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Summary. Complex mathematical model of transverse vibrations of
mine_hoisting system is described. Coupling with longitudinal vi-
brations, deformations of cage, vibrations of ropes, variations of
stiffness of cage support (by system of elastic rollers, slide sheei;
and guides), as well as damping, asymmetry and unbalance of load
are taken into account. Accepted assumptions, system of differen-
tial model equations (partial and ordinary), method of its solving
and exemplary results of computer simmulation are presented.

INTRODUCT ION

Scheme of analysed mine hoisting system Is presented on fig.Ll

System is composed of elastic lifting and balance ropes, cage
ih.oec, rollers and shaft guides. Cage 1is treated as rigid
body, having five degrees of freedom < for trancverse vibration**

and

one for longitudinal ). It may be also divided jinto three

parts - upper and bottom rigid heads,connected by group of
elastic rods. All ropes ere treated individually, or one
equivalent lifting and balance vrope is introduced. .Formulated
mathematical model of transverse vibrations takes into account

also:

internal viscous damping in ropes,guides and rollers

clearances between shoes or rollers and guides *

cooperation of rollers and slide shoes

transmission of vibrations between two branches of balance
rope through its bottom loop

asymmetry of guides,skip or cage

unbalance of skip and its loading
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Fig.-1* Sotaeme of analysed hoisting system

- variations of ropes length and of stiffness of guides
- action of unscrewing moments in ropes on cage

Ae main cause of transverse vibrations are
irregularities of shaft guides. Transverse vibrations

forced by coupling with Jlongitudinal vibrations
variations of tensions in ropes

2.MATHEMATICAL MODEL OF TRANSVERSE VIBRATIONS

treated
e also
through

Mathematical model of transverse vibrations of hoisting system

consists of equations of dynamic balance of ropes and
skip.

cage or



IlathamaticaX model of transvarae.».

2.1. Equations of dynamic

Most adequate mathematical model of transveree vibrations of

rope can be obtained treating rope as ponderable elastic
beam, having transverse stiffness El and unitary mass pA, loaded
with variable strength S. It can be written ass
* ' 9*y fleyn 3EL
Y S L
Bl et o | d t % o %
) = 1
p Airk1 0 @
Four boundary conditions for every rope consist of assuming *
zero transverse displacements near the pulley, lack of bending
moment in ends , equality of displacements and equilibria of
forces and moments in two branches of bottom loop of balance

rope, equality of displacements of suspension gear (cage) and end
of rope, as well as relation between force Fn < regarded in

equations of dynamic balance of cage ) and displacement of -the

end of rope

. 9*y 9y
F = El -——— - s————- <2)
L t 0 x3 d X ”™x=L

2.2. Mathematical model of rigid cage

The scheme of rigid cage,vibrating with Ffive degrees of
freedom - Y, +Z4» s w, v - is presented on fig. 2. Optional number
of lifting and balance ropes Nn,NV and of slide shoes or rollers
N ,N (acting iIn directons of axes y,z) is regarded. Denoting
dl)étances between centre of gravity of cage and shoes as
h _,h _h_, forces and moments of inertia as M.y g »MeZe ,J®5a»
sz tJ3'P* strenghts in lifting and balance ropes as Sn,S ,
coefficients of unscrewing moment as Ko,forces iBsued by
transverse vibrations of ropes as P, forces between cage and
guides as F ,and friction factor in guides as fj (fig-2) and
using index8s: n for lifting, w for balance ropes and p for
rollers - the equations of dynamic balance of rigid cage can be

written as:
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vhore // a { fj ; —i } for falling or lifting cago

Tensions S ,S are in every time step calculated by separate
part of computer program,simulating longitudinal vibrations (not
presented here ).

Displacements of any point of cage placed on distance

h ,h h from gravity centre - can be described by five main
coordlnates as :

z=2z ®*h amp O

2. 3. MatixamaHcal model of defngtaable caps.

Most of authors modelling vibrations of hoisting systems tz-43
treata cage as rigid body. More precise model can be obtained
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regarding two rigid frames < upper and bottom heads >, connected
by group of elastic rods. Displacements of heads < without

elongation of rods ) are described by three degrees of freedom :
Ay,Az,Ay/. Displacement of any point can be expressed by main
coordinates as t
y * *p N - yh™ ¢ £/2 (Ay - A/ 1Y)
= ?
z ZaOL#hy.Ot.hXOT/Z ( Az oﬁy/hy) (©)

vhore : « i1? "1j 0 3} - forpoints on upper or bottom heod

or in the central pari of cage

Taking into account relations between displacements Ay (Az> of

ends ofrodsand forces in them ( obtained from analysis of
their bending >, and using indexes g and d for upper and bottom
heads and 1 for connecting rods - the equations of dynamic

balance jof upper head of cage (added to system <3>) can be

written as :
N

® /2 Ry - " *
\i/ FVy oy, Ay. R ;?:i pr n1;l F Ly
- ¢ <ma—né—md)yéz* 12 <Ellha)iAy =0
N N
R pgz -
IZ F@/z * '}, {ZC * Az/2 1 ‘p{leZ*‘tnYl-”ZF *

*<»o»o ) * 72 612 (BXVh > Az =0
VVE=| > 02T 5 — 1 &2~

N N
¢ 12 GEI*R /hy )7/ 2 TpglFZ iy py\:pj-y & pz
p: =

N

. K s F h -F h
“:L [v on n Lnz ny Lny nz -0
(6)
.To other equations of system 3) must be added terms
representing movement of heads:
_ = (m -m ) Ay [/ 2
A E Fvy o
A E F * (m - o ) Az / 2
vz 9
- <3 - J > Ay /2
A E «yx gx dx Y
* < m h - m h Az /2
AE Miy g gx d dx)
Ao« iss (Mg = mghg ) Ay /2 @)
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3. FORCES BETWEEN SHOES AND GUIDES

Cage contacts with shaft guides through rollers and slide
shoes < in moments of greater transverse displacements ). Scheme

of cage movement is presented on fig 4.
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Fig.4. Dynamic displacements of roller

Denoting by 6.6 nominal clearances between roller and guide
or slide shoe, by d<x) actual irregularity of guide, by yn
dynamic displacement of cage (base of roller) and by cpt-cpB-cplt
coefficients of stiffness of roller, slide shoe and guide - force

FP betveen cage and guide can be described as s

0 vh»nEolI»r do®«n” 1
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4. method of solving of model equations

4. i. EciJatiow”«ipasribAna,y>_bration_pi ropes

Fast variational method Is used for solving partial

differential equations <1> describing transverse vibrations of

ropes. Process of vibration is approximated by m-element series:
y (x,t> « £ Yi<x> * Tiiti <9>
Functions VA<3t) are obtained analytically .as solutions of
little simplified model of free vibrations of system. Ignoring
damping and variations of tension S in ropes and performing
Faurrier transform - the equation <1> can be vritten as :
El 4 s i-x *p AwzY =0 ; Y (to, x st F oy<x,t
é_X od x P ( )« v y<X, ©)
<10)
Its solution has the form T
4
Y <x> = p C._ * i vX); i =1 -m
i =i il il
f - X « sin X) ; f, X = cos (X. ;
il 1 ° 12 0 ¢ \2X>
X. X X L -X. X
fta<x) * e v8 / e 9 ; fir (x)=¢ev
rge
\i* / [2E } T - 2 FE " an
Frequencies «iof free vibrations and values C“ (Cvizl) are

obtained by numerical solving of system of algebraic linear

equations, resulting from boundary conditions, little simplified

in comparison to presented in par 2.1 < with relations between

forces and displacements of end of rope near cage obtained from

simplyfied analysis of plane motion of rigid cage, supported by
elastic shoes ). Expression 9 fulfills partial differential
equation <1) with error, having dimension of derivative of
force: d Force F~ in equations of dynamic balance of cage
*3,6,7) satisfies boundary condition (2) with error AFbI. Other
boundary conditions are fulfilled exactly. According to

principles of variational method - as condition of best
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approximation of equation <1> vith boundary condition (2) by
series (9) - is treated zeroing of expressions s

9rvi ) )
S * yjx) dx * Yj<L> “ 0 a2

L
r

Js

o

for all j oi.monte of approximating series (J=1-m >

Regarding effect of deed veight on tension S »
*q X as)

vh.ro: - o1 4=-pag for lifting
q=S /1 for bolanco rop.;

after rather complicated mathematical operations the system of

m * 1 ordinary differential equations, relating approximating

functions T| , force FI and displacement y_can be obtained

J zZ =f{1  'Td=-F=,

} Fe«Fnt ] W

(El< r s.*1.xir < Vii-«
d2r * *
* z " A Fli<e * dx * Z cikFfik<x>
[z_, 13 2|
{ t v r r ) (Ul > e[ s->1-1]
* - = j * -
Xlitf“(L) }‘ FI— 0 for j *1 -m
4 4

1 ; - 1 > .depending on indexes I and r
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GF eourss - analogous system describes vibrations in direction
2. Functions of variable x are integrated analytically. Computer
calculates coefficients of system <145 only after greater changes
of tension or length of ropes < not in every time step - saving
computation time > System is solved numerically - succesive
steps are presented below.

4. 2. Equations describing .transverse, vibrations of cage

Systems of ordinary differential equations (3,6,7,14),
describing vibrations of cage and ropes are solved numerically,
using fast method, based on parabolic approximation of variation
of every dynamic variable during the time step At (with
continuity of variable and velocity cf its changes ). Expressions
determining values of every variable at the end of time step At
are obtained by introducing above mentioned parabolic
approximations into differential equations and zeroing integrals

of these equations in range At. t, n
At first - relation between J'F dt and ! Jy dt, main
o] to

coordinates of cage movement yg,%f .... at the egd of gimg step
t' st°*At and variables at its beginning t YN, z#, .., T\, T\ )

is obtained from system <14>. Afterwards - differential equations
<3,6,7) are transformed, wusing value /F\dt and parabolic
approximations of y ,2 ,.. Obtained system of linear algebraic
equations is solvedf uging Gauss method ,and values y;,zs\.. are
determined. Then velocities y;;;;"" accelerations y;,zi}...,
forces F',F] and functions T}, Tf are calculated,

Necessity of regarding clearances between guides and shoes and
cooperation of slide shoes end rollers causes great complications
in numerical calculations. Every change in condition of contact
between one of rollers or shoes and guide - changes its effective
stiffness and coefficients in equation (8). Computer calculates
moment of time < during time step At ), when Tform of contact
changes, and values of all dynamic variables in this moment < ba-
sed on their parabolic approximations ). Then - next time step
begins.



Mathematical modal of transverse..

" 5. RESULTS OF COMPUTER STIMULATION

Complex computer program,based on presented mathematical model
was elaborated. For mine hoisting system, having determined
structural and process parameters computer calculates
transverse dynamic displacements and accelerations of cage and
forces in rollers and ropes. Simultaneously - separate part of
program simmulates longitudinal vibrations, determining
longitudinal displacements and accelerations of cage and stresses
in ropes < with regarding influence of transverse vibration on
longitudinal through variations of frictional forces between cage
and guides ). On fig 5. exemplary courses of transverse
accelerations of cage and forces in rollers and are presented.

* b= ~ 7 1
1 1 r

trrvea ? »V  « f»/«M P V <1l k r*«tl

cit> i «w» | m wid» 0 otiotor»i cila »«in m

Fig. 5. Exemplary results of simmulatlon of transverse accelera-
tions of cage (A) and forces between cage and shaft guides (B)
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UODELOY/ANIE DRGAjJ# POPRZECZNYCH UKEADU WYCIAGOWEGO
SPRZEZONYCH Z DRGANIAMI WZDLUZNYMI

Straszczenie

W artykule przedstawiono rozbudowany model matematyczny drgan

poprzecznych gérniczych uktadéw wyciggowych. w modelu uwzgled-
niono sprzezenie drgan wzdduznych i poprzecznych, podatnosc¢
naczynia wydobywczego, powigzanie drgan naczynia i lin, zmiany

sztywnosci podparcia naczynia ( w uktadzie sprezystych prowad-
nikéw i prowadnic tocznych i $lizgowych )«a takze td#umienie, nie-
wywazenie i asymetrie uktadu. Oméwiono przyjete zatozenia, podano
podstawowy uk#tad réwnan rézniczkowych (czagstkowych i zwyczajnych),
przedstawiono metode jego rozwigzywania oraz przyktadowy rezultat
symulacji numerycznej

MOKEJIHPO3AHHE nOHEPEHHHX KOJIEEAHKE B CBH3H C 1B°0,EQJIHHVH
B BAXTHOii nOAEMHOH YCTAHOBKE

Pe3»ue

B cTaTte npencTaBneHO cnornyio waTenaTHwecKyio wonent nonepewHMX
ronf?(5aniiii aaxTHOft nontenHon jtTanoaic«. B nooenii yHHTMsaeTca
npononi>xMx k nonepeMHMx Kon”OaHMii, nes$opMaumi Knetii, Kone6aHH>i
KaMaroB, cneHW acecncocTH onopw rnem .Ha nposoflHMicax, a TaK*e
nex!i4«po3aHMe, acHrtrieTpH« n HepaBHoeecMe Kkjioth. npencTasnhewo
npiiHHTwe npeanonoxeHHa, CHCTeity nu$(}5epeHUKa.nbhmx ypaBwemiit
iiononH CMacTHMK k o6wicHOBeHHwx5, weToa ee peweHHH u npHMepiiwe
pesynbraTM. bmmhcneHHA Ha 3BM.



