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Streszczenie: W tym artykule opisano proces projektowania czujnika do pomiaru obciążeń kół 
maszyn i urządzeń transportowych bezpośrednio podczas ich pracy. W pracy wyjaśniono, 
dlaczego konieczne jest mierzenie obciążeń kół podczas procesu pracy maszyn i opisano 
podstawowe wymagania i parametry dotyczące konstrukcji czujnika. Następnie pokazano 
zaprojektowane koncepcje z uwzględnieniem ich kształtu, parametrów, zastosowań oraz 
opisano zasadę ich działania. 
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MEASURING WHEEL LOAD OF LIFTING EQUIPMENT DURING 

THEIR OPERATION 

Summary: This paper describes the design process of the sensor for measuring wheel loads of 
transport machines and equipment directly during their operation. It talks about why it is 
necessary to measure wheel loads during the operation process of the machines and describes 
the basic requirements and parameters for sensor design. Moreover, it shows the designed 
concepts with their shape, parameters and implementation as well as it describes the principles 
of their operation. 
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1. Introduction 

When analyzing the operational characteristics and durability of transport machines 
and equipment, it is necessary to focus on, among other things, the occurrence  

                                                           
 
1 Ing., Technical University of Košice, Faculty of Mechanical Engineering, Department of 
Construction and Transport Engineering, e-mail: jan.lumnitzer@tuke.sk 
2 doc. Ing., PhD., Technical University of Košice, Faculty of Mechanical Engineering, 
Department of Construction and Transport Engineering, e-mail: martin.mantic@tuke.sk 
3 doc. Ing., PhD., Technical University of Košice, Faculty of Mechanical Engineering, 
Department of Construction and Transport Engineering, e-mail: michal.puskar@tuke.sk 
4 Ing., Technical University of Košice, Faculty of Mechanical Engineering, Department of 
Construction and Transport Engineering, e-mail: dusan.puskar@tuke.sk 



220 Ján LUMNITZER , Martin MANTIČ , Michal PUŠKÁR, Dušan PUŠKÁR  

of horizontal force effects due to inertia forces during start-up and braking, or in case 
of lifting devices due to skewing or load swinging. [1] 
 
In addition to the simulation analyzes in this process, an important task is also the 
practical experimental measurement, which will enable the results of the simulation 
analyzes to be verified with real results on the given device. For experimental 
measurements, it is necessary to have suitable measuring equipment and methods 
available to get the output values for further processing. 

2. Static wheel load measurement 

For the static measurement of wheel load, a measuring stand has been designed, where 
the measurement takes place in the idle position of the device and the principle  
is based on the use of the weighing method. Under the wheel axles respectively  
the individual wheels are placed industrial scales and in terms of action / reaction  
the wheel loads and thus the distribution of weight on individual wheels was by this 
determined. Fig. 1 shows a laboratory measurement of the load on the wheels of a lab 
crane using load cells mounted under individual wheels of the crane trolley  
to determine the position of the center of gravity of the crane trolley and optimize  
the weight distribution on the crane trolley. 

 

Figure 1. Static measurement of the wheel load of crane trolley 
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3. Dynamic wheel load measurement 

When analyzing transport equipment in terms of durability, it is necessary to know 
the development of loadings of individual components during operation. Based on the 
determination of the operational loads of the device, it is then possible to determine 
also the influence of different load cases on the durability and operability of the 
device. When investigating the change in the wheel loads of crane wheels, the purpose 
is to determine the origin of the increase or decrease of load on individual wheels. 
These changes may occur due to various inertia effects, or to adverse events such as 
load swinging or crane skewing. 
It is also possible to determine the degree of benefit after the implementation  
of techniques and procedures to eliminate these adverse events. 
If we are talking about dynamic measurement of wheel loads, it is basically a built-in 
sensor designed in the wheel supporting element, which is able to record  
the deformation change when the wheel load changes even during the actual operation 
of the device. 
Several factors need to be taken into account when designing such sensors. The first 
is the functionality of the device itself - ensure a suitable and secure suspension of the 
wheel and, in the case of drive wheels, also allow the transmission of torque from the 
intermediate shaft to the wheel. Another is the reliable assurance of load 
measurement. 

3.1. Description of the designed solution 

The design of the shaft sensor was based on commercially available load pin cells 
designed to detect the load of hooks, pulleys, ship anchors etc. Fig. 2 shows a 
schematic of mentioned pin cell with showing the direction of forces. 

 

 

Figure 2. Schematic of the load pin cell [2] 

The sensor using strain gauges installed in small boreholes is able to detect 
deformation concentrated in a weakened shaft cross-section. Correct orientation of the 
forces is ensured by securing the sensor with a groove and securing plates. [3] 
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3.2. Description of the designed solution 

The design of a suitable sensor for measuring the load on wheels of transport machines 
and equipment (in this case a crane trolley) was to design a sensor concept that would 
reliably transmit the force acting in a perpendicular direction and with which during 
various modes of operation it would be possible in real time monitor the dynamics  
of this load change during the movement of the device. In the case of driven wheels, 
the design of the sensor was relatively simple, the requirement was to adapt its design 
in shape and size so that the original concept of suspension does not require enormous 
interventions in the frame of the device. The resulting design of the driven wheel shaft 
sensor and the solution of its installation in the axle as well as the original axle concept 
is shown in Fig. 3: 

 

Figure 3. Resulting design of the driven wheel shaft sensor 

Structurally, the suspension of the wheel has changed only in detail and the original 
shaft located in the bearings has been replaced by a sensing shaft, which is firmly 
mounted in slightly modified side plates and the driven wheel rolls on bearings  
in the center of the shaft. 
 
In the case of the design of the shaft sensor for the drive wheels, it was necessary to 
solve its concept so that the sensor was able to both record the load of the wheels and 
at the same time allow the drive shaft to pass through it and ensure torque transmission 
to the drive wheels. The sensor design has undergone various modifications  
and its resulting concept, together with the original wheel suspension concept, is 
shown in Fig. 4: 
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Figure 4. Resulting design of the drive wheel shaft 

The side plates of the wheel mounting were replaced by the sensor itself, which 
consists of two equal parts. In the sensor are mounted bearings in which the drive shaft 
rolls and through the shaft key also the drive wheel. Consequently, it is necessary to 
flexibly mount the drive motor so that it does not affect the transfer of weight to the 
wheels. 

4. Shape and basic dimensions 

The shape and basic dimensions of the designed sensors are shown in Fig. 5. The 
schema also shows the locations of strain gauges from both sides of the sensors. 
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Figure 5. Shape and basic dimensions of the designed sensors 

- placement of strain gauges (from both sides) 
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5. FEM analyzes  

Simulation analyzes using FEM were performed on the proposed concepts of shaft 
sensors in order to optimize the deformation zones so that the most affected zones are 
located at the place of the strain gauges sticking. This ensures the sensitivity of sensing 
changes in stress increments under wheel load. 
 

 
 

 

Figure 6. FEM analyzes on the designed shaft sensors 

6. Conclusion 

At the design stage of shaft sensor prototypes, sufficiently positive results were 
achieved and the basic requirements and conditions established after initial analysis. 
In the following steps, they will be manufactured, the strain gauges glued and 
connected, and the shafts themselves will be enliven and calibrated, and the first tests 
will be carried out to verify the simulation results with the measurement results. 
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