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DYNAMIC MODEL OF MOVEMENT OF MINE SUSPENDED MONORAIL

Summary. In the article we have developed the dynamic model of interaction of rolling
stock during the movement, on the suspended monorail, taking into account the side-
sway. We have received the motion equations, carried out their analysis and determined
the own oscillation frequencies of rolling stock of suspended monorail.

JIMHAMUYECKA S| MOJIEJIb JAIBVDKEHUS LIAXTHOM OJBECHOM
MOHOPEJILCOBOI1 JIOPOTU

AunHoranus. B cratee pazpaboTana aWHAMHUYECKas MOJENb B3aHUMOICHCTBUS
MTOABMYKHOTO COCTaBa MPH JABIKCHHUH 10 TOJBECHOMY MOHOPENBCY C YU4ETOM OOKOBOTO
packaunBanwus. [lomydeHsl ypaBHEHHS IBIKEHUS, MPOBEICH MX aHAIM3 M OMpPEICICHBI
COOCTBEHHBIE YACTOTH KOJEOAHWH TOMBMKHOTO COCTaBa ITOABECHOW MOHOPEIBCOBOM
JIOPOTH.

1. INTRODUCTION

One of the problems of mine suspended monorails is side-sway of rolling stock which
limits the speed of train motion. It involves increase of side clearance and excavation cross-
sections therefore it leads to decrease of mine transport operating efficiency.

In the works [1, 2, 3] there have been given regularities of movements of suspended
monorails and researched crew side-sway during the movement on monorail with
irregularities. Works [4, 5] cover linear and nonlinear oscillations of structure units. Scientific
substantiation of parameters for monorail suspension in the workings fixed by bolting is
mentioned in the work [6], and for arched support it is in the work [7]. The estimation of
operating parameters of suspended monorails for mines is mentioned in the work [8]. This
article is the continuation of mentioned works. The objective of this research is the
examination of process of interaction of rolling stock during the movement on suspended
monorail taking into account side-sway.

2. RESERCH AND RESULTS

During the development of mathematical model of mine suspended monorail movement
the following assumptions were taken into consideration. The rolling stock is represented as
unsparing crew and in the form of one mass dynamic model (fig. 1). The motion speed is
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taken as constant. The monorail is regarded as solid having long plane of symmetry and
double-point suspension system. Friction forces at the same time are not taken into
consideration. Unbalance and hydroscope moments of gyrating mass of rolling stock are
equal to zero. We examine only the single crew movement and, in such way, the coupler
effect is removed.
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Fig. 1. The scheme of suspension of rolling stock of monorail
Puc. 1. Cxema moaBecKy MOJIBUKHOTO COCTaBa MOHOPEIHCOBOM 10pOTH

For parameters of suspended monorail there have been introduced the following symbols:
m; — reduced mass of suspended monorail; m, — reduced mass of rolling stock; 17 —

monorail suspension length; |, — distance from monorail suspension axes to gravity centre of

rolling stock.
L et's choose as generaized coordinates the anglesg; and ¢,, which form with vertical the

segments |; and |, respectively. Coordinates x; andy; can be represented asx; =1, singy;

Y1 = |1 COs@; .
Kinetic and potential energies of monorail m; are determined

T1=%ml(>'<12+y12); &)
Uy =—mgy, )
where: g — gravitational acceleration.
Hence
Ty =%rrhlf¢)f; 3

U, =—mygly cose;. (4
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The same isfor kinetic and potential energies of rolling stock

T, =%mz(>'<§+ y3); 5)
Uz =-mpg(lycosgy +1;cospy), (6)
where: Xo =l1Sing; +losing,, Yy, =11 cose; +15 cosgp,.
Hence
To =5 mo 297 +1303 + 220100 otor —22)) @

Finally for Lagrange's function of given system we have:

1 2 1 ,
L=Ty+Tp - Ur+Ug) =2 (M+ mp)l£f + - mpl 303 +

()
+ Moyl 21002 COS(@1 — @2) + (Mg + My ) gl1 COSPy + My gl COSP,.
Then Lagrange's functions describing system will be
doL oL
—5 -5 =0 ©
dt d¢p Jdg
Ea_l‘ _ a_L =0 (10)

After substitution and differentiation we will get Lagrange equations

{(ml +m,) (1%, + gSiNgy) + Myl 263, 01 — 1) + Myl 193 Sin(gy — ) =0, (11)
11631 COS(@1 — 5) +1 505, — 1197 Sin(gy — 9,) + gsing, =0
or for small frequencies

{(ml + M) (1) + Mol o3y + (M + M) gy =0, 12)
11 + 12692 + 992 = 0.
Let'sintroduce coefficient symbols z,, = M2 and Y= ||—2
Then " '
{(pl + (03(1-1— Hr)Pr — a)gzum¢2 =0; (13)
1+ 1 + ahp, =0,

where ap = \/Ig
1
Let's find the answer in the form

¢ = A cosat + By sinat, (14)
@0 =Apcosat +Bysinat. (15)
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For this system we will get characteristic equation

2 2
%(1+ :Umz) - ;:umab ) =0. (16)
- o — o
On this base the frequencies equation will be
140" — o0 U+ i) U+ 1) + ) (L+ ) = 0. (17)

The frequencies equation roots are

aa=iwoJ2—;((1+um>(1+u|)—J(1+um)2(1+u|)2—4u| (L+ fim) j (18)

w, = iwoJZ—jq((n U)W 1)+ L pi) 2L )2 = Aaty (L i) j (19)

In the fig. 2 there have been given the graphic charts of frequencies dependences
w, = f(y)and @, = f(y,) for different values of monorail suspension length 1, and

coefficients u,,,. From these charts we can see that with increasing suspension length from
0.1 mtill 0.4 m thefirst and the second oscillation frequencies decrease more than by twice.
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Fig. 2. Graphic dependences: a) — @y = T (11); b)— @ = T (1)
Puc. 2. Tpapuueckne sasucumoctn: a) — @) = T (14); b)— @ = (1)
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With increasing of values y; from 0 to 4 one can see the decreasing of frequency ;. With
further increasing g, this frequency practically doesn't change. The same is with the
frequency @,. Increasing the values ,,, in range from 0.1 till 100.0 frequencies decrease.
But for the first frequency the decrease is not more than 10%, and for the second is more than
by twice.

Dependences @, = f (1) and @, = f(u,,) at different values are given the length of
monorail suspension |, in fig.3. From graphic charts it is followed that the length 1,
essentially influences the frequencies. For 1;,=0.1 m and g, <100 first frequencies change
from 9,9 till 7,0 %, for 1, =0.4 m —from 4.2 till 3,6 s*, and for 1,=1.0 m —from 2.8till 2.2 s
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Fig. 3. Graphic dependences: @) — w1= f (Um); b) —wo= f (Um)
Puc. 3. Tpaduyeckue 3aBucumoctu: @) — w1= f (Um); b) —wo= f (Um)

In fig.3 one can see that for the first frequencies with increase of coefficient y,, it is
occurred the decrease ¢, and for the second ones it is occurred the increase @,. So with
increase of the coefficient 1, in the range from 0.1 till 10.0 the first frequencies decrease and
a the further increase y,, practicaly don't change. The second frequencies vice versa
increase and reach their limit for values y,, considerably more than 100.

3. CONCLUSIONS

The received mathematical model of process of interaction of rolling stock during the
movement on suspended monorail taking into account side-sway will be used for
improvement of already existing and anew projecting monorails. With the purpose of
précising of received dependencesin future it is planned to carry out the theoretical researches
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taking into account the forced oscillations caused by the effect of disturbances from
horizontal and vertical irregularities of monorail.
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