


























































































































































































































































































































































































































































































I:F = 0 
y 

222of 2 • 2f23 • 2W + ( ) ( ) (-e:)v + (N N ) 8 - 5-- adl + -S- ydl + R.
18 

dl rl- il o 

= 0 

I:M = 0 . 
a 

= 0 

= 0 -1. __ 

0 

221. 



l:M = 0 
y 

= 0 

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

proper indices (2 to 6) respectively. 

III.4 ADDITIONAL ELEMENTS FOR MATRICES 

222. 

In addition to the elements defined in Section (1.5) elements of 

the stiffness and dampi.ng matrices for the moving vehicle. are defined 

below (for wheelset No. 1). 

(A) For the Stiffness Matrix 

B(24,24) = 2WE: 
~18 

B(24,28) = 2f 2 

- Z.Q,20 E:W 
B(26,24) 

.Q,18 
- Wn 

B(26,28) 2.Q,20f 2 

B(28,24) 
Jl18f1A 

2
20 



W.Q,18 
B(28,28) = 2f

32 
- -

2
- 8

0 
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We have similar terms for wheelsets 2,3,4,5 and 6 (easy to obtain 

successively by incrementing the indices by 10 respectively). e .• g., 
... 

B(34,34) B(24,24) 

B(34 ,38) B(24,28) 

B(36,34) B(26,24) 

B(36,38) B(26,28) 

B(38,34) B(28,24) 

B (38, 38) B(28,28) 

etc. 

(B) For the Dampin_g_ Matrix 

2f 
C(23,23) l = s 

C(23,27) 
ZR.20fl 

-·· ---s 

C(2l.,24) 
2f 2 

= s 

... ') I": 

C(2L~,26) 
-· '- ~• 20 1 2 

= -----s 

C(24,28) 
2f 23 

-- s 

C(26,24) 
-2.i20f 2 

::: ---s 
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2t~0f 2 
C(26,26) = -

8
-- + C(26,26) 

C(26,28) 

C(27,23) 

C(27,27) 

C(28,24) 
2f 32 

=--s 

C(28,26) 
- 2t2of 32 
=---s 

We have similar ter-:ns for wheelsets 2, 3, 4, 5 and 6. These terms can 

be obtained in a similar way as described in part (A) for the elemen ts 

of the stiffness matrix. 



APPENDIX IV 

DETERi.~INATION OF CREEP FORCES AND EVALUATION 

OF CREEP COEFFICIENTS 

225. 
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IV.l INTRODUCTION 

The phenomenon of creep between wheel and rail is of fundamental 

importance in the study 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 pressure to maintain friction adhesion, an effective forward 

slip or creep will be present. 

Longitudinal or transverse creep velocities are generated 

between the two bodies rolling 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 plane, them a 

transverse creep ~elocity is produced. 

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 S~RVEY OF CREEP THEORY 

The problem of creep was first treated by Carter [35] who 

recognized its importance in the railway field. He treated the two-

dimensional case of two cylinders with parallel axes rolling together 

with creep in the di.rect:ton of rolling. 

An approximate theory for the three dimensional problem with 

elliptical cont~,.,_ ct was given by Jolmso:.."i c.nd Ve.rmuellen [ 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 25/~. Johnson [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 contact. 

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 follmdng relationship to 

predict creep forces 

Creep or Relative Slip Velocity In 

Tangential Creep Forces = -f( J?irection °[ Force ____ ) 
llorizontaZ Velocity of Wheel, Ax·is 

(IV.3.1) 

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

Ve.11Je- wi.11 be dis cussed below. 
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Similarly for rotational creep we have: 

Creep Torque About An Axis_ -!(Rotational Creep in Direction of ~orce ) 
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: 

f 1 - coefficient relating longitudinal creep force to longitudinal 
creep, 

f
2 

- coefficient relating lateral creep force to lateral creep, 

t
3 

- coefficient relating creep torque to rotational creep, 

f 23 - coupling coefficient relating creep torque to lat eral creep 
and lateral force to rotational creep, 

u.. force in the longitudinal direction for the right • 1 - creep wnee..L 
i.r 

UH - creep force in the longitudinal direction for the left wheel 

v. - creep force in the lateral direction for the right wheel (i)' i.r 

vu, - creep force in the lateral direction for the left wheel (i), 

T. - creep torque in the y direction for the right wheel (i)' ir 

Tii - creep torque in the y direction for the left wheel (i). 

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

(_L) ~ 

I•' \l), 

Tangential forces U. (i=l, ..• ,6) do not include the steady state 
ir 

propelling force. They are variations about this force. Correspondingly 

we omit the steady state creep force in the longitudinal direction due 

to the propelling force. 



i) Longitudinal Creep ~ Right Rear Wheel 

CR 
i 

We let S = forward speed 

r and_ ~ = coning ratio of the wheel. 

Longitudinal creep was defined by Carter [35] as: 

= Aatual Forward Displacement - Pure Rolling Foi'Ward Displacement 
Forward Displacement Attributable to Rolling 

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

wheel tread is: 

The pure rolling forward displacement is: 

(i20 + AV dl) 
------·--

R,20 

Hence the forward creep displacement in time dt 

" . 

229. 

-1 = tan t,; 

\s s dt 
+ dudl + -2- dydl - ).._v dl 2

20 
(IV. 3 • .3) 

The first two terms represent slip induced by the differencebctwe2n 

the axle longitudinal displacem2r.t and the displacement corresponding · 

to the angu l a r r o t a t:Lon of t h e ax le. The third term is s l i p 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 ~20 . 

To get the creep velocity we divide the terms in equations 

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

Creep Velocity 
(IV. 3. 4) 

The nonlinear term is assumed negligible and equation (IV.3.4) 

becomes: 

Creep Velocity (IV.3.5) 

It should be noted that References [l], [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. 

u. - -ir 

The denominator is the local velocity of roll. However SAvd1/i20 is 

considered second order small and will be neglected. Hence 

u. 
ir 

(IV. 3. 6) 
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ii) Lateral Creep - Right Rear Wheel 

·The actual lateral displacement in time dt is given by 

The pure rolling lateral displacement (which is the lateral component 

of the forward speed) is -S dt yd1 . Finally the rotational creep at 

the contact point is ydl" Hence the 'lateral creep force at the right 

rear wheel is given by 

iii) Rotational Creep - Right Rear ~il2_~e1 

The rotational creep torque Tlr i s given by: 

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

iv) Longitudinal Creep - Left .B-ear_ Wheel 

• t 9.,18 • s 
UH= -fl(i20Sdl + udl - -2-ydl + :\ vdl .Q,ZO )/S 

v) Lateral Creep - Left Rear Wheel 

(IV. 3. 7) 

(IV.3.8) 

(IV.3.9) 

(IV.3.10) 
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vi) Rotational Creep - Left Front Wheel 

(IV.3.11) 

The other wheelsets will have .similar expressions. 

Some writers [36] include a "gravity stiffness" due. to rising of 

the wheelset e.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) Longi_!:.udinal and La_t~ral ~~~oefficients 

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

equation 

1 

f 3500(2i20 Wa)
2 

lb./wheel (IV.4.1) 

whe.re w = axle loading in lb. 
a 

= g(m + 211\i + 6m + 6md)/6 a c 

.2.20 = wheel radius tn inches. 

This assum2s f
1 

= f
2 

and neglects £3 and £23 . 

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): 

where T - is the 
x 

T - is the 
y 

3 µN 
G1Tab 

t;,y = 3 µN 
Gnab 

tangential 

transverse 

f oree in the direction 

tangential force, 

of r c..11.i.ng, 

N - is the normal force between the two surfaces, 

G - is the modulus of rigidity, 

µ - is the coefficient of friction, 

t;, and ~ - are creep ratios, 
x y 

bU Creep Velocity in the Direction of Rolling 
t;,x S = Steady Rolling Velocity 

t;, = bV = Creep Velocity in the Transverse Direction 
y S Steady Rolling Velocity 

~ and ~l - functions of the ratio ~ and v (Poisson's Ratio) 

(IV. 4. 2) 

(IV.4.3) 



U + bU 
2 

T 
x 

z 

N 

tN 

T 
x 

y~~ 
I 

x ,- ---

b 
I 

i 
I 

I _____ y_ __ 

234. 

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

T and T . Creep Velocities are Denoted by bU and bV. 
x y 
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Equation (IV.4.2) can also be rewritten in the following form: 

~x 
T T T 

_ 3 µN A, { l- [ l . . x 1 (. x) 2 5 (. x) 3 · ] } 
G7T ab 'fl - 3 µN - 9 µN - 81 µN • • • . 

If the tangential force is small compared with the limiting friction 
T 

(IV. 4. 4) 

force (i.e. for small values ofµ~ say 0.5), equattcn (IV.4.4) can be 

expressed as 

T _4>_ 
x G7Tab 

To get the longitudinal creep coefficient f 1 we use equation (IV.4.5). 

We know that 

Longitudinal Creep Force f 6U 
1 s {IV.4.6) 

we get: 

fl -· T 
x 

G7Tab 
--= 
T 1> x 

T 

G7Tab 

4> 

Similarly for small values of J_N we can get the lateral creep 
µ.i: 

coefficient f 2 

G7Tab 
·iµl 

(IV.4.8) 
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As tangential force approaches the limiting frictional force the creep 
T 

coeffi_cient can be obtained by substituting 
T 

~ = 1 in equation (IV.4.2) 
µN 

and µ* = 1 in equation (IV.4.3). The limiting values for the creep 

ratios will be 

~x 
3 µN <f> 
Gnab 

3 T 
x 

- - Gnab <1> 

and the longitudinal creep coefficient will be given by 

Gnab 
3<f> 

Similarly the lateral creep coefficient 

Gnab 
3 l)Jl 

T 
These values are one third of the values obtained for small (- ;.) and 

T W'i 

<J)o Experience of some of the researchers working in this are.a 

indicates that the values of c r eep coefficients determined for small 
T T 

values of (~ 
µN 

and ~) should be multiplied by a correction facto r . 

The value for the correction factor n has been suggested as 0.5. 

(IV.4.9) 

(IV.4.10 ) 

(IV.4.11) 



ii) Creep Coefficients Relating Spin with Transverse Tangential 
Force and Moment About the Spin Axis 
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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: 

where 

= 2(2 - v) yC 
~y 3(3 - . 2v) S 

and 
M __ 32(2 - v) G c3 p 

z 9(3 - 2v) 

y - Angular velocity due to spin, 

S - Velocity in the rolling direction, 

p - A non-dimensional spin factor = ~ 

v - Poisson's ratio, 

C - Radius of the circular area of contact, 

~y - Transverse creep ratio, 

M Moment about the spin axis. 
z 

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 followi.ng approximation: 

(IV. 4 .12) 

(IV.4.13) 

C = /ab (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 



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: 

Substituting for v 

steel) we get: 

M 
z 

M 
z 

• 32(2 - v) G c4 :r.. 
9 (3 - 2v) S 

0.265 (the value of Poisson's ratio for cast 

32(2 - 0.265) 4 y 6 
( ) 11.3 C -

8 
x 10 lb.in. 

9 3 - 0.530 

. 
28.2 c4 (~) x 106 lb.in. 

238. 

• -1 
where f in the creep ratio in inch • But, the creep coefficient, £

3
, 

is defined by: 

The ref ore 

M 
z 

• 
f y 
~ 3 s 

f 3 = 28.2 x 106 c4 lb.in2 

and equation (IV.4.12) gives us 

~y 
2 (2 - \)) y c 
3 (3- - 2v) S 

• y = 0.469 cs 

The coupled creep coe.fficient (f 
23 

or £32) is defined by: 

OR 

. 
= f y 

- 23 s 

M = -
z 

(IV. Lt .15) 

(IV.4.16) 

(IV. 4 .17) 
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But, the lateral force is - f 2 t;,y 

Therefore f 2 (0.469) C lb.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 

-1 
A = tan t;, 

Sl,.,
0 

= radius of whe.el 
L.. 

R
1 

and R
2 

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 

A+ B (IV. 4 .19) 

where A and B are constants depending on the magnitude of the principal 
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curvatures of the surf aces in contact and on the angle between the 

planes of principal curvatures of the two surfaces. 

The relation between R
2

, R
3 

and A (where R3 is the radius of the 

wheel) is given in [40]: 

R2 R
3 

/1 + A2 

= 20[1 + (l_) 2] 1/2 
10 (IV.4.20) 

~ 20 

Therefore: 1 1 1 1 
A+ B = - [10 + 20] ~ 

2 13 

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

I R' relation (for R1 and 
2 

= 0): 

B A (IV.4.21) 

where ~ is the angle between the planes containing the curvatures 

and 7f 
For the present case ~ = 2 , hence 

B - A 



And using equation (h) on pages 379 of reference [41] we obtain: 

Cos e B - A -- B+A 

13 
.325 ~ 

40 = 

and e ~ 12° 

From the table given on pages 379 reference [41] we have: 

m = i.202 + ~o (1. 284 - 1. 202) 

1.25 

And 0.846 
6 

(0.846 - 0.802) n = - 10 

= 0.82 

Semiaxes of the ellipse of contact are given by equations (224) on 

page 379 of reference [41]: 

For cast steel we have 

3(1-v)N 
1 1 

2 (-- + -=-)G 
Rl R2 

\) = 0.265 

And G 11.3 x 106 psi. 

241. 

(IV.4.22) 

(IV.4.23) 
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Substituting for these · values and values o·f m · and n found above in Equation 

(IV.4.23) we find the semia~es length of the ellipse in terms of the 

normal force between the wheel and the rail N. 

And ba-~ -· 0.0095 (N)l/
3 

] 

- 0.0075 (N)l/3 

(IV.4.24) 

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 

i that N is almost equal to the half we_ight per axle (see reference [ 41] 

: page A.21). Thus in our case 

N 
Total Weight 
No. of Wheels 

34S,lOO 41295 lbs. 12-= 

iv) Numerica.l 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), 

»- direction of rolling 

a 

a 

0.0075 Nl/ 3 

0 ~ 0096- N iT3 = 0 • 7 9 
b -- :: 



And from F.igure 2 of ref ere.nee [ 4] we get the values of cJ> and lJ;
1 

corresponding to the ratio ~ getting 
a 

¢ 0.59 

"11 0.78 

243. 

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

longitudinal and lateral creep coefficients respectively: 

and 

Gnab 11.3 x 106 x TI x 0.0095 x 0.0075 N2/ 3 
f 1 = -¢--· = 0 . 5 9 lbs . 

2/ -~ 
::::: 4243 N- - lbs. 

') i "1 

G'!Tab 11.3 x 106 x TI x 0.0095 x 0.0075 N';. 1 
J 

f 2 = -~;- = - · 0. 7-8--------··-··_, ___ lbs . 

::::: 31'75 N2/J lbs. 

and from equation (IV.4.16) we get 

6 2/3 2 . 2 £3 = 28.2 x 10 x ~0.0075 x 0.0095 N ) lb.in. 

,.., o 1' 1'14 I 3 ., b . 2 - • ·+ .. ~ ..l. • in. 

Finally we get £
32 

from Equation (IV.4.18) 

f 0.469 c f 
32 2 

0.469 x (0.0075 x 0.0095 NZ/ 3)l/Z £
2 

--· 12 70 N lb tt in. 

(IV.!+. 25) 

(IV. I+. 26) 

(IV.4.2;7) 

(IV. l~. 28) 



APPENDIX V 

FLOW CHARTS FOR THE 

COMPUTER PROGRAMS 

244. 
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FLOW CHART 1: 

NATURAL FREQUENCIES FOR THE SIMPLIFIED MODEL 

c READ THE INPUT DATA 

'V 
DEFINE THE ELEMENTS OF 

THE MATRICES 

I ~v I 

FORJ1 THE G MATRIX 

[ 0 
I I 

-1 A-lcJ A B 

:1~ -· 

J_~_ 
FIND THE EIGEN-VALUES 

(

=--•- i:,..,.,,,_.., &"nw..,.,.~) 
PRI NT-OUT THE NATURAL 

--=~E~crFr:_ 



FLOW CHART 2: 

STEADY STATE RESPONSE FOR THE SIMPLIFIED HODEL 

C . READ THE INPUT DATA ~ . .) 

·---~ ~: _I_: _-_---._n-----

[

EFINE THE ELEMENTS OF THE MATRICES 

Mass [A], Stiffness [B], Damping [C] 

-----------~------r----------------------_... 

:EFINE THE FORCING FUNCTION ~ 

w = 0 J 

NO 
>-........,.,.---.~--~-

YES 
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FLOW CHART -3: 

NATURAL FREQUENCIES FOR THE FULL MODEL - "STATIONARY" VEHICLE 

READ THE DATA 

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

J ;~ 

[ ~ ELIMINATE THE INTERNAL REACTIONS FOR THE 
INERTIA, STIFFNESS AND DAMPING MATRICES 

::: ::: =- : == t= 
FORNATION OF THE REDUCED INERTIA [AD] , 

STIFFNESS [BD] AND DAMPING [CD] MATRICES, e.g. 

[AD] 
36x36 

(A] 
36x78 * 

[D] 
78x36 

ELLGNAT ION OF ROWS AND COLUMNS CORRESPONDING 
TO ZERO DISPLAC EMENTS 

(AD] _,_ 
36x36 

[M] 
:?Ox.20 

. [BD] 
, 'l • - -r _.6x.3b 

[K] • [CD] -+ 

20x20 ' 36x36 
[C] 

20x20 

FOIU1ATION OF THE G MATRIX WHO SE EIGEN-VALUES 
ARE THE NATUR..AL FREQUENCIES 

G=-= [ ? I J 
. -M--lK -M-lC 

w-~-=---::: f =;==--__ _,,.,._ .. ~o 
[ FIND THE EIGEN-VALDES J 
~-....,-=i,·-·-

c~~~-ov~;E-~~~~ 
~~ ....... 

. . (::) 
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FLOW CHART 4: 

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

) ( . READ THE DATA 

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

~IMINATE THE INTERNAL REACTIONS FOR THE 
L_~RTIA, STIFFNESS AND DAMPING MATRICES 

FORMATION OF THE REDUCED INERTIA (AD], 
STIFFNESS [BD] AND DA..l1PING [CD] MATRICES, e.g. 

[AD] 
36x36 

[A] 
36x78 * 

[D] 
78x36 

----------·~----~-<x-=----,_--_:-:=L~-:-=-
CHECK THE SY1'll1ETRY OF THE REDUCED 11ATRIC~ 

"~ . 

~~~ 
--.. ..... ~&'li~~~Sll!iML •::ata~- Y~ ~Ii .:mtma1.1N;iaw1~~.;~,..~~ 

ELIMINATION OF ROWS A.t~D COLUMNS CORRESPONDING 
TO ZERO DISPLACEMENTS 

(AD] ->- [M] • [BD] -+ [K] • [CD] + [C] 
36x36 20x20 ' 36x36 20x20 ' 36x36 20x20 

....,.., ___ ., __ :l~l't--'PlWC:i.;am.~s:,......,.,.. __ .,,. -~..-.. • ... ~-·--~-n--..... .,,-=J 
~) :-;-~~, 

r.--~----' 
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.. 

FLOW CHA.c"'"\T 5: . 

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

c READ THE INPUT DATA 

I = -1 I 
K = 1 

OMEGA == 0 

I I + 1 

) 

DEFINE TEE FORCING MASS MATRIX [AAR] 

1. Eliminate Internal Reactions 
[A] [T] , [AD42] 

2 · 42x78 78x42 ~ 42x42 

3. Obtain [AAR] from [AD42] 
30x10 42x42 

10 
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·' 

' i 

f 
EL~MINATION O~-;_;ACTIONS J 
FOR THE MASS MATRIX [A] . 

w 

~TORE THE MATRIX [D] 
IN TAPE 3 

,~ 

-
FORlvfATION OF THE REDUCED 

MASS :M.ATRIX 

[A] [D] 
-+ 

[AD] 
36x78 78x36 36x36 

' BTORE T-;;E ~TRlX [AD] 
IN TAPE 4 

-=-_T· 
STORE THE STIF~F~N~~-ss----~J 
MATRIX [B] lH TAPE 5 

----c---=--· -··· 
DEFINE THE FORCING STIFFNESS 

MATRIX [BBR] 

1. Eliminate Internal Reactions. 

2. Read Matrix [T] from Tape 2. 

L~~~~m [BD~-]- -

::J . TH.E OR~CGINAL STI. FFNE:JS 
"TRIX [B] FROM TAPE 5 

-- . --i----
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PEND 
THE ELEMENTS OF [BJ WHI CH 
ON THE P ARA11ETERS OF THE 
MOVING LOCOHOTIVE c:FINE 

__________________________________ _, 

'I 
ELIMINATION OF INTERi~AL REACTIONS 
FOR THE STIFFNESS MATRIX [B] AND 

THE DIF:FERENCE IN THE VERTICAL J 
.._ _ ____ ~R-E ..... A..,.CTIONS ATITHE Wl,_-IE_"'E_L_S ______ _ 

FORMATION OF THE REDUCED STIFFNESS 
MATRIX [BD] 

1. Read the Matrix [D] from Tape 3 

[B] [D] 
2 · 36x78 78x36 ~ 

[BD] 
36x36 

-----~·-1· 

[

""'""-'-· ---1__ __ '-""-'""--] 
STORE THE M.A.T.R~X [BD] 

IN TAPE o 

NO 

------~~--·<:: 
I YES 

,_,,,_ _____ .--'f __ ~ 
STORE TEE ORIGINAL MATRIX 

[C] IN TAPE 7 

. . L. __ _, 
DEFINE THE FORCING DAHPING NP.TRIX 

1. Eliminate. Internal Reacti.ons. 

2. Re.ad Matrix (T] from ':Lape 2. 

3 • [ C ][ T j + [ CD 4 2 J 

L ~.::_J::::R l_! ro~_J_:2:~),,...,..., .. ,,..,,,.,_,.,...,,,.,."_,,._...,_, ,..,._,,«-..., 

"'""'·~-- ..... , .. ..,..,,,...,,.._,_,,,__. ---->1 

251. 



_t 
READ THE ORIGINAL DAMP I NG 

MATRIX [C] FROM TAPE 7 

w 
~...-,;: 

DEFINE THE 
DEPEND ON 'l 

ELEMENTS OF THE DAMP ING VtATRIX WHICH 
'HE PARJ..J1ETERS OF THE HOVING LOCOMOTIVE 

w 

~NATION OF REACTIONS FOR MATRIX [C~ 
~ -· i . 
J_Qfil"~J-:1.:Q~:l · OF THE REDUCED DAMPING MATRIX [CD] 

1. Read Matrix [DJ from Tape 3 

2 
(C] [D] + [CD] 

· 36x78 78x36 36x36 

--•W•W-~ =-- __ ,_,_ 

[_.--;;;:T~.IX~._CD] IN 
TAPE 8 

_,,, __ ._.l .._.,, 
~ 

NO 

r-~~~HE EXCITATION VEC~oRj 
-----f WWW > 

---~·=--....--------~--
ELIMINATIOi:\; OF ROWS AND COLL11-:fNS CORRES PONDING 

TO THE VERTICAL DISPLAC EMENTS OF THE WHEELSETS: 

1 d 
[AD] _ T 

4 
[AAD) 

• Rear 36x16 i: rom ape ·+ 30x30 

2~ Read [BD] from Tape 6 + [BBD] 

3. Read [CD] from T a :~>e 8 -* [ CCD] 

252. 

/ 
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DEFINE THE COHPLEX Mr'\TRIX CW 

1. OCL OMEGA * CCD (I,J) 

2. OBL BBD(I,J) - ONEGA* OMEGA* Af"l.D(I,J) 

3. CW(I,;.J) = ·CMPLX(OBL,OCL) 

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) --=r.--
[ IN\IER.T THE COMP LEX ~TRIX C\.'.] 

-----=: ]___ . 
GET THE SOLUTION VECTOR 

1. [cw1-1 * [CN] ~ [CD~] 

2. [ CDN] * {Y } = { X } 

L
-=-............ -·--=I~=~ ·--=-~---
ET THE AMPLITUDES FOR THE SOLUTIOH '.'ECTOR 

CX(I) ~ CABS[X(I)j 

--·------L 
. ~~, =·-;;~;GA-+ ~ 

~50? 
. ...... . 

]

A1, 

NO _r.~·~G~~: . TO 10 
___._____,~-

[
"""~--.-~-· ~. . -~-

PLOT THE RESPONSE CURVES 
~'-Wl'll.T.--.ll. .!;'f!!:1X'll~~"ftlm!lWJl!!!~··,YT- 4' ........ :t.)4{(~Jllll~~~-

c;j 


