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RESEARCH OF THE SUSPENDED MONORAIL SIDE-SWAY

Summary. In the article there has been developed the dynamic model of the
suspended monorail side-sway. There have been received the motion equations, carried
out the analysis and determined the frequencies and amplitudes of rolling stock side-
sway. During the rolling stock motion along the monorail there appears the crew side-
sway relative to suspension centre. The following parameters influence onto the side-
sway amplitude: traverse speed, coefficient of stiffness of the crew suspension, distance
from the centre of mass till the points of the suspension of the carriage with the crew
and cargo mass. Crew side-sway causes the efforts changes in the suspension system.

HCCJIEJOBAHUE BOKOBOI'O PACKAYNBAHUS ITOJIBECHOM
MOHOPEJIbCOBO JJOPOT'"

AHHOTaHI/Iﬂ. B crarne pa3pa60TaHa JVMHaMHUYCCKasa MOACIb OOKOBOI0O paCkadynBaHUA
HO,Z[BeCHOﬁ MOHOpeJ’ILCOBOﬁ A0pOory. HOJ'Iy‘IeHLI YpaBHCHUA ABUIKCHUSA, NPOBEACH HX
aHaJIN3, OMPEACIICHBI YaCTOTBI U aAMIIJIUTY/bI OOKOBOTO paCKauMBaHUs MOABUIKHOT'O
coctaBa. Bo BpEMsA IBHWXXCHHA IIOJABMIXHOTO COCTaBa II0 MOHOPEILCY BO3HUKACT
00KOBOE paCkadrMBaHHd JKHIIa)Ka OTHOCUTCIIBHO TOYKH IIOJBECA. Ha AaMIUIUTY Ry
OOKOBOIO pacKkadyuMBaHUsA BJIMAIOT CICAYIONIME MapaMETpbl: CKOPOCTH ABHXXCHUA,
KOS(l)(bI/IHI/IeHT JKECCTKOCTH IMOABECKH 3SKHUIIaXXa, PaCCTOAHUC OT ILICHTPAa MacC A0 TOYCK
noAaBeCa paMhbl C SKUIIAXKEM U MaccCa Irpysa. BboxoBoe packadrBaHHW SKHIIaKa NPUBOAUT
K IBMCHCHHUIO YCI/IJ'II/Iﬁ B CUCTEMEC ITOJABCCKH.

1. INTRODUCTION

At monorail motion in real-life environment there inevitably appear oscillations of its components
[1, 2]. Ralling stock, besides efficient motion along monorail axis, makes small oscillations of the
complex structure. Remaining small by amplitudes they can be accompanied by secondary forces
effecting onto the monorail, driving and running wheels [3]. The force increase causes the heightened
runout, track deformation and therefore leads to safety decrease.

Between stock structure, its design parameters and operating conditions there exists indissoluble
connection. Transporting cargo mass, track profile, track watering and dustiness and another operating
conditions greatly influence onto stock work which proves the necessity of the many-sided taking into
account of these conditions at monorail projecting and exploitation.

2. RESEARCH AND RESULTS
Let's study the crew plane motion consisting of material particle of mass m and imponderable bar

of length | , on which one this particle is suspended, in the field of gravity. With this, suspension point
isn't fixed and can move along some (given or chosen) trgjectory. It is supposed the absence of any


mailto:mornok@mail.ru

2 S. Zelenchuk

friction and resistance forces. The crew position will be determined by angle ¢ . Let's give some
position ¢q < {—%;%} inwhich it is situated at initial time with zero angular speed. The task is to
find the law of motion of suspension centre (x(t), y(t)), which does not allow crew to change the
position with time, i.e. to provide the solution existence (o(t) =¢q.

Motion equation (fig. 1) at suspension centre motion by law (x(t), y(t)) is

0y, MWoospt ssing o
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Fig. 1. Design diagram of crew motion
Puc. 1. PacuetHast cxema pacKauMBaHUs SKHUIaXa

The important particular case appears when suspension centre oscillates along some axis forming
angle ¢ with the gravity direction. Having marked the suspension centre displacement aong this axis

s(t), we have

x(t)= slt)sina, y(t) = —s(t)cos )
and crew oscillations equation (1) turnsinto
¢+gsingo+§(—t)sin((o—a)20. 3)

As upper ¢q = % and lower ¢, =0 crew verticals are equilibrium positions at fixed suspension

(x(t)= y(t)=0), so let's delete them from further studying and let's suppose that Sing,, #0. Let's
only mention that for keeping vertical positions of crew equilibrium the suspension centre can move
only along thesing, #0. As it is followed from [4], upper position becomes stable a suspension
oscillations along the vertical with the frequency higher than /2gl /&, where « - amplitude of these
oscillations.
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Let's find out such suspension centre motion (x(t),y(t)) as ¢(t)=¢@y =const zkz,keZ.

Functions x(t) and y(t) can be regarded as directions in equation (1). As class of permissible
directions let's study continuous twice differentiable functions. So taking into account ¢ = ¢ =0 the
equation (1) let'sturninto
(g+ ¥(t))sing, + X(thoo = 0.
Whence

o2
y(t) = —x(t)ctg e, — Ty + Gt +Cyp, (4)

where ¢, Co — some constants which are determined from initial values of speed and position of crew
suspension.

Have chosen X(t) in random way from the class of permissible directions from (4) well get y(t),
have determined in such way suspension centre motion in full. Thereby we have family of directions
x(t), y(t), providing inclined equilibrium of crew. Let's find out if there exist limitable ones among
them.

Let it be that x(t) is limitable on haf-interval [0, +c0) function. Then a t—> oo under the

limitation x(t) the value |y(t)| according to (4) goes to infinity. Therefore the suspension motion at

Sing, =0 can't be limitable at both coordinates. Nevertheless there can be the traffic condition
limited at y and unlimited at x, allowing the crew to remain in inclined position

2
)=~ -tap6,y(t) 0.

Let's simplify now suspension motion trgjectory. We'll move the suspension centre along the line
(2), but let's extend the class of permissible functions s(t) This class will include functions, the first
derivatives of which (speeds) can have discontinuities of the first kind in some points at the intervals
between these points functions s(t) will be as before twice differentiated. In the given points of
discontinuity regarded mechanical system will be undergone to pulse action.

Further dependence calculation is described [5], hence we have that at Q2 — 0 signAv coincides

with signM
sin(py — )
made an in equation Sinpyctg (g — a)<O0.

So under continuous dependence Av on Q) there exists some value Q = Qg at which the speed
increase during period T will be zero.

,and at Q — 0— with signcos(gg — a). These signs are different as it is

Now let's study increase S(t) it will be J'(t)s(t)dt . Obvioudly that depending on speed initial value
Vo we can get different increases As. Let's choose initial speed in such way that this increase is

equated to zero. Let's mark Av(t):j(t)é(t)dt. Then have chosen initial speed V, equated to

—%Jg Av(t)dt, well get that increase s(t) will be zero.

Such values of frequency €2 and initial speed for S(t) that suspension coordinate s(t) and its
speed during the period return to initial values. Therefore at these values suspension motion s(t) will
be periodic and continuous at t and crew will oscillate relative to position ¢ by law

go(t)= P + gCOS(Qt + 5).

Let's take the distance from the mass centre point till points of stock suspension | = 10 long and
let's study its horizontal position ¢ = 7 /4. Let it be that axis along which suspension point oscillates

angles o = 27 /14 with gravity direction. Diagrams of suspension point motion providing harmonic
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oscillations of tractive equipment at horizontal position with some small amplitude ¢ and diagram of
frequency dependence Q on ¢ at periodic motion S(t) suspension points are shown in fig. 2.

In fig. 2a it is given the diagram of  frequency dependence on & at periodic motion s(t) of
suspension point. From it we see that frequency Q(g) increases unlimitedly at amplitude ¢ decrease.
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Fig. 2. Suspension motion: a) S(t) a @, =mn/4,00=2n/4;Db) frequency diagram Q2= f(g)

Puc.2. J[BukeHue mojBeca a) S(t) npu ¢, =n/4,0=2n/4;b) rpapux gacrorer Q= f (g)

In the fig. 2b for @g=7/4, a=2r/4 there have been given for comparison diagrams of

suspension speed V(t)=s(t) at £=0,5. With this it was found out that the maximal speed values
V(t) precede to maxima of harmonic speeds and minima lag.

3. CONCLUSIONS

Practical value of given work consist in possibility of wider application of monorail transport for
odd works in al spheres of transport carriage and increase of speed of crews motion. On the ground of
carried analysis of equation of crew oscillations at motion along monorail it follows the biggest
influence onto the side declinations is provided by transporting cargo mass, coefficient of stiffness of
holding down device and distance from mass centre till suspension points of driven carriage. Another
parameters of tractive device and monorail have less considerable influence. There exist periodic by
time oscillations of suspension centre at which crew declinations from given fixed inclined position
will be as small asiswished.

References

1. Usanuenko W.M. Memoo nooxoncmpykyuii 6 3a0auax OUHAMUKU CKOPOCHMHOU MOHOPELbCOBOU
dopoeu. N3B. PAH. Mexanuka tBepaoro tena. Ne 6, 2008, c. 101-117.

2. Gutarevych V.: Dynamic processes during monorail locomotive rocking and their impact on draw
gear characterigtics. Transport Problems, val. 6, Issue 2, 2011, p. 43-51.

3. Popp K. Schiehlen W. Ground Vehicle Dynamics. Springer-Verlag, Berlin, 2010.

4. XonoctoBa O.B. O dsuorcenusix 06oiinozo maamuuka ¢ euopupyioweu mouxou nooseca // WU3B.
PAH. Mexanuka tBepzoro Tena. Ne 2, 2009, ¢. 25-40.

5. Hecmmpuserii B.H., Kopones B.A. Cmaburusayus xonrebanuti Masmuuxa ¢ noO8UICHOU MOYKOU

noogeca OMHOCUMENbHO HAKIOHHO20 paenosecus. V3B. PAH. Mexanuka TBepgoro tema. Ne39,
2009, c. 195-206.

Received 29.03.2013; accepted in revised form 25.05.2013



