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Abstract. Carrying out a realistic research on working units of machines that  grinder 

waste coming from tree and bush trimming requires designing machines that would be 

more efficient. It is neccesary both to introduce the analysis of already existing 

solutions as well as searching for innovative ones that would result in the increase of 

efficiency, lowering the costs and time needed as well as lower exhaust emission into 

the atmosphere. The results presented below will be used for the following purposes: 

the analysis of grinding process that supplies data to cunstruct simulating models that 

reflect the real working conditions of grinding machines. The results of the 

experiments will allow to estimate the influence of construction featrures, including 

the ones connected with automatisation. The importance of the carried out research is 

also applicable to the analisys of influence of grinding process on the form of flakes 

that result from the process, energy consumption. It also allows to make conclusions 

leading to the improvement of the processes that use grinded mass.The construction 

specifity of ths kind of machines and their working principles results from the fact, 

that the cutting process they perform concerns orthotropic plant material that has 

inhomogenic structure and physical-chemical properties requires further analysis. The 

article presents the construcion of a research stand designed to record the 

characteristisc of changes of the torque and rotation speed of working unit of mill 

chopper type MQS2800 Macalister. The introductory research results presented below 

point out that depending on the position of the sample (along the grain) against the 

mill chopper significantly influences on the form of generated changes of the torque. 

The research stand that has been designed and constructed allows the analysis of both 

construction features of the chopper as well via the assessment of grinding process 

also separte paremeters of processed wood. 
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1 Introduction  

The forestry, orchard, horticulture, energy and urban greenfield or roadside industries are 

constantly looking for new, more effective methods of tree care [1-4]. Many of these tasks 

can be improved by introducing automated systems or modifying existing ones [5, 6]. One 

of the important aspects of the design and modeling process of new efficient constructions 

is knowledge of the actual operating conditions of the equipment. Literature review 

indicates that there is a lack of real results of dynamic research of chipping process. The 

dynamic characteristics of the periodically-variable rotational speed and torque that are 

generated in these processes are necessary for describing the input conditions of simulation 

models that reproduce  actual working conditions. The research has been done to help 

model the construction of the chipping machines, both the working unit and the drives, 

clutches and gear units. Testing the existing construction allows for a better understanding 

of the processes involved and supports their automation, which is the main reason for the 

increased efficiency of these devices [7- 9].  

One of the most important issues in the abovementioned industries, but also 

in households, is the processing of waste generated by them [10]. Branches as waste from 

the trees and shrubs’ care or their cultivation as sources of energy such as willow (biofuel), 

require proper treatment prior to application. Depending on the application i.e. directly as 

fuel or biomass; Energy is obtained by: pyrolysis, estimation or fermentation [11, 12]. 

Chips are also used as compost, mulch [13] and chipboard raw material [14]. Additionally 

chipping branches facilitate their transport [15], storage and exploitation in the 

aforementioned processes. 

Chipping machines for branches, leaves or similar material use differentiated systems 

and grinding systems. Machines such as breaker row, crushers, disintegrators, cutters or 

mills are used for mechanical shredding of solids,. Woodchips are mainly used for the 

processing of green waste, due to way of use also referred to as recyclers. These are 

machines for chipping branches, and in  case of large machines, even for chipping whole 

trees. Another division based on application is the division into household chippers and 

industrially used. Among the first group there are self-propelled wood-chippers or 

combustion-driven wood chippers, and chippers driven by farm tractors. The second group 

is professional woodchips, which are divided into: self-propelled wheeled machinery, self-

propelled machinery and built-in machines. Due to the kinematics of the cutting 

mechanism, a number of chipper constructions can be distinguished: discs, beaters, screws, 

cylinders, drums, otherwise known as mills, when electrically driven for home use. In 2006, 

Naimi, Sokhansanj, Mani, Hoque, Bi, Womac, Narayan [16] conducted a review of the 

available chipper constructions together with their energy consumption studies. 

The specificity of the construction of such devices and operating principles is due, 

among other things, to the fact that their cutting process involves orthotropic plant materials 

whose structure is heterogeneous, and the physicochemical properties are not fully 

identified [17-21]. 

An important aspect in the construction of machines is the construction of devices 

characterized by low energy consumption of work processes. It contributes to the 

development of a variety of cutting tool designs that are still being tested for optimization. 

Very often already used and well-know constructions due to technological development 

undergo structural changes, which lead to improvement of the characteristics of these 

structures in many aspects at the same time. Krajnc and Dolsak [22] conducted real and 

simulated drum chipper experiments in 2013, they  controlled the material, construction and 

technological parameters influencing the crushing process. In addition, the thermal 

characteristics of the generated whirls were investigated, indicating that the chipping 

process that generates more dust reduces the energy properties of the raw material. In 2012, 



Merhar and Bučar [23] presented the actual results of the wood cutting force survey 

indicating the variable value of this parameter. The cause of this phenomenon is the fracture 

of the workpiece right in front of the cutting edge. In the articles of 2010, Nati and Spinelli 

[24] and Nati, Spinelli and Fabbri [25] examined the actual working conditions of shredders 

by examining fuel consumption, analyzing the impact of blade wear and the type of 

shredded wood on this parameter. A year later (2011) Spinelli, Magagnotti, Paletto and 

Preti [26] presented results of studies on the impact of wood characteristics such as species, 

moisture and parts of the processed tree on the quality of the chipped product and fuel 

consumption. Conducting research on actual work units helps to design more efficient 

constructions, and exploration of obtained wood chips results conclusions leading to 

improved processes utilizing comminuted mass. 

The subject of consideration is the scientific and technical importance of the problem of 

determining the torque characteristics and the rotational speed of the working unit in the 

process of shredding. It will allow to determine the nature of the load generated and the 

correct choice of powertrain and executive system of shredding process. The article 

presents a modern research stand together with experimental results. 

2 Research stand 

The research was carried out at a research station that allows research on the processes 

of chipping wood. The station was constructed on the basis of the MQS2800 Macalister 

electric wood chipper. A hinge assembly consisting of an electric motor, a belt 

transmission, a planetary gear and a working member was excluded. Research on the 

kinematic and dynamic characteristics of the chipping process required the development 

of a separate unit with a measuring device (Figure 1). The torque measurement was 

performed using a universal torque gauge designed by Chair of Basic of Machine Design, 

Poznan University of Technology. A MEGATRON MOB 2500/5/BZ/N encoder was used 

to record instantaneous changes in the angular speed of the working shaft of the shredding 

member. The results of torque and angular velocity measurements were recorded in the 

author's computer program, which is an integral part of the research stand. 

 

 

Fig. 1. Research stand that records torque and rotational speeds characteristics during chipping 

processes: 1- encoder; 2-working unit; 3- planetary gear unit; 4-solid coupling; 5-torquemeter; 

6-belt transmission; 7 -drive engine 



3 Results of preliminary tests 

Preliminary tests of the kinematic and dynamic characteristics of the working unit of the 

chipper has been carried out, determining its torque and rotational speed. In the first 

attempt, these values were measured without load on the working unit (Figure 2). 

 

 

Fig. 2. Torque and rotation speed characteristics as a function of time, without load on the working 

unit 

In the second and third set of tests, the torque value and the rotational speed generated 

during the pine beam shredding with a cross section of 18 x 18, with a moisture content of 

21.5% MC were measured. The sample was chipped in two positions, due to the position of 

the tree grains. The cutting characteristics of the sample of the tree grains arranged 

perpendicularly to the cutting edge are shown in Figure 3, and parallel in Figure 4. 

In addition, the characteristics of the chipper workings phase are as follows: work without 

load a, transition b and chipping c. 

 

 

Fig. 3. Torque and rotation speed characteristics as a function of time, chipper working unit 

in different phases of work, test 2 



 

Fig. 4. Torque and rotation speed characteristics as a function of time, chipper working unit 

in different phases of work, test 3 

4 Analysis of results 

Actual dynamic characteristics of the rotary speed and torque of the MQS2800 Macalister 

chipper working unit are characterized by variability and signal distortion. However, the 

main character of the change is possible to be defined. 

An unloaded working unit generates a constant speed of about 45 rpm. The generated 

torque oscillates between 0 and 10 Nm, due to the structure which is unbalanced as shown 

in Figure 2, and is additionally exposed to imbalances associated with blade defects created 

during exploitation. 

The process of chipping is characterized by unique characteristics that result from the 

process of cutting orthotropic plant materials whose structure is an anisotropic. During the 

chipping of the aforementioned sample, the rotational speed decreases almost twice and the 

torque in the extremes reaches more than 150 Nm (Figures 5 and 6). However, due to the 

position of the tree grains during the chipping process, differences in the main character of 

the changes can be observed. The process of chipping when the tree grains of the workpiece  

is positioned as shown in Figure 5 generates a significantly different nature than the 

position of the sample  in Figure 6. The first position of the sample generates a dynamic 

increase in the load which, after exceeding the extremity, significantly decreases the 

generated resistance up to 40 Nm. The reason for such a characteristic is the cracking of the 

wood which in this position is prone to layering, while generating evenly shredded chips. 

The second position of the sample to be processed results in a milder increase in the 

maximum torque and offload. However, in this position the minimum torque does not drop 

below 60 Nm and the chip is not cut. The collected characteristics indicate that there is no 

significant cracking of the material at this position in front of the cutting edge. In addition, 

during this process the characteristics may also be affected by the fact that some of the 

fragmented parts may return to the work area and be re-fragmented. For the principal 

character of the changes (Figs. 5 and 6), the most common characteristics of the cut 

material were chosen for the two successive blades of the cutter. 



 

Fig. 5. Characteristics of the main character of torque changes, due to the location of the sample (I) 

and generated chips 

 

 

Fig. 6. Characteristics of the main character of torque changes, due to the location of the sample (II) 

and generated chips 

Conclusions 

Experimental preliminary research have shown that the constructed research station enables 

the study of the characteristics of the MQS2800 Macalister chipper working unit, 

a representative of electric chippers for use in households. The collected characteristics also 

allow the analysis of the chipping samples not only within their maximum strength values, 

but also in the processes taking place during cutting. The actual characteristics of the 

generated torque and the rotational speed can be used in the analysis of the strength of the 

structure. Modeling simulations of shear component life, i.e., working unit, transmission 

or drive loaded periodically-variable. These characteristics also allow us to evaluate the 



efficiency and energy consumption of this type of construction, together with the possibility 

to evaluate the generated raw material. 
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