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ABSTRACT

There have been studied the regularities of rolling stock motion along
the suspended mine monorail. Goal of the article is to find out the
interdependence between the amplitude of suspended units side-sway and
carriage displacement during the motion along the monorail. The given
model represents the two-mass mechanical system, the free oscillations,
which are described with two generalized coordinates. There has been
determined the connection between amplitude of suspended units side-sway
and carriage displacement during motion along the monorail. Received
dependences determine interconnection between amplitude of suspended
units side-sway and carriage displacement during the motion along the
monorail that allows for determining well-grounded parameters of existing
and new-projecting monorails.
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1. INTRODUCTION

Suspended monorails are getting wider application at modern coal mines [1, 2]. Their
main advantages are the possibility of subsidiary cargo transporting along the crooked mine
workings with alternating sign. However in the real-life environment at the motion of
suspended mine monorail, inevitably it appears the rolling stock side-sway, which
influences onto motion safety.

A number of works are devoted to researches of suspended monorails. In the works [3]
there have been given the results of research of monorail profile as the rolling stock
oscillations source, there have been determined analytic dependences of disturbances and
their parameters. There have been fixed the factors influencing onto monorail stock drifts
values. Researches [4] are devoted to peculiarities of forming extra charge onto arched
support of district workings with suspended monorails.

The present work is the continuation of the indicated researches. The goal of the
article is to find out the interdependence between the amplitude of suspended units side-
sway and the carriage displacement, during the motion along the monorail.



Mechanical Testing and Diagnosis, ISSN 2247 — 9635, 2013 (111), Volume 1, 12-17

2. RESEARCH AND RESULTS

Let's examine the model of suspended rolling stock and carriage during the motion
along monorail with constant speed (Fig. 1). The given model represents the two-mass
mechanical system, the free oscillations of which are described with two generalized
coordinates x — carriage transverse displacement relative to monorail on horizontal and @

- displacement angle of longitudinal axis of rolling stock body from vertical. Let's mark
reduced mass of carriage m,, reduced mass of body m; and distance from suspension

points to centre of body mass /.
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Fig.1. Design model of placement of suspended stock and carriage on the monorail:
a, ¢ — during motion; b — at rest.

Kinetic energy of system is 7'=17, + T, where T, — carriage kinetic energy, 7, —

body kinetic energy.
As carriage during the motion can drift along axis X, so for it we have

1
T, :Em,x .

(1

Body executes a linear motion along axis X and turns according to carriage onto

angle @ . That's why its speed is determined as V, =V, +V,,,, where V, — speed of
carriage displacement, modulus of which is X ; kaf speed of body angular motion
according to carriage, correspondingly modulus of whichis v, =1/- (/-)2 .

Using cosine theorem we have
vi =vi+vi, = 2v, v, cos(180— @) ==x* + 1’9’ + 2x-¢-Icos ¢ .

Then, it is
1
T, = Emkv,f . ()
Taking into account (1) and (2) kinetic energy of all the system it will be
.2
T:%+%(x2+12-¢2+2x-¢;~zcos¢). 3)
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Work of gravity on the virtual displacement & X , leaving constant the generalized
coordinate ¢, determines the work of gravity on this displacement
O0A, =m,g-&K+mg-&X.
As the angle between g and ox is right, so 94, =0 . Therefore generalized force
0., doing this work, equals to zero.
Thereafter work of gravities on the virtual displacement ¢, leaving constant the
generalized coordinate ox , will be
OA, =mg - o =my g - Oy cos(900 + go),
where
o =1-0¢p.
Then,
04, =mygl-sin(p)-5¢ .
Generalized force, corresponding to this coordinate, equals to

0, =-mglsing. (6)

Let's draw up the Lagrange equation as

d(or) or
E[aj e O.;

Lim +m i+ mbgeospl =0 ™
d(or) or
e e B
dt\0p ) O¢
%(mklz(b + mylx cos (p)— (— myIx@ sin (p): -mglsing .
Received equations (7) let's equate to the system

(m, +m, )i +mlcosp-¢=mlp? sing;
my, cos X +mlgp =—m; g sin @.

®)

Let's have transformation and put a mark m, — g, m,, where p;, - a parametric
coefficient. As the result we'll get

(my, +my )3+ pmyl cos @ - § = myl 7 sing; ©
cos@x +1p=—gsing.

If Taylor series are used and functions are trigonometrically represented as sums of
power series eliminating summands of the third and higher power, then received earlier
system is possible to be represented as

9’ of @
(mt+mk)jé+:ukmkl¢(1__2 J:mkl(ﬁ (40——6 ]
2 3
.. Q . @
1-2 | +1p=-glo-2-|
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According to parameter 4 we can write
X =Xy + LX)+ Xy + X (11)
P = 0o+ 1Py + 102+ 1P . (12)
Using method of numerous scales [7, 8] and taking into account time scales
Xyt ) =x( Ty, 13, 15,75

o e t) = (1), 1,15, T;...)
where Ty =, Ty =yt , T, :#151; T; =,u,§t ..., we have

62x0 62x1 62x0 62x0
my——+ | m| ——+2 +m—+
oT; or? oIy, oT;
P, o) (20( o
+ 1,myl 0) -0 || =2 -+ =0;
He k[azﬁ{ 2 ) Ver )76
2 2 2 3 2 2
a—xzo -2 +la—(p20+g P My 8(/)2,+2 o |,
ot} 2 oT; 6 o1 OT,oT,

2 2 2 2
o) 0°x; 0" x, 0°x,
+ - +| —t+2—L |- +...=0.
ﬂk[[ 5 J[gfl’z (GTOZ oT,oT, D PoP; 6T02

Received equations describe the first form of oscillations of motion of examining
mechanical system.

Taking into account the guidelines [5, 6] let's have the analysis of oscillations form
stability. Let's study the turn of the main coordinate system onto angle a. With this, the new
generalized coordinates will be X and ¢ . For these coordinates the equations of system
motion have the form

(13)

(m,—i—,ukmk)(;cosa—(;sina)—

(; . < )ZN . ~ 1. . ~ 3
—wm \X sino + @ cosa xsmoc+(pcosoc—g(xsma+(ocosa) +
+,ukmkl(x sma+¢{l—5(x sma+go) }=O;

(X cosa—gosina)[]—z(x sina +(pcosa)2}+l(x sina+@cosa )+

~ . I . ~
+g{x sina +cosa —E(x sina +(0)3} =0.
For the first form of oscillations, the linearized equation in variations will be

l—ix2 sina |(—-vsina+vgcosa )+
2 (14)

+cos a(Vl —vxi sinacosa) =0,
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where x - variation of variable X ; v - variation of variable ¢ .

Using Hill method and taking into account that x = 4 cos wt , the linearized equation
(14) can be represented as

272
1{1 —k; +Z‘%)(1 + cos2wt)} =
2 b
= —v|:g + E(Ii—kf)[wz —nglj(l +cos 2a)t)}

where k; - angular coefficient of straight-line approximation of oscillation form, equals to

(15)

k, =tga .
The equation solutions (15) determine the stability thresholds and correspond to

periods T and 27, where T — period of coefficients in linearized equation. They can be
found as

V=a;,cosmt+a,cos2mt+a;cos3ot+a, cosdwt+ascosSot + ...,

0] Jw Sw
v=aq, cos;t-l—az cos2at +az cos7t+a4 cos2at+aj; cos7t+..4 .

Using this type of expansion in equations in variations for different harmonics, we
get the systems of algebraic equations of expansion coefficient. Solutions of these systems
determine stability thresholds of related forms of mechanical system oscillations.

In Fig. 2, the solution of equations system (10) has been represented for the
following values of the parameters: m,= 5000 kg, m; =1342 kg, /=0,4 m at starting
conditions ¢y =0.026; x(=0; ¢,=0and x,=0.

From the graph given in Fig. 2, one can see that body displacement onto angle 0.05
rad leads to a maximum displacement of 25 mm, for mj;=1342 kg, and for m; =342 kg —

14 mm. The calculations show that with increase of body suspension length /, from 0.4 till
1.0 m, the carriage displacements are 75 mm and 40 mm, respectively. With this
approximately into 1.5 times their increases the period of carriage and body oscillations.

x, m; @, rad x, m; ¢, rad
1
0,05 0,05
0 0 r —
-0,05 -0,05
01 1 2 3 z,s'o’l 0 1 2 3 ts
a b

Fig. 2. Graphs of functions 1 — ¢ = f(¢);2— x= f(¢):
a—at my =1340kg; b— m, =340 kg
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Fig. 3. Dependences 4 = f(w) and @ = f(X): a - stability range threshold,;
b — path of motion in area of instability

Fig. 3a has shown the stability range of related oscillations form, determined with
the help of Hill method. For internals, there are typical unstable oscillations of mechanical
system, which has loss of stability of the first form that leads to the appearing of a couple
of new oscillations forms, nonlocal ones. The dependences of ¢ on x, for unstable

motion, are given in Fig. 3b.
3. CONCLUSION

Received dependences determine interconnection between the amplitude of
suspended units side-sway and the carriage displacement during the motion along the
monorail allows for determining well-grounded parameters of existing and new-projecting
monorails.

With the goal to accurate the received dependences in future, it is planned to carry
out theoretical researches taking into account forced oscillations, caused by effect of
disturbances from horizontal and vertical irregularities of the monorail.
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