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ABSTRACT this program on the computer over a hundred control
tests have been carried out. Finaly, a prototype made
In order to use lift counter-mass logic effectively and  which works along with the animation program anohso

commonly  in  vertical load  transporting, an  gpplication results were obtained.
electromechanical system was designed and introduced in

this study. The system can make it easy for theloadsto be
soft started, soft stopped and hanged without break

equipMenNts by USing extra counter MAssesin it Il STRUCTURE OF DINAMIC BALANCING

SYSTEM AND ITSWORKING PRINCIPLES

| INTRODUCTION For the DBS'’s normal applications its arm length ba
changed from 1m to 5m and masses’ weights which are
We all know that if we put equal weights on bottiesi moved on arms can be changed from 100kg to 1000kg.
of the scale there will be a balance created witamy ~DBS is similar to a proppeler which works slowly in
energy consumed and that with wery little force liapp vertical position. There is the DBS’s prototype whan
this balance could be upset causing the movemethieof fugure 1,
scale.

In this study, it was shown whether the same lagiald
be applied to the vertical load transport systethsThe |
similar logic has been used in the lift systemst Bioe ;|
applications are limited and specific dependingranlift ,7 |

structure. In order to apply this logic (countersses)

commonly, it is necessary to use variable countesses

so that it would be possible to balance the loahekits ‘ '
weight is changed.[2] For these conditions to bi| . :ig'!"
provided, a special electromechanic system basdtdeon

variable counter masses was designed.[3] |l

This system, called Dinamic Balancing System(DBS) o e
works in vertical position and has got 8 arms Wil 4
degree space among them. And there is a mass Qvei f
on each arm controlled with electric motor. Loaalkich % -

are not connected to any electric motor but to D&, "
be balanced and hanged without energy cunsumpgion 5'9ure 1
controlling the position of masses on each arm. ue
the masses’ effect, starting and stopping operatean
be performed easily. So, energy consumption will b
lower too .[4] The system control is one of the tmos
important part of the study. The mass position niest
changed constantly to balance the load. The fuzz
control system is preferred as a control metho@l}[5-

Fvery reciprocal two arms(stick) represent a sdaéeh
arm has got a mass which is controlled with antetec
motor. All masses are equal in weight.

*the load is removed and all the masses are ddcait an
equal distance from the DBS center, the systembsilin

During the control system development an animatiorPalance

program built for this purpose was used, which airst
mathematical modelling of the system.[7-8-9] Bynasi



111 MAIN FACTORSWHICH EFFECT THE
WORKING OF THE DBS

Under the ideal conditions, if it is accepted tlzdit
masses’ weights are 1 kg each, the left side maseest
the arms’ends (1 m away from center) and the Sghe
masses are right at the center (their affects ene) zthe
torque curves can be obtained, which is shown gurkl

4. Each cosinus curve represents one mass effecthé
maximum rotating force for each mass is found to be
lkgm. When we direct all the arms torques into one
single torque, the system total torque is obtairkégure

4a shows each mass torque separately.

. Changing
Figure 2 of torques

A T(kgm)

During the loaded working all the masses must bela
located in proper positions if the system is to be
balanced. In the same way, load can be moved bys
constantly controlling the location of the massédg
represent the distance of masses to the centeB8f D Tc
m;.mg represent weight of masses (Figure 2).

To

Figure 3 shows a vertical representation of theesys
which rotates in inverse clockwise direction. Thad is ~ Te|
moved up when the right side masses’ effect isdrigg <
than the left side masses’ one. The speed of thdr N\
movement is determined by the force difference betw 7

the both sides. T \'\

These characteristics of the DBS make it possiblese  Tn
DBS in vertical load movement systems. The System
starts rotating right to the direction in which thmasses
torque direction is bigger.

Fioac Tri(kgm)
F-Fe=mass force | Fa 2.
Farload force 24

Fi 3
igure c) 0

Figure 4



Figure 4b shows mass torques together and figure 4c

shows totol torque of all masses. The fluctiatiomisich Sections o
are seen in figure 4c, can be decreased by inoge#se mass movere
number of arms. But this changing results in cdntro Y Y

difficulties and some mechanical problems. mmmmd A

The following is assumed to exist under ideal ctionis

e Firiction force is 0.

¢ Al masses’ force is 0 at the center of the DBS. So
the total force of right side masses is 0, too. ;

« Masses movement (from the center to the end or s
from the end to the center) occurs on the Y axis ™ A
instantly. In other words, at the ®point masses DRSS NIt
move to the end from the center and at the®270
point they move to the center from the end. a)

. . Figure 6

Under normal conditions these items are olso factor

which decrease the productivity of the system. The

biggest loss occurs when masses move. By setting th

starting point of the masses’ movement the prodocti |V GETTING TOTAL TORQUE EQUATION AS

loss can be decreased. Another big loss occursodine A MODEL

mechanical structure. Even if the masses are ldcate

the nearest points to the center, their distanc¢heo Total torque effects the power, speed, acceleradioeh
centre is not 0 direction of the system. So, DBS’'s model can be

explained with the total torque equation.

Figure 5 shows the losses at the a and b areag whil ) .

masses are moving Figure 7 shows movement-time relation of masses. t
section and stt, section are forward and backward
movements of the masses, respectively.

\

Ideal Norma
working working

f1 ti<t<t,
| (t): fo t<t<ty
m fs to<t<t

v

Fugure 5
Ig =location of masses(m
t=time(sec)

When the system speed is high, masses will noblee a = angler speed(rad/sec
to reach the arm’s end. At the proper speed of the
system, to get the maximum torque masses must
complete their movements in nodded areas (Figuye 6aFigure 7
Otherwise, there will be 4 active motors used (radlyn

2 active motors are enough for rotating) and energy
consumption of the system will be bigger (Figurg.6b  tz-ti=(Imaxclmin)/Vsiep ta-ta=(Imax | min)/Vstep
At the starting period, the first masses’ movemectr

at those arms which are near to the X axis. Antrenal

working the arms near to the Y axis are used. f1=( (max min)/ ( trte) ). (t &) + lin

2= Imax



f2==( (minlmand/( ta-ts) ).(t- 1) + max V1APPLICATION OF MATHEMATICAL
MODELLING AND CONTROL USING A

While the system is rotating the time differencensen GRAPHIC ANIMATION

the two arms can be expressed as

t = mdlo(t) The dimensions of the system can be fixed by the
program and the working of the system can be seen f

The locations(r rs) of all masses on the arms different load combinations. There is a part frone t

for mmass  l=li(t) program at figure 9. The Changing of the torque ted
speed of the system can be observed on the grgrhic

for mmmass  I=ly(t-(1.%)) of the program.

for mpmass  Ig=l(t-(7.t))
(=T |
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[ [mugla(t)cos(t)]+[m:gla(t-(tr))cos(t-(tr))] +
[msgla(t-(2tr))cos(t-2tn))] +......+[Me.g.ls(t-(7 1)

COS(t'(?.tf) )] ] =my.| max.(du)/dt)>m|oad.g.l load ;::*:1_'-
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for ®=x’, the state-space equation is

* _ dacho o —
x = A)x+b(t)u B %ﬁ
Dinamic Balancing System shows a lineer varying L=l =l
structure.
Figure 9

V CONTROL OF THE SYSTEM

The fuzzy control inputs are demanded speed, megsur

speed and direction. The control outputs are thatlrg VIl SOME PROTOTYPE APPLICATION

circle(to limit motion of masses) and starting psifor RESULTS

the forward and backward motion.

There is a coefficient taken between the radius of

|_|m|t|ng circle and the difference of the deman@&ed When SyStem works without |Oad, it is difficult control

and measured speed in the control. There are otier it because the acceleration change is fast(FigdyeThe

coefficients between starting points and measupeeds ~ success of the fuzzy control unit was assesedsmtin -

Figure 8 shows general control diagram. loaded working. Normally, control unit doesn't lgte
rotating speed of the system exceed 10 deg/set limi
case it does exceed that limit, control unit wadits
passive position.

I']. ______________ , Motors
Esgﬁided o / Control Ther.e is no need for 4 motors to be active at t#rk)q of

. 5 S output starting. Only one mass movement can start rotattiem

M O - normal working can go on with two active motors.

1§23 —

N L O 2 As can be seen from graphes, the energy consumgpttion

! A the DBS is the same every time. Because motofsrsuf

! | only from masses which move on arms, not load

""""""" = connected to system’s shaft. The more the loadisityr
Measured speeanc positior is, the slower the system’s speed. In this caserieegy
consumption of motors does not change.

Figure 8
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In loaded working starting time can be made shdiye
making 4 motors active, having set demanded spigiad h
at control panel (Figure 11). System works sloehd
its control is easy because of the load effect.
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Figure 11
VIIl  CONCLUSION

suitable places continuously, the system can bealtad
by using an adaptive control such as fuzzy control.

In the next study, the information on DBS contral tve
introduced, and then, the system performance, gnerg
consumption and soft starting charesteristics il
discussed in full length.
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The introduced prototype can not be used to compare

DBS’s performance with other vertical load transpor
systems because its dimensions are very small cechpa

to its normal ones. But prototype results show that
counter masses logic can be used commonly and

affectively not only in the lift systems but also ather
vertical transport systems.

The results also show that although controller dpats3

inputs, 8 outputs and all masses must be direaed t



