this field and used in simulation studies of various aspects of
the freight car dynamics (1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-11, 1-12). Each has made contributions toward SOIutiohs of
dynamic problems in the field. Industry models and detailed



information on them is not freely available because of propria-
tory rights. Other models, while good for individual tasks for
which they were developed were not deemed suitable for determina-
tion of the three dimensional coupled car-freight element dyna-
mics problem being addressed here. |

A comprehensive study of freight dynamics necessitates a
simulation of truck, car and freight components, all in one
mathematical model, so that the interactions between these various
components can be properly represented. The various mathematical
models set up by the Stucki Company (1-10), Patel/Martin (1-11)
and Tse/Martin (1-12) address the dynamics of rail car as a
complete unit, but each is directed towards a specific goal.
For example, the Stucki Company analysis attempts to establish
the damping requirements to control vertical and roll motions of
rail cars, and does not incorporate effects of these motions on
freight elements. The model developed by Patel/Martin is rela-
tively simple and explores a basic method of approach to computer
simulations of rail cars. The Tse/Martin model was only recently
developed, and was an independent parallel study conducted at the
Association of American Railroads, under the Track Train Dynamics
Program. It describes the rail car and truck using a 20-degree
of freedom model and simulates the car body as a flexible (2
mass) system. The model was specifically developed for use in
parametric studies on the dynamic characteristics of rail cars.
The IIT simulation developed in the present study includes the
coupling of freight elements, car body, truck motions and track
characteristics in one mathematical model.

The mathematical-computer model developed here at TIIT is
the first known solution incorporating the dynamics of the
freight car truck, the bolsters, the car body and the freight
element into one comprehensive analysis. It has been developed
- from a very basic and simple model, through several iterations of
the design cycle, up to the current configuration, which has
been shown from a dynamics point of view, to be a good represent-
ation of a real freight car system. '

The report given here is to describe the work conducted in



developing this mathematical model, and to describe the details
of the model.



2. SELECTION OF A CAR AND DETERMINATION OF ITS CHARACTERISTICS

The dynamics of the car and that of the freight/package
system may be studied by mathematically modeling the system and'
performing simulations on the model. For maximum value of such
a study to the American Railroad Industry, the model should be.
based on a car and its truck that is widely used in North America.

The majority of commodities shipped by rail today are
carried inside closed cars (2-1). The dynamic environment in
these cars then can be considered as representative of the ser-
vice environment encountered by freight packages. 1In a recent
"over the road" test program (for determining the acceleration
levels and forces in various parts of a box car under service
conditions) performed by A.A.R. (2-2), a 70-ton box car with a
typical truck was selected as a representative vehicle, to run
the test over 5000 miles on different railroads. Based on this
information, a 70-ton box car with a typical truck is chosen here
for the basis of the mathematical model. It is highly represent~
ative of the North American railcars. In addition, future corre-
lation studies with the 5000 Mile Road Test data may be conducted,
and the 'ground work' for this has now been completed.

After selection of a car and truck, work was conducted to
identify the significant components of the car/truck system and
to determine their characteristics. As originally proposed, the
approach adopted here has been to model the car as simple as
possible for the initial analysis, and only when this model is
properly functioning, and its simulation possibilities fully
explored, then the additional complexities involved in improving
simulation have been added in a stepwise manner. Initially then,
the car had to be regarded as a five mass system, with linear
springs and dampers. Nonlinear effects (spring bottoming,
clearances, etc.) have subsequently been added. At the present
time, the development of the mathematical model components is as
follows.

2.1 The Car Body
As shown by the Freight Car System tests of Nasa-Martin

Marietta Corp., a rigid car is a good representation of a current



typical U.S. box car, that is, the flexibility of the box car
body may be. considered negligible. 1In such a case, the mathema-
tical representation may be made as a rigid body, with its mass
concentrated at the center of gravity. It is, therefore, appro-
priate in the present model to assume a single lumped mass for
the car body. This requires that the following parameters be
determined: mass and mass moments of inertia about the three
principal axes, location of the center of gravity of the car
body, width of the car and other geometric parameters determined
from referenced literature and/or railroad publications (for
details refer to Appendix C).
2,2 The Center Plates

These are locations for support of the car body weight on

the truck bolsters. They are the circular plates of diameters
13-14 inches about which the car body swivels. Lubrication pads
are introduced between the center plates to reduce friction.
Relative vertical motions between the car body and truck bolsters
may cause center plate separation. Severe car roll motion may
result in only partial contacts of the center plates. For all
practical purposes, then, center plates may be modeled as two
stiff vertical springs.

2.3 ' The Side Bearings

These are the stoppers located on the upper surface of the
truck bolsters. Some of them may be spring loaded and some are
just rollers. Their function is to inhibit the car from rolling
about its longitudinal axis indefinitely. If the weight of the
car body plus that of the freight is fairly evenly distributed,
all side bearing clearances statically are of the order of 1/4
inch. When the car rolls severely, this clearance may vanish
and the car load is shared by the center plate and the side.bear-
ings. This nonlinear effect is modeled into the computer
simulation.

2.4 The Center Plate Extension Pads (C-PEP Pads)
On more recent designs of bolsters by some railcar manu-

facturers, a new feature called the C-PEP Pads is incorporated
at a location between the center plate and the side bearings.
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These pads are made of a certain elastomeric material that pfo-
vides horizontal rotational control in addition to complementing
the vertical damping.

In order not to further complicate the mathematical model at
this time, this effect is reserved as an option for further modi-
fications on the model. At present, bolsters without this fea-
ture constitute the more conventional designs which are still
widely used in the rail industry of today. '

2.5 The Axle, Wheel Set and Sideframes

These are all rigid masses and have been assumed to be equiv-

alent to one lumped mass, located at the center of gravity of the
truck. Geometric dimensions of each have been determined.

2.6 Suspension Springs

The typical truck with 3 11/16 inch travel linear springs
are studied from mechanical drawings and their stiffnesses
determined. (For details see Appendix C.)

2.7 The Friction Shoe and Spring-Steel Wear Plate

Together these form a typical damping system, and the
friction shoe can be spring loaded to give variable force depend-
ing on the loading and the direction of the damping stroke. From
some railroad company experimental studies, it was found that the
frictional force developed on the wear plate for the upward
stroke was different from that for the downward stroke. The
energy dissipated by the upward stroke is 65% of the complete
cycle. This information was made use of in later deriving the
equivalent viscous damping coefficient (see Appendix C).

It became apparent that the modeling of truck damping
systems is possible as both Coulomb and/or viscous, and that
perhaps an equivalent viscous damping approach would be fruitful,
allowing this model to be compared with both existing (Coulomb)
damping systems, and at the same time, used for future design
and evaluation of hydraulic dampers. Consequently, a new analy-
tical method for incorporating freight car truck damping effects
into the mathematical model has been developed, based on an
equivalent viscous damping concept. The computer model now has
the capability of either Coulomb, viscous or equivalent viscous

dampings.



2.8 Rail Profile and Subgrade Structures

Noting that these are not rigid structures, the elasticity
of the subgrade has to be considered (2-3), and is modeled into
this computer program as a vertical and lateral road bed stiff-
ness.

2.9 Couplers

The car is subjected to longitudinal coupler inputs depend=-
ing on the type of truck, track condition, terrain, coupler
design, etc.

Note: Details of numerical values on spring stiffness,
equivalent viscous damping coefficient, and descriptive data for
a 70-ton box car are reported in Appendix C.
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3. THE MATHEMATICAL MODEL

3.1 General Description

In the mathematical modeling of the freight car, a 27-degree
of freedom nonlinear model has been developed. This simulates a
70-ton box car as 6 lumped masses connected by spring damper
groups, and each mass has several degrees of freedom. The 6
masses respectively represent the car body, the front and rear
bolsters, the front and rear side frame/axle sets (trucks), and
an element of freight.

The degrees of freedom modeled for the various masses are
shown in the table below.

Table 1. Degrees of Freedom

Freight car Degree of Freedom
element Translational Rotational About:
Vert. Lat. Long. Vert. Lat. Long.
(yaw) (pitch) (xoll)
Car body X X X X X X
Front bolster X - - X X X
Rear bolster X - - X X X
Front truck X X - X X X
Rear truck X X - X X X
Freight element X X X - - -

3.2 Car Body and Truck Bolsters Interface

3.2.1 Center Plates. These are modeled here as four verti-

cal springs, each with a very high stiffness. This allows for
relative vertical motions between the car and the truck bolsters.
At this time, relative lateral motions between the car body and
the two truck bolsters are assumed constrained to be zero.

3.2.2 ¢Sidebearings. The sidebearing reaction is modeled

as a spring with a clearance between the car body underframe and
the spring. It does not have any stiffness until there is no
clearance.

3.3.1 Suspension Springs. A total of four vertical springs

is modeled per truck, with two springs on each side. 1In order to
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incorporate the bending effect of the bolsters, an analysis was
made to estimate the bending stiffness of the bolster (see
Appendix C). Consequently, the values of the stiffness used for
suspension springs are the effective spring stiffness of the
suspension group in series with the bending stiffness of the
truck bolster. Two additional nonlinear springs are used to
model the effect of spring bottoming, which happens at severe
bounce situations.

Although the actual suspension springs are in the vertical
plane, when the truck bolster moves laterally relative to the
sideframe, certain lateral elastic constraint is introduced into
the system. These spring actions are accounted for in this
- mathematical modél by four lateral springs per truck.

3.3.2 Friction Plates. These are the energy dissipation

elements used in the truck for damping down the amplitudes of
the vibratory motions of the truck. In this mathematical model
the friction plates are represented as either an equivalent
viscous damping (see Appendix C) or Coulomb's friction damping.
Incorporating viscous type damping models into the computer
simulation at this time is considerea advantageous since it both
simplifies the mathematics and in addition leaves the way open
for future investigations of modified damper designs. The
Computer Program developed here (see section on Computer Program)
allows the option of running the computer simulation with either
dry or the equivalent viscous damping. Consequently, it has not
lost the reality of dry friction type damping, used on the
majority of today's trucks.

3.3.3 Gib Clearance. This is the lateral clearance

between the bolster and the sideframe. A nonlinear spring with
a very high stiffness is used for modeling the gib effect.
3.4 Rail Profile and Subgrade

Depending on the quality of the subgrade under the rails,

and the dynamics of the railcar, up to several inches of rail
depressions have been observed when a train passes over it.
This effect is modeled as eight track springs in each of the
vertical and lateral directions, located at the contact points
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- between the wheels and the rails. The North American Continent
rail tracks are usually half-staggered (i.e., the rail joints
on one side of the track is at mid-length of the rail on the
opposite track) and depressions at the rail joints can conser-
vatively be estimated to be of the order of 3/4 inch. Previous
studies, made by other railroad researchers (2-3) showed that
the profiles of some of the revenue tracks actually look like
"rectified sine waves". From this, the rail profile used in
this simulation is that of a rectified sine wave, with an ampli-
tude of 3/4 inch vertically, and 3/8 inch laterally, in phase
(Figure C-3c).

3.5 Coupler Forces

When trains are moving over hilly areas, run-ins and run-
outs can create a very significant shock and vibratory environ-
ment inside the car. Longitudinal coupler inputs can be modeled
as if they act at the car body center of gravity by introducing
an equivalent force and couple combination at the center of gravity.
The spring-damper model used here for this purpose is excited by
the equivalent force only, in order to verify that the model
functions properly. Rotational responses due to couples at the
center of gravity are checked out when the model is excited in
the roll or the bounce modes, and so does not need to be input
for this purpose at this point. Other severe coupler shock forces
are also developed in service, due to the freight yard humping
action. This depends, among other things, on the speeds at which
the cars are coupled together (3-~1). At this stage of the
research, only the vibratory coupler inputs are being considered.
3.6 Car and Freight Element Interface

A linear spring-damper system is again assumed. The dynamic
damping characteristics have been obtained experimentally as
part of this total project here at Illinois Institute of
Technology. This part of the program will be reported in a
separate Project Technical Report.

It can be seen from the discussion given above, that the
mathematical model developed here is nonlinear, as in the actual
rail car. Gib clearances, sidebearing clearances and the spring
bottoming effects are some of the nonlinearities in the system.
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These are simulated by the system of equations developed, which
are then solved on the digital computer, yielding displacements,
velocities and accelerations at any point(s) in the freight car.
Dynamic loadings at the center plates, truck bolster lateral
reactions and wheel loads, wheel 1lifts, suspension spring
deflections plus all the forces and reactions in the system can
be studied in the present model.
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4. EQUATIONS OF MOTION AND METHOD OF SOLUTION

After setting up the mathematical model, equations of motion
have to be derived and solved for accelerations, velocities and
displacements (both rotational and translational).

For a simple spring-mass—-damper system in which the bedy is
under excitation from an external force p, the equation of

motion is
m¥ + cx + kx = p, (4-1)

where m - mass of the body
c - viscous damping coefficient
k - spring stiffness.
Ifm, ¢, k, p, ¥ and x initial are prescribed, the acceler-
ation X can be computed.
For more complicated spring-mass—damper systems such as the
one representing the 70-ton box car with the typical truck
a systematic way of writing the equations of motion step by step
without much complication>is the Lagrange's Equation of motion
which can have the form

d ,OE 3E , 3V, 9D
(2E) - + L8 g, (4-2)
Ty, 4 %9 ey, 1

where E - kinetic energy of the system
V - potential energy of the system
D - Rayleigh's dissipation function of the system
Qi - generalized forces, and
qa; - generalized coordinates i =1, 2, ..., 27 (xl, Yqr
Zye Wpr $30 Opr Zpr Vpe G0 0pr Z3s V3o b3 O3
Xgr Bgr Vgr by Oyr Xge Zge Vgr 50 O5s Xgr Yer Zg)
With 27 generalized coordinates, there are 27 equations of
motion similar to the one in eq. (4-1). Details of the deriva-
tion of these equations are listed in Appendix A Equations of

Motion.
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Some of the equations derived are coupled with one another
and they are grouped into 5 different matrices. All the equa-
tions, both coupled and uncoupled are programmed (in Fortran
language) and then solved for 27 accelerations simultaneously.
Integrating these accelerations twice leads to the corresponding
velocities and displacements.

4.2 Solution by Computer Iterative Method.

For dynamic simulation on the computer model, an iterative

method has been developed, which uses the UNIVAC 1108 computer

(on campus). Rail surface variations as well as coupler inputs
are- sources of excitation. Simulation is started at time equals
zero, with the system at static equilibrium. Excitation is
applied to the model and the resulting accelerations computed.
The coupled accelerations are solved by a subroutine LSIMEO
(which is currently available in the Math Pak at the Information
Processing Center of Illinois Institute of Technology, and the
listing of which is given in Appendix B Computer Program
Listings). All accelerations are then numerically integrated by
the Runge-Kutta Integration technique to obtain velocities and
displacements at the center of gravity of the masses in the
model. These new velocities and displacements, together with
the excitation, are the values based upon which the acceleratin
of the second time step are computed. This process is repeated
for each time step and new values are computed on old ones. An
iteration method of this nature enables us to study the dynamic

responses of the system up to any desired period of simulation.
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5. COMPUTER PROGRAM

A computer program has been developed for solving the equa-
tions and simulating the dynamic responses of the box car/freight
system. This program consists of a Main program and nine subrou-
tines. The function and philosophy of each is discussed below.
5.1 MAIN Program

This program functions as the coordinator for the subrou-
tines. It calls the subroutines ACCELN and RUNG to obtain values
of acceleration, velocities and displécements at centers of

gravity of the masses in the model. Geometric parameters such
as truck center distance, length of the various components of

the car and truck, spring stiffnesses, and moments of inertia,
etc., are entered in this portion of the program.

5.2 Subroutine DELGAP

At each time step, this subroutine computes all four of the

sidebearing clearances between the body bolsters and the truck
bolsters. If a sidebearing is touchinq the body bolster, there
is an additional reaction at the point of contact other than
those at the center plate locations. This reaction is accommo-
dated by adding, at this time step, an additional spring in
parallel with the center plate vertical springs. This additional
spring will remain in effect for as long as there is no sidebear-
ing clearance.
5.3 ©Subroutine DELGIB

Between the truck bolster and the column of the sideframe,

there is a small clearance (of the order of 3/4 inch) laterally.
This is the gib clearance. When the box car is running on the
rails, lateral motions exist such that the truck bolster may be
hitting the column. This zero gib clearance effect is modeled
here by adding a gib spring in parallel with the lateral springs
whenever such condition exists. This is done by first checking
the gib clearance. A coefficient denoted by the symbol ¢§ is
utilized to facilitate the modeling of the spring nonlinearity.
A value of 1 or 0 is correspondingly assigned to § to bring in
the gib spring action or remove it. A total of 4 gib springs is
used to model the gib effect on the two truck bolsters.
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5.4 Subroutine SPRING

During severe conditions of the bouncing mode, especially
with heavily loaded cars, spring bottoming phenomenon is not un-
common. In order that the computer model can simulate and predict
the suspension spring bottoming effect, a SPRING subroutine is
developed for this purpose. At every time step, the vertical
motions of the truck bolsters relative to those of the sideframe
are checked against the allowable travel length of the spring as
specified by designers and manufacturers. If it is found that
any suspension spring group reaches its solid length, a compara-
tively high stiffness spring is introduced in the vertical model
to stop the truck bolster from compressing‘on'the suspension
springs very much further. This high stiffness spring will be
removed by the subroutine if spring bottoming does not exist.
5.5 Subroutine ACCELN

The function of this subroutine is to compute the accelera-
tion values at each iteration. First, it calls the subroutines
DELGAP, DELGIB and SPRING to update the total number of springs
suitable for use at each iteration time step. For example, if

after calling the three subroutines it is found that two of the
four sidebearing clearances reduce to zero and two suspension
groups bottom out but the truck bolsters are not hitting the
column of the sideframe, then two additional sidebearing springs
and two bottoming springs but no gib springs will be included in
the current iteration to calculate the new acceleration values.
Sixteen of the acceleration variables are coupled (e.g.
those of the rotational coordinates) and they are grouped into
five matrices. This grouping into smaller matrices, rathér than
retaining all the coupled equations in one big matrix, signific-
cantly helps to speed up the solving process by LSIMEO. The
rest of the acceleration variables are computed independently.
ACCELN also calls other subroutines CPLATE, CAL and T5000,
the functions of which will be discussed in their own sections
later in this report.
5.6 Subroutine RUNG

After accelerations are computed by ACCLN, their values are
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transferréd back to the main program. Then MAIN calls subroutine
RUNG to integrate numerically the accelerations twice yielding
the corresponding velocities and displacements.

Subroutine RUNG is a standard program available in most
computer-aided numerical analysis books. The one used here is a
fourth order Runge-Kutta method which predicts the value of Yi
from the value of Yi at time ti based on the formula:

+1

" h
yi+l =Y + G-.(Kl + 2K, + 2K3 + Ky)

where K;, Ky, K; and K, are weighted averages as follows:

Ky, = f(yl, tl)

K, = £(y; + 5 Ki, t; + 3
h h

K3 = f(yi + z’Kz, ti + 7)

Ky = £(y; + h Ks, t; + h)

and h is the step size. Note: The fourth order Runge-Kutta
technique gives as accurate value of Yi4p 85 @ fourth order
Taylor series. The choice of the step size h has to depend on
the response frequency of the system studied. The following
exercise serves as an example on estimating the step size.
Estimation on the time step for using Runge-Kutta technique
based on the natural frequency of the bolster:
4 (4425 + 666000)1b/in.
2,681,700 1lb/in.

Total lateral spring stiffness

1150
9
/?

M

2,681,700 x 386.4 Hz
1150

Mass of the bolster =

Natural frequency fn

]

950 Hz
Periodic time = 1 = 3 sec. = .00105 sec
E; m . 3 .

Rule of thumb: 8 iterations is minimum per response cycle for.
using Runge-Kutta
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. 00105 sec.

8
0.00013 sec.

This analysis can be considered as a rough guide to estimate
the order of the step size. Howevar, the optimum value still

Time step =

i

needs to be obtained through experience and trial and error.
5.7 ©Subroutine CPLATE

This subroutine computes the vertical reaction of the front

aﬁd rear center plates.
5.8 Subroutine CAL

Each time this subroutine is called it computes the front
bolster lateral reaction as well as all the wheel loads. This
subroutine gives valuable information as to the loading on the
column of the sideframe and the phenomenon of wheel-lifts, the
severe cases of which may cause derailments.

5.9 Subroutine T5000

This subroutine computes various accelerations at selected

locations within the dynamic system, based on the accelerations
of the rigid body masses and the geometry of the rigid bodies.

In the analysis performed so far, the vertical and lateral
accelerations on the roof and the floor of the box car at the
front and rear ends of the car have been computed. These speci-
fic locations have been chosen to yield data for later comparison
with field data obtained by the 5000 MILE BOX CAR VIBRATION TEST.
5.10 Subroutine SGNFUN

A special feature introduced in this computer program is
the option of simulating the suspension damping system either as
an équivalent viscous damping or as Coulomb's damping. If the
latter is preferred, one statement is added in the subroutine
ACCLN to call on SGNFUN.

Subroutine SGNFUN computes, at every time step, ‘the relative
velocities, both vertical and lateral, between the bolsters and
sideframe columns. It then assigns a positive or a negative sign
to the constant dawmping force such that the damping force always
opposes the motion.

With such an option, two simulations can be run on the
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~ computer using the Coulomb's friction or equivalent viscous
damping without any major modifications on the program at all.
This is of great value in both development of new suspension
damping systems or in evaluation studies of existing systems.
Hence, this method of modeling the damping system of the typical
truck as an equivalent viscous damping can readily be justified.

5.11 Nonlinear Modeling

It can be seen that in this computer simulation a great
number of nonlinear springs can now be introduced by DELGAP,
DELGIB and SPRING subroutines. These effects have been added to
the model in a stepwise manner, and this has added a considerable
amount of complexity to the computer program. It is felt,
however, that the nonlinear model so developed is now a close
simulation of a railcar dynamic system, and the complexity is
justified. The correlation of this model with other data which
has been verified by tests is discussed later in this report, and
this nonlinear modeling of the railcar is shown to be validated.

5.12 Computer Program for Frequency Analysis

The main program and the nine subroutines discussed so far
give as output data on acceleration, velocity and displacement at
any point(s) in the car and the truck, in addition to the dynamic
loadings on the car structure. These output data are given as a
function of time. However, road test data often express acceler-
ation levels (g) in the frequency domain. The frequency analysis
on excitation levels becomes more meaningful to designers of
freight cushioning and packaging materials, and also useful to
the rail car and truck designers. With this in mind, the program
FREQ was developed.

From our computer simulation results based on the rectified
sine wave vertical rail inputs as well as the Stucki Company's
data, we observed that the accelerations of the car body and
those of the freight are quite periodic. In order to study the
frequency contributions of these acceleration responses, one
convenient method is to apply the Fourier analysis. Any periodic
motion (including those which are complex) can be represented by
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a series of sines and cosines which are harmonically related.
For example, if x(t) is a periodic function of the period t, it
can be represented by the Fourier series

a
x(t) = 0 4 ai c¢cos wit + az cos 2wt + ...

+ b, sin wit + by sin 2it + ...

where w1 = 27/t is the fundamental frequency and the coefficients
o, @1s A2, e-ey By and bi, by, ..., bn completely define the
harmonic contribution of the period wave. With some manipulation
of algebra, the coefficients can be obtained by hand calculation.
In order to minimize the computational time, the digital computer
is again used.

A program has been developed by the Information Processing
Center at Illinois Institute of Technologyto specifically com-
pute the coefficients for the Fourier series. This we incorpor-
ate as a subroutine in our Frequency Analysis program, FREQ, and
have it compute the amplitudes of contribution at each of the
harmonics. Then the Fourier spectrum of the wave form can be
plotted. Since some of the road test data from the 5000 Mile
Box Car Vibration Test will eventually be presented as PSD
(Power Spectral Density) functions, the computer program developed.
here in this project can output data suitable for PSD analysis.
This will be useful in later correlation studies.

At present, FREQ is an independent computer program from the
MAIN and its nine subroutines. Future work is planned to incor-
porate FREQ as an additional subroutine to MAIN so that we can
run rail car freight dynamic simulations on our model with output
acceleration levels in the time and/or frequency domain(s).

Note: All program listings are in Appendix B Computer
Program Listings.
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6. COMPUTER MODEL VALIDATION

The computer programs have been thoroughly debugged to give
the correct logic and mathematical solutions. However, in order
to show that the computer model properly simulates a real rail
car dynamic system, it is necessary at this stage to validate
the computer model. This ensures that any future dynamic analy-
sis based on this model for design purposes will be meaningful.
6.1 Methods of Validation

Validation can be done in two ways. First, other computer

model outputs can be checked against this model. One such
computer model in the rail industry now is the model that Stucki
Company developed (1-10) to study the damping requirements to
control vertical and roll motions of freight cars. This A.
Stucki model has been validated against test data. The model is
proprietary to the Stucki Company and is not freely available.
However, some output data based on this model has been published
(1~10) and can be of value to other workers for validation pur-
poses. Recently, the Association of American Railroads, as part
of the Track Train Dynamics Programs, have developed a computer
model (1-11) in which the box car body is modeled as two lumped
masses joined by torsional springs to incorporate flexibility.
These models, among numerous others, can be used to help esta-
blish validity for the model developed here, even though many
significant differences in these various models exist.

As a second method of wvalidation, the computer model simula-
tion outputs can be correlated with field test data generated by
other researchers. The most recent and extensive piece of road
test data on shock and vibration service conditions was completed
by the Research and Test Department of the Association of
American Railroads (2-2). 1In this test, a 70-ton box car with
a typical truck was placed in actual revenue trains on a
number of railroads. Data so collected will reflect a wide range
in speed, track characteristics and operating terrain. Since the
type of car and track for this test is the same as modeled here,
it will be very beneficial to try to correlate with such test
data when it is available. Currently, data from this test pro-
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gram is being prepared by AAR for spectral and RMS analysis, and
it is intended to further validate the IIT mathematical model
with this data when it has been reduced to the appropriate form.
6.2 Comparison of TIT Model with Other Models

Before comparing the IIT computer simulation outputs with
others, it is desirable to consider the following table, which
briefly summarizes the similarities and differences between this
model and some others,

Table 2. Comparison of IIT, AAR and Stucki Models

AAR STUCKI TIIT
Degrees of freedom 20 27 27
Rigid car body 2 masses 1 mass 1 mass
Damping model Friction Friction and | Friction or

Viscous Equivalent Viscous

Freight Element - - Lat, Vert, Long
Model v
Track input type Vert, Lat | Vert Vert, Lat
Options:
Center plate - - Yes
extension pads
Longitudinal input - - At car body

For all simulations on the IIT computer model, a rectified
sine wave has been used as vertical input displacements on the
wheels with maximum rail surface variation equal to 3/4 inch.
At this time, the lateral rail input is assumed to exist on. one
track only with maximum variation equal to half of that of the
vertical. Details of track input equations are found in
Appendix C.
6.3 Validation of IIT Model

To study the dynamic responses of the box car/freight

system for the rocking mode, the conventionally half-staggered

rail joints are adopted in the simulation. Different car speeds
were simulated to identify the critical speed, which is 17.5 mph
for our system, compared with 15 mph for the Stucki model system.
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The following output data were plotted and compared with
A. Stucki Company data on a 100-ton hopper car for purposes of
comparison of the wave shapes of the dynamic responses for the
two systems modeled.

(a) Car body roll angle (Fig. 6-1)

(b) Front center plate vertical reaction (Fig. 6-2a)

(¢) Wheel loads (Fig. 6-2Db)

(d) Front bolster lateral reaction (Fig. 6-3)

The following table lists the comparisons of results of
computer simulations for the rocking mode.

Table 3. Comparison of Results with Stucki's - Rocking Mode

STUCKI TIIT
(100-ton hopper car) (70-ton box car)
1. Max. roll angle P-P 11.5° (15 mph) 11.4° (17.5 mph)
2. Time occurred (from 9.4 sec 8.6 sec
beginning of
simulation)
3. Max. front center 160 K 1b 105 K 1b
plate loading
4. First occupance of 5.2 sec 5.0 sec
center plate
separation
5. Max. front bolster 40 K 45 K*
lateral reaction
6. Max. wheel loads 145 K 1b 138 X 1b
-2 wheels (left
front)
7. First occurrence of 6.0 sec 5.4 sec
wheel lift (left
front)
8. Duration of wheel 0.3-0.5 sec 0.2-0.4 sec
1ift (left front)

*Lateral bolster loadings for IIT model result from both
vertical and lateral rail excitations. This value is slightly
higher than that of the Stucki's which is based on vertical
input only.
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To further correlate with the Stucki data, the IIT model is
simulated in a bounce mode in which the car first runs over 2
bunmps of amplitude 1 1/2 inch at 60 mph on both tracks and then
runs on smooth tracks. v

Figures 6-4 and 6-5 show the corresponding loadings on the
front and rear center plates respectively as compared to the
Stucki data. The general response patterns of the two models are
very similar although the maximum center plate loadings on the
Stucki model are higher due to a heavier car.

The suspension spring group compressions on such a simula-
tion are represented in Figures 6-6 and 6-7. The corresponding
data from the Stucki model was also presented for purpose of
comparison. Both models show springs solid, which is a pheno-
menon actually observed in cases of severe bumps on the rail.

_ Both center plate loadings and suspension spring compressions
on the IIT model are quite similar in amplitudes for the front and
rear. This can be explained by the fact that the truck center
distance used in the IIT model is 39.5 ft, almost the same as the
length of rail joints'(39 ft). However, in the case of the

Stucki model, a distance of 45 ft was used and this accounts for
the general dissimilarities between responses on its front and
rear plots.

Table 4 summarizes the comparisons of results between the
IIT model and the Stucki modelon the bounce mode.

The comparisons show that the two sets of computer output
data concerning roll angle, various loadings at the car and truck
and spring compressions are extremely close. The Stucki data,
however, has been validated against field test data performed on
the L & N Railroad Co. rocking test track at Frankfort, Kentucky,
on June 24, 1969 (1-10). These comparisons, therefore, show that
the current IIT computer model is valid, and bésed on this,
further refinement and development of the mathematical model can
continue with confidence. Unfortunately, no test data for
freight element response (which may be considered as correspond-
ing to the Stucki data) is currently available to allow total
correlation of the motion of a freight element in a box car.
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This effect has to be deduced from the accurate modeling of the
freight dynamic environment in the box car, and then from
laboratory simulation of this environment for individual freight
elements. The net response of the Freight Element in the box

car is the composite motion derived from these two effects.

Table 4. Comparison of Results with Stucki's - Bounce Mode

STUCKI IIT

(100-ton hopper car) | (70-ton box car)

I. Center plate loadings ‘
a. Maximum - front 290 K 1b 215 K 1b
b. Maximum - rear 320 K 1b 205 K 1b

c. No. of response
cycles - front

- reaxr

II. Suspension spring
compressions

a. Spring bottoming
occurrence
- right front

- right rear

b. Interval between
spring bottomings
- right front 0.45 sec 0.5 sec

- right rear 0.45 sec 0.5 sec
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7. DYNAMICS OF A SINGLE FREIGHT ELEMENT

Computer models developed by Track Train Dynamics groups
throughout the nation and other railroad researchers are primarily
designed for studying the dynamics of the car and the truck. As
far as these aspects are concerned, we have already been able to
generate information from our present computer model. However,
our main attention is given to simulate the type of dynamic
environment that revenue trains generate in freight cars. Know-
ing this freight environment as part of a mathematical model,
valuable information on the dynamics of the freight can readily
be predicted.

Other researchers have made some attempts to study the
responses of a freight element under the impact-shock type of
excitation (7-1, 1-3). However, the study of the freight dynamics
in a 70-ton box car with a typical truck on the road type of
environment by computer simulation is believed to be first of its
kind.

A freight element located at different places of the box car
is likely to be experiencing different acceleration levels.
Hence, attempts were made here to consider a fragile freight
element (in this case a 150-1b refrigerator) packaged in some
cushion material at different locations of the box car and to
study the responses of the freight. Some severe over-the-road
conditions like the rocking mode and bounce mode were used to
excite the model moving at resonant speeds. Study as such will
give guidelines to the more severe environment freight responses
that the usual revenue train may experience.

7.2 Case Studies
The following cases were simulated for illustration purposes

on the freight dynamics:

Case (1) —~ Rocking mode (17.5 mph), freight element near

roof of the box car. The 150-1b freight element is placed at a

point 4 ft above the center of gravity of the car body. The
lateral accelerations on the freight were plotted as a function
of time (Fig. 7-la). A maximum peak to peak acceleration level



1

ﬁm.o-
>> > \& g Hdi Q' /T - J0A0W
,/<\ /r\\ i ONINJ0Y “ALIAVYO
40 ¥3IN3D SIT 1V
//\\ //\\ //\\ (&) NOILVY31320V
o TIWY3ALYT AQOd 43

i '4T-/ 914
(03S) WIL r.m.o

- ! ) 1 T ! ) ! T ! ! ! ™

¢T ¢TI 1IT O 6 8 [ 9 g f ¢ ¢ T 0

Vi

HdW S'/T - 300W
‘ ONINIOY ‘YY)
JHL 40 4004 LY (®)

NOTLWY3T132IV "IVH3LYT
INFWITI LHIT RS
'v1-/ '914

/ - /'0



37

of 1.5 g is encountered after 8.5 sec of simulation. These
accelerations of the freight were compared with the lateral
acceleration at the car body center of gravity (Fig. 7-1b) which
has a maximum peak to peak value of 1 g. This demonstrates that
freight element at locations other than the center of grévity

of the car body will sometimes experience more severe levels of
accelerations during the rocking mode which is inherited with
the conventionally half-staggered rail joint system in North
America.

Based on these accelerations, a frequency analysis was made
using the program FREQ to identify the most significant freight
element vibration frequency, the corresponding Power Spectral
Density (PSD) was computed and results plotted in Figures 7-2a
and 7-2b. The frequency associated with the highest level of
accelerations (.314 g) is around 0.64 Hz at which the PSD value.
is also a maximum.

Case (2) - Rocking mode (50 mph), freight element near roof

of the box car. This is defined as rocking mode simply because

of the 1/2 stagger used in the rail joints. The freight element
lateral and vertical accelerations versus time are plotted in
Figures 7-3a and 7-3b. The lateral peak to peak accelerations
on the freight is 0.2 g at a frequency of 2 Hz. The vertical
peak to peak accelerations is 0.1 g at 1.25 Hz (Fig. 7-3b).

Case (3) - Bounce mode (50 mph), freight element at front

end of the box car (near floor). The freight element is

placed at the front end of the car body. Due to the severe
pitching motions of the car in the bounce mode, at which the
rail joints on opposite tracks are in phase, the accelerations
that the freight element is experiencing is higher at this loca-
tion than that at the center of gravity of the car. Computer
simulations were made and the freight vertical accelerations
plotted against time in Figure 7-4a. The frequency analysis
(Fig. 7-5a) shows that the frequency associated with the highest
level of accelerations on the freight (.424 g) is 2 Hz. The PSD
plot (Fig. 7-5b) also indicates that most of the vibratory
energy is around this particular frequency.
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1.0

0.5
0
-0.5
-1.0
FIG., 7-4a. VERTICAL ACCELERATION (g) OF FREIGHT ELEMENT AT FRONT
END OF CAR, BOUNCE MODE - 50 MPH
° ! 2 TIME (SEC)

1.0 4

) %“v“uﬂ\]/\uﬂx

-0.5 -
'1.0 a

FIG, 7-4B, VERTICAL ACCELERATION (g) OF FREIGHT ELEMENT AT
CENTER OF GRAVITY OF CAR BODY, BOUNCE MODE - 50 MPH
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Case (4) - Bounce mode (50 mph), freight at center of

gravity of the car body. PFigure 7-4b shows the freight element
vertical accelerations at center of gravity of the car at 50 mph

in the bounce mode. A maximum peak to peak accelerations of
1.3 g is predicted as compared to 1.75 g when the freight is at
the front end of the car.

The above examples of freight dynamics simulation illustrates
some of the bounds on the freight responses when moving over the

railroads. Detail study on freight dynamics will be part of the
next phase of work.



43

8. CONCLUSIONS AND RESULTS

1. A mathematical model of the dynamics of a railroad box
car carrying a freight element has been developed.

2. It has been shown by comparison with test data, that
this model, which represents the car body, freight element, truck
bolsters, wheelgsets and sideframes, suspension systems and track
elasticity and profile as a twenty-seven degree of freedom system,
can satisfactorily simulate the dynamics of the typical U.S. box
car and freight traveling on tangent track at various operating
speeds.

3. Using the computer simulation developed here, it is
possible to determine the accelerations, velocities displacements
and forces experienced by a freight element, or by the various
components of a box car/truck, due to excitation from the rail
and/or coupler forces.

4. The output values may be expressed in either the time
domain or in the frequency domain, at the option of the user.

5. This study has shown that Coulomb friction damping in a
railcar suspension system can be satisfactorily modeled as equiv-
alent viscous damping.

6. This new method facilitates development of new truck
designs by making it easier for the designer to investigate the
effects of a wide range of configurations and specifications of
both friction and hydraulic dampers.

7. When compared to data published by the A. Stucki Company,
the simulation developed here shows excellent results for pre-
diction of the box car motions in the Rocking Mode and the
Vertical Bounce Mode.

8. The dynamic response of a typical freight element sub-
jected to the vibration environment in a box car under operating
conditions can now be predicted by this model.

9. Further pursuit of this freight response study will lead
to a thorough understanding of the dynamic response of the freight
element. This will indicate possible design modifications in
packaging systems, freight car and truck characteristics, etc.,

which will minimize freight damage due to vibrations.






Preceging Page blak

APPENDIX A

EQUATIONS OF MOTION

45






Preceding page blank 47

The motion of a rigid body in space can be described by
rotations and translations. Rotations can be referenced from any
inertial coordinates or body axes. However, the angular velocity
components about the body axes (which rotates with the body)
cannot be integrated to obtain angular displacements about these
axes (Chapter 4 Rigid Body Dynamics, Methods of Analytical
Dynamics, Leonard Meirovitch). Therefore, it will be unsatis~
factory to describe the orientation of a rigid body in space by
the body angular velocity components.

One set of independent coordinates which can carry out the
transformation from one Cartesian system of axes to another is
the Euler's angles. The reason for using Euler's angles is that
the three components of the body angular velocity can be expressed
in terms of Euler's -angles and their time derivatives. Thus, in
this analysis, the Euler's angles method is adapted for descrip-
tion of rotations.

The translational coordinates used are inertial coordinates
fixed in space, with the coordinate origins at the center of
gravity of the various masses when the springs are not extended
or compressed, i.e. masses sitting at the free length of the
springs. All displacements, velocities and accelerations in
translation are referenced from these coordinate origins.

The translation coordinates, together with the Euler's angles
constitute the generalized coordinates of the system. In the
present model analysis, there are 27 such generalized coordinates.

Once the generalized coordinates are set up, equations of
motion can be written for the system by using the method of
Lagrange's equation. The Lagrange's equation is an equation of
motion in each of the generalized coordinates. It sums up the
forces acting on a mass due to the kinetic energy, both rotational
and translational, the potential energy associated with spring
and gravity, the dissipation energy from damping system and the
generalized forces. Details of derivation of each of the energies

are discussed later in this section of the appendix.
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Figure A-la shows how Euler's angles provide a description
of the body orientation in space. The transformation of body
axes X, v, 2 to one set of inertial Cartesian coordinates X, Y,
Z is carried out by three successive rotations:

(1) xrotate about x axis through an angle ¢ brings x, y, 2z
into x, yv', 2z'

(2) rotate about y"axis through an angle ¢ brings x, yv',
z' into x', y', 2

(3) rotate about Z axis through an angle a brings x', y',
z into X, ¥, 2.

Since x, y' and % are the axes of rotation, the body angular
velocity components ¢, w and o are directed along these axes
respectively.

Denoting the inertial angular components about X, Y, Z axes
as w1, w2 and ws: respectively, it can readily be seen, from
Figure A-1lb, that the following relationships are true by resolv-
ing the body angular velocities ¢, ¥ and o along:

L

(1) X axis, w: = é cos Y cos o + ﬁ sin o,
(2) Y axis, ws = i cos o - é cos Y sin o, and
(3) 2 axis, ws = ¢ sin ¥ + o

Slmllarly, writing the above relationships Wy 5 for the five
masses, where 1 =1, ..., 5and j =1, 2, 3: J
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FIG. A-1a. EULER’S ANGLES

Z(w3)

Zl

(wq)
é cos Y cos a

FIG, A-1B. TRANSFORMATION OF BODY ANGULAR VELOCITIES TO INERTIAL
ANGULAR COMPONENTS
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For the car body:

wi1 = ¢, cos Y3 cos a1 + Y1 sin o,

wiz2 = Y1 cos a1 - ¢1 cos YP; sin a
wis = ¢1 sin P31 + o1
For the front bolster:

¢2 CcOS Y, €os az + P, sin o>

w2y =
w22 = Yo cos 02 — ¢2 cos P2 sin a»
w23 = ¢2 sin Yo + a2

For the rear bolster:

w31 = ¢3 COS Y3 cos o3 + Y3 sSin as
w3z = P3 cos a3 — ¢3 cos Y3 sin a3
w3zs = ¢3 sin Y3 + as

For the front axle-wheel set-sideframe assembly:

w1 = ¢y cos Py cos oy + Yy sin oy

w2z = Yy COS Oy = Py COS Yy Sin oy
L] . [}

Wy3z = ¢y Sin Py + Oy

For the rear axle-wheel set-sideframe assembly:
ws1 = ¢s COS Ys COS as + Ys Sin os
. . ) .
ws2 = Ys COS as — ¢s cos Ps sin as

¢s sin Ys + as

Ws3

where ¢--angle of pitch, Y--angle of roll and o--angle of
yaw. Note: The freight element at this stage is assumed to
have only translational degrees of freedom and hence no
rotational angles associated with it.

Kinetic Energy of the System

The total kinetic energy is the sum of the rotational

kinetic energy and translational kinetic energy.
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Kinetic Energy of the Car Body. Assuming all rotations
about the principal axes allowed for the car body

_ 1 2 2 2
K-E.rotational = Z(Ix1w11 + Iylwlz + Iz1w13)
where I,,, I, and IZ are the principal moments of inertia
about x1, yly and z1 “axes of the car body.

Assuming the car body can translate in the three principal
directions

— i *2 ) * 5
K'E'translational -2 my(x] + y; + z7)

where m; = mass of the car body.

Substituting the Euler's angles for wii, w12 and wis, Wwe
have, for kinetic energy of the car body

E; = % Ix1($1 cos Y; Ccos a1 + @1 sin a1)?
+ % IYI(il cos a1 - ¢1 cos Pi sin aj)?
l - . . . 1 . . .
+ 5 Izl(¢1 sin ¥1 + o01)? + 5 my (x2 + y2 o+ zf)
Kinetic Energy for the Front Bolster. Similarly,
_ 1 2 2 2 1 *2 *2 2
E, = 5(1x2w21 + Iy2w22 + Izzwzs) + z-mz(x2 +y, +27)

Since we assume the lateral displacements of the bolsters con-
strained to that of the car body, we have, see Figure A-2,

Xy, = X; - ¥y sin yY; - d; sin o

X, = X3 - r; cos Y1YP1 - di cos o101

Substituting w21, w22, w23 and X;, we have
1

Ex = 5 Ix2($2 cos Ya COS oz + &z sin a.)?
+ % Iy2(¢2 cos o0, - ¢2 cOS Y, sin az)?
1 . . 42 1 2 . .
+ 5 I,,(02 sin Y2 + 02)% + 5 my (X1 - 2x1r1 cos Y1
+ r} cos? Y97 - 2d:1x; cos o101 + 2r;d; cos Y1 cos a1¥ic:
+ d} cos afa}) + %—mzz}% + %—mzZ%



CAR

BOLSTER

FIG, A-2. BOLSTER LATERAL CONSTRAINT
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Kinetic Energy of the Rear Bolster.

e ]

E; = ,(¢s cos Y3 cos os + Y3 sin as)?

N

1
2
+ 3(wg cos a3 - ¢3 cos Y3 sin as)?

Y

+ 2T (ba sin Y5 + 42)% + 2 my (k2 - 2r,%, cos Yidi

H l\)]l—' N|l—'

+ f cos® Y, Y% + 2di1x) cos ajor ~ 2rid; cos YaPi CoOS o101

2 2 ‘2 1 ") 1 :2
+ d] cos® a,aj) + 5 My, + 5 Mz,

Kinetic Energy of the Front Axle-Wheel Set-Sideframe Assembly.

2
E, = % I |+(¢.+ COS Yy COS oy + wu sin ay)
+ % Iyu(w“ cos oy - ¢4 cos Y, sin ay)?
l . . . 1 L] L .
+ 51 u(¢g sin Yy + ay)? + 5 mu(xi + yi + zi)
Kinetic Energy of the Rear Axle-Wheel Set-Sideframe Assembly.
1 2
Es = 5 I (¢5 cos s cos as + Us sin as)
+ % ys(ws CcoSs 0Os = ¢s cos Ys sin as)?
l . . . l L] L] .
+ 5 I,5(bs sin ¥s + as)? + Fmo(x] + yi + z27)

Kinetic Energy of the Freight Element.

l . . L]
E¢ = fIﬂs (Xé -+ yé + Zé)
Therefore, the total kinetic energy of the system is
E =E; + E» + E3 + E, + Es + Eg

Potential Energy of the System

The total potential energy is the sum of the spring potential
energy and the gravitational potential energy of the entire system.

In our present mathematical model there are six masses con-
nected by springs and dampers. The corresponding potential energy
associated with each group of springs is derived as follows.

Spring Potential Energy Between the Car Body and the Front
Truck Bolster. When a spring is displaced distance x units, the
spring potential energy is simply 1/2 Kx2, where K is the stiff-
ness of the spring.

Referring to Figure A-3, the spring potential energy asso-
ciated with the vertical springs with stiffness K; and K,
respectively are
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N D] -

Vi Ki(z1 - 22 - e(sin Y1 - sin P2) + di sin ¢1)?2

Vo = 5 Ka(z; - 22 + e(sin ¥; - sin v¥) + d; sin ¢1)2

For the two springs modelling the side bearings, i.e. Ks
and Kg, we have

Vs = % Ksd; (21 - 22 - g1(Sin WI - sin WZ) + d; sin ¢1 + GAP)2
where §6: = 1 when
(z1 - 22 - g3 (sin Y1 - sin VY,) + d; sin ¢é1 + GAP) < 0

and ¢&6; = 0 when

(z1 - 22 - g1(sin Y1 - sin Y2) + d; sin ¢1 + GAP)

A\
o

Ve = %— KeS2 (z1 - Z2 + g1(sin ¢1 - sin ¥;) + d1 sin ¢1 + GAP)?

Similarly, &, = 1 when

(z1 - 22 + g1(sin ¥, - sin Y2) + d; sin ¢; + GAP) < O
and &8, = 0 when
(z1 - z2 + g1(sin Y, - sin Y2) + d; sin ¢1 + GAP) > O

The function of ¢§; and §; is to check the side bearing
clearance between the car body and truck bolster and if no clear-
ance exists, the corresponding spring is added in parallel to K
and Ko,

Spring Potential Energy Between the Car Body and the Rear
Truck Bolster. Similarly we can write

Vy = % K7(z1 - z3 - e(sin Y1 - sin Ps3) - di sin ¢31)?2

Vg = % Kg(z1 — 23 + e(sin Y1 - sin Ys3) - d; sin ¢1)?2
Vi1 = % K1183(21 - 23 - g1 (sin Y1 = sin ys3) - d; sin ¢, + GAP)?
Vi = % Ki1284(z1 - 23 + g1 (sin Y; - sin ;) - d; sin ¢; + GAP)?

Spring Potential Energy for the Front Truck Suspension
Springs. Refer to Figure A-4, we have

Vis= % Kis(z2 = 2y = ha(sin Y2 = sin yy)
+ d, sin ¢2 - dy sin ¢,)?

Viy= % Kiy(z2 = 24 + ha(sin y2 = sin yy)
+ d2 sin ¢, - dy sin ¢,)?
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% Kis(z2 = 2y = hy(sin ¢, - sin y,)
- (42 sin ¢, - ds sin ¢4))?
% Kis(z2 = zy + hy(sin yo - sin yy)

- (ds sin ¢» - dy sin ¢4))?2

% KBOMS s (z2 - 2z4 - hy (sin U2 - sin $s) + TL)?2

VBOM; y = i KBOM510(ZZ - 24 + hy(sin Yo - sin Wq) + TL)2

where &9,

2

S10= 1 or 0 depending on whether suspension springs

bottom out or not.

Spring Potential Energy for the Rear Truck Suspension

Springs.
Vig =

Vig =

Vio =

Vao =

VBOM;

VBOM:

where 611

1

2

14

% Ki7(2z3 - 25 - h3(sin y3 - sin ¥s)

+ ds sin ¢; - ds sin ¢s)2

% Kig(z3 = 25 + h3(sin ys3 - sin ys)

+ d; sin ¢35 - ds sin 6¢5)?2

% Kig(z3 -~ 25 =~ h3(sin {3 - sin ys)

- (ds sin ¢35 - ds sin ¢s5))?

% Kyo(z3 = 25 + hy(sin y; - sin ys)

- (ds sin ¢3 - ds sin ¢s5))?

= %~KBOM611(23 - 25 - hy(sin Y3 - sin y¥s) + TL)?
= % KBOMS;, (23 - 25 + hs(sin Y3 - sin Ps) + TL)?2

§i2 = 1 or 0 depending on whether rear suspension

groups bottom out or not.

Spring Potential Energy for Lateral Springs Between Front

Bolster and Sideframe. Refer to Figure A-5,

V,sL

ViyL

% K13L(X1 - X sin W1 - dl sin a1 — Xy — (dz sin O 2
- dy sin aa) - (r2 sin Y, + ry sin P,))?
= % KiyL(x; = r1 sin ¥1 - d; sin a1 - xs - (d2 sin a:

- dy sin ay) - (rs sin Y, + ry sin YPy))?
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14

6\_,“’2 BOLSTER

FIG. A-4. VERTICAL SPRINGS AT BOLSTER AND TRUCK INTERFACE

BOLSTER

‘;,l/g TRUCK

FIG, A-5. LATERAL SPRINGS BETWEEN FRONT BOLSTER AND TRUCK
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Vislh = % KisL(x; - r; sin ¢; - d; sin a; - Xy + d2 sin o>
- dy sin ay - (r2 sin P, + ry sin yPu))?

Vel = % KigL(x; = r; sin ¢; - d; sin a; - x, + d, sin a»
- dy sin ay - (ry sin Yo + ry sin Py))?

VGIBs = % KGIBSs5(x; - r; sin y; - d; sin a7 - %, —- GIB)?

VGIBg = % KGIBSg (x; = ry sin ¥; - d; sin a1 - x4 + GIB)?

where 65 and 6¢ are 1l or 0 depending on the GIB clearance
between the bolster and the column of the sideframe.

Potential Energy for the Lateral Springs Between Rear
Bolster and Sideframe.

V7L = % Ki7L(x: - r; sin 91 + d; sin a1 - x5 — (d; sin a;
- ds sin as) - (rs sin Y3 + rs sin w;))2

VgL =‘% Kiglh(x; = ry sin ¢; + d; sin g3 = x5 - (d; sin g,
- ds sin os) - (r; sin Y; + rs sin ys))?

Vil = % KioL(x; - r; sin y; + d; sin o; - x5 + (d; sin a3
- ds sin as) - (rs; sin Y3 + rs sin yPs))?

Vool = % KyoL(x; -~ r; sin ¢; + d; sin a; - x5 + dj3 sin o3
- ds sin os - (rs sin Y3 + rs sin Ps))?

VGIB,; = % KGIBS7(x; - r; sin ¢, + d; sin a; - X5 —~ GIB)?

VGIBg = % KGIBSg(x, - r; sin ¢, + d; sin a; - X5 + GIB)?

Potential Energy for the Track Springs. Refer to Figure A-6
(for front truck),

Vertical Springs.

V21 = 3 Ka1(z = H sin gy + D sin ¢y - V;)?
Va2 =%—K22(z4 + H sin ¢y + D sin ¢, = V,)?
Vas = % K23(zy - H sin ¢y - D sin ¢y - Vj)?2
Vauy =%K2q(z., + H sin ¢4 - D sin ¢, - V,)?2

Lateral Springs.

Vz21L = %—K21L(Xq - D sin oy = R sin Yy + Rg) 2
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VaoL = %‘KzzL(Xq - D sin a3 - R sin Y, = Ryo)?2

Vil = % Kp3L(Xy + D sin ay - R sin Yy + Ri1)?

Voyl = % KoyL(xXy + D sin ay - R sin ¢y = Ryz)?2
Similarly, for rear truck,

Vas = % Kas(2zs — H sin ys + D sin ¢s5 - Vs)?

Vag = % Kos(2zs + H sin Ys + D sin ¢s5 - V)2

Vay = % Ky7(2zs - H sin ys - D sin ¢s5 = V;)?2

Vag = % Kog(zs + H sin ys - D sin ¢s — Vg)?

VasL = % KysL(xs - D sin os - R sin ¥s + Rys)?

Vael = % KogL(Xs - D sin as - R sin ys = Riy)?

Va7l = % Ko7L(xs + D sin as - R sin $s + Rys)?

VasL = % K2pL(xs + D sin as - R sin Ps = Rig)?

Potential Energy for the Torsional and Pitching Springs.

VT = % KTo4 (02 = o) ?

VT35 == % KT3s5 (a3 - as)?

VPoy = % KPsy (92 = ¢u)?

VP3s = % KP3s(¢s - ¢5)2

Potential Energy for Springs Between Freight Element and the
C.G. of Car Body.

VF = % KF(xs - x1)% + %KF(YG ~ Y1)2 + % KF (zg - 21)?

Gravitational Potential Energy of the System.

VG = Mgz + M2gZ2 + M3gZ3 + MygZy + Msg2s + Megdze



Total Potential Energy of the System.
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V=V, + V, + Vs + Vg + Vg + Vg + Vi1 + Vi + Vig + Vi1

+ Vis + Vig + VBOMg + VBOM;y + Vi7 + Vig + Vig + Voy

+ VBOM;; + VBOM;» + Vi3L + V4L + Vs + VgL + VGIBs

+ VGIBg

+ VioL + Vigl + Viglh + VooLi + VGIBy

+ VGIBg

+ Va3

+ Voo + Vaog + Voy + VoL + Vooli + VoL + VoI + Vo

Voeg + Voy + VosL + VaogL + VoL + VagL + VTyy + VT35

4+ VPsyy + VP35 + VF + VG

Dissipation Energy

Energy is dissipated through the various dampers of the
the damping force is pro-
portional to the velocity of the damping action, i.e. of the form

system.

cx

If treated as viscous dampers,

dissipation energy of the system is

D =

2

Cis(z, = 24

dy cos ¢u$u)z 5

d, cos ¢2$2 - d, cos ¢4$h)2 +

cos wuiu) - (d, cos ¢2$2 - dy

h, (cos ¢2@2 - cos

ds cos ¢s¢s)? + % Cis(2s - Zs

Ciu(zZa = 2y

% Ci7(zs = 25 - hj(cos W3¢3 -

cos

Yudy) ~ (dy

cos

+ h, (cos wziz -

l L] o
5 Cis(zo - 2Zy -

+ h3(COS w3¢3 -

and the energy dissipated is of the form 1/2 c%2.

¢u$u))2 + %

b2, - dy cos

The

- h, (cos w2@2 - cos WAﬁu) + d, cos ¢2$z
cos wuiq)
h, (cos $2®2

Cislz2 - 24

dudy))?

cos PsPs) + d; cos ¢sds

coOSs wsis)

ds cos ¢3ds — ds cos dsds)? + %-Clg(ég - 25 - hi(cos Ys¥s
cos YsPs) — (ds cos ¢sds — ds cos ¢sds))2 + %‘Czo(és - zs
h; (cos Y33 - cos PsPs) - (ds cos ¢sds — ds cos ¢sds))?
%(ngL + C14L) (X1 - r1 cos P19 - d; cos ora: ~ X

(d, cos uz&z ~ dy
%(C15L + Ci1eL) (%3
(d, cos az&z - dy

%(C17L + Cisl) (%3

cos oxoy) — (ra
- r cos PPy -
cos ayoy) = (rp

- Y3 COS W1@1 +

cos YaPz2 + X
d; cos o101 -
coSs wz@z + ry

d; cos o101 -

cos wqiu))z

Xy

cos YuPu))?

Xs
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(d; cos osas - ds cos asas) - (rs cos Ysds + rs cos YsPs))?
+ %(C19L + CzoL)(§1 - r; cos ¢1¢1 + di1 cos ux&: - is
+ (ds cos asas - ds cos oasas) - (rs cos waia + rs cos lPles))2

+ % CF(is - §1)2 + % CF(&G - 91)2 + % CF(és - 51)2

Lagrange's equation can have the form

d ,JE oE av oD
e . ) - + + 3
g, % %Yy aq
After some algebraic manipulation on each of the generalized
coordinates and making the following substitutions, we can then
write 27 equations of motion.

=Qi

SAA = 27 - 22

SAB sin ¢¥; - sin Y

SAC = z; - 23

SAD = sin Y; - sin Y3

SAF = X; = r; sin ¢; - d; sin o1 - X4
SAI = d; sin ¢

SAM = z, = 2z,

SAN = 2, = 2,4

SAO = sin Y, - sin Y,

SAP = cos Yoz =~ cOS Yus

SAQ = d; sin ¢, - dy sin ¢,

SAR = d; cos ¢202 ~ dy COS uds
SAU = x; - x; sin yY; + d; sin o,
SBA = z3 - Zj

SBB = sin Y3 -~ sin ys

SBC = d3 sin ¢3 - ds sin ¢s

SBD = z3 - Zs

SBE = cos Y33 - COS Usis



SBF
SBM
SBN
SBO
SBP
SBQ
SBR
SBS
SBT

SCA

SCB

SCC

SCD

SCE

SCF

SCG

SCH

These are the 27 equations of motion in the generalized coor-

ds cos ¢3$3 - ds cos ¢s$5

hy sin Py

D sin ¢4

D sin o

R sin oy

hs sin Us

D sin ¢s

D sin as

R sin ys

§1 - r1 cos WIil - di1 cos u1&1 - iu - (d2 cos
- dy cos au0y) - (r, cos Va2 + ry cos wuiu)
X1 - ri COS ¢1¢1 - d; cos 0101 - Xy + (d2 cos
- dy cos asay) - (r, cos Yoo + Ty cOS Yudy)
X1 - r1 cos V1P + d; cos a1&1 - X5 - (ds cos
- ds cos osas) - (rs; cos Vss + rs cos YsPs)
§1 - ¥ cos w1¢1 + d; cos u1&1 - is + (d; cos
- ds cos oasas) - (rs cos w3¢3 + rs cos wsis)
X1 = r; sin Y1 = d; sin 01 - Xy = (d2 sin a
- dy sin ay) - (r2 sin Y2 + ry sin Yu)

Xy - ¥3 sin Y1 - d; sin o1 - %y + (d; sin o>
- dy sin ay) - (rz2 sin Y2 + ry sin Py)

X1 = rp sin Y3 + d; sin o1 - X5 - (ds sin as
- ds sin gs) - (r; sin Y3 + rs sin ;)

X, - r; sin Y, + d; sin o; - xs + (d; sin o3
- ds sin gs) - (r; sin Y3 + rs sin ys)

dinate of the system:

L]
QG202

G202

.
Q303

G303
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For g = x;

(m1 + 2mz)X; + 2m.r; sin wli% - 2m2r: cos ¢1m1 + (K13L + K14L)SCE

+ (Ki1sL + Ki6L)SCF + (Ki17L + Ki1gL)SCH + (Ki9L + K20L)SCH + (Ci1sL

+ C14L)SCA + (CisL + Ci16L)SCB + (Ci7L + C18L)SCC + (Ci9L + C20L)SCD
- CF(xs - X1) + KGIBSs (SAF - GIB) + KGIBSs (SAF + GIB) +

KGIBS7 (SAU - GIB) + KGIBGSs (SAU + GIB) - KF(xs - %1) = 0

For g, = vyi

my: + KC(y:1 - ys) + CC(§1 - 9 ) =0

S

For U3z = 21

miZ; + Ki(SAA - SAB + SAI) + K, (SAA + SAB + SAI) + Ks&; (SAA

+ g1SAB + SAI + GAP) + Ke82 (SAA + g1SAB + SAI + GAP) + K7 (SAC
- eSAD - SAI) + Kg{SAC + eSAD - SAI) + K1183(SAC - g1SAD - SAI
+ GAP) + Ki284(SAC + g1SAD - SAI + GAP) + mjg - KF(zg - 2;)

- CF(2zs - 21) = 0

For gu = Y3

=2myr; )X + sin? + I + 2m,r?)y, + (I - I_ )sin o:1¢
( 2Y) . (le o1 1 L TP ( %1 V1 191
+ I cos ai10;1 (¢1 cos Y1 cos a1 + P sin ai1)

1
+ IX sin o (- él cos 01 sSin Yi1yP1 - ¢1 cos Y1 sin w101

1

+ Y1 cos aio1) - Iyl sin 0,0:1(y1 cos a1 - ¢1 cos Y1 sin ai)

+ Iyl cos o1 (= Y1 sin ojo:1 + ¢1 sin o, sin YPi1Y;

- él cos P cos aioy) + IX1¢1 cos 031 sin Y1 (1 cos Y1 coOs a3

+ @1 sin ai) - Iylél sin oy sin w1(¢1 cos a1 - 51 cos Y:1 sin a;)

- Izlél cos V1 (b1 sin Y1 + a1) - Kie cos Y1 (SAA - eSAB + SAI) +
K,e cos yP; (SAA + eSAB + SAI) - Ks8:1g: cos ¥ (SAA - g1SAB + SAI

+ GAP) + K¢829:1 cos U1 (SAA + g1SAB + SAI + GAP) - Kse cos Y1 (SAC
- eSAD - SAI) + Kge cos Uy; (SAC + eSAD - SAI) - Ki1:183g:1 cos Y, (SAC

- g1SAD - SAT + GAP) + Ki1284g1 cos ¢ (SAC + g,SAD - SAI + GAP)
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(Ky3L + Ky 4L)r: cos Y1SCE - (K;sL + KysL)r; cos P18CF - (K7L

+ K;gLl)r: cos $1SCG - (K3oL + KaoL)r: cos y:SCH

~ KGIBS8sr1 cos P, (SAF - GIB) - KGIBSs¢r;: cos ¥; (SAF + GIB)

- KGIBS7r, cos P (SAU - GIB) - KGIBSgr; cos @1(SAU + GIB)

- (Cy13L + Cy14L)ry cos P1SCA - (CisL + CieL)r; cos y;SCB

- (Cy7L + CygL)ry cos Y1SCC - (CioL + CroL)r; cos ¥1SCD = 0
For gs = ¢

(Ix1 - Iy1)sin u1¢1 + (IX1 + IVl sin? o, + I,, sin? w1)$1

+ Izl sin Y18, - le cos o1 sin Yi1¥3(¢1 cos Y1 cos o1 + Y1 sin 1)

-1 cos Vi1 sin oi101(d: cos P1 cos o1 + Y1 sin ai) +

X1
+ le cos Y1 cos o31(- ¢1 cos o1 sin w1$1 - il cos Y1 sin u1&1
+ @1 cos 0101) + Iy1 sin o1 sin ¢1¢1(®1 cos o1 - $1 cos Y; sin ai)
- Iy1 cos Y1 cos a1&1(®1 cos o1 - él cos Y1 sin o)
- Iy1 cos Y sin a; (- @1 sin u1&1 + él sin o3 sin wlil

- ¢1 cos Y; cos a101) + Iz cos w1¢1($1 sin ¢ + a1)

1
+ I_, sin y1é1 cos Pid1 + Kidy cos ¢, (SAA - eSAB + SAI)

+ K;d; cos ¢; (SAA + eSAB + SAI) + Ks81d, cos ¢1(SAA - g1SAB + SAI
+ GAP) + Kg82d: cos ¢1(SAA + g1SAB + SAI + GAP) - K;d; cos ¢; (SAC
- eSAD - d; sin ¢1) - Ked: cos ¢; (SAC + eSAD - SAI)

- K1183d; cos ¢;(SAC - g1SAD - SAI + GAP) - Ki1281d1 cos ¢1(SAC

+ g1SAD - SAI + GAP) = 0

For ge = 01
I sin ¥i161 + I_. + 2myd} cos? o, + I_ cos Yi1di1¥:
Z1 z1 Z1
- 4m,d% cos a: sin aiai - le(— b1 cos Y1 sin a1 + Y1 cos o)
($1 cos Y1 cos ai + Y1 sin oy) - Iyl(— Y1 sin o1 - ¢1 COS Y1 cos Q1)
(V1 cos a1 - ¢1 cos VY1 sin a1) + 2m2di cos i sin oiaf - (KL

+ K,,L)d1 cos 0iSCE - (K;:L + K,¢L)d: cos 01SCF + (K7L +

+ K, gL)d1 cos a18CG + (K;,L + Kp,L)d1 cos 0:SCH - (C;sL



66

+ Ci1sL)d; cos ai18CA - (CisL + CieL)d; cos 0i1SCB + (Ci17L

+ Ci1s8L)d; cos 01SCC + (CisL + CooL)d; cos 0.1SCD

KGIBSsd; cos o1 (SAF - GIB) - KGIBGSsd: cos o3 (SAF + GIB)
+ KGIBS7d) cos o1 (SAU - GIB) + KGIBSgd: cos a; (SAU + GIB) = 0

For gy = 2z,

myZ; - Ki (SAA - eSAB + SAI) - K, (SAA + eSAB + SAI) - Ks8; (SAA

g1SAB + SAI + GAP) - K¢S, (SAA + g1SAB + SAI + GAP) + K13 (SAM

h2SA0 + SAQ) + Kiy (SAM + h,SAO + SAQ) + Kis(SAM - h,SAO - SAQ)
+ K15 (SAM + h,SAO - SAQ) + m,g + C;;(SAN - h,SAP + SAR) + C;4 (SAN

+ hySAP + SAR) + Ci5(SAN - h,SAP - SAR) + C;¢ (SAN + h,SAP - SAR)

+

KBOMS g (SAM - hySAO + TL) + KBOMS;o (SAM + h,SAO + TL) = 0

For gs = VYo

., .
(I sin® a, + Iyz)Wz + (IX

- - IY2)81n Oodo + I, COS 0202

2

(¢, cos Y2 cos oz + P2 sin az) + I, sin o2 (- ¢2 cos o2 sin Y272
- ¢2 cos P2 sin o202 + V2 cOs czaz) - Iy2 sin a202 (V2 cos a2

cos P sin aa) + I cos dz (= Y2 sin azaz + ¢2 sin o, sin Y2y

{
S-e
N

y2

- ¢2 COS Yy COS O202) + I, sin Y2¢2 cos a2 (¢d2 cos Y2 cos a:z

2
+ P2 sin o) - Iy2$2 sin Y. sin az(¢2 cos a2 - $2 cos Y2 sin a2)

- 1,,b2 cos Y2(¢2 sin Yo + 02) + Kie(SAA - eSAB + SAI)

- K2e(SAA + eSAB + SAI) + Ks8;g1 cos Y, (SAA - g1SAB + SAT + GAP)

- Ke¢S291 cos P, (SAA + g1SAB + SAI + GAP) - K;shy cos U, (SAM

- h2SAO + SAQ) + Kishs cos ¥, (SAM + h,SAO + SAQ) - Kishs cos ¥, (SAM
- h2SAO - SAQ) + Kishs cos Y (SAM + h,SAO - SAQ) - (KisL

+ KiuL)r, cos P2SCE - (KysL + KigL)r, cos P2SCF

- KBOMSghs cos U2 (SAM - h,SAO + TL) + KBOMSj:ohs cos ¥, (SAM

+ h2SA0 + TL) - Cish: cos V2 (SAN - h,SAP + SAR) + Cish2 cos ¥z (SAN
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+ h2SAP + SAR) - Cish2 cos P, (SAN - h,SAP - SAR)
+ Ci¢h2 cos Y2 (SAN + h,SAP - SAR) - (ngL + Cy4L)rs cos P.SCa
- (CisL + Ci1eL)xr2 cos P2SCB = 0

For qs = ¢,

(., -

N Ky ' 2 2 .
<2 Iyz)s1n azdz + (I, + I, sin® a2 + I, sin® ¥2)¢»

y2
+ Izz sin Y282 - Ixz cos 02 sin Y.Y2(d2 cos Y2 cos a2 + Y2 sin az)

. . . [ .
I,, cos VY2 sin az202(¢p2 cos Y2 cos a2 + Y2 sin a2)

[} . ] (] R .
I, cos Yz cos8 az{= ¢2 cos az sin YYo=~ ¢2 cos Y2 sin aza:

+

VY2 cos aza2) + Iy2 sin a2 sin Y292 (Y2 cos a2 - ¢2 cos Y2 sin a2)

L] ® [ ] .
Iy2 cos Yz ¢cos a0z (Y2 cOS a2 = ¢, Cos Y, sin o)

. L] . L) L[] . . L ]
Iy2 cos Y2 sin az(~ Y2 sin o202 + ¢2 sin oz sin Y29,

b2 cos Y2 cos a202) + I, cos V2is (b2 sin V2 + az)

+

+ I, sin V2d2 cos Y22 + Ki3dz cos ¢z (SAM — h,SAO + SAQ)

+

Ki4d2 cos ¢2 (SAM + h2SAO + SAQ) - Kisdz cos ¢2 (SAM - h,SAO - SAQ)

Kisds cos ¢z (SAM + h,SAO - SAQ) + KPyy(d2 = o¢4)

+

Ci13d, cos ¢, (SAN - h,SAP + SAR) + C;,dz cos ¢, (SAN + h SAP + SAR)

~ C15d2 cos ¢, (SAN h, SAP SAR) Ci1¢d2 cos ¢, (SAN + h,SAP

SAR) = 0

For gi1o9 = 02

122(52 sin Y + d2 cos YaPo + G2) I, (- b, cos Y, sin a.

+ &2 cos a2) ($2 cos Y2 cos oz + Vo sin a2) - I 2(- V2 sin oo

y
$2 cos Yz cos az)($2 cos az - $2 cos Y2 sin az) - (K;s3L

-+

KiyL)ds cos a2SCE + (KysL + KygL)ds cos 02SCF + KTz, (02 — oy)

(C13L + CiyL)dy cos a2SCA + (CysL + CysL)d, cos a28CB = 0
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For gi11 = 23

msZs - K7 (SAC - eSAD - SAI) - Ks(SAC + eSAD - SAI) - Ki:183 (SAC

-+

+

(I

g1SAD -~ SAI + GAP) - K184 (SAC + g1SAD + SAI + GAP) + K;7(SBA
h3SBB + SBC) + Ki1s(SBA + h3SBB + SBC) + Kig{(SBA - h3SBB - SBC)

K20 (SBA + h3SBB - SBC) + m3g + KBOMS;; (SBA - h3SBB + TL)
KBOMS 12 (SBA + h3SBB + TL) + Ci17(SBD - h3SBE + SBF) + Cis (SBD
h3SBE + SBF) + C19(SBD - h3SBE - SBF) + Cz0 (SBD + h3SBE = SBF) = 0

For gi12 = Y3

.2 .. . . .
+ + -
s Sin® as I a)wg (1 . sin o3 Iys sin 03)¢3

I cos asos(ds cos Y3 cos as + Ps sin as)

X3

Ty, sin asz (- ¢3 cos a3 sin PsPs - ¢3 cos Y3 sin aszos

Ys cos dsos) = Iy3 sin asas (Ys cos oz - ¢3 cos Y3 sin as)

Iy3 cos o3 (- ¥s3 sin aszas + ¢35 sin as sin YsPs - ¢35 cCos Y3 COS A303)

IXS(- $3 cos a3 sin ¥s3) (¢s cos Vs cos as + Vs sin as)
Iyg&g sin oz sin Y3 (Ps cos oz - 63 cos ¥s sin as)

IZ3$3 cos ¥s (¢s sin Ps + 03) + Kse cos Us (SAC - eSAD - SAI)
Kge cos Y3 (SAC + eSAD - SAI) + K;i183g1 cos Y3 (SAC - g;SAD - SAI
GAP) - Ki1284g1 cos Y3 (SAC + g1SAD ~ SAI + GAP)

Ki17hs cos ¥3(SBA - h3SBB + SBC) + Kj;ghs cos Y3 (SBA + h3;SBB

SBC) - Kishs cos ¥3(SBA - h3SBB - SBC) + Kyohs cos Y3 (SBA
h3SBB - SBC) = (K37L + KieL)rs cos $3SCG - (KioL

K2oL)rs; cos 3SCH - KBOMGS; hs cos Y3 (SBA ~ h3SBB + TL)
KBOMS,h; cos $3 (SBA + h3SBB + TL) - C;,hs cos Y3 (SBD - hgsBE
SBF) + Cj;ghs cos Y3 (SBD + h3;SBE + SBF) - C;oh; cos y; (SBD

h3SBE - SBF) + Caohs cos {3 (SBD + h3SBE - SBF) - (Ci17L

CisL)rs cos $sSCC ~ (CisL + C20L)r; cos 3SCD = 0
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For gis = ¢3

_ . - N . N . -
(Ix3 Iy3)s1n 033 (Ix3 Iys sin® o IZS sin® Ys3) ¢3

+I,, sin Y303 - ng cos o3 sin YsYPs3(¢s cos Ys cos asz + Y3 sin as)

- Ix>3 cos Ps3 sin aszasz{ds cos VYs cos a3 + Y3 sin as)

+ Ix3 cos Ys cos a3(~- ¢3 cos o3 sin Ps3Ps - ¢35 cos Ys sin o303

+ Y3 cos 0303) + sin as sin YsPs3; (Ps cos as - ¢3 cos Ys sin as)

I
ys

- Iy3 cos Y3 cos aszas(Ps cos o3 - ¢3 cos Yz sin ajz)

- Iy3 cos ¥s sin as(~ Vs sin asos + ¢s sin as sin YiPs3

- &3 cos Y3 coOs as&s) + IZs cos ¢3¢3($3 sin VY3 + &3)
+ 123 sin W3$3 cos ¢3®3 + Ki17d:; cos ¢3(SBA - hsSBB + SBC)
+ Kigds cos ¢3(SBA + h3SBB + SBC) - Kisds cos ¢3(SRA -~ h3SBB - SBC)

- K20d3 cos ¢3(SBA + h3iSBB - SBC) + KP3s(¢ds ~ ¢5)

+ Ci17d3 cos ¢3(SBD h3SBE + SBF) + Cisds cos ¢3(SBD + h3SBE + SBF)

~ Ci9ds cos ¢3 (SBD h3SBE - SBF) - C20d3 cos ¢3(SBD + h3SBE

- SBF) =0
For quus = 03
123(53 sin Vs + 3 cos Ysls + d3) - IX3(- bs cos Vs sin os
+ @g cos o3) (ds cos s cos as + Vs sin aj) - Iyg(— @3 sin as
- b3 cos V3 cos a3) (Js cos as - ¢3 cos Ys sin az) - (KL
+ Ki1sL)ds cos a3SCG + (KjsL + K,oL)ds cos a3SCH + KTs3s (03 = os)

(Ci17L + Ci18L)ds cos a3SCC + (Ci19l. + CsroLi)ds cos a3SCD = 0

For g;s = Xy

musiu + KzlL(Xq - SBO - SBP + Rg) + KzzL(Xq - SBO - SBP - Rlo)
+ KzsL(Xq + SBO - SBP + R11) -+ quL(Xu, + SBO - SBP - R, 2)
- (C13L + C14L)SCA -~ (C3sL + Cy;4L)SCB - KGIBGSs (SAF ~ GIB)

- KGIBSg (SAF + GIB) = 0
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For qis = 2z

muyZy — Ki13(SAM - h,SAO + SAQ) - K14 (SAM + h,;SA0 + SAQ) - K;s (SAaM

h>SAO - SAQ) - Ki16(SAM + h,SAO - SAQ) + Kzi(zy - SBM + SBN - Vi)
+ Ko2(2y + hy sin Yy + SBN ~ V) + Ky3(zy - SBM - SBN - V3)

+ Koy (24 + SBM - SBN - V) = KBOMSg (SAM - h,SAO + TL)

KBOMGS1 9 (SAM + h;SAO + TL) + myg - Ci3 (SAN - h,SAP + SAR)

C14 (SAN + h,SAP + SAR) = C15(SAN = h;SAP = SAR) - Ci6 (SAN
+ h2SAP - SAR) = 0

For qi7 = Y,

[ ] L] *
ng cos asoy (py cos P, cos ay + Py sin oy)

+ Ixu sin au($u cos Yy COS oy - iu cos oy sin wuiu

- éu cos Py sin uu&u + %q sin oy + &g cos dw&u)

+ Iyq sin aq&u(iu cos ay ~ ¢4 cos Yy sin ay)

+ Iy“ cos oy (Js cos ay - &u sin auway - by cos Py sin oy
+ &u sin o4 sin wuiu - $u cos Yy cos au&u) +

+ Ix“ sin wqéq cos au(&n cos i cos oy + &q sin as)

- kasin Yy dy sin oy (Ps cos oy - ¢y cos Yy sin ay)
- I, ¢4 cos Yu (s sin Yy + &) + Kishs cos Vs (SAM - h,SAO + SAQ)
- Kivh2 cos ¥4 (SAM + h,SAO + SAQ) + Kish, cos ¥, (SAM - h,SAO

- SAQ) - Kichy cos Yy (SAM + h,SAO - SAQ) - (KL

+ KiwL)ry cos Y4SCE - (Ki1sL + KigL)ry cos P4SCF - Kai1hs cos Py (2
- SBM + SBN - Vi) + Kz22hy cos ¥u (24 + SBM + SBN - V;)

- K23hy cos ¥y (zs - SBM -~ SBN - V;3) + K,,h, cos y, (2, + SBM -~ SBN
- Vy) - K2,LR cos Pu(x, - SBO - SBP + Ry) = K,,LR cos ¥, (x, = SBO
- SBP - Ryp) - Ky3LR cos Y, {xy, + D sin ay - R sin ¢, + Ry1)

- K24LR cos Y4 (Xy + D sin oy - R sin Yu - Ri2)

+ KBOMSgh2 cos P (SAM - hSAO + TL) = KBOMS;ohz cos P, (SAM -



I

+

K
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h,SAO + TL) + Cishz cos Yy (SAN - h,SAP + SAR) - Cish, cos Y (SAN
hoSAP + SAR) + Cish: cos Yy (SAN - h,SAP - SAR)

Cishz cos Yu (SAN + hy;SAP - SAR) - (Cy3L + CisL)ry cos YusSCA

(C1s5L + CigL)ry cos Yu4SCB = 0

For gis = ¢u

Ix“ cos oy sin PuPs (dy cos Y, cos oy + Py sin o)

IX4 cos Yy sin au&q(iq cos Yy COS oy + @u sin ay)

ka cos Yy cos oy ($s cos Yy cos oy - éu cos oy sin wuiu

$s cos Uy sin osay + Uy sin o + Uy cos asas)

ka sin os sin VuUs (Jy cOS ay - Gy COS 0» Sin ay)

Iy“ cos Yu cos aq&u(iu cos oy - ¢y COS Yy sin o)

th cos Vi sin au (Jy cos au - @u sin ooy - $q cos Yu sin oy

éu sin oy sin wu@u - iu cos Yy cos aq&u) + Izu cos wu¢4($q sin Yy
as) + Izh sin wu(éu sin ¥u + éu cos wq@q + oy) - Kiszdy cos ¢y (SAM
h2SAO + SAQ) - Kisds cos ¢y (SAM + h,SAO + SAQ) + Kisdy cos ¢y (SAM
h2SA0 - SAQ) + Kieds cos ¢4 (SAM + h2SAO - SAQ) + K21D cos ¢4 (zy
SBM + SBN - V) + K22D cos ¢4 (zy + SBM + SBN - V)

Ko3D cos ¢y (2y - SBM - SBN - V3) - K24D cos ¢y (2Zy + SBM - SBN

Vy) = KP2u(¢2 = ¢u) = Ci1ady cos ¢y (SAN - hSAP + SAR)

Cisdy cos ¢y (SAN + h2SAP + SAR) + Cisdy cos ¢y (SAN - h,SAP - SAR)
Cie6dy cos ¢4 (SAN + h,SAP - SAR) = 0

For gig = Qu .

zq($“ sin Y, + éu cos wqiu + dy) - ka(- éu cos Yy sin oy

Jy cos aw) (s cos Yy cos auw + Py sin ay) - Iyq(— Yy sin ay

éq cos Yy cos au)(iq CcCOS Oy - éq cos Yy sin oy) + (Ki3L +
13L)dy cos ausSCE - (K3sL + KigL)dy cos axSCF - Kz2:1LD cos oy (x4

SBO - SBP + Rg) - K,52LD cos ay{Xy - SBO - SBP - Rpyg)
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+ Kp3LD cos oy (xs + SBO - SBP + Rjy1) + Kz24LD cos o (xs + SBO
~ SBP - Ri12) = KToy (o2 - ay) + (C13L + C;4L)dy cos oySCA
- (C1sL + Ci16L)dy cos auSCB = 0

FOor goo = Xs

msXs - (Ki17L + KigL)SCG - (Ki9L 4+ Ko oL)SCH + KysL(xs — D sin as

R sin Y5 + R13) + KzeL(Xs = D sin as = R sin ¥s - Ris)

+ Kp7L(xs5 + D sin os = R sin Ys + Rys) + KzsL(xs + D sin os

R sin P5 - Ri1g) - KGIBS, (SAU - GIB) - KGIBGSs (SAU + GIB)

(C17L + C18L)SCC = (C19L + CooL)SCD = 0

For gz1 = 2Zs

msZs - K;7(SBA -~ h3SBB + SBC) - Kig(SBA + h3SBB + SBC) - Kio (SBA

h3SBB - SBC) - Kj¢(SBA + h3SBB - SBC) + Kss(zs - SBQ + SBR - Vs)

+ Koe(2s + SBQ + SBR — Vg) + Ko7(2s — SBQ -~ SBR - V7) + Kzg (25

+

SBQ - SBR - Vg) + msg - KBOMS;; (SBA - h3SBB + TIL)

KBOMS12 (SBA + h3SBB + TL) = C17(SBD - h3SBE + SBF) - Cis (SBD
+ h3SBE + SBF) - C13(SBD -~ h3SBE - SBF) - C,0(SBD + h3SBE - SBF) = 0

For g,, = ys

. 2 2 o .
i as + I cos® o + (I o s oS o
(Ix5 sin 5 v's o 5)V¥s ( x5 Sin 0s co Ys cos Os

- Iy5 cos 05 cos Ps sin as)ods + Ix5cos asos (¢s cos Ys cos as

[ ] * o * .
+ Vssin as) + Ix5 sin os (-~ ¢5 cos as sin Ys¥s - ¢s5 cos Ys sin asos

L] L] L. L] * * R
+ Ps cos Os505) - Iy5 sin osas (Vs cos os - ¢s5 cos Ys sin as)

+ Iy5 cos as (- U¥s sin Osos + ¢s5 sin as sin YsPs - ¢s cos Ys cCOS Os505)

+ IX5¢5 cos 05 sin VYs(¢s cos ¥Ys cos as + Ps sin as)

- Iy5¢s sin os sin Vs (Vs cos os - ¢s5 cos Ys sin as)

- Izsés cos Us(ds sin Us + as) + Kishs cos ¥s (SBA - h3;SBB + SBC)

Kishs cos Vs (SBA + hsSBB + SBC) + Kishs cos ys (SBA - h3;SBB

SBC) - Kz2o0hs cos VY5 (SBA + h3SBB - SBC) -~ (Ki17L + KisL)rs cos ¥sSCG
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- (K19L + KyoL)rs cos PsSCH - Kirshs cos Ys(zs = SBQ + SBR - Vs)

+ Kaehs cos Ps(zs + SBQ + SBR - Vg) ~ K27hs cos Ys(zs - SBQ - SBR
- vy) + Kzshs cos Ys(zs + SBQ - SBR - Vg) - KasLR cos ¥s(xs - SBS

- SBT + Ri3) - K26LR cos Vs(xs = SBS = SBT - Rjy) =~ Kp7LR cos Vs {xs
+ SBS - SBT + R;s5) - K2sLR cos ¥s(xXs + SBS - SBT - Ris)

+ KBOM§i1hs (SBA -~ h3SBB + TL) -~ KBOMhs (zs - 25 + h3SBB + TL)

+ Ci7hs cos Ys(SBD - h3SBE + SBF) - Cighs cos s (SBD + h3SBE

+ SBF) + Cishs cos s (SBD - h3SBE - SBF) - Cz20hs cos ys (SBD

+ h3SBE - SBF) - (Ci7L + CigL)rs cos PsSCC - (CiqoL

+ CaoL)rs cos PsSCD = 0

For gzs = ¢s

- ' Vs + +
(IXS IYS)Sln osPs (Ix5 IY5

+'IZS sin Ys0s - Ix5 cos os sin YsPs(ds cos Ys cos as + Ys sin as)

sin? gs + I,, sin? Ys)¢s

- Ix5 cos s sin osos (¢s cos s cos os + Ys sin as)

+ Ix5 cos Ys cos as(- ¢s cos os sin PsPs — o5 cos Ps sin asos

+ ¥s cos asas) + sin os sin YsyPs (Ys cos as - ¢s5 cos Ps sin os)

Iy5
- Iys cos Vs cos asas{ys cos os - b5 cos ¥s sin as)

- Iy5 cos Vs sin os (- Ps sin asos + és sin as sin wsis

- b5 cos Ys cos asas) + IZS cos ¢5¢5(65 sin Vs + Os)

+ IZs sin wsés cos wsis - Ky7ds cos ¢5(SBA - h3SBB + SEC)

- K;gds cos ¢s(SBA + h3SBB + SBC) + Kisds cos ¢s5(SBA - h3SBB

- SBC) + Kz¢ds cos ¢5(SBA + h3SBB - SBC) + KzsD cos ¢s(zs - SBQ
+ SBR - Vs) + KD cos ¢s(zs + SBQ + SBR - V) - K,7D cos ¢s5(2zs
- 8BQ - SBR - V5) - kzeD cos ¢s5(zs + SBQ = SBR - Vg) = KP3s5(¢s
- ¢5) - Cy17d5 cos ¢5(SBD - hySBE + SBF) ~ C;gds cos ¢s5 (SBD

+ hySBE + SBF) + C;eds cos ¢5(SBD - h3SBE - SBF)

+ C,ods cos ¢5(SBD + h3SBE - SBF) = 0
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For gsy = as

IZS(¢5 sin yYs + és cos WS@S + as5) - I (- és cos ¥s sin os

X5
+ ¥s cos as) (¢s cos Ys cos as + Ys sin as) - IYS(— ¥s sin os
- ¢s5 cos Ys cos as) (Vs cos os - ¢5 cos Ps sin as)

- KosLD cos as5{xs — SBS - SBT + Ri13) - KoeLD cos as(xs - SBS

SBT - Ri4) + Kz27LD cos as(xs + SBS - SBT + Ris)

+ KpgLD cos as(xs + D sin as - R sin ¥s - Ry¢) + (Ki17L

+ K1sL)ds cos asSCG - (Kio9L + KyoL)ds cos 0sSCH - KT3s (o3 - as)
+ (Ci17L + C1L)ds cos 05SCC - (Ci19L + CpoL)ds cos asSCD = 0

For gss = Xs

M5§6 + KF(XG - X1) + CF(*G - él) =0

For g6 = Ve

]
o

meye + KF(ye - y1) + CF(&G - &1)

i

For qgz7 Zg

msﬁe + KF(zg - 21) + CF(ée - él) =0

The above 27 equations describe the motion of the system we
have modelled. Options like centerplate extension pads, lateral
springs at the centerplates can easily be introduced to the model
and the corresponding potential and dissipation energy terms can
be derived by the same method.



APPENDIX B

COMPUTER PROGRAM LISTINGS

75






MEOMLTN AU

S IEMEREE R A L

¥31S708 NYIH IHL 40 SSvpitua 32  ono ceoong s
¥3151708 INOYA 3HL 40 SSywi2wea o] 000 ©G0N00 w
AGog ¥y 3HL 40 SSYWETWD D 600 CGO00H i
3 000 260300 e
(NI/2%%23S-81) :WILSAS 3L 40 SFIQ08 3AHL1 40 SSyk 2 o6 160000 e
- 2 000 gsonon s
, AN L34S AN 5 000 &609007 1
s S3IxV IVIILHIA ONY IUYNIGNLIONOT¢WHILYI SLT LNOAY SSVW 30 §IAINID SiT o} noo ELOLBL] :
e 0l 1534534 HLIM MoNYL uv3Y 40 VILUIND JO INIWOWIGZIL ONV GATL4GXT]) 3 0nn LECOND L
i ATIATLI3LSAY 2 000 Shooon e
o - Saxy WITLNIA ANV yNTONLIONOT WYLV LNoAy SSYW 40 ¥3AINTD SIT oL a2 000 chooes .
- ,mm 193dS3y HLIM M¥ONul INOHA 40 VILHIANI dJ0 INJAOWSHZL) ONY hAT)4HXTL .~ O3 000 Hh0000 e
o L8 KIATIDA4S 34 Saxy 3 609 CHO000 s
" == IWOILY¥3A ONY TTYNIOGNLIENOT*IWY3LYT SL1 1Nody SSvw 40 H¥3IINTD SI1I 04 3 o000 760000 |
L i 1034538 HIIM ¥W3157108 ¥Y3Y 40 vILYANT 40 INFHOMICZIA aNy SAIA¢EXIq A 000 THO000 e
ul me AIATLD34S3N 5 oo OHO0BG o
ol = S3xy J<oH»mu> aNY TYNIONLIONOTIvH3Ly SLI 1nody SSVKW 40 H3IINFD S1I oL 5 000 AE006G0 fu
27 e 1034534 HLIM ¥31S10g INOML 40 VILYANI 40 INIwoWiZZla Ny 2AT8¢3¥Te 3 000 PeAN0N o
“ = . A3ATLIO3453Y SIXY ydIid3a ong £E0N0P0T e
e ] OGNV SIXY WNTIGNLIONOT!SIXY WHILYY SLT LN0AY SSVKW 40 MILINAD SLY 000 ognNeng  iw
) a 04 123dS3Y HLTH AGOH ¥VD 40 VILHANI 40 INIWOWSTZIO GNY TAID¢IXID 600 SEONN0 e
sel ” mw ) 060 HCOADD T i
s mnn (2*%33S=H1"NI) $WILSAS 3IHL NI S3Ia0E IHL 40 vILYINT 40 LINIWOW 0no £E60Co
| 000 2¢0000 £
e . MONYML aMy HMALISTI08 HvId NI34i3a 000 TCA00DH i
) 02¢61¢97¢LT SINIOd LV SINIIDI4S30D OMIdWY(Q WEALvT1:102d 0L UTID 000 00060 b
" . MONHL ANY ¥31ST10d9 HyIH NIINLI6 Rilil) A20000 e
| 0€/6T48T+LT SINIOd 1V SINIIII44300 ONIdWva WOITLHIAI02) OL £1) 000 220000 e
o8 WINYL ONV ¥3ILSTI08. INOYUA FI3FMLI3g 9TST¢hI‘CT 000 L2000 e
SINIOG 1y SINIWIIZ ¥0d4 SINIIIIA430D ONIJwyg IWHILYI:19TD oL I81D _..000 920000 =
N SWIN9 SOIS ONV HILSTI0H INoHd NIANIIG OTIGTIHICT ano c20000 i
I SINIOd LV SLINIW3N3 ¥Od4 SINIIDIZ430D ONI4WYa TWIILY¥IALATD of €12 009 H20000 i
sz N ang c20000
(NI/535-871) iWILSAS IHL 04 SINIIDIA430D ONIJWYO SMOOISIA INIIYAINDI 0no 720000  n
000 120608 |

OUUUOUU‘J’JL)UQUUUU‘JLJUUL)’JU"JU,’J'JUUUUUUJUU’J'

! ONTHJS Qawnllog tWoay ono azoono

= 9NIYdS AID, 1d1oN 000 A {LLT

& SONIYAS TyyILy MOVHL 1823 0L TeH 00g QT0n0g

g . SANINAS IWITAHIA UOyML :R2% 0) 12¥ 000 L106N3

o , *UZY6TYT'LT SINIOd LY SINVISNOD SINIMGS IVy3Lvi:1oex oL 1Ty 000 9706000

& 9T/ST*MT'ET SINIOD LV SINVISNOD ONIMGS YHILYIII0TH oL 1ICTH n00 S10000

° ) SSANJLAILS 9NIUJS NOISHNILSNS IVITLHIA 102X% OL €19 000 4T4000

3 SHALSTI0Y Uy 000 10000

" OGNV LNOYS 40 SONINVIA 3AIS 40 SSIANAATLS WITLHIAIZTIMNCTTIHCONGY 0no 210000

e _ SSANAAILS ONTHAS Aiydd HAINID $RMILY42H! TH 00ng 110000

e 000 €1T0000 o
oy {NIZ9T) SSINAATLS ANIHAS 000 600000 T

o S S 0noo 200000 i
¢ SUILIWVUYL WILSAS T8V 9NTM0T104 WL ano 200000 s
4 Ak 3 (K O oK K o N K O SR K KR R OR ROK OR K o 3 ok K sk o A o R ok 8 K o o ok o ook o oK ok ok aoo apgo000 s
. 009 €g0000 |-
. 000 700000 o
s , WY HOOUd NIVW ong £o0000 i
’ - 009 200000 -
i n0o In0ncn i
4 (04)=LC2GH10T=C2/40 OLAIM 200112 |
L _ e L s A 0 B b N




AP ST RSN S Fes TR S A NS TR ~!.)s\ﬁ I3
Zra e

G

WOITVS AD MR s WOTINIAL(6) a0 3. 0oo 211000
TUNIGNLTOMOTS (R) 00 5 @600 111660 |
4315708 INOYS 0O »zuzuu<4amhc AVNILYIL (L)1 a0 2 000 eTINGO . %
A MYAS(9) Q0 2 000 601000 s
: © HILIdS (S) 00 7 o000 20T0N0 v
LS AQ08 VD 3IHL 40 1I0M: (1100 2 000 107000 |
S WOTAHIAL(S) a0 D 0800 ApT0oN0
0] SYNTONLTONOTS (2) 00 377006 cotTnoa "
AQOfHl ¥y 40 °5°) d0 INIWIIVIISIO WHILVIL(T)IoO 5 nno »0T000 o
. : o i 2 000 coTong |
! 1INdING Wyudoud 3 o000 207000 o
i 5 - 00O 101060 |o
; WOUYL 3HL 30 SININI IVIMNOZTIHOHEIGTH oL 6 2 ong 00T000  i»
INdNT YOvHL GvOT14IA $QA oL TA 3000 REOOGT T T
. o 0no 260000 "
(HONI) SINIWIIVIISIO Ivy p:azn. 2 noa L60000 o
3. 066 460009 (o
(23S) IWIL ONILINTYd $3INTLd 2 006 S60000 |
(33S) INVLISNT ANV IV 3wli:zl 7 000 560000 - o
: (23S) NOTLVAINWIS ¥3LNdWOI HOd DIWTL WAWIXyiieXvywl 3 000 TRODBO ™ o
{ " (23S) NOILYYOIINT 30 d21S INILLL0 3 000 260000 o
m (HONI) 2DNIWI441Q 1IMIT SSOUD WNKIXYWIS 3 000 160000 - j«
{HdW) NIVML 3HL 40 033dS:a33dS 37 0ng 066000 s
(Z2*%33S/NI) AliAydo 0L 3NQ NOTLIVYIIIIIV 5  noo AR0000 x
, e oo e © 3600 [90000 _ e
SHILIWHVD w10 3 o000 180000 7 e
o] 00p apannin te
HAONIT IV 5 000 SREQEND
gu:m» ¥04 FINVISTO ¥ILNATY G33HMITA 2 noo He0000 o
ANIWHOVL LY 2 o000 €80000 |«
ONINAS NOISNIASNS 04 MINML Hv3IY 40 *o°o NIAIMLIIFG IAINVISTQLGO 5 a0g ZRO0000 s
LaWHOYI LY 5 hoo ﬁaoaco1c4=
ONINAS NOTSN3IASNS O4 MONYML INO¥S F0 *9°3 NIIMLIG IDNVISIOLHO 3 00g 0RO0D0

(023 0L LTX%) dnod9 oNIyAS Ho4 INIWHOVILY 5 0090
ONIYHAS 40 SINIOd 01 ¥31S16g yy3d 40 °9°H NIFALAG IINVLISIALEO 3 009

(9TH OL SIN) SdNOU9 ONINIS HOd4 SLNIAWHIV! LY 2 nng LL0000 e
; ONINdS 40 SINIOd 04 ¥31S708 AINOML 40 .o 3 N33AL3G IINVLSTAL2Q 3 noo 928000 |-
v 3Lyd ¥3IN3D J0 INIT ¥3INID ol AQ08 ¥VD J0 *9°) NIIH13g 3cMvIS1aITa D) GLOOOY T |
IMYIAYITIY gl9ia1o 5 000 L0000 e
FINVIUYITD ONIAYII 3015 dy9 9 000 £L0000
ONIYY3H QIS GNV 3157108 40 3MIT H3LINID MIAMI3G IONVISIOLTO 3 ano 210000 |
3lyd HILNDID 3IHL 40 SNTavHe 52 ong 120000 o
_ONVLSTA MILNID WINYUL:q 2 0ng 0400006 |
S¥1157089 3 000 600G 0H" a
3HL ONY AQO8 Y¥vD 40 SASSYW 40 HILNID NIZMLIA 3INVISIO WOTIMIALG 3  0no 90000 |
¥anyd OGNy ¥ILST0E 40 SASSYW 40 HILNID MIIALAG FDMVISIQ WITIMIALD 2 000 490000
*SONIULS NOISNIASNS H0 1V¥3S WoLloA ¥ AWvyd 5 oog 990000 o
30GIS 40 ¥YIY ONV INOMd 40 *9°D N3A3MIIG *LSIC WIILMIA (GM¢hY 2 000 canoeo "
*3lyTid yIINID ¥y ¥3ILSTI09 MVIAN 40 *9°0 NIIMLFH *ISTA IYITIHIA _1EM 5 - 000 h90000  |n
3Lvd H3INID_ NV ¥3LST09 INOMA 40 ‘970 MIIMLIA *LSTQ TWITINIA 2 57 ono $90000 ).
: *3LY7ld HILNID LS04 IA0HY AQOg Myd 40 *9°D 4o ‘L1Srag I 2 000 290000 s
! 2 000 190000 . |
; (HONT) SH3L3Wvavd 2IY¥L3N039 3 000 ganno00 . I
5 o000 650000 s
U . ANIWAT3 LHOT NS 40 SSyW Twd 5 onp agne0n b
MHNYL HY3IH AHL 40 SSywiawl 5 o000 L6O000 &
HoNML IHOUS 3AHL 40 SSYWihWi 3 000 ogoono L

7i
i




LI hehl=qa 000 691000
00002T=h211 ono q91000 |
*N026T=HATL 000 191000
*00002T=hXTL 000 991000 _ |
*00021=321F 000 §91pno
*0002T=2A18 600 491000
_*0h9Z=2XIA_ NQ__ €9T060
Y0009TH9T=T12TD 00g 291006
*00RRRZT=TAYD ano 131000
*0000699T=TX1) 0no 291000 |
¥Y) X08 NOL=0L V ¥04 SI VYiva OMTIOMT1104 FHI 5 000 »GTo0o
ﬂnn.o>.ann,u<.Aoo.>..oo,u.ann,<< (ECIAA(ECIan HMOISNIWIO 000 agTo00
| IR AN WO mﬁwxummAMumwnuumwwuuum»xauauz.4&mz:, 000 LGT0ND
it FQIAIGH IR CeO  NZE N AT g LN 9GNP hEN gz TRy e nng acInon .
™ SOZH*SHTHISBIN SLIN SOTHISGINISHINISETHTR 000 GGI000
o 02X 16T BT 1L TN 9T IS TH AN TN TN RN LA AN TN 02 Y AT R RTHT 0no HhG1000
ol LTI ST RTICTHICTHTTHIOTHS 6N BH LN IO S HMOENIZHOTY VAN 000 caTa00 |
i DDIONIADE DI TAS* TL WOAN IO SCAN 2 dM 1IN L h 000 261000
., Seine :N»x.namzou.»Hmzou»mezou.Nﬁm:ou TISNOD*GTSNOD ¢ IBE¢1LEYE 0no 161000 &
“, $792M41Ge 4! J:Nxﬁ_nmx.._mmx..zmx QNI LEMIAZHIGR WM ege e IeH e nno netoan
I SHéhH¢GIANICTIZAI TYS 42130 T3 TO US4 (yS 1 dvD s ddva Y ono 6451000
e 2173gf1i13a! gﬁJJo.@JuoumUumuwuuo‘m;um;@umoumwxwmmy.sﬁm.nﬁz.nﬁx T1M6 0no 291000
= 10TH O MYSIAVS I NVS* PYS VS oVS 4 »aIo *rgToHETH 9419+ 49104319 411ATH8 000 “raTooe
5t $OHIODYSIVYSIOHILNICAIIHICH ZHIGN LAIOGAIGAIHACAIZAITAIINSA9SL 000 SHIN0N
& .<mm‘c«v.o<m.z<m.omx.omu BIMILINIGTIANISTIN NN ETH G HUICHIZYI TN , 0no GHIN0G_
L XVWLOGZI L GAT LGOI L SWL HATL hZTI L X TL hL*I0ENICZTIGCATIIEXTAG 000 haT000
= $02006T¢RTDHLTD4I0ED4 16T 18T LTI S0Z U SHTIMISRTIISLIN CWOh 0no chiono
CYOTHAIIN T INZZ I 2ATA2XIH 91D ST NT4ETDT9TD4IGT I ThINe 000 251000___|
ol .Jnﬂu.moﬁx.mmﬁx.msﬂx AI9FSCTHTHTIDTIOTHINGTIN PUHIICTHTZINITALOZ nno ThIionn
ot CIXIDO 2T TINOTHEN 2N dYO SR TQ T ENF F4TERI LM O TH) * 12T ano GH10060
THGA 9N gAY L LOSIHA  HIHACTHG 2 IHd  TIHA 4/ YInD 4 15T ane ACTOND_ |
e ZNADIY/NOWNOD - 000 eeT00n
o ARk o ok ko oK OK K OKR  AOK o ok KK KK ok ko ok ok ok R KKK KRR Ok KR R R AR kR R K Kk okok 3 0ng {€T000 ,%
st - . SWHAL NOILYHITINIY ONIGNOESIMYNOD Jdv (E€I1vy 0L (T)vy 5 00g 201060 |
r SWH3L ALIJNT3IA ONIANOJS3IHHO0D IHL um« (SCIAN O (TIAA 5  noo G¢1000
& SNOTLD3H¥IQ 2 ONV/A*X NI INIW3T3 LHOIIMA 40 SINIWIIYSIO t(€€)an oL (1£) a0 3 ong AeTONN
* o my At (0€)a0 5 00p £CI000
HLId:(r2) N0 3 ong 2eT05D
HoNyl mqmm AHL 40 0M (82 Aa o] ono TETO00
e L o U RTINIA2ZI0Q D n00_ 0eToOn
o ] TyHIANLTONOTE (92) a0 5% 000 A2T000
“ WINYL Yy3Y 40 Inaw3aovdsSia 4<mgp<4 (g2rao 5 0ng 227000
o [V My w2) aa o) 000 221000
* HOL1d:(€2)na 3 000 921000
; Hondy »zoxu JHL 40 M0 (22)00 2 000 gz100n
vl AVIIIN3NL(TI2) 00 2 060 521000
WNIANLTaNOTS (62) aa 3 000 £27000
AoNYL INOYd4 H40 quzuo<4amuo Tyu3tviteTyaa 5 000 221000
g __wyis(aeliaan 5 000 121000
g HOITd (2TVan 3 000 02tnog
g ¥IL1S108 ¥v3IH 40 10M:(9T) a0 5 000 611000
- I ENAAL (ST a0 2 000 11000 |
MYNIANLTISMOT (KT 00 2 o0ng LTT000
315708 dvIY J0 LNIWZOVIASIA wHawvy 1 (eT)Ina 5 000 a11000
wy ks (zliao 2 000 S1T00N
HO11d(TT) 00 3 000 ®T1T000
] T toT)aa 3 noo £11000




T2NnsL2N 000 [ a2Enon i
T29=92% ang 527000 3
TZWSG2Y_ 000 h22000 s
T2u=haH aon T ER2N00T T in
T2y=¢2N 000 222000
—_ t2ws=22M 800 T2P040
i . *000G0T=T2Y. ano wezona
o *000999zH09M neo HIZ0M i
_ - - €%2000999=919¥ v 000 RIZOC0O |
T *G2Hhh=102Y 0090 rTaann Tl
o *GTZHH=I6TH ano arznon o
” . B *C2HH=IOTY 000 ST2009
o ‘GZhh="1LTY nno Thrzood T T
. *GZHHTIOTH 0no tIzn0u e
S — ———— *GZHHTISTY 000 2TITA0N L
GZhh="ThTH o0 Trt2000
" *GZHh=CTH 0no 612000
e e S ——— : CIN=02M __6no . A0P000
N CINI6TY ano . Rp2000
. CTHZR TN : noo 102000
o SINZLTH 000 202000 |
. SIU=OTH - 060 GOSO00 o
. CTN=GIH 000 »02000 |
. — ETX=HTY 00g £0CON0 v
- *OCHOT=ETH 000 202000 e
e *000999=2 1 000 102000 i
. ‘ : . v *000990=T1Y 000 002600 |-
o _ *000999=9% 000 AETOHTO |
L *000999=G) 000 R6TNO0 st
" : . : : A=Y 006 LA6TO0N0  u
ol , . : B =N 0no 861000 -
o ™=2% noo c61000 |
e _— o *p0099I=TH 0no 61000
o SSANJATLS 9NIMdS 3 000 ChT000 |-
i *a9h=y 000 261000
e €L2CL2E *=dyD 000 161000 |«
o €l 0=n1n 000 C6T000
v H00*RI=TA 000 ARTOCO 2t
_...t9z=g0 000 PATE00
*9=hQ 600 181000 i
*9=¢n 000 0Q1000 |u
. 9=2q 000 &RY000 |
*182=10 ona PRIOO0T
*G2=19 000 £9tT000 o
: *H6E=GH ong 28TN00 o
ry-crm 000 TRTO00.
*60=CH 000 0RT000  In
‘ *6E=2H 000 647000 i
- “HH=GH noo YA DI N
m GrozhY 000 LLy000 I
b : Geh=gH 000 oLTI000 .
J © Gehz=2y 000 SL1000
N Ge2ZLi=Tx 000 HiT000
e - e et e e e e . Gehl=14d 000__ £L1000 &
. §°9=3 000 201000
K _ *hih=Q 000 TLI000 |
r;x. fz : eli=y _ 000 047006 !




~

. o

T

: GY (1L49) 3ityM 000 ¢Re000 s
! TH (GL49) ALINM noo 292000 o
: id (€L49) ALINM 000 102000 |«
XVWL (02¢9) ILTIuM 000 392009 -

10 (2L299) ALIum 000 642000 e

— QA3dS _(TL49) 3LTum ong QL2000 i

82662 LS540 000 11206007 i

h*99e=49 000 922009 2

=1 600 GL2N00 o

99z 600 h[2060 e

*2=1s 000 €L2000 o

dy9=Qdvo 000 2412000 or

4v9=3dve 000 Ti2000 or

*2142028=0 000 nL2000 v

6289°C=11 0no £92000 o

CIHd+2IHA=STHd 000 92000 o

CIHA+TIHA=NIHd 000 L92000 "

W/ Q*1d=€ THd 000 aAazo00 o

T/ Ta*xT1d=2THd noo Ga20007 i

0°2/14=T1Hd 0ng 4O2000 o

Y/9LT*0IFYSH A=V OND 000 £92000 e

(*1=)S09v=1d 000 T2a2000 e

*ooh=1d 000 192000 |

£000°E=Xyint 000 092000 e

; sz000°0=)0 600 AG2OH0 T e
; *0=1 0ng 2G2000 2
: 0°09=033d58 000 162000 €
m hW =Gl noo acZeon e
] 20a=Cue 000 562000 e
; 4211=G714 000 hG2000 |
i HATL=GATLl 000 CEIANG T o
_ HXT1=6XT1L 0600 262000 e

2219=F218 nno 162000 sz

2A1a=¢A1le n6o 962000 |

NXHDHMKAQ onog AH2000 £z

(*21*2%2¢)/°00CL=hWi 000 ah2000 |l

("2T*2°2¢)/°0GT1T=2nA 000 [£2000 1

:.cmn\.caoosmuﬁzu 000 aKeong 131

44986/ 0G6T=Tnd 000 SHZ000  |o

*0=23> 000 HHEA0D0 e

*eT=40 000 cH2Z000 u

$SHILINYVUYL HAHI0 3INTHQ 000 262000

_ *0=o¥ 000 The2oGo™ =
i *Q02= 4% 000 062000 n
; *000002HhsST AN 000 662000 o
*000002h=H2dA ong RE2000 o
Hh21M=ST LN ‘000 L€2000 '

_SRRECICTHZHT N 000 ac2000 o

AT2H=1R2Y 000 6¢2090 o

i3 ERr S noo Hhe20600 o

T2%=192) 000 £62n00 L

r2M=162H 000 2¢2000 |»

qAT2N="TheY nng 12000 s

T2Y= 2N nng nezo00

qr2M=12ey 000 622000 [t

e/t 2xT2U=1TaN 000 p2a00

12%=02% 000 L22000 L




QMLDN AL

(NTYYIAACQQINTIOOY TIyD) 248 nono 0HhC000
SNOTiv¥31300V HO4 NOILOW 30 SNOTLVNOE 0 40 NOILNT0S 3 nno 667000
1I4MN0D T0€ 000 acenno |
CC+IIA 000 ie¢odo
(1Y00=(1)A 0ng aec000
N €€T=I 108 00 __po0 fg¢cong
o $:SMO1104 SY Sw¥AL 1A+ OINI S3TLIJCAIA ONV SINIWIDYIdSIQ NOISSY 3 ane hecons
oz yr 000 CEeono
1 _ (12)00=(22)00 ang -2¢¢000
(6Y0Q=(GTY00 000 T¢Cn0d
£ECR22T C-=(£C) a0 000 aeeong
mmmmmwwub-aadwvaa 0ng 62¢000
CTin6h2 e==(5)a0 060 qacend ™
€eee2Lic E-=(2)qn 000 L25000
*SONINDS NOISNI4SNS LHOII IHL NO ONISSIUdWOI SHILSI0N_ OM1L 3. 3 o000 azeonn
ONV AQ0g ¥VYD 3HL 40 *IM -wiol 3HL OL 3ING SOUVMNMOO INIWNIHVI4STIO 3 @600 Gzeann
AVOLILU3A V 03ANSISSY 3¥v SHILSTI08 VAN ANV INOMA 3HL ANWVIIKIS 5 000 hz2enon
*SONINAS 2 0800 c2e0n0
ALlyTa w3IN3D 3HL OLNO ONISSIUAW0I *IM NmO SIT 01 3na SaHvmimod ) 0no Z22¢0600
AN3W3IOVIHSIQ TIVIILMIA v G3INOISSY ATWILINT SI AQO8 HVD AWML o] ann 12€000
JNTLINOD T 000 G2e0nn
*O=(I)AA 000 ATCO00
‘o=(1)ac 000 e1eono
€eiT=1 T o0 ong 418000
S3AVIUYA IHL IZIWILIND 2 o000 a1cofn
(o pkookokokdkdeokdokokok ok kok Kok § 6 X h ¢ Rk kdoRkaokkkk ok R kAkkk  IXTT) LyWHOd R66 000 G1L006
(8649 000 +12000
(+(°930 0 HONI) INJW3IOVIdSIO ACO8 HVD, ono CiC00n |
4, (2%%x235/°930 HO 9) NOILYYINIDIY A00Y HYI*XOT/THT) LvwMod R6T 000 21000
: (96149) 3LTuM cno TIEN00
: (okke SxADIS-NI~-g7 NI VILYINT W **+4¢X0T9//7/) Lywdod h9e 000 GTencoT
v _ (hR249) JLTMHM ong. 602000
(o%ack 90007 NI Savo 133HM OGNV _SNOTLOVIN v ***4¢X0T¢///) lywHod 129 000 20€000
Co%xxx .z~\m4 40 SLINN NI SISSANSAILS v k% X0T¢///) LyWdod €9 000 402000
(T°0T4¢4=SSINSJILS MIvHL "LV !X0T¢//) noo agenoo
(F°0T3¢,=SSaNA4TLS HOyHL *LU3N4X0T¢//) 000 GOCo00
(T°07T494= SSANSITLS *Lv oNIHdS NOTSNIALSNSVINOT/7) G o600
nno focono
44=(1VLI0L NI 8) mmuzuuapm 1y3IA ONINGS NOTSNILSNSs 4X0T¢/7/) nne 20€000
(T°0Td¢,=5SINJITLS ONTUVIE QIS 4X0T¢//) ! 000 108000
(T°07T¢4=SSANAAILS Flyd HIALNID e ¢X0T¢//) JynWMdOd4 GL ono 00000
(3°2T443SIXV *LY¥3A iN0AYV YILHINI_ H0 INIWOW AQOA ¥YD4¢X0T¢/) 1yWHOAL 69 000 A62000
; (T°2Td¢4sSIXY azo4 L1NOYY YILH3INI 40 IN3WOW AQO8 VI *XO0T¢/) LynMnd A9 ono 267000
(T°2T344SIXV "4V LN0YY VILHINT 40 LN3WOW AQOB HYD ¢ X0T¢//) LtykMod L9 0060 162000
(T°L4¢s=VANILINT ININA/NOTLVHALT L 4X0T4//7) d1yivMod L. nngo 962000
(G°0F4%s= (*D3S) 3ZIS d3LS 3WIL NOTLYHILTAIX0T¢//) Lytod 24 ono S62000
(1°G4* s=HdW NI Q3345 HVYDe¢X0T¢//) LyW¥od TL 000 262000
{(7°0Td4¢s= (°23S) IWIL NOILVINWIS XYW ¢X0T¢//) IyWMod 0L 0no 62000
(T294G) JLTINM 000 262000
(£R¢9) ILTIyM 000 162000
TZ1D (A9¢9) FLINM 000 962000
TAID (8949) JLIym 600 mnmo:;
TXID (£4999) ILIuM 000 2000
. . 12N (2849) LM 0no \nmoao
29 (T18¢9) ILIAM 000 Q2000
METH (6£49) Tlium 000 SR2000
£TM (8£79) JLINM 0no RlrA]




IR e LAY A TS S N0 Yk Bt 1Y
LR «:I SV S MDD AL .\.n

“© geeT=1 165 00 ¢G- 000 16S000 |
: *d3LS 3WIL LX3IN 3HL HO4d (IHAA ® (1000 OL (I)A NOISSYIM 000 26¢000 w
T+=11 699G 000 G6L000 s
( /) 1yqddod R6e¢ oo heZ 000 -
(CE¢IE=T¢(I)JA) (RAE*9) ILTum oo £HEN00 e
S — - (0€4¥=74(T)JA) (R6C?O9) JLfum 000 ZAEONQ =
(SR FIE=TF (1109 (86C49) 3JLTum non 165000 s
: (DCIT=L4(1)DV) (RARS4T) JLINM o0o 06E000 L
& (G°0T444=14¢X0T4//) Lynd0d_L6S 000 _ARC000 e
L L (266849) JLTum 0n0g TRge000 o
o _ (IIA=(I) DA 4€G 000 LREO0O (o
o 39/ vy=(1) v noo aAREn0D o
st - €CITC=T HES 00 nno [oT=1od; Ts 1V BN P
wl 404 (TIA=(II DA Hh2 000 HACNON |n
€ 40*(Tyvy=(1) 9y 0no
e 0C¢R2=1 442 00 ’ 000
v (IYA=(I) 24 ¢€6 000
o . 49/ (T1vy=(1)ov 030
< 124G62=1 ¢¢5§ on nno
it 4Qx (1)VA=(1) DA €H2 0no
o Jax(1)vy=(I1)ov 000
w hZe2e=1 ¢nZ 00 000
e (IYA=(I)24 2¢g 000
: 49/ (1) Vv=(1)dvy _...009
1246121 2¢S 00 ono
0% ()A=(I)IA 2h2 0no 2L6000 =
: 4a¥ (T)Yy=(1) oy 000 1L8000 |«
or; ) RT49T=I 2h2 00 ' 0ng GLE000 s
s (YA=(I)DL TEG 000 AQCO0N o
_ 49/(T)vy=(11ov 000 292000 _ |e
“ STCT=1 1¢G 00 000 168000 o
- dOx(TIA=(TIIIA TH2 000 99¢000 |
s _ . 3A*(T)Ivy=(1) IV 000 GAEN00_ s
& 2r01=1 42 OQ nng #9060 e
& TLIYAS(I)DA 0FG 000 £9¢000 e
u 49/(T)vy=(1)avy 000 29€000 |
i 64/=1 0¢S on 060  T9¢000 |
*, 40+ (1)YA=(TI)24 Oh2 000 Gocnon jo
¢ 40*(T)yy=(I) Y 000 6GENI0 fu
& 9en=1 042 0Q 000 8GE000
a (IYA=(I)DA 626 noo L6en0n o
. , 49/(1)1vvy=(1) oy 000 9gen0n.
5 c¢1=1 625 0Q #S. 000 sgco0n o
HhGOHGICS (AWILd-L) 41 0no HGCO0N |
LOxjcd*1=3T1d 666 0ng £68000 fu
LI*LT9666(XYWL=1) 4T 0T Y] 268000 |u
212 oL 09 000 168000 i
g InNILNo) fo¢ ono 062000 o
¢, (€C=-T)yV=(I)d one AHTA00 .
§ 9944C=1 ¢0F 00 000 ahnenoo e
s . AnNNILh0) 2?0¢ 000 LhEo0o 1,
’ (EC+IA=(TH 4 000 ancnag s
s €CeT=1 20€ 0O 6 000 SHenoo s
i - SIATLIVATYA0 IHL Y 4O L1STT 3. _nog HhE000 v
E 640746 (Lr) 41 nog thacona |
4 (Lre 100X 14 Jon)aNAN TTIYD) 2T 000 2acono
*NOTAVHOILNT WIIHIWAN HOL ONNH_TIVD 2000 165000~ |



LIIN ALITHL

HEh000

[N,

3 noo

5 000 cGhnao

ONNY INTLINOUANS 2 . 000 266000
3 000 16ha00
2 . 000 GGhaCo
o o 3 o o0 4 a3 3 K o o8 330 0 ook o 3k ko o o 8 oK o 3 o ok 3K ok o K o Kl o o o o e o ok R OK o K o ok e K ok RO ek Kok 3 nag 6HH000
: GINE] ang Bhh600
! NUNLIY €9 000 LHh000
(T4 =NXY *IMIA ONTUYAGIATIS X0T /)  LyHod 91 000 Ahho00
NXY (9T¢9) 3ILTym 000 Shhonn
000t/ (Hh4S+8£45+24S4+T4S)==NxY Y 000 hHh000
(IYS=dVO+OySATO+IVS ) £hV1INXZTH=H 45 0no SHhon0
(IYS=dVo+0ySxT9=IVS) xC 130+ T T Y= A4S ong Zht000
(1VS+dyo+ayS*xTO+VYS) #2130%9U=2 45 ono THH000
(IVS+dyo+avsS*TO=-vYyS) +T1IN%SH=T 4S5 hG nog 0nhono
HhGIhGICS (IWTLd=1) 41 HT 000 66Hh000
u *0=h30 R 000 ACHhOOD
w1 0L 09 0no LEHhOno
T 0*T=hT30 £ 000 Gehnao
9L (hdYD+QdyD) 4T 000 GehONN
(QUS*xTO+1yS=2yS)zhdys ono Heh000
*0=¢730 9 0nn cchoon
8 ol o0a 000 2¢h000
0°1=€730 & ano T¢H00N
; 9946 (£dV9+IdYD) 4T o0n gchodo
i (QVS*To=1yS=3yS)=Cdva 21 000 azZ4000
; *0=2130 ono Qzhono
; 21 oL 0o 0o0o 12h009
: 0°1=2730n ¢ 000 ozh00g
_ :.:.nﬁml<>unnnw~m~ . 000 524000
‘ (9VS*Ta+IYS+yyYS)=2dve 000 H2ROG1
% *0=17130 2 000 c2h000
; 4 0l 09 000 225000
0°1=T730 T nog 128000
2A2IT(TAYO+DdYD) 41 0no 02H000
(aVS*xTa=1yS+vvS)=Tdy9 000 51H000
. o) 0no 2140060
SIACTIHCONGH TY3IY 000 LTh000
- 5 . 000 2Tho00
(ST TINIONIGH I YOV INTLd? 1 +H13046 130T 000 SThonn
¢IyS+42130°T130TOaVS*IVSIaysSvVSadyo adv9d) dv¥o3a INTLNOHONS 000 hIHh000
: 2 0no cIHOno
*********************************************************&**f***** o) 0no’ 2TH00N
NOILOV 3HL OLNT SIW0D % o000 TTh0N0
. ONIuv3g 30IS 3HL N3HL 0¥3Z 0L yNOI ST AONVIUYIND 3JHL AT *434S 2 009 AYhnoo
IWTL HOVI Lv 3ONy3dv3D ONIyv3a 3QIS 3HL SHIZHD JvoIIQ 3INILNONANS 3 000 AO®000
o o o o oK o oo g A K o e oK ook o o K K ok o ok Kok oK oK o K o 8 ool A ok HOK o K ok oK R oK ok K kR kK 2 000 e0hao00

2 000 L0h000 |
5 0no 494000
dva3Q ANTLNoHENS 9 000 coHh000
2 000 ©0h000
5 o000 cohnoo0
N3 000 200000
: d401S_2% noo 104000
; 2hg oL 09 . 00o 20H000
* (€C+T)A=(IIAA 168G 060 A6S000
(IyA=(1)ao 65000

000




-

~

e

N Fe ol MMOAVLIN ALITLN

*0=11730 9 000 - TTS00N !

21 oL 09 009 01c00n

*T=7T130 § 000 06000
94946 (T1L4+90S*CH~yHS) 41 2T 000 ELIDLLI

' *0=0T130 + 000 106000

= 2T 0L 09 0090 205000

*I1=0T730 € 000 606000

! hande (TUHOVSHZHHNYS) 41 TT 000 405000

; 2026730 2 600 205009

1T 0L 09 000 206000

*T=67130 T 000 105000

202¢T (L+0OVYSx2H=pvS) 41 100 605000
‘ ‘ 3 060 AEHONDT

(217130 T13INT 000 2645000

017306130 INTILG L4114 CH42H aS ' VES *OYS ¢ WYS) ONTNAS INTLNOHUANS 0o L6honn

_ 3 6nd aghido

300 200 e 00 00 2 20 3 o 00 2000 o 0 e s ol o e e o s e ool e o e ok e 3 o e K b ol 3K e ok ok o o e 36 o 3o R ook o ok o ok ok Y o K gk o 000 CehNnon

*SANOY9 ONIHJS NOISNAISHS 3HL 04 T3Twdvd NI a30gy 2 -0no h6h00)

ST SS3IANJATIS 93IVIND HONW 40 ONIUdS ¥V 1N0 wOlio"d SONTHAS IHL 41 3 000 CHEHO00

*SoNIYDS NOISN3IHSNS H0 ONIWOLLO8 IHL Y¥O4 SHIIHD aANTYUIS IMILNOUANS 5 0oo 2649090

_ o o A o R R o ol R e ok o oo Ak o Ok ok 3K o ol ok ok o 2 o ok T S o B ook ok o K ook R o AR ok K ok ook o e ok ook be ) (1313} 16H000

. 5. 0a0 065000

3 0060 ARH000

ONINGS INILNOHANS _ 3 000 AGHNO0

i 3 ano 2T DI

! 2 000 aqh0a00
aN3 0no catnon |

NENL3IM 000 HRH000

o=tir 000 cgh000

- *9/1a% L {P) 4+ (MY IHAY+ (LI RIAYS=(MIA 6 000 2a4h000

. NET=~ 6 0O G 000 TRH000

MNLIN 000 2eh00N

. 1axGe+1i=) 000 645000

(P IRLGH(PY AIAYS=(PIA @ 000 RLH000

(r)I*x0°24 (L) THI= () THd 000 410000

- N'T=r 8 00 4 000 9200990

; NHA13Y 6no CIHO0N

I (M) AeLAxG + (LI ATAYSZ(MIA 2 ‘000 w1000

_ (P)3%0°24 (L) ITHA=(P) IHd 000 cLHNCD
N‘T=Pr L 00 € 000 2I%000 |

NNNLIM 000 L7000

1axG*+i=1 000 014000

i (CYA=LA*S + (P LIAYS=(FYL O 000 AGHH00

; (MY =P TH 000 2040010

(PIAS (MY AIAYS 000 LO"000

NeT=r 9 00 2 000 CERLLL]

NHOLAN T 000 CL-L T

r(Sehicez2¢ti0L 09 000 “Hah000

T+ir=ir 000 ¢9h000

i _ . v 3 - 000 294000

(99)4° (99)A4(99) THJ? (99) AIAVS .MOISNIMIQ 000 196010

2 ao0o G9H000

(UpdLgladLedeNn) oNNY INTLNOYENS 000 6GH000

: : 2 000 agho00

ARk Koo A Ko 0 R Ao R 3 o o 3 e o e ok ol o e sl o o ook K o K e o e Nt SR K KR ok o ol 0 s o e o A ke o o) 000 LGHhOCO

QNOHL3IW NOTLYHOIINT 3 ..0n0 acHODD

VALMI=FONNY _AG NOTJLOW 40 SNOIAVAOI SILyuo3LINI 3INILNOHANS STH) 3000 S6H000



(Wi S 5SS X

[Te

>

S0 M

ALETILN

[ o DO I \w.. .2: .
o 000 QaGN00
**i&*********ﬁr*u***********»******»**********fﬁr**ﬁ*************; o] 0ng 4196000
NOLLOW ML 5350dd0 o 0n0no aagnan
SAYMIY wumou ozumz<o 3HL ._.<IP Iu:m 30404 ONILWYQ FHL Ol o] 000 G9GNN0
o & NOIS YAdOHd 3FHL SNOISSY ONV NWNT0I IWyd430IS 3IHL QNY ¥3LSI00 e 000 Hhag0no0
0 3HL N33ML3g *I3A _3ATLYIIN 3HL SIINGWOI NN4MOS INT LNOHANS 2 000 ¢9Gne0
i AR KR R AAHOK o K K o 2K ARk R K O K A K KK R J o AOK o K o ok Kk o] 0ng 294000
i ) o} eno 196009
2 __0no £95N00
NNANOS IMILNOHANS 3 0no0o 6GG000
o] 000 RGS000
2 0no 166000
N3 000 agagnn .
MYNLIY €6 009y GGaNgn
~ (Tehde =730 1T 00no HGG000
¢XOT T hd¢, hauo..xoﬁ.u H49,2971304 ‘X0TT* 044461304 *X0T¢/) LywWH0d 9T 000 ¢G5000
8730¢473049973046730 (9T7¢9) ALIHK S 0noo 266000
b HGhS4CS (INTLd=L1) 4Y HT 000 165009
‘0=237130 R/ 0090 #65600
; nT oL 09 000 AHS000
= *T=91730 L 000 PHG000
Q494 (Q19+NYS) 41 . 000 £HG000
! °0=L7130 & 000 AhG000
® oL 09 000 GHG000
$I=L1300 9 0ng hhGo06n |
9¢G4G (AT9-NVS) 4T 6 009 cHG000
- ‘0=97130 h nno 2HG000
6 0l 0o 000 ThSN00
S *1=9730 € ono O0HhG000
- :.:.n (AT9+4vS) 4T - 000 ALGNO0
*0=%7130 T 000 2¢5030
: h ol 08 ono leanrn
v *T=G730 2 009 aeso00 !
¢ITIT (Aa19-4vs) 41 000 G€6000
, o 000 heEGn00o
- (INIL4°14813044130°97130¢S13AI9 WS JyS) 8I913Q INILNOHANS 000 €£¢so000
Lo ] ) 000 2¢E0N0
i Aok bk KRR IOOR ol sk kKR o el ok A K K s ol K o ok B koK ok ook e kb gk ook o) ono 166000
J— . : ) d 000 066000
o) 000 /26000
€HI9730 AINILINOUBNS bo 000 e2S000
. . . ) 000 226000
: o ‘ : o 5 000 926004
i *SAN0Y9 ONIAdS °1v 3HL 01 1371IvHVD NI 03007V IHV SONINAS €19 3IHL¢ 2 . 600 626000
e oy3dz SI 819 JI  *q3a77vd ST L1 3WIl HOV3 ( IWVH430IS aNy ¥3LS7I0A o] 0ngo Heqsonn
3HL N33MI3Q JONYIHVYID *LvTY) €19 3HL SHIFHD AIa30 ANILNoHENS 3 ono €25000
Q**************************iw*******************&******i****«***** o] 000 22G000
: ON3 000 125000
d LoNHNLAN €6 000 026000
: (T*H44,=27130, 4T ong 616000
XOTT 04 e=TT 1304 4X0T T 43¢ 4=0T130 *XOT T 04?4 =67130:4 *X0T*/) LyAdOd 91 nog R18000
2T1304T1130401T130467130 (9T¢9) ALTHM 4S 000 L15000
HSNGICS (AWILd=1) 4T 4T 000 2915000
- .*0=2173q % noe 616000
ht oL 09 noo .. h18000
*I=etMn ¢ 000 _ €15000
ge9¢L .Jh+mmm*n:+<am_ 41 €1 000 - 216000

P e e~ e o




L L T A T

LIRPASLIED

“ 3 Tono §29000 s
; 5 000 Hh29000 s
N3 000 cZA000 T

N¥NLIM &¢ 000 FPH000 |

~ *1=00AS 9% 000 1290090 P
@ S¢ ol 09 _nng 129000 P
*T==00495 wE ang atoonn i

9EIGLIHE (0QHS) 41 2¢ 000 19000 %

*1=60aS €C nng LTO000 o

2¢ ol oo 000 BYoedn T e

*T-=608S IT 000 G19000 (o

EEI2CTIC (60HS) 41 62 00g nT9000 o

! ‘T=00pS 0§ 000 ¢Ta00 Ty
m 62 0L 09 ano 217000 e
= *T-2R09S RS 000 119000 o
0c'6c482 (800S) 4T 92 000 019000 o

_ *T=L0qS L2 009 a0onnn o
- 92 oL 09 000 200000 {or
! *T-=L0RS G2 000 209009 e
i 1299242 (L08S) 41 ¢2 00g anoann e
: *T=ONYS h2 000 G00N08 e
€2 ol 09 000 hOOOOT e

| *1-=9tiys 22 ono £0o080 |«
i heiee 2?2 (9NVS) 41, 02 000 209000 |
: *1=GNWS Y2 800 T09600 o
02 ol 09 600 002000 e

*1-=GNYS AT 6no 665000 e

! Tet02¢6T (GNVS) 41 LT 000 65000 |
i *T=htiyS AT 000 LRGO0O o
i1 .01 09 ano 65000 e

i “I-chNyS o noo 866000 L.
; 8T4LT¢9T (hMYS) 41 41 000 Q6G000 e
- *I=Cnys et 0ngs £RE0ND s
! wT oL 09 000 2680006 v
: ¢T==CNYS. €1 noo 166000 |
i ST*HTCT (ENVYS) 4T TT 000 NAGOCE.
“I=0o5 2% 000 X111 ])

: 1T ol 09 nno oRGcong 93
i _*1-=025 0T ano LRGAND e
. ZTOTT0T (Q3s) 41 R 000 908000  »
*I=00S 6 ono CRGO0D 2t

8 ol 09 00g¢ HhOGO0N |

“T-=30% 1 000 TREDDT T

64942 (305) 41 © 009 205000  in

; *I=H3S 9 000 186000 o
! S oL 09 0090 teg000 |
w *1==A2S h 000 aL50n0 o
i 9644 (975) 41 2 000 L6000 o
{ *T=VIS ¢ 000 116005 .
| 2 0oL 09 000 916000 |,
: *T==yS T 000 GLSN00 ‘
€424¢T (vIS) 41 600 hiso00 1

9 o000 cLS000 |

2 000 2L6000 |,

(0geS‘egas eaasLaoasT 000 TL5060 &

SINYS ¢ GNYS * HNYSENYS 12590054895 ¢yaS) NNINGS INILNOHANS 000 0L6000 |k

9. 000 695000 |



TN O HJQMNLEN AT

TOA=PES+0aS+(12)(Q) #92N=024 348 000 o060

*000T/(£2HAdS+T2HAS) ==V M 000 199000

(SA=NAS=nAS=(12) (10) #£2H=F2M 445 000 - 089000

(TA=NES+WAS=(T2)QQ) *T2H=T24AdS 000 /19000

o) opo 229000

bk LAl b 3000 LL°000

SAYO0TT 133AMM ho 000 QL9Nn00

K AOKK RN Kk o] ong GL9000

e 5 600 418000

(1 hu. =NXY *Liv7 muwmqom hzoxu..xoﬁ.\. lywHod T 0ong 19000

Xy (T49) ALIHM 009 Z19000

*000T/ U0 IdS==INXY 000 120000

(919+3vS)1%9130%xg1 9%+ (8I9=4YS) #G1IA*UIINN4T 000 €Lo000

4S5k (NOTH+ISTH) +3AS* { MM TH4IC TH ) =0 4dS 000 699000
mnmx.wwx.omx.nmx.ﬁwx.Joaz.Joﬁx.J:ax.Jnaz "y 3y nno [O00NN

{(eeyaa onmzmsu: 000 499000

o] 000 aqQ9G00

o 2 2 ok 7K e 30 oK o ok K e ok e ok ¥ g ok K o K ok e ok o) 0non c9930no0

TNXY IYHILYT YI1ST0og INOHI o) 000 43000

AR kR R kK ok Kok ok KRR kK o] 000 coa300n

. o) 000 . 299090
(QQ!BATOAEATA913046130 AT HAS 1 pRS NAS T WAS J¥S ¢ 4951 A05T 000 RGN
$GTHIOZHICSHITSHIGIONTIIIH IS T THTNH IR TN lyd NI LNOHANS 000 099000

) 000 AGONCT)

A Aok AR AR R KRR AR Ak Aok KK AR K AR A ko kR kKoK ok Kok 9 000 2G6aa0n
¢5avon T133HM ONY NXY *Lv ¥34S7108 INOYd 3HL S3ILNAWOD Tyd INTLNoHANS o 000 162009
Ao o A Ko e A K K KK o A o R oo oK R R K o o ko KK AR R gk o K o] 000 aGgannn
. , 3000 EE9000
: e noo ©G2004)

YD IMILNOUANS 5 000 €604

v 3 000 26900n

o ann 1520466

ON3 - 000 . 069000

‘ MYNE Y : noo 5H9001)

(T° h&..!Zxx *L¥3IA 3AVId HILNID HVIMT 000 249000

IXOT*/°T°L4¢ s =NXY *ANIA 3LvTd HIINID LNOMd. ‘X0T¢/) LywMOd4 9T - 0600 1499000
HUNXHILANXY (9T¢Q) ALTUM b 0090 ahdnno

LOSMUNXY ¢ 000 SHa009

hegig (Munxy) 41 2 000 HhoOCn

oL MXM Y : 000 69000

24T (LANXH) 41 000 ZHonoo

v *000T/9LdS=2HUNXH . ono THh30N0

. *000T/2TdS==14NXY - 000 049000

.~<mca<m*w+o<m,*cx+.m<meo<m*u|o<m.*hx =01 dS 000 689000

i AIVS+AYSHILYYS) 22U+ (TyS+EYSkI=vyS) *TH=2TdS ong 29000

) : o 000 1€9009

UUILNESHY TN v 000 9¢9009

. . ] . o] 000 Gee0nn
AENCLNIH TN IIQVS4IYSIVS4BYS ¢yyS) 3ivTdd 3INILNOHANS 000 w$o008

_ o ‘ L . bo I 1111 €¢9000

Ak oot e A K s oK A A K o o oo ko ok AR sk ok sk R Rk R ok Kok ok Ko R R Kk kok ok bk kL D) 000 209000
*SALYId HIINID HVY3IN o 000 T€9060

ONV INOYd 3HJ JO SNOILOV3Y .hmw> FHL SILNGWOD 3ivdd INILNOHANS o 000 0neenog

e o o S oo K e K o s o e o o e ok s oK o o ok oK Ko o KOk K oot o ok 3 HOK K o OK s e e o o AR oK o ek o] 000 629000
. o 000 Q29000

. : . o] 000 129000

Alyd4d INTLNONANS e 600 229099




Tern g

.t

-~

L

s

P R AR

YALTN ALV

52 ono ACLONO s

AN‘YY4AAQOINTIDOY INILNOYANS 000 agLN0g s

: 32 noo 224000 s

o ol ok S K o A SR RO KRR e o o Ao o o ok ook 3k o gk ok o koK ok Xk koK ok ook ok ok ok ok k o 000 acl000 s

SIANTIVA NOILYMIIIIOV 3IHL SILNGWOD IANILNOYENS STHL 2 000 GeLO0O o

: NIFIIY_ANTLAOHANS 2000 hELOBN_ e

oo o o o e o K o TR ok o o o o o oK ok ek o ok ook e o8 o ok K ok K ol oo ok o K o K ok Kok ok K ook ok K ok ok ok o] 000 ceLn0o i

5  0no 2¢L000 o

_ 2600 TCLO00 __ jor

N300V 3INILNodansS o) noo 0cL000 &

5 000 62,000 o

J__0ng A2L000 o~

oN3 000 L2000 i

, . NUNLIM 000 QzL000 e

(S*0T4¢x0T*G 0T dXGT ¢ W NT30DY U001 *L¥ Ve *X0T2/) LywN0d AT 000 520000 e

NE4y *Nvdy  (6T49) ILTyM - 000 2,000 o

(S°0TH!X0TIG 0TAXOT¢4NTIIIV H00M *LVI.¢xXO0T4/) LywHO4 0T 000 ¢zL000 v

NEOYY ‘NYHY  (RT¢9) JLIuM 0no 22,000 o

(S*OTH'X0T4G0T144X02¢ 4 NTIDDY *1HANLIXO0T/) Lyadod LT ono T2L000 e

m . . NAavYANYYA (LT¢9) JLIym ano 32L000 s
i (okxk QNI @ wkke $XL4ax%* QNI Y ¥*xsdXEhé//) Jyndod 9T 600 ATLN0D e
i (9T¢9) ILInm 000 RTLOON s
497 (9 yyxIX+ () WVRNX=(T) vy ) =NA4Y 000 LT4000 se

49/(43)yyxX=(H) VY xNX=(T) VYY) =NV 4Y nag atL0a9 i

i 497 ((9) vy X+ (h) VVxWX+ (T) vy ) =NANY 000 GTL000
49/ (09 Yy IX= (NI VTRNX+(T) VY ) =NYNHY 000 H1.000 e

49/ (S)¥¥xIX=(C) VYY) ZNAYA non €12000 e

49/ ((S)VVIX+(CIVY ) =NYVA 000 214000 o

_ 3 009 TTL000 e
; FAR - b 4 0no 61L000 %
‘ *0LTMNX 000 £0L000 =z
_ * 19=wX 000 fOLONO e
htoge=49 nno 1040080 g

(€C)VYY NOISNIWIQ 060 90000 ¢

2  ano GQLODD e

(v¥) 00061 3INILNONANS 000 04000 =

; 2 noo e0L000 =
; 2 600 204000 e
. 000S1 INILNOUANS 2 @no 10,000 e
) 3 pno 00L0O0O0  n
. 59 00D 667000 |0

: , 2 ono 00NN |u
q Ao ok ok o o R o T o ok oo o oK Ko S K s ook o s o 3K o 0K sk A K KK KK K ok kR ook ok o ok oK 3 000 L6anon
4 *SONI HL09 Lv AQ08 HYD 3HL 40 40014 ONy J00Y 3IHL NO 2 Qo0 a6annNg |n
i NIFIIV *AV 3HL ANV NIZDIOY *L¥3IA 3HL SILINdW0D 000GL INTLNOHPNS o) 009 S69000 et
oo 3 o 3 K o 3 s K s 0 3K o R oK s e R ol 3 ok b o e o s o A ok ol K 3k ok K o b s 3R s ook oK K kK o 3 sge e oK ok ok oK ok K ok ok o] nao Hh63000 2t

anN3 000 chI000  |n

NMALIM 00g 269000 o

(T*2d4¢0,= 4y3Y LHOTY OVOM 33HM, T 000 TAO00N e

| X0T4/¢T L4 = AINOMS L3371 YO I3AHMIX0T /) LvaMo4 2 onj 269000 0
I UHATHMA JI0TIHM_(299) LTHM_ 9 0no 689000 ___i:

*O=HMOIHM © 000 REIQON v

9¢GeG (UATM) 4T H 000 L899000 |

L2040 8 000 agan0a___

HIQIC (ATI0THM)Y 4T 000 Geo00N0 :

0007/ (92HAdSHIZYIAS) =2 HHI M obo 49000

' (BA~NGS=0AS+(L2) ) *22M=820 A4S 000 €a9000 !




VLN AZITHAN

*0=TIY 000 9AL003
*0=0TY 000 G6L000
*0z6MH 000 764000
“0=an 0no £64000
*0=LA 000 26,000
*0=ap noo TALOOD

¢ *0=GA 000 CALONND

5] EDT 000 ARLONO

. L : . e 000 PRLOND

oy *0=2A 000 L8L000

) , *0=TA T ano ARLOON

“l : 2 ol oo 000 SRLODO

i 3 ano heLo0n

i *N=aTH ong cRLA0N

1 0=k 000 720L000

oy ‘ *0=2TY 000 16000

" *0=0TH 000 6RLO00

o *0=STH noo 62000

ot : _ *0=STH 000 fLin00

et *0=TI¥ n00 LLLODO

r : _ *0z6d 000 2LL000

il LA=9A 000 GLLODY

! C(GIHD=L*YOWOINIS) SAYXSTLA 6o hrLo00

e . _GA=9p 000 CLLN0Y)

¥ ; ((EIHd=1%VOWO)INIS) SaY+S=GA 000 2LL0GO

bt CAZHA 000 TLL0BD

- _ ((ZIHd=1*YOWOINTSI SAVASZEA 000 0LL000

i - TA=Z2ZA 000 69,000 |

¢ ( (LEVOWO)INIS)ISAYXS=TA ¢ha nog 29,000

b _ TICHGICHhG(AZLL T~L) 4T_2hG 000 /aL000

e _ : G*128 2¢h 0ng 99/0C0

. 2ehechGiIgng (G 1-S) 41 000 soL00n

N . : : _ i Lx15=S 12¢ 000 94000

2 - gehe2enitee (5*T=-5) 41 000 €94n043

£ -2 000 292009

w ()20 (I UMT ¢ LheC )Gy (HeC) iy (W4E) QMY 4 (h¢C)ZIWY 4 (S TV (£)DIN1T 000 19,000

g (CIUT(ELIAO{EEIAA (ECIVYI(QIGY (LI MV (CIEY 4 (SICV¢ (h)TY NOISNINIQ 000 092000

ot IHE AN WOANGIONSCANHZINIGEINIHZ AN 182N L2 NN 00 AGLOCO = o

e 49920 1G2H TheH e A 2SN T SH QSR LENIZHIGEH HSHEC2H I Z2HI TP G 009 QGL000 la

& : SOZHISHETHSRIN SLTINISATH!SGTINISHINISCTNTZ 000 LGL0O0D ¢

“ . 0N BTH BTN LTI ONGTHAISTH FHIN AL THOIGHI LW TI2HEATH 02V 6T THT 000 agLo0n |

i : SLTAOSTNIGTN TN LTINS SINATTHAOTNION BAILNION CHI NI EUIZUI T JYIN 000 GGLOND

* ID4ONAD AN TS TL WOENI QIR G M H2dN 4 I Ld et ond hGL000 |

T SEIM HZLAIRTSNOD ' LTSNOD*OTSHOIZTSNOD* TTSNOD¢DTSNOD 4 182N 1L 2NE 000 egLaen P

& 49204092 12N 3TN 1C2HLNTSH BN LENIIZALGTY hT A QaNM 2214 T2N2 000 . 264000 |

B GHHHST1304€13Q IVS 42130 T30 19°aYSgvS/aAdye * odvo ¢ T 000 16000 [

R 21130/ 111304 0171304671304 67304 £130497130 11304 9T STH Ty CTHI2TH TTHE 000 062000

o COIMIOH MYSAYS  DYS I PYS A HYS  aySaaIa ! Lala HATD ORI 49194 AT A ]BT08 000 AHhL0NG

. $DBTVIYSIVUSIBACLUNITHITHICHIZH BA LAIOAIGAIAYEAIZAITA DS AQSL 0n0 IHLOND

! AygSUYSIOVSINYS QRO THIGTNILTNIGTIHISTHA AINICTHIGH HHCUIZH THIQ 0no Lhl00D

‘ XYWLOGZIL GAT L GUIL G hATL 2L oXT L ) 02N C2THICATINIEX1GS 0900 - 9%/090

’ CUZD6TIRTDLTI*TINED 16T IBTIILTDSAZH SO TMISRIMNSLIN Cnah 000 ShLl000

’ COTNTIBINILTNO2ZTIA42AIG2XIEY9TIGTIHTICTIIOTISTIGT I THING 600 hhl000

i STICEDISATNISSINISHINIATOISCTINS J#awmuaﬁxMUmathuuunﬁxhuNhuhw%HuN nno CHh.000

: CIXIDIO ZTHOTTIHIOTHIGOHIZWAS VO SH  TA THEHCTIRNITLNI TN TI2NT 000 242090

: ATHGNIGNIHQZA L L GTHD P THAYCTHA  STHAY TIHA ‘S yON0 ¢ IST 000 THLOND

' T v : . N3V /HONRAD 000 042000



55

@
o~

-~
o

w e N~ o o

-

YIDIEMY 2O MYOQAUUIN ALNLN
(0C)AAXGA= (T ) AAXCAZAYS ono €GR000
(92)00%S¥+ (9T) QOCY=MYS 000 269000
(0€)AQ*SO=(8T)CAxEQ=AYS 000 TGRO00
(£2)G0xha=~(TT)Q0x20=1vS 000 (GR000
(T2)00=(h)aa=SvSs 000 6hg000
(S2)AARDO=(TTIAAXTZO=NYS 000 hae000
(£2)0G*xh0=(TT)Y00o*20=8vS 000 XTI
(22)AA=(DT)AAZAYS 0no AhRN00
(¢2)aqa=(avr)aa=0vs nne SHR000
(T2)AA=(6) AASNYS ano whR0n0 |
(12)00=(6)00=WYS 000 CHENON
h (2ZIAAFNHL (OT) AAXZHZIVS 000 ZHr0000
: (h2YAA+NQ=(ZTY ANR2Q=WYS 009 THOOOA
: (22004 (0T) A*2H=PYS ono dhannd
L AS) 00 T0=TYS 0no_ ACH000 |
(h2) 00+ O~ (2T QQ*2a=RYS ano aeanan
(SYAAXTO=IYS 000 268000
; (91140=(h)00=0vS 000 agRnoo |
i (ST1)a0=-(£)3a=o7vS 000 Seanno
(0T)a0~ ()Y OQU=0VYS nng hERNOO
(6)00=(8)aa=YYS ono qnmwao
5  ono 2¢an00
S10gWAS OLNI SIGVINYA JNONHO 2 o0 Te0000
o 2 060p 0eR000
€ TI=1102D 000 629000
KTIZNRTD ono Q29000
1 ION=I01D 600 429000
RIS R ERTA &) n00 929000
W € THI=T0TD 000 620000
i JCTI=ZISTD anq h2Rnon |
qETI=0TD 000 28060
J8 o -ia [ o) noo 220000
*0=012 000 129000
*0z69 000 G2an0n
*0=hd 000 ATR000
*0=¢) _0ng 219001
£11=02) aeo 19000
£13=619 ono 213000
€123=919 000 513000
€I12=L1) 000 18000
€19=9¢1) ono c1a0no
€I12=512 noo 212000
i €13=h1) 000 113009
w *192=¢19 000 011000
*00E=T X 000 6409000
*GHTTWX 000 Q0R000
she=0 000 L0000
! 2482z 0no aAagRON0
i . G*oT=n noo 509000
(1xYONO0)SOI*VONO*Y=SAN ano 02000
(LEyOWOINISAVSSA 000 £020n0
‘O=v 2 000 20R000
*0=9TH 000 109000
*O0=GTY 000 002000
‘o=htM 000 662000
co=CTH oho 61000
Q=21 000 L6LOND

w0




FOIIZNY 20 MY QAVLIN ALITLLN

o

&
a

Sz
k4

144

o

- o 3 000 43 LYY
_SONIOVOT. 135HM OGNV SONIQVOT ¥3LVY ¥3ILSTI08 ML IAvINITYI 5 000 606000
T e . 95 000 06000

(ORI L2y TH¢3¢QYSIYSIVSIHYS 4yyS) IFLvydd vy 665 ono 106000
2 000 206009
PN SONIQVOT 3LVd HIALINID FLNAWOI‘IWIL ONIINING LV 3 00p SN6000
: 5600 506000
665966561689 (INTLd=1) 47 ono £06000
(2171301171307 000 206000
.cuquo.mJuo.mznwa.p.Jh.nz.m: gusvas‘ovSnyS) ONTHIS TvH 000 106060
2 600 006000
SSANI4ILS OMINDS WIIHI 3 000 ARR00D
5 000 PERDON
(INILd*L40113044713099130467130/8194NYS JvS) AIaT30 Ty 000 LAB000
9 000 600N
AINVHYIND 819 HITHD 3 000 G6op0n
3 o0 +©62000
. (EINCTINONIGH dYOINT LA L 130 € 30T 000 60000
| TTy57230° 171307 157GvS /ov5/8VS VY5 adyH:odvs) dvH13a TIvd 660 Z60000
: 3 000 1620060
AONYHY3TID ONIMYIE 3QIS MI3IHD 2 000 063000
3 600 ARIG0D
! 485=3a5*xCH+0aS=00as 600 aaen00
: 465=36S*CHU~095=608S 000 289000
; AG@S+39S*CHAaAS=I09S - 0od l=2=5 1
i JOS+AASKCH=-(0G95S=L0aS 000 GPAn00
HYS=dyS#*ZH+NYSZIMYS 00 HEANoN
HyS=dVS*SH=NyS=GNYS nao BRI
HYS+AVS*ZH+NYS=hNYS 000 Zen000
HYS+d4YS*ZH~NYS2ENYS 000 189050
" RYS=AyS+NYS=HIS 000 6e7004
: MYSG~AYS=NTS=09G 000 622000
PYS=HYS+4Y5=49S 00go 949000
FYS=HYS=4v¥§=39S 000 L8000
ZYS=AYS+XV¥S=0IS ano aLR000
ZYS=AYS=X¥53095 000 L8000
i AS=-WT+ras=a0s 000 HIe00a
; _ WE=NYK=NIgsv IS ono £49000
M (6T) AA=(9) AAXTA= (1) AAXTH=(T)IAAZIHS 000 229000
i (G2 AA=(BYAAKXTAF (RIAAXTH=-{T ) AA=XYS 060 TLRO00
(62)00=(9)ag*Ta+{HINAxTH=-( T )aq=NyS 000 0280900
(67)00=(9)aa*TA= (1) OQ+TH=(T)AQ=AYS 0nQ 692000
; {6Z2yaary=1as ono 493000
| {021 00%0=5aS 000 £90000
(62)0axa=¥as 000 260000

(e2yogrH=ngas 600 -1 1
(22) 0a*¥y=das 000 ©99000
(42) Q0x0=09% 000 ¢£ofnoa
‘ (€2)aa*a=Nas 000 760060
i (22)00xH=was 600 190000
(62 AA*Sa= (LTI AAXEQ=40S 000 noRnno0
(82)AA=(OTIAAZIGS 000 6GR000
(L2) A= (STIAAZOAQS 600 260000
(62)00*S0=(LT)I00xCq=I8S 000 152000
(82)a0~-(9700=7AS 000 860000
(L2)00=(ST)au=vas ono 5GROCO
(92) AAXSH+ (OT) AAXSHEZYS HG9000

000



YINEITY A RN

FOLSTEIE Y
MOl .tl,\ \/L..w L & 4

o Hszou+z:zou+w:zou+u:zou+u¢zou+o:zou+u:zou+cm20u+<¢zou|:mzo¢ 000 TLERAT T s
“ (23 TURZWAXSH+TAID4CHx () AQXTXID) =/ ((F194NVSIAT eno e96000 o
ss! 87130+ (BI9=NVYS) %L 130+ (HI0+4YS) ¥97I0+ (HIF=4YS) %G1 * TH*ATO Nz THNOD ono GS96000 ss
™ v (Sxx TUREWNA*ZHTAT D+ (Y QAKX TXI D) =/ T 000 HAKOOH T s
) . (2% () AAX (1) QA% TURS= (HIAAX (TIAAX (H) 0Q) *THLSWT*Z==HINOD 000 capp00 o
o : (ZH*TUAZWAXSHTATIH+SH% ()OO TXID) =/ (AIS£(INZI+16TD) =T 000 206000 |
N 20S* (1813471413 =05 (1912416 1) =voSx (WHTI+ T =) TH=9HNOD roo “FaenanT
o:; (SxkTURCHERCHTAIIHSH# (D) QU*TXID) =/ ( (AYS={ (ITIAA=(H)AA) *T 449 000 09K000  1:
s (STIAA=LSIANI *T 4% 0TI+ ( FyS=((OTIAA=(H)IAA)*T 4= (STINA=(C) AN) T A%6D~G 600 AGHRNALT - o
o : (FVSHOODIAA= (M AN AT (6) AR (S AR ¥ TI*TO+ (AYS+ ((DTI AA=H 000 966000 e
o (MYAN) . T3=(6) AA=(F) AN % T % CI= )= 4UNOD ono L6000
g4 (Zax TYRSWARSHTATI+Cx% () A TXID) =/ (HISk (N02%416TH) =T 000 8G8000 o
sy . ‘ 9ISk CIBTAFALTH) =4Sk (1 THHIS T =S (I TH) = x TH=ahN0D 000 SGRO00 T T
™ (2exTUXZNAXZT noo HGhANQO Vs
o o +TATD+2%% (9) AU IXID) =/ (IYS~dYO+AVSHTA+I¥S) £ 19 hTIN*2TH=QHNOD 000 £GH000 e
e : (e TUx2Wa*S+TAIDFZx* (9)AUXIXTIIN =7 (T(TIVS= dvag 000 Z56a00 e
i +0vS *T9=0VS) % TOxC 10T TH={ IYS=QVSkTd+OVSI % T4 O TM+ (IyS=QYS%T 4~IYS8 000 166000 |
)y R Y AT AROU=(IVS=OVS*I+IVS) kT AN+ (1YS=QYSkA=IYS ) *T*LN=(TYS+dvO+ayYSL 000 CeHONG v
< ‘ *To4+VYS) *¥T0x21I0* O+ (1¥S+dvO+aVS* To=yyS) xTOX T304 CY=) =3hN0OD ano ARANOAT i
€ (Shx TURZNH*Z+TATII+Cx¥ (D) QX IXID) =/ ((TVS+QVYS*T 449 0ng QHEND0 ot
e . . Yy S ET A (TVSHOYSH T A=Yy S) AT I EU=( IVS+AYSEITVYS ) # 20+ ( TYSHAVSS 0eo LR w
G #3=YVS) &Ik DI~ () AN+ (1) A% (S AR R (S)AAXTZID=( (D OUX(SIAA=(h)I AN H nog aheano |
= *(h)Aa* (D) O0% (SIAAKRTATI=( (D) AR (M) AA+IGIAAY X (HIQQKR{SIAARTXID T 0no GhANON
i o )=ahNOD 0no HH6000
£ (SrxTH*CWE*CHTAT I+ * (D) Aa*TXTID )=/ (( (02 onp TTCHBOND
i v>>*.mv>>;ﬁzu>>*”:,oc*.o.co*.m_>>+~o,>>*.o.a:*.a,>>|,*«>~u+ﬁA;v:au 600 2h60 0D
w *{GIAA={RIAM) % (9)AA% (D) QA% TAIDI={ (IIAAX CHIAAH (G AAX (D) NNX(GIAA=T ong THEONG
am (h100=T 000 TH6N00
o (M AAR(SIAA=I 2 () AA* TXID+ (D) AAX( (D) U0* (H) AA+(S)AAYXTXTI D) =YHNOD 000 ACAONT
& AENOI+ICHNOIHHENOI+YENODIZESHOD 0no QACAHNNN
THI=/ (LISIAA=(CEIAA) % 4D=( (€1 QA= (1 0Q) % M=) =QEMOD 000 icaocn™
9=Td=/ (L LL{GYAARTA=((FTIAA= (1) AN ¥ T 448 ong acHNNY
(STIM=(SIAAI 20T+ ((SIAARXTA=( (FTIAA=TH) AN AT A= (STIAA=(CIAN) ¥6 D+, ango GCARHNN
CISIAALTA+LIOTIAA=(HIAR) £ T+ {B)AA=(E ) AN) D) =oEM0Y nao heANGO
TWI=/ (L LISIAA+TO+((OTIAAD 009 £C6000 !
= () AR *TI=(6)AA=(EIAAIXED+ (IVS= dYI+QVS *TO+DYS)xt130xSTH+G noo 2CA0D0
{IvS= dyo+avs xT9=dvS)*xe130*TTo+ (TVS=(vS«T44ovS1x01v 1 fino Teatea
= ) THEMOD 0o 2EHB00
g IWo=/( (1YS=AYS#Td=0yS)*6N+ (IyS=0VS*I+IVS) 8+ (IVS=(1yS*T=yS) ¥ LM+E 000 (26000
e (TVS+ dvo+avS *1o+yvS)»27170+9%+2 ong Q2A006 o
. (IYS+ dY9+ayS *TO=yyS) T 130G+ (TYS+AVSxkTI+VySIahd+ (IVS+T 000 126009 )
3 . gYS*x14=yVSI 28N+ (IvS+OYSHI+yyS)*eu+ (TyS+nayS*I=vyS)xTM)=  yENGD 000 azA000
: TWA/ (TT2YAR=SXQ) %20+ ({21 U6=SK * D)) =25M0) 0no q26non
FINOD+UTINOI+ITNOI+HINOI+Y INOI=TSNO) ong L4 LDD] .
(CWAHEWE+ TN ) =/ ( LITIAA=(TSIAAY ¥ D= ((T) G~ (IE) Q) #4M=)=3THOD ono c26n00 I
(CWA+ZWg+ Lwdy =7 ((aTa+Avs)H T 0h® get000 "
#4830+ (AI9=NVS) % L1304+ (194 4¥S) #9130+ (AT9=4VS) *E3AY AT OW=OTHOD 0nn T26000 |
= (SWEHZNA+TID ) =/ 2%* (h) ANK (1) OU+ TY*2WR%2=0TNNY nno nzZenon
g : (CHEFCWAFTWA =7 1035 (08046100 41 nnn AT6nng T,
5, 2SR (IBTIHILTIN 4805k (TTITOHNGTDI+YIS* (INTI+ICTD) ) =gTNOD 009 28 £-Ys 11 s B
- (ENO+ZWA+TI) =/ (HOS% (1024416 TM) +1 000 LIB000 |,
i 9IS* (BTHHILTN) +42S* (ARG TH) 4305 (MNTHHICTV) )=y TNOD ARG 000 aTa000 b
i 2 000 G1A000 |
g NOTLOW 0 *NOZ 3HL WOMd SANTIVA _NOTIY¥3T320v 34t HOd4 3INTINS 3 a0n aThNNA
‘ , 2 000 TTanto |
4 (QO*BAOACAYTA913QCIAQ IO UAS P PUS HIHS A WHS Y JVS 1 405 1DST obo 216000 L

N ] fQZACOSHILSHITSHGION TGN NGTMINTHO AT TN) Ty 1Y) ono 116000 |,




VOISZNN SO YO EIN A LTTLN

(2AIR+2xx (2T)0a¥2X I =/ (4ISx (FOTH4+IGTYY =T 000 »20T00 7 1
FISk (IHIN4ILTHI = ( (0T) Qa*SUH{CTITO*2Q) % (SHEITY) ) «2H=40TMNOD 0nn c2190 s
- (SATG+C*% (2T) QU*2XIg)=~/( LYS=OYSAZH+RYS) ¥ZH*OTH _=30THND ann_ 220100
(ZATH+S*% (2T)a*2XT9) =/ ({ IS« ¥PH=-9 000 120100 i
WYS ) % SHASTH=( LyS+OYSHCHAWYS ) *SHEh T A+ ( LVYSHOVSRZH-WYS ) % 2HaE T Y=L 000 L oh o) ;
(IYSHAYO+AYySHTA+YYS) xT942AQ*IN=(TYS+ dVO+AYSETH =~yvS) *TOL ano 610100 L
AT130GHH (TVYSHBYSR[A+VUS) kTt H=( IVSHEVSk T 4=y VS ) * 1 % o) =0pTHO0D ao0o QTNTIY
: (ZATE+S*% (2T)QU*SX IR )=/ ( (TYS+AVYS%I9 ong N«;aoa
s +YVUS)*FH2A=( IVSHEYSkI=yyS kT TH+ L (ZTIAATLOTIGAX(TTIAA) X (TT)AAXZZ1AS non_ aTaTo
¢ - ((ST)AA* (TIAA=(OTIAAY (0TI Q0¥ (ETVUA* {TTIAAXCATH=( (2T) OO (OTIAA noo ﬁ:ﬂao
o +TTIAAYKLOTIOOx (TTIAAXSX1IE) =20INMOD neo ik £1h eli] o
5 (ZATA+S** (21)QQ*SXIH) =/ (({ZTIAAK (T AA=(OTIAAX (BT Oax(2T)QANE 0ng cINTIN o
o * (T AM (TYARFTZT) a0 (0T) AA=) *2ATE+ ((ZTYAQR (TT) MA<TOTY AR % (2T) AN "0 PTAT20 T
7 *(21)00*ZAIO=((ZTIAAK(OTIAAH(STIAAR (2TIQQ* (T TIAA= (DT AA(DTYQOT 600 TI91™) o
it *{TD)AA=) # (ST AC¥SXTEH(2T)0Q*(OTIAA+(TTIAAY * (2D AA£ZXTR)ZVOTNOD 000 BTOYRN 1y
4 : ' A6NOI+ J6MOIFHENOY+YANOIZESNAD ano [(Xibk Eud .
vl W=/ ({1L+OYSASHAWYS) 0 T1304 { TLHOVYSSH=WY S} *6713() +H0AN=(AMNOD ong contTng v
R 2Wa=/ (ONYSAITI+ENYS*GTI+INY S TI+HENYSKE T ) =06M0) 000 LONTND ke
N Srtd=/ (((SYAAX T+ ((H noo QOHTAG ™ e
& OTIAA=(I AN ATIH(EIAA=(EI AN %1 D= ( (SIAAXTO+ ((OTIAA= (D) AR ¥ T 4= (6) AA~H non S0nT00 a
“ (CIANI %ED=O%CNE+(  DYS=0OYS*ZH+WYS)I *9TH) L =A6N0D 0no HOOTRD e
= . 2ing=/s (( OVS=0VS*ZH=1'YS) xS TH+E ) ToATs .
* ¢ OVS+OUSKkZHEWYS) xh TN+ ( OYS+OVSKCH=NYS)*CTHH(TVS+ dYO+4yS *xTa+2 000 200700 s
ve! YVYS) 221305~ (TYS+ dyo+gyS%T9 ~vyS) *TTINXGH=(IVS+AYSkTA+YYS)xhY=(T nng. 100100 e
“ 1VS+aUSKTA=YUS) ¥EN= (TYSHHYS#I+YVS)I*SN=(1yS+QUS*I=YVUS) & TM=}=  y6NOD ) onn HgoTaN e
it ZSNOI=ASHAD 000 ARANID I
£ IONOI+UINOI+IFNOI+EINO I+VYODI=ISNOD 0ng 264N0N0 s
° (2%*TO*SWH*2+T2TD) =/ L (H19+NVYS) @10+ T 000 L6000 e
= .mnona<m.*nquc+ﬁmno+u<m.*oJuon.mns'u<m,*ngmzn.»ﬁo*nnaxuaozou ano 266000 |
! (2452w 24T710) =1 009 64000
& ) Z(Exx(9VAAX (D) 0Ok 2 TOxSWaxS+Sk*k (T} AAR (F)QO*C 4 TOXSHUxH=) =QI'0) ano HeEOOG
¥ (S TA*SHE*Z+TZINN =/ LIS (02416 T +T 000 ¢e6020 !
= 22S* (TI8TI4712LT0) +825 (9T +IS T =¥ IS+ {IRTI+ICT DI =) + TO=3IN0OD 000 ZAAN0D  ix
s (ZxxTA*xCNE*S+T 21~/ (HISk (1020416 TM) +1 000 T6ANGD ™ T
! 9IS* (MBTH4TLIN) +4ISk (TOTHHISTH) =S (M TIAU+ IS TH) =) #TA=RAINOD ono 066009 2
4 (CH+ OS2 4T71) =/2 0no 696000 |
N T QU (SIAA= (M AN x ((SITAA=(9) O0* (F)YAAST £ TATI=((HIAAST 6006 RGBT
o (9)Qa* (S)AA=Y*( (D) QU (M) AA+ (S) AN #TXID=LIHIAAR(EIANI T2 wINDD 000 294000 e
S QENOJ+ISHOIHHENO I+YGHNIZGSHOD 00o ans000
& (2x* (W) GA*¥TZT+ 2%+ (Y)Y OO« TATO+TIX I D) = /€ 0no aRAnnn Ty
¢ IYS=((ITIAA=(H)IAA) 2 T4+ (STIAA=(CIAAY X TOXDTI~(3VS=( (FTIAA=(Hh)AA)C 000 U :
9 #T 4= (STIAA=(EIAAY X TA%6I~(IYS+ ((BTIAA=(TIAA) £ T A (A) AA= (I AN+ TO%HDT 000 ”
< +(IVSHUHATIAA= () AN # T A= (6 AA=(EIANY T+ I+ [TYS= dvO+aYSxTO +1 0no A s
i ovS) *xTaxh1ITHS U= (TVS= dVO+AVS*TY ~IVSI*Ta+EIIO* 1T Y=) =0SM0) noo 186000  In
€ (S h) CO*TZID+2*x{9) QUATATI4TXID) =/ ((IVS~OVYS*TA+6 0no _ paen00 o
. S #1Ax0TH=({TYS=(VS#T4=0¥S) x TUx6M= (IVS=(YS#I+IVS) ¥ TO*W)I=(Ty5=y8 nno 646000 T
b Sx3=0VS) *TQ*LA=(TyS+ dyo+gyS*xTo +yvS) *TZIIUr D+ (IYS+ dvo+gyS*To L 0no L6000 "
o =yVS)xTQxTIAMXGHE (T YSHAYSHTA+VYSI kT G*hY) SZ56N0D 000 L16000 o
.«**A:,cc*ﬁwmo+«**.o,oc*«»~u+ﬁxuuvnx.A”<m+mxm*aun<<n,*ﬁa*ox+o 000 946000 .
{1VS+EYSEI+YYS) *TUK2M4 (TVYSHAVS k=YY S) TR TU4G ono L6000 o
(BYAAX(S)AAR L H) Q0*TZTI+S 0no WEARNCD e
CIGIAAT (DI QA (SIAM  (H)AARTZID+ ( (D) AAX(GIAN=(H)AAR (h)Ng«(O) h 000 CL6009 .
AA* (S AN+ AN JG%(h) AA=) % (D) QU*TALD=) =asH0) 000 216000 s
’ (2% ()0 TZTD42x% (9) A0 TAIIFIXIN) =/ L (D) QX (SIAA=(HIAA) % (D) AAXE ang 1L6000 v
2 TAII=((DVQOK(GIAA=L I AN) %k (H)AAX (B) UG (D) QAF TAID+H( () AAR (I AN+C onn 026000 3
¢ (9)AAX(9)AU* (GIAA=TH I AAX (1Y AAx (S AN I TXTID+ (DI O0x (H) AA+(GIAAY T 000 6360010 B

L *(9)AAX(9) QX TX 1= ((9) Q0K (h) AA+LSIAAY* (H) AAX(H)0QxTXTD=) = ¥ENOD 000 296020




m m.::.

J

*CHABTI+LGHSHEH*LTI= (FyS=((01)aa={ 1) 00) *TI+(STIAA=(CIAN) % TIx0T DG 000 190700
=(3vS=((97)0a=(H)aQ) *Td=(GTIAA= (S AAY T 4%A D) =TGTNOD 000 190100
(EATB+C* (BT)QOXEXIH) =/ (HIS* {02H+TETH) =9ISx (IR TH+IL TN =T 000 /L0100
((9T)QO*xCH+ (B8T)QU*CA=) » (IGM+TILY) ) *CH=10TNOD 000 240100
(CATU+Z*x(8T) gaxEXIa) =/ ({ FIS=OHSKCHAVAS ) 2L (02 Y+ 6 000 L40T00
e ( 265=99SkEH"VAS ) ACHAS TH=( __ DUS+AHSHCHHYASI FEHARTN+{  DUS+AASE noo 2LOTON
*n:|<mm,*n:*hﬁxu.H<m|u<o+a<w*ﬂo*u<m,*H@*aqmu*mﬁxsﬁuqmn dYO+aySxTaL ono GLOTND
=OVS)IATOXC I T TN+ (IVS=UYS*T I+IVSI *T 4% 0TH=) =DQTNOD Q00 hI0T00
i ACAIEHSk % (BT)AU*EXIH) =/ {IYS=QVSAT4=DYS) xT4%6N+9 800 €L0100
m (IyS=QVS*I+IVS) kJkgY = (IVS=AVS*I=IVS) *JRLN+((BTIAAHLITYQ0* (LTI N )4G 000 2L0T00
(LTYAAEZTIg=((8TIQU (LTIAA=(OTIAAI *(OT)HUa* (GTY QO (LTI AAFCATIO=((BTI B 000 140100
— AUGHEIITIAA+(LTIAM X (9T ) a0k LTI AAEX T 2A0TNOD 000 tzotnn |
(CATE+S+ (8T1AGHEXIM =/ L LG TIAAX LLTYAA=(OT) AAX (O T 1E 000 /90100
; Ox{B8TIQUR (LTIAAH (BT )AAR(BTIQU* (9T)AA=)ASATA+ (AT QG (LYY AA=(OTIAN) 000 290100
, *(BTIAA*(BT)IOQ*CATA~T 000 LODTO0 |
((RTIAAX (OT) AA+(BTIAAX(BTIOA* (LT AA=(9T) AAX(QT) OO T 000 a00Te0 |
(LTYAA=)Y A (B8THAQ*EXIGH((ST)IAAx (ATIAAHILTIAAI H(RTIANHEXIAYIZ  YOINOD 000 GanTOn
L 2GINOIHISINOD+YGTMODZSTSNND 0no :oOﬂo@-rx
CWg=/ ((TL+ERASKCHHVES) 42T 130+ (1L+BESXCH=Y:45) * T L1730} xW0O¥ZIGTMNOD noo atnn
EWE=/ (008S*0CD+46AES 6 TI+RARSKETI+LQASKLTIIH (IVS={ (OT)AA= (Y1) AAG 000 JoOHpa
AT A (STIAN=LCIAA) %0 T D= (AYS={{OTIAA={H)AAY 4T A= (STIAN=(CIAA) XA D=h nno T90ENG |
9* W) =5IGTNOD 000 tgGaTon |
Ena=-/( ( 29S~830S*TH+YHAS) %025+ ( 29S5~gUS*TH=VAS) 6 TH+ 2A5¢ 0no AGOTON
+AHSHEHIVAS )X BTN IES+HUSACH=YHS ) *LTH+ (TYS=dVO+UVSxTA+IVS) %0302 anq. 260100 |
#CTA=(IVYS~ dVO+(yYS*TO <oyS)*CIAA*RTTH=(IyS=avS*T4+IVS) % 0TH=~(TyST 000 150100
~(yS*TI=OYS) ¥6M=(TyS=OvS*I+IVS) ¥~ (1 V¥S=qvSxa=dVS5 ) %=1 vGINOD 000 AGNTON
i . _2SMADZHISMND . 0090 669109 |
j g2TNOD+Y2TNOD=2TISHOD 000 nGOTOn
2218=/(2S* (M9TI+ISTII+VISH (THTI4IETI) ==40Sx (IS TH4IGTUY + T 000 CG0T00
oS LThIU+IE T = L(0T) Q0% u+(2T) G0%2Q) * (IZH+TTH) ) $20z92THOD 000 260100 |
22Iu=/(((h2)ad=(2T)a0)*xhZ LM+ ({ST)UU* (TTIAA={OTIAN) T ono TGNTNO
*((TTIAA=(CTIAQ4(OTIAA=Y *SATE=((ZTI QO (OTIAA+ (TTIAN ) %1 0o H6QTI0A
CODIAA+LCTHIUQx(TTIAA=) #2X I~ (OTIAAR(TTIAN I 222151} =v2IMNOD ong 6H0T00 |
ATINOI+ATINOI+ATTINOD+YTINDIZTISNOD noo aH0T00
(2% (0T)OQ*2Z2TH+S+x (2T 0% 2ATG+T 000 Lho100
2X18) =/ (INVS*¥CA*9T =GNV S*ZO*STI=hNYSHETkh T+ (ENVSI*Z0%0TD) =ITTHOD. 009 401NN
(2% (0T) QU272 1a+2*x (2T)A*2AIA+2XTINY E 000 GHOTCD
=/ ({LYS=0VS*kSH+WYS) 2204 G TM= ( LYS=OVS+ZH=WyS) #Z 4G T =T 00o HhOTH0
L (LVS+OYS#+ZH+WYS) *2Axh TN+ (LVSHOVSHSH=HY ) 22 CTHY ZATTINOD noo CHOTNO
! (2 (0T)0Q*22T19+7T 000 240109
: S (2T)QQ*2A1g+2XTAI =/ CLOTIAAR(TTIAMI # (0TI N2214+ ((S 009 TH0TO00
; SIIAAH(OTIQA* (ITIAAI % (0T IAAX2ZIA+ L (STIANR(TTIAA=(OTIAAX(OTIAOX(ZTIH 000 NH0T00
; Ak TTIAAH (STIAAX (2T) O0%E 0ny 600100
: (OTIAA=) % (2T1)00*2AI8={(2TIAU*{TTIAA=(OTIAA) R (2TIAA*ZAT = 0np 9€AT00
((£2)00=(TI)A0) xh2d%) =ATINGD 0an Leotnoe
(2% (0T)0a*2Z2Ia+2%* (21 (Ja*ZATR+SXIN) =2 000 n¢0Tan
ZUUERTIGUAITTIA=LOTIANI X (O TIAAX(OT) QO (2T)00%2ATQ+E 000 GEOT00
....... ((ZTIAAX(OTIAAH(2TINARL2TI 02 nno hEOTON |
A (TTIAA= (O AAR(DT)HAA* (T TIAA=) *ZXIA+(ETIAOx (0TI AR (TTIAA) (2T AAT noo ceatTne
*(27)0a0x2XIg={(2T)Qa* (CTHAA+LTTIAAI X (O D) AAR (AT IQO*2XIN=)=  VYITMOD 000 2¢H100
JOINOD+HOINOD+90TINOI+ 40 TNOD+IVEINOI+T0OTNOI+ DI THOD+yOTHOI=OTSHOD_ 000 160190
(SATE+CH* (Z2TI0(xSXIA) =T 000 6coTan
/7 CCIL+OVSHTHANYS ) 2017130+ (TL+0YSHSH=WYS ) ¥6TI0=) * SHROAN=T ) TNOD 0no A29T00
(CAT+2** (2T)UZXIN) =/ 4 QOSH(T9TI+IS TN #ZH=YISK{IRTIHICTD) #2YH=C 009 229100
INVSHZHAGTI+GNY Sk SHKGTI=NVEAZHEHTI+ENVS#ZHC TI=) =10 TNOD 0no L20Tn0
(ZATA+2** (21)00%SXT) =/ (L LIYS+OTIAA=CHIANY T 4+ (6) AAT 000 220100
=(E)AN) 2T A¥HD= (JyS+((OTIAA=(HIANI X T 4= (BIAA=(EIANY X T 44 €D ) =H0TNOD 000 G201090

ve




YWIORIZEIY 0O MY O\ﬁmaZ\QSSD .
;ﬁ (SA-NUS+WHS+T1T2) g0) ¥ hHxZ2N+ (TA=NESHHGS=(T2) Q) ¥hHx TN~ ) =F22N0D 000 1ok & 11 B PP
4 (hATL+2%%¢C 000 181109 v
_ B (h2) QaxtXIL) =/ (gIS* (N9TI+IGTI) *h =y IS ("THTI+IE VD) xhM~ 2 0no oeYTT00 5
i ONYS*CHHOT I=GNYS*ZHARG T I+ INYSHZH* T I=CNYSHZHAE T I+1 000 SETT00 |
© 42S% CIOTHHIG TR ) ke hU=FISH (THTH4TCTH) w M=) =(022N0D 000 hetTTnN e
] ANATL+2%x (02) A0¥HXTL) T 0no CETTON s
=/ (OVS=0ySH2HFNVS) %ZH*IT N~ ( OV S=0VS#SH~FVYS) x2HxGTHY =328N0D a60 FETTO0 T s
(hATL+2x% (HZ)aaxhXTLI=/ (( OVSHOYSH*ZH+AYS) % SHxh TH=9 000 IETTO0 o
¢ OVSH+OVYS*SH~WYS) ¥ CH*CIN+ L {h2IAN+(22) AU (E2IAA) % (CZIAAXHTZT 1 =G 000 0eT100 o
((12)00* (€2 AR=(22)AA) % (22) 00+ (h21GaR (£2) ARHHATL=( (n2) Q0* (227 h 000 B2TT00 o
AAH{EZ2IAN) *(22)00% (S AAxHXT 1) =822M0OD 000 221100 o
(hATL+Cx* (h2)QQxbXIL)=/ (((h2IAAX(C2IAA=(SZIAAX(22) (10% (42) QOE noo L2TT008 o
! *(CSIAAF (Y AAF TR QU (CZYAR=Y *hAT L+ { (FZ2) A% (CCTAA=TZZVANY % (hEYAAT 060 27100 e
* (HEYAQxNATL=( (HZ2)AAX{Z2I AN+ (RZIAAR (H2)a0* (L2 AN=(22YAAX(22) 0T 000 G2T109 "
: *(C2IAA=) % () QOkhXT L+ {H2)AOx (SSIAAHIEZ) AN K (REIAARBXTII Y= v2ZNOD ang Hhe1100 e
[ T OUTSNOO+DT2MNOI+HTENOO+Y TZNOI=TSSNOD 000 c2T100 o
HNL=/ (VL YOYSHEHHWYS ) x0T 130+ { TL+OVYSHZH=WY S} *67130) % W0IN==TZNOD 000 221Ino "
pl=/ CCaA=NAS=38S+ (T2 00 xh 2+ (SA=NES=-WasS=(T13) 00T ano 127109 or
YHES2H+ (ZA=MNASHRASH (T2)00) %22+ ( TA=NGSHRGS= (T YOy % T2M) 22T 2H0D 0np 6z1100 s
: L=/ (GHNYS*IT I=GNYSKkGTI~hNYS*hTI=ENVS*C T I=9x 41 1 ) =aTENOD 000 ATTTON o
Chlules 0t OYS=OVS*BHANYSI*GToH=(  AVS=0yS*2HT 000 QTTTO0 e
“WYS) KRG IH=( OVSH+OYSHSH+WYS ) wh T = { BYS+0YS+SH=NVYS) € T~ =VTIZNOD nno (233 H])] o
2SNNIZ02SNOD 000 9TTTON s
D6 INOI+HETNODI+YETHOIZATSNOD 000 GITINN v
L=/ ( (819+4yS) %9130+ (H10=-4vSI*G 130 +419M==34TNOD 000 BITTO0 e
” Ale/ ((ETH~daS=0aS5+(6T10A) « MU+ (TTH+IAS=0AS+H (AT) O T 000 CITTON e
M #70eN (0TU~dHS=0aS=(6T1) Q) x1Z2EN+ (6 U+IHS=08S=(6T) UO) x1T2N) =46 TNOD 000 211100 e
BWl=/{63Sx (191247610 =1 000 TTTT00  joc
: VISH(THTIH+ICTI ) =42Sx (IO TH+ISTH) = TSk { THINHIC T =) =W6TMOD ong OTTI00  |u
w gRTINOI+YRINGI=RTSNND 000 _ A0TTI0 o
e21u=/(1 n00 0TY00 Lz
QIS* (71023416 T3) 4205+ (G T+ LTI ) =HIS* (10EH+ 1A TH) +90S« (I8 TH+ LT =T ono Loty
—_— (UOT)QOXEH+(STIQU*E =) (TN+ILN) =) 4CqzanTHOD 000 IT00 s
i £2Ig=-/(((0)O0=(BTIAM 2GCLN+ (2 000 SotTon |
A (81100 LLTIAA=(OT)AAY R (LLTIAA=(BTIAQ* (ST AA=) xCATH=((BTIAN* (ST AN+T 1] HOTTON ce
i (LTIAAY*C(OTIAAH(BTIAQ* (LTI AA=) *EXIB=(FTIAAX (LTI AAXCZTIAY= vRTINOD 000 £OTTNN  he
4LINOO+HALTNOI+HLTNOD+YLTINOIZLTSHOD ono cotyon
(CH%(9T)QOXCZIA+SH* (BTIQA4CATIAHCXTA) =/ ( < 000 I0TT00 o
0045) *¥E£a*082=60IHS*LO*6TI=BAHS CAXBII+LAHSYEALLTD) Z4LTNOD 0o _GOTT0 e
(Cxx(9T)AN*C21g42x+ (BT AA*CAIGHEXIA) =/ L(62)UN~-(LT)ICAIxGEAU+6 ong 660700 st
(08S~8aS*EH+VES ) x£Q*02X=( IES=FUS*CH=YAS ) #CO*6 TH=( IIS+AG56 000 as0T00 it
*CHHVES) * QX BINF ( JUSHAUSKEH-VES) #EQ+LTM) =1L TNOD 000 L6000
_ (2x%(9T)QU*E71A42xx (BT QOXCATE+EXITY=/S 000 Bg0TH0 |
COOTIARRCLTIAAI A (OT)QAXEZEE+ LLETHIAAH(OT)I QO (LTIAAY % (9T AAS 000 CaOING
*CZIE+H((QTIAM (LTIAA=(ITIAAX (DT QO (P TIOAx (LTI AAH(BTIAAX(QT) Q0% 0nno H60T0D o
(9T AA=) % (D) OU£CATE~((QTYAA*(LTIAA= (S TIANY x (B T)AAXEATH=) 20 L TNOD 0nno 60100 o
(2% (9T)QQ*CZIg+2*4 (BT AGREATEIEXTIA) ~/ (((RT) OQ*€ 000 260100 "
: CALTIAA=OTIAM X (9T ) AAX (BT 00X (9T ) (JOXEATS142 009 T60TON o
j C(HTIAAF (T TIAA+ (OTIAAX(OT) N2 600 t60T00 .
w {LTIAA=(STIAAX(BT)AU* (LTI AA=) #CXIGH(HTIAMC (ITIAAHILTI AN % (8T) AAT 000 680100 |
X #(gT)00*gX1H=((RT) AU* (STIAAL(LIIAAI *(STIANXLOT ) OUXEXTH =) =v¥LINOD 00y QeoIne__ .
99 TNOI+ 49 INOI+IITNOI+AITNOI+ITTMNOI+IITHOI+YOTNOI=OTSNND 000 80700 |
(CATHHFZ X% (RTINAXEXTH) = ann aQat100 |
£ CIL+98S*EHAYES ) *2T 130+ (L4085 SH=Y2S) 21T 130=) *EH*ROTY=99TNOD 000 GROT00 i
(eA1042 000 LYY 61 BN
N**Am«,ca*mxmmvnxﬂan*ﬁJomu+Jmﬂovnudn*aqwaq+4~ﬂuvn, #CH= J9TNOD 000 eRoTne
(CATa+2*x(H1)00%EXIH) =/ L0095 *CHx02)+6009S*CHX6TI=BAAST 600 200100 |




I DAVIIN ALITAD

\~.umwlmmm*n1+<mmv*n:*omxlnommlmmm*nzt<mm.*nr*mAx,nw@mzou 000~ GATIND T ]
(SATL+2%x(0€) QQ#EXTILI =/ ( { 19S5+ 2GS*CHEYAS ) *¥CHAB T W= one H61100
{ 29S+99S*CH=vaS ) kCHAL TH+ ( (0S) AA+ (82)a0* (B2 AAY % (62 AAXGZT 1=G 000 CETTIND |
..cnvoo*ﬁmmv>>u.mmv>>.*ﬂmm,oa*ﬂon.oc*Amm.>>*nyap|,.on,:o*.mm,>>: 600 ZeTIng
+(62IANY*(82)00* (6Z) AAXSY T ) =4Q2N02D nog T6TTO0
(GATL+C**(0)aa*SXT L) =/ (((OS) ANk (B6Z)AA={BSIAAX(82)00% (0C) ONOE 000 06TTON
262 AA(GETAARTOCY U (82)AA=Y *SATLH (TOEYA0* (6ZYAR=TRZYAN Y + (0L AN 604 APTTN0
! *(0€)Q0KSATL=((0L)AAR (G2 AA+LOCIAAX (0 Q0¥ (62 ) A= (B2 AAX (82) QO*T 0no RUAS Y
e (62)AA=) % (0C)0OXGXT 1+ ( (0F) Qa* (BTIAA+ (6Z) ANV F (OEIAA+GXT LY ¥BZNOD 000 L0TT09 |
w0 SLENGIFHELENOSHYYLENOIZL 250D Qoo agTT00
] , GWl=/ ( (L+H9S*CH+YUS) *2T13Q+ (1L +895xEH=VOS) £ T T 1I0) kWOAN==ILEIMOD 000 S8TI00
o GRl=/{ (RA=HES=DUS+(LZ)00) x@2M+ (LA=NAS=NAS=(22)00) T 000 HeTTaN
55 * LW TIONSIGEFORS T (LY 00) %92W+ (S ASHAS+AS=TLZYAQY*EIZNY ZA[2N0) 000 CRITN0
el Ginl=/ (0Q0S*¥0EI=0USk6TI~FOHS* B TI=LAS«LTDI~2 neo 21100
e ORGHL+( IHS =G SkCH+YHES ) %0 CH=-( FHS=HAS K CH=YAS) x5 TY=T 000 121100
o) { umw+mmu*nz+<mmmmmmmuﬁxziuumﬂnmmwmmn<mﬁ,xNﬁxu 2YLINGY ] ORITOD
o) 2SN0I=02SH0 ) ono &LTT00
ot IG2ZMOI+AGZNOD+YGZHODI=G2S5MH0D 000 @LTT00
s, _ SAI=/ T (aT9+4AVS Y *x&TFAF (FI5-AdS)Y * L 130V %G T9%=22362M00 000 YA S il M
5y GWL=/ ((9TU~1ES=~SHS+(G2) Q) %N+ (S THHINS=SASH(52Y0M T 000 ALTT20
! 1L W+ {HTU~LHS=SES=(62) 00) % 19SH+ (£ TUH1HS=5gS5- (G2) 00) x1G2%) =AGZM0OD ono GLTTON
| TGRS 7 TGS (07 5¥16 101 - T 000 LTAS L
5 ISR (TIBIN+LTD) =HIS* {102H4+T16 TH) =938 (I8 THHALTYI =) =¥GENOD 0ng cLTT00
" OHZNOI+ANZNODN+Y HZNOI=HZEM) 0nng 2LTTIN0
£ HZY1=7 T2 TU=dgS=085+ (6T)0Q) *TheH+ (T THF 95 =-0HS ) 000 TLtIo00 "
ze! .oaxuammaommc.mﬁVoov*4N~x|A¢m+mmm|onmn.mﬁ,*a.*Jaux:,* Q=0H2M00 0ng GLTTO0
e} HZIL=/(825% (T9T247GT) =V ISk (THTI+1CT D) +1 000 AaT1060
al 32S* (OTH+IAS T =A0Sx (W AT T ) #hO=ghe ) aeitoa |
e! nZIL~/ 00 (H2)aa~(2T)Aa) #h2IX={ (12) A (SZIAA=(SZIARI % ((ECIAZ noo 191100
¥ A=(H2) 00 (Z2IAA=) xHATL=( (121 Q0% (22IAA+(SZIAA) # (22) AAxHXT 1= ((42) 00T 000 a9T1nn
@ ¥ (22 ANH (CETAATH(REYOA¥ (S2TARIXT L+ L T2V ARK (ST ARTHHZTI = vh2NOD 000 nmwaaolxg
o 3CZNOIHOCENOD+ICENOIHIE ZHOI+YEZNNIZCZSNOY 000 491100
se! (S (22100 hZTL+2* (h2) QOxHATL+uXT L) =/ (( (52100~ (TT) 00 *Hh2dN=2 000 COTTNN
” C (MANGS-Ras+ (12100) ¢ Uxhe=(CA=NIS=WaS=(12)00) % axted=T 000 2eTT09 |
e (2A-NGS+NES+(T2)00) * Q%220+ ( TA=NESHNES=(T2) M) % QxT2HI=IECSNOD 0no 191100
&l ] ~ (2x+1 000 091190
2 (2 QTFR? T+ x {1 Q0¥ nAT I+ X T =7 ONvS*TE* 9T O+ GRS« nxG T+ T ) AETTAN T
o HNYS*TTI*xhTI=CNYS*haxgTI=( DYS=0YS*ZH+WYS) xhQx9 TH) Z(ICTMOY 000 I=h 8 il
¢ (2 (22)Q0*hZIL+2xx (h2) A0xhATL+0XTL Y=/ ( BYS~0YSL 600 LGTI00
& *CH=HYS) « IO+ ST+ ( BYS+OVSHSHHNYSY *¥hxhTN=T BYSFOVE*EH~4¥S) I 600 HETTAT T
= 2hOxETH=( (SZIAAK(C2IANI % (22)AQ* 21 L+ ((N2IAA+ (20X (C2Y AN % (22I ANG ong GGTT00
» *hZ2T1)=2¢2M0D 000 2aTI00
5t (2axx (22 AU*TZ T L¥exx (H2V OO AT T+ X TV =/% 000 oLk & 112 I
v (LS AAR(ERIAA=(22) AAX(22) AUx (h2)aax (S2IAA+(H2) AN (H2) 0h 000 PGTT00
! *.umv>>|v*ﬁswvao*:>~hn.mrmvao*ﬁmmv>>|‘mm,>>v*ﬁzw->>*¢>db|~A¢vuagn 000 161100
” * {E2YAA=(ESY AN  *x (C2VAATL22Ya0¥ THZT AGxhTTI 1Y 2uc?iing 000 [4=2 & $114]
" (Sxx(22)Q0%HZ1 1484 ¥ (Hh2)AAxHATLHOXT L=/ (L {DBZIAAX(ZZIAN+(H2Z)AAS 000 661100
ot *(H2) QU (EZIAA=(Z2IAAR (T2 QA% (E2IAA=) :UXT L+ ( (M) DU (S2IAN+(S2IANT 0no ah1T00
: * (RSYANK (H2YUO*EXI L= (1H e ao* (22YAA+ (€SI AN % o T 600 ThTIT00 ]
(2E)0Nk (SSIANRHXIL=)=  vgeH0)D 000 ahTI00
. 422NOD+ARZNOI+QTENOI+IZENQI+HTENOI+Y2TNOIZ2E5HND 000 CHTTO00
J (RATIFExx (R2Y AO*hXT LI =/1 6no HHTT00
g ((VL+OYSATHHNYS ) * 0T 130 (TTL+0YSHSH=WYS) 6130 *ZHAWOT U= 422M0D 000 cHTTO0Y
| - (hAT1+2xx(H2) € 000 ZHTT00 |
¢ 0a*hX11) =/ U(2Tu=das~-005+(6T1)0Q) * Hxuey=(TTu+dHS=0g52 16T A0 * e 0no Thiion
2 *EEH= (0 TH=dOS=0uS=(6T)00) % HXx 122U~ (6M+dAS=0FS~(6T)A0) % UxTTZN=2 oo GhTITI00
: {hA=NYS=yS+ (T2) aQ) *hplxhed+ (CA=NUS=HES=(T12)09) xhH+ETH=T 000 AETTO0

e

R
a8 .

=
o

s




ALIN AN

1= .u.uvns< Noo 262100 s
ST=(I¢1) iy 0no TG2100 ”
. CI=(I4TICWY 00 062100 55
$T=(141)20WY 000 AH2100 v
£41=I 10T 00 oang ahZ2I00 s
_3ANNTAMOD 191 ang LH2TN0
*T=(1+1) Twv 000 SHZT00 .
: HeT=1 (9T o0 000 CHZING o
M : . 2 0ono HhZ1I00 o
$SIOIHIYW S OLNT °*SNO3I g31dN0D 9T IHL 31140 3 000 CheTOn or
3 000 2HZT00 o
Twy=1 LD TheTOnn 5
ZCCSHIAA*TIX= (ST AA=(ELI AN % 22+ ( (S) Q0T IX= (€)1 a0- (£ AQT # NI =CCSHOD con CH2TGO T
TWA=/(TL{2YAN=(SCIAAY 24D+ ((2) Q= (2L 00 % M) =ZESMOD 000 AEZING .
Twg=T nno Pe2INY o
ZE D AAXTIXF(TIAA=(TCIAA) %42+ ( (YA T IXH{TYAO=(TEIAA) * MY =TCSNOD 600 /¢2t0on er
J0ENOI+80EMOI+YOCNOIZEESNOD 000 - a¢z100 -
GZT1=/((9TY~LBS=SGS+ (G210 * a* 16U+ (GTH+1ES~SBS+(G2)a0) % (%T1L2W+T 000 SC2T00 e
: (hTH=~1gS=SgS=~(S2) Q) * (*N92M=(CTU+LHS~SHS=(G2) AN * ¥GZM=)=DIOCNND 000 HETON T e
; GZ14=/(a7S*(1072+1610) ~T 00 ceZT00 i
208 (I8TI+TILTI)+HISH (MOSH4TETNH) =925k {3 IH+ILTH) ) *SO=0ENOD [ls] 262100 @
GZIL=~/7(((0S)UU=(8T)AM %GE1N=(2 000 T¢eT00 %
(0€)1a0G*(62YAA=(RZIANY % ( (B AA={0S)AA* (BE) AA=) xGATLI={ (0C)N0x (92)AA+T 000 oez2Inag s
(6S)AA) % ((BSIAA+(0C)COX(ETIAA=IAGX I L= (HZIAAX (62) AAKGZTI1ITYOENOD 000 A2ZT00
462N0I+362ZN0I+06ZN0I+I62NOI+HAZNOI+YEZMOIZHZSMOD 000 EEEALD) e
i (Sxx(B82)QO*GZ1L+E## (0C) TA¥SATLHEXT L) =/ { ({62 A0~ (LTI CU) *¥GLdN=~2 0no L221G0 2
_{BA=HES=0gS+(L2) Q) % (8EN={LA=YHS=0I9=(L2)00) + O#LZy~T 0na OeZIN0 i
(ONA=4gS+OHSH (L2)AQ) * O*x92U+ (GA=HESHOHS=(L2) AN * O*xGeYH) =46ZM0OD 0no Ge2100 o
; (2% (Q2)Q0*S2T1L4+2%%x (08) QQ*GATL+GXTL) =/ 000 422109 e
28 {009S*S0%022+60185%xG A6 TD+AAHS KGRI I=LUBS*Ga%xL TD~) =362M0) 000 £22100 »
(Zx(Q2YO*GZI1+25L nno e2ZI00 e
; x{0C)0Q*SATL+SXTIL)=/ ({ JUS~HASHEHHVES) * QTR 02N+ ( IHS~ NS KEH=YRSL 0ng 122100 w
! 1RSAr6TINH( 2854905k CHHYYS) xGu*B T~ DISHOGSRCH=YAS) 4G LTH= 0no azzinn w
. ((GSYAAF (GZTAN x (82T 00%S 7T LI =062N0D 000 612100 I
_ (2*x(02)A0%G2T1+S 000 R12T100 o
2** (0C)QUSATL+GXTIL =/ (((OYAA+(8SI AU (H62) AN X (BZIANXGZ2T] ) =06ZM0OD 000 LTI2T00 w2
(Cx* (G2 OO G+ x0TV OU*S XY T#GXT IV = /¥ LIt grzInng T .
! CCLOEYAAR(BTI AN~ (BTINAXLBZ)QG* (0C)AC* (H2IAAN+(DE) AN (0C) OOk (RZ) AN~h ong Q12100 o
W YR {0E)CAXSATL=((OC) UG (62)AA={BSIAAY X (DS YAARSATL=( (0 OO%(6Z) AAL 0no 412100 51
={BSYANY ¥ (BZTAA*(8EYAa*x (0T T A0%GAT1)=062110D 000 TR0 ot
(2 000 212100 T
Sk (8C)UN*GZTL+24x (0C)QUFGATL+GXTL) =/ (((DC)AAX(Q2) AA+(OC) AAX(0E) 002 000 TI2T00 o
* (62 AR=(82IAAXTH2) gU* (62) AA=) +SXT L+ (U1 0A* (HEYARF IE2Y AR+ (0RYAAT 000 BT2T00
*(0€) QUASXTE=(10C) Qa* (8ZIAAL(62IAN) *(BEI AN (G2 QUASXTI=1=  YAZNOD 000 &0PT00
93EN0I+482NOI+IBSNOI+ARZNOI+I0EN0I+HIBENO N+ YR 210 I=Q2SNO D ano 202100 o
(SATL+C*%(0CYQO*¥GXTLI=/T 000 102100 o
(CIL+8ASKEHAVUS ) %2 T1A0= (1L +EAS*EH=VAS) ¥ TT130) * CH+WOBN=9RZMOD 000 Qp2In9 u
_ (GAT1+T 000 G02190 a
SHx (0X)Ag*SXT1) =/ (005402 0-6095*6 T+ 80AS*8TI=LG85+LTD) *CHZ JRZN0OD 000 7927100 .
. (SATL+ZH % (CEINO*SXTL ) =b 0no €02100 .
Z{19TY=L8S~505+(52)aa) % H*xJeZA= (G TH+10S=SHS+(G2) 00+ H¥NL2y-C 000 202100 .
(hTH~LES~SS= (G2 10A) % ¥xT9ZU=(CTHH LAS~SHS~(G2)qa) * Y*G2HU~2 000 162100 N
(BA=HES=DES+ (L2) 00) *SHARZ W+ (LA=HAS=BES=(L2) 00 *GHxLZ%=-T 000 002100 s
(FA=ES+DESH(L2) GUY *SHXILHH (SA=HAS+0AS=(L2) 00) ¥CHxGSM=) =38ZM0OD 000 66TI00 i
(GATL1+2+* (0€)A0xSXT LV =/ (G255 (0204796 TD) + T 000 RRITON ¢
0S¥ (IBIO+LTI I +HISH (102H+T6TH) 4995+ (1R TH+ILTH) ) #GH=-2(192N0OD 000 L6TI00 1,
{GATL+24%(0€)QQ*SxT1) =T 000 96TT00




- e e

=

VORMENY 0D MYOALEN \CLJQD
; *0=(L)vY 000 6NeT00
i (h) Tys( vy 000 202100
(SITy=(SIyy ono 408700
(2)Ty=(h)yy 000 apcINo
. €SHOI=(EI VY ono GOET00
: oy i VﬂZDUl .Vv vy ,.:,o 0 :.@n.ﬂo::.%i.,
M (TYTv=(1)vy 0no $05T00
' 3 000 208100
; SAIBVINYA *NT1320V_ONIANOJSINNOD OL NOTLNTOS NOISSY 2 _ong T0£100
2 009 00CT00
(TYYITISYTO 0 COOP NI L SWY) DIWIST 1VD 000 A62TNO
(THUIT*HY T0°0C¢IP¢HT‘Cehwy) BIWIST VD ono 262700
(TUNIT/CYTO 0 'CIOMaUI‘CCWY) DIWIST TIVD 000 162100
(THYIT2Y¢TO 0 'CoOPUI*CSWY) HINTST Tv) 000 a2 100
CTYYIT ATV I0°0H D00 UTIh Tiy) BIWIST T1IvD 0ng G62T00 |
5 000 h62100
IXTHLVW 3HL 3ATI0S 0L BIWIST VD 2 ano 62100
3___o0o 2627100
DESHOI=(hC) Gy n00 162100
(R2)NNA=(2¢¢C) GuY ong om 100
62SNONZ (44 2) Sy ang 2100
(2%x(82)A0*GZ2I L4264 (0C)AQ*SAIL+SXTIL) /(82 UM*GZTLI=(€42) Gy 000 nnmﬁso
(2% (92)00*SZ2T142xx (0E)UAXGATL+SXIL) /7 (0C€)QO* (SATL=GXTILI=(T*2)SHY 000 182100
82SNOIZ (44 T)SWY 0no aaTT00
(SATL+E¥x(0€)00*SXIL) /7 (0€)aa* (SATL=GXTLY=(2¢ 1) GnY 800
H2SNOI=Lh g iy 0no heZInNn
(22)00=(24¢) by 000 £RZTON
CTSNOI= (h*2) hiw ono 202700
(224 (22) QU HZI L+ 2o (42)QQ*HATLHHXTL) Z(22)UQ*HZTL= (€4 2) by 000 192100
(2%%(22)00a*+h2T142xx(02)AQ*HATL+HXTI L) /{h2)aa» (hATL=hXT L) = (T4 2) by 0no £ez100
22SNOIT L h ¢ 1) hiy nnp 622100
(DATL42#x(h2)QG*HXIL) 7 1h2)QQx L AT L=HXT))I=(2¢T) by 000 /L2100
] BISNOIZ(H¢C)CWY 000 hnnﬁoa
(97)Y0a=(2¢¢)Chy 000 912100 |
LISNODI= (hé2)FWY 000 Gl2109
(22 (9T) QO*CZIU+2x%(QT) AO*CAIQ+EXTQ) /(ITIAQFC7TA=(£42) CWY 000 h12100
(2xx(9T7)1a0*EZT0+ 2+ (8T)AQ*EATA+EXTIA) 7 (8T QQ* (CATH=EXIA)I= (T 2} €Y ong k4 hili]
; AISNOIZ (he TITWY 000 242300
_ .n>Hm*m**.wd.oo*nxnm.\.mﬂ.oo*.n>.:1nxanv|nm.avﬂz< 0no 142100
ZISNON= (hig) 2wy 000 942100
(0T)ON=(24¢) 2wy 000 692100
- TISNODIZ(H92) 2y ano P9ZT0N
(2xx (0T QO%2ZI0+Sxx (21)QQ*2A18+ZXIG) /(0TI UN*2Z = (§ 12) Wy ong 192100
(2% (07)00*22180+4+2xx (2T ) 0a%2ATE4EXI8) /{2T1Q0x (ZATH=SXINI=(T142) ny 000 992100
0ISNNI=(h'Y 000 692100
(CSA194+2*x(2T)00+2X18) /7 (21)aQ* (CA1H=-2XIAI=(24T noo ELTAGL)
GGNOIT (G 4) Ty ono £92700
(22 TO*ZWEASHTZIN /I QOKTZI = (C 4 h) Ty 000 292100
_ GSNOI=(G /) Ty 000 192700
(Cxk () AQ*TZ1042x% (9)QOXTAID+TIXTID) /()1 AOXTZID= () TNY n0o co2100
(%% (h)Q0%TZ1I42%% (N AQ*TAIDI+TIXID)/(9)QQ* (TATI=TXID)I=(2¢¢C) THy 000 662100
hSNOD=(Gi2) Twy 000 CLTA D)
(2xxTY*SWEAXS+TATI+2A* (9)A0*TXID) /(D) QQ* {TATI=IXIDI=(£42) Ty 000 162100
.N**aMmWSKMWMHwMU+«**onao*ﬁxmu,\dx*mzm*mu (1T42)Twy 000 ag2100
ISNOI=(S Y)Y Tiw 0no GEeT100
(CWH+SHA+TWA) /TUXZHE*2=2(24T) Ty 000 hG2100
INNILNOS 10T 000 £62100

DK




S S S 4 fiw F N ]
AR AY \.,LM; 7 ..,.LD

I3 an3
N3 0no 2G6€100
NHNLTY €9 000 162100
: (c*0147 0090 CSETO0N
SN ¢X2 E 0T 44,410 XS4 0T 4 UB X2 0T A oAU ¢X0T /) LyAtOd €he 0no 6HETOO
08d049Mda16Ld04SEd0 (ENCS) ILIum o000 oHe100
AHS*CH+VES=0R/d0 ono LhgTINn
AAS*SH=YaS=6/d0 000 9heT00
OYSHPH+WYS=Ihd noo SHCT0D
i OVS*ZH=WYS=GC 40 00g hheT00
w 3 000 eneTnn
_ IWIL INIMd dv SNOTILD3NAIA ONIHAS FLNAWO)D o) 000 Zhe100
i 3 00o THSICD
; (yy} 0C0GI T1IvD 49 000 0HeT0N
i 2 000 ACCTIND
i viya 1S31 avod 3VIW 000G 3HL HLIIM ONINVCWOD MOd4 NOILYWHOAMI 3ILVHIANAS 5 000 aeCc100
M : 32 a0 41£C100
: HOTHGICH (INTLd=1) 41 000 ageron
: CESMNI=(CE I YY 000 GECIC0
‘ 2ESNOD= (28 vy 0no hECTON
TCSMOI= (TS VY 0ono £EC100
(SIGY=(02) VY 0no 2¢CT00
(2ISY=(62)VyY ] 1e¢T00
(T)Gy=(g2)yy 600 0eeT0n0
L2SH0D= (L2 vy nog A2¢T00

9ZSNOI=(92) vy 00D RZCT00 |
G2SNOI= (G vy noo 12€100
(Sryhy=(H2)¢y 000 a92CT00
(Zyhy=(€2) VY 000 G2eI00
(Tyhvy=(22)yy 0no H2e100
T2SM0I=(T2) vy a0 £2¢109
} 02SNOI= (02 vy 000 226100
61SMOI=(6T) VY 000 T2CTI00
(SIcv=(AT)vy 000 02¢T00
: (PIeV=(LTiyy 0090 61CTNO
: (T)ev=(sl)yy 000 P1CT00
SISNOI=(GT) vy 000 21100
HISNOD=(hwI)vy n0o 91€100
*0=(eTivy 000 G1CT00
($yey=(2h)vy 000 h1eTO00
(212vy=(1T)vy 0o0o £ICTOG
(T)2v=(0T)vv 000 21100
6SNOD= (A VY 0no TICT00
BSNOI= (8 WY 000 01CI090

67
ar
w

97

EGECECEE R

e




YIDIMZNY SO MHO .::, ” INNIRNS
- e e I e e e e . s
_:w
%,
21 e - e
v TTTTTTO00HaM TNTH O GO3TIX T
€5 I
s G — UV - AU | SO
[ .
o 100 ONIM MML L G820 $3dVl :oSp*S03TX=0
. i-- §0ITX T €020 0/21 7 d@Zo ovoy T T
ir
” g4IN e ~ Ntdm |
s
” 14540 anl Ch
4 14540 . — NHAL3Y .k
i 14840 A%dSENHZ(T+Y)0  ODT th
16540 (NeAxdd+ (TIAYANN=(THWI Y oh
or ¥ 40 e =A . 02_ 6T
N 14540 AzN ag M
o 138540 N=A%kdDI** 2+ () A= i€ |
u 19540 . L 24TY=dN=r _.9e !
* 14S4U dN¢2=110200 1 |
¥ 14540 SN IAISUNIIH FLNAWOD o e
® 14540 —— R LEPOEA e
nmm 14s 40 ‘o=N d
o 145 44 X=d?d 1c
e R L doxS+d4SxI=dS
s 148540 d5%S=dr*3=X
o HNN¢T=% 00T oQ
1 14 oo’
_ 1ys4a N T *d00T NIVW
. 1¥s4d . e ; U B $A £ 1NENS S
1¥s4d (IYA+(TYY=(T)VY
= 18540 dNT=T0TO0
o T ws4a T T T T T T O INOwYYH HioY3azZ u_t HO4 v .._Sls.oo
el -
M -
THS O AoMyImNIs=S
e 145844 (94vY}S03=)
o 14540 G9Z6GTHT * CxNH=OUY
v 18440 I ‘O=(1)Vv
5 148540 ‘0=(1)8
v 189S 4d dNZ 2N
£ 14s40 e X240
u 1HS 40 *0=dS
1 . - - . U
. . 1us4d_ . SGINVLISNOD QONY. zoC<u3<::: R B : R
. U O
J (2/dN* zz_oszurzz L
2 L o 0 2 e e O s o om - [ | 9.
’ “a3LN4NT SINIOd viy@ J0 M3aWAN IHL o) ]
g 47vH 0332X3 10N 1SNk SOINOWMYH 40 HIaAWNN o 4
Y SO cortoto-butudiiigomboviosk . . I R
¢ 14540 (I8 (TIVI LANI A NOTSNIANWIO 2
: 16540 (g¢y*AHNSAN) ATHS 40 INTLNOHENS T
. — — e e T _ BT . ) L ATYSHA"SALLFI00HAM s




DFNT SO MMOO IR LI
DIAWIS T T T T T T T T R A YY) Say=Yarg ne
€ 01 09 (Y91A°19°((reTIV)ISAV LAN®) 4T 7 *h?
OIS INNTLINNY T R L
DINIST - CTOL OO (P IO Teny g7 T *i2
N BINIST TNMeT=r T o %02 17Trn
S O3IWIST € 0L 09 ((TTINT*DI*TY 4y *G2
i DINIST T mT T mm e e TTTTTUINYOTSTT T an *h?
BINIST o e ) *C>
03IWTST *a3sn »o<mﬂ.§..m»ﬂme,mb.m.ib.ouE,.z,:ouou ANY @0y ,Suz.. e SN 1
OIWIST - 3 .
0IANIST 2 0L 09 (nemItTHY) : 0>
O3INWTST NIT=P € Ap *QT
OINTST T TTUNETZY € an T sgy T
DINTIST Osp=Vorn */ T
03WIST - T *#0T NnTTNp
OINIST CINIWTII Hzim‘z:z JW FHLTHO4THIEYAS TN IR T Y T 6T T T Tty
O3WISH - - - B R ) hT ATTAR
DINIST T=M=TWY *CT 0TvNQ
OINIST o T2 an T T T T  kr T e YA
DIANWIST T+M=TAN *TT wovag !
OIS ———— e et I *NT_ €0Tng
DINWIST - 1:1!.Jx:ouua.mulz_d.w.,».,*szﬂAm( JHY NTIgaa ~ T TR T Tas” ehTan |
OIS - T e e
OIWIS (NIXINIIC O (NIYT 4 (NXYIWNYY NDTSNTAWTN R
0IWIST e e e T L e e e e e e s ————— 5
: 93AWIST SNOTHILTYY I0ATY WANTYYRW 4L HLTY AIWINAG b}
OINIST __NOTLONAAM NYAYHOr=-SSNYY JHL OMISN SNATIYAST 3TyyRI9 Y yuv3Imyy 9
BINIST .a-:waauzﬁl_azma.-wo 13S Y 40 NOTLATIAS IHL §51A4W0S INTLADNINS STuy 9
GUEHWJ— 0 s 4 - g T gy ™ - "y ou J
DIANTST :mmﬁ.x.ﬂmmfz.%.f.xs,.z.f LB R ...,:Soxa;n
TdN np0noo T 0nen TWM 2anp0n T 0n0n
% 100000 1 000N rr 200000 1 0000 NP 110000 T 0N0O 1™ &7000N T Onnn f cnnnho T annn
WYITO0T0000 170000 YWY €T0000 170000~ €drNITOT0000 600f T T TIYTBpnonn Y 2.:5 T eanpnn T nnln
! v¥919 ¢00000 ¥ 0000 MOry. 210000 ¥ 0000 L 820000 1N00 T 24T0N0 Tonon ¢ czTnoe 1000
w 9202 152000 1600 T2 0TTON0 1000 92LTI 0CZ2000  TNON 49T naZnnn  Tngn ___9IGT nyTanp  Tn0n
90T L0000 Y000 9¢2Y 696000  100A 89T HSN000  Th0A T BETT ¢hnandg T Tono T sant tengno  Thhn
~ (FWYN INOTLYION SATIWIAN 3441 30 0)  INTWMOTSSY Joyunye |
— $EMYIN._ gafa |
(3NN 4%D0TA) SAINTHIAIM WMHIL YT
000000 (ZINOWWOD NNYIR 090000 (0) VIV {60000 (T)INND 2113ISN IaWDLS
e2¢0N0  INTOY AMINT DIYTSY INTLNOMANSG
(6T) nRi?CeGTG)/6N/hN=HTTE Ny
AITSY Saurdm

&

3



IS Y/ e N A

PR ANV IS W 3w \..y«.« .mxm.w. *\Nw
- e e 9noHA%  NY4 CNIATY

“ TIR .
br, £
v 1IN0 ONTH WMY [ Ga30 s34v| coguanpatveTr | |
b4 . _ SOAYX Y= 8R2N H/PT  GOZO Twoy o n
Sy i
- G4IN MY am oy
34 T
o - SEATESONOVIN T ONT T T TTTENOT LY T A0 A0 AN T,
. OINTSH ’ T T Aany T T T T T xe@ T TPy ean
N DIANIST NMN LN Q0 TYPnQ e
e DAWISY T4+oTHNIY %0 0T i
LY QMZHWJ. - o - |.l||-ll..ll.|l..l - o O - .llx'”'lJ o *Dmnll,; DDJDD 7 ¥l
se 03NIST SHHNEIY INASEIIING 2 *CO an?ap |«
ve O3IWIST - B et el et I xho an@an
oo OIS (TANCINTY Y= (TP ¢ T T xea T anman e
ol OINIST (1y9r=1n xze en=np e
o BINTST (TiuT=TyY *T0 CLELTL G
. OAWIST B T £-3 S I Ve MY L R /(T 1P St
. OINIST - e e e o 20 e e o *66 ajvan
s DIWIST SAYMMY X JHI 0L L1 HI4SMYML ONY NOTINT0S AL 1080y Y xpeo
) OINIG Twaw == e — - ——————————————————— - ————————————awed) ¥} C
2 DINIST ANMT LMAN *0c
s . OIANTIST (POIMTIYENINY = (PITYIV= (N ITyy O ) *GG
v ‘OANISTT — T - T JdNsTzpr 9 na T 7T wng
st DAIWIST (MNP Tyy=MINY *CQ

BIWIS , L DL 09 (MMTedaeT) 47 *2C

OANIST T T - I (TR €5 SV AT I RS 41

BANIS Y- L e e ——————————————) 00

DINIST *NANT0D Hi ﬁxvuv IHL NI ahzuquu ON37 MOM IHI TIVMTRWI 2 *hh

OINTSA - e PP oy e S i touiy., B - 14

DINTST YOI/ (PIMETIV={redHT Y § *xLh

EN & TdNsT=r G nn *04

COINIS T T T T e U T TtIr T yy=Yore - *Ch

03WIST (R Reiak bl *hi

DIANIST o - L MIEMNT B #Ch

O3NIS (e e ——— - B i e, I *?h

DANWIST b A zuzu...u 10ATd JHL 22 TVinN e} *Th

BINIS Nwmm - —-—— mrmm e e —— e e ————— - ————) *Nh

OAINY WJ e S T T T T T T T T e e ZXDA_. aM ’ T *wnpv

BIANTS TezTHMIY xQc

BINTST __h 0L 09 (TSATejleyaTaeinne) 47 ) .7

D I T G e e o o L L e e L e e e e e e e 0 2 0 e 2 5o 20t i s s B e 2 B o e ) xor

DINTISI *1SdI NVHL HILVIN9 ST INIWITI LOATd WNRNTXYW THI 21 39S D1 ¥ b] *GC nhTan |

0INTST - - . ——————_—_— = o e ) ¥He HhTag b

DIANIST T T T T T T T T T AT NNy o x0T T THhTAg e

DIWIST 3:3:.43 *>C ChYAap

DINISH 3:,: *1¢ ZhTno



SO META

i
LA !

A «M\/i H C,M\M»w

°SHY1SONOYIO  ON

INOTIVITdNOY 40 ON3I

CUU(3WYN INOTIVS0T IATIVAIY 4 FdAL ‘.xuo..m._....

T T $d01SN 2100 o

MydX 1109 "

: e SOOMN 000

o T o 20N~ Ln0n st
STOIN - 9000 S

L SNOMN - gaBp - T b

- - TEMININ #n00 21

NS0 £n00 u

CIMYN-+93098) SIINIHFIIH WNHAUXY T,

8

000000 .v.zozzaulzz<Jn|d~sn«o (0yv.it ‘¢mwa;azﬂ4w¢aou $13SN F0¥N0LST T
WYHOOHd NIVW . b

“ INIWNOTSSY ISYNO1S

.o: LI Y on o«..n:\.s?olfnm NOd

o4 St

P-4 &

L A ~ CONI 22 oe100 s
; 4035 ot *12 2hT00 |-
| 16 01 09 %02 THTOO s
; (C*9JIXCTICOJeXCT N ATAIXTT /) IVNNOS AE *6T  0hT00__ o
.a,amm..nvmz<.~v,suxu (0€49) ILINM 02 *87 T2eTne o

K947130/2%+ (1) dWY= (P OGd =Y C1€T00 |

L AJOUARLS(A)O/Y 9T 0ETN |

W SUO%H (e (1104242 (1IV) = (1) AWy *G7Y L2100 v
| T-t=r *hT ETAGT I
T0T¢2=T 02 o0 *CT £2100 i

. CaZH/2% 99,1 *2t T22req v

X0T4s (9) JONLINAWY.#XO0Te4 (ZH) AININOIYH,4X9¢///) LYWMOS 0T 344 22100 |

. . (0T49) ALTHM *0T 02700 o

(Y OXTHNGENY  3INSHa Tyy 7 77T T T ee T T T T e

AIDIMI=234730 *8 S 9TTAg  ju

| 00IY¥3d/T=A50Tn4 *l gTT0O0  ja
TU6*h=q01y3d *9 hTYNO T %

T02=dN %5 £1tno .

00T=uN *h 21100 it

(XHTITVII0TIX9Y LyWi0 TTT *¢ 1TT00

; (Y024T=I¢(I)A) (BT=ONI‘TTT!G) Ovan 16 *2 £OY00  in
, (T0T)QSde (TOT)OIUA¢ (TOTIdWY 4 (T0TIQ4 (TOTIV (TN2)4 NOTSNIWTO *1 10700 |«
. ) [0

114

A 000000 ¥ 0000 0Sd gCTT100 ¥ 0000  COI¥3d SOCT00 ¥ 0000 dN 40£100 T 0000 HN c0ocT00 T 0000 5

r 0I£100 I 0000 1 20£100 I 0000 AJ03ud 90CT00 M 0000 - ©IUd 022000 ¥ 0000  AI4730 00100 ¥ ON00. i

87956000 ¥ 0000 dWY ©29000 ¥ 0000 Y 11c000 ¥ 0000 16 200000 1000 dog ogerno” T0n00 2

78T 017000 1000 9h2T SHO00O0  T000 4117 TYC100 0000 9507 110000 1000 40T HTeIN0  0N0O &

N4y |




105

APPENDIX C
C-1. EQUIVALENT VISCOUS DAMPING COEFFICIENT

C-2. DETERMINATION OF SUSPENSION SPRING STIFFNESS FOR A TYPICAL
TRUCK

C-3. BENDING STIFFNESS OF A TYPICAL TRUCK BOLSTER
C-4. DESCRIPTIVE DATA FOR A 70-TON BOX CAR

C-5. TRACK INPUT EQUATIONS
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C-l. Egquivalent Viscous Damping Coefficient

An equivalent viscous damping coefficient is derived on the
principle of equivalent energy dissipation for the coulomb fric-
tion losses and losses by linear viscous damping.

For a non-linear damper, let the friction force be F(x, x)
with motion assumed to be x = A sin wt. The energy dissipated
per cycle in this model then becomes

By, = [F(x,x) dx

fF(x,:fc)%’é at

fg F(x,x)x dt

Awfg F(x,x)cos wt dt

where T = periodic time = 3% and
A = amplitude of the assumed motion.

For a linear damper, F = ci, where ¢ is the coefficient of
the viscous damping system, and the energy dissipated per cycle,
for this case is given by

B

JF ax

[ex ax

fg c Aw cos wt(g%)dt
2

Azwcha cos“ wt dt

a2y2¢ g-

= TTAsz.

It is assumed here that both systems, the linear and the nonlinear
model, have the same amplitude A, and the same periodic time.
This model assumption is shown to hold good at a later stage, when

the model is compared with test data. Therefore, for EL = ENL’
we have
c =3 [ Flx,x)cos wt dt (1)
equiv. TA /0 !
Analysis of a Typical Truck'Dampinq System
Refer to the free body diagram (Fig. C-1) of the
friction shoes in the upward stroke, ZFX = 0 gives
N; cos 6 - F; sin 6 - N2 = 0 (2)

ZFY = 0 gives
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P

FIG. C-1. FREE BODY DIAGRAM OF A TYPICAL FRICTION SHOE
DURING UPSTROKE
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P ~-Fy, —N; sin 6§ - F, cos 6 = 0 (3)
with F; = Njua i (4)
F, = Naa (5)

we have four equations with four unknowns, F;, F,, N;, Ns.

Applying specific values, based on data supplied by a lead-
ing truck manufacturer, where u; = 0.5, p, = 0.37, 6 = 35°

P = 3220 1b
we can solve for Ni and N2, giving

N; = 2730 1lb

N, = 1452 1b
So, F; cos 6 = .5 x 2730 x .819 1b = 1118 1lb.
and F», = .37 x 1452 1b = 537 1b

Therefore, the total vertical frictional force exerting on the
wedge-shaped friction shoe on the upward stroke

F,=F1 + F, = 1655 1b
Based on experimental studies performed by a truck manufacturer
on a typical truck, it was concluded that the upward damping
stroke dissipates 65% of the total energy in the cycle. There-
fore, the total damping force per cycle

F = 1655/.65 1lb = 2546 1b

This is the quantity assumed in the earlier analysis (equation
(1) for the equivalent viscous damping) to be F = f£(x,x). It is
seen that in the case of this typical truck, the force F can be
modeled as a constant in this analysis.

The coefficient of viscous damping then becomes

_ 2546 T _ 10184
=~ Jo cos wt dt = “mon

This model holds good provided that the basic assumptions relating
the linear and nonlinear motions are not violated.

Putting w = 27f, assuming f approximately equal to the
frequency of excitation, the amplitude of damping oscillation

A 1/2 (suspension group travel length + static deflection

on suspension group)

1/2(3.6875 + 2.29) in = 3.0 in
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So, C = 10%84

217 £fA
172
£
This value of C is the equivalent viscous damping coefficient
[1b-sec/in] for the typical truck damping system.

C =

C-2, Determination of Susggns1on 4pr1nq‘St1ffnesses for a
Typical Truck ‘

The typical truck considered has three series of suspension
springs classified by spring travels. The type with 3 11/16 in.
travel is chosen to conform with the suspension type in the test
truck of the 5000 Mile Box Car Vibration test. There are two
suspension groups/truck and each group has the following
stiffnesses:

Spring Spring No. of Total Spring
Designation Rate (lb/in) Springs Rate (lb/in)
Outer D5 2140 7 14980
Inner D5 1070 3 3210
Side Spring Outer 984 2 1968
4143-2

Side Spring Inner 439 2 878
4143-3

Total suspension stiffness/group = 21036

This suspension group stiffness is represented by two springs
in the mathematical model, and hence each one has the stiffness
of 10518 lb/in. When the truck bolster bending stiffness is
incorporated into these springs in the model, their stiffness
value will be slightly lower.

C-3. Bending Stiffness of a Typical Truck Bolster

Before computing the bending stiffness of a typical
truck bolster, the area moment of inertia of the bolster has to
be estimated. Based on the mechanical drawing on the typical
truck bolster on p. 831, CAR AND LOCOMOTIVE CYCLOPEDIA, 1966, it
is assumed that sec+1ons I, II and IITI are uniform enough to have
a constant area moment of inertia of its own (refer to Fig. C-2a).

The area of moment of inertia about its own centroidal axis
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is determined for each section and they are respectively

_ . 4
Iy y(1) = 501.57 in
_ . 4
Iy y(rr) = 811.3 in
_ . 4
Iy y(rr) = 1431.3 in

Assume the truck bolster is simple supported with a concen-

trated load in the center as shown,

the area moments of inertia

for each section is plotted in Figure C-2b and the corresponding
shear and bending moment diagrams plotted in Figures C-2c¢c and

Cc-2d.

Applying

Castigliano's strain energy method, and neglecting

strain energy due to torsional and axial loading, the total

energy in the

truck bolster,

2
I

2
dx + 3 f

dx,

and so the deflection at P becomes

1 L M
v=3lo =T

_ oU _
Ap = 57

L M

oM
O-E-T'g'ﬁd}(’*'Kfo

AG’J"dX

To find the deflection at the mid-span of the typical
truck bolster, the following table is constructed:

Section I Section II Section IIIX
Load Type Load 3 Load Load 3 Load Load 9 Load
p Ip Ip
o 1 o] 1 ‘ 1
Bending %(a~x) 7(a-x) 2(b-x) 7(b-x) g(c—x) Z(C—X)
Transverse o} 1 1 1
Shear 2 2 g Z g 7
Therefore, deflection
_ 2 ap _ 1 _
Ap = "E"'I-'l— 0(2(6.75 Xl)-2—'(6.75 X1))dx1
2 (b-a) 1
+ 557 [0 E(28.75 - x,)5(28.75 - x5)) x>
2 (c=b) : 1
S e fo £(38.75 - x3)§(38.75 - x3))dxs
2K ra, p 1 (b-a) « p 1
+ie fol DO Paxy + 2= [ 5) ( F)dx:
2K rle=b) , p 1
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FIG, C-2a. CROSS-SECTION OF A TYPICAL TRUCK BOLSTER

2000-

. _

Y, 1000+
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(e

FIG. C-2. AREA MOMENTS OF INERTIA

L

FIG. C-2c. TRANSVERSE SHEAR

FIG. C-2p. BENDING MOMENT DIAGRAM
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putting a = 6.75", b = 28.75", ¢ = 38.75", A, = 37.3 in?,

A, = 46.0 in2, A; = 51.8 in2, I; = 501.57 in%, I, = 811.3 in%,
I; = 1431,3 in4 and assuming for steel E = 30x10° psi,

G = 12x10° psi, K = .12 in the last eguation and after some
evaluation,

b, = .3395 x 107% p

Bending stiffness of the bolster

Kpop. = Kg = 2,945,000 1b/in.

Bolster Bending Stiffness Added in Series with the Suspension
Springs

We have modelled the suspension group per truck as 4 springs
each with stiffness 10518 l1lb/in. Incorporating the bending effect
of the bolster, the stiffness value for the suspension springs in
the model becomes

Kiruck = 1/(1/2,945,000) + (1/4x10518) = 41666.67 1b/in.

and the stiffness for each spring,

K = = 10420 1b/in.

Ktruck/4
With the bolster bending stiffness considered, the suspension

spring stiffness is reduced by approximately 1%. Hence, based

on this analysis, the bolster bending mode is not too significant

for this particular truck type.

C-4. Descriptive Data for a 70-Ton Box Car

WEIGHTS AND INERTIAS SYMBOLS
Total car weight on rail 223,050 1b W
Loaded car body weight 206,000 1b W%
Bolster weight per truck 1,150 1b W,, Wi
Side frame axle and wheel set 7,300 1b W,, Ws
weight per truck

Freight element weight 150 1b M, g
Car body rotational inertia 1,288,800 1b in sec2 I

about longitudinal axis ’ y1

Car body rotational inertia 16,650,000 1b in sec2 le

about lateral axis

Car body rotational inertia 16,416,000 1lb in sec2 I

. . Z1
about vertical axis

*W, = m,g, where g = 386.4 in/sec2



Truck bolster rotational inertia

about longitudinal axis

Truck bolster rotational inertia

about lateral axis

Truck bolster rotational inertia

about vertical axis
Axle~side frame-wheel set
rotational inertia about
longitudinal axis
Axle-side frame-wheel set
rotational inertia about
lateral axis

Axle-side frame-wheel set
rotational inertia about
vertical axis

DIMENSIONS

Loaded car body center of
gravity height above rail

Loaded car body center of
gravity height above center
plate

Center plate radius

Side bearing spacing from
car centerline

Spring group spacing from
car centerline

Side bearing clearance (static)
Spring travel to solid

Bolster gib clearance

Truck center distance

Axle centers in each truck

Distance between rail surface
variations

Rail surface variation, max.
vertical changes, rocking mode

12,000 1b in sec?
. 2

2,640 1b in sec

12,000 1b in sec?

19,200 1b in sec
120,000 1b in sec?

120,000 1b in sec?

98.5 in

72.5 in

7 in

25 in

39 in

1/4 in
3.69 in

0.375 in

39.5 ft

68 in

39 ft

3/4 in

H2 to Hs

GAP
TL

GIB
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Height of center plate above 4.5 in R,

bolster center of gravity
Longitudinal distance between 237 in D,
car body center of gravity

and centerline of front bolster

Longitudinal distance between 6 in
bolster center of gravity and
suspension spring

D, to Ds

Car body center of gravity 74.4 in B

above bolster center of gravity

STIFFNESSES AND DAMPING CHARACTERISTICS

Suspension spring vertical 10420 1b/in K13 to Ky
stiffness

Suspension spring lateral 4425 1b/in Ri3L to KoL
stiffness

Center plate and side bearing 666,000 1lb/in K1, K2,
stiffness K7, Kg

Gib spring stiffness 666,000 1b/in KGIB
Bottoming spring stiffness 666,000 1lb/in KBOM
Bolster and truck torsional 6,730,425 1lb/rad. KTy, KT;3s
spring stiffness

Bolster and truck pitching 4,200,000 1b/rad. KP2u, KP3s
spring stiffness

Freight cushioning stiffness 200 1lb/in KF
Freight cushion damping 18 1b sec/in CF
coefficient

Track vertical stiffness 105,000 1b/in K2: to Kag

Track lateral stiffness

C-5. Track Input Equations

70,000 lb/in

K21L to KiyshL

Two types of track profiles- are currently being used for the
computer simulations of rocking and bounce modes.

For the rocking mode, a half-staggered, rectified sine wave

is used as the track profile.

track inputs are (refer to Fig. C-3a) as follows:

(a) For vertical track profiles:

The equations which describe the
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For vertical track profiles: 16

Slsin (wt) |

V, = S|sin (0t - ¢1)|

Vs = S|sin (wt - ¢2) ]|

Vy = S|sin (wt - ¢2 - b1) |

Vs = S|sin (wt - ¢3)|

Ve = S|sin (wt = ¢u) |

V; = S|sin (wt - ¢s5)|

Vs

where ¢

Slsin (wt - ¢5 ~ ¢1) |

= 1/2, ¢2 = mB1/RL, ¢3 = TD/RL, ¢u = ¢1 + ¢3,

¢s = ¢2 + ¢3 and,

w = TVEL/RL,

RL = rail length,

B:; = Distance between axle centers,

S = Maximum rail surface variations,

D = Truck center distance

(b) The corresponding lateral rail profiles adopted pre-
sently are:

Ry = V3 /2

Ryjo =0

Ri1 = V3/2

Ri2 = 0

R,3 = Vs/2

Riy = 0

Ris = Vy/2

Rie = O

For the bounce mode, in order to decouple the responses some-

what, the two tracks are zero staggered, i.e. the rail joints on
the opposite tracks are in phase, the following equations describe
the track profiles:

(a)

For vertical track profiles (refer to Fig. C-3b):
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FIG, C-3a.

is

ROCKING MODE VERTICAL TRACK PROFILE - HALF-STAGRERED

a7l TN T T 77> 7T

]

= L >

T 7o a7 T 77> 77 7

FIGI C'3Bu
PHASE

BOUNCE MODE VERTICAL TRACK PROFILE - RAIL JOIMTS IN

FIG. C-3c. LATERAL TRACK PROFILE



Vo
Vs

(b)

S|sin
Vi
S|sin
Vs
S|sin
Vs
S|sin

\'A

(we) |

(wt = ¢2) |

(wt = ¢3) |

(wt - ¢5) |
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The tracks are assumed to be parallel and no lateral
variations.
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