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DRIVE CONTROL OF THE HOISTING MECHANISM

The goal of the research is to develop devices for drive control of load hoisting, in which the
drive is disconnected not based on the level of dynamic loads, but on the predicted impermissible load
mass. This is achieved by measuring the average acceleration speed of the mechanism on the drive's
steady-state mechanical characteristic. Since the rate of load increase in the rope, given an unchanged
acting force, is inversely proportional to the mass of the lifted load, this allows for control of the drive
motor during the initial hoisting stage. This prevents the development of significant overloads in the
crane's power elements.
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Memoro Oocniodicenns € po3pobka npucmpois 01a Kepy8aHHs NPUEOOOM NIOLOMY 8AHMANCY, 6
AKUX GIOKNIOUEHHS NPUBOOY 30ILICHIOEMbCA He 3d PI6HeM OUHAMIYHUX HABAHMAICEHD, d 3a NPOSHO306a-
HOIO HENpunycmumor0 MAcoio 8aHmMadiCy WIAXoM SUMIPIOBAHHS cepeOnboi UBUOKOCI PO32OHY MEXAHI-
3My Ha cmayioHapHiu mexaniunii xapaxmepucmuyi npueody. OCKinbKu WeUOKiCms HApOCMAaHHs HA-
BAHMANICEHHS Y KAHAMI NPU He3MIHHIU OIOYIl Culi 00epHeHO NPONOPYIIHA MACI 8AHMANCY, WO NIOHI-
MAemubes, ye 0036075€ 30IUCHIOBAMU KEPYBAHHS NPUBOOHUM OB8USYHOM HA ROYAMKOGIN cmadii niouomy.
Le 3anobicae po3sumky 3HAUHUX NEPEBAHMANCEHb Y CUTOBUX eNeMeHMAX Kpanda.

Knrouosi cnosa: xepysautns npugooom,; mMexauizm niouomy, niotom eanmasxicy, OUHAMIUHI Ha-
BAHMANCEHHS; NPUBIOHULL OBUSYH.

Problem’s Formulation
One of the ways to protect the crane from dynamic loads is by using Load Capacity Limiters
(LCLs). The goal of installing LCLs is to protect the metal structures and elements of the crane from:
1. Excessive plastic deformations;
2. Loss of stability (for metal structures);
3. Brittle failure;
4. Fatigue damage.

For Load Moment Limiters, protection of the crane against overturning is also included.

Preventing damage according to points 1, 2, and 3 requires limiting the maximum acting loads
regardless of the duration of their application. To prevent fatigue damage to mechanism elements
(shafts, axles, gear transmissions), loads acting continuously during operation should be limited, as
these elements receive many tens of load cycles per crane operating cycle.

Protecting metal structural elements from fatigue failure requires limiting the stresses acting
within them.

However, the vast majority of existing LCL designs are not truly limiters in the literal sense,
because due to constructive and functional features, the limitation is carried out not by the magnitude
of the load mass, but by a certain limiting level of dynamic loads at the moment of hoisting, and to a
lesser extent, it depends on the mass of the lifted load. Furthermore, the currently applied method of
controlling the hoisting mechanism when the limiter is triggered involves only switching off the motor
and applying the brake. However, dynamic analysis of the LCL actuation process leads to the conclu-
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sion that a simple motor cut-off, combined with the rotating masses of the hoisting mechanism still in
motion when the LCL trips, can lead to the load breaking free from the ground.

The machine remains overloaded until the crane operator lowers the load to the ground. Thus,
existing LCL systems limit the operation of the hoisting mechanism primarily based on the level of dy-
namic loads and do not provide reliable protection against crane overload caused by excessive load mass.

The LCL is built using microprocessor technology, which is currently widely used in LCL
construction.

Analysis of recent research and publications

There is a great variety of Load Capacity Limiter designs, which are classified by the nature of
the sensors used as mechanical, hydraulic, electrical, and combined (e.g., electromechanical) [1, 2, 3].
They can be installed on the measuring block, the crane's metal structure, the hoist drum support, etc.

However, due to the constructive and functional features of the vast majority of designs, the
limitation is carried out not by the magnitude of the load mass, but by a certain limiting level of dy-
namic loads at the moment of hoisting, which are determined primarily by the dynamics of the hoist-
ing mechanism and are less dependent on the mass of the lifted load [4].

Furthermore, the activation of the limiter only leads to switching off the motor and applying the
brake. Although this prevents the crane from operating with a load of an unacceptably large mass, it does
not solve the problem of protecting the crane's elements from dangerous overloads, because with a simple
motor cut-off, the lifted load, under the action of the kinetic energy of the rotating masses of the hoisting
mechanism, will not detach from the ground and remains in a lifted state for a long time [5, 6].

Formulation of the study purpose

The goal of the research is to develop devices for drive control of load hoisting, where the
drive is disconnected not based on the level of dynamic loads, but on the predicted impermissible load
mass. This is achieved by measuring the average acceleration speed of the mechanism on the drive's
steady-state mechanical characteristic.

Since the rate of load increase in the rope, given an unchanged acting force, is inversely pro-
portional to the mass of the lifted load, this allows for control of the drive motor during the initial
hoisting stage. This prevents the development of significant overloads in the crane's power elements.

Presenting main material

To eliminate the above-mentioned drawbacks, a device for controlling the drive of the hoisting
mechanism has been developed, the functional diagram of which is shown in Fig. 1. In this device, the
LCL actuation is carried out not based on the level of dynamic loads, but on the predicted load mass.

The reliability of operation of hoisting and transport machines, along with the reduction of dynam-
ic loads in transient regimes, is also ensured by introducing automatic Load Capacity Limiters (LCLs) into
the hoisting mechanism control scheme, which prevent the lifting of an excessively large mass of load.

Meanwhile, currently mass-produced bridge cranes are equipped with LCLs, which, due to
their structural and functional features, implement the limitation not by the magnitude of the load mass,
but by a certain limiting level of dynamic loads at the moment of hoisting. These loads are determined
primarily by the dynamics of the hoisting mechanism and to a lesser extent depend on the mass of the
lifted load. Furthermore, the currently applied method of controlling the hoisting mechanism when the
limiter is triggered consists of only switching off the motor and applying the brake. At the same time,
although the operation of the crane with an unacceptably large mass of load is prevented, the task of
protecting the crane's elements from dangerous overloads is not solved. This is because, with this motor
cut-off, the lifted load, under the action of the kinetic energy of the rotating masses of the hoisting
mechanism, manages to break away from the base and remains in a lifted state for a long time.

The aforementioned drawbacks are eliminated by the device for controlling the drive of the
hoisting mechanism of the lifting equipment.

In this device, the drive is disconnected not based on the level of dynamic loads, but on the
predicted impermissible load mass by measuring the average acceleration speed on the steady-state
mechanical characteristic of the drive. Since the speed of load increase in the rope, given an un-
changed acting force, is inversely proportional to the mass of the lifted load, this allows for control of
the drive motor during the initial hoisting stage. This prevents the development of significant over-
loads in the crane's power elements.

© Kabaxos A.M., 2026.
Jlinensia Creative Commons CC BY 4.0



30 36ipuuk HaykoBux npaip JJATY Ne 1(48) 2026

B
15

LW

b

I TTTZES

2 =~ |

b'g

4\

'S

i 2

LRI ZES

T —

0 S

/5
U

5— /Al

[ {33

Fig. 1. Functional diagram of the device for controlling the drive of the crane hoisting mechanism

The mechanism control device for the hoisting drive of the lifting equipment, for example, a
hoist trolley, contains a cylindrical body I, inside which an elastic element 2 is located, resting on a
washer 3 with a rod 4, which is connected to the compensating block 5 of the block-and-tackle via a
hinge 6.

Body | is suspended from the frame of the hoist trolley 8 with the help of a bracket 7. A digital
load sensor 9, which is connected to the rod 4, is installed on the body I. A deformation converter of
the elastic element and a drive control system (see Fig. 1) are used as the sensor.

The device operates as follows:

In the initial state (without a load), the rope tension force is close to zero, the elastic element 2
is not loaded, and the device does not affect the operation of the hoisting mechanism. When the oper-
ating mode setter for the hoisting mechanism drive motor is switched to the position of the "softest"
mechanical characteristic of the drive, a high logic level is established at one of the inputs of element
16, which serves as the device enabling command. At the same time, a digital code is present at input
B of the digital comparator 10. This code is set from the output of the bus former 11, at whose input an
analogous code is established by the position of the switches of the setter 13, corresponding to the
deformation of the elastic element 2 under the action of the force in the rope (=1-5%) of the nominal
value. At this moment, the rope is not loaded, and the code at input A from the output of the digital
sensor 9, which is proportional to the deformation of the elastic element 2 under the action of the force
in the rope, turns out to be less than the code at input B. The signal from the "greater than" output of
the comparator 10, via the inverter 15, allows the actuation of element 16. The signal from the output
of element 16 sets the trigger 32 to a state that engages the relay 33 of the controller blocking, which
prohibits switching to other drive characteristics.

As the rope tension increases, the code at input A will increase, and upon reaching equality
with the code at input B, a signal will appear at the "equal to" output of the comparator 10, which
permits the actuation of element 17. The signal from the output of element 17 starts the control timer,
which precisely sets the time for measuring the speed of the force increase in the rope. This time is
determined by the frequency of the generator 18, chosen so that the overflow of the counter 21 occurs
in 0.05—0.1 seconds. After this time has elapsed, the one-shot vibrator 22 is started. The signal from its
output prohibits the issuance of the code to the common bus from the former 11 and permits the set-

© Kabaxos A.M., 2026.
Jlinensia Creative Commons CC BY 4.0



IIpuKIiagHa MEXaHiKa 31

ting of the code from the output of the former 14, at whose input a code is set from the setter 14, de-
termining the value of the forces in the rope that corresponds to the lifting mode of the limit mass load.
If at this moment it turns out that the code value at input A is greater than the code at input B (load
mass is less than the maximum permissible), a signal will be set at the "greater than" output of com-
parator 10, which prohibits the enabling of element 16 during any actions or manipulations of the con-
troller until the load is removed. This prevents false actuation of the device.

The signal from the output of the one-shot vibrator 22 returns the trigger 32 to its initial state,
which engages the relay 33 blocking the setter, permitting the enabling of subsequent setter stages.

If input A is equal to or less than the code at input B (load mass is equal to or greater than the
maximum permissible), the rate of force increase in the rope with such a load is always less than (?)
the signal from the "less than" or "equal to" output of comparator 10 at the moment the signal appears
from the output of the one-shot vibrator 22, through elements 23, 24, 25, sets the trigger 26 to a state
that engages the engine redundancy relay 27. This means that hoisting is prohibited based on the oper-
ation of predicting the lifting of an unacceptably large load mass. When the engine redundancy 28 is
activated, the loads in the rope decrease, the digital code at input A of the comparator 10 also becomes
smaller, and upon reaching equality with the code at input B, which at this moment is determined by
the code of the bus former 11, the signal from the "equal to" output of comparator 10, in the presence
of a high logical level from the output of the trigger 26, sets a high logical level at the output of ele-
ment 30, which ensures the return of trigger 26 to its initial state, and returns the engine redundancy
relay 27 to its initial state, and the brake is engaged via relay 31. The prohibition of load hoisting is
indicated by an indicator.

Simultaneously, a comparison operation takes place between the number at input A from the
output of the digital sensor 9 and the code at input E from the output of block 35 of dynamic load set-
points in the digital comparator 34. If the code at input A is greater than the code at input E, which
determines the permissible level of dynamic loads, the signal from the "greater than" output of com-
parator 34 performs an analogous control of the hoisting mechanism drive via element 30, ensuring
additional protection for the mechanisms and metal structures.

Operational adjustment of the device is ensured by means of an auxiliary trigger 36, the signal
from whose output prohibits the change of state of the digital sensor 9.

The hoisting of a load of the limit mass is performed, and at the moment the one-shot vibrator
22 is switched on, the trigger 36 blocks the reception of information from the digital sensor 9, the con-
tent of which corresponds to the load capacity limitation code value, determines the code at input A of
comparator 10, and sets the analogous code at the output of the setter 14.

The device can be implemented using both digital and microprocessor elemental base technology.

Thus, the developed device prevents the hoisting of a load that causes crane overload. At the
same time, the lifted load remains on the ground, and loads from it are not transmitted to the elements
of the hoisting mechanism and the crane's metal structure.

Conclusions

The actuation of the limiter depends not only on the level of dynamic loads, but also on the
impermissible load mass, which is predicted by measuring the average acceleration speed of the
mechanism, taking into account the steady-state mechanical characteristic of the drive. Since the rate
of load increase in the rope, given an unchanged acting force, is inversely proportional to the mass of
the lifted load, this allows for control of the drive motor during the initial hoisting stage, preventing
the development of significant overloads in the crane's power elements. These devices can be installed
on cranes of any design, operate in automatic mode according to their own algorithm, and are compat-
ible with the control systems of robotic hoisting and transport machines.
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YHOPABJIHHS ITIPUBOJOM MEXAHI3MY MIIIOMY

Pedepar

Briepiie po3po6ieHo mpucTpiii Ui ynpaBiIiHHA TPUBOAOM MiAHOMY BaHTaXy, B SKOMY BiJK-
JIIOUCHHS TIPUBOAY 3MIHCHIOETHCS HE 32 piBHEM JMHAMIYHUX HaBaHTaKEHb, a 32 MMPOTHO30BAHOIO He-
HPHUITYCTUMOIO MacO0 BaHTAaXy IUIIXOM BUMIPIOBAaHHS CEPEIHBOI IIBUIKOCTI PO3TOHY MEXaHi3My Ha
CTaIliOHApHIH MeXaHIYHIi XapakTeprucTuIli mpuBoAy. OCKUITBKH MIBUAKICTH HAPOCTAHHS HABAHTAKCHHS
y KaHaTi Tpu HEe3MiHHIH Aitoviid cuii 0OepHEHO MPOMNOpIHiiHA Maci BaHTaXYy, IIO IMiJHIMAETHCS, 1€
JTO3BOJISIE 3MIMCHIOBATH YIIPABIIiHHS MPUBOAHUM JIBUTYHOM Ha ITOYATKOBiH cTaiii mixromy. Lle 3amo6i-
ra€ pO3BUTKY 3HAUHHX NEPEBAHTAKEHb y CHJIOBUX €JIEMEHTaX KpaHa.
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