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DEVICE FOR DETERMINING THE MASS OF THE LOAD LIFTED BY A CRANE

The work is devoted to the study of a device for determining the mass of a load lifted by a
crane, as well as a functionally expanded digital-analog control system that ensures the optimization
of the damped oscillation process. It provides a high level of safety and crane performance due to the
functional combination achieved through synergistic and real-time determination of control parame-
ters. A control system has been developed that operates automatically according to its own algo-
rithms. It ensures the optimization of damped oscillation processes in other elements. It has been es-
tablished that the use of dampers made it possible to increase the productivity of the crane without
increasing its load capacity and to improve its stability.

Keywords: load capacity limiter; crane; mass; lifting mechanism; displacement sensor;
optimization.

Poboma npucesuena docniodxcento npucmporo 0Jisk GU3HAYEHH MACU 8AHMANCY, WO NIOHIMA-
€MbCA KPAHOM, A MAKONHC PYHKYIOHANLHO POWUPEHOT YUPPO-aHAN02080i cucmemu ynpasiinus, aKa
3abe3neuye onmumizayiio npoyecy oemnghosanux Koausans. Bona mae pieenv besnexu ma npoOyKkmu-
6HOCMI pobomu Kpana 3a605Ku yHKYIOHATbHOMY NOCOHAHHIO 3d PAXYHOK CUHEP2eMUYHO20 ma one-
PAmueHo20 8U3HAYUEHHS KOHMPOTIOIOUUX NOKA3HUKIG. Po3pobaena cucmema ynpagninns, axa npayioe 6
A8MOMAMUYHOMY PedCUMi 3a e1achumu aneopummamu. Bona 3abesneuye onmumizayiio npoyecie Oe-
Mmngosanux Konusamnsv 8 iHwUX eremenmax. Becmanoeneno, wo 3acmocysanhs oemngepie 003801U0
30LIbWUMU NPOOYKMUBHICMb pobOmMU KpaHa 0e3 30L1bUeHHs 8AHMANCONIOUOMHOCHI, NIOGUUMU
CMIlKiCmb Kpaua.

Knrouoei cnoea: oomedxcysay sanmadiconiouomMHocmi; Kpau, Macd, Maxosi KOIUGAHHS, OeM-
ngepu nepemiuyensb, OnmMuMizayis.

Problem’s Formulation

The development of devices for determining the mass of a load lifted by a crane includes a
mass sensor, memory block, and digital displacement meter. Identifying the parameters that most sig-
nificantly affect the reliability and accuracy of the device is one of the most important problems, the
solution of which largely determines the reliability of the crane's operation. This allows us to pose the
following problems:

1. Development of digital displacement meters for the elastic element of the mass sensor.

2. Development of a block for determining the direction of displacement of the elastic ele-

ment of the mass sensor.
3. Investigation of the emitter indexing block.
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Analysis of recent research and publications

Along with ensuring the reliability of lifting and transport machines by reducing dynamic
loads in non-stationary modes, an important task is to increase functional efficiency by combining
operations for transporting goods with determining their mass. A general analysis of the current state
of problems [1-4] is noteworthy. Works [5, 6] investigated the features of automatic control of damp-
ing device parameters based on system elements of analog technology, in conjunction with the func-
tions of a load capacity limiter and a weighing device.

Formulation of the study purpose

The above studies confirm the relevance of issues related to the development of devices for
determining the mass of a load lifted by a crane and increasing the level of safety and productivity of
crane operation.

The goal of this article is to develop devices for determining the mass of a load lifted by a
crane, which ensures an increase in crane productivity and improves the strength of crane elements.

Presenting main material

On Fig. 1 shows a functional diagram of a device for determining the mass of a load lifted by
a crane; in Fig. 2 — a functional diagram of a digital displacement meter; in Fig. 3 — a functional
diagram of the block for determining the direction of displacement of the elastic element.
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Fig. 1. Functional diagram of a device for determining the mass of a load lifted by a crane

The device for determining the mass of a load lifted by a crane [8] contains a body 1, inside
which an elastic element 2 of the mass sensor is placed. A rod 3 passes through a hole in the body 1,
the washer 4 of which rests on element 2, and the rod 3 itself carries a cage 5 of fixed pulley blocks,
which is suspended by means of a hinge 6. The body 1 is suspended by a bracket 7 from the frame of
the cargo trolley 8. The body of the digital displacement meter 9 of the elastic element 2 is rigidly
attached to the body 1. The output of block 10 for determining the direction of displacement of the
elastic element 2 is connected to a reversible counter 11, the output of which is connected to a register
13 via a key 12. The output of block 10 is also connected to a delay element 14, the output of which is
connected to the control input of key 12 via a key 15. The output of register 13 is connected to the
input of register 16 and via key 17 to memory block 18. The output of the latter is connected to indica-
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tor block 20 via a decoder 19. The output of register 16 is connected to one of the inputs of adder 21,
the output of which is connected to the input of register 22. The output of the latter is connected to the
control input of key 17. Control commands are formed in control block 23.
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Fig. 2. Functional diagram of a digital displacement meter
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Fig. 3. Functional diagram of the block for determining the direction of displacement of the
elastic element
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The meter 9 contains an emitter 24, an optical system 25, a linear modulator 26, which is me-
chanically connected to the rod 3. The photodetector block 27 contains photodiodes 28 and 29.

Block 10 contains amplifiers 30 and 31, whose outputs are connected to the inputs of triggers
35 and 36 via logic elements 32-34, and to the inputs of triggers 39 and 40 via logic elements 37 and
38. The outputs of triggers 35 and 39 are connected to the summing input of reversible counter 42 via
coincidence circuit 41, and the outputs of triggers 36 and 40 are connected to the subtracting input of
counter 42 via coincidence circuit 43. The latter is connected in series with counter 44 to increase the
bit depth of the device.

The device for determining the mass of a load lifted by a crane operates as follows.

In the initial position without a load, the rod 3 and modulator 26 are in the upper position.
When the load is lifted, the elastic element 2 is compressed and the modulator 26 moves, while modu-
lated light flux is formed on photodiodes 28 and 29. When the modulator 26 moves down, photodiode
28 is illuminated first, and when moving up, photodiode 29. The signals from the photodiodes are
amplified and shaped by amplifiers 30 and 31. When the load increases, photodiode 28 sets a logic one
signal on one input of element 34, and a logic one signal is set on the other input from the inverting
output of trigger 36. At the outputs of element 34, the signal is a logic one and sets a logic zero signal
at the inverting output of trigger 39, preventing the signal from passing through element 33, thereby
inhibiting the activation of trigger 36. At the inputs of element 41, the signals are logic one, while the
signal at its output is logic zero, which is a command to write information to reversible counter 42. In
the next clock cycle, a logic one signal appears at the input of trigger 35 when both photodiodes 28
and 29 are illuminated, which leads to the setting of a logic zero signal at the input of element 41, at
the output of which a logic one signal is set. When modulator 26 moves one cycle, two bits of infor-
mation are written to counter 42, which increases the accuracy of measuring the displacement of rod 3.

After the damping of the oscillatory process of the elastic element 2, a parallel binary code
corresponding to the static displacement of the rod 3 under the action of the load mass is set in coun-
ters 42 and 44. Element 14 passes the code to register 13 after the completion of the oscillatory pro-
cess of the elastic element 2. By command of key 15, the recorded code is written to register 13 via
key 12, with simultaneous writing to register 16 and feeding to memory block 18 via key 17. To obtain
information about the load mass, calculations must be performed.

m=CX/qg,

where m — mass of the lifted load; C — stiffness of elastic element 2; X — displacement of rod 3

under the action of the load; g — acceleration of free fall.

The implementation of the specified algorithm is possible by means of a microprocessor or
memory block 18, in which the values of the load mass are recorded, corresponding to a discrete set of
compression of the elastic element 2. Information about the load mass is sent to indicator block 20 and
can be taken into account by the operator or automatically transferred to register 22, where the total
value of the load mass lifted by the crane is formed by means of adder 21.

Thus, the proposed device allows for accounting for the total mass of the lifted load over a
controlled period of time. The presence of a digital displacement sensor, as well as a block for delay-
ing the conversion of the primary code for the duration of dynamic loads in the hoist ropes, allows for
accurately weighing the load lifted by the crane. The use of a digital code significantly increases the
reliability of the device's operation, as it eliminates the need for amplification and conversion of ana-
log signals, which are susceptible to various types of interference.

Conclusions

1. A device for accurate determination of the mass of a crane-lifted load has been developed and in-
vestigated, addressing the issue of instability and inaccuracy in existing systems that are dependent
on temperature fluctuations and dynamic loads.

2. A functionally expanded digital-analog control system has been proposed, which ensures the opti-
mization of the damped oscillation process and enhances both the safety and productivity of crane
operation.

3. The implementation of a digital displacement sensor and a data processing delay unit allows for
precise measurement of load mass, minimizing the impact of dynamic loads and interference.
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MPUCTPIA JJIsI BUBHAYEHHSI MACHU BAHTAXKY, 1O IITHIMAETbCSI
KPAHOM

Pedepar

I1in yac poOOTHM MOCTOBUX KpaHiB, 00JIa/ITHAHUX BaHTAKHUMU €JIEKTPOMarHiTamMu, Ha BiJ[BaH-
TaKeHHI TOTOBOI MPOJYKIIii, [0 HE MAlOTh MPHUCTPOIB AJIsSi BUMIPIOBaHHS MacH BaHTaXYy, KWW ITiHi-
Ma€ThCsl KPAaHOM, Ta Jie, JJIsl BA3HAUCHHS MacH BiJIBAHTa)KyBaHOI TOTOBOI MPOAYKIIii, COCTaBU Tepera-
HSIOTH Ha CIelialibHI BaroHHi Bard. Lle mpu3BOANTH 0 J0ONATKOBHX HMPOCTOIB BaroHiB y 3B'A3KYy 3
HEJIOBAaHTAKEHHSIM, TIOBTOPHOIO 1T0/Ia4ei0 BaroHIB y pailoH HaBaHTaXKCHHs. TOMY Ha JISIKHX KpaHax
BCTaHOBJICHI PUCTPOT JJIsl BUMIPIOBAaHHS MacH BaHTaXKy, IIO MiTHIMAa€eThCsl KpaHOM. BoHU MaroTh To#
HEJOMIK, 0 He 3a0e3MeuyroTh HEeOOXiHOI TOYHOCTI Ta HAJIMHOCTI B poOOTI 4Yepe3 HecTabUTbHICTH
NOKa3aHb CHJIOBHMIPHHX JATYHMKIB, BUXITHHH CHTHAT SIKMX 3aJIS)KUTH BiJl TEMIEpPaTypH HaBKOJMII-
HBOT'O cepeioBHIIa [1]. YV mUX MPUCTPOSX PEECTPYIOTHCS, TOPSI 3 BAHTAXKEM, IO MiJHIMAEThCS, 11e i
JIMHAMIYHI JOJAaTKH MPH MiHOMI BaHTaXIB.

VY crarTi po3po0IiIeHO NPHUCTPIK U BU3HAYCHHS MAacH BaHTaXYy, 110 MiAHIMAETHCS KPAHOM, a
TaKOXX CXEMY YIPaBIIHHS MEXaHI3MOM MiIIOMY aBTOMAaTHYHOI'O OOMEXyBauya BaHTaXKOITiIHMOMHOCTI,
IO MEPENIKO/KAE B3SITTIO BAHTAXKY HAJAMIPHO BEITMKOI MaCH.

CucrteMa KOpekUil JUHAMIKM KpaHa CKJIaJaeThCsl 3 KEPOBAHOTO AEMII(PYIOHOrO MPUCTPOIO,
IUQPOBOTo JaTYMKa MEPEMILICHHS, HUPPO-aHaIOroBOro OJI0Ky yNpaBiiHHA AeMI(epoM, HUPPOBOTO
050Ky 0OMEXEHHsI BAHTXKOMITHOMHOCTI Ta IUPPOBOTr0 OJOKY BH3HAYCHHS MACH IEPEBAHTAKEHOTO
BaHTaxy. [IpeacraBneHa mudpo-aHaiorosa cucremMa ynpaslliHHS 3a0e3ledye ONTHMI3aLilo Mpolecy
JnemiyBaHHS KOJNKMBaHb, MiJBUILYE PiIBEHb O€3MEKH Ta MPOAYKTUBHOCTI poOOTH KpaHa 3aBAsSKU QyH-
KIIIOHAJTBHOMY TTO€JTHAHHIO 3aXUCTY BiJl IEPEBAHTKEHb Ta OTepailii BA3HAUCHHS MacH BaHTaXy.

3arponoHOBaHU IPUCTPIH 03BOJISIE BPaXOBYBATH CyMapHEe 3HAUEHHS ITiTHIMAETHCS BAHTAXKY
Ta TOYHO HOTO 3BaXXyBAaTH.

Jlitepatypa
1. Ianuenxo @.K. IlinfiomHo-Tpancnoptai Mmamuau. K.: Buma mkoma, 2008, 413 c.
2. IlimfioMHO-TpaHCIIOPTHI MaIIMHK: Po3paxyHku miniiManbHO-TpaHCIOPTYBaIbHUX MamnH / boHna-
peB O.1. ta in. K.: Bumia mkomna, 2009, 734 c.



lamy3eBe MammMHOOY TyBaHHS 61

. I'puropos O.B., Oxysp A.O. Y10CKOHAJICHHSI MaTEMaTHYHOI MOJIEIi pyXy. ABTOMOOIIBHUIA TpaH-
CIIOPT IS 3a/1a4i KepyBaHHSI MiqiHoMHO-TparcopTHuX MammH. K. 2017, 127 c.

. OrypmoB A.Il. Ta immi. JliarHocTWKa, MUHAMiKa, HAMIMHICT ITiIHOMHO-TPAHCHIOPTHUX CHCTEM.
HuinponerpoBerk: CuctemHi Texnomnorii, 2002, 368 c.

. Kabakos A.M., Teninko JL.II. MaTemaTiuHe MOJENIOBaHHS KpaHa 3 BAHTAXXEM 1 KEPOBAaHHUMU TPHU-
crposimu Bibposaxucty // European congress of scientific achievements. Proceedings of the Ist
International scientific and practical conference. Barca Academy Publishing. Barcelona, Spain.
2024. pp 91-98.

. JocmmkeHHss NWHAMIKH, MIIHOCTI 1 TEXHOJOTIYHOCTI MEXaHIYHMX cucTeM. MoHorpadis,
Kam’auaceke, JATY, 2017, 182 c.

Haoitiuna oo peoxoneeii 17.05.2025
Tpuiinama nicasn peyenszyeanns 20.10.25
Onybnirxosana 23.10.2025



