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COORDINATED CONTROL OF ELECTRIC DRIVES
SIMULTANEOUS OPERATION OF THE CRANE MECHANISMS

Abstract. The method of damping swinging on a rope cargo has been proposed. This method is effective in
combining works of trolley (in one or two coordinates) and hoist. It is based on the formation of the angle of deviation
from the vertical rope for harmonic function and controlling the speed of the suspension point. The method is invariant
to the ratio of the mass and speed lifting. This allows automation of cranes, including positioning cargo at
predetermined points. It can be used in the design of container cranes in automated terminals.
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COI''TACOBAHHOE YITPABJIEHHUE 3JIEKTPOITPUBOJAMU KPAHOB ITPU
O/THOBPEMEHHOI PABOTE MEXAHU3MOB

Annomayua. I[Ipeonodcern memoo oemnuposanusi Konebanuil NOOBeULeHHO20 HA KaHame 2py3d npu coeMeujeHuu
onepayuil 20PU3OHMANBLHO20 NepeMeujeHuss Nno OOHOU UlU O8YM KOOPOUHAMAM U NOObeMd/Cnycka 2pys3aq,
UHBAPUAHMHBLI K COOMHOULEHUID MACC U CKOpocmu nodvema. Memoo ochosan Ha gopmuposanuu yena OmxIOHeHUs.
KaHama om 6epmuKany no 2apMoHU4ecKOMy 3aKOHY U YNpasieHuu CKOpOCMbI0 MOYKy nodgeca. Imo npedocmagiiem
B03MOJICHOCHIb A8MOMAMU3AYUU KPAHOE, 8 MOM YUCTEe — NOZUYUOHUPOBAHUA 2PY3a 8 3A0AHHBIX MOYKAX, YMO MOJCEm
ObIMb UCNONBL30BAHO NPU NPOEKMUPOBAHUU KOHMEUHEPHBIX nepezpydicameneii 8 cocmase asmoMamu3upO8aHHbIX
MepMUHanos.

Knioueewvie crosa: xonmetinepuvlii nepezpysicamens, MeEXanum nepemeujeHus 2py3a, OnmumManbHslil 3aKOH
YApasneHusl, 2auieHue KoneOanuil, d1eKmponpugod NOOMALUBAIOWUX MPOCO8, (hOPMUPOBAMENb YIPAGISIIOUUX
CUSHANO08, HAONIOOAMelb MeXaHU3Ma Neped8UHCEHUs.

B. B. Bywep, 1-p TeXH. HayK,
JI. B. Me/ibHiKOBA, KaH[l. TEXH. HAYK,
A. 1. lllecraka

Y3IrO’KEHE YIIPABJIIHHSI EJIEKTPOIIPUBOIAMU KPAHIB [P
OJHOYACHIU POBOTI MEXAHI3MIB

AHnomayia. 3anpononogano memood 0emMn@y8ants KONUGAHb NIOBIULEHO20 HA KAHAMI 8AHMANCY NPU CYMIiUjeHHI
onepayiti 20pU3OHMATLHO20 NepeMilyelHsl No 0OHIll a00 080X KOOPOUHAMAX i NIOUOMY/CHYCKY 8AHMANCY, [HBAPIAHMHUL
00 cniggioHouwents: mac i weuokocmi niouomy. Memoo 3acnosanuil Ha OpMYy8aHHi Kyma GIOXWieHHs KaHama 6i0
8epmuKani no 2apMOHIYHOMY 3AKOHY mMa Kepy8awHi weuokicmio mouxku niogicy. Lle wnaoac moocnugicme
asmomamu3ayii Kpaie, 6 Momy Yucii — NO3UYIOHYBAHHS GAHMANCY 8 3A0AHUX MOYKAX, W0 MOdIce OYMU SUKOPUCMAHO
NpU NPOEKMYBAHHI KOHMEUHEePHUX NepesanHmaxcyeayia y ckiadi asmomamu308aHUxX mepMiHanie.

Knwuoei cnoea: xoHmeliHepHUll NepedaHmMadiCcy8ay, MexaHizmM 2OPUSOHMAILHO0 NepeMiljeHHs B8aHMAHC,
ONMUMANbHULL 3aKOH YNPAGNIHHS, 2ACIHHA KONUGAHb, €NeKMpPOnpugod niOmseylouux mpocie, Gopmysay Kepyouux
cucHanie, cnocmepicay MexaHizmy nepecysaHHs

Introduction. A move operation took most of the and is the most effective in the synthesis of an optimal
time in the container cranes when a regulated cycle of systems. But it turns out solutions with 3- and 5-fold
loading/unloading is about 2...2,5 min. It determines the  switching forces between the maximum and minimum [5
productivity of cranes [1]. When the length of the — 8] requires accurate measurement of the mass ratio of
suspension is 20..50 m then horizontal displacement the load and the mechanism, the length of the rope and its
mechanisms are characterized by long transition process  persistence in the transition process. In an industrial
(20...30 s) due to oscillations of the load suspended on a  environment it imposes additional requirements not only
rope. This problem does the damping oscillation of the  hardware, but also restricts the freedom of action of the
load very important [2 — 3]. operator. Therefore, for the successful solution of the

One possible way of solving it is to apply the problem requires applying of such damping control laws
Pontryagin maximum principle [4]. It allows taking into  that allow simultaneous operation of multiple mechanisms
account limits on actions supplied to the controlled object,  (horizontal movement and hoisting) and less susceptible

to errors of measurement parameters of the cargo and to
©Busher V., Melnikova L, Shestaka A., 2015 the effects of random disturbances.
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The aim of this work is to develop the law of
coordinated anti-sway control for mechanisms of
horizontal movement and hoisting, providing effective
suppression of oscillations.

Research materials. One of the invariant law to mass
ratio of the moving part of the crane and the load is
controlling the speed of the point of suspension of cargo [9].

Choose that law of control, when the angle « is
defined by the continuous periodic function, is
characterized by zero initial and boundary conditions,
including the first derivative. So the following conditions
are satisfied by the harmonic function:

t
a=a,|l-cos| — ||,
( (TGD

where o, — the half-angle of maximum deflection of the

Q)

rope from the vertical, and 7, — the time constant inverse
given angular frequency of oscillations.

Then  for  small angles of  deflection
(sina ~ o, cosax = 1) speed of cargo from the initial value

V, tothe final value V,, will change according to the law:

Vo=V, +a,gt-a,gl;sin [TLJ 2

G
where «,g =a — the average acceleration of the cargo
and trolley during the one period of oscillation.
The speed of the point of suspension, in general,
must satisfy the condition:

L), 3)
1= "2 dt :
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After a time ¢(=27T7,, a=0, ?z(),
V, =V, =V, , acceleration is defined as:
Vi =V5

=——. 4
2T, @

G

But if the value 2a exceeds the limit acceleration,
then it should be noted, that at the time ¢ = zT;, the angle

reaches the maximum o =2¢, and the acceleration of
the load is the greatest and equal care 2¢,g. If at this

time change the acceleration of the trolley to acceleration
of cargo, then deflection angle o will remain constant.
Get the control law for movement of mechanism of three
stages [2].

The duration of the transient process is the smallest
at the minimum duration of the first and the third stages
as the average acceleration mechanism with load during
those periods is in two times less than in the second stage.
Based on the maximum force of movement drive F__,

we obtain the condition of choice T, :

Lm,

T.> |—————,
2g(m1+m2)

G

)

and duration of the second stage
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max

is the linear component of the
2(ml + mz)

where a =

acceleration in the first and the third stages; m,, m, —

nominal weight of mechanism and cargo; L — the length
of the rope.

With simultaneous horizontal movement and raising
or lowering the load at a speed v, from (3) and (2) we

obtain the law of the suspension point speed at each stage:
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Thus, it obtained a law of control the speed of the
suspension point, which has a wonderful opportunity to
combine the operations of the horizontal movement and
hoisting. Also, this method does not require precise
measurements of the full cargo and crane masses. They can
be selected on the basis of some limit values. Deviation of
the mass ratio from the calculated results only on a change
of forces due the transition process. Theoretically load
oscillations at the end of the acceleration mechanism are
absent, the real speed of the suspension point and load are
coinciding with the settlement.

Fig. 1 shows an example of transition process in two
coordinates (longitudinal and transverse horizontal
movement with different accelerations and intervals) with
simultaneous rise of cargo. Residual oscillations shown
on an enlarged scale are a result of the accumulation of
errors in the consequent differencessina # a, cosa #1,

but they are less than 0,2...0,5 % the maximum deflection
during the transient process.

The predicted movement of the cargo allows
automatic control of the crane, carrying positioning at
predetermined points.

The path traversed by the mechanism during transient
start-up and braking (Fig. 2) is calculated as follows:

Ve (22T, +1,)=2aT,a(27T, +1,) V1, =0

S =

v, (3
V (—E+7rTG +t3j Vi, >0,
2a

where ¢, — duration of the movement with speed V.

Fig. 3 shows an example of positioning the load
while driving on the coordinates x, y and the descent of
cargo (on coordinate x start-up and braking takes place
over three stages and on coordinate y —when ¢, =0).
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Fig. 1. The method of anti-sway control

with combining of crane operations
a — speed of crane and load; b — sway a

ngle

Fig. 2. Diagram of linear component

of speed in positioning process
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Fig. 3. Positioning process:
a — sway angle; b — speed of crane and load
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Conclusions. The method of anti-sway control is
developed. It is invariant to the ratio of the masses of the
mechanism and the cargo, to the combining operations of
the horizontal displacement on the two coordinates and
lifting/lowering the load. On base of generated speed
diagram at start-up and braking can be implemented
automated crane control and positioning of cargo in given
points. This can be applied, for example, in the design of
container cranes for automated terminals.

If the observer of mechanism of movement with the
drives of pull-up ropes [10] (described for one coordinate
in [2]) is implement to the control system the effective
suppression of oscillations caused by disturbing factors and
errors in determining the parameters of the mechanism will
be achieved. A detailed description of the observer for the
simultaneous movement on the coordinates x, y will be

presented in the following works.
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