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ABSTRACT 

When designing stripping headers, an important parameter is the value of the required strength of the stripping 

tooth. A method and means for measuring the forces acting on the stripping teeth, necessary for strength 

calculations, are proposed. To illustrate the application of the proposed method, an example of determining 

the force acting on a tooth when stripping winter wheat of the “Luchezar” variety with a moisture content of 

10.7% under specific conditions is given. 

 

РЕЗЮМЕ 

При проектировании очесывающих жаток важным параметром является величина необходимой 

прочности очесывающего зуба. Предложена методика и средства для измерения усилий 

возникающих на очесывающих зубьях, необходимых для прочностных расчетов. В качестве 

иллюстрации применения предложенной методики приведен пример определения усилия, 

возникающего на зубе при очесе озимой пшеницы сорта Лучезар влажностью 10.7% в конкретных 

условиях. 

 

INTRODUCTION 

At present the technology of tow harvesting becomes more popular as there aren’t enough combines 

in the farms because of their high cost. The adoption of No-Till technology promotes it too. Producers and 

scientists in many countries work at designing and producing stripping reapers, validating their parameters 

and modes of operation. The use of the towing technology for grain harvesting leads to reducing harvesting 

time and increasing the productivity of machines by 1.5–2.0 times (Dridiger V.K. et al., 2020). In addition, it 

allows reducing environment damage due to less emissions in the atmosphere since fuel consumption 

decreases to 40% (Dridiger V.K. et al., 2020; Chegini G.R. and Mirnezami S.V., 2016; Milyutkin V.A. et al., 

2014; Siemens M.C. and Hulick D.E., 2007; Yuan J. and Lan Y., 2007). 

There is no precise information for calculation of tooth strength taking into account safety factor 

(Lizhang X. and Yaoming L., 2011). There are some works in which either the scientists of our institute or other 

authors determine the stress for wheat ear stripping. But there has been determined only the stress per one 

plant, drawn through the slit manually. In this case the speed of ear drawing was rather lower than if it took 

place in the real process. The towing technology for grain harvesting is used not only for wheat harvesting but 

also for other grain crops, which differ either by inflorescences forms and sizes or by other characteristics 

(Aldoshin N.V. et al., 2016; Golpira H. et al., 2013). 

Therefore, a number of scientists, who work at the adaptation of tow reaper for physical-mechanical 

properties of different crops and varieties and who suggest new forms and sizes of the stripping teeth and the 

stripping slit width, have to use the data about inflorescences destruction efforts that have been obtained by 

indirect methods (Alabushev A.V. et al., 2020; Buryanov A.I. et al., 2018; Egorov G.A., 1985; Chegini G.R., 

2013). As a result, the construction of the stripping tooth has had either excess or insufficient strength. When 

the stripping teeth with insufficient strength are used, they are bent or broken, depending on the metal they 

are made of; this leads to harvesting loses as tooth angle of inclination has been changed.  
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The using of the stripping teeth with excess strength leads to the increasing of reaper’s specific quantity 

of metal, its weight and, consequently, to cost increasing. In emergency situation, the holding teeth 

arrangement, including the stripping cylinder, may be broken because of the excess strength of the tooth. It 

involves the expensive repair or replacement of the stripping cylinder. Probably, there are a lot of things on the 

field that can lead to the damage of a reaper (Chegini G.R. and Mirnezami S.V., 2016; Savin V.Y., 2019; Savin 

V.Y., 2020). 

Safety tests of the reaper with the teeth made of “soft” metal that is able to change its shape if a solid 

thing gets into the reaper have been performed. In this case their bending doesn’t cause the structural damage 

of the stripping cylinder. In case when the teeth, made of excess strength steel 65G by 4 mm thickness, were 

used, the teeth had been broken and their sections had been cut off from the stripping cylinder and the cylinder 

itself had been partially broken. Moreover, neither the safety of the personnel nor that of the combine harvester 

is supported. The tests were carried out at the trailed tow reaper and they were recorded with the stationary 

video camera, fig.1. 

 

     

Fig. 1 – Testing of the stripping unit safety using the excess strength tooth made of steel 65G   

 

As you can see in fig.1, if the excess strength teeth collided with a solid thing, the integrity of the 

stripping cylinder was damaged, a number of teeth were cut off the cylinder, they flew out of the reaper and 

teeth parts could be reached at a distance of about 8 m. A deformation of the stripping cylinder was registered 

after inspection of the reaper’s construction. One can say with certainty that using the excess strength teeth 

at the tow reaper is dangerous both for the personnel and for the other working parts of the harvester. Methods 

and means for measuring the stresses that appear on the stripping tooth, to further calculate the strength, are 

suggested. 

 

MATERIALS AND METHODS 

The laboratory setup was made for the experimentations; it was made on the basis of a laboratory setup 

for experimentations of grain stripping process which was patented as utility model (Buryanov A.I., et al., 2014), 

fig. 2. 

 
 

Fig. 2 – The laboratory setup drawing for determination of stripping tooth strength 

Legend: 1 – stripped winter wheat plant (or other crop); 2 – movable field; 3 – laboratory setup supports; 4 – fairing;  

5 – guide channel for combined plants; 6 – stripping cylinder; 7 – stripping tooth; 8 – strain sensor, fixed at the stripping tooth;  

9-12 – measuring complex ZetLab; 13 – power element; 14 –counterweight for stripping cylinder’s balancing;  

15-18 – measuring complex ZetLab receiving the signal; 19 – personal computer (notebook); 20 – software package ZetLab 
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Laboratory setup (fig.2) consists of supports 3, fairing 4 which is fastened on them, stripping cylinder 6 

with guide channel 5, measuring complex ZetLab which consists of 9, 10, 11, 12 blocks, power element 13 

and stripping tooth 7 with strain sensor section 8. A signal of measuring is conveyed through radio channel to 

the ZetLab complex receiving part 15, 16, 17, 18 and then to the PC 19, where it is processed with ZetLab 

software package. A guide channel 5 is necessary for the plants to be headed strictly to the slit between the 

teeth after passing the tooth with the strain sensor 8. The channel is made of transparent material, which 

makes it possible to watch the measurements and record them with a high-speed video camera. The camera 

Sony DSCRX 100M5 was used in this case. 

The sections of the measuring complex were adjusted before the experiment. The strain sensor had 

been calibrated with the interval 5 N to 100 N. A dynamometer MEGEON-03020 and mechanical dynamometer 

were used for calibration. The process of calibration was made using ZetLab software; it allowed getting the 

signal recording in such units of measurement such as newton, at once. Update rate of the measuring channel 

was 1000 Hz, which is the maximal one for the measuring unit. 

There are four blocks in the measuring complex ZetLab, made by the company LLC “Electronic 

technologies and metrology systems” (fig.3): autonomous recorder ZET 71733, smart strain sensor with 

interface CAN ZET 7111, smart interface converter radio channel CAN ZET 7172-S, power converter ZETLab 

7001. Lithium-ion cell, which is fixed on the cylinder, supplies with power all the blocks. Counterbalances were 

used to decrease cylinder beating. 

 

 
Fig. 3 – The laboratory setup drawing for testing the stripping tooth strength 

1 – power converter ZET 7001, 2 – smart sensor with interface CAN ZET 7111; 3 – autonomous recorder ZET 7173;  

4 – smart interface converter radio cannel - CAN ZET 7172-S; 5 – guide channel 

 

Autonomous recorder ZET 7173 (fig.3) makes it possible to record a signal in a file ‘’.ana” during the 

measuring; a signal is recorded to internal memory with update rate 1000 Hz. The file of signal recording was 

copied on the PC for its further analysis in the software package “Statistica”, ZETLab, Excel. 

For the experiment, the movable field 2 (fig.2) was filled with winter wheat plants. The plants of winter 

wheat had been prepared before. The part of the field was chosen at a distance no less than 50 m from forest 

belts and roads. Cut plants were shaped into a bundle; a number of plants was counted according to the 

number of tests and the quantity of plants needed to determine humidity.  

Average humidity of grain was measured by means of “Willi 65” device right before the testing. 

The field part length was 4 m. Plants have been chosen according to the fairing, stripping cylinder height; 

there were 90 pcs per 1 movable meter. 

The stripping cylinder driver was turned on till its steady-state regime, then recording camera and driver 

of movable field were turned on, too. 

It is possible to calculate the necessary tooth strength using the received data about the strength. Let 

us use simplified tabular procedure (Anuryev V.I., 1979) for this purpose, choosing the tabulated value for 

working stress when using alloyed hot-rolled steel 40CrNi (Anuryev V.I., 1979) of commercial quality at variable 

load from 0 to maximum and from maximum to 0 (pulsing) equal  𝜎𝑏𝑒𝑛𝑑 = 235.4 N/mm2. 

𝑀𝑏𝑒𝑛𝑑 = 𝐹𝑚𝑎𝑥 ∙ 𝑙𝑠𝑡. , N·mm       (1) 

where: 

 𝐹𝑚𝑎𝑥 is maximal strength at stripping tooth, N;  𝑙𝑠𝑡. is distance acting on a tooth, mm. 
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Resisting moment W for a tooth, a load acting on the axis X is (Anuryev V.I., 1979): 

𝑊𝑟𝑒𝑠. =
𝑎∙𝑏2

6
, mm3       (2) 

where a is tooth width, mm.; b is tooth thickness, mm. 

Acceptable bending moment 𝑀𝑎𝑐.𝑏𝑒𝑛𝑑  is (Anuryev V.I., 1979): 

𝑀𝑎𝑐.𝑏𝑒𝑛𝑑 =  𝜎𝑏𝑒𝑛𝑑 ∙ 𝑊𝑟𝑒𝑠. , N·mm       (3) 

where  𝜎𝑏𝑒𝑛𝑑 is working stress, N/mm2; 𝑊𝑟𝑒𝑠. is resisting moment, mm3. 

Load factor 𝐾𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ then is (Anuryev V.I., 1979): 

𝐾𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑀𝑎𝑐.𝑏𝑒𝑛𝑑

𝑀𝑏𝑒𝑛𝑑
.     (4) 

The load factor must be greater than 1. Then the strength of the tooth will be sufficient for stable 

operation. 

 

RESULTS 

Method of determination of the optimal strength on stripping tooth was tested under the following 

conditions and modes of operation: 

- movable field speed was 0.9 m/sec.; 

- width of the combing slit 8.0 mm; 

- winter wheat variety “Luchezar”; 

- a number of plants, placed on 1 m of the movable field, – 90 pcs; 

- length of the field part, filled with plants, was 4±0.1 m; 

- winter wheat grains’ humidity was 10.7±0.5%; 

- 1000 grains mass 42.3 gm; 

- plants’ height up to ears was 0.77±0.03 m; 

- average length of an ear was 0.083±0.004 m; 

- height of the fairing low edge corresponded to the average height of plants to the ear 0.77 m;  

- rotating frequency of the stripping cylinder – 40.1 sec. 

Winter wheat plants were prepared before; the plants, having mentioned characteristics, were chosen 

so as to get average amount of strength, appeared at stripping. 

The movable field speed and cylinder rotating frequency were chosen according to the measuring 

complex possibilities. Transit time of the stripped area – 4.3 sec. at the rotating frequency of the movable field 

0.9 m/sec. and its length 4.0 m. Stripping cylinder performed 28 turns at rotating 40.1 sec., and stripping tooth 

met stripped plants 28 times, meanwhile the number of measuring points of the strength directly was 7; then 

the teeth moved the stripped heap. The length of the field’s part was chosen according to the time of the video 

recording with the camera Sony DSC-RX100M5 at exposure 1/10000 and resolution (1920×1080 dpi). The 

results of tooth strength measured at mentioned parameters and plants characteristics are shown in fig.4. 

 
Fig. 4 – The result of stripping tooth strength measuring during winter wheat variety “Luchezar” stripping 
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The number of stripped plants was different and had random character at every cycle. Frames of speed 

video recording are shown in fig.5. 

 

     
a)     b)    с) 

 

Fig. 5 – The frames of tow process 

Legend: a – plants gripping with stripping teeth; b – winter wheat plants tow by teeth; c – stripped heap displacement by teeth 

 

At maximal strength 𝐹𝑚𝑎𝑥 = 51.3  N (fig.4), acting on a tooth at a distance 𝑙𝑠𝑡. = 50 mm from a tooth, 

assuming that a tooth is a straight beam which is rigid at one side, maximal bending moment Mbend is (1): 

𝑀𝑏𝑒𝑛𝑑 = 𝐹𝑚𝑎𝑥 ∙ 𝑙𝑠𝑡. = 51.3 ∙ 50 = 2565 N·mm.    (5) 

Resisting moment W for a tooth with a section a=16 mm, b=2 mm according to the formula (2): 

𝑊𝑟𝑒𝑠. =
𝑎∙𝑏2

6
=

16∙22

6
= 10.7  mm3.     (6) 

Acceptable bending moment 𝑀𝑎𝑐.𝑏𝑒𝑛𝑑  according to the formula (3): 

𝑀𝑎𝑐.𝑏𝑒𝑛𝑑 =  𝜎𝑏𝑒𝑛𝑑 ∙ 𝑊𝑟𝑒𝑠 = 235.4 ∙ 10.7 = 2518.8 N·mm.     (7) 

Then, the load factor is (4): 

К𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑀𝑎𝑐.𝑏𝑒𝑛𝑑

𝑀𝑏𝑒𝑛𝑑
=

2518.8

2565
= 0.98.     (8) 

As the calculation indicates, the strength of a tooth made of strip of steel 40CrNi with 2 mm thickness, 

when a tooth width is 16 mm, will be insufficient. Considering almost equal meanings of acceptable bending 

moment and maximal strength on a bend, one can say that, increasing tooth thickness to 3 mm, acceptable 

bending moment elevation will be obtained and load factor will exceed 1.0. 

If а=16 mm, b=3 mm then: 

𝑊𝑟𝑒𝑠. =
𝑎∙𝑏2

6
=

16∙32

6
= 24.0  mm3,       (9) 

𝑀𝑎𝑐.𝑏𝑒𝑛𝑑 =  𝜎𝑏𝑒𝑛𝑑 ∙ 𝑊𝑟𝑒𝑠 = 235.4 ∙ 24.0 = 5649.6 N·mm,     (10) 

К𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑀𝑎𝑐.𝑏𝑒𝑛𝑑

𝑀𝑏𝑒𝑛𝑑
=

5649.6

2600
= 2.2.      (11) 

In terms of the above, a stripping tooth, made of steel 40CrNi with 16 mm width and 3 mm thickness, is able 

to ensure the right working conditions. It should be noted that the strength of grain and ear bundle depends on 

humidity and variety of the crop that time; besides, it is necessary to repeat tests at different conditions. The 

suggested method and means of testing allow obtaining the necessary data to calculate the strength of the stripping 

tooth in all modes of operation and under different conditions. It will make it possible to achieve the required reliability 

and safety of the stripping unit without using the excessive solidity and metal intensity in the construction. 

 

CONCLUSIONS 

It is necessary to use a reliable information about occurring stresses on the stripping tooth making a 

calculation of stripping devices strength for qualitative and safe work. The stress should be obtained under 

different modes of operation and with different qualities of the harvested crops. The suggested methodology is 

recommended for strength determination that occurs at the cylinder’s teeth of a reaper which is designed for a 

certain crop or their set, considering zonal conditions. 
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So, maximal stress on a tooth is 51.3 N when stripping winter wheat “Luchezar” with 10.7% humidity, feed 

0.9 m/sec. rate, 40.1 sec-1 cylinder rotary speed, and, for the effective process of stripping, a tooth can be made 

of steel 40CrNi with 16 mm width and 3 mm thickness. 
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