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)

For other wheelsets (2 to 6) we will have similar equations with the

proper indices (2 to 6) respectively.

ITI.4 ADDITIONAL ELEMENTS FOR MATRICES

In addition to the elements defined in Section (I.5) elements of

the stiffness and damping matrices for the moving vehicle are defined

below (for wheelset No. 1).
(A) For the Stiffness Matrix
B(24,24) = 205
18
B(24,28) = 2f2
= 28 eW
B(26,24) = —— — W
18
B(26,28) = - 2220f2
L..E.A
B(28,24) = - —o



successively by incrementing the indices by 10 respectively). 0 SN

(B)

W218

B{28,28) = 2f,,. ~ —==2

32 2

0

(e}
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We have similar terms for wheelsets 2,3,4,5 and 6 (easy to obtain

B(34,34)
B(34,38)
B(36,34)
B(36,38)
B(38,34)
B(38,38)

etc.

B(24,24)
B(24,28)
B(26,24)
B(26,28)
B(28,24)

B(28,28)

For the Damping Matrix

€(23,23)

C(24,24)

C(24,26)

C(24,28) -

C(26,24)

I

i

|
i
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292 ¢
€(26,26) = ——%Q-—z— + C(26,26)
20, £
2
C(26,28) = (- go 3)
20 f
c(27,23) = —201
S .
222 f
c(27,27) = _22__1_
2f
C(28,24) = —éﬂ
-28. f
C(28,26) = —22 2
22 f 2f
T
c(28,28) = 5L+ 2

We have similar terms for wheelsets 2, 3, 4, 5 and 6. Thesa terms can
be obtained in a similar way as described in part (A) for the elemenrts

of the stiffness matrix.
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APPENDIX IV

DETERMINATION OF CREEP FORCES AND EVALUATION

OF CREEP COEFFICIENTS
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Iv.1l INTRODUCTION

The phenomenon of creep between wheel and rail is of fundamental
importance in the sﬁudy of the lateral dynamics of railway vehicles.
Complete slip of the wheel on the rail, which is simply the limiting
case of creep, is important for studies of traction and braking.

If the contact area between a wheel and a rail has insufficient
contact ﬁressure to maintain friction adhesion, an effective forward
slip or creep will be present.

Longitudinal or transverse creep velocities are generated

~between the two bodies roiling together when any tangential force
'is transmitted, either in the direction of rolling or transversely.
{If, in addition, there exists a relative angular velocity, or spin,
between the two bodies about the normal to the contact plame, then a
transverse creep velocity is producad.

Many theoretical and experimental studies have been carried out

to explain this phenomenon. In this appendix we will review briefly

the progress of theoretical work up to the present time.

Iv.2 SURVEY OF CREEP THEORY

The problem of creep was first treated by Carter [35] who
recognized its importance in the rajilway field. He treated the two-
dimensional case of two cylinders with parallel axes rolling together
with creep in the direction of rolling.

An approximate theofy for the three dimensional problem with

elliptical contact was given by Johnson and Vermuellen [4], who
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approximated the area of adhesion by an ellipse similar to the contact
ellipse. The theory treats the case of longitudinal and, transverse,

or lateral, creep for all values of creepage. According to Kalker [24],
the error due to the approximation is never more than 257%. Johnsén [6]
provided a solution to the creep problem which for the first time includes
spin; however, the theory is only valid for vanishing creep and spin and
for circular contact areas.

Similar but more recent work has been published by dePater [7]
and Kalker [8], dePater's solution being for vanishing Poisson's ratio,
and Kalker's being extended later to cover elliptical centact.

The most recent advance has been made by Kalker [38] who has
given a numerical method for the calculation of the three dimensional

case with any value of creep and spin.

Iv.3 CREEP FORCES

Carter [35] originally proposed the following relationship to

predict creep forces

Creep or Relative Slip Velocity In
_F( Direction of Force )
Horizontal Velocity of Wheel Axis

Tangential Creep Forces = (1v.3.1)

where the coefficient f is defined empirically. The selection of its

value will be discussed below.
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Similarly for rotational creep we have:

Creep Torque About An Axis_ _f Rotational Creep in Direction of Force
Normal to Creep Surface Horizontal Velocity of Wheel Axis

(Iv.3.2)

In addition there may be coupling between lateral creep and spin [36].
The relation between creep and spin was first investigated by
Johnson. As previously defined:
fl — coefficient relating longitudinal creep force to 1ongitudipal

creep,
f2 - coefficient relating lateral creep force to lateral creep,
f3 — coefficient relating creep torque to rotational creep,
f23 — coupling coefficient relating creep torque to lateral creep

and lateral force to rotational creep,
uir - creep force in the longitudinal direction for the right wheel (i),
Uiz - creep force in the longitudinal direction for the left wheel (i),
Vir - creep force in the lateral direction for the right wheel (i),
Vil - creep force in the lateral direction for the left wheel (i),
Tir - creep torque in the y direction for the right wheel (i),
Til - creep torque in the y direction for the left wheel (i).

where i = 1, 2, 3, 4, 5, 6 from rear to front.

Tangential forces Uir(i=l""’6) do not include the steady state
pr0pelling force. They are variations about this force. Correspondingly
we omit the steady state creep force in the longitudinal direction due

to the propelling force.
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i) Longitudinal Creep - Right Rear Wheel
We let S = forward speed _ 1 -1\1\\\\£i\\
' -1
. . 220 : A = tan ¢
“and A = coning ratio of the wheel.

e

Longitudinal creep was defined by Carter [35] as:

CR- _ Actual Forward Displacement - Pure Rolling Forward Displacement
L Forward Displacement Attributable to Rolling

In a small interval of time dt, the actual forward displacement at the

wheel tread is:

L

: 18
Sdt +duy + ~§—.d(dl

The pure rolling forward displacement is:

(220 + del)

i S dt - (220-+ vy )dB gy

Hence the forward creep displacement in time dt =

%18 S dt

' \ # B gy - g B8 3.
(go * Wa)dBqy * Qg ¥ 7T Ny T Ma1 T (F3.5)

The first two terms represent slip induced by the difference between
the axle longitudinal displaéemant and the displacement corresponding’

to the angular rotation of the axle. The third term is slip induced
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by angular displacement and the fourth term is slip induced by the
forward steady state displacement S dt due to the rolling radius
deviating from the mean 220.

To get the creep velocity we divide the terms in equations

(Iv.3.3) by dt and get the limit as dt approaches zero.

2
. ' 18 « S
= [ S —— = -
Creep Velocity = (Lyy + Mg )Byy + 8g) + 5 Ygy = Wy - (1V.3.4)
The nonlinear term is assumed negligible and equation (IV.3.4)
becomes:
. %18 s
B _ . . _ . 2
Creep Velocity 250841 T Ya1 * 2 Ya1 - Ma1 % (Iv.2.5)

N
(]

It should be noted that References [1], [36] and [39] do not have the
first two terms, but reference [40] has them. Using equations (IV.3.1)

and (IV.3.4) we get for the creep force.

. . *18 S .S
Usr =~ £1C0Pa ¥ Y1 * 7 Yar T Mar T, /5, Pa0™Var
20 720
The denominator is the local velocity of roll. However SAV /220
considered second order small and will be neglected. Hence
f 2
- -1 : : _18 . _S_
Uir =5 Cpofar * %1 ¥ 5 Yo = Mar 7)) (E¥. 3460

20
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ii) Lateral Creep - Right Rear Wheel

The actual lateral displacement in time dt is given by

d Vg 7 Ay dog;
The pure rolling lateral displacement (which is the lateral component
of the forward speed) is -S dt Y41 Finally the rotational creep at
the contact point is §dl' Hence the lateral creep force at the right

rear wheel is given by

Vi = UEplvgy # 87y = £pq0gq] = 29574, VS

iii) Rotational Creep - Right Rear Wheel

The rotational creep torque T B is given by:

1

T }/s

1r = g lvgy * 874 = Lotar! - 37

In a similar manner we get the creep forces at the left wheel.

iv) Longitudinal Creep - Left Rear Wheel

. "t S
U = F1C0fa e T Yt A Va7 08
v) Lateral Creep - Left Rear Wheel
Vig = 1-,0Vgy  8vgqq = 250010 = £y374p /8

(1V.3.7)

(1v.3.8)

(1v.3.9)

(1v.3.10)
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vi) Rotational Creep - Left Front Wheel

T, = {-f

12 32lVa1 * SYq1 ~ Fpplqnl - f

3 g V8 (1v.3.11)
The other wheelsets will have similar ekpressions.

Some writers [36] include a "gravity stiffness" due to rising of
the wheelset c.g., when there is lateral displacement. Its amount will
depend on the shape of the wheel tread and the track profile. Gilchrist
et.al. [25] indicate that the effect is negligible for unworn straight

coned wheels. Clark and Law [39] neglect gravity stiffness completely.

IV.4 EVALUATION OF CREEP COEFFICIENTS

i) Longitudinal and Lateral Creep Coefficients

The creep coefficient f was defined by Carter [35] in an empirical

equation
1
£ = 3500(28,, wa)2 1b. /wheel (IV.4.1)
where Wa = axle lcading in 1b.
- g(ma + Zmb + 6mC f 6md)/6n
190 = wheel radius in inches.

This assumes £, = f_ and neglects f, and £,
1 2 3 2

3
Clark and Law [39] used this evaluation. However Wickens [36]

and Gilchrist et.al. [25] do not. They appear to use the work of
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Johnson and Vermuellen [4] and Kalker [24] for longitudinal and lateral
coefficients and of Johnson [6] for the rotational coefficient. A
similar practice was adopted by Dokainish and Siddall [40]. The same
is followed here and specific values are given below.

Let a and b be the semiaxes of the elliptical area of contact
between the two surfaces. The relations between tangential contact
forces and the creep velocities are given by the following expressions

(reference 4, equations 21 and 23):

T
_ 3 uwN x.1/3
e, -2l - a-HY (1v.4.2)
3 N Lo 1/3
ey = ooy Ll - @ - HY (1v.4.3)

where Tx - is the tangential force in the direction of rclling,

T - is the transverse tangential force,

N - is the normal force between the two surfaces,
G -~ is the modulus of rigidity,

u - is the coefficient of friction,

&€ and £ - are creep ratios,

X y
g = AU _ Creep Velocity in the Direction of Rolling
x S Steady Rolling Velocity
E m AV _ Creep Velocity in the Transverse Direction
y S Steady Rolling Velocity

¢ and ¢1 - functions of the ratio %-and vV (Poisson's Ratio)
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Z
N
U
2 T
X 1
f — }
T
—_—— X )
U
2 ! *
N
1 a W
y 3oud
_ X
]
2
AU
U+2
—_— e

FIGURE (IV.1l) - Area of Contact Showing Tangential Force Components

Tx and Ty. Creep Velocities are Dencted by AU and AV.
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Equation (IV.4.2) can also be rewritten in the following form:

=2 g i x (L x5 (xs gy (1V.4.4)
b'e Gmab ¢ 3uN 9 “uN 81 “uN’ Y7 L

If the tangential force is small compared with the limiting friction

T
force (i.e. for small values of E%- say 0.5), equaticn (IV.4.4) can be
expressed as
£ s e B x5
X Gmab 3uN
=_T ¢ (IV-["QS)
x Gmab

|

To get the longitudinal creep coefficient f. we use equation (IV.4.5).

1
We know that
. - AU
Longitudinal Creep Force = - f1 3 (1v.4.6)
we get:
_ Gmab _ Gmab 2
f1 = Tx T 4 = o (Iv.4.7)
P
T
Similarly for small values of E%— we can get the lateral creep
coefficient f2
¢ = Grab (1V.4.8)
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As tangential force approaches the limiting frictional force the creep
T

coefficient can be obtained by substituting ;§-= 1 in equation (IV.4.2)
i

and ;§-= 1 in equation (IV.4.3). The limiting values for the creep

ratios will be

3 uN 3 Tx
% = " Gnab * = " Gwab ¢ (IV<4:2)
and the longitudinal creep coefficient will be given by
= Grab (TV 3
fl = T34 (IV.4,10)
Similarly the lateral creep coefficient
_ Gmab e g A
f2 =5 wl (1v.4.11)

T

These values are one third of the values obtained for small (;%) and
i

C;%). Experience of some of the researchers working in this area

indicates that the values of creep coefficients determined for small

T T
values of (;% and E%—) should be multiplied by a correction factor.

The value for the correction factor n has been suggested as 0.5.
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ii) Creep Coefficients Relating Spin with Transverse Tangential
Force and Moment About the Spin Axis

Johnson [6] considered the effect of spin upon the rolling motion
of an Elastic Sphere on a plane. Equations 26 and 27 express the following

relations:

2(2 - v) «C
= IvV.4.12
536G -29 5 E0F 120
and
= - 3202 - v) 3
Mz 9(3 = V) G C°p (Iv.4.13)
where vy - Angular velocity due to spin,
S - Velocity in the rolling direction,
P - A non-dimensional spin factor = %E-,
v - Poisson's ratio,
C - Radius of the circular area of contact,
Ey - Transverse creep ratio,
Mz - Moment about the spin axis.
The expressions given by equations (IV.4.12) and (IV.4.13) have been
obtained for a circular area of contact. For an elliptical area of
contact, we can have the following approximation:
C = Yab (Iv.4.14)

where a and b are the two semiaxes for the ellipse. Moreover for the

area of contact between wheel and rail, the ratio of the two axes is
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approximately one. Therefore equations (IV.4.12) and (IV.4.13) are
considered to be quite satisfactory. Equation (IV.4.13) can be

rewritten as:

o 32(2 ~ v) B Y
Ay = 9(3-2\))GC S

Substituting for v = 0.265 (the value of Poisson's ratio for cast

steel) we get:

__ 32(2 - 0.265) b Y 6 )
Mz = 9(3 = 0.530) 11.3 C S x 10° 1b.in.

]

28.2 c* (%) x 108 1b.in.

-1 2 =
where l-in the creep ratio in inch ~. But, the creep coefficient, £

S 3’

is defined by:

Mz = . f3 % (Iv.4.15)
Therefore
£, = 28.2 x 108 c* 1b.in? (IV.4.16)
and equation (IV.4.12) gives us
:, - g—g———-—: ;\))) -g—c = 0.469 C % (1V.4.17)

The coupled creep coefficient (f or f32) is defined by:

23

Lateral Force = - f %

OR M == f
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But, the lateral force is = - £, Ey

Therefore f23 = f2 (0.469) C 1b.in. (Iv.4.18)

From Equations (IV.4.7), (Iv.4.8), (IV.4.16) and (IV.4.18) we note that
to determine numerical values for the creep coefficients, the semiaxes
of the elliptical area of contact must be determined. To do this, the

method described in Timoshenko and Goodier [41] is used.

iii) Determination of the Semiaxes of the Elliptical Area of Contact

wheel R
= g = radius of wheel

Rl and R2 are the principal radii of curvature at the point of contact

for the rail and the wheel respectively. For the present case, the
other two principal radii of curvature for the two surfaces are infinite.
Therefore equation (d) on page 378 of Timoshenko and Goodier [41] gives

us

1 ,1
A+B—'é- (R +

1 2

W'H
N

(Iv.4.19)

where A and B are constants depending on the magnitude of the principal
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curvatures of the surfaces in contact and on the angle between the
planes of principal curvatures of the two surfaces.

R, and X (where R, is the radius of the

The relation between R2’ 3 3

wheel) is given in [40]:

- 2
Ry = Ry V1 + A
= 20[1 + (%6)211/2
' (IV.4.20)
= 20
y I | 1., .1
Therefore: A+ B = E‘[16'+ EﬁJ * 13

Equation (d) on page 378 of reference [41] also gives us the following

relation (for R1 and R; = 0)z

R 2 + Rlz + R2R cos 211;‘]1/2 (IV.4,21)
1 =2 12

where y is the angle between the planes containing the curvatures

o and l;u For the present case Y = %-, hence

R Ry
1,1 1 2 1/2
B-A=3[> 7~ ]
2 'WZTR7 TRE,
11 1
-7 -3
1 R 1 B
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And using equation (h) on pages 379 of reference [41] we obtain:

B - A
Cos 6 = B+ A
(Iv.4.22)
L A3
%0 - + 325
and B = 72°
From the table given on pages 379 reference [41] we have:
6
m= 1.202 + 10 (1.284 - 1.202)
= 1,25
6 5
And n = 0,846 - 0 (0.846 - 0.802)
= 0.82
Semiaxes of the ellipse of contact are given by equations (224) on
page 379 of reference [41]:
a3 ¢ Dinig 3(1-v)N (Iv.4.23)
1= 1 =7
2(§—-+ E—)G
1 2
For cast steel we have
v = 0.265
And G = 11.3 x 108 psi.
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Substitutiﬁg for these values and values of m and n found above in Equation
(IV.4.23) we find the semiaxes length of the ellipse in terms of the
normal force between the wheel and the rail N.

0.0095 (v)/3

]
R

(IvV.4.24)

And
= 0.0075 ()73

o
1

Note that the vertical component of N is the weight of the vehicle per
wheel. Since the conicity of wheels is small, it is possible to show
‘that N is almost equal to the half weight per axle (see referencer[él]

page A.21). Thus in our case

_ Total Weight _ 348,100 _ ;
" No. of Wheels 12 = 41295 1bs.

N

iv) Numerical Values for the Creep Coefficient

The contact area is elliptical as we mentioned, and the ratio of

two semiaxes is given from equation (IV.4.24),

b v
T i::::) » direction of rolling

—_— a p—

1/3
b LB N - .78
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And from Figure 2 of reference [4] we get the values of ¢ and ¢1

b <
corresponding to the ratio ;-gettlng

0.59

¢
¢1

0.78

Using equations (IV.4.7) and (IV.4.8), we can determine the values of

longitudinal and lateral creep coefficients respectively:

_Gmab _ 11.3 x 105 x m_x 0.0095 x 0.0075 N°/3

1The
1 7% 0.59 LS.
2/3
= 4243 N2 1ps. (1V.4.25)
247
_ Gmab _ 11.3 x 10% x 7 x 0.0095 x 0.0075 N~ ~
and f, = = -~ 1bs.
257 0.78
1
= 3175 NZ/3 1bs. ’ (IV.4.26)
and from equation (IV.4.16) we get
= 6 2/3 2 .2
f3 = 28.2 x 10° x (0.0075 x 0.0095 N )¢ 1b.in.
= 0.14 83 1b.1n.2 (IV.4.27)
Finally we get fQ2 from Equation (iV.4.18)
f32 = 0.469 C tz
= 0.469 x (0.0075 x 0.0095 N2/ 3)1/2 £,

1]

1270 N 1b.in. (Iv.4.28)
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APPENDIX V

FLOW CHARTS FOR THE

COMPUTER PROGRAMS
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FLOW CHART 1:

NATURAL FREQUENCIES FOR THE SIMPLIFIED MODEL

‘ READ THE INPUT DATA )

DEFINE THE ELEMENTS OF
THE MATRICES

' 1

FORM THE G MATRIX

0 1
A1y A 1c

R

FIND THE EIGEN-VALUES

PRINT-QCUT THE NATURAL
FREGUENCIES OBTAINED




FLOW CHART 2: .

STEADY STATE RESPONSE FOR THE SIMPLIFIED MODEL

(:; READ THE INPUT DATA Aj)

4

DEFINE THE ELEMENTS OF THE MATRICES
Mass [A], Stiffness [B], Damping [C]

Y

DEFINE THE FORCING FUNCTION {F}

246,

7~ y
PLOT
' THE RESPONSE CURVES

b
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FLOW CHART 3:

NATURAL FREQUENCIES FOR THE FULL MODEL - "'STATIONARY'" VEHICLE

C READ THE DATA )

CHECK THE SYMMETRY CF THE INERTIA [A],
THE STIFFNESS [B] AND THE DAMPING [C] MATRICES

¥

ELIMINATE THE INTERNAL REACTIONS FOR THE
INERTTA, STIFFNESS AND DAMPING MATRICES

Y

FORMATION OF THE REDUCED INERTIA [AD],
STIFFNESS [BD] AND DAMPING [CD] MATRICES, e.g.

(ap] _ [A]l , [D]
36x36  36x78  78x36
CHECK THE SYMMETRY OF THE REDUCED MATRICES

ELIMINATION OF ROWS AND COLUMNS CORRESPONDING
TO ZERO DISPLACEMENTS

[ap] , [M] , (8] _ (K] _ [eo] _ lc]
356x%36 20x20 * 26x36 20x20 * 26x36 20x20

FORMATION OF THE G MATRIX WHOSE EIGEN-VALUES
ARE THE NATURAL FREQUENCIES

0 I

G = 1 B
vl arle

FIND THE EIGEN-VALUES

(: PRINT OUT THE RESULTS ;)




FLOW CHART 4: . ) e

STEADY STATE RESPONSE FOR THE FULL MODEL - "STATIONARY" VEHICLE

( . READ THE DATA <:)

CHECK THE SYMMETRY OF THE INERTIA [A],
STIFFNESS [B] AND DAMPING [C] MATRICES

¥ :

FLIMINATE THE INTERNAL REACTIONS FOR THE
INERTIA, STIFFNESS AND DAMPING MATRICES

v

FORMATION OF THE REDUCED INERTIA [AD],
STIFFNESS [BD] AND DAMPING [CD] MATRICES, e.g.

[oD] _ [A] , [D]
36x36 36x78 78x36
Y

CHECK THE SYMMETRY OF THE REDUCED MATRICES

N

;

DEFINE THE FORCING FUNCTION {F}

Y.

ELIMINATION CF ROWS AND COLUMNS CORRESPONDING
TO ZERO DISPLACEMENTS

[AD] i [M] . [BD] N [K] . [cp] N icl
36x36 20x20 * 36x36  20x20 ’ 36x%36 20x20

Y

w =0

2= v

PLOT THE RESPONSE

W o= - T U7 o
w=w+ Ay CURVES
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FLOW CHART 5:

STEADY STATE RESPONSE FOR THE FULL MODEL - "MOVING" VEHICLE

‘ READ THE INPUT DATA :)

-
1}
!
-
~

(=)

2

[P}
< > |

>4
.

10

Az

e

STORE MASS MATRIX [A]
IN TAPE 1

\

STORE THE TRANSFORMATION
MATRIX [T] IN TAPE 2

- I

DEFINE THE FORCING MASS MATRIX [AAR]

1. Eliminate Internal Reactions
,  [A] [r] | [aD42]
T 42x%78 78u42 T 42x42

3, Obtain [AAR] from [AD42]
30x10 4242

S

" N 1 s 2TV I
RFAD THE MASS MATRIX [A]
AP




¥

ELIMINATION OF REACTIONS
FOR THE MASS MATRIX [A]

Y

STORE THE MATRIX [D]
IN TAPE 3

J(

FORMATION OF THE REDUCED
MASS MATRIX

[A] [D]  [AD]
36x78 78x36 36x36

R

STORE THE MATR1X [AD]
IN TAPE 4

STORE THE STIFFNESS
MATRIX [B] IN TAPE 5

Y

DEFINE THE FORCING STIFFNESS
MATRIX [BBR]
Eliminate Internal Reactions.
Read Matrix [T] from Tape 2.

[BI[T] » [BD&42]
Obtain [BBR] from [BD42]

e
\

READ THE ORIGINAL STIFFNESS

MATRIX [B] FROM TAPE 5
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Y

DEFINE THE ELEMENTS OF [B] WHICH
DEPEND ON THE PARAMETERS OF THE
MOVING LOCOMOTIVE

¥

ELIMINATION OF INTERNAL REACTIONS

FOR THE STIFFNESS MATR1X [B] AND

THE DIFFERENCE IN THE VERTICAL
REACTIONS AT THE WHEELS

FORMATION OF THE REDUCED STIFFNESS
MATRIX [BD]

1. Read the Matrix [D] from Tape 3

, [B] [0 (3]
' 36x78 78x36  36x36

STORE THE MATRIX [BD]
IN TAPE 6

STORE THE ORIGINAL MATRIX
[C] IN TAPE 7

!

Qe

3.

DEFINE THE FORCING DAMPING MATRIX

1. Eliminate Internal Reactions.
2. Read Matrix [T] from Tape 2.
[CI[T] -~ [cD42}

4, OCbtain [CCR] from [CDA4A2]

e

o

Y

-
-
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Y

READ THE ORICINAL DAMPING
MATRIX [C] FROM TAPE 7

Y

DEFINE THE ELEMENTS OF THE DAMPING MATRIX WHICH
DEPEND ON THE PARAMETERS OF THE MOVING LOCOMOTIVE

/

ELIMINATION OF REACTIONS FOR MATRIX [C]

!

_FORMATION. OF THE REDUCED DAMPING MATRIX [CD]

1. Read Matrix [D] from Tape 3
, [cl (1 _ [on]
* 36x78 78x36  36x36

STORE MATRIX [CD] IN
TAPE 8

DEFINE THE EXCITATION VECTORS

&

Lo
Lo

ELIMI NA” O OF ROWS AND COLUMNS CORRESPONDING
TO THYE VERTICAL ISPLACZMENfb OF THE WHEELSETS:
[an] [AAD]
ad from
he Bead op ag Tape 4 * 35,30

2

2. Read [BD] from Tape 6 - [BBD]

3. Read [CD] from Tave & » [CCD]

bo v arcwerion N

252.
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DEFINE THE COMPLEX MATRIX CW
OMEGA * cCD (I,J)

It

1. OCL
2. OBL

n

BED(I,J) - OMEGA * OMEGA * AAD(I,J)
3. CW(I,J) = CMPLX(OBL,OCL)

N

DEFINE THE COMPLEX MATRIX CN
1. OCR = OMEGA * CCR(I,J)

2. OBR

BBR(I,J) - OMEGA * OMEGA * AAR(I,J)
3. CN(I,J) = CMPLX(OBR,OCR)

Y

INVERT THE COMPLEX MATRIX CW

Y

THE SOLUTION VECTICR
[cy] = [CDN]
2. [CcDN] * {Y} = {X}

\'l
GET THE AMPLITUDES FOR THE SOLUTION VECTOR
CX(I) = CABS[X(I)]

\I

OMECA = OMEGA + Aw

NO CC TO 10

o

> R = ¥l p——

YES

PLOT THE RESPONSE CURVES




