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ABSTRACT  

In the context of the search for alternatives to antibiotics, several non-therapeutic substitution methods 

can be envisaged; Including the use of plant extracts, which are increasing by being proposed and studied 

with the aim of improving the homogeneity and performance of breeding. 

The aim of the present study is to evaluate the effect of supplementation in plant extracts of two 

deferential preparations (Oregano and Garlic), and (mint and eucalyptol) to improve the zootechnical 

performance and biochemical parameters of the broiler. 

The experiment lasted 45 days, it was conducted on a total of 180 chickens divided into three groups. 

One control group and 2 groups received 2 different treatments. The overall results recorded showed 

differences in weight gain between the control group and the two experimental groups (1312 vs 2219 gr 

1312 vs 2011 gr, 2219 vs 2011 gr) respectively. The mortality rate was higher in the control group compared 

with the two treated groups (28.33 vs. 0.0%). 

The results of the assay of some biochemical parameters (glycemia, cholesterol, triglycerides) 

appear in direct relation with the supplementation of these vegetable preparations. However, the level of 

glycemia decreases in group (Oregano and Garlic) compared to the control group (1.83 vs 2.38 g/l) the 

level of cholesterol (0.79 vs 0.99 g/l) and the triglyceride level (0.70 vs 0.96 g/l). The vegetable 

preparations used have a positive effect on the zootechnic and biochemical parameters. They even 

improved the weight of offal (liver and heart). 

 

RESUME 

Suite ¨ lôinterdiction de lôutilisation des antibiotiques comme facteur de croissance dans lôalimentation 

des animaux dô®levage et leur impact n®faste sur la sant® publique, plusieurs m®thodes substitutives non 

th®rapeutiques, dont les extraits de plantes, ont ®t® propos®es et ®tudi®es pour lôam®lioration des 

performances de poulet de chair.  

Lôobjectif de la pr®sente ®tude et dô®valuer lôeffet de la suppl®mentation en extraits de plantes 

dôOrigan et dôAil et la menthe avec Ecalyptus pour améliorer les performances zootechniques et les 

paramètres biochimiques du poulet de chair.  

Lôexpérience a duré 45jours, elle a été menée sur un effectif global de 180 poulets répartis en deux 

lots. Un lot témoin et 1 lot expérimental (supplimenté en extrait végétal). Les résultats globaux enregistrés 

ont montré des différences au niveau du gain de poids entre le lot témoin et deux lots expérimentaux (1312 

vs 2219 gr 1312 vs 2011 gr, 2219 vs 2011 gr) respectivement. Le pourcentage de mortalités est élève dans 

le lot témoin par rapport au lot traité (28.33 vs 0,0%).  

Les résultats du dosage de quelques paramètres biochimiques (glycémie, cholestérol, triglycérides) 

paraissent en relation directe avec la supplémentions de ces préparations végétales. Toutefois, le taux de la 

glycémie diminue dans le lot expérimental par rapport au lot témoin (1.83 vs2.38 g/l) le taux du cholestérol 

(0.79 vs0.99g/l) et le taux des triglycérides (0.70 vs 0.96g/l). Les préparations végétales utilisées ont un effet 

positif sur les param¯tres zoothecniques, biochimiques et lô®tat de sant® de poulet de chair.   

 

 INTRODUCTION 

Poultry is an economical source of animal protein, particularly for developing countries, which has 

justified its rapid development worldwide over the last thirty years (Sanofi, 1999). In Algeria, poultry farming 

mailto:nasahraoui@gmail.com
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has expanded and developed dramatically through the various development plans of the Ministry of 

Agriculture. Production increase is due to the control of farm management, a better nutritional optimization of 

diets, the use of growth factors and the control of animal health status (Langhout, 1998). Diseases affecting 

poultry farming constitute one of the main constraints to its development and cause enormous economic 

losses, like increase in the mortality rate and the misuse of antibiotics. Antbiotics have adverse effects on 

human and animal health (Article 11-2 of Regulation (EC) No 2003/1831), namely the recurrent emergence 

of public health problems related to antibiotic-resistant bacteria which led the authorities to ban antibiotics as 

growth factors in animal feed in 1 January 2006 (Brenes and Roura, 2010). 

Thus, several mixtures of Essential Oils (HE) or synthetic compounds (associated or not with other 

products such as spices), have appeared on the world. The aim of the present study is to evaluate the effect 

of the use of HE in poultry feed on zootechnical performances and also on the biochemical parameters 

(glycemia, cholesterol, triglycerides). 

 

MATERIAL AND METHOD  

The aim of this study is to determine the effect of two preparations of plant extract on zootechnical 

parameters and some biochemical parameters in broiler chickens. The study was conducted in the region of 

BLIDA; is for a period of 45 days, from May 21 to July 06, 2017.  

Animals: This study was conducted on 180 mixed ISA CLASSIC strains of mixed sex, with a uniform 

weight (44 g). The ISA CLASSIC female produces an average of 148 chicks in 64 weeks. Its ability to adapt 

to any environment makes it an ideal product for both temperate and tropical areas. 

Food: The used food is granulated, according to the standard formula most used in farms, it contains 

different products to meet the needs of animals considering the three phases of breeding (start, growth, finishing). 

Drink water was controlled by the municipal health office. It was distributed to the the all groups. For 

the zootechnical parameters, we have calculated the weight gain, the mortality rate and then for each 

breeding step. 

Biochemical parameters: The aimof the study is to determine the values of some biochemical parameters 

namely: glycemia, triglycerides, cholesterol. Blood samples were taken at the end of each breeding phase (start 

15 day, growth 28 day, finish 45 day), 5 subjects were taken randomly at the end of each phase. Samples were 

taken by incision of the wing vein, according to the technique described by Anon (1993). The collected blood 

was centrifuged at 4000 rpm for 10 minutes to collect the serum which was immediately frozen in dry 5 ml glass 

tubes. This serum was used for the analysis of three biochemical parameters. 

Statistical analysis:  

The results are expressed on average and the standard deviation and to a one-way analysis of 

variance (statistical software STAT ANOVA STAT version 2017) to determine the effect of the food 

compliment of two preparations on the all parameters. The significant level is at least 5 %. 

A. ZOOTECHNIC PARAMETERS: 

1. Average weight gain: 

The following table reports the different values of the average weight of the 3 groups A, B, C according to 

the age and the rearing phase. In the finishing phase, we noticed that the weight of the two groups B (2219 ± 

338.02) g and C (2011 ± 201.45) g increases rapidly with a significant difference compared to group A. 

 

RESULTS 

Table 1 

Weight change in subject weight (g ) 

Lot  

Phase  

Start (15
th

 day) Growth (28
th

 day)  Finish (45
th

 day)  

A 210±17.32 722±124.92 1312±223.68 

B 220±25.29 753±42.95 2219±338.02 

C 270±24.49 838±133.06 2011±201.45 

 

 Through our observations on the average weekly weight achieved from the first week to the end of 

breeding, the best weights was in favor of experimental groups C  and B. It is established that the weight gain is 

closely related to the added vegetable food supplements, which match with the results of (Wang et al., 2009). 
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 Mortality rate:  The animal mortality observed in the first three days is due to stress (transport, 

handling) during the installation of the chicks, and will not be taken into consideration 

 The results of the mortality rates recorded for each phase of each batch are presented in Table 2. 

Table 2 

Mortality recorded for each step (%)  

Group  
Step  

Start  (1 5th day)  Growth (28th day)  Finish (28th day)  

A 13.33 33.33 28.33 

B 3.33 1.66 0 

C 1.66 1.66 0 

   

 The mortality rates in lot A (13.33%) during the start-up phase is very significant p-value> 0.0001, 

compared to the two experimental groups B (3.33%) and C (1.66%). 

 The mortality rate in the finishing phase and 0% for group B and C so the difference is very significant 

p-value => 0.0001 compared to the control group. 

Yield (Liver and heart):  

Liver: The following Table reports the different values of the average weight of the carcasses 

according to the age and phases of the 3 groups. 

Table 3 

Weight change in liver weight (g)  

Group  
Step  

Start (15
th

) Growth (28
 th

) Finish (45
 th

) 

A 9.8±0.83 31.2±2.13 30±3.53 

B 10.6±0.8 24±2 49±12.44 

C 12.6±2.05 30±10.48 44±5.47 

 

The start phase shows significantly better results between the two groups C and A (p-value = 0.043). 

The Growth phase, showed a remarkable acceleration of liver weight (Hernández et al. 2004) and 

results were significantly better between A, C (p-value = 0.009). 

Å The liver weight results during the finishing phase are in the standards (33 g) (Alamargot, 1982) for lots B 

and C, p-value = 0.723. 

Heart: Table 2 reports the different values of the average heart weight according to the age and 

phases of the 3 groups. 

Table 4 

Evolution of the weight of the heart (g)  

Group  
Step  

Start (15
 th

) Growth (28
th

) Finish (45
th

) 

A 2.2±0.83 2.8±1.16 9.8±0.83 

B 2.00±1.54 5±0.0 11.2±2.16 

C 1.4±0.48 5.2±0.74 12±2.34 

 

Statistical results show a non-significant difference between (B, C) 

(p-value = 0.90). While between A and C, A and B the significant difference (p-value = 0.023) (p-value = 0.032). 

Carcass: The following table reports the different values of the average weight of the carcasses 

according to the age and phases of the 3 groups. 

Table 5 

Weight change in the weight of the empty carcass (g)  

Group  
Step  

Start (15
th

) Growth (28
th

) Finish (45
th

) 

A 168±27.74 618.4±112.86 1129±259.76 

B 204±20.59 575±26.34 1724.8±319.25 

C 218±19.64 646±111.50 1544±103.10 

 

On the other hand, in the finishing phase the carcass weight of batch B marks a maximum value 

(1724.8 ± 319.25) g and very significant compared to the growth phase (p-value = 0.012). 
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2-BIOCHEMICAL PARAMETERS: The biochemical parameters determined in this study concerned 

blood glucose, total cholesterol and triglycerides. 

Blood glucose:  The different blood glucose values provided by the analysis are displayed in Table 6. 

Table 6 

Evaluation of blood glucose (g)  

Glycemia (g/l)  
Step  

Start (15
th

) Growth (2
th

) Finish (45
th

) 

A 3.09± 0.43 3.68±2.02 2.38±1.40 

B 2.21 ±0.18 1.95±0.13 1.83±0.72 

C 2.74 ±0.23 2.03±0.34 2.40±0.84 

Cholesterol: The total cholesterol levels recorded during this study are shown in Table 7. 

Table 7 

Evaluation of total cholesterol (g)  

Chole stérol  

(g/l)  

Step  

Start(15
th

) Growth (28
th

) Finish  (45
th

) 

A 1.55± 0.11 1.05±0.24 0.95±0.13 

B 1.30 ±0.16 0.67±0.18 0.79±0.11 

C 1.49 ±0.23 0.79±0.19 0.99±0.17 

The cholesterol level drops significantly during the growth phase in batch B and C, however, it shows 

a slight non-significant decrease in the control group. 

Triglycerides: Triglyceride (TG) levels are reported in Table 8. 

Table 8 

Evaluation of triglyceride levels (g / l)  

Triglycerides TG 

(g/l)  

PHASE 

Start (15
th

) Growth (28
th

) Finish (45
th

) 

A 1.38± 0.22 0.51±0.051 0.96±0.37 

B 1.10 ±0.18 0.40±0.058 0.58±0.21 

C 1.45 ±0.30 0.36±0.02 0.70±0.22 

The triglyceride (TG) level decreases significantly in the growth phase in all groups. 

 

CONCLUSIONS 

Herbal dietary supplements are a good alternative to replace growth promoting antibiotics. 

On zootechnical parameters, the results obtained in this study showed: 

-A good performance of the weight. 

- a remarkable reduction in the mortality rate while preserving a good health status of the animals. 

a good yield of carcasses and viscera (liver, heart). 

On biochemical terms, the analyzed parameters (glycemia, cholesterol, triglycerides) remain in the 

norms, which proves that the two preparations have a regulating and positive effect on the biochemical 

metabolism. Also, the study showed the absence of characterizing lesions of coccidiosis in treated lots 

compared to the control group, which explains the preventive action of the two dietary supplements used. 

Both preparations can be used in poultry farming as alternatives to antibiotics by minimizing the negative 

effect on public health. 
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ABSTRACT  

The purpose of the paper was to evaluate, under laboratory conditions, different types of flexible force 

sensors: three force sensitive resistor (FSR) sensors and one capacitive sensor. The FSR sensors were: 

FSR 400, FSR 402 (Interlink) and A201 FlexiForce (Tekscan); the capacitive sensor was a SingleTact 

miniature force sensor. A FC-22 compression load cell (Phidgets) was used as a reference.  

The linearity, hysteresis and drift were evaluated for each sensor. 

The linearity and hysteresis characteristics of the sensors were evaluated in static tests, gradually 

loading and then unloading the sensors (nine steps, from 1.84 N to 10.67 N and then back to 1.84 N); the 

output voltage was measured for each load step. Drift tests evaluated the increase of the sensor output 

signal with time (2500 s), under constant load (9.81 N).  

The FC-22 and A201 sensors have displayed perfectly linear characteristic, with r
2
=0.999; for the FSR 

400 and FSR 402 the output voltage was given by a second order polynomial (r
2
=0.998 and r

2
=0.999, 

respectively).  For the SingleTact sensor the response was also linear (r
2
=0.968). 

No hysteresis was recorded for the FC-22 sensor and only minor hysteresis was recorded for the A 

201 and SingleTact sensor (average values of -0.96% and -2.4%, respectively). The FSR 400 sensor 

recorded relatively low values of the hysteresis (-9.6é + 8.0%), while for the FSR 402 sensor the hysteresis 

was comprised between -25.6 and ï 1.65%. 

There was no drift recorded for the FC 22; for A 201 sensor the drift was 2.1%, while a significant drift 

was recorded for the other sensors. 

 

REZUMAT 

 Ċn cadrul lucrŁrii au fost evaluate, ´n condiŞii de laborator, diferite tipuri de senzori flexibili: senzori de 

tip FSR (FSR) ĸi un senzor capacitiv. Senzorii de tip FSR au fost: FSR 400, FSR 402 (Interlink) ĸi A201 

FlexiForce (Tekscan); senzorul capacitiv a fost de tip SingleTact. Ca referinŞŁ s-a utilizat o celulŁ de forŞŁ de 

tip FC-22 (Phidgets).  

 Pentru fiecare senzor au fost evaluate liniaritatea, histerezisul ĸi deriva ´n timp a semnalului de ieĸire. 

 Liniaritatea ĸi histerezisul au fost evaluate ´n teste statice, pe parcursul cŁrora senzorii au fost 

´ncŁrcaŞi ĸi apoi descŁrcaŞi (´n nouŁ trepte, de la 1.84 N la 10.67 N ĸi ´napoi la 1.84 N). Deriva semnalului în 

timp a fost determinatŁ sub sarcinŁ constantŁ (9.81 N), aplicatŁ timp de 2500 s. 

 Pentru senzorii FC-22 ĸi A201 s-au obŞinut caracteristici liniare (r
2
=0.999);pentru senzorii FSR 400 ĸi 

FSR 402 s-a obŞinut o caracteristicŁ polinomialŁ de ordinul II (r
2
=0.998 ĸi respectiv r

2
=0.999). Caracteristica 

senzorului SingleTact este de asemenea liniarŁ (r
2
=0.968). 

 Senzorul FC-22 nu a prezentat histerezis. Pentru senzorul FSR 400 histerezisul este relativ redus (-

9.6%...+8.0%); pentru senzorul FSR 402 histerezisul a avut valori cuprinse între -25.6% ĸi ï 1.65%. 

 Senzorii FC 22 nu a prezentat derivŁ a semnalului de ieĸire; pentru senzorul A 201 aceasta a fost de 

2.1%, fiind semnificativ mai mare pentru ceilalŞi senzori testaŞi. 

 

INTRODUCTION 

The principle of mechanical milking relies on the pressure difference between the udder and the 

vacuum applied to the teat. In order to limit the development of congestion and edema and provide relief to 

the teat from the milking vacuum, the pulsation principle is used (Mein et al., 1987); the ISO 3918: 2007 

standard defines pulsation as the cyclic opening and closing of the teatcup liner. Collapse of the teatcup liner 
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beneath the teat is achieved when air at atmospheric pressure is admitted into the pulsation chamber of the 

teatcup; the liner opens, allowing the extraction of milk, when vacuum is applied to the pulsation chamber. 

According to some authors (Bade et al., 2009), the pulsation rate and ratio, the vacuum level and the 

compressive load applied to the teat when the liner collapses are the factors affecting the peak milk flow rate: 

the flow rate increases when the vacuum applied to the teat end and the duration of the b phase increases; 

in the meantime, the liner compression should increase in order to relieve tissue congestion due to the 

higher milking vacuum. Adley and Butler (1994) stated that inadequate liner collapse could lead to high 

infection levels. Mein and Reinemann (2009) also concluded that the liner compression should increase 

when the milking vacuum is increased, but also mentioned that an increased liner compression has negative 

effect over the teat-end condition, leading to the development of teat-end hyperkeratosis. 

The problem of the liner-teat contact pressure imposes the use of a pressure transducer operating in 

difficult conditions: round shape of the surface on which the pressure is applied, the existence of shearing 

forces due to liner movement, limited space provided by the artificial teat. Many researches consider that the 

maximum contact pressure is applied to the apex of the teat, but it is difficult to mount a pressure sensor in 

this area, so that the general practice is to place the sensor on the lateral surface of the teat.  Mainly two 

types of devices were considered for measuring the liner-teat contact pressure: load cells and transducers 

based on a flexible pressure-sensitive layer (FSRs). For the first type of sensor, the load cell is placed inside 

an artificial teat (covered with latex ï Adley and Butler, 1994 - or even with an excised artificial teat ï Davis 

et al., 2001) and the pressure from the liner-teat interface is applied to the load cell by the means of a 

circular piston (Adley and Butler, 1994) or of different sensor coverings (Davis et al., 2001). The friction 

forces between the piston and its bore affect the compressive load transmitted to the load cell; the relatively 

significant cost of the load cell is also a disadvantage. For the second type of sensors, while some authors 

(Reinemann et al.,1994) concluded that the use of a flexible pressure-sensitive layer is not an accurate 

measuring method, others, like van der Toll et al. (2010), used it in order to measure the pressure at the teat-

liner interface and concluded that the horizontal shear forces did not degrade the sensorôs pressure 

readings. This method has some advantages: the sensor is easily applied on the surface of the artificial teat 

and does not disturb the pressure distribution because it is thin; the sensors are relatively cheap; the signal 

conditioning circuit is a very simple one. 

The purpose of the paper was to evaluate, under laboratory conditions, different types of flexible force 

sensors: three force sensitive resistor (FSR) sensors and one capacitive sensor. The FSR sensors were: 

FSR 400, FSR 402 (Interlink) and A201 FlexiForce (Tekscan). The capacitive sensor was a SingleTact 

miniature force sensor; while the force sensing resistor type sensors (Tekscan and Interlink) were widely 

investigated, except for the mention made by Reinvee and Jansen (2014), no other references were found 

regarding the miniature capacitive force transducers. A FC-22 compression load cell (Phidgets) was used as 

a reference. 

  

MATERIAL AND METHOD  

 A FSR force sensor (sometimes called piezoresistive sensor) consists of two flexible membranes with 

conductive traces; a carbon-based ink is applied on one of the membranes. In unloaded state the electrical 

resistance is high (in the range of MW); when the two substrates are pressed together (under load), the 

microscopic protrusions on the FSR ink surface make the electrical link between the conductive traces. At 

low forces only the tallest protrusions make contact; at higher forces more and more points make contact. 

The result is that the resistance between the conductive traces is inversely proportional to the applied force. 

Different producers make different types of FSR sensors, with different dimensions and using different 

receipts for the pressure-sensitive ink, resulting in different electrical characteristics of the respective 

sensors. Figures 1, 2 and 3 present the construction and characteristics of three FSR sensors which were 

tested. In order to obtain an output voltage an electronic signal conditioning unit with adjustable gain was 

used (Fig. 4). 

SingleTact is a capacitive miniature force sensor, combined with a proprietary interface board offering 

a 0 to 2 V analog output. The operating principle is based on the variation of electric capacity of the sensor 

when the distance between the electrodes is modified. The electrodes are separated by a proprietary 

compressible dielectric matrix, which acts as a spring. Figure 5 presents the construction and characteristics 

of the SingleTact pressure sensor. 
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A FC-22 compression load cell (Phidgets) was used as a reference. The compression cell uses four 

silicon piezoresistive strain gages and a proprietary electronic interface in order to provide a 0.5 to 4.5V 

analog output (Fig. 6). 

For each sensor the following characteristics were investigated: 

¶ linearity; 

¶ hysteresis, 

¶ drift. 

 

 

 
Fig.  1 ï The Interlink FSR 402  pressur e sensor  

diameter of the active area:14.68mm; nominal thickness: 0.46mm. 

  

 
Fig.  2 ï The Interlink FSR 40 0 pressure sensor  

diameter of the active area: 5.62 mm; nominal thickness: 0.30 mm 

 

 

Fig.  3 ï The FlexiForce A201  pressure sensor  
- diameter of the sensing area: 9.53 mm 
- nominal thickness: 0.203 mm 

A specific workbench was used in order to perform the above-mentioned tests; the schematics of the 

test rig is shown in Figure 7. Each sensor (3) was mounted on a base plate (5) using double adhesive tape; a 

circular silicone bumper (4) was placed over the sensing area of the transducer in order to distribute force 

evenly over the entire surface (Vidal-Verdu, 2011; Vecchi et al., 2000). The sensors were conditioned before 

the tests; according to the specifications of the producers, the conditioning process was conducted in the 

following manner: 

¶ the sensor was loaded 110% of the maximum weight; 

¶ the weight was maintained for a few minutes and then removed; 
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¶ the process was repeated five times.  

Linearity and hysteresis characteristics were evaluated by gradually loading and then unloading the 

sensors while adding weights on the weighing pan; the sensors were loaded with the following forces: 1.844 

N; 2.825 N; 3.806 N; 5.768 N; 6.749 N; 7.730 N; 8.711 N; 10.673 N. The output voltage was measured for 

each load step. 

  

Fig.  4 ï Schematics of the signal conditioning 
unit for the Tekscan and Interlink sensors (two 
channels)  

  

Fig.  5 ï The 
SingleTact pressure 
sensor  
 

 
 

Fig. 6  ï The FC-22 load cell  

 

 
Fig.  7 ï Schematics of the test workbench  

1-base plate; 2-load cell; 3-force sensor; 4-circular silicone bumper; 5ïsensor base plate; 6-lever; 7-weight 

 

Three loading-unloading cycles were performed for each sensor and then the voltage-force regression 

equations were determined, using the average values of the forces when loading and respectively unloading 
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the sensor. The hysteresis was calculated with the formula (Komi et al., 2007): 
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where Uload is the voltage output of the sensor during loading and Uunload is the voltage output when 

unloading the sensor, for the same force. The hysteresis was evaluated over the entire force range and also 

at 50% of the maximum force (Razak et al., 2012). 

Drift evaluated the increase of the sensor output with time (2500 s), under constant load (9.81 N); the 

starting point (when the load was fully applied to the sensor was determined using the changes in the slope 

of the voltage-force curve (Komi et al., 2007). 

 

RESULTS 

 

Line arity and hysteresis  

Figure 8 presents the linearity and hysteresis results for the FC-22 sensor; the chart clearly shows a 

linear voltage-force characteristic of the sensor. The relative standard deviation for the entire data set (eight 

force levels, three loading-unloading cycles) was 1.47%; the relative standard deviation of the mean was 

0.6%. The hysteresis level was comprised between -0.46% and + 0.55%. At 50% of the force range the 

hysteresis was comprised between 0 and 1.45%, with an average value of 0.446%. 

  
Fig.  8 ï Voltage -force characteristic  for FC 22 Fig.  9 ï Voltage -force characteristic  for FSR 402 

 

The voltage-force characteristic of the FSR 402 sensor (Fig. 9) is a second order polynomial; the 

average value of the relative standard deviation was 6.303%, with a maximum value of 10.546%.  

Negative values of the hysteresis were recorded for this sensor: for the same force, the output voltage 

was higher when the sensor was unloaded and lower when it was loaded; the values were comprised 

between -1.67% and ï 25.6%, with an average value of -11.5%. The lower values of DU% were recorded for 

the maximum loading force (10.67 N). At 50% of the force range the hysteresis was comprised between -

2.51% and ï 6.17%, with an average value of -4.888%. 

Figure 10 presents the voltage-force characteristic of the FSR 400 sensor; higher values of the output 

voltage were recorded for this sensor (in comparison with FSR 402), probably due to the lower diameter of 

the sensing area, which led to higher values of the contact pressure. The voltage-force characteristic is also 

a second order polynomial; the average value of the relative standard deviation was 2.258%, with a 

maximum value of 3.45%. Both positive and negative values of hysteresis were recorded, with variations 

between -9.58% and +8.08% and an average value of -0.249%. At 50% of the force range the hysteresis 

was comprised between -2.46% and ï 6.96%, with an average value of -1.614%. 

The FlexiForce A 201 sensor has a linear voltage-force characteristic, similar to the one provided by 

the FC-22 transducer. The data relative standard deviation was comprised between 0.99 and 5.67%, with an 

average value (for the entire data set) of 2.454% and a relative standard deviation of the mean of 1.002%. 

Both positive and negative values of hysteresis were recorded, with variations between -11,1% and +8.23% 

and an average value of -0.96%. At 50% of the force range the hysteresis was comprised between -1.02% 

and 2.06%, with an average value of 0.347%. 

Figure 12 presents the voltage-force characteristic of the SingleTact sensor; the trendline shows a 

linear characteristic, but with a lower value of r
2
 (0.9668, compared with 0.9999 for FC-22 and A 201). The 

relative standard deviation was comprised between 0.889 and 4.94%, with a mean value of 2.587%. 
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The sensor displayed negative hysteresis, with values comprised between -10.78% and 0%; the 

average value of hysteresis was -2.399%. At 50% of the force range the hysteresis was comprised between -

1.57% and ï 4.46%, with an average value of -3.489%. 

  

Fig.  10 ï Voltage -force characteristic  for FSR 400 Fig.  11 ï Voltage -force characteristic  for  A 201 

 

The results concerning the linearity of some sensors are in accordance with the findings of other 

authors: a series of tests performed by Vecchi et al. (2000) also confirmed the linear characteristic for 

FlexiForce type sensor and a second order polynomial for the Interlink FSR sensor. Lebossé et al. (2011) 

also concluded that the Tekscan Flexiforce sensors are characterized by a better linearity than the Interlink 

FSR sensors. 

Most of the authors show that, for the FSR type sensors, repeatability is one of the major issues and 

the average relative standard deviation of the data set could be used in order to evaluate this parameter; 

table 1 summarizes the results concerning this parameter. 

Table 1 

Average relative standard deviation of the data set [%] 

Sensor  FC 22 FSR 402 FSR 400 A 201 SingleTact  

Relat ive standard 

deviation  
1.47 6.303 2.258 2.454 2.587 

 

Signal drift  

Figure 13 displays the centralized results concerning the signal drift. 

The output signal of the FSR 402 sensor has increased with 52.5% during the 2500 s of the test (from 

0.6543 V to 0.9961 V); the most significant increase (32%) was registered during the first 15 s (from 0.6543 

V to 0.8643 V). In the first second of the test the signal has increased by 19.4%. 

 
 

Fig.  12 ï Voltage -force characteristic for 

Singl eTact sensor  
Fig. 13 ï Centralized data for signal drift  

 

For the FSR 400 sensor the output signal has increased by 7.43% during the entire duration of the test 

(2500 s), from 3.682 V to 3.955 V; in the first 15 s of the test the signal has increased with 0.79%. There 

were 3-5 s time intervals during which the signal level has remained constant, then increasing by 0.2-0.3 %; 

during the last 1000 s of the test the signal increased by 0.87%. 
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The signal drift for the FlexiForce A 201 sensor was 2.1% during the entire duration of the test (2500 

s). At the beginning of the test the signal level has remained constant for 16 s (0.234 V). 

For the Singletact sensor the output signal has increased by 12.1% during the drift test (2500 s); 

during the first 5 s the output voltage has increased by 4.0% and by 2.2% in the first second. 

No drift was recorded for the FC-22 load cell, the output signal being constant for the entire duration of 

the test. Vecchi et al. (2000) also recorded signal drift for the FlexiForce and FSR sensors when a constant 

load test was performed; in series of tests Vidal-Verdú et al. (2011) reported a drift of up to 10.7% of the full 

scale output in 1974 s (worst case), while Reinvee and Jansen (2014) mention a value of the drift of 4.1% (in 

a period of 1200 s) for the Tekscan Flexiforce sensors and 7.1% for the Interlink FSR. 

 

CONCLUSIONS 

 Two basic types of force sensors were tested in this series of experiments: force sensing resistor type 

and capacitive type sensors. 

 Table 2 summarizes some of the more significant results of the tests. 

Table 2 

Summary of the most significant results  

Sensor type   

Characteristic   

Linearity  

(regression equation, r
2
)  

Hysterezis, %  

(average, at 50% load)   

Drift, %  

(over 2500 s)  

FSR 402 
2243.0x1982.0x0068.0y 2 -+-=  

r
2
=0.9996 

-4.888 52.5 

FSR 400 
3254.1x4482.0x0021.0y 2 ++-=  

r
2
=0.9985 

-1.614 7.43 

A 201 
0133.0x0168.0y -=  

r
2
=0.999 

0.347 2.1 

SingleTact 
3473.0x1222.0y +=  

r
2
=0.9688 

4.489 12.1 

FC 22 
4303.0x0277.0y +=  

r
2
=0.9999 

0.466 0 

 
 The data in Table 2 suggests that the FC 22 load cell would be the best choice; the results from Table 

1, referring to repeatability, would also confirm this selection. Unfortunately, because of its dimensions, this 

sensor cannot be mounted inside an artificial teat in order to evaluate the teat-liner contact pressure. 

 According to the experimental results, the FSR-type sensors would be the next logical choice because 

they are cheap and involve low cost electronics. 

 The Interlink FSR 402 is the most inappropriate choice, because of the non-linear characteristic and 

high levels of relative standard deviation, hysteresis and drift. Moreover, applying it on the curved surface of 

the artificial teat would cause its bending and probably the alteration of the output signal. 

 Better results were recorded for the Interlink FSR 400 sensor, although its output voltage-load 

characteristic is also non-linear; this problem could be addressed by the appropriate design of the signall 

conditioning unit. It should be noted that the Interlink sensors are the cheapest of all the tested sensors. 

 The Flexiforce sensor achieved better results in comparison with the Interlink sensors: linear 

characteristic and the lowest values of the relative standard deviation, hysteresis and drift. In fact, it is 

considered that the Tekscan Flexiforce sensor can overcome some of the common problems of the FSR 

sensors, especially in terms of linearity, repeatability and time drift, while the Interlink FSRs are more robust 

(Reinvee and Jansen, 2014). 

 The SingleTact capacitive sensor provides also a linear output signal-force characteristic, but presents 

a relatively high hysteresis at 50% load and significant drift. Moreover, the conditioning circuit of the 

capacitive sensor is complex and subject to noise due to connecting cables, as seen in Figure 13. 

 The Tekscan Flexiforce sensor seems to be the best choice in order to measure the teat-liner contact 

pressure. Nevertheless, it should be noted that there are not two identical sensors, so that each one must be 
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calibrated before use and that additional tests should be performed in order to study the effect of sensor 

bending when applying it on the exterior surface of the artificial teat. 
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ABSTRACT  

 The paper presents a comparative analysis of two pneumatic aeration systems, namely: 

 a) Porous diffuser aeration systems constructed of elastic membranes. 

 b) Fine air bubble generators made of orifices with orifices. 

 For each installation, the constructive solution and the experimental results obtained are presented. It 

reveals the advantages of fine bubble generators compared to porous diffusers. 

 

REZUMAT 

 Ċn lucrare se prezintŁ o analizŁ comparativŁ a douŁ instalaҏii de aerare pneumaticŁ, ҍi anume: 

 a) Instalaҏii de aerare cu difuzoare poroase construite din membrane elastice. 

 b) Generatoare de bule fine de aer construite din plŁci cu orificii. 

 Pentru fiecare instalaҏie se prezintŁ soluҏia constructivŁ ҍi rezultatele experimentale obҏinute. Se 

relevŁ avantajele generatoarelor de bule fine ´n comparaҏie cu difuzorii poroҍi. 

 

INTRODUCTION 

Aeration of water leads to increased dissolved oxygen in water. 

Aeration is necessary to improve water quality to avoid oxygen deficiency in systems where there is 

biochemical oxygen demand over water self-sufficiency to remove toxic gases that can be found in water and 

wastewater treatment. 

The main purpose of water aeration, regardless of the industry and the reason it is used, is to increase 

or maintain an optimal level of dissolved oxygen in a mass of water. 

The oxygen required for the aeration process is taken from the atmospheric air and introduced into the 

water. In order for this aeration to be effective, uniform air dispersal must be ensured throughout the mass of 

water in a tank or basin; the air must be spread evenly so as to ensure the oxygen demand. 

In order to achieve the dispersion of air in water, the following devices are used: porous diffusers 

made of ceramic materials, sintered glass, rigid porous plastics, metal plates or other materials in which very 

fine orifices are created, elastomeric membranes. Currently, the use of fine bubble generators built by 

unconventional technologies: laser processing, electroerosion, microcracking (Besnea, 2017) are 

investigated. 

Of the energy consumption of a water treatment plant one part, about 50% is used for aeration of 

water. Aeration is currently performed with porous diffusers made of ceramic or glass; it does not emit 

bubbles of equal size and emit non-uniformly on the surface of the diffusers. In the laboratories of the  

Politehnica University of Bucharest were designed and built fine bubble generators (FBG) in which the plate 

with orifices is made by electroerosion (Ø <0.5 mm). In this case, the orifices are equal and evenly 

distributed in the xOy plane. 

The size of the air bubble produced by the fine pores is influenced by the air flow, the porosity of the 

diffuser, the viscosity of the fluid in which it is emitted. Fine bubbles are obtained by passing an air stream 

through submerged porous plates. 

 

MATERIAL AND METHOD  

Pneumatic systems for water aeration  

There is a constructive solution that consists of the placement of some pierced pipes, located on the 

basin base; is a "coarse" water aeration method with many problems in operation, so it will not be analyzed. 

For each category, the following are presented: 
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- System architecture; 

- System performance. 

In order to make a comparative study of the three categories, the following will be kept constant: 

- the hydrostatic load H = 500 mm H2O; 

- the air flow rate: 
30.6 /V m h= ; 

- water temperature: t = 24
o
C; 

- atmospheric pressure: p = 101325 N / m
2
; 

- the size of the orifices  is approximately equal to 0.1 ÷ 0.2 mm. 

 

a. Porous diffusers made of ceramic materials or elastic membranes   

These devices can be made of plastic, elastic, ceramic and have different shapes and sizes, such as: 

circular plates, rectangular plates, tubes, panels, domes, elastic membranes. 

The materials from which the elastic membranes are made are: rubber, latex, membranes E.P.D.M 

(Ethylene - Propylene - Dien - Monomer) (TŁnase, 2017). E.P.D.M membrane porous diffusers have a high 

aging duration, are resistant to ozone, and the diffusers body is made of shock-resistant plastics. For elastic 

membrane diffusers, the orifices will close if the air stops. It does not require maintenance because, during 

operation, membrane vibrations lead to self-cleaning of the active surface. 

Presentation of the porous diffuser with elastic membrane E.P.D.M. 

The porous diffuser is made up of three elements: 

1) An inwardly threaded ring that secures the elastic membrane to the diffusers body; 

2) Elastic membrane made of E.P.D.M., having many orifices for injecting air into water (Fig. 1); 

3) Porous diffuser body made of plastic which at the bottom has an opening through which 

compressed air enters (Fig. 2). 

       

1

2

 
Fig. 1  - Overview of the porous diffuser  

1 - elastic membrane fixing ring; 2 - the elastic membrane 

1

2

3

 
Fig. 2 - Side view of the porous diffuser  

1 - body of the porous diffuser; 2 - compressed air inlet connection; 3 - elastic membrane fixing ring 

The porous diffuser sets on the base of the water basin through four supports integral with the porous 

diffuser body. 

 

b. Fine bubble generators made of plates with orifices  

It is known from the literature (Cusma, 2017; TŁnase, 2017) that with the reduction of the air bubble 

diameter, the oxygen transfer rate to the water is higher; the diameter of the air bubble is a function of the 

orifices diameter in the perforated plate of the FBG. 

Gas bubbles immersed in water may come from: 
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Å atmospheric air (21% O2 + 79% N2); 

Å atmospheric air + oxygen in the cylinder; 

Å air with low nitrogen content (oxygen concentrators); 

These gas bubbles can be classified as follows (Fig. 3): 
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Fig. 3 - Classification of gas bubbles according to their diameter (Ø)  

I - the area where the gas bubbles can be observed under the microscope; 

II - the area where gas bubbles can be observed with difficulty; 

III - the area where gas bubbles can be observed with the naked eye 

 

The paper presents a fine bubbles air generator, in which the plate has 152 orifices with d0 = 10 ɛm. 

As a result of the research in the field of micro technologies, air bubbles can be called "micro bubbles". 

 

The construction of the fine bubble generator 

In order to obtain fine bubbles, the diameter of the orifices must be as small as possible (d0 <1 mm) 

and the distribution of the orifices in the plate should be uniform. 

The bubble generator has a dispersion element, a rectangular metal plate. 

The plate thickness s = 2 mm has 152 orifices of diameter d0 =0.1 mm and the distance between the 

orifices is d = 2 mm. Thus, the two conditions were met (Cusma, 2017; PŁtulea, 2012). 

> ­ =
0

s 2
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d 0.1
                   (1) 
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> ­ =                  (2) 

Figure 4 shows a plan view of the FBG of rectangular shape. 
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Fig. 4 - Perforated plate of the FBG  

a) plan view; b) cross-section 

Figure 5 shows the constructive solution of the fine bubble generator to be used in experimental 

researches. The orifices in the perforated plate were made by micro drilling machine KERN Micro. This 

machine has an accuracy of Ñ 0.5 ɛm and can process parts with a height of 220 mm and a diameter of 350 

mm. 

In order to achieve this FBG, which is an original constructive solution, it took a theoretical and 

experimental work revealed by (Constantin et al., 2015; CŁluҍaru et al., 2012, BŁran et al., 2010). 
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Fig. 5 - Air fine bubble generator  

1 - compressed air tank; 2 - sealing gasket; 3 - the orifice plate; 

4 - Ø 18 mm pipe with compressed air; 5 - connection for the measurement of the air pressure in the tank;  

6 - perforated plate fastening screws 

 

 The equation of the oxygen transfer rate in water is (Cusma, 2017). 

( )
d

dŰ
L s

C
a k C C= Ö -                 (3) 

where: 

C - the dissolved oxygen concentration at time Ű; 

akL - volumetric mass transfer coefficient; 

Cs - the concentration of oxygen in water at saturation. 

The values of akL and Cs are constant in time. 

If limit conditions C = C0 are imposed for Ű = 0, equation (3) can be integrated: 

d
dŰ

sC

L

sC 0

C
a k

C C

t

= Ö
-ñ ñ .                    (4) 

( )s Lln C C a k 0 ctt- = Ö Ö + +.               (5) 

It results: 

        ( ) ŰLa k

s s 0C C C C e
- Ö Ö

= - - Ö ,            (6) 

     Ű 0=                 (7) 

Equation (6) can be numerically integrated if there are known: 

C0 - the initial concentration of dissolved O2 in water;  

Cs - saturation concentration of dissolved O2 in water for a given water temperature;  

akL - the volumetric transfer coefficient of the oxygen [s
-1

] or [min
-1

] determined by one of the chemical 

or electrical methods.  

The values of C = f (Ű) are calculated based on a computation program. 

 

RESULTS 

The objectives of experimental researches are: 

A. Determination of the pressure loss (for different airflows) that occurs when the compressed air 

passes through the "dry" elastic membrane (ie located outdoors) 

Subsequently, the pressure losses for the "wet" membrane (the membrane inserted into the water 

tank). 

B. Experimental determination of the increase in dissolved oxygen concentration in the operation of 

the porous diffuser. 

 

a. Porous diffuser built with elastic membrane E.P.D.M.  

Figure 6 shows the scheme of the experimental installation; after commissioning the compressor the 

air flow rate and the pressure (TŁnase, 2017) were measured at the entrance at the porous diffuser. In this 

case, there was no water in the tank, so the pressure loss for the "dry membrane" is established. 
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Fig. 6 - Measuring scheme for the operation of the po rous diffuser with elastic membrane  

1 - air filter; 2 - electro compressor; 3 - air tank; 4 - pressure reducer; 5 - rotameter;  6 - compressed air pipe; 7 - digital indication 

manometer; 8 - digital thermometer; 9 - water tank;  10 - porous diffuser 

For different flows rate resulted the pressure losses ȹp, shown in Table 1. Thereafter, water was 

introduced into the tank (H = 500 mmH2O) and the pressure drops for the "wet" membrane was measured; 

the air flow rate remained the same and the experimental results are shown in Table 1. 

Table 1 

Air pressure losses through the elastic membrane porous diffuser  

No. 

"dry" membrane "wet" membrane 

]/[ 3 hdmV
¶

 Ap [mbar] ]/[ 3 hdmV
¶

 ȹp [mbar] 

1 400 1.47 400 57.5 

2 600 2.11 600 61.1 

3 800 2.70 800 62.40 

4 1000 3.79 1000 64,50 

5 1200 4.92 1200 66.30 

6 1400 5.86 1400 68.20 

7 1600 7.58 1600 71.80 

Based on the table were drawn curves )(
¶

=D Vfp  for the two cases were plotted. 

 

Fig. 7 - Graphical representation of the function ()p f VD =  

1- for Ădryò membrane; 2- for Ăwetò membrane 

Figure 8 shows the operation of the porous diffuser, the elastic membrane having orifices of Ø 229 

ɛm. 
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             a)                                            b) 

Fig. 8 - Column of air bubbles generated by the porous diffuser  

a) 3V 1400dm / h= ; b) 3V 1600dm / h=  

For the determination of the increase in the dissolved oxygen concentration in water the following shall 

be measured: 

Å Water temperature t = 22.5
 o

C and from (CŁluҍaru, 2014) it results the saturation concentration          

Cs = 8.6 mg/dm
3
. 

Å Initial concentration of dissolved oxygen in water C0 = 5.10 mg/dm
3
. 

Å The time is noted at which the experience begins and from 15' to 15' the concentration of dissolved 

oxygen in water is measured by the electrical method. 

 

Fig. 9 - Graphical representation of ()tfCO =2
 

The obtained results are similar to that reported in the literature (CŁluҍaru, 2014; BŁran et al., 2011; 

PŁtulea et al., 2012). 

 

b. Fine bubble generator built from plate with orifices  

The outline of the experimental installation for air-to-air air intake is shown in Figure 10. The purpose 

of the research is to validate the theoretical results obtained previously. 

PTAir

1 2 3 4

5 6 7
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Fig. 10 - Sketch of the experimental installation for the injection of atmospheric air into water  

 1 - air compressor; 2 - thermometer; 3 - manometer; 4 - rotameter; 5 ï fine bubbles generator feed pipe;  6 - parallelepiped 

water tank; 7 ï oxygenometer probe; 8 - fine bubbles generator with 152 orifices Ø 0.1 mm 

During experimental researches, the following values will be maintained: gas pressure at the entrance 

to FBG, the gas flow rate, hydrostatic load. At 15 minutes the air supply of the FBG is interrupted and oxygen 

sensor (7) is inserted; the signal taken from the probe is processed in the microcomputer and digitally 

displayed on the microcomputer screen (CŁluҍaru, 2014). 
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The FBG of rectangular shape with 152  Ø 0.1 mm orifices is shown in Figure 11. 

 
Fig. 11 - FBG with 152 orifices  Ø 0.1mm in operation  

The fine bubble generator is provided with a perforated plate with Ø 0.1 mm drilled orifices. A program 

has been carried out for the determination of the increase in dissolved oxygen concentration in water in time. 

Based on the results the curve 1 in Figure 12 was plotted. 

 

Fig. 12 - )(
20 tfC = for atmospheric air  

1- curve drawn based on experimental data for porous diffuser; 2- curve plotted based on the experimental data in the case of 

the fine bubble generator 

Curve 1 was plotted for the variation in oxygen concentration for porous diffusers. After conducting the 

experimental researches with the FBG, the curve 2 in Figure 12 was plotted. The obtained results are similar 

to other papers in the literature (TŁnase et al., 2014; Oprina et al., 2009). 

 

CONCLUSIONS 

1. Porous diffusers with EPDM membranes have a long service life, are shock-resistant, maintenance-

free. 

2. Elastic membrane porous diffusers have a simple construction, increased operational reliability. 

3. Perforated membrane orifices have a diameter of about 0.21 mm, which ensures dispersion of fine 

bubble air (Ï å 1 mm). 

4. Loss of air pressure through the elastic membrane porous diffuser is 2 to 10 mmH2O higher 

compared to the FBG with perforated plate by electroerosion. 

5. Disadvantages of porous diffusers are: 

- emit bubbles of different sizes; 

- does not ensure a uniform dispersion of the air in a volume of water. 

6. Designing a fine bubble generator, where the perforated plate has Ï 100 ɛm orifices, is a first in the 

field of water aeration; 

7. The smaller the diameter of the air bubble dip in the water, the longer the akL will increase, so it will 

increase the oxygen transfer rate to the water; 

8. In the paper the theoretical and experimental results for fine bubble generators are compared, the 

perforated plate has orifices Ø <0.5 mm and it is shown that the most efficient generator is the one with the 

smaller orifices diameter; 
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9. Advantages of using FBG are: 

Å A uniform dispersion of air bubbles in the water is ensured; 

Å The size of the bubbles dispersed in the water mass is the same; 

Å The air pressure drop across the FBG passage is lower than the porous diffusers; 

Å The loss of pressure in a porous diffuser is 0.61 mH2O (Table 1), and at a FBG is 0.02 mH2O as a 

result, the energy consumed for compressing the air is much lower in the case of the FBG; 

Å The theoretical and experimental research presented above leads to a very good coincidence, which 

reveals the correctness of these researches. 
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ABSTRACT  

The design of the improved measuring devices of pneumatic seeding machines as exemplified by the 

pneumatic dispenser of seeding machine ʋʇʉ-8 is suggested. The differential characteristics of the 

improved design is the application of new dispenser disc and seed dropper of excessive seeds. The results 

of investigation of seed sowing using the suggested design are presented. 

 

ʈɽɿʖʄɽ 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʜʦʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ 

ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ, ʥʘ ʧʨʠʤʝʨʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʷʣʢʠ ʋʇʉ-8. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʦʛʦ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʠ ʩʙʨʘʩʳʚʘʪʝʣʷ ʣʠʰʥʠʭ ʩʝʤʷʥ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

INTRODUCTION 

Modern social economic situation in the world predetermines the necessity of the accelerated 

development of the national agricultural production (Anokhina et al., 2016; Kushnarev, 2015). It is of great 

importance in relation to the world food crisis, calling for the solution of problems of the country food security 

(Lachuga et al., 2009). Machinery and engineering resources of agro complex in modern agriculture are 

used deficiently and to implement them in the service of intensive agricultural production is the task of high 

priority (Emelyanov et al., 2016; Kostikov et al., 2016). 

In the growing of the agricultural crops, the seeding machine occupies an important place, and 

especially, the pneumatic seeding machines of precision seeding, because it is impossible to harvest high 

yield without high-quality seeding. Dispensers of pneumatic seeding machines of precision seeding were 

developed and improved in several directions (Kanunnikov et al., 2013): 

¶ Improvement of seed selection by dispenser (disc) ï form, profile of vacuum opening, vacuum; 

¶ Creation of seeds active layer (usage of agitators directly near disc); 

¶ Creation of condition for single seed selection (seed droppers of different forms); 

¶ Creation of conditions for reduction of seeding machine readjustment period and labour facilitation 

(application of different disc plates); 

¶ Improvement of seed flow process from tanker (tanker form, application of different agitators); 

¶ Providing the guaranteed release of dispensers (cells cleaning), seed ejector blades, etc. 

To increase the quality of seed dispensing process by seeding mechanism, one can examine two 

ways of improvement: seed disc modernization and application of new seed dropper of excessive seeds. 

Modernization of seeding disc (Fig. 1) consists in mounting on disc 1 from the side of vacuum 

chamber jumper 4, which is fixed to the disc in slot 3 and gets through centers of vacuum openings 2 

(Kalashnikova et al., 2013). More than that jumper has lugs 5, which get into vacuum openings, into their by 

the depth equal to half of the disc thickness. 

This improvement allows decreasing of vacuum openings obstruction whereby increasing one-grain 

seeding quality. Besides, the suggested engineering design is simple in production and can be used for 

modernization of already existed seeding machines (particularly, seeding machines UPS-8 (universal 

pneumatic seeding machine). 
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The main idea of new seed dropper (Fig. 2) consists in the following: on rod 1, on one end, there is 

handle 2 with spring 3, and on the other end clamp 4 with elastic gripper in the form of brush 5 is fixed 

(Kalashnikova et al., 2013).  

 

 
Fig. 1 - Suggested seed d isc with mounted jumper   

1-seeding disc; 2- vacuum opening; 3-slot; 4-jumper; 5-lug on jumper 

 

 

 

 

 
 

 

Fig. 2 - Overview of excessive seeds dropper  

1-rod; 2-handle; 3-spring; 4-clamp; 5-brush 

 

The suggested engineering design provides precision one-grain seeding and change of setting angle 

of elastic gripper of dropper allows sowing of seeds of different fractions, and so expands opportunities of 

application of seeding mechanism. More than that there is a possibility to adjust the seeding mechanism 

without its dismount easily and quickly (Chernoivanov et al., 2012; Sorokin et al., 2016).  

The suggested improvements of seed disc and dropper design were tested in the laboratory and field 

conditions. 

 

MATERIAL AND METHOD  

The experimental method consists in changing and control three factors (Table 1). Indicators of basic 

level of the factors of peripheral speed of cells correspond to seeding machine motion with speed 9 km/h, 

vacuum value in vacuum chamber ï to average value of control limits of vacuum value according to the 

operations manual of seeding machine UPS-8 (universal pneumatic seeding machine). Single seed feeding 

by seed disc cell M (pc.) was considered as optimization parameters, at that, ʄŸ1 and zero delivery of 

seeds by cell ʨ0 (pc.), at that ʨ0Ÿ0. 

Laboratory tests were done on Orel State Agrarian University experimental base on the self-

engineered installation (Fig. 3a), that allows recording of seed sowing with detection of double sowing and 

sowing gate-passes in different modes of seeding mechanism. The installation consists of the following 

engineering elements: seeding mechanism 1 of seeding machine UPS-8 (universal pneumatic seeding 

machine), electromotor 2 for seed disc drive, vacuum meter 3 of company «Westfalia» for vacuum control in 

seed chamber, piezoelectric sensor 4 (piezoelectric sensor of grain losses ï PSGL-1), strain-gauge station 

ɸ17-ʊ 5 with sampling frequency 25000 Hz operating in the mode of oscillograph, notebook 6 for recording 

and notation of the data obtained. 

 

Table 1 

Basic fa ctors and levels of their variations  

Factor name  
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Cells peripheral speed of seed disc  [m/s ] ʍ1 0.29 0.33 0.37 0.04 

Vacuum value in vacuum chamber [kPʘ] ʍ2 5 5,5 6 0,5 

Position of excessive seeds dropper  ʍ3 5 6 7 1 
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RESULTS  

As the result of the experimental data processing it was proved that one-grain feeding by the seed disc 

cell ʄ, is in the limits of 1Òʄ¢1,025pc, at that ʄŸ1, and zero seed delivery by cell is ʨ0 ¢0,02 pc. 

 

 
a)  

 
1-serial seeding mechanisms, 2- experimental seeding 

mechanism 

b)  

Fig. 3 ï General  view  of  installation for tests in laboratory conditions ( ʘ) a seeding machine wi th 

experimental seeding section  (b) 

 

Field tests were carried out at the Shatilovskaya agricultural experimental station in the 

Novoderevenôkovsky district of the Orel region (Russia) at the experimental plots with usage of serial seeding 

machine UPS-8 (universal pneumatic seeding machine) with mounted experimental seeding mechanism 

(Fig. 3b). 

Analysis of the field tests results shows that the suggested mechanism fulfils the majority of standard 

terms of reference and technical specifications, thereat, serial mechanism does not correspond to some 

impose requirements on stability and evenness of seeding and also on plant distribution. 

Figure 5 presents the curves of variation of interval distribution between plants in drill rows of corn 

seeds testify that the suggested mechanism has better seeds distribution than serial one (25.8 % and 19.3 % 

of plants in the preset interval correspondingly). This is explained in the way that the single selection quality 

of the suggested mechanism is higher. 

Low location of the point in the limit of 0-5 sm on the variation curve of plant distribution of the 

suggested mechanism testifies that double feedings are practically absent, but curve approximation to zero 

in the limit of 25-30 sm testifies refers to low level of grain losses in seeding. It proves that the suggested 

seeding mechanism provides the best quality of one-grain seed dispensing. 

Thus, the obtained results of the field tests proved validity of theoretical and laboratory experimental 

research on improvement of technological process of one-grain seeding and created with this research 

seeding mechanism corresponds to modern requirements specified to seeding machines and provides highly 

productive corn seeding for ultimate plant population.  

 

 
Fig.  4 - Variation curve of interval distribution between  plants in drill rows of corn seeding done by seeding 

mechanisms: serial (curve 1); developed (curve 2)  
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CONCLUSIONS 

The suggested designs of the seeding mechanism elements provide quality improvement of seed 

dispensing by pneumatic seeding machines of precision seeding being applied to newly develop seeding 

machines as well as to already exist and operate in agriculture. It results in obtaining some extra profit with 

minimum expenditures for machines reequipment. 
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ABSTRAC T  

 The study of the dynamics of wind turbines deals, among other aspects, on the harmful effects of 

vibration either on the fatigue of materials, the rotor aeroelastic instability, noise or other vibrational 

phenomena. 

 However, oscillatory movements can be beneficial for the processing and transport of mechanical 

energy. Indeed, an aeraulic mechanism working in special conditions (for example, by self-vibration or 

resonance) can be used to extract the wind energy. Afterwards, this mechanical energy can be 

communicated to a sonic generator through a resonant line. This arrangement can be seen as a new type of 

wind turbine that is fundamentally different from the vertical axis wind turbine (VAWT) or the horizontal axis 

wind turbine (HAWT) called vibrant wind engine (VWE).The theory of VWE will be discussed and few vibrant 

mechanisms will be presented and commented. 

 

RÉSUMÉ 

 Lô®tude de la dynamique des ®oliennes porte, entre autre, sur les effets nocifs des vibrations que ce 

soit la fatigue des mat®riaux, lôinstabilité aéroélastique du rotor, le bruit ou autres phénomènes.  

 Toutefois, les mouvements oscillatoires peuvent être utilisés pour la transformation et le transport de 

lô®nergie m®canique. En effet, un m®canisme a®raulique fonctionnant dans des conditions particulières (par 

exemple, ¨ la r®sonance ou en auto vibration) peut °tre utilis® comme extracteur de lô®nergie du vent. 

Ensuite, cette énergie peut être transmise à une génératrice électrique à travers une ligne résonnante. Cet 

arrangement, quôon appelle machine éolienne vibrante (MEV), peut être vu comme un nouveau type 

dô®olienne qui est fondamentalement diff®rente des ®oliennes ¨ axe horizontal (HAWT) ou vertical (VAWT). 

La théorie de MEV sera discutée et quelques mécanismes aérauliques vibrants seront présentés et 

commentés. 

 

INTRODUCTION 

 Classes of components of a wind turbine  

 A wind turbine is made to extract mechanical energy from the wind and turn it into other forms of 

energy suited to the various applications such as mechanical energy (rotational, translation or roto-

translation), electric power, thermal energy, etc. Figure 1 shows the main component classes of a generic 

wind turbine where: S, the energy source (wind), E, the extractor of wind energy, T, transmission and 

transformer of energy, M, modulators of energy and C, the consumers (electric networks, isolated users, 

etc.). 

 The wind turbine is a turbine powered by , a current of air, generally, the natural wind. Unlike 

hydraulic turbomachinery who are driven by a jet of fluid through a pipe under almost constant pressure 

(because of the extent of the accumulation lakes), the wind turbine uses a drowned jet whose characteristics 

are generally random. This has implications for construction, control and operation of a wind turbine, 

consequences which are absent in the case of hydraulic generators. Indeed, the use of confined liquid jet 

allows the command of the input power by manipulation of simple valves, which modulate the admission of 

the liquid to the turbine blades. Thus, the predictability and ease of modulation of the input flow allow the 

realization of a stable movement of the rotor of the generator and so it ensures an electric wave of quality. 

On the other hand, the wind being not harnessed, the wind turbines have to deal with an input power 

variation between approximately known limits by statistical measures of a site over large periods of time 

(Ilinca et al., 2003). 
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 The system  has a multitude of possibilities to make the capture (Spera, 1994; Hau, 2006; Saulnier 

and Reid, 2009; Olives et al., 2013). Currently on the market are mainly two solutions: wind turbine with 

horizontal axis (HAWT) and, in a smaller segment of market, the wind turbine with vertical axis (VAWT) 

(Paraschivoiu, 2002; Patel, 2006). This trend is due to the ability of the turbine to extract energy from the 

wind. Indeed, from this point of view, the horizontal axis turbine with 3 blades presents the greatest 

performance, with a power factor , not far of Betz index ( ), while the wind turbine vertical 

axis with cp= 30% is next (Patel M., R. 2006). However, HAWT must be fitted with the devices orientation 

against the wind on the difference of VAWT which is omnidirectional (Martel and Dery, 2005). Just by looking 

quickly at these two types of wind turbines, we deduce that the capture of the energy is based on specific 

body: the blade. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  1 ï Classes of components of a wind turbine  

 

 Transmission  is the subsystem that is most diversified. It may have the form of a simple shaft or up 

to a quite sophisticated mechanism with multiple degrees of mobility. This part also includes the various 

generators and transformers of energy: mechanic, hydraulic, electric, pneumatic, sonic, etc. 

 Modulators  regulate and direct the flow of energy: adjustment of the voltage, intensity or the phase 

of the current (electric or sonic), the distribution of the fluid, clutch, declutch, braking of the shafts, etc. Also 

note that to ensure the stability of the wave (electrical, sonic, or other) should be used mechanical or 

electrical devices that can be costly, bulky, inefficient, energy consumer, difficult to operate, etc. (Labonville, 

2008). 

 Finally, consumers  absorb the energy provided by the chain, and turn it in other energy or 

mechanical work. 

 Researchers, inventors, companies and hobbyists have invested many efforts in this area on several 

directions, as for example: 

 - the conditioning of air stream by capture and duct (Allaei and Andreopoulos, 2014; Grant and Kelly, 

2004); 

 - the introduction of new systems to capture the movement of the wind (Festo, 2014; Stinson, 2015); 

 - the invention of some systems of transformation of mechanical energy into other forms of energy 

(Patel, 2006). 

The conditioning of the air is necessary since wind is a field of low energy density in comparison, for 

example, to a liquid medium. The idea is to harness the current with a static device, and directs it through a 

tapering passageway that passively and naturally accelerates its flow. 

 In the following lines, we will get mainly of a new extraction system of wind energy as well as with the 

transformation of this energy into vibrational energy. 

 

MATERIAL AND METHOD  
 The theory of s elf -vibrations produced b y fluid flow around à body  

 Be an airfoil whose chord is tilted at an angle  from the horizontal and who is under the influence of 

an horizontal airflow of speed  (Figure 2 a). The resultant of the forces of pressure applied on the profile has 

two components which can be determined, by testing in a wind tunnel, and who present themselves as 

curves given by the functions (Den Hartog, 1934; Voinea et al., 1989; Paraschivoiu, 2002): 

 

S E T M C
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 These forces are called the lift, , respectively the drag,  and act as forces applied to the profile 

(Paraschivoiu, 2002; Patel, 2006; Spera, 1994). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2  ï Self -vibrations induced by fluid flowing around a body  

 

 We study the motion of the profile on the vertical direction, denoted with , and considered to be 

positive downward. If at some moment, the airfoil is under the action of an elastic force , the equation of 

motion is of the form, 

       (1) 

 The force  is equal to the projection, on the axis , of the resultant of the forces of drag and lift. 

 If the profile is at rest, this resultant is given only by the lift force  but, if the profile is moving in the 

positive direction of the vertical axis  with a speed  then, the relative speed of the air regarding the 

airfoil, makes an angle  (figure 2b) given by the relationships, 

 
 Under these conditions, the drag and lift have the expressions: 

 
and the projections of these forces on the axis  will be the force  where, 

 
 Since  is small, we can develop in Taylor series and retain only the linear terms, and with 

 
we get 

 
 Neglecting the terms in  finally, there are the expression of the aerodynamic force acting on the 

direction , 

 
 Then the movement equation (1) becomes, 

 
or in a canonical form, 

     (2) 

It recognizes here the equation that describes a damped vibratory movement, 

T(  h+  ʁ)

O

ʶ

P(  h)

T(  h)

x

ʶ

dV/dt

dV/dt

a)

b)
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with the damping factor .  

Based on the damping factor the movement can be classified in: 

- damped vibration, if ; 

- harmonic vibration, if ; 

- self-vibration, if . 

 Since the drag  is always positive, we see that the motion can be unstable if, on a portion of the 

curve, , we have . 

 The solution of the equation in the case of the self-vibrations is: 

    (3) 

 Energetically, multiplying the equation (2) by  we obtain, 

 

But, with  and , respectively the kinetic and potential energies, it results that: 

 
 Because the right member of the equation can be positive, we conclude that the total energy of the 

system ( ) may be increasing with time, and, furthermore, this growth is exponential. 

 In conclusion, in this section, we see from the equation (3) that the amplitude grows exponentially with 

time (unlike the case of resonance where the increase is linear) which makes that the self-vibrations are a 

very effective mean of extraction of the energy from the wind. 

This brings us to look at a way to take advantage of this phenomenon by using this installation as an 

extractor of energy instead of the rotating blade. 

 In the next paragraph, we will show some possible patterns of vibrant wind turbines. 

 

 Ideas on exploitation: the v ibrant wind engine (VWE)  

 The above considerations invite us to think that instead of capturing energy via circular continuous 

motion of a propeller (like in HAWT or VAWT), the aerodynamic effect of instability that produces self-

vibrations can be exploited. This vibrant motion has been considered as the worst case by the engineers 

who actively tried to design their devices to be far from these domains of operation (and, is to say, for a good 

reason). But, what can be seen as a danger for some, for others can be an opportunity. 

 In order to do this, several steps must be overcome, namely: 

- to ensure a linear displacement of the aerodynamic profile; 

- to find a mechanism that will allow to modify easily the profile inclination during the operation; 

- to design a mechanism for the transformation of oscillatory motion in continuous rotary motion. 

 The very first idea to guarantee a linear displacement of the profile is to guide the motion with a 

translational joint. However, in practice this is a bad idea because the translational guide has severe 

inconveniences (clearings, premature wear, noise, etc.). Instead, we will be looking for a mechanism with 

rotational joints only (Figures 3, 4, and 5 show some possibilities). 

 Thus, in the Figure 3, the linkage , pinned at A, provides a linear motion of the profile as long as the 

displacement is small compared to the length . 

 To modify the inclination of the aerodynamic profile we need to stop the movement of the blade. 
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Fig.  3 ï VWT with direct action on CCC  

 

 Figure 4 shows a solution using a Sarrut mechanism (Cornellier, 2017). The Sarrut mechanism, built 

of the linkages  and , allows a translation vertical motion on  platform, although all the 

elements moves rotationally. 

 To modify the inclination of the aerodynamic profile, the stop of the motion of the blade is needed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  4 ï VWT with Sarrut mechanism action on CCC  

 

 Figure 5 exploits the properties of a Tchebytchev four-bar linkage , whose connecting rod is  

and the following relationships are true: 

 

 
 Under these conditions, the point  traces a straight line segment (Artobolevski, 1975-1978). We 

builds on the segments  and , the parallelograms , respectively, . It can easily be seen that 

the segment  has a vertical displacement no matters what is the inclination of the fixed segment AB (which 

occasionally can be vertical). So, this segment can be used for the active displacement of the aerodynamic 

profile, glued at. 
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Fig.  5 ï VWT with Tchebytchev mechanism action on CCC  

 

 Moreover, by modifying the angle of AB, the angle  of the profile is automatically modified with the 

same value and this operation can be executed while the mechanism is still in motion. 

 Now, for the conversion of oscillatory motion of the body , on Figures 3 and 4, or link ND, on Figure 

5, we have some feasible solutions. 

 For example, one can imagine the connected rod, attached to a piston of a sonic generator such that a 

sonic network will transport and transform the motion until the end of the transformation chain. That means 

than the wind engine is entirely vibrant (Constantinescu, 1985; Abaitancei et al., 2010; Denes-Pop, 2015; 

Mailloux, 2017; Marcu and Ciupan, 2016; Petric, 2011; Pop, 2006; Popescu, 2016; Radu, 2012). 

 Another possibility is to employ a Constantinescuôs torque converter of two degree of mobility (the 

mechanism whose joints are ) (Constantinescu, 1985; Ene, 2013; Mailloux, 2017). The 

oscillatory motion in the point P excites this mechanism. The exit shaft T, can be rigidly connected with the 

rotor of a sonic generator thus, a sonic network will continue the rest of the transformations. 

 In this paper, it was not mentioned the issue of the omnidirectionality of the wing engine who is a 

common problem with HAWT and can be solved in the same way. Additionally, the INVELOX technology 

(Allaei and Andreopoulos, 2014) or the concept of ducted wind turbine (Grant and Kelly, 2004) can be 

profitably integrated in the design of VWM. 

 Finally, a combination of sonic and electric systems can be necessary for some applications. This is a 

problem pertaining of the electricians and the solutions are numerous (Félice and Révilla, 2009; Husain, 

2003; Lautier et al., 2007). 

 

CONCLUSIONS 

 This paper offers a contribution to the study of a vibrant wind device, a new concept of in the field of 

wind machinery. Our contribution are resumed in the following: 

- the signalisation of the phenomenon of self-vibration and the possibility of application in the practice 

of the wind machinery, like an extractor of wind energy; 

- the device of many mechanisms to be employed for wind harvest energy, like Sarrut mechanism, 

Tchebytchev mechanism, etc.; 

- introducing a mechanism for the treatment of the movement, after his extraction, with the mean of 

Constantinescuôs Torque Convertor; 

 The concept of VWM needs further theoretically investigations, laboratory experiments and prototype 

design in order to validate his viability. 
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ABSTRACT  

 Wind energy seems to be by now one of the most promising source of renewable energy with near 

zero air pollution. To convert wind energy into electrical or mechanical energy, two types of wind turbines 

operate mainly in the market: the Horizontal-Axis Wind Turbine (HAWT) and Vertical-Axis Wind Turbine 

(VAWT). This article presents the results of the researches on the special type of the VAWT namely the 

truncated Darrieus turbine (named Dermond wind turbine) and also one new type of transmission and 

transformation of the energy by the way of sonic network. 

 The motivation of this innovative wind turbine comes from some specifications like the adaptation to 

mountain, northern environments and remote areas, easy installation and maintenance, very simple and 

reliable mechanics, the fact that this turbine is always oriented toward the wind. The prototype of a 100 kW 

Dermond wind turbine was installed on the experimental Donald Murphy Center, the property of the 

University of Québec in Abitibi-Témiscamingue in Rouyn-Noranda, Canada. The story of this adventure and 

the main conclusions will be reported. 

 The other points of the paper deals with the sonicisation of the prototype of Dermond wind turbine. 

Sonicisation, like electrification, means the utilisation of the sonic network for the transformation and 

transportation of the mechanical energy by stress waves in the fluid tubes. The ideas originate in the 

Constantinescuôs Theory of Wave Transmission who introduces the concept of sonics in the beginning of the 

twentieth century. A dynamic model of the sonic split transmission will be presented and commented. 

 

RÉSUMÉ 

 Lô®nergie ®olienne semble °tre la source la plus prometteuse dô®nergie renouvelable avec presque 

z®ro pollution de lôair. Afin de convertir lô®nergie du vent en ®nergie ®lectrique ou m®canique, deux types 

dô®oliennes se trouvent sur le march® : lô®olienne ¨ axe horizontal (HAWT) et ¨ axe vertical (VAWT). Cet 

article présente les résultats des recherches dôun type sp®cial dô®olienne VAWT, ¨ savoir, lô®olienne Darrieus 

tronquées (nommée aussi éolienne Dermond) et aussi sur une nouvelle transmission et transformation de 

lô®nergie avec le r®seau sonique. 

 La motivation de cette éolienne innovante vient de ses caract®ristiques sp®ciales comme lôadaptation 

aux environnements isol®s, montagneux et nordiques, lôinstallation et la maintenance facile, la m®canique 

très simple et robuste, le fait que la turbine est toujours orientée contre le vent. Le prototype dôune ®olienne 

Dermond de 100 kW a ®t® install®e sur le Centre exp®rimental Donald Murphy, une propri®t® de lôUniversit® 

du Québec en Abitibi-Témiscamingue à Rouyn-Noranda, Canada. Lôhistoire de cette aventure et les 

conclusions principales seront racontées. 

 Un autre point trait® dans lôarticle concerne la sonicisation du prototype de lô®olienne Dermond. La 

sonicisation, toute comme lô®lectrification, suppose lôutilisation du r®seau sonique pour la transformation et le 

transport de lô®nergie m®canique par des ondes de pression dans des tubes remplis de fluide. Ces idées ont 

leur origine dans la Théorie de la transmission par ondes du savant Constantinescu qui introduisit le concept 

de la sonicité au début du vingtième siècle. Finalement, un modèle dynamique dôune transmission sonique 

de lô®olienne sera présenté. 

 

INTRODUCTION 

 The wind turbine to axis horizontal versus vertical axis wind  

 A wind turbine is a turbine which extract mechanical energy from the wind and turn it into other forms 

of energy needed for various applications (mechanical energy (rotational, translational or roto-translational), 

electrical power, thermal energy, etc.) (Jaffe and Taylor, 2018). There are a multitude of ways to do this 
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extraction (Spera, 1994; Hau, 2006; Saulnier and Reid, 2009; Olivès et al., 2013) but currently the practice 

has validated two solutions: horizontal axis wind turbine (HAWT), which is in a dominant position in the 

market and, in a smaller market segment, the vertical axis wind turbine of type Darrieus (VAWT) 

(Paraschivoiu, 2002; Patel, 2006). This asymmetric diffusion is due to the ability of the turbine to extract 

energy from the wind. Indeed, from this point of view, the horizontal axis with maximum three wind turbine 

blades, present the greatest performance with a coefficient of power cp = 45 percent close of Betz index (cp 

max = 59%). While closely watching the wind turbine vertical axis with cp = 30% (Patel, 2006). However, 

HAWT must be fitted with the devices orientation against the wind on the difference of VAWT which is 

omnidirectional (Martel and Dery, 2005). 

 

 Experimental Donald Murphy  Center  of the University of Quebec in Abitibi -Témiscamingue in 

Rouyn -Noranda, Canada  

 The testing site is located on the property of UQAT in Rouyn Noranda, Canada on the Cap dôOurs, a 

mound adjacent to the University. The choice of this location is not random. We were looking for a place, not 

very windy (Ilinca et al., 2003) close to a University to verify a complex system capable of integrating several 

technologies: wind power intermittent system batteries, electro-generateur Diesel, solar cells, batteries, 

hydrogen, etc. This system was to be multi-functional and usable to be connected to large electric networks, 

independent networks or as independent source. 

 Donald Murphy Center is designed to provide access to several teams to experience their ideas: 

academic researchers in mechanical engineering, electrical engineering, undergraduate, masters, doctorate 

and post doctorate students, independent inventors, independent businesses, etc. From this point of view 

the experiemental Center is an industrial incubator. 

 

MATERIAL AND METHOD  

 Dermond wind turbine  

 Dermond wind turbine installed at the centre of experimentation is a wind turbine (VAWT) vertical axis 

with a power of 100 kW, consisting of a rotor, Darrieus type (Darrieus, 2018; Félice and Révilla, 2009; Fox et 

al., 2009) with the rotor truncated, a generator and a support structure (Fig. 1). 

 The rotor consists of three blades that have a troposkienne form (Kouakou and La Roche-Carrier, 

2011). The area covered by the rotor is defined as the projection on a vertical plane of the surface generated 

by the blades in motion. The ends of the blades describe two circles, the lower circle and the upper circle. 

The area covered by the rotor of the Dermond turbine is approximately calculated by the relationship                                   

 with  and  that yields to .  is noted as the distance 

measured vertically between the lower and the upper circle and  is the width of the area swept by the rotor, 

measured at the equator. The specific capacity (which is the ratio of the installed power and the area swept 

by the rotor) of this wind turbine is of . 

 Between the blades (the rotor) and the generator is mounted a differential multiplier type zone 

Sumitomo of transmission ratio of . 

 The type generator  is also used as the engine for starting the machine. The stop of the turbine is 

done with brakes mounted on the axis between the blades and the reducer in order not to solicit the 

multiplier/reducer (Lautier et al., 2007). 

 The structure that supports the turbine is a vertical tower built in steel tubes. The tower is anchored by 

6 stays. The cables are fixed below the lower circle leaving the turbine somehow at cantilever. The total 

height of the tower is  (measured between the base of the structure and the upper part of the 

blades). 

 This structure has several advantages from the point of view of the facility in remote areas as for 

example: 

- being omnidirectional; 

- the simplicity of the mechanical point of view; 

- installation and maintenance simplified; 

- a system adapted to the northern climate; 

- the assurance of a safety and reliable work. 

 Being omnidirectional means the operation of the turbine is independent of the direction of the wind, 

so it doesn't need a device orientation against the wind (like a weather vane, for example). As a result, 

electricity production will not be affected by the malfunction of a such component. This feature can be critical 
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when the wind turbine will be installed in remote areas or on sites where the wind direction is changing. In 

addition, Dermond wind turbine consumes no energy to perform the maneuver of orientation as is the case 

for the classic HAWT. 

 Mechanical simplicity makes reference to the construction of the rotor and blades. The components of 

the rotor are related to the hub and is over-constrained construction made of standard industrial modules. No 

system for the modification of the blades is required. Mechanical simplicity translates into reliability and ease 

of assembly and maintenance. 

 It is noted that many parts may already be assembled in the workshop before moving on the site which 

facilitates the operation. Reasonable capacity cranes are used for the erection of the mast and the assembly 

of the rotor. This is obviously an advantage for construction in remote areas since the large lifting equipment 

are few. All mechanical systems are accessible via a scale makes it easier to maintain. It is possible within a 

shift to remove, reinstall the main mechanical components of the power train and replace them. This is a 

significant advantage for facilities in remote areas because the downtime of the turbine for major 

maintenance are significantly reduced. A remote control of the wind turbine is also available, facilitating 

maintenance for the identification of the causes or the detection of the early signs of failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 - The 100 kW scheme of the prototype installed in Rouyn Noranda, Québec  

 

 Dermond turbine has blades covered with a glaciophobe paint particularly suited to the icing and 

adapted to the northern climate conditions. The lubrication used in the power train is synthetic and does not 

heat. The brakes have a watertight sheath which allows to use a braking booster with minimum energy 

consumption. 

 The solution adopted for the structure including the hyperstatic geometry of the rotor allows the 

reduction of the risk of sudden failure of the book. Thus, if one of the elements of attachment gives, the wind 

will start to vibrate but no catastrophic failure occur. Also, the braking systems are redundant: an electric 

braking system and two independent mechanical brakes of the power train. The tower is strutted by 6 stays 

so that if a stay wire breaks, there is not a major failure of the whole. 

 Operation of this prototype facility has allowed so far to confirm the ability of the system to a winter 

temperature minus . The data collected with this prototype have confirmed that the potential of the 

technology offered a clear economic advantage for wind turbines from hundreds of kilowatts for electrical 

networks powered by groups diesel generators and that This technology is able to compete with the large 

current wind turbines on the major networks. 
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Fig.  2 ï Integration diagram of the sys tem of the management of energy  

 

 The energy management system shown in Figure 2 offers the electricity producer the ability to 

integrate other sources of production or storage of energy, thus offering additional gains to the owner of the 

electric independent networks. Coupling with existing power plants (diesel, solar, batteries, hydrogen, etc.) is 

possible too. 

 The sonicisation of wind turbines  

 The sonicisation is a devised term that means the application of advances in the theory of the sonics 

in practice. It's like mechanization, electrification and computerization, etc. The term comes from the word 

sonics, introduced by its inventor, scientist George Constantinesco (Constantinescu, 1922, 1985). The 

sonics is the science that deals with the study of the transmission of power by mechanical waves in solid or 

liquid media (Abaitancei et al., 2010; Denes-Pop, 2015; Pop, 2006; Popescu, 2016; Radu, 2012; Petric, 

2011). With the sonic currents in fluids we can talk about sonic networks and we can design the same 

features that can be built in the alternative electric circuits: motors (synchronous, asynchronous, single-

phase and polyphase, etc.), generators, transformers, etc. 

 The Sonic transmission, solve the problem of actuation of machines in the sense that we can operate 

each machine, with an independent sonic engine, engines linked to a central facility where energy is 

produced by generators with the help of any other mechanical power. The Sonic transmission tubes are less 

dangerous than the electrical conduit and control devices, valves of start or stop sonic engine are less 

expensive. Engines cost almost half or one third of the costs of the electric motors of the same power. The 

weight of the engine is less in the same proportion so that the distribution of sonic energy can compete 

successfully against the electricity for short distances (Constantinescu, 1922, 1985). 

 A field of application of sonic transmission can be proposed for the construction of wind turbines and in 

the following we will describe this sonic device that increases the efficiency of the turbine. 

 Figure 3a shows the diagram of a transmission gear wheels with two degrees of mobility. The first 

degree is provided by the rotor of the wind turbine and the second is represented by the sonic generator, 

GS, in tandem with MS sonic motor. The motion is transmitted by a direct route through the shafts 1 and 6 

and by a wheel track side by following the chain . The side track is to inject 

energy into the GS generator that will send it by the MS engine to wheel 4. It's a fitting similar to the Ward-

Leonard transmission in electrical engineering. 

 Thus, it can be changed the angular speed regardless of the angular speed . We call this 

mechanism a split transmission and its role is to provide the turbine with a variable speed system that 

enables to change the angular speed of the output shaft, 7, based on the angular velocity of the rotor of the 

wind turbine, 1. 
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Fig.  3 ï Sonics transmission for the VAWT Dermond  

 

  This is necessary in order to run the rotor at a speed which ensures maximum performance 

(Mantriota, 2017; Rossetti and Macor, 2013; Labonville, 2008) and ensures that the rotor does not turn in 

synchronous with mode the grid (Brendann et al., 2009; Lautier et al., 2005). Also that it is circulation of 

power between the elements of the transmission. 

 For structomatic analysis of the mechanism (Simionescu et al., 1996; Pelecudi et al., 1982; Ene,  

2013) we will consider the sonic link between the items 3 and 4 as being an active rotational one (labeled 

with H on Figure 3 b). Reviewing the number of moving elements  (so =7), the number of 

superior links  (so ), as well as the number of lower pairs 

 (so ). This gives us the degree of mobility: 

 
This result corresponds to reality, so the calculations are right. 

Considerations above deduces: 

- the array of kinematic linkages: 

 
- the list of kinematic elements: 

 
- the table of lower pairs: 

 

With these relationships, we have produced the general graph of the kinematical chain of the 

transmission, represented on Figure 4. This pattern, in turn, will be used for the construction of the 

diagram graph of the fundamental chain associated with the same mechanism. To do this, higher pairs 

were replaced (between the teeth of the gear wheels in mesh), which practically is done by removing the 

elements that form the higher pair and joining them with a fictional element with two lower links to its ends. 

After the fundamental chain, the diagram presented in Figure 5a is obtained. 
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Fig.  4 ï General chains associated with 

the sonic transmission of the VAWT 

Dermond  

 

From this graph, we perform the partition in structomats (Ene, 2016) and we get the block diagram 

shown in Figure 5b and the structomatic relation given in Figure 5c. These relationships facilitate us the 

analytical kinematics of the mechanism to determine the transmission functions of the mechanism. 

Analysis calculations are done structomat by structomat in the direction indicated by the structomatic 

relationship. Finally, the transmission functions of position, velocity and acceleration will be useful to the 

integration of the equation of motion that represents the response of the system. Forces occur in active 

joints respectively in the joints O and H. 

In this case, the work of determination of the transmission functions, which is a time-consuming 

operation in general, is lightened since we have deal, mostly, with gear wheels with the motion of rotation 

(except for items 6 and 7). 

 The equation of motion of the wind turbine with the mechanism of sonic transmission written in matrix 

form (Ene, 2013; Mailloux, 2017) is: 

 

                   (1) 

In this equation  

-  ï is the transmission matrix of velocity; 

-  ï is the matrix of inertia of the mechanism (diagonal matrix); 

-  ï is the transmission matrix of acceleration; 

-  - is a matrix which contains the generalized velocities; 

-  ï is the vector of the generalized forces; 

-  ï matrices of the generalized velocities and the generalized accelerations, respectively.  

 The generalized coordinates position elements 1 and 4 (in the active connections). 

To solve the system of equations, we use the Adams-Moulton predictor-correction scheme for the 

integration of the equations of motion and coupled with the fourth-order Runge-Kutta method for the first 

approximations: 

   (2) 

          (3) 
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Fig.  5 ï Structomatics a nalysis of split transmission for the VAWT Dermond  

 

 The method of multiple step of Adams-Moulton is prioritized since it has an accuracy comparable to 

that of Runge-Kutta but requires less evaluations of the equations of motion. The equations of motion are 

transformed into a system of differential equations of the first order in the form . For each step, it 

is necessary to update the values of the transmission matrices of velocity and acceleration. 

The presented split transmission has two degree of mobility, . It may very well introduce a 

mechanism of three mobility. In this way, by a good choice of geometrical parameters, and mass gives a 

mechanism which can accumulate kinetic energy in the phases of powerful wind and who can give it up after 

the gust. This third degree of mobility can arise, for example, in the form of torque converter an invented 

devised by George Constantinesco. These parts will reduce the consumption of energy from the electric 

solution and at the same time give an electric wave of superior quality. 
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CONCLUSIONS 

 The article provide an overview on the researches made for many years in the laboratory on the 

experimental Donald Murphy Center for Wind Turbine of the University of Quebec in Abitibi-

Témiscamingue in Rouyn Noranda, Canada and the large possibilities offered by this unit for researchers, 

students, inventors, people and others organizations. 

 The DWT developed by Dermond, the truncated Darrieus vertical axis wind turbine, who is the heart 

of the site, is a wind turbine whose mechanical simplicity, easy fabrication and installation allows the 

competitiveness in the market of the production of electricity in the isolated areas, mountain regions and 

northern environment of Canada. The results obtained on the prototype are meeting its performances 

targets. 

 A sonics transmission for the DWT was presented and analysed. The sonicisation principles of the 

machines shows that wind turbine industry has a great interest in the massive utilisation of the sonic 

components for his installations for the robust development of this still emerging business.  
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ABSTRACT   

 The Constantinesco torque converter (CTC) is a continuously variable mechanical transmission and 

was introduced by the eminent engineer George Constantinesco during the first half of the twentieth century. 

This article provides a brief historical overview of the development of the CTC as well as its general 

functioning principle. A procedure for the integration of the equations of motion of the CTC using the 

structomatic approach is proposed for the purpose of its sizing. The general dynamic behaviour of the CTC  

is investigated. The results emphasize the potential of incorporating the CTC into agriculture. 

 

RÉSUMÉ 

 Le convertisseur de couple de Constantinesco (CCC) est une transmission mécanique à ratios 

variables propos®e par lô®minent ing®nieur George Constantinesco durant la premi¯re moiti® du vingti¯me 

siècle. Cet article présente un aperçu historique du développement du CCC ainsi que son principe général 

de fonctionnement. Une procédure pour lôint®gration des ®quations de mouvement du CCC utilisant les 

principes de la structomatique des mécanismes est proposée dans le but de procéder à son 

dimensionnement. Le comportement dynamique général du convertisseur de couple de Constantinesco est 

investigu®. Les r®sultats mettent lôemphase sur le potentiel dôincorporer le CCC dans le domaine agricole. 

 

INTRODUCTION 

 Agricultural tractors are frequently used in agriculture to tow equipment such as manure spreaders, 

trailed sprayers and harvesting equipment or to support certain agricultural implements such as forks or 

front-wheel-drive rollers and plows at the front or dethatchers at the back. These machines are characterized 

by a high inertia (empty weight of several tonnes) and thus requires considerable power when they start to 

move from rest. Several decades ago, the current manufacturers (John Deere, CNH Industrial, Kubota, etc.) 

have introduced continuously variable transmissions (CVT) to adapt the torque developed to the wheels 

according to the speed of the tractor, and this, to deal with wide scenarios of solicitation. The proposed 

transmission models (Fendt Vario, Cnh, ZF, Valtra, etc.) usually include two main parts: the first is hydraulic 

and the second is mechanical. The use of an epicyclic train is the basis for the operation of these 

transmissions. 

This paper investigates an alternative to the actual CVTs. The Constantinesco torque converter (CTC), 

which was proposed by the eminent engineer George Constantinesco in the first half of the twentieth 

century, is a purely mechanical CVT consisting only of links. One of the particularities of this torque converter 

is that it omits the use of gear trains, clutches, differentials and other components frequently encountered in 

mechanical systems thus reducing the weight as well as the maintenance time of conventional gearboxes. 

During the 1924 Wembley and 1926 Paris exhibitions, the CTC attracted attention not only for its 

ingenuity and the energy savings it advocated but also for the scientific advances it brought. At these 

exhibitions, the CTC was mounted on a vehicle (Constantinesco model) and, during the public displays, had 

shown positive results and it even ensued from discussions with General Motors. Several details concerning 

the interest and development of the CTC can be consulted in the book written by (Constantinesco, I., 1994). 

To explain the general operating principle of the Constantinesco torque converter, the model of Figure 

1 is used. This model can be modified, for example, by substituting the mass at the end of the pendulum 3 by 

a flywheel replacing the element 4. Other models are presented in Constantinesco's patents or in his treatise 
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on Sonics (Constantinescu et al., 1985). However, he recommended that the configuration of Figure 1 was 

the most stable. 

Briefly, the CTC consists of three subsystems: motor (crank 1 and connecting rod 2), accumulator 

(double pendulum 3 and 4) and rectification (elements 5, 6, 7 and 8). The motor subsystem induces 

harmonic motion to the joint C which leads to an oscillating motion of the accumulator subsystem. The 

rectification subsystem converts the reciprocating motion of the joint D into a unique direction of rotation due 

to the one way bearings that are mounted on the output shaft H. Constantinesco had named this subsystem 

mechanical diode by analogy with electricity. The originality of the CTC comes from the fact that the 

pendulum 3, element of greater inertia, is able to store the mechanical energy developed by the motor at A 

when the resistance at the output shaft H can not be overcome or simply varied. Thus, after a certain 

accumulation time, the CTC is able to ensure the motion at the output shaft while using a motor of lower 

rated power. In addition, the system equipped with the CTC does not stop or block when the resistance 

increases suddenly and drastically at the output shaft. Constantinesco exposed more details about the 

functioning of his invention in his paper of 1926 (Constantinesco, 1926). A notable paper of the early 

twentieth century is the one of (Jack, 1927). McNeil (1982) also treated of the functioning principles of the 

CTC in his work. 
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Fig. 1 ï Theoritical model of the Constantinesco torque converter  

 

The Constantinesco torque converter has two degrees of mobility whose generalized coordinates are 

q1 and q2 in Figure 1, but is actuated by a single motor located in A. For their part, the angles űi are the 

dependent coordinates. The second degree of mobility is relative to its ability to accumulate mechanical 

energy. Its dynamic behavior is sensitive to the variation of several parameters, mainly the inertia of the 

pendulum 3, the lever arm between the joint D and the mass of the pendulum 3, the location of the fixed 

joints F and H and the radius of the crank 1. The study of the stability of the CTC is a subject that can not be 

neglected. Moreover, a dynamic model of the CTC has been proposed by (Ion-Guta, 2016) based on the 

Lagrange multiplier method. He also discusses stability by presenting Bode diagrams when the motor speed 

is constant and the output resistance profile is predetermined.  

In the next sections, the dynamic model will be constructed from Lagrange's equations. The numerical 

procedure for the integration of equations of motion will be presented. The distinctiveness of this procedure 

is related to the use of the notions of structomatics of mechanisms to compute the transmission matrices. 

Subsequently, the dynamic results of some simulations will be discussed. 

 
MATERIALS AND METHODS  

The design of any system goes through its dynamic analysis. This allows first to deduce the kinematic 

parameters of all the elements and to know the reactions acting on each of the joints. Ultimately, from these 
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reactions, the stresses soliciting each of the elements are deduced and we can proceed to the sizing. The 

equations of motion are also prerequisites to the study of the dynamic stability of the system in question.  

In this paper, the motion of the Constantinesco torque converter will be studied in the situation where 

the angular velocity of the motor of Figure 1 is constant. Thus, it is the driving torque required to ensure that 

this motion law is respected that is calculated. This approach is called inverse dynamics. 

Before discussing, in the next section, the dynamic behaviour of the CTC, let us introduce the dynamic 

procedure put forward to integrate the equations of motion of any linkage mechanisms. It comes down to the 

following steps: 

1) Deduce the sequence of transmission of motion of the mechanism by using the principles of 

structomatics of mechanisms; 

2) Calculate the transmission matrices of velocity and acceleration from the kinematic models of the 

structomats; 

3) Calculate the vector of generalized forces; 

4) Integrate the equations of motion with a pre-established numerical method; 

5) Save the results. 

The sequence of transmission of motion is essential to implement the proposed dynamic procedure. In 

fact, the general principle of the formation of mechanisms states that any mechanism can be partitioned into 

a succession of unique groupings (structomats) connected in series or in parallel (Duca and Simionescu, 

1973). In this way, instead of studying the mechanism as a whole from the outset, it is split into several 

groupings which have the same dynamic behaviour as the starting mechanism. Each of these unique 

groupings or structomats is associated with a kinematic and kinetostatic model that can be implemented on a 

computer software such as Matlab in order to build a library. This library can be easily reused to study a wide 

range of mechanisms. Since the kinematics of the mechanisms is nonlinear, partitioning the mechanism into 

a succession of structomats makes it possible to simultaneously solve a smaller number of nonlinear 

equations. 

Regarding the Constantinesco torque converter, its movement is dictated by the connection between 

two driving elements R (elements 1 and 4) and three dyads RRR formed of the pairs of elements 2 and 3, 5 

and 6 as well as 7 and 8. In the notation used, R means a rotary joint. This subdivision is shown in Figure 2a. 

The sequence of transmission of motion is illustrated using the block diagram of Figure 2b. 
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Fig. 2 ï a) Highlighting the structomats constituting the CTC;  b) Block diagram of the CTC  

 

The kinematic and kinetostatic models of the driving element R and the dyad RRR are shown in Figure 

3 and Figure 4 respectively. As an example of kinematic modelling, Moise et. al. (2017) presented the 

detailed procedure related to the kinematics of the driving hexade. To perform the kinematic analysis, the 

subroutines associated with the structomats are called in the order prescribed by the block diagram, that is to 

say from the zeropole to the final structomats while the kinetostatic runs in the opposite direction. The 

zeropole is the base or chassis and is always the first structomat to appear in the sequence of transmission 

of motion. 

The driving element R of Figure 3a is an active structomat whose kinematic parameters of joint A and 

element 1 are imposed and thus known. The kinematic model of the driving element R makes it possible to 

calculate the kinematic parameters of any points of interest such as the center of gravity or other joints 
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connected to the element 1. The dyad RRR of Figure 3b is a passive structomat where, in order to be able to 

calculate the kinematic parameters of its elements and joints, those of joints A and C must be previously 

calculated.  
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Fig. 3 ï a) Kinematic model of the driving element R   b) Kinematic model of the dyad RRR  
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Fig. 4 ï a) Kinetostatic model of the  driving element R ;   b) Kinetostatic model of the dyad RRR  

 

In Figure 3, the angles 
1q , 

1j and 
2j  are shown for reference purposes and are used to build the 

subroutines in Matlab. When the whole mechanism is studied, we relate those reference angles to the angles 

describing its real motion. The following paragraphs describe, in a general way, the proposed numerical 

procedure to write the equations of motion of a mechanism with M degrees of mobility. 

Analytically, the dependent coordinates űi of a mechanism can be written as a function of the M 

generalized coordinates that are describing its entire motion: 

 ( )1 2, ,...,i i Mq q qj j=   (1) 

Derivation of equation (1) as a function of time, the expressions of the dependant velocities as well as 

the dependent accelerations can be written as: 

 
1

M
i

i j

j j

q
q

j
j

=

µ
= Ö

µ
ä   (2) 

 

2

1 1 1

M M M
i i

i j j k

j j kj j k

q q q
q q q

j j
j

= = =

µ µ
= Ö + Ö

µ µ µ
ä ää   (3) 

where i jqjµ µ  et 2 2

i jqjµ µ  are respectively the transmission functions of velocity and acceleration. These 

functions are also called influence coefficients in the literature. These transmission functions are essential for 

writing the equations of motion in a matrix formulation. Extracting the analytical expressions of these 

transmission functions can be mathematically cumbersome. This is why a numerical approach is 

recommended.  

To illustrate the importance of using the kinematic models of the structomats, we start by writing down 

the equations of position of the dyad RRR of Figure 3b: 

 
1 2

1 2

cos cos 0

sin sin 0

A C

A C

x AB BC x

y AB BC y

j j

j j

+ - - =

+ - - =
  (4) 
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which is a nonlinear system of equations that is solved with a iterative method such as the one of Newton-

Raphson. In this way, before going forward with the velocity calculation, the angles ű1 and ű2 are calculated. 

Deriving the system of equations of position (4) as a function of time, we obtain the linear system of 

equations of velocity: 

 
1 1 2 2

1 1 2 2

sin sin 0

cos cos 0

A C

A C

x AB BC x

y AB BC y

j j j j

j j j j

- Ö + Ö - =

+ Ö - Ö - =
  (5) 

 

By imposing successively in (5) that all the generalized velocities are zero except for 1jq = , the 

expression (2) of the dependent velocities are simplified to 
1 1 jqj j=µ µ and 

2 2 jqj j=µ µ. The only resulting 

unknowns of the system of equations of velocity (5) are therefore these same transmission functions. 

The transmission functions of acceleration are calculated from the system of linear equations of 

acceleration obtained by deriving the system (5) as a function of time and by replacing the dependent 

accelerations by their expression given in (3). 

 

2 2

1 1 1 1 2 2 2 2

2 2

1 1 1 1 2 2 2 2

sin cos sin cos 0

cos sin cos sin 0

A C

A C

x AB AB BC BC x

y AB AB BC BC y

j j j j j j j j

j j j j j j j j

- Ö - Ö + Ö + Ö - =

+ Ö - Ö - Ö + Ö - =
  (6) 

 

Considering that all generalized accelerations are zero, the transmission functions of acceleration 
2 2

i jqjµ µ  are obtained first when the set of generalized velocities are zero except for 1jq =  and the mixed  

transmission functions of acceleration 2

i i jq qjµ µ µ are deduced afterwards when the pair 
iq and 

jq  of 

generalized velocities have simultaneously a unit value when the others are zero. In summary, the 

transmission functions are calculated by performing the kinematic analysis of the mechanism for particular 

values of the generalized velocities. An example of kinematic analysis using the structomatic approach is 

given by Mailloux et al., (2017).  
This calculation of the transmission functions is relative to a geometrical approach carried out from the 

closing equations on the contour of the open kinematic chains that are the structomats. To make the bond 

between structomat and transmission functions, the dyad of Figure 3b has been used, but this approach can 

be applied to any type of structomats.  

From a dynamic point of view, we are interested by the Lagrange's approach. In this way, the 

expression of the kinetic energy is needed to develop the equations of motion. Details on the development of 

equations of motion by using the following method can be found in the work of (Manolescu and Dranga, 

1975) and (Ene, 2013). 
In this context, the kinematic parameters of the centers of gravity of each of the elements of the 

mechanism are included in the elementary transmission vector of position: 

 
i i

T

i G G ix y jè ø=ê úP   (7) 

where Gi is the center of gravity of the i-th element of the mechanism. 

When the vector (7) is derived as a function of time, it yields to the components of the velocity vector 

at the center of gravity as well as the angular velocity of the element: 
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where iV  is the elementary transmission matrix of velocity which contains the transmission functions of 

velocity i jqjµ µ . 

For a mechanism consisting of m moving elements, the transmission matrix of velocity takes the form: 
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1 2

T
T T T

m
è ø=ê úV V V V   (9) 

so that the kinetic energy of the entire mechanism can be written in matrix form as follows: 

 
1

2

T TT= q V MVq   (10) 

where ( )1 2 mdiag=M M M M  is the matrix of inertia that incorporates mass 
im  and the moment of 

inertia 
iGJ   of each elements : 
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M   (11) 

The components of the acceleration at the center of gravity of the i-th element correspond to the 

second derivative of the elementary position vector (7) : 

 

2

2

T
i i

i ix iy i i i i

d d
a a

dt dt
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P V
a V q q V q A E q   (12) 

where the generalized acceleration vector is [ ]1 2

T

Mq q q=q  and 1 2 M

i i i i
è ø=ê úA A A A  is the 

elementary transmission matrix of acceleration with : 
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The matrix E   encloses M times the vector of generalized velocities on its diagonal. 

As for the transmission matrix of velocity (9), the transmission matrix of acceleration comprises all the 

elementary transmission matrices of acceleration such that: 

 
1 2

T
T T T

m
è ø=ê úA A A A   (14) 

 

The kinematic parameters of the center of gravity of each of the elements are obtained by using the 

kinematic model of the driving element following the kinematic analysis of each of the structomats. As it was 

the case for the transmission functions of velocity and acceleration, the partial derivatives included in the 

transmission matrices of velocity V and of acceleration A are obtained by imposing particular values on 

generalized velocities and accelerations. For instance, imposing only 1jq =  when the other generalized 

velocities are zero, the components ixv  and iyv  of the center of gravity of the i-th element correspond to the 

partial derivatives 
iG jx qµ µ and 

iG jy qµ µrespectively. 

A peculiarity of the proposed procedure originate from the fact that the equations of motion are written 

in matrix form as follows:  

 
T T T +  =V MV q V MAE q V F   (15) 

 

obtained by inserting the expression (9) of the kinetic energy of the mechanism into the Lagrange equations: 

 , 1,2,...,j

j j

d T T
Q j M

dt q q

å õµ µ
- =       =æ öæ öµ µç ÷

  (16) 

The vector 
1 2

T T T

m
è ø=ê úF F F F  is that of the generalized forces where the elementary force vector 

of the i-th element of the mechanism includes the external forces soliciting it such that: 
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T

i ix iy iF F Mè ø=ê úF   (17) 

where the weight of the element is considered as an external force and is included in the component 
iyF . 

The numerical method used for the integration of the equations of motion is the fourth order predictor-

corrector method of Adams-Moulton coupled with the one of fourth order Runge-Kutta for the first 

approximations:    
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  (18) 

 

Adams-Moulton's multiple step method is prioritized because it has a precision comparable to that of 

Runge-Kutta but requires only two evaluations of the equations of motion at each instant compared to four 

for the latter. To be able to be implemented, the equations of motion (15) are transformed into a system of 

first-order differential equations in the form of ( ), ,t=y f q q . For each steps, it is necessary to update the 

values of the transmission matrices.  

A special feature related to the inverse dynamics of a mechanism is that, by imposing a constant 

angular velocity 
1q , the angular displacement follows ()1 1 10

q q q t= +  whereas the angular acceleration
1q  is 

zero. Here, ()1 0
q  is an initial condition. In this case, it is the motor torque M1 which corresponds to the 

unknown so that 1M -  equations of motions of (15) are solved with the numerical method (18) before 

substituting the kinematic parameters obtained in the remaining equation of motion to deduce the resulting 

motor torque. 

When all the kinematic parameters of the joints and the elements of a mechanism are known, the 

kinetostatic models of the structomats can be used to deduce the reactions at the joints. Those of the driving 

element R and the dyad RRR of the Constantinesco torque converter are shown in Figure 4. 

Then, the stresses are calculated in order to proceed to the selection of the engine(s), the material of 

the elements, the bearings, etc. Wear and fatigue analyses can also be conducted.  

  

RESULTS 

This article presents a preliminary study of the dynamic behaviour of the Constantinesco torque converter 

of Figure 1. Thus, the constructive data used for the dynamic study are not those that advocate an optimal 

configuration, that is to say the one where the efficiency is maximized.  

Table 1 groups together the lengths of each of the elements as well as their mass used for the 

simulations. Each of the elements are considered to be thin rods where the center of gravity is located at their 

midpoint. The initial conditions needed to solve nonlinear position equations are also included.  

 

Table 1 

Constructive data for the dynamic simulations of the CTC  

Length (m)  Mass (kg)  Initial conditions (°)  

AB = 0.02 EF = 0.15 m1 = 0.74 m6 = 2.73 (q1)0 = 122 (ű5)0 = 315 

BC = 0.45 EM = 0.60 m2 = 16.,40 m7 = 2.73 (q2)0 = 265 (ű6)0 = 214 

CE = 0.45 GH = 0.30 m3_1 = 21.87 m8 = 2.73 (ű1)0 = 350  

DE = 0.25 HI = 0.30 m3_2 = 12.00  (ű2)0 = 271  

DG = 0.30 R = 0.100 m4 = 5.47  (ű3)0 = 37  

DI = 0.30  m5 = 2.73  (ű4)0 = 133  

 

Even though this configuration of the torque converter is not labelled as optimal, the constructive data 

was not selected randomly. In fact, the simulations revealed some important considerations regarding its 

dynamic stability. These observations refer to the case where the angular velocity of the crank is constant 

and no resistive torque is imposed at the output shaft. First, to ensure the stability of the CTC, the 

simulations exhibited that the length of the crank 1 must be small compared to the length of the other 

elements. In this way, the motion of the joint C approaches a simple harmonic motion in a horizontal 

direction. It seems that the stability is increased when the joint C also moves on a horizontal line passing 
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through the fixed points A and H. In this way, the joint D of the pendulum 3 moves mainly in a horizontal 

direction so that the elements 6 and 8 of the mechanical diode rotate continuously in an opposite direction. If, 

for any configuration, the joint D has a too large vertical amplitude, the branches of the mechanical diode will 

rotate in the same direction which may result in zero speed at the output shaft if they rotate against the 

allowed direction at the output. Also, if the angular speed of the motor is seen to be too large, the vertical 

motion of the joint D results in an unstable behaviour of the CTC. The vertical motion of the joint D can also 

be generated due to the location of the fixed point F. In fact, it is preferable to position the joint F on the 

abscissa axis so that the mean position of element 4 while it oscillates is near the vertical axis. These 

considerations may seem intuitive, but must be put in the foreground when sizing. When the CTC drives a 

machine to its output shaft, the resistance is simulated by a torque distributed to the elements 6 and 8 of the 

mechanical diode. In fact, if the direction of rotation allowed by the unidirectional bearings is the 

trigonometric direction, the elements 6 and 8 will feel this resistive torque only when they rotate in the same 

direction. Otherwise, these elements slide without friction around the output shaft. Mathematically, the 

implementation of the resistive torque in the vector of generalized forces (17) is written as follows: 

 
6 8

6 8

6 8

, si 0 , si 0

0, si 0 0, si 0

r rT T
T T

j j

j j

-    > -    >ë ë
=                   =ì ì
       <        <í í

  (19) 

 

For a constant torque at the output shaft, the magnitude of the angular speed of the crank can result in 

undesirable behaviour. When this angular velocity is not chosen adequately, the motion of the pendulum 3 

can bring the joint E of the element 4 to stabilize in the first quadrant, which occurs because of the fact that 

the amplitude of the vertical motion of the joint D is seen to be larger and larger. A study of the equilibrium 

points of the Constantinesco torque converter could be carried out in a later paper in order to obtain the 

conditions for which this undesirable, but still stable, position arises. This situation can also occur due to a 

sudden change of the resistive torque at the output shaft. In addition, as with any vibratory system, there are 

angular crank speeds for which the dynamic response is characterized by the phenomenon of beats. This is 

possible when the angular speed of the crank has a magnitude near the two natural frequencies of the CTC. 

For the dynamic response of the torque converter be qualified as stable, several criteria are added to 

the observations mentioned previously. Among them, the variation of the kinematic parameters of all the 

elements must be periodic with a frequency in relation with the angular speed of the crank, in steady state, 

the average engine torque and the average angular speed at the output shaft are similar for each period and 

the variation of the motor torque as a function of the angular velocity at the output shaft follows a limit cycle. 

As mentioned in the introduction, the Constantinesco torque converter has the capacity to adapt to a 

variation of the resistive torque at the output shaft. To observe this behaviour, the resistive torque profile of 

the left part of Figure 5 is used. 

t(s)

Tr (N·m)

120

5 10 15
 

Fig. 5 ï Left : Distribution of the resis tive torque at the output shaft; Right : Relation between the output shaft 

velocity and the resistive torque  

 

When the resistive torque progressively gains in magnitude, the CTC responds with a decrease in the 

angular speed at the output, an increase in the motor torque, but also an increase in the angular speed of 

the pendulum 3; he fights against the resistance. As the resistive torque becomes constant, the magnitude of 

the angular velocity at the output shaft also tend to be constant. For the time interval when the resistive 

torque decreases, the motor torque and the angular speed of the pendulum 3 decreases and the angular 

velocity at the output shaft increases. This simulation demonstrates the expected behaviour: the CCC can 
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adapt in the torque-speed space. Thus, for a constant angular speed of the crank, the magnitude of the 

engine torque moves according to the relation shown in the right side of Figure 5.  

In the case where the output resistance is such that the Constantinesco torque converter cannot 

provide any angular velocity to the mechanical diode, the pendulum mainly accumulates the mechanical 

energy supplied by the motor until the moment the output can be put back in motion. This behaviour needs 

to be investigated in further simulations. 

Simulations have also shown that the transmission ratio between the angular velocity at the output 

shaft and the crank is linear (left-hand side of Figure 6) and that the variation of the maximum motor torque 

in function of the magnitude of the crank angular speed follow a second-degree polynomial (right side of 

Figure 6). 

 

 
Fig. 6 ï Left: Maximum speed at the output; Right:  Maximum motor torqu e 

 

The transmission ratio seems to be constant, and this, even if the magnitude of the resistive torque at 

the output shaft varies. To improve this transmission ratio, which is only approximately 0.14, a more in-depth 

study of the CTC synthesis (length and mass of elements) should be put forward. As for the maximum motor 

torque, in practice, the latter cannot vary without limit. In fact, the curve of Figure 6b can be used as a tool for 

the selection of an appropriate motor when the angular speed of the crank is fixed. 

The modelling and simulation of the Constantinesco torque converter presented in this paper 

represent a first step in the study of the dynamic behaviour of this continuously variable transmission. 

Subsequent studies on stability conditions, resonance frequency calculation and performance optimization 

should be considered in order to introduce the CTC in practice. 

 

CONCLUSIONS 

 A preliminary study on the dynamic behaviour of the Constantinesco torque converter was carried 

out. This mechanical transmission with variable ratios could be installed on agricultural tractors in order to 

lower the fuel consumption and reduce the number of mechanical components used to transmit power to 

the wheels.  

 The general aspects of the dynamic behaviour of this converter have been presented. Future 

developments on the CTC's potential in the agricultural field would aim at optimizing performance resulting 

in a synthesis that would maximize, for example, mechanical efficiency while investigating stability 

conditions. Then, a more in-depth comparative study could be carried out between the use of the 

Constantinesco torque converter and the mechanical transmissions presently used in practice. 
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ABSTRACT  

The production of industrial tomatoes is now facing increasingly stringent requirements imposed 

by the Algerian market and the growing competition. Under these circumstances, and in order to remain 

competitive, the industrial tomato farmer must improve his production in terms of quantity and quality. It 

is therefore necessary for the farmer to follow a specific technical itinerary during the operation. In this 

study, we have developed a decision support tool, to partition optimally a certain amount of money kept 

on reserve to cover the costs of operation on the different activities of the technical itinerary, this 

partition allows to get as close as possible to an ideal technical it inerary in order to maximize the 

harvest, which implies maximizing profit. 

 

RESUME  

La production de la tomate industrielle se confronte aujourdôhui ¨ des exigences toujours plus 

rigoureuses impos®es par le march® alg®rien et lôaccroissement de la concurrence. Afin de rester 

comp®titive dans cette conjoncture, lôagriculteur de la tomate industrielle doit am®liorer sa production en 

termes de quantit® et de qualit®. Pour faire, lôagriculteur doit suivre un itin®raire technique bien pr®cis durant 

lôexploitation. Dans cette ®tude, nous avons d®velopp® un outil dôaide ¨ la d®cision, pour partitionner dôune 

fa­on optimal une somme dôargent r®serv®e pour couvrir les frais dôune exploitation sur les diff®rentes 

activit®s de lôitin®raire technique, cette partition permet de se rapprocher le maximum possible dôun itin®raire 

technique idéal dans le but de maximiser la récolte ce qui implique une maximisation du profit. 

 

INTRODUCTION 

One of the main objectives of a farmer is to maximize his gain, which depends on several parameters 

including the production costs and the harvested quantity. In order to ensure a better yield, the farmer must 

follow a specific technical itinerary. Therefore, the respect of all the constraints of a typical technical itinerary 

leads sometimes to very high costs that exceed the financial ability of some farmers, these constraints them 

to ignore or to reduce certain stages of the technical route, in order to convene their financial. But, this 

ignorance involves considerable losses in terms of the harvested quantity and the profit consequently. That 

is why it is interesting to set up a decision support tool allowing to conceive a technical itinerary well adapted 

to the investment capacity. 

For this end, a survey was conducted in the department of Guelma -East of Algeria-, where a huge 

industrial tomato production area is located. This regional concentration is due to the installation of the 

largest cannery tomato "CAB amor ben amorò with an annual production of 53.000 t of double tomato 

concentrate, which provides 50 percent of the national needs (Bouzid and Bedrani, 2013). 

Our survey was conducted in close collaboration with the CAB and involved 150 farmers in the 

concerned area. The sampling was done randomly from a list of 300 farmers registered with the CAB for the 

delivery of industrial tomato. The research question which this paper will attempt to answer is: which ideal 

technical itinerary to adopte by farmers with adjusted financial capacity to get a better performance? 

 

MATERIAL AND METHOD  

¶ Combinatorial optimization  

mailto:ambzdz@yahoo.fr
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An optimization problem aims to find an instantiation of a set of variables in order to maximize 

(/minimize) a given criterion. When the values of the variables are discrete, this is called combinatorial 

optimization problems. Traditionally, solving a combinatorial optimization problem is related to the complexity 

theory which proposes a classification of problems depending on the efficiency of the resolution algorithm to 

find an optimal solution. 

Others are inevitably difficult, such as the problem of commercial traveler who seeks a path among a 

combinatorial number of choices. 

Next, a classic problem of combinatorial optimization is presented: 

 

¶ Knapsack problem  

The " knapsack problem " is a selection problem that consists in maximizing a quality criterion under a 

linear resource capacity constraint. It owes its name to the analogy that can be made with the problem that 

arises to the hiker at the time of filling his backpack: he must choose the objects to be carried so as to have a 

bag the most "useful" possible, while respecting its volume. 

More formally, it can be described as follows: letôs consider a set of n elements and an available 

resource in a limited supply b. For  to , we denote by  the profit associated with the selection of the 

element j and we denote  the quantity of the resource required by the element j if it is selected. The 

coefficients  and  take positive values for all  to . The backpack problem consists in choosing a subset 

of the n elements that maximizes the total expected profit, while respecting the quantity of available resources 

(Nemhauser G.L., Wolsey L.A.,.1988). 

We associate to each element  a selection variable,  , binary, equal to 1 if  is selected, equal to 0 

otherwise. The optimization problem can then be written as: 

 
The problem of knapsack has been the subject of various works proposing accurate methods for its 

resolution. A detailed state of the art of these approaches is presented in Martello et al., (2000). The 

proposed algorithms fall into three main types of methods. Firstly, separation and evaluation algorithms type 

were proposed in the 1970ôs, making it possible to deal effectively with small instances. These performances 

were subsequently improved by adding supplementary constraints to reinforce the boundaries in the search 

tree. Secondly, algorithms based on the identification of a critical variable and an associated subset of 

variables, on which a truncated tree search is applied, have made it possible, from the 1980ôs, to increase 

the number of the variables within the optimization problem - (up to n = 100000). Thirdly, effective dynamic 

programming algorithms have been proposed. In particular, in Martello (1999), dynamic programming is 

combined with the identification of a critical variable and the use of terminal building techniques. 

 

¶ Accurate resolution approaches for combinatorial problems  

In order to explore all the configurations, it is advisable to break it down into several small subsets. For 

that, a tree structure seems to be the appropriate solution where the root represents the set of all the 

configurations to explore, and the nodes correspond to subsets of smaller and smaller configurations as one 

goes down in the search tree. This research strategy is based on the principle of separation and evaluation 

(Branch and Bound) (Belhoul, 2014). 

It is to solve the root of the tree the linear relaxation of the combinatorial problem through the simplex 

algorithm (technique used in most optimization tools: CPLEX, Gurobi, CLP, etc. 

¶ Modelization  

Modeling this problem involves the following steps: 

A. Determine the ideal technical route:  
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To determine the ideal technical route that a farmer must follow or get closer to account his financial 

capacity, we made use of a study by 'Technical Institute of Vegetable and Industrial Cultures' in Algeria. 

Where they presented a technical manual valued all stages of an ideal technical itinerary (Valuation 

Datasheets for vegetable and industrial crops). 

B. Determine the value of the activities of the best technical itinerary  

A rational farmer will invest in the activities that generate the most added value, the ranking of the 

latter will be done in order of importance in terms of costs and gain. For our survey and based on farmers' 

responses on the activities in which they can invest the most if they have additional capital are: planting 

density, irrigation system, fertilization and phytosanitary treatments. 

Huat (2006) confirms that significant differences between farmers' practices in the production of 

industrial tomatoes in Senegal are observed in terms of planting density, frequency of irrigation and 

treatments. 

ü Hybrid plants  

Farmers surveyed who do not source their seedlings from the CAB but who produce their seedlings 

themselves in an artisanal way from traditional and hybrid seed varieties. These farmers all own small areas 

cultivated with tomatoes (less than 5 ha). The self production of plants aims to reduce their production costs, 

the self produced plant returning to them to 0.75 DA or 0.0054 euro, while the price of plant purchased from 

the CAB returns to 2.5da or 0.018 euro. They differ from their predecessors in that they have larger tomato 

areas. 

When comparing yields, farmers buying their plants from the CAB have yields above 50 tonnes per 

hectare (on average 65 t/ha) while those who produce their plants themselves do not achieve this 

performance but only 45 t/ha on average (Bouzid and Bedrani, 2013; Benmehaia and Brabez, 2018; 

Benmehaia, 2017). 

ü Irrigation spraying vs drip irrigation  

     From the survey carried out among farmers, those who use drip irrigation and hybrid seed varieties 

achieve yields in excess of 100 T/h. While those who use spraying their yields do not exceed 65T/ha. 

ü Fertilizers and phytosanitary treatments  

Some conditions force farmers to contribute; it is in case of prolonged rain making the ground impenetrable 

over a long period after planting (almost a month). The start of plant growth is best when it finds nutrients. 

Several pathogens attack industrial tomatoes such as aphids, heliothis, mites in hot weather and 

fungal diseases. Phytosanitary treatments must be applied in a preventive manner to preserve the yield 

(www.cawjijel.org). 

The following Table shows the importance of all the activities of the technical itinerary which 

represents the value of each activity for our resolution approach: 

 

Operations  degree of importance 

- Seed (hybrid)  10 

- Sowin g + Treatment + Maintenance  6 

- Mold  5 

Manure spreading NPK  6 

6 

- plowing  5 

- disking  5 

- Shelving  5 

- laying and installation Irrigation  7 

- Pre-irrigation  6 

- Planting  10 

- Replacement missing  5 

- Irrigation + Fertilization  10 

- Weeding  6 

- Treatments  6 

- Maintenance fertilizer  5 

 

¶ Determining  the best technical route for any farmer  

In this model we opted for the model of the fractional knapsack problem with additional constraints and 

a relaxation of decision variables such as: 
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- The paramete rs of the model:  

 : the maximum spending capacity of the farmers. 

: the cost of the activity i. 

the value of the activity i. 

: minimal expenditure on the activity i. 

-  The decision variables  

: a proportion that varies between 0 and 1. 

-  The constraints of the model  

-  

I. The total expenses must not exceed the maximum capacity of the farmer: 

                                    (1) 
II. The expenditure on an activity must not be less than a certain constant to ensure the minimum of 

this activity: 

 

 

-  The objective function  
The goal is to follow the best technical route while ensuring the most important activities first. 

                          (2) 

 

- The mathematical model  

 

 
 

¶ Resol ution  

 The resolution of this problem goes through two stages, the first, consists of solving the mathematical 

model by the greedy algorithm, and the second part will be dedicated to the interpretation of the obtained results. 

 

1- Resolution of the mathematic al model  

- Greedy algorithm  

A greedy algorithm is an algorithm that follows the problem solving heuristic of making the locally optimal 

choice at each stage with the hope of finding a global optimum. In many problems, a greedy strategy 

does not usually produce an optimal solution, but nonetheless a greedy heuristic may yield locally 

optimal solutions that approximate a globally optimal solution in a reasonable amount of time. 

Step is nothing other than the setting of the value of the variable , knowing that the variables 

 have been fixed before (Elhavedh, 2009; Tison, 2010).       

 

- Adaptation of the greedy algorithm for our problem  

     We proposed a resolution algorithm in order to satisfy the constraints of the mathematical program and to 

reach the desired objective, the algorithm proceeds as follows: 

¶ Allocate a minimum amount for each activity of the technical itinerary 

¶ Sort the activities in descending order of their importance 

¶ Ensure important tasks first 

More precisely the algorithm as follows: 
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input: B,  
Output:  a solution 

 

  

Sort the activities in descending order of the report  
Initialize S:  

  
while  ( ) and ( )  

 Do 
 

    If  
  

    Else 

  
  

  
 

End 
 

 We implemented our mathematical model on Cplex. And, from the data of any farmer, the algorithm 

provides a vector of the costs that a farmer can assume for each activity in order to get as close as possible to 

the best technical route to be followed during the operation to improve the yield and maximize profit 

 

2- Interpretation of the results  

 This part consists of interpreting the results obtained by the algorithm of resolution to give a practical 

sense to the mathematical solution. We consider that an activity can have two ways of doing according to the 

budget allocated for the latter, so from the cost vector obtained by our algorithm, we choose how to ensure each 

activity according to the budget allocated by the algorithm, the following Table presents the minimum and the 

maximum cost for all the activities of the technical. 

 

Operations  

 

min  max 

- Seed (hybrid)  4500 27000 

- Sowing + Treatment + Main tenance  3000 4800 

- Mold  0 8400 

Manure spreading NPK  17300 34600 

36000 48000 

- plowing  4600 4600 

- disking  2300 2300 

- Shelving  6000 6000 

- laying and installation Irrigation  6000 18000 

- Pre-irrigation  600 12000 

- Planting  15000 30000 

- Replace ment missing  3000 5000 

- Irrigation + Fertilization  19600 30000 

- Weeding  4100 6000 

- Treatments   30400 50000 

- Maintenance fertilizer  0 12600 

 

RESULTS 

 From the database of farmers of the industrial tomato of the Guelma willaya in Algeria (Bouzid and 

Bedrani, 2013), we were able to distinguish four categories of farmer according to their financial capacity. 

The results obtained by the Cplex program for different categories of farmers are shown in the Table below: 
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 Category  1 Category  2 Category  3 Category  4 

Financial capacity  17000 da 210000 da 260000 da 300000 da 

- Seed (hybrid)  4500 12000 27000 27000 

- Sowing + Treatment + 

Maintenance  4800 4800 4800 
4800 

- Mold  8400 8400 8400 8400 

Manure spreading NPK  17300 17300 26900 34600 

36000 36000 36000 48000 

- plowing  4600 4600 4600 4600 

- disking  2300 2300 2300 2300 

- Shelving  6000 6000 6000 6000 

- laying and installation Irrigation  6000 18000 18000 18000 

- Pre-irrigation  4100 12000 12000 12000 

- Planting  15000 15000 30000 30000 

- Replacement mi ssing  5000 5000 5000 5000 

- Irrigation + Fertilization  19600 19600 30000 30000 

- Weeding  6000 6000 6000 6000 

- Treatments  30400 30400 30400 50000 

- Maintenance fertilizer  0 12600 12600 12600 

Total  170000 210000 260000 299300 

 

CONCLUSIONS 

 In this work, we have developed a decision support tool, for the optimal partition of an amount of 

money kept on reserve to cover the costs of an industrial tomato farm on the various activities of the 

technical itinerary, to get as close as possible to an ideal technical route, and thus maximizing the harvest 

and profit from this farm. For the modeling of this problem, the fractional backpack model was used with 

additional constraints. In this problem, the greedy algorithm provides in most cases an optimal solution; 

this justifies the use of this algorithm for the resolution of our problem. We implemented our mathematical 

model on Cplex, then we applied this approach on a set of farmers. 
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ABSTRACT  

 Lately, researches in fertilizer fields focuses on reducing the negative impact of using them on the 

environment and consumers, and finding new, less costly fertilizer sources. The paper presents the results of 

the research regarding the realization of a technology for obtaining of peat based granular organo-mineral 

fertilizers. In order to improve the fertilizer role of the peat, the production formula used contains urea as a 

source of nitrogen, monoammonium phosphate (MAP) as a source of phosphorus and nitrogen, molasses 

from sugar beet as a source of organic nitrogen, potassium and vitamins, protein hydrolyzate, as a source of 

proteins, polypeptides and amino acids and other microelements. 

 

REZUMAT  

 In ultimul timp, cercetŁrile ´n domeniul fertilizantilor  se concentreazŁ asupra reducerii impactului 

negativ al utilizŁrii acestora asupra mediului si consumatorilor ҍi asupra gŁsirii de surse de ´ngrŁҍŁminte noi, 

mai puҏin costisitoare. In lucrare se prezintŁ rezultatele cercetarilor privind realizarea unei tehnologii de 

obtinere a ingrasamintelor organo-minerale granulare pe baza de turba. Pentru imbunatatirea rolului 

fertilizant al turbei, reteta de fabricatie utilizata contine uree, ca sursa de azot, monoamoniufosfat (MAP), ca 

sursa de fosfor si azot, melasa din sfecla de zahar, ca sursa de azot organic, potasiu si vitamine, hidrolizat 

proteic, ca sursa de proteine si alte microelemente. 

 

INTRODUCTION 

 Organic agriculture is practiced on approx. 1% of the global agricultural area, and its importance 

continues to grow, being perceived by many as having less negative environmental effects than conventional 

agriculture (Lorenz et al., 2016). 

 As a result, fertilizer research has recently focused on reducing the negative impact of its use on the 

environment and consumers and finding new, less costly fertilizer sources. It is aimed at making more 

concentrated organic fertilizers, easier to apply and more stable during plant growing periods. 

 Organic soil fertilization reduces or even eliminates the need for agrochemicals and mineral fertilizers, 

of which extensive use leads to economic and environmental imbalances. The combined application of 

organo-mineral fertilizers has proven to be a better approach to increase and sustaine soil fertility and yields 

than applying only chemical or organic fertilizers (Aguilera et al., 2012).  

 The requirements introduced by the environmental protection legislation (Ministry of Environment and 

Water Management, 2005) and the provision of sustainable agriculture along with modern fertilization 

technologies have led to an increase in the diversity of organo-mineral fertilizers. 

 According to the European Parliament's regulation on fertilizer products bearing the CE marking, an 

organo-mineral fertilizer is composed of one or more inorganic fertilizers and a material containing organic 

carbon and nutrients of exclusively biological origin (CE no. 1069/2009 and CE no. 1107/2009, Annex 1, 

2016).  

 Organo-mineral fertilizers are the result of an optimal blend of organic and mineral substances, 

depending on plant nutritional needs, which will lead to products that release nutrients (nitrogen, 

phosphorus, potassium, magnesium and other microelements) which, besides supplying deficient nutrients 

to plants, also have the qualities of improving soil attributes (Blaga et al., 2008). 

 Due to its advantages, the use of peat, as the basis and source of organic matter for fertilizers, has 

gained increasing popularity lately. 

http://www.sciencedirect.com/science/article/pii/S006521131630061X?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S006521131630061X?via%3Dihub#!
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 Organo-mineral fertilizers offer several advantages over organic or mineral ones taken separately, 

namely: they improve the plant-mineral interaction by reducing phosphorus absorption, increase the activity 

of rooting young plants, influence the oxidation-reduction reaction in soil. (Parent et al., 2003). At the same 

time, these products together with the methods of fertilization constitute and represent modern technologies 

with significant quantitative, qualitative effects, with positive economic and environmental impact. 

 Considering the importance and role of organo-mineral fertilizers for the growth and support of soil 

fertility and crop yields, this paper presents the results of the research on the development of a technology 

for obtaining peat-based granular organo-mineral fertilizers, which involves the combination of fertilizers (N, 

P, K) with biostimulators such as humic acids, fulvic acids, phytohormones, etc. to ensure both the efficiency 

of the use of macroelements and the quantitative and qualitative increase in agricultural production. 

  

MATERIAL AND METHOD  

 In order for the product to meet the requirements of European regulations in the field (EC 1107/2009, 

Annex 1, 2016) and to carry out an efficient fertilization of the vegetable crops for which it is intended, it is 

proposed that the components added to the peat provide the following nutrients listed in Table 1. 

 

Table 1   

Value ranges of macroelements and microelements in organo -mineral fertilizer composition  

Fertilizing elements  
Minimum 
values, %  

Maximum 
values, %  

M
a

c
ro

n
u

tr
ie

n
ts

 

Nitrogen, N 14,0 18,0 

Phosphorus, in the form of phosphorus pentoxide, P2O5 22,0 26,0 

Magnesium, as Magnesium Oxide, MgO 1,0 3,0 

Sulfur, S 0,8 2,4 

M
ic

ro
n
u

tr
ie

n
ts

 Zinc, Zn 0,5 1,5 

Copper, Cu 0,4 1,2 

Iron, Fe 0,6 1,8 

Manganese, Mn 1,1 3,3 

Cobalt, Co 0,3 0,9 

 

 In order to improve the role of peat fertilizer, which is the basic raw material and supply with fertilizing 

macronutrients and micronutrients, the proposed formula will contain urea as a source of nitrogen, 

monoammonium phosphate (MAP) as a source of phosphorus and nitrogen, molasses sugar beet, as a 

source of organic nitrogen, potassium and vitamins, proteic hydrolyzate, as a source of protein, cobalt 

sulfate, zinc sulfate, copper sulfate, iron sulphate and manganese sulphate. 

 Urea also contributes to the release of humic and fulvic acids from the peat and, together with 

molasses, serve as binders to ensure the cohesion of the recipe components. 

 To determine the proportion of ingredients that bring in the formula the nutrients within the mentioned 

limits proceeded as follows: 

 Since the Monoammonium phosphate (MAP) containe 62% phosphorus pentoxide, P2O5 and 12% 

nitrogen, N, therefore, to ensure the minimum and respectively maximum phosphorus demand, the following 

quantities of MAP are required: 

MAPmin= 22/0,62 = 35,50 kg; MAPmax= 26/0,62 = 41,94 kg; 

 Nitrogen results from MAP and Urea. Since MAP contains 12% nitrogen, it results that from the 

amount of MAP needed for P2O5 are obtained: 

 at minimum value: 35,5 x 0,12= 4,26 kg nitrogen and at maximum value: 41,94 x 0,12= 5,04 kg 

nitrogen 

 From urea, we have the difference in nitrogen needed. Since urea has 46% nitrogen, it results: 

Ureamin= (14-4,26)/0,46=21,17 kg ; Ureamax= (18-5,04)/0,46=28,17 kg; 

 Magnesium sulphate contains 33.3% Magnesium oxide, MgO and 26.7% Sulfur, S. It follows that the 

following quantities of Magnesium Sulphate are required to ensure the required minimum and maximum 

Magnesium Oxide: 

MgSO4min= 1/0,333 = 3 kg ; MgSO4max = 3/0,333 = 9 kg; 
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 These amounts of magnesium sulphate, MgSO4 provide a percentage of sulfur, S: 

Smin= 3 x 0,267 = 0,8 % ; Smax= 9 x 0,267 = 2,4 % ; 

 Zinc sulphate contains 40% Zinc, Zn. To ensure the minimum and maximum zinc requirements, the 

following quantities of zinc sulphate are required: 

ZnSO4min= 0,5/0,4 = 1,25 kg ; ZnSO4max = 1,5/0,4 = 3,75 kg; 

 Similarly, depending on the percentage content of microelements in the sulphates, the minimum and 

maximum quantities of sulphates are set. 

 Copper sulphate 

         CuSO4min= 0,4/0,4 = 1,0 kg ; CuSO4max = 1,2/0,4 = 3,0 kg; 

 Iron sulphate 

FeSO4min= 0,6/0,37 = 1,62 kg ; FeSO4max = 1,8/0,37 = 4,86 kg;  

 Manganese sulphate 

MnSO4min= 1,1/0,36 = 3,05 kg ; MnSO4max = 3,3/0,36 = 9,15 kg;  

 Cobalt sulphate 

CoSO4min= 0,3/0,36 = 0,83 kg ; CoSO4max = 0,9/0,36 = 2,50 kg;  

 It results the total mass of the components without peat: 

Mmin=67,95 kg ; Mmax=102,37 kg; 

 Taking into account the composition of the formula and the mass of the other ingredients making up, 

for the use of a a percentage (25-30%) of dry peat results in a quantity of dry peat (MTU) of: 

 MTUmin=0,3/0,7 x Mmin= 29,12 kg ; MTUmax=0,30/0,7 x Mmax= 43,87 kg; 

  

RESULTS 

 The calculations made with the purpose of providing fertilized macro and microelements have led to 

the establishment of the formula components underlying the development of the technology for obtaining 

peat-based granular organo-mineral fertilizers. Thus, the percentage of components is between the following 

limits: (25-30)% peat with humidity of 30%, (30-40)% monoammonium phosphate MAP, (2.5-7.5)% 

magnesium sulphate MgSO4, (20-25)% urea, (2-10)% molasses containing 0.5-2.1% nitrogen and 2-5% 

potassium, (2-5)% protein hydrolyzate containing 10-15% amino acids, (1,2-3,6)% zinc sulphate ZnSO4, 

(0.7-2.1)% CuSO4, (1.5-4.5)% FeSO4, (3-9)% manganese sulfate MnSO4, (0.9-2)% cobalt sulfate CoSO4. 

 Figure 1 shows the diagram of technological process to obtain granular organo-mineral fertilizers 

based on peat. 

 The technological process comprises the following phases: 

 Preparation of raw materials  consists of grouping and mixing them into categories:  

 - mixture of solid components, consisting of dry peat at 30% moisture, monoammonium phosphate 

(MAP) and starch. The mixture thus formed was milled in the hammer mill, using a 3.5 mm sieve, at a rotor 

speed of 3000 rpm, thus rendering the texture and granulation corresponding to the feed of the extruder 

through the pulverulent dispenser. 

 - mixture of liquid components consisting of the protein hydrolyzate in which urea, molasses and 

microelements in the form of sulphates are dissolved. 

 Supplying the ext ruder  with the two categories of mixtures is done through the two feed points, 

dosing the mixture of solid components in the extruder funnel with a two screw feeder and dosing the liquid 

mixture with a peristaltic pump. 

 The supplying is continuous, any supplying interruption resulting in variations in the flow and 

properties of the finished product. Supplying rates are set so as to meet the proportions according to the 

formula that ensure the needed nutrient in the granules,to be possible to process the blends in the extruder 

and the product obtained has the characteristics necessary for it to be manipulated and applied in the field. 

The ratio of the two feed rates determines among others the amount of binder in the final product, with great 

influence on its quality. 
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Fig.  1 ï Diagram of technological process for obtaining granular organo -mineral fertilizers based on pe at 

  

 Extrusion.  Mixtures dosed through the two feed points of the extruder, Figure 2, are taken up by the 

two corotative screws which homogenize and process them by shearing and heating while being moved to 

the die. On the other hand, due to the rotation of the screws, there is an increase in pressure to the die. 
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 The temperature of the cylinders is preset and maintained at the values set by the cylinder heating and 

cooling system. The speed of the screws is adjustable, allowing the material to pass through the extruder. 

When passing through the die, the material must have the temperature and pressure required to obtain a 

finished quality product. 

 

 
Fig.  2 ï Extrusion plant type ĂZK 25ò, production Collin 

 

 In order to preserve the properties of the components in the formula, especially of the peat, the 

temperature and pressure regime in the extruder must be moderate. Table 2 shows the parameters of the 

extrusion process. 

 

Table 2 

Parameter  U.M Value  

Temperature in the area 
0 
C 

Z1 Z2 Z3 Z4 Z5 Z6 

30 30 40 60 80 100 

Flow rate of solid components Kg/h 3,3 

Flow rate of liquid components Kg/h 2,2 

Solid/liquid feed flow ratio - 1,5 

Extrusion pressure barr 60 

 

 Granulation  has the purpose of ensuring the flow properties of the finished product and is carried out 

in a hammer mill whose 220 mm diameter rotor is driven at 1000 rpm with a single-phase electric motor 

having the power of 500 W.  

  Drying  aims to reduce the humidity of the granules and improve their mechanical properties and is 

carried out in an air recirculation oven and placing the granules on a sieve in a single layer, with the 

possibility of bringing the hot air to the entire surface of the granules. The drying temperature is 40-60 
o
C. 

 

 CONCLUSIONS 

 The application of organo-mineral fertilizers is a better approach to sustain soil fertility and crop yield 

than applying only chemical or organic fertilizers. Due to the advantages it presents, peat is a basis and 

source of organic matter for fertilizing biocomposites. 

 The manufacturing formula that underpinned the development of the technology to obtain granular 

organo-mineral fertilizers based on peat aims to achieve an optimal blend of organic and mineral 

substances, depending on the nutrition needs of plants. It contains urea, as a source of nitrogen, 

monoammonium phosphate (MAP) as a source of phosphorus and nitrogen, sugar beet molasses as a 

source of organic nitrogen, potassium and vitamins, protein hydrolyzate as a source of protein, cobalt 

sulphate, zinc sulphate, copper sulphate, iron sulphate and manganese sulphate. 
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 Obtaining the organo-mineral fertilizers according to the developed technology is achievable by 

thermo-plastic extrusion and granulation. 
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ABSTRACT  

 The paper presents the results of the researches on mechanical work for cutting wheat, barley, oats 

and triticale strains using combine harvesters' finger blade cutting units. 

 In order to obtain these experimental data it has been used a home design laboratory stand, which 

allows strains cutting at three speeds, two strains positions and three knife blade sharpening angles. 

 Experimental tests have been carried out for cutting units of the most known combine harvesters 

(SEMA, CLASS, FENDT, JOHN DEERE) at a technological harvesting humidity. 

 

REZUMAT  

Lucrarea prezintŁ rezultatele cercetŁrilor cu privire la lucrul mecanic de tŁiere a tulpinilor de gr©u, 

orz, ovŁz ҍi triticale, ´n cazul aparatelor de tŁiere de tip cuҏit-deget de la combinele de recoltat. 

Pentru obҏinerea datelor experimentale s-a folosit un stand de laborator de concepҏie proprie care permite 

tŁierea tulpinilor la trei viteze ale cuҏitului, douŁ poziҏii ale tulpinii ҍi trei unghiuri de ascuҏire a lamelor cuҏitului. 

DeterminŁrile experimentale s-au fŁcut pentru aparatele de tŁiere ale principalelor combine de recoltat 

(SEMA, CLASS, FENDT, JOHN DEERE), la umiditatea tehnologicŁ de recoltare. 

 

INTRODUCTION 

Cutting of plant strains is a basic operation in harvesting technology of cereal grains, being 

influenced by their physical and mechanical properties, respectively by the constructive features and 

kinematic status of the cutting units. Reaping machines are designed for cereal grains harvesting, with the 

possibility to be adapted also to other crops harvesting. 

The process of cutting plant strains is complex and requires more or less energy, depending on the 

factors it influences. As a structure, plant strains are considered viscoelastic materials, dependent on their 

degree of ripeness and humidity (Dange et al., 2011; Esehaghbeygiat et al., 2009). In case of cereal grains, 

strain cutting will be done on the node or between nodes, the necessary energy being bigger when cutting is 

done on the node (Alizadeh et al., 2011). 

For grain cereals harvesters, finger blade cutting units are exclusively used, with an alternative 

rectilinear motion. Constructively, they are of a normal cut type, where the blade pitch is equal to the fingers 

pitch, and the cutting speed does not exceed 3 m/s. As a result of combining the blade motion with the 

machine movement, during cutting, plants are tilted in both longitudinal and transverse direction, so that 

plants cutting will be of tilted type. 

Finger blade cutting units from the cereal grains harvesters work in different conditions, depending on 

the crop. Thus, plants density ranges from 200 to 800 plants/m
2
, the stalks have a thickness between 1.5 

and 4.5 mm, humidity between 10 and 20%, which causes a variation of the force required to cut the strains 

(Bochat, 2009). 

When designing finger blade cutting units, experimental data are used, both for constructive elements 

sizing and necessary power needed to drive them. The literature recommends values between 0.58 and 1.18 

kW/m, in case of cereal grains harvesting, and from 1.10 to 1.84 kW/m, in case of fodder plants. 

In order to reduce energy consumption when cutting plant strains, it is necessary to know how 

constructive elements and kinematic mode of the knives influence the cutting operation.  
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MATERIAL AND METHOD  

For the study of the mechanical work required to cut the strains in some cereal grains, constructional 

elements of the cutting units from SEMA, CLASS, FENDT and JOHN DEERE harvesters were used. The 

constructional parameters of the knives are shown in Figure 1 and Table 1. 

For the knives equipping SEMA harvesters, three sharpening angles were made: standard at 20
o
, 15

o
 

and 10
o
. 

Wheat, barley, oat and triticale crop strains have been studied, at the time of harvesting, being 

measured the strain diameter and their humidity. 

Fig. 1 - Geometrical elements of the knife  

 

The cutting operation of the strains was carried out for two positions of the knife towards the strain: 

cutting by shearing (the knife moves perpendicularly - at 90
0 
- towards the longitudinal axis of the strain) and 

tilted cutting (the knife moves in a tilted direction at 45
0
 towards the longitudinal axis of the strain. 

The knife speed is an important element as regards cutting process. It is known the fact that this is 

variable because actuators, which transform the rotation movement of the motor shaft in alternative 

rectilinear motion, cause a velocity of the sinusoidal knife. 

For the experimental tests a laboratory stand has been used, whose schematic diagram is shown in 

Figure 2. 

Table 1 

Values of the geometrical elements of the knife  

Type of 

knife  

A 

mm 

B 

mm 

C 

mm 

D 

mm 

E 

mm 

F 

mm 

G 

mm 

H 

mm 

I 
0  

Ŭ 
0
 

SEMA 7 58 17 50 75 2.3 5 1.45 20 55 

CLASS 16 51 33 51 84 2.44 9 1.83 19 31 

FENDT 15 50 30 51 80 2.61 7.5 1.75 19 38 

JOHN 

DEERE 
13 50 31 51 81 2.67 5.5 1.4 19 46 
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Fig. 2 - Stand's schematic diagram  

 

The stand is made up of: TD ï displacement transducer; CTD ï displacement transducer converter; 

TF ï force cell; CTF ï force cell converter; PAD  ï data capture board; PC ï computer; I ï printer; M ï 

monitor; TE ï electronic revolution counter/meter; RTV ï variable motor controller; U ï 24 V supply voltage 

from the power supply ï S; 1 ï steering guide rod ; 2 ï cutting unit; 3 ï crank-rod mechanism; 4 ï worm 

gear drive; 5 ï direct current electric motor. The force cell type CTS63200KC-250 is connected to a 

converter type TA4D/2 and through this to a data capture board type NI USB-6008. 

The displacement transducer type TLDT 50 is connected to a converter identical with the above one 

and through this to the data capture board. The signals taken by those two transducers are converted and 

processed, the results being displayed on a computer by means of specialized software Lookout HMI-

SCADA (Nuҏu and Cârlescu, 2017). 

 

RESULTS 

The experimental results obtained following measurements performed on laboratory stand are listed in 

Tables 2 - 6. The Figures represent the maximum values of the cutting force as an average of at least six 

tests, for strains with the same diameter and humidity. 

In Table 2 are presented the experimental results obtained by measuring the cutting force and the 

mechanical work necessary to cut wheat strains with a diameter of 4.51 mm and a humidity of 11.7 %. 

Testes have been carried out for sharpening angles of knife blades of 20
0
, 15

0
 and 10

0
, respectively for knife 

speeds of 0.2 m/s, 1 m/s and 2 m/s.  

 

Table 2 

Variation of mechanical work in cutting wheat strains with SEMA model knives  

Sharpening 
angle (

0
) 

Strain diameter  
(mm) 

Strain humidity 
(%) 

Knife position 
against strain (

0
) 

Cutting force  
(N) 

Cutting mechanical 
work (Nm)  

Knife speed = 0.2 m/s 

20 4.51 11.7 
90 29.55 0.328 

45 21.39 0.283 

15 4.51 11.7 
90 24.25 0.405 

45 19.35 0.254 

10 4.51 11.7 
90 18.35 0.313 

45 16.32 0.259 

Knife speed = 1 m/s 

20 4.51 11.7 
90 23.38 0.259 

45 15.44 0.208 

15 4.51 11.7 
90 20.16 0.337 

45 15.34 0.202 

10 4.51 11.7 
90 12.38 0.211 

45 11.44 0.181 

Knife speed = 2 m/s 

20 4.51 11.7 
90 14.44 0.160 

45 7.04 0.092 

15 4.51 11.7 
90 11.04 0.184 

45 5.22 0.068 

10 4.51 11.7 
90 3.59 0.061 

45 3.20 0.500 
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As expected, the cutting force by shearing wheat strains decreases from 29.55 N, corresponding to 

a cutting speed of 0.2 m/s and a sharpening angle of 200 to 18.35 N for the same cutting speed conditions 

and a sharpening angle equal to 100, a trend proved by the cutting mechanical work, respectively from 

0.328 Nm to 0.313 Nm. The issue addressed in case of the sharpening angle of the knife blades is the fact 

that, for small sharpening angles there is a high wear and tear, which required a re-sharpening of knife 

blades after shorter time intervals, in comparison with the standard angle of 20
0
, not being profitable from 

the economic point of view.  

To remove this desideratum, it has been performed a titanium nitride coating, procedure known as 

titanium covering, on the knife blades in a thin layer equal to 3 ï 8 µm. It is known from the literature that 

knife blades are tempered by high frequency currents (CIF), on a distance of 10 ï 15 mm from the outside 

towards the inside, for a hardness of 55 ï 60 HRC. Through titanium nitrite coating it is obtained a superior 

hardness in comparison with that achieved with high frequency currents (CIF). 

 The same decrease in force, as well as of mechanical work on cutting, occurs as the cutting speed 

increases, an important factor being also the inertia of the moving knife. Tilted cutting at which the knife 

position is displayed for an angle of 5
0
 (basically, the strain is tilted) highlights the fact that the cutting force 

and mechanical work record lower values of cutting by shearing, for similar working conditions. 

 Experimental tests and results obtained in case of triticale trains cutting Table 3) highlight the same 

trends as in the case of wheat strains, but because of strains structure and size, they have much higher 

values. In this case, the degree of wear and tear or blunting of knife cutting edge is much higher than in the 

case of the wheat strain, reducing the operating time between two re-sharpening procedures.  

 

Table 3 

Variation of mechanical work in cutting triticale strains with SEMA model knives  

Sharpening 
angle (

0
) 

Strain diameter  
(mm) 

Strain humidity 
(%) 

Knife position 
against strain (

0
) 

Cutting force  
(N) 

Cutting mechanical 
work (Nm)  

Knife speed = 0.2 m/s 

20 6.04 13.2 
90 102.9 1.146 

45 77.54 0.789 

15 6.04 13.2 
90 84.56 1.184 

45 76.42 0.971 

10 6.04 13.2 
90 60.13 0.940 

45 55.04 0.925 

Knife speed = 1 m/s 

20 6.04 13.2 
90 97.03 1.080 

45 72.10 0.735 

15 6.04 13.2 
90 90.12 1.260 

45 71.26 0.905 

10 6.04 13.2 
90 55.08 0.861 

45 49.48 0.832 

Knife speed = 2 m/s 

20 6.04 13.2 
90 88.00 0.980 

45 55.86 0.569 

15 6.04 13.2 
90 80.30 1.125 

45 62.31 0.791 

10 6.04 13.2 
90 45.26 0.707 

45 41.37 0.695 

 

  Experimental tests have also been carried out for knives which are used for cereal grains CLASS, 

FENDT and JOHN DEERE models, for a standard sharpening angle of 19
0
. 
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Table 4 

Variation of mechanical work in cutting wheat strains with CLASS, FENDT a nd JOHN DEERE model knives  

Type of knife  
Strain diameter  

(mm) 
Strain humidity 

(%) 
Knife position 

against strain (
0
) 

Cutting force  
(N) 

Cutting mechanical 
work (Nm)  

Knife speed = 0.2 m/s 

CLASS 4.51 11.7 
90 23.43 0.308 

45 22.41 0.342 

FENDT 4.51 11.7 
90 26.49 0.495 

45 24.41 0.337 

JOHN DEERE 4.51 11.7 
90 19.35 0.241 

45 16.32 0.223 

Knife speed = 1 m/s 

CLASS 4.51 11.7 
90 18.30 0.240 

45 17.26 0.236 

FENDT 4.51 11.7 
90 21.44 0.401 

45 16.50 0.248 

JOHN DEERE 4.51 11.7 
90 14.56 0.181 

45 11.70 0.160 

Knife speed = 2 m/s 

CLASS 4.51 11.7 
90 9.66 0.127 

45 8.62 0.131 

FENDT 4.51 11.7 
90 12.36 0.231 

45 6.28 0.094 

JOHN DEERE 4.51 11.7 
90 4.58 0.057 

45 2.72 0.037 

 

Table 5 

Variation of mechanical work in cutting triticale strains wit h CLASS, FENDT and JOHN DEERE model knives  

Type of knife  
Strain diameter  

(mm) 
Strain humidity 

(%) 
Knife position 

against strain (
0
) 

Cutting force  
(N) 

Cutting mechanical 
work (Nm)  

Knife speed = 0.2 m/s 

CLASS 6.04 13.2 
90 92.72 0.962 

45 72.34 0.865 

FENDT 6.04 13.2 
90 93.74 1.553 

45 80.50 2.047 

JOHN DEERE 6.04 13.2 
90 89.66 1.523 

45 78.46 1.969 

Knife speed = 1 m/s 

CLASS 6.04 13.2 
90 87.60 0.909 

45 67.49 0.807 

FENDT 6.04 13.2 
90 89.09 1.476 

45 75.16 1.912 

JOHN DEERE 6.04 13.2 
90 84.76 1.440 

45 73.18 1.824 

Knife speed  = 2 m/s 

CLASS 6.04 13.2 
90 78.48 0.814 

45 59.27 0.709 

FENDT 6.04 13.2 
90 79.40 1.315 

45 65.20 1.658 

JOHN DEERE 6.04 13.2 
90 75.36 1.280 

45 63.39 1.580 

 

 In this case, the tests have been carried out for those three working speeds of the knife, namely 

cutting by sharing and tilted cutting for wheat crops (Table 4) and triticale crops (Table 5). There are some 

differences in the cutting force and mechanical work between those three types of knives, depending on the 

crop and the speed of the knife, so that a certain model or constructive type cannot be established to 

achieve the lowest values for both crops. Also here, there is a normal trend to decrease those two 

parameters with the increase of the cutting speed. 

 Within the experimental researches, have been carried out also tests of the cutting force and 

mechanical work for oat and barley strains, for these ones being used SEMA type cutting knives. 

Experimental data and working conditions are listed as follows in Table 6. The experimental results listed are 

obtained in the conditions of cutting the strain between nodes, because the positioning in this way is simpler than 

cutting on node, here the research are to be continued. 
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Table 6 

Variation of mechani cal work in cutting oat and barley strains with SEMA model knives, at a 0.2 m/s knife speed  

Sharpening 
angle (

0
) 

Strain diameter  
(mm) 

Strain humidity 
(%) 

Knife position 
against strain (

0
) 

Cutting force  
(N) 

Cutting mechanical 
work (Nm)  

Oat  

20 2.82 13.5 
90 11.22 0.086 

45 8.16 0.072 

15 2.82 13.5 
90 6.12 0.067 

45 5.10 0.067 

10 2.82 13.5 
90 4.08 0.083 

45 3.06 0.062 

Barley 

20 3.02 12.3 
90 11.22 0.179 

45 9.18 0.118 

15 3.02 12.3 
90 10.20 0.115 

45 7.14 0.086 

 

From the preliminary data obtained, the cutting force of the strains on node, in similar working conditions 

(cutting speed of 0.2 m/s and cutting by shearing) varies between 61.13-68.26 N for wheat, between 18.25-26.67 

N for barley, between 95.78 and 131.81 N for triticale, and respectively, between 21.39 -29.23 N for oat. 

 

CONCLUSIONS 

From the experimental tests it can be seen that the cutting force and the mechanical work for cutting 

the strains of some cereals depend on the knife geometry (sharpening angle), the fibre-ligneous structure at 

the time of harvest, marked by humidity, and the knife speed during the cutting.  

As the cutting speed fluctuates in time, the maximum cutting force of the strains and displacement of 

the knife during cutting were calculated on the stand, using transducers connected to a data capture board. 

There is no knife model which has the smallest cutting force, respectively the smallest mechanical 

work used for cutting, for all the crops analyzed. Also, it can be seen that, SEMA model does not achieve 

values near to the minimum ones, so it's still necessary to find solutions for energy consumption decrease 

when cutting plant stems. 
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ABSTRACT  

 Siltation is a significant factor, affecting the efficient operation and maintenance of the irrigation canals 

which influence the hydraulic behavior of the canals and economic benefits of irrigation. In last 25 years a 

tendency of silting up at the irrigation canals in Bulgaria is observed due to the following reasons: decreased 

area under  irrigation,  fluctuation in supply, non-regime section, òbermingò of the canal, economic, crime and 

safety situation. The large number of bed load and permissible velocity formulas available and the significant 

differences between obtained results enforce selection of appropriate sediment transport formulas in each 

particular case. Discharge and velocity approach are used in this study for estimation of sediment transport 

and deposition rates at Babreka Canal, Malka Vitska Irrigation Project in Bulgaria. In this study seven 

equations for prediction total bed load transport rates and five equations for minimum permissible velocity 

are compared. Two formulas for total bed load and two formulas for minimum permissible velocity are 

selected as appropriate for study canal. 

 

ʈɽɿʖʄɽ 

 ɿʘʪʣʘʯʚʘʥʝʪʦ ʥʘ ʥʘʧʦʠʪʝʣʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ʥʘʥʦʩʠ ʝ ʟʥʘʯʠʤ ʧʨʦʙʣʝʤ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ 

ʠʤ, ʦʢʘʟʚʘʱ ʢʘʢʪʦ ʧʨʷʢʦ ʪʘʢʘ ʠ ʢʦʩʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʭʠʜʨʘʚʣʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʝʬʝʢʪ ʦʪ ʥʘʧʦʷʚʘʥʝʪʦ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʚʘʜʝʩʝʪ ʠ ʧʝʪ ʛʦʜʠʥʠ ʚ ɹʲʣʛʘʨʠʷ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʪʝʥʜʝʥʮʠʷ ʥʘ ʟʘʪʣʘʯʚʘʥʝ ʥʘ ʥʘʧʦʠʪʝʣʥʠʪʝ ʢʘʥʘʣʠ ʩ ʥʘʥʦʩʠ, ʜʲʣʞʘʱʦ ʩʝ ʥʘ : 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʘʧʦʷʚʘʥʠʪʝ ʧʣʦʱʠ, ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʜʘʚʘʥʠʪʝ ʚʦʜʥʠ ʢʦʣʠʯʝʩʪʚʘ, ʢʘʥʘʣʠʪʝ ʥʝ 

ʨʘʙʦʪʷʪ Ăʚ ʨʝʞʠʤñ,  ʠʢʦʥʦʤʠʯʝʩʢʘ ʠ ʢʨʠʤʠʥʦʛʝʥʥʘ ʦʙʩʪʘʥʦʚʢʘ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʬʦʨʤʫʣʠ 

ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʘʥʦʩʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʨʠʪʠʯʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʪʝʯʝʥʠʝʪʦ, ʥʦ ʥʘʡ-ʚʝʯʝ 

ʛʦʣʝʤʠʪʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘʣʘʛʘʪ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘ ʚʩʝʢʠ 

ʢʦʥʢʨʝʪʝʥ ʩʣʫʯʘʡ.  ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʠʟʧʦʣʟʚʘʥ ʤʝʪʦʜʲʪ ʥʘ ʢʨʠʪʠʯʥʘʪʘ ʩʢʦʨʦʩʪ ʠ ʝ 

ʦʧʨʝʜʝʣʝʥʦ ʥʘʥʦʩʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘ ʄʂ Ăɹʲʙʨʝʢʘñ ʥʘ ʅʉ Ăʄʘʣʢʘ ɺʠʪʩʢʘñ. ʉʨʘʚʥʝʥʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʝʜʝʤ ʫʨʘʚʥʝʥʠʷ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʥʘʥʦʩʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʝʪ ʫʨʘʚʥʝʥʠʷ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʨʠʪʠʯʥʘʪʘ ʥʝʟʘʪʣʘʯʚʘʱʘ ʩʢʦʨʦʩʪ. ʀʟʙʨʘʥʠ ʜʚʝ ʫʨʘʚʥʝʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʥʘʥʦʩʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʚʝ ʫʨʘʚʥʝʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʨʠʪʠʯʥʘʪʘ ʥʝʟʘʪʣʘʯʚʘʱʘ ʩʢʦʨʦʩʪ ʢʘʪʦ 

ʧʦʜʭʦʜʷʱʠ ʟʘ ʪʦʟʠ ʢʘʥʘʣ. 

 

INTRODUCTION 

 Siltation is a significant factor, affecting the efficient operation and maintenance of the irrigation canals 

which influence the hydraulic behaviour of the canals and economic benefits of irrigation. Irrigation canals 

have been designed to ensure a transport capacity equal to or greater than the amount of incoming 

sediment. In last 25 years a tendency of silting up at the irrigation canals in Bulgaria is observed due to the 

following reasons: decreased area under irrigation, fluctuation in supply, non-regime section, òbermingò of the 

canal, economic, crime and safety situation. An irrigation canal silting is important problem in their operation 

and maintenance and is capable of exerting direct and indirect effects on the hydraulic characteristics and 

economic benefits of irrigation.  

 The large number of bed loads and permissible velocity formulas available and the significant 

differences between obtained results enforce selection of appropriate sediment transport formulas in each 

particular case. 
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MATERIAL AND METHOD  

 Determination of bed load rate is important to irrigation canal behavior understanding including the 

carrying capacity, sediment deposition, growth of vegetation. In generally irrigation canals are designed on 

the requirement that all sediment which enters the canal should be transported through without 

sedimentation. According to Wallingford HR (1992) three methods for design stable canals are used: regime 

method, tractive force method, and rational theory. The regime design methods are sets of empirical 

equations derived from observations of canals and natural rivers. Tractive force method is based on a 

consideration of the balance of forces which act on sediment particle and include the method of permissible 

velocity and the method of critical shear stress. The tractive force methods are in use for shear stress and 

sediment transport determination. The rational theory includes the semi-empirical methods and it is based on 

the conveying the sediment load through the canal system based on energy dissipation considerations. At 

least 100 published transport rate equations can be found in the literature and verification of the accuracies 

of this formulas is mainly based on laboratory and limited field data (Yang et al., 2009). 

 Seven well-known equations for bed load transport rate determination are chosen for comparison in 

this paper. 

 Meyer-Peter and Muller equation (Quesnel, 1974): 

 

( )( )
3/ 2

50

8
0.047s b s w

w

q dt g g
r

= - -       (1) 

where:  

qs represents volumetric transport rate of bed load per unit width [kg/s m];  

ɟw - density of water [kg/m
3
]; 

Űb ï bed shear stress; 

ɔw ï  specific weight of water [kN/m
3
];  

ɔs - specific weight of  sediment [kN/m
3
];  

d50 ï median size of particle size distribution. 

  

 Einstein - Brown equation (Hug, 1975):  
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where:  

s represents relative density ;  

Fr* - dimensionless shear stress or Shields stress;  

Frcrit* - critical Shields stress;  

g - acceleration of gravity [m/s
2
]; 

K- coefficient - 
( ) ( )
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= + -
- -

2 2

3 3

2 36 36

3 1 1
K

d s d s
.

 

 Selim Yalin equation (Hug, 1975):  
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 Gomez  equation (Gomez, 2006):  
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where:  

Q represents water discharge [m
3
/s];  
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J ï energy gradient;  

b ï  canal length [m].  

 

 Van Rijn equation (Van Rijn, 1984):  

 
2.1

*
*

*0.3 *

0.053
1

crit

Fr
q

d Fr

å õ
= -æ ö

ç ÷
      (5) 

where:  

q* - represents dimensionless bed load transport rate;  

d* - dimensionless particle diameter. 

  Nagakawa-Tsujimoto equation (Van Rijn, 1984):  
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where:  

ɟs represents density of the sediment [kg/m
3
]. 

 Nielsen equation (Nielsen, 1992):  

 

( )* * * *12 critq Fr Fr Fr= -       (7) 

 

 The minimum permissible velocity or non-silting velocity is the lowest velocity that will not initiate 

sedimentation and will not allow the growth of vegetation. According to Chow (1973), the average 

velocity from 0.6 to 0.9 m/s would prevent sediment deposition and higher velocity than 0.75 m/s would 

ensure vegetation-free canal. Therefore, the minimum permissible velocity should be in the range of 

0.75-0.9 m/s. Non-silting velocity depends on the sediment diameter. Five well -known equations for 

minimum permissible velocity determination are chosen for comparison ï Zamarin, Grishkan, Roer, 

Poslavskii (Korpachev, 2009) and Kennedy equations (Das, 2012). 

 Zamarin equation: 

             (8) 

where:  

R represents hydraulic radius;  

a ï coefficient depend on particle size (Table 1). 

Table 1   

Values of coefficient a   

d [mm]  0.1 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 3.0 

a 0.2 0.45 0.67 0.82 0.9 0.95 1.0 1.02 1.05 1.07 1.1 1.11 

 
 Grishkan equation: 

      (9) 

where:  

k represents a coefficient depend on fall velocity ɤ; 

If  fall velocity ɤ<1.5 mm/s - k=0.33;  

If ɤ is between 1.5 and 3.5 mm/s - k=0.44; 

If ɤ>3.5  mm/s - k=0.55. 

 Roer equation: 

      (10) 

where:  

A represents a coefficient equal to 39.3; 

m - width-to-depth ratio.  

 Poslavskii equation:  
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      (11) 

where:  

N represents capacity refers to the maximum amount of sediment of a given size that a stream can 

transport in traction as bedload.  

 Kennedy equation:  

      (12) 
  

RESULTS 

 Malka Vitska Irrigation Project is located in Dolni Dabnik Municipality, south Bulgaria and it is owned 

and managed from Irrigation System SOJSC, Pleven Branch. The Vit River, Krushovits-3 Reservoir, Dolni 

Dabnik Reservoir and Valchovets Reservoir are the source of water for the scheme. Babreka canal is a main 

canal with trapezoidal cross-section. Bottom width of the canal is b=2 m, side slope ï m=1 and for water 

discharge Q=0.728 m3/s water depth h=1.08 m and energy gradient J=0.149ă (Gadjev, 1989). 

 During the inspection of the Danube Basin Directorate, in 2009 vegetation and sediment deposition 

has been found in front of intake sluice gate the Malka Vitska Irrigation Project. Sediment deposition and 

vegetation has been found 200 meters upstream from intake in the Vit River (http://dariknews.bg/). The 

Danube River Basin Directorate has been given instructions for sediment removing, but there is no press 

release on whether it has been implemented.  

 Currently, a poorly maintained irrigation system is not fully used. Only vegetables and tobacco are 

irrigated in Dolni Dabnik Municipality. There are no water users associations. The potentially irrigated area on 

the territory of the Municipality is 99602000 m
2
, of which 19440000 m

2 
are not properly irrigated due to 

amortized hydraulic structures. The real irrigated area is less than 8000000 m
2
.  

 The bed load transport rate for Babreka Canal is determined in the range from 0.1 mm to 3 mm by 

equations (1), (2), (3), (4), (5), (6) and (7). The results shown in Fig. 1 indicate that the Nielsen formula (7) 

and Mayer-Peter Muller formula (1) is more appropriate for diameter particle bigger than 3 mm. Nagakawa-

Tsujimoto formula (6) have downward trend with particle diameter increasing and (6) is not appropriate for 

this case. Gomez formula (4) is low predictor. Van Rijn formula (5) and Yalin (3) formula have the similar 

results. 

 

 
Fig. 1 - Bed load transport rate results for Babreka Canal  

 
 As shown in Figure 2, after selection (2) and (5) for bed load transport rate is appropriated for study 
canal. The minimum permissible velocity determination for Babreka Canal is determined in the range from 
0.1 mm to 3 mm by equations (8), (9), (10), (11) and (12). 



INTERNATIONAL SYMPOSIUM
     

88 
 

 
Fig. 2 - Bed load transport rate results appropriate fo r Babreka Canal  

 
 The results shown in Figure 3 indicate that the Poslavskii formula (11) have downward trend with 

particle diameter increasing and (11) is not appropriate for this case. Kennedy formula (12) and Grishkan 

formula (9) is more appropriate for diameter particle bigger than 3 mm. 

 

 
Fig. 3 - Minimum permissible velocity results for Babreka Canal  

 
 

 
Fig. 4 - Minimum permissible velocity results appropriate for Babreka Canal  
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CONCLUSIONS 

 The results show substantial differences in performance of the different formulas. Einstein - Brown 

formula (2) and Van Rijn formula (5) for bed load transport rate and Zamarin formula (8) and Roer formula 

(10) for minimum permissible velocity are selected as appropriate for study canal. 
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ABSTRACT   

Experimental materials with justification of expediency of complex organic mineral mixed ligand Cu 

using in young pigs rations are presented. Positive effect for the putting of this complex into compound feed 

of crossbreed young pigs (Large White Landrace pig x Duroc pig) is established, which helps the metabolism 

and assimilation of nutrients, increases nutritional value of rations, average daily growth of animal and animal 

productivity. 

 

ɸʅʆʊɸʎɯʗ 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʦʨʛʘʥʽʯʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʟʤʽʰʘʥʦʣʽʛʘʥʜʥʦʛʦ Cu ʫ ʨʘʮʽʦʥʘʭ ʤʦʣʦʜʥʷʢʫ ʩʚʠʥʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚʟʘ ʚʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦ ʩʢʣʘʜʫ ʢʦʤʙʽʢʦʨʤʫ ʧʦʤʽʩʥʦʛʦ ʤʦʣʦʜʥʷʢʫ ʩʚʠʥʝʡ 

(ʚʝʣʠʢʦʾ ʙʽʣʦʾ ʭ ʣʘʥʜʨʘʩ ʭ ʜʶʨʦʢ, ʷʢʠʡ ʩʧʨʠʷʻ ʥʘ ʦʙʤʽʥ ʽ ʟʘʩʚʦʻʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʞʠʚʥʦʩʪʽ ʨʘʮʽʦʥʽʚ, ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʧʨʠʨʦʩʪʽʚ ʪʚʘʨʠʥ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥ. 

 

INTRODUCTION 

Particular attention is being paid to the problem of increasing the production of competitive meat 

products with the improvement of quality indexes (Bagchi et al., 2015). 

Modern animal breeds and crosses require increased macro- and micro- elements in mixed fodders 

due to a significant increase in growth and productivity (Gonzales-Eguia et al., 2009; Khalak and Lunyk, 

2015).  

It is believed that proteins, energy, and minerals should be digested in a more accessible form 

(Dyachenko et al., 2017). 

The value of mineral substances for the normal life of the organism is very difficult to overestimate. 

However, inorganic salts of transition metals (Zinc, Copper, Iron, Manganesse) due to low digestibility transit 

and in combination with the concomitant salts of heavy metals pollute the environment (Huang et al., 2010; 
Khavturina and Bomko, 2015; Bomko and Dolid, 2015). 

So, traditional approaches to mineral nutrition of farm animals require substantial revision. The 

analysis of publications confidently attests about the benefits of using microelements from organic 

compounds in fodder production. This is related primarily with higher bioavailability, which reduces 

significantly their introduction in the feed mixtures (Merzlov, 2009; Marshalok and Bomko, 2012; Huang et 

al., 2015). 

A significant reduction of the level of microelements in organic forms of mixed fodders greatly reduces 

the access to heavy metals and improves the quality of livestock products (Liao et al., 2017). 

Cuprum is an important part of the metal proteins which regulates oxidative and reconstructive 

processes of cellular respiration, photosynthesis, assimilation of molecular nitrogen. As part of hormones 

Cuprum affects growth and development, reproduction, metabolism in general, processes of gamma globulin 

formation, promotes the transformation of reticulocytes into mature erythrocytes. Cuprum is required for the 

formation of melanin pigment, affects the development of bones, and increases the content of vitamins B12 

and C in the liver. 

The purpose of the research was to study the effectiveness of using the complex organic mineral 

mixed ligand Cuprum on the quality of pig meat (Sologub et al., 2004). 
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MATERIAL AND  METHOD 

Scientific and economic research about the effectiveness of using the complex organic mineral mixed 

ligand Cuprum in rations of crossbreed young pigs (Large White Landrace pig x Duroc pig) on their meat 

productivity and qualitative indexes of meat were carried out in the private limited company ñAgrofirma 

named after Horkiiò in Dnipropetrovsk region. 

To formulate the experiment on the principle of pair-analogues 3 groups of young pigs of 10 heads in 

each aged 60 days were formed. Animals of the 1
st 

control group received a general diet, which contained of 

Cuprum in sulfate form. Young pigs of the 2
nd 

experimental group received Cuprum in sulfate form as a part 

of the general food ration, which was replaced on mixed ligand complex only in 50% and animals of the 3d 

experimental group received feeding where Cu sulfate was completely replaced by a complex organic 

mineral mixed ligand Cu. Duration of the experiment was 150 days. 

Animals of all experimental groups were kept in the same room and served by one operator. Keeping 

of pigs were in groups without walking. All experimental animals were clinically healthy. The parameters of 

the microclimate in the building were supported by the combined extract and input ventilation and conformed 

to the norms. The animals were fed twice a day, and the drinking was carried out using automatic drinking 

system. 

Ration for young pigs were adjusted depending on age, live weight and intensity of growth and were 

calculated to obtain average daily increments within 650-700 g. The fodder was of a full value (Petukhova et 

al., 2010). 

 

RESULTS 

The influence of organic mineral mixed ligand complex on dynamics of live weight of pigs is 

established. The conducted researches on using in ration of feeding of young pigs the complex organic 

mineral mixed ligand Cuprum showed that it influenced positively on the live weight of pigs on fattening (Fig. 

1), (Melnichenko et al., 2006). 

 
Fig. 1  - Dynamics of live weight of experimental pigs, kg  

 

Throughout the period of fattening, the animals of experimental groups exceeded the weight of peers 

from the control group. By the end of the experiment, the difference in live weight of animals in the 2
nd

 and 

3
rd

 experimental groups compared to the control group was 3.9 and 4.5 kg, or 3.14 % (ʈ<0.05) and 3.63 % 

(ʈ<0.01). 

The absolute growth of live weight as a whole during the experimental period in young pigs exceeded 

control and was in the 2
nd

 experimental group 109.2 kg, in the 3
rd

 experimental group 109.9 kg, which is 

3.6% (P <0.01) and 4.2% (P <0.001) higher than control. 

During growing, the highest absolute growth of live weight was recorded in experimental groups pigs 

in the period from 151 to 180 days, which was 24.1 kg in the 2
nd

 experimental group, 24.2 in the 3
rd 

experimental group against 22.6 in control. However, it should be noted that in the period from 91-120 days 

of fattening there was a significant increasing in the absolute growth in live weight of young pigs of 

experimental groups. 
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This indicates a high bioavailability of organic mineral mixed ligand Cu, which activated metabolic 

processes in the pig's body. And, as a result, the animals of experimental groups exceeded the analogues 

from the control group for the average daily gain of live weight. 

During the experiment, the average daily increment of pigs in the 2
nd

 experimental group exceeded the 

control on 18.7 g (2.63 %); ʈ<0.05, 3
rd

 on 23.4 g (3.29 %); ʈ<0.01. Higher intensity of live weight gain of 

animals in the experimental groups relative to control was observed throughout the fattening period. 

Animals of experimental groups in indexes of relative growth exceeded the analogues from the control 

group throughout the entire period of breeding. Pigsô growth rates in experimental groups also were higher 

and made up 6.78 in the 2
nd

 experimental group, 6.85 in the 3
rd

 experimental group, 6.61 in the control 

group. 

Replacing the sulfate compound of Cu in rations of feeding pigs on organic mineral mixed ligand Cu 

had a positive effect on the growth rate of animals of experimental 2
nd

 and 3
rd 

groups. 

The most important indicators of meat productivity are slaughter weight and mass of carcasses. The 

results of slaughter control showed a positive effect of organic mineral mixed ligand Cu on growth, 

development and meat productivity of pigs. Before slaughter pigs mass of experimental groups exceeded 

control on 4.3 kg (3.55 %), ʈ<0.05 and 4.7 kg (3.88 %), ʈ<0.01; mass of carcass on 4.72 kg (6.32 %), 

ʈ<0.01 and 5.04 kg (6.74 %), ʈ<0.001; slaughter output on 1.42 % (ʈ<0.05) and 1.58 % (ʈ<0.05), and 

carcass output on 1.65 and 1.7 (Fig. 2). 

 
Fig. 2 - Slaugh ter and meat qualities of experimental animals  

 

The most important method of evaluation, which gives the most complete description of the quality of 

meat, of its physiological maturity, energetic and biological value, is an analysis of its chemical composition. 

The results of a chemical analysis of the average muscle test of carcass found that in comparison with 

the control dry substance contained in pig meat in 2
nd

 and 3
rd

 experimental groups was more on 0.52 

(ʈ<0.05) and 0.54 (ʈ<0.05), protein on 0.46 (ʈ<0.05) and 0.48 (ʈ<0.05). 

The content of fat in the animals average sample meat compared with control animals revealed no 

significant differences. 

Thus, according to the indexes of the chemical composition of the average sample of meat from the 

pigs back longest muscle of the carcasses in the experimental groups which received organic mineral mixed 

ligand Cu in the ration differed profitably from the animals of the control group. 

Deeper and more objective information on the meat and lard rates of pigs can be obtained by 

analyzing the morphological composition of carcasses (Table 1). In the first 6 months after birth, the pigsô 

muscles form in the most intensive way and, accordingly, their relative weight in the body increases. Later, 

the growth of muscles slows down and fat deposition increases. Therefore, the age of pigs is one of the 

decisive factors that determines the type of feeding and its success. 

The data of experimental butchering of carcasses show that the using the general food ration in 

fattening pigs in the 1st control group containing Cu all in sulfate form, in pigs feeding of the 2
nd 

experimental 

group with the general food ration where Cu sulfate was replaced by only 50% on the mixed ligand complex 

Cu and animals of the 3
rd

 experimental group, where Cu sulfate was replaced completely by the organic 
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mineral mixed ligand compound of this metal generally contributed an increase in the total amount of lard in 

carcasses by 0.8-2.2%, and meat - by 0.9-2.8%. 

 

Table 1 

Morphological composition of carcasses of experimental animals  

Group  
Amount of 

heads 

Morphological composition, % The ratio of meat and 

lard in the carcass 

Coefficient of 

meatiness meat lard bones 

1 control 4 61.58 27.34 11.08 1:0.44 5.56 

2 experimental  4 60.68 28.11 11.21 1:0.46 5.41 

3 experimental 4 58.73 29.59 11.68 1:0.50 5.03 

 

Accordingly, a general tendency was observed for reducing the meatiness coefficient by 0.15 and 0.50 

units in accordance with control. Thus, summing up the obtained material, it can be stated that the using of 

the mixed ligand complex Cu contributed to a steady tendency to increase the slaughtered yield of carcasses 

and increased the general fattiness of animals, the effect of the mixed ligand complex Cu was most tangible 

in increasing these parameters in animals of the 3
rd

 experimental group, however the difference in these 

indicators was not probable. 

Replacement in the diet of fattening pigs Cu sulfate, which has an inorganic origin, on organic origin 

mixed ligand complex Cu had a positive effect on the growth and development of internal organs (Table 2). 

The results of the experiment on replacing Cu sulfate with Cu chelation showed that these drugs have 

a positive effect on hematopoiesis and biochemical parameters of metabolism, which leads to increasing of 

animal productivity and in a certain way affects the mass of individual internal organs. Given that the liver 

performs functions of secretion of bile, metabolic, antibacterial, anti-toxic, regenerative and other, changes in 

the mass of this organ of the pigs in the control and experimental groups fluctuated at the level of 0.7-4.4%. 

There is no reliable difference between the animals. 

 

Table 2 

Mass of internal organs of experimental pigs  

Index 
Groups 

1 control 2 experimental 3 experimental 

Internal fat, kg 1.05°0.12 0.92°0.1 0.82°0.04 

Mass of head, kg 5.10°0.34 5.37°0.22 5.75°0.47 

Mass of legs, kg 0.84°0.05 0.88°0.03 0.74°0.03 

Mass of skin, kg 5.85°0.2 5.38°0.28 5.73°0.26 

Liver, kg 1.93°0.11 1.62°0.11 1.78°0.1 

Heart, kg 0.25°0.04 0.25°0.02 0.22°0.01 

Lungs, kg 0.34°0.05 0.43°0.02 0.37°0.01 

Spleen, kg 0.13°0.01 0.11°0.01 0.11°0.01 

Stomach, kg 0.73°0.05 0.85°0.02 0.82°0.07 

 

The results of the analysis of heart mass indexes indicate that significant differences between animals 

in control and experimental groups have not been established. 

The results of the determination of the lungs and kidneys mass indicate that there were no significant 

deviations of the pigs in the control and experimental groups. 

It is known that the mass of the spleen increases with increasing of hematopoiesis cells   death, and 

decreases - with the death of cells of the lymph and erythropoiesis. The obtained results of spleen weighing 

indicate that the average weight of the spleen was the highest in pigs of the 1
st
 group. According to the 

indicator of the animals of this group, 2.8% of the pigs of the control group prevailed, but this difference was 

not reliable. Animals of the 2
nd

 and 3
rd 

experimental groups did not differ from the control analogs by the 

mass of the spleen. 

The results of weighing of internal fat showed that its largest mass was fixed in pigs of the 1st group. 

The weight of the internal organs of the pigs in the experimental groups was at the control level, the 

difference was not probable. 

Thus, the feeding of the organic-mineral additive of Cu in fattening of pigs for meat contributed 

positively to the slaughter rates of these animals. However, the best slaughter qualities were noted in those 
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animals which diets contained of 100% of mixed ligand complex Cu. By weight of the internal organs of pigs 

between all groups difference is not observed. 

It is known that young pigs produce meat carcasses with less amount of fat than adults. The level and 

quality of feeding determines the speed of reaching the necessary condition of fattening pigs, feed costs and 

quality of pork. The more intense the feeding, the faster the fattening ends and the lower feed expense per 

unit of output is. High levels of protein contribute to the formation of muscles, and significant levels of energy 

- deposition of fat in the pigsô bodies. The quality of the lard depends on the fat content of the feed. The 

consumption of significant quantities of vegetable fats by pigs is responsible for the decline in the quality of 

pork. The fat of such pigs is mild and fusible, unsuitable for smoking. Data on measurements of the 

subcutaneous layers of fat thickness are given in Table 3. 

 

Table 3 

The thickness of the subcutaneous fat, sm 

Index Groups  

1 control 2 experimental  3 experimental 

On the neck  3.12±0.11 3.37±0.12 3.17±0.31 

On the withers 4.87±0.11 5.92±0.45* 6.1±0.58* 

On the 6-7 ribs 3.3±1.12 3.75±0.38 4.07±0.41 

On sacrum 3.6±0.3 3.57±0.28 4.25±0.43 

On the back 3.12±0.11 3.65±0.18 4.22±0.44 

Average  3.6±0.15 4.05±0.28 4.36±0.43 

 

From the data of the table it can be seen that the replacement of sulfur Cu with organic and mineral 

mixed ligand Cu in feed on 50% and 100% leads to a tendency of increasing the average thickness of lard in 

pigs of the 2
nd

 group by 12.5%, and the third - by 21.1%, which has a direct correlation with the increasing in 

the mass of internal fat in carcasses of pigs of experimental groups. The tendency to thicken the lard in the 

experimental groups occurs at practically all measuring points. A probable difference is observed only on the 

withers (P<0.05). The obtained data show that the diets with a mixed ligand complex causes the 

intensification of fat deposition in carcasses. 

 

CONCLUSIONS  

In the results of the control slaughter, the chemical composition of meat, the morphological 

composition of carcasses, the mass of the internal organs and the thickness of the lard indicate that the 

young pigs of the 3
rd

 experimental group which received a complex of organic mineral mixed ligand complex 

Cu had precedence in our studies. 
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ABSTRACT  

 Aerodynamic characteristic of agricultural products have long been carried out to determined convey 

or separate properties of seeds and grains in post-harvest operations but not used for determined for sorting 

processing. To design machines to sort out of bell peppers in different size, aerodynamic properties (terminal 

velocity, drag force and coefficient in x and y axis of pepper and Reynold number) of ñbaloò bell pepper were 

determined in this experimental study. The terminal velocity of the bell pepper ranged from 18.83 to 28.29 

m/s and average value of it is 24.17 m/s. Drag coefficient the samples ranged from 0.324 to 0.746 in y axis 

and from 0.364 to 0.814 in x axis and drag force of the bell pepper ranged from 0.81 to 1.35 N in y axis and 

from 0.64 N to 1.20 N in x axis. Also, Reynold number was determined between 82698.31 and 137682. 

 

ÖZET 

 Hasat sonrasē iĸlemler i­in uzun zamandēr tohum yada tahēllarēn taĸēma ve ayērma ºzelliklerinin 

belirlenmesi için tarēmsal ¿r¿nlerin aerodinamik karakteristikleri ¿zerine ­alēĸmalar yapēldē fakat sēnēflandērma 

iĸlemi i­in kullanēlmamēĸtēr. Bu ­alēĸmada dolmalēk biberleri farklē boyutlarda sēnēflandēracak bir makina 

tasarēmē i­in biberin kritik hēzē, x-y ekseninde s¿r¿klenme kuvveti, s¿r¿klenme katsayēsē ve Reynold sayēsē 

belirlenmiĸtir. Dolmalēk biberin kritik hēzē ortalama 18.83 ile 28.29 m/s arasēnda belirlenmiĸtir. S¿r¿klenme 

katsayēsē i­in belirlenen ortalama deĵer y ekseninde 0.327 ile 0.746 ve x ekseninde ise 0.364 ile 0.814 

arasēndadēr. Dolmalēk biberin s¿r¿klenme kuvveti deĵerleri y eksenin 0.81 ile 1.35 N ve x ekseninde 0.64 ile 

1.20 N arasēnda deĵiĸmektedir. Ayrēca, Reynold sayēsē 82698.31 ile 137682 arasēnda belirlenmiĸtir. 

 

INTRODUCTION 

Determining the physical and engineering characteristics of agricultural crops is very important to 

optimize the design parameters of agricultural equipment and machines used in their production, handling 

and storage processes. Hence, it is necessary to determine the database of aerodynamic and mechanical 

properties of these kinds of products because these properties play an important role in designing and 

developing of specific machines and their operations such as sorting, separating and cleaning. 

Aerodynamic properties such as drag force, terminal velocity, drag coefficient and Reynold number 

are the most important, which should be known for pneumatic conveying, separation, cleaning, harvesting 

and drying of agricultural products. The terminal velocity at which the particles are suspended stationary in 

vertical air stream can be determined by using different methods. These methods are free-fall, vertical air 

tunnel and elutriate or method (Mohsenin, 1980; Grift et al., 1997). The terminal velocity of grains can be 

calculated by using the equations theoretically developed as well as laboratory studies. A few methods were 

developed to determine theoretical terminal velocity for some grains (Gorial and Oôcallaghan, 1990; Song 

and Litchfield, 1991).  

The researchers carried out a study to enable easy seed and waste separation at head feed combine 

by measuring the terminal velocity. It was found that, it is difficult to separate seeds with primary branches 

and straws from a single seed in the tank because the terminal velocity of the seed with primary branches 

and straw was more than the single seed. The suitable limits of the separating air velocity were from 2.3 to 

6.5 m/s (Nonami and Nelson, 2002). The other researcher studied on the drag coefficients for grain and the 

resistance coefficient (drag coefficient×frontal area) for straw from the experimentally obtained terminal 

velocities (Zewdu, 2007).  
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Khoshtaghaza and Mehdizabeh (2006) reported that mass and moisture content have significant 

effects on the terminal velocity. Turgania latifolia (a common weed) seeds were separated from wheat seeds 

by pneumatic separation since its seeds have lower terminal velocity values from 6.775 to 6.877 m·s
-1

 than 

wheat seeds from 9.587 to 9.25 m·s
-1

(Nalbandi et al., 2010; Shahbazi, 2013). Important operational features 

are terminal velocity while the important properties are moisture content and bulk density (Masoumi and 

Tabil, 2008). 

The aim of this study was to determine some aerodynamic properties of ñbaloò bell pepper to optimize 

the best design parameters for new aerodynamic sorting machine in three harvest time. 

 
MATERIAL AND METHOD  

The experiments were conducted at the Department of Agricultural Machinery and Technology 

Engineering Faculty of Agriculture, Akdeniz University. The Balo bell peppers used for the study were 

obtained from local greenhouse in the Antalya, Aksu that were cultivated in the same conditions, in 2008 

cultivation season. 

A particle having projected area (Ai) and immersed in flowing fluid with velocity (Vk), density (qf) and 

drag coefficient (Cd) is subjected to a drag force (Fd) given by Menzies and Bilanski (1968): 

2.... 2

kfidd VqACgmF ==                  (1) 

The dimensionless drag coefficient characterizes the interaction between the bell pepper and the 

airflow and is expressed by the formula (Tabak and Wolf, 1998; Dilmac et al., 2016; Bakhtiari and Ahmad, 

2015; Shahbazi, 2015): 

2..

2

kfi

d
VA

mg
C

r
=                    (2) 

where; 

Cd is the drag coefficient of the bell pepper; m is the mass of the bell pepper in kg;  

g is the acceleration of gravity in m s
ï2

;  

Vk is the terminal velocity in m s
ï1
; ɟf is the air density of 1.223 kg m

ï3
; and Ai is the projection area in m

2
. 

In this study, the Reynolds number (Re) was calculated using the terminal velocity of each bell pepper 

sample. Reynolds number (dimensionless) equations include a velocity term using the following relationship 

(Mohsenin, 1978). 

Re= ɟf .Vk.Dg/ɛ                   (3) 

where: Dg is geometric mean diameter of bell pepper (m);  

ɟf is the air density of 1.223 kg m
ï3 
ɛ is air viscosity at room temperature (1.816×10-5 N s m

-2
);  

Vk is the terminal velocity in m s
ï1 

The terminal velocities of bell pepper were determined by means of a vertical air column constructed 

in the Department of Agricultural Machinery and Technology Engineering Faculty of Agriculture University of 

Akdeniz. It consists of a fan, electronic revolution regulator, electric motor, plenum chamber, airflow 

straightener, vertical transparent tube which diameter and length was 150 and 1000 mm, respectively, 

(Masoumi et al., 2003; Razavi and Farahmandfar, 2008; Ozturk et al., 2009; Kalkan and Kara, 2011; 

Ghamari et al., 2010). 

 

RESULTS 

The duncan results and average values of terminal velocity, drag coefficient, Reynold number and 

drag force of ñBaloò bell pepper at different harvest time are presented in Table 1. The analysis of variance 

showed that there was a significant difference terminal velocity, drag coefficient, Reynold number and drag 

force of ñBaloò bell pepper at different harvest time. 

Measured terminal velocities for bell pepper ranged from 18.83 to 28.59 m/s, with a mean of 24.17 m/s 

and a standard deviation of 0.44 in October harvest time, from 17.24 to 27.40 m/s, with 22.80 m/s and a 

standard deviation of 0.37 in January harvest time and from 18.83 to 31.22 m/s with 26.23 m/s and a 

standard deviation of 0.44 in June harvest time. As you seen in Table 1, the highest terminal velocity was 

determined as 26.23 m/s in June harvest time. The analysis of variance showed that there was a significant 

difference terminal velocity for different harvest time (p=0.01) 
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Table 1 
Results of Duncan multiple range tests for comparing the means of the aerodynamic properties for harvest time  

 October  January  June  Level 
of 

Sig.  
Terminal velocity 
(m/s) 

24.17±0.44
b 

22.80±0.37
c 

26.23±0.44
a *** 

Drag coefficient    *** 

in x axis 0.274±0.045
c 

0.376±0.061
a 

0.316±0.040
b  

in y axis 0.301±0.039
c 

0.424±0.067
a 

0.395±0.049
b  

Drag force (N)    *** 

in x axis 1.15±0.27
b 

0.91±0.13
c 

1.21±0.27
a  

in y axis 0.72±0.02
b 

0.87±0.02
b 

0.95±0.23
a  

Reynold number 109379.66±2093.62
 

100464.84±1821.06
c 

105236.23±2093.62
b ** 

***%1, **%5  
 

According to the Duncan test results, the terminal velocity and drag force of bell pepper  in the harvest 

season of June, drag coefficient in February harvest period and the reynold number showed  difference in 

October harvest time.  

As shown in Table 1, the terminal velocity values and the drag coefficient values varied within wide 

limits. This is due to the physical properties of the bell pepper. Products with the same and similar linear 

dimensions may differ aerodynamically. 

Drag coefficients were determined in two axis of bell pepper, highest value of drag coefficient was 

measured in x axis as 1.21 in June harvest time and the lowest value was determined in y axis as 0.72 in 

October harvest time. Measured drag coefficient for bell pepper ranged from 0.324 to 0.746, with a mean of 

0.274 and a standard deviation of 0.045 in October harvest time for x axis, from 0.364 to 0.814, with 0.301 

and a standard deviation of 0.039 for y axis. Also, drag coefficient showed that different values for January 

and June harvest time in x and y axis (Table 1). The analysis of variance showed that there was a significant 

difference drag coefficient for different harvest time (p=0.01) 

The average drag force of bell pepper was found to be 1.15, 0.91 and 1.21 N for October, January and 

june harvest time in x axis, respectively and also, 0.72, 0.87 and 0.95 N for October, January and June 

harvest time in y axis. The analysis of variance showed that there was a significant difference drag 

coefficient for different harvest time (p=0.01) 

Measured Reynold number for wind tunnel ranged from 82698.31 to 137682.44, with a mean of 

109379.66 and a standard deviation of 2093.62 in October harvest time, from 68405.63 to 132630.58 with a 

mean of 100464.84 and a standard deviation of 1821.06 in January harvest time, from 82698.31 to 

137682.44 with a mean of 105236.23 and a standard deviation of 2093.62 in june harvest time. The analysis 

of variance showed that there was a significant difference Reynold number for different harvest time (p=0.05) 

 

CONCLUSIONS 

There was a significant difference between harvest time for terminal velocity at 5% probability level 

(p<0.05). The highest terminal velocity found in June harvest time as 26.23 m/s. 

There was a significant difference between harvest time for drag coefficient both x and y axis at 5% 

probability level (p<0.05). The highest drag coefficient measured in y axis for January harvest time. 
The drag force value of bell pepper was significantly higher (p<0.05) at different harvest time. The 

highest drag force determined in x axis for June harvest time. 
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ABSTRACT  

 Reliability of units of transport and technological machines is provided by experimental working off at 

bench resource accelerated tests. The quality of test stands is caused by perfection of a design of a power 

contour and availability of service systems. Perspectives of development of tests are connected with 

justification of the coaxial scheme of configuration of the loading and tested elements for ensuring reliability 

of results, realization constructive unification of the stand and object of tests, rated justification of design data 

of nodes and also the automated control of the modes of loading and parameters of technical condition. 

 

ʈɽɿʖʄɽ 

 ʅʘʜʝʞʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʧʨʠ ʩʪʝʥʜʦʚʳʭ ʨʝʩʫʨʩʥʳʭ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. ʂʘʯʝʩʪʚʦ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʢʦʥʪʫʨʘ ʠ ʥʘʣʠʯʠʝʤ 

ʩʝʨʚʠʩʥʳʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʩʧʳʪʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʢʦʘʢʩʠʘʣʴʥʦʡ 

ʩʭʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʥʘʛʨʫʞʘʶʱʠʭ ʠ ʠʩʧʳʪʳʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʨʝʘʣʠʟʘʮʠʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʩʪʝʥʜʘ ʠ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ, ʨʘʩʯʝʪʥʳʤ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ 

ʨʝʞʠʤʦʚ ʥʘʛʨʫʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

INTRODUCTION 

 Worldwide, sharing of the recovered parts of technological and transport vehicles in the total amount of 

consumption of spare parts reaches in the developed countries 30-35%. For increase in technology level and 

increase in volumes of recovery of parts in Russia it is necessary to develop the following priority directions 

(Chernoivanov et al., 2016): modernization of repair production, creation of the specialized repair and 

technology centers and quality providing the recovered parts on the basis of current advanced technologies. 

 In the technical sphere of agriculture act as basic regulators of quality of the made products and 

services (Chernoivanov et al., 2011): machinery and equipment; machine production technologies of 

products as process of use of the equipment; technical services in maintenance of cars in operating state; 

production services in performance of technology, transport, technical and other processes. However, in the 

course of working off of operational actions for ensuring operating state of parts of cars it is necessary 

authentically and with the minimum expenses of time to establish comparative quality indicators of the new, 

modernized and recovered products. 

 For mechanical transmissions of agricultural machinery, the assessment of reliability level and 

competitiveness is offered to be carried out by means of bench resource accelerated tests on comparative 

figures. At the same time, requirements of completeness of modeling of parameters of the modes of loading 

and control of parameters of technical condition similar under operating conditions on the equipment are 

imposed to stands. In practice of bench tests technical solutions on stands with a consecutive and parallel 

arrangement of elements of a power contour which allow to carry out accelerated tests with a possibility of 

forcing of parameters of loading with preservation of a physical picture of forming of refusal of the tested 

object (Erokhin and Pastukhov, 2008). However, possibilities of such designs are limited to durability of the 

technology (loading) transfers as which use tooth gears more often. In transmissions of transport and 
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technological machines drive lines on the basis of hinges of unequal angular speeds with quill bearings are 

widely used (SŁrŁcin et al., 2017). Owing to design features, specific loading and kinematic configuration of 

mechanical transmissions with drive lines, the last have low durability and limit durability of transmissions 

(Aġonja et al., 2012). 

 This paper aims to solve problems of formulation of the basic principles of designing and justification 

of the coaxial scheme of a power contour of the stand for resource accelerated tests of drive lines on the 

basis of analytical researches of a ratio of loading and durability of the technology (loading) tooth cone gears 

and the tested drive lines with joints IV of a standard size and quill bearings 804704K5C10. 

 

MATERIAL AND METHOD  

 The stand is developed for carrying out the accelerated resource bench tests of drive lines taking into 

account influence of kinematic and dynamic characteristics of tooth gears by authors (Fig. 1) according to the 

scheme of a coaxial arrangement of the technology and experienced transfers in the closed power contour 

(Sigaev et al., 1999). The operation principle of the stand consists in the following: the electric motor 1 via 

the coupling 2 transfers power to the driving shaft 3 established in support 4 through cogwheels of 

technology transfer 5 and 6, by means of the managed coupling 7 through a driven shaft 8 to the tested drive 

line 9. The size of a torsion torque in a power contour is caused by the size of an angle of twisting of coaxial 

elements of the managed loading sleeve. The size of a corner of a break of joints of the drive line is defined 

by the angle of crossing of shaft 3 and 8. 
 

 

Fig.1 ï The kinematic scheme of the st and for resource accelerated tests of drive lines  

1 ï electric motor; 2 ï gum sleeve; 3 ï a driving shaft, 4 ï a support; 5 ï leading cogwheel; 6 ï the conducted cogwheel; 7 ï the power 

managed coupling; 8 ï driven shaft; 9 ï drive line 

 

 Due to forming of failure of tooth gears because of contact fatigue life cycle of cone gear at a varying 

duty of loading is defined on the basis of a condition of summing of damages and the equation of an inclined 

branch of curve fatigue (Birger et al., 1993): 
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where: 
 tk ï period of operation of the tooth gear at the set level of tension, [hour]; 
 ʘ ï empirical coefficient; 

 R̀ ï limit of endurance of the tooth gear material, [ʄPa]; 

 m ï exponent of curve fatigue; 
 NG ï number of cycles of tension in an inflection point of curve fatigue; 

 ì ï tension corresponding to the level of an alternating load, [ʄPʘ]; 

 ni ï number of cycles before destruction at the set level of tension. 
 Life cycle of drive lines is determined by fatigue durability of cardan bearing blocks on quill bearings by 
the equation (Erokhin and Pastukhov, 2008): 
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where: 
 tj ï period of operation of the drive line, [hour]; 

 n ï rotating speed of the drive line, [min
-1

]; 
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 ɓ ï break corner in cardan joints, [°]; 
 ȹH ï initial radial play in bearing blocks, [micron]; 
 ʉ ï dynamic loading capacity of a quill bearing, [N]; 
 ʅ ï distance between end faces of thorns of the crosspiece, [mm];  
 LW ï length of a needle roller of the bearing, [mm]; 
 m ï exponent of curve fatigue of a bearing block; 
 ʊ ï transferred torsion torque, [N·m]; 
 Kd ï dynamical coefficient. 
 Contact tension on working surfaces of teeths of technology cone gear of the stand is determined by a 

formula (Birger et al., 1993): 

( ) udkk

TK
ZZZ

ebebe

H

HɽHk
ÖÖÖ-Ö

ÖÖÖ
ÖÖÖ=

3

1

3

1

1085,3

g
s e ,    (3) 

where: 

 ʅ̀k ï contact tension in a contact point of teeths of transfer, [ʄPʘ]; 

 ZE ï coefficient characterizing mechanical properties of material of transfer, [ʄPʘ
1/2

]; 
 ZH ï coefficient characterizing a form of mating surfaces of teeths; 
 ZŮ ï coefficient characterizing the total length of contact lines; 
 ʂʅ ï coefficient of increase in nominal tension; 
 ɔ ï coefficient of lowering of bearing capacity of cone gears; 
 kbe ï coefficient of width of a ring gear; 
 de1 ï outer dividing diameter of a cogwheel, [mm]; 
 u ï gear ratio. 
 Contact tension in any point of a contact pad of the cardan bearing at initial linear contact is 

determined by a formula (Perel and Philatov, 1992): 
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where: 

 ʅ̀j ï contact tension in a point contact of bodies of the cardan bearing, [ʄPʘ]; 

 Q ï load of the most loaded roller at a normal radial play, [N]; 

 ʅɟ ï sum curvature roller of the bearing and thorn of the crosspiece, [mm
-1

]. 

 Thus, for the purpose of ensuring operability of a power contour of the stand it is necessary to execute 

analytical researches of conditions of working capacity on parameters of loading and durability of the 

technology and experienced transfers on the basis of criterion of contact fatigue. 

 

RESULTS 

 Working off of designs of a power contour at a design stage showed that the majority of the existing 

stands apply consecutive alternation of the technology and experienced transfers that results in identical 

loading of the last and doesn't allow to carry out resource tests as with refusal of the experienced transfer the 

refusal of technology transfer forms. In further researches we will show what features of configuration of 

stands with parallel, more precisely a coaxial arrangement of elements of a power contour. 

 We will be the scheme of an arrangement of parts of a power contour the basis for the analysis of the 

coaxial scheme of configuration of a power contour of the stand (Fig. 2). 

 We will make a balance condition of a condition of equality of a torsion torque in the technology and 

experienced transfers (Fig. 2) 

( )
wrjmktk LHFdF -Ö=Ö 2 ,     (5) 

where: 
 Ftk ï district force in technology cone gear, [N]; 
 dmk ï average dividing diameter of a conic wheel, [mm]; 
 Frj ï radial force on a cardan bearing block, [N]; 
 H-LW ï shoulder of radial force in the cardan joint, [mm]. 
 Accepting the following basic data (Erokhin and Pastukhov, 2008): dmk=255 ʤʤ, H-LW=90-18=72 ʤʤ, 

from a formula (5) we receive that radial force on a cardan bearing block at 1.77 times more, than district 

force in cone gear. 
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 Further being set by basic data for conic and cardan transfers we will establish a ratio of their loading 

on contact tension. For cone gear we accept (Erokhin and Pastukhov, 2008): help coefficients - ZE=190 

ʄPʘ
1/2

, ZH=2.5, ZŮ=0.9, KH=1.5, ɔ=0.85, kbe=0.3, u=1, m=6; calculation data ï me=8 mm, Z=38, ŭ=81
ʦ
, 

Ɇ=162
ʦ
, Re=154 mm, dm=255 mm, he=17.6 mm, de=304 mm; the allowed contact tension for steel 40Cr10 - 

[ůHk]=1510 ʄPʘ. Substituting the accepted values in formula (3), is found the dependence of contact tension 

on a torsion torque in a look: 

2/10,14 ʊ
Hk

Ö=s .      (6) 

 

 

Fig. 2 ï Scheme of an arrangement  of parts of a power contour of the stand  

 

 For carrying out calculation on a formula (4) it is necessary to establish additional sizes. In particular, 

is determined the load of the most loaded roller of a quill bearing at a normal radial play by the formula (Perel 

and Philatov, 1992): 
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where: 
 Frj ï rated radial force on the bearing at torque transfer, [N]; 
 i ï number of rows of bodies of swing in the bearing; 
 Z ï number of the loaded rollers among; 
 Ŭ ï the angle of contact in the bearing, [°]. 
 We determine the radial force operating on a quill bearing in the joint by a formula: 
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where: 
 K ï coefficient of load (K=1.3-1.5). 
 We carry out the accounting of geometrical parameters of the contacting bodies through the sum 

curvature a needle roller and a thorn of the crosspiece on a formula: 
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where: 
 DW ï diameter of a needle roller of the bearing, [mm]; 
 Dʦ ï average diameter of the bearing on the centers of rollers, [mm]. 
 The following basic data for calculation of contact tension in cardan bearing blocks are accepted: 

geometrical parameters - H=90 mm, LW=18 mm, i=1, Z=13, Ŭ=0°, K=1.5, DW=3.0 mm, Dʦ=25.0 mm, the 

allowed contact tension for steel 20Cr4 with HRC>58 - [ůHj]=3000 ʄPʘ. Substituting the accepted values in a 

formula (4), is found the dependence of contact tension on a torsion torque in a look: 

2/1107ʊ
Hj

Ö=s .      (10) 

 On the basis of formulas (6) and (10) at the set allowed contact tension, is defined a limit torsion 

torque for transfers: 
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 The analysis of these results shows that the potential loading of cone gear on a limit torsion torque in 

comparison with the drive line is 14.8 times higher, at the same time the level of loading of a power contour 

of the stand on a torsion torque shouldn't exceed 800 Nm (Fig. 3). 

 Considering the fatigue nature of forming of failure of tooth gears and bearing blocks for technical 

system in the form of the stand we consider fair the equation of interrelation of loading and duration of tests 

on the basis of the equation of curve fatigue: 

j

m

Hjk

m

Hk
tt jk Ö=Ö ss .      (13) 

 On the basis of formulas (1), (2), (6), (10) and (13) taking into account basic data and the modes of 

loading at the stand (æʅ=50 micron, n=1000 min
-1

, ɓ=9
ʦ
) we will determine duration of tests of drive lines 

before achievement of a limit condition of cardan bearing blocks. The equation of communication of durability 

of cone gear and a torsion torque in a power contour has an appearance: 

165.3
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and the equation of communication of durability of cardan bearing blocks and a torsion torque in a power 

contour has the following appearance: 
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Ö= .      (15) 

 The analysis of the equations (14) and (15) shows that the durability of technology cone gear significantly 

exceeds durability of cardan bearings (see Fig.4) that allows with one set of technology cone gear in a power 

contour to test a significant amount of objects - drive lines. Therefore, these results allow to claim about 

prospects of the coaxial kinematic scheme of an arrangement of elements of a power contour of the stand. 
 

  
ʘ) cone gear b) drive line 

Fig.   3 ï Contact tension in technology (a) and tested (b) transfers dependin g on a peredachayemy torsion torque  

 

 The given technique of engineering calculation is operable and yields reliable results if serial parts and 

nodes of tooth and drive lines from transmissions of transport and technological machines are applied to 

production of a power contour that staticizes broad unification of a design of the stand. 

 

 
Fig.   4 ï Graphic interpretation of durability of conic and cardan transfers within the range of a peredachayemy 

torsion torque  
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 For ensuring reliability of modeling of conditions of operational loading in transmissions of cars, the 

basic power elements of the stand close to parameters of nodes and parts of transmissions of cars have to 

have strength and rigidity parameters (Pastukhov et al., 2017). In turn, the constructional systems of the 

stand have to provide modeling of the greatest possible parameters of the mode of loading (a torsion torque, 

rotating speed, a static and dynamic corner of a break of hinges, inertia force, dynamic influence of tooth 

gears and others) and control of technical condition (vibration, temperature in interfaces, a radial play, 

precision parameters and others) the tested objects. 

 Finally, for the purpose of ensuring innovation of the decision, it is necessary to provide the automated 

stationary and/or mobile hardware ensuring measurements and control of parameters of the mode of loading 

and technical condition of the tested elements allowing to carry out tests without stops, but with constant 

control of these tests (Pastukhov et al., 2003). 

 

CONCLUSIONS 

 On the basis of the stated above data it is possible to draw the following conclusions. 

 1. Implementation of the given principles of designing of a coaxial power contour in relation to 

technology (toothed conic) provided to transfer and the experienced (cardan) transfer of stands creation of 

modern and perspective technical means for resource tests of drive lines (RU 2134412, RU 2205377). 

 2. As a result of rational configuration of a power contour increase in loading of elements of the 

experienced transfer in relation to technology at 1.77 time is reached that leads to decrease in calculated 

values of contact tension in cone gear in relation to the drive line more than by 7.5 times, at the same time 

the level of an ultimate load on a torsion torque is 800 N·m. 

 3. Comparison of rated durability of the technology and experienced transfers shows that at the level 

of a limit torsion torque in a power contour, the durability of cone gear significantly exceeds durability of the 

drive line that allows to increase number of the tested objects by one set of technology transfer. 

 4. Perspectives of researches in the field of resource tests are connected with experimental working 

off of designs of a power contour and metrological support of technical means and also techniques of 

accelerated tests, control of parameters of loading and technical condition. 
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ABSTRACT  
The concept of designing threshing devices for high-grade maize is proposed on the basis of data on 

working organs of biological prototypes. The expediency of feeding cobs to threshing in a strictly oriented 

position in space is justified. The design of improved working bodies of threshing devices for high-grade corn 

is developed. Probabilistic mathematical models describing the process of transfer of cobs corn in a hopper 

from any chaotic position to the position necessary for effective threshing are proposed. 

 
ʈɽɿʖʄɽ 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʦʣʦʪʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʦʨʪʦʚʦʡ ʢʫʢʫʨʫʟʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʦʜʘʯʠ ʧʦʯʘʪʢʦʚ ʥʘ ʦʙʤʦʣʦʪ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʦʞʝʥʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʦʣʦʪʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʨʪʦʚʦʡ 

ʢʫʢʫʨʫʟʳ. ʇʨʝʜʣʦʞʝʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʧʝʨʝʚʦʜʘ 

ʧʦʯʘʪʢʦʚ ʢʫʢʫʨʫʟʳ ʚ ʙʫʥʢʝʨʝ-ʥʘʢʦʧʠʪʝʣʝ ʠʟ ʣʶʙʦʛʦ ʭʘʦʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʤʦʣʦʪʘ. 

 
INTRODUCTION 

 The research was conducted in accordance with the Federal scientific and technical program for the 

development of agriculture for 2017-2025 (decree of the government of the Russian Federation of August 

25, 2017 ˉ 996) and aimed at the effectiveness of the program in terms of increasing the number of 

technologies for processing and storage of cobs of varietal and hybrid corn. 

 At the present stage of development of threshing technology, it has not yet been solved the problem of 

preserving the integrity of the grain of high-quality corn when threshing it in the field and in stationary 

conditions. The reason for this is that the designers in the design of threshing devices solve the problem of 

minimizing insufficient threshing, at the same time, the percentage of grain damage is not taken into account 

 As a result, the threshing device separates 98.5 % of the grain from the cobs, but 30 % of the grain is 

damaged. Through damage to the internal tissues of varietal grains, penetrate various microorganisms and 

fungi, which subsequently significantly reduce the yield of corn.  

 It is proposed to take into account the existing experience in the design of threshing devices for corn, 

as a primary task to take the minimization of grain damage, which is achieved by using more advanced 

working bodies and optimized modes of their operation, providing differentiation of the force effect on the 

grain in the threshing chamber. 

 Scientifically based process of improving the design of working bodies of threshing devices for cobs of 

corn requires attention to the natural principles of construction the oral apparatus and the limbs of insects 

called grain pests because their design, proportions and shape as a result of long evolution, efficiency and 

functionality, brought to perfection. 

 Also, the cob of corn of any subspecies: zea mays: l. saccharata sturt; l. indurata sturt; l. indentata 

sturt; l. everta sturt; l. amylacea sturt it is an integral biological system, each grain of which is an independent 

living organism capable of reproduction. The cobs of corn has a biological symmetry, typical proportions and 

sizes that develop according to certain natural laws. 

 Therefore, these natural laws and principles should be put in the basis of the existing system of 

knowledge about the design of threshing devices for corn. This conceptual approach allows to combine all 

the research on this subject and create a unified theory of threshing corn cobs. 
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 Within the framework of this publication, some aspects of this problem are revealed, based on which 

we propose to form the concept of bionic design of threshing devices for cobs of varietal maize both in the 

field and in stationary conditions. 

 
MATERIAL  AND METHOD 

 The object of research is the technological process of threshing corn. In work uses the methods of 

general theory of systems, methods of similarity theory of dimensions, as well as the basic provisions of 

physical and mathematical modeling, probability theory and modeling in applied computer programs. 

 
RESULTS 

Among the many different designs of threshing devices for corn, the most promising are those that use 

axial rotor systems (ARS). At present, ARS are widely used both in stationary conditions and in self-

propelled combines, because they have high performance, are able to work effectively in a wide range of 

grain moisture, less material-intensive and require less energy for threshing relative to drum, disk and belt 

threshing systems. However, ARS and other system damage the grain while threshing (Aldoshin and 

Zolotov, 2014). 

The technological process of threshing corn ears in the ARS consists of several operations combined 

at the place of time and purpose, such as: 1) feeding the cobs in the threshing chamber; 2) preliminary 

violation of the integrity of the grain structure of the threshed cobs; 3) the main stage of threshing; 4) final 

thresh. Each operation requires a different speed and trajectory of the cob and different force effects on 

them. 

Therefore, the technological process of threshing corn in the ARS is primarily a process of continuous 

movement of cobs under the differentiated power action of the working bodies. In the process of threshing 

the cobs of corn, grain is in direct contact with the thorns of the deck the ARS. 

The design and layout of these thorns is currently justified only experimentally, and the designers 

sought to make a universal system capable of threshing not only corn, but also other grains and legumes. In 

our opinion, this is not advisable, since the structure of the corn cob is unique and not comparable with the 

structure of the ear crops in principle. The correct design of ARS thorns is related to the shape and size of 

the corn cobs as a whole and grain separately. 

The effective arrangement of the thorns deck ARS requires feeding the cobs parallel to the rotor axis, 

and this, in turn, requires the use of a special device for orientating the cobs in space and feeding them to 

the threshing chamber (OCSF). 

This assumption is based on observations of living organisms, which show that before you make any 

action with a cob of corn in general, or individual grain, carried out its orientation in space in a rational 

position, and then the action is performed with minimal energy. Often in the wild, there is a need for multiple 

repetition of actions to achieve the best result. Therefore, before you start threshing the cob must be oriented 

in space in a rational position, and then apply them to the threshing device, where the working bodies of the 

optimal design and size by repeated actions with different intensity will separate the grain without causing 

damage to it. This approach combines all existing research in the field of differentiated threshing of corn. 

To move the corn cobs in to the ARS parallel to the axis of the rotor, the OCSF must capture them 

from the storage hopper. Next need to do transfer corn cobs from any position in the required position and in 

this position to lay to the threshing chamber where the thorns of the deck of the correct shape and size 

arranged in a certain sequence, will be a differentiated force effect on the cob, as a result of which the grain 

will be separated from the rods without damage. Capturing of the corn cob from the mound is more effective 

if the working bodies are equipped with fingers. This assumption is also based on observations of living 

organisms. 

As already mentioned earlier, we have made the assumption that when designing the thorns of the 

ARS deck and working bodies to capture the cobs of OCSF, it is necessary to focus on the principles 

implemented in nature. These principles as a result of evolution brought to perfection in the creation of 

organs of the oral apparatus and limbs of insects, called pests of grain. Analysis of the design of organs of 

the oral apparatus and limbs of grain pests was carried out by a double ratio of linear dimensions of the eight 

most common in the European part of Russia grain pests (Fig. 1 and Fig. 2). 

The double ratio of the linear dimensions W are mathematically expressed in the form (Petukhov, 

1981; Bakharev and Volvak, 2017): 



INTERNATIONAL SYMPOSIUM
     

108 
 

 
( )( )
( )

ʘ ʚ ʚ ʩ
W

ʚ ʘ ʚ ʩ

+ Ö +
=
Ö + +

 (1) 

where: 

ʘ, ʚ, ʩ ï length of the surface areas of the working bodies of the studied biological prototypes, [mm]. 

The double ratio of the linear sizes of maize grain of the six most common in Russia subspecies was 

also analyzed, the average values of the length l of the width b and the thickness h of the grain are given in 

Table 1. 

Statistical processing of the results of measurements and calculations of the double ratio of linear 

dimensions showed that: 

- with a relative error of 0.45%, the double ratio of the linear dimensions of the analyzed organs of the 

oral apparatus is 1.29 (Bakharev and Volvak, 2017); 

- with a relative error of 0.51%, the double ratio of the linear sizes of the analyzed limbs is 1.21 

(Bakharev and Volvak, 2018); 

- with a relative error of 1.05%, the double ratio of the linear grain sizes of the analyzed subspecies is 

1.29. 

The values of the double ratio of linear dimensions are very close, the difference is only 6%. Based on 
this, we can assume that the biological prototypes are chosen correctly. 

 

 
Fig. 1 ï To determine the double ratio of linear sizes of three -link limbs, the most common in the European part 

of Russia of barn pests  
a11 - the total length of the third link of the foot; ʚ12 - length of the area with the claw; ʩ13 - length of the claw 

 

 
Fig. 2 ï To determine the double ratio of the linear dimensions of the element of the oral apparatus, the most 

common in the European part of Russia of barn pests  
ʘ21, ʚ22, ʩ23 ï length of the working surface areas the elements of the oral apparatus 

 

After selecting the biological prototypes, it is advisable to assess the curvature of their working 

surfaces. As it can be seen from Figure 2 elements of the oral apparatus of grain pests have three sections 

of different curvature. Approximation of curves describing these areas in all analyzed prototypes gives a 

polynomial function (Bakharev and Volvak, 2017). 

In addition, a polynomial function is approximated by a curve that describes the working surface of the 

claw at the extremities of all the studied pests of grain. 

Application of applied computer programs allowed establishing that it is advisable to use a quadratic 

Bezier curve defined by Bernstein polynomial to simulate the curves under study. 

For the effective use of the dimensional characteristics of biological prototypes, adequate scale 

transformations are necessary. For this purpose, the method of geometric similarity was used (Bakharev and 

Volvak, 2017). Implementation of the method of the geometric similarity was carried out using the solution to 

 ́ - theorem, characterizing the similarity of dimensions. The result is a scale factor of the linear 

transformation: 
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where: 

kl(s) ï scale factor of linear transformation; 

SʂC ï the contact surface area of the grain in the cob, [mm
2
]; 

SKB ï the area of the working surface of the body of the biological prototype, [mm
2
]. 

 

Table 1 
Average value s of thickness h, width b and length l of grain of the main subspecies of corn  

cultivated in Russia, [mm]  

Zea mays: l. saccharata sturt Zea mays l. ceratina Kulesh 

   
Zea mays l. indentata sturt Zea mays l. indurata sturt 

  

Zea mays l. everta Sturt Zea mays l. tunicata Sturt 

 
 

  

 
After carrying out the corresponding measurements of the contact surface of the grain in the cobs of 

corn of the analyzed subspecies and the areas of the working surfaces the bodies of biological prototypes, a 

scale factor of the linear transformation kl(s), was obtained which amounted to 213.54. Knowing the curvature 

of the working surfaces, their shape and scale factor of linear transformation, the OCSF working fingers and 

the ARS thorns were modeled (Fig. 3). Therefore, the threshing device should consist of two effectively working 

machines: OCSF, whose working organs for the qualitative capture of the cobs from the storage hopper should 

be equipped with fingers of the proposed design and ARS, the deck of which is equipped with thorns arranged 

according to a certain scheme, the proposed form (Fig. 4). 

  

I II 
Fig. 3 ï New working organs  

I ï finger working organ OCSF; II - thorn of the deck ARS; 1 spring tip; 2 ï flat part of the finger; 3 ï the round part of the finger;  
4 ï hole for mounting; 5 ï fastening screws of the spring lugs;6 ï retainer spring tips; ʘ31, ʚ32, ʩ33, as well as ʘ41, ʚ42, ʩ43 ï scaled 
dimensions preserving the aspect ratio, obtained by calculating the dual relationship in linear dimensions biological prototypes 

 

The circuit arrangement of spikes ARS and the theory of threshing corn cobs is the subject of our 

further studies, therefore, in this paper we theoretically revealed only some of the issues the bionic concept-

oriented supply of varietal cobs of corn for threshing. Full description of the design of the proposed OCSF 

and its principle of operation is presented in the source (Bakharev and Volvak, 2018). 
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Fig. 4 ï Threshing device for cobs of high -grade corn  

1 ï device for orientating the cobs in space and feeding them to the threshing chamber; 2 - the blade, exciting the cobs; 
3 ï fingers of the proposed design; 4 ï storage bin for cobs; 5 ï axial-rotor system 

 6 ï deck; 7 ï thorns of the proposed design 

 
To give the corn cobs a strictly defined position in space, it is necessary to carry out their preliminary 

orientation in the storage bin (event A1); primary orientation of the long side along the base plane of the 

blade, exciting the cobs (event A2) and secondary orientation by means of a plate plane that relieves the 

cobs (event A3). Each event has a probabilistic character and is indicated by ʨ(ɸ1); ʨ(ɸ2) and ʨ(ɸ3). Then, 

the probability of cobs orientation in the space p(A) will be equal to: 

 () ( ) ( ) ( )1 2 3ʨ ɸ ʨ ɸ ʨ ɸ ʨ ɸ= Ö Ö   (3) 

Pre-orientation-this is an exception to the possibility of getting front and rear parts the cob corn on the 

working edge blade (Figure 5). 

 

 
 

ʘ ʙ 
Fig. 5 ï Illustration of options for preliminary orientation of cobs in the storage bin  

ʘ ï unfavorable position for capture; ʙ ï position, contributing to the capture;  
1 ï base plane of the capturing blade; 2 ï the surface that relieves the cob 

 

Event A1 can be considered to be accomplished regardless of whether OCSF will orient the cob corn 

the front or back part (two positions cob corn meet the requirements). Therefore, the probability of 

occurrence of an event A1, taking into account the probability of interference from adjacent cobs p(Q), can be 

found from the ratio of the solid angle of the cone of the neck of the hopper ŪGB and the solid angle of the 

cob of corn ŪPB (Fig. 6) in: 

1( ) ( ) GB

PB

ʨ ɸ ʨQ
Q

= Ö
Q

  (4) 

As it can be seen from Figure 6, the considered solid angles are formed by straight circular cones. The 
solid angle at the top of a straight circular cone can be described by the expression (Medvide, 1963): 
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Fig. 6 ï The location of the cob in the neck of the hopper drive  

ʎʊ ï the center of gravity of the cob; Ŭʙ, Ŭʤ ï the angle at the top of the cob cone, forming a larger and smaller solid angle, respectively; 
Ŭɻɹ ï the vertex angle of the cone of the neck of the hopper 

 

From the above it follows that for the implementation of the event A1, to ensure effective pre-

orientation of the corncob in the storage hopper, it is necessary to ensure the condition of equality of the 

solid angles formed by the cone of the hopper neck and the corncob. 

The analysis of the size characteristics of the corncob showed that the angle at the top of the cob 

cone, forming its greater solid angle, is in the range of 30-38º. Therefore, the greater solid angle of the 

corncob is 0.22-0.34 steradian. The results of the studies described in the source (Bakharev and Volvak, 

2018) show that the maximum angle of the natural slope of the corncob is 31.1°. Then, under the condition of 

stable rolling, the probability of occurrence of the event A1 will tend to one under the condition of the slope of 

the walls of the hopper neck at an angle of 32-38º. 

The probability of the event ɸ2, the primary orientation of the long side along the base plane of the 

blade, is determined if the corncob rotating around center of symmetry can take many different positions. 

These positions should be considered as equally probable and corresponding to the direction of one of the 

rays of the solid angle formed by the cone with the vertex ŬPB. The surface of the gripping blade through 

which the primary orientation of the cob can be represented as a face of a regular tetrahedral prism 

connected to a part of a straight circular cone (Fig. 7). 

 

 

 
ʘ ʙ 

Fig. 7 ï To the definition of design features of the exciting blade  
ŬL ï the angle at the top of the cone forming the curved part of the blade; ʘ ï curved and rectangular parts of the blade Assembly;  

ʙ ï the scheme of the blade with a corn cob located on it 

 
The width of the capturing blade should be such that the cob can be rotated on it no more than an 

angle equal to the angle of the natural slope, under this condition the cob will not be located on the blade 

perpendicular to its longitudinal axis. The value of the length of the corn cob is in the range from 160-350 

[mm]. Imagining this length as the diagonal of the rectangular part of the blade, its width will be  

160-350Țcos 31.1Ü=137-300 [mm] (Petunina, 2006; Petunina, 2007; Truflyak, 2008). 

 The cobs falling on the curved portion of the blade rolls down from it, therefore, there is a rolling 

conical cob on the part of a straight circular cone that forms this curved area. Then, by analogy with the 

event A1, the probability of the event A2 can be represented as: 
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From the above it follows that for the implementation of event A2, to ensure effective primary 

orientation of the long side of the cob along the base plane of the blade, it is necessary to ensure the 
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condition of equality of solid angles formed by the curved portion of the blade and the cob of corn. The angle 

at the top of the cone forming the curved part of the blade ŬL = 30-38º. 

The probability of an A3 event, secondary orientation by means of the support plane of the dumping 

plate, is determined provided that the cob is located on the blade slips off it, and through the window in the 

body of the OCSF enters the tray through which the cob moves to the ARS (Fig. 4). 

In the secondary stage of orientation of the cobs, being on the blade, in contact with its base plane on 

the site s1 and the support plane of the dropping plate on the site s2 (Fig. 8). Provided that the angle of 

inclination of the gripping blade relative to the traction working body ɓ and the angle of inclination relative to 

the horizon ɔ is equal to the probability of secondary orientation, event A3 will depend on the ratio of the size 

of the support sites s1 and s2. Moreover, a condition must be provided under which the site s1 will be larger 

than the site s2, in this case, when sliding off the blade, the cob will be turned in the desired direction. 

 

 
Fig. 8 ï The determination of the probability of the secondary orientation of the cob of corn  

with a blade that captures  

 
Therefore, the probability of an A3 event can be represented as: 

1
3

2
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s
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s
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where: 
s1 ï the size of the contact area of the cob with the base plane of the blade, [mm

2
]; 

s2 ï the size of the contact area of the cob with the support plane of the discharge plate, [mm
2
]. 

It follows from the above that the probability of orientating the cobs when feeding to threshing depends 

on the angle of inclination of the walls of the discharge neck of OCSF storage hopper, the design features of 

the gripping blades and the angles of their installation relative to the horizon and the traction working body. 

In addition, the probability of orientating the cobs in space depends on the influence of interference of 

adjacent cobs in the storage bin, as well as the size of the cobs and the curvature of the outer surface. 

When taking into account these conditions, uninterrupted operation of the OCSF is provided, on which 

the efficiency of the threshing device as a whole depends. Therefore, the correct choice of biological 

prototypes and their comprehensive system analysis allows developing the concept of construction of 

threshing devices for varietal maize, which combines all the main theoretical studies on this topic. 

 

CONCLUSIONS 

The solution to the problem of grain damage during threshing of high-quality corn is achieved by using 

threshing devices that use ARS loaded by means of OCSF, which allows: 

- make the right choice and systematically analyze the biological prototypes of the working organs ARS 

and OCSF; 

- serve cobs on thresh parallel to the axis of the rotor and use a rational arrangement of the ARS thorns; 

- reduce the amount of damage to grain when threshing cobs of high-quality corn; 

Feed the cobs to the threshing parallel to the axis of the rotor ARS requires the effective 

implementation of the three-step process the work of OCSF, with: 

- preliminary orientation in the storage bunker will be implemented in case of equal solid angle cone of 

the neck of the hopper and the larger the solid angle of the cob of corn, which is achieved provided that the 

inclination of the walls of the neck of the hopper at an angle ŬGB = 32-38º; 

- the primary orientation of the long side along the base plane of the blade will be effective in the 

equality of the solid angle of the cone of the curved part of the blade and the greater solid angle of the corn 
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cob, which is achieved by using a blade consisting of a flat rectangular and curved area, which is part of a 

straight circular cone with an angle at the top of ŬL = 30-38º; 

- the secondary orientation by means of the drop plate reference plane will be effective if the 

dimensions and the drop plate mounting angle are such that the support pad on the base plane of the blade 

is larger than on the drop plate. 

Further expansion of the search for biological prototypes, system analysis of corn cobs as a complex 

biological system and a variety of theoretical and experimental studies will create a unified system of 

knowledge on this subject. 
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ABSTRACT  
Biomass is a primary carbon resource, together with other sources of renewable energy. Biomass may 

be used as raw material in order to produce energy, solid bio-fuels with high energetic value or biochemical 
fuels, all of them used for sustaining the economic activities. Nowadays, biomass is accounted for 12% of the 
primary energy production and in the developing countries this share may rise to 40-50% from the overall 
energy needs. 

The debris resulted from the dormant pruning of vine may be also included among these types of raw 
materials. 

In this paper are presented the results of the researches aiming to evaluate the biomass potential of 
the vine tendrils, resulted from the dormant pruning of vine in a plantation which is in its 5

th
 year of 

production. The research was performed at the ñVasile Adamacheò farm station of the University of 
Agricultural Sciences and Veterinary Medicine in Iaĸi; the following parameters were evaluated: average 
quantity of tendrils (for each vine plant and for one surface unit); humidity of tendrils immediately after 
pruning; calorific value of the tendrils for each vine variety taken into account.  

The experimental results show that pruning produces large amounts of biomass, which may be turned 
into pellets. The energetic potential of the tendrils depends on the variety of vine. 

 
REZUMAT 

Pe plan mondial biomasa reprezintŁ o sursŁ primarŁ de carbon alŁturi de celelalte surse de energie 
regenerabilŁ. Aceasta poate fi utilizatŁ ca materie primŁ pentru a produce energie, biocombustibili solizi cu 
valoare energeticŁ ridicatŁ sau combustibili biochimici, necesare pentru desfŁҍurarea unor activitŁҏi 
economice. Astfel, ´n prezent biomasa contribuie cu aproximativ 12% la producŞia de energie primarŁ ´n 
lume, iar ´n statele ´n curs de dezvoltare aceasta ocupŁ 40 - 50% din necesarul asigurŁrii cu energie.  

In categoria acestei materii prime pot fi incluse ҍi deҍeurile rezultate de la tŁierea ´n uscat a plantaҏiilor 
de viҏŁ de vie. 

In cadrul prezentei lucrŁri s-au efectuate cercertŁri pentru a determina potenҏialul de biomasŁ sub 
formŁ de corzi (r©pcŁ) rezultate de la tŁierea ´n uscat a unor soiuri de viҏŁ de vie, de pe o plantaҏie pe rod, 
aflatŁ ´n anul 5 de exploatare. Ċn cadrul cercetŁrilor efctutate la Ferma ñVasile Adamacheò, de la Staҏiunea 
DidacticŁ ҍi ExperimentalŁ din cadrul UniversitŁҏii de Ҍtiinҏe Agricole ҍi MedicinŁ VeterinarŁ ñIon Ionescu de 
la Bradò din Iaҍi, s-au determinat urmŁtorii parametri: cantitatea medie de corzi rezultatŁ de pe fiecare butuc 
ҍi de pe unitatea de suprafaҏŁ; umiditatea corzilor la momentul tŁierii, precum ҍi puterea caloricŁ a corzilor 
pentru fiecare soi de viҏŁ de vie luat ´n studiu.  

Din analiza  ҍi interpretarea rezultatelor reiese cŁ din tŁierea-curŁҏarea plantaҏiilor de viҏŁ de vie se 
obҏin cantitŁҏi importante de biomasŁ, care poate fi valorificate superior, sub formŁ de pelete. Potenҏialul 
enegetic al corzilor este diferit, în funcҏie de soiul de la care s-au recoltat. 
 

INTRODUCTION 

The energy supplies of modern civilization come mostly from three types of sources: conventional 

fossil fuels, respectively coal, petroleum and natural gases; nuclear fossil fuels (especially uranium); 

renewable sources. The term renewable energy sources referrs to the energy sources which are not based 

on reserves, containing energy form natural renewable processes. This category includes numerous types of 

energy available from the environment: radiant solar energy, accumulated solar energy, the energy of 

running waters, wind energy, geothermal energy, potential chemical energy stored in biomass etc. (VlŁduҏ et 

al., 2012; Picchi et al., 2013).  

An important part of renewable sources is represented by the energy contained in biomass, which 

https://www.researchgate.net/profile/Lacrimioara_Senila
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contributes with 14% to the worldwide consumption of primary energy (Hall, 1997; Tudor, 2009). The term 

biomass is referring to the non-fossil organic matters as wooden debris, agricultural waste, forest, agricultural 

and industrial vegetable waste, seeds and fruits of different agricultural crops. In a broader understanding 

biomass includes all forms of vegetal and animal material, grown and developed on earth surface, in the 

water or on the water, as well as the substances resulted from biological development (Tudor, 2009), and the 

definition given by the EU Directive 2009/28/EC on the promotion of the use of energy from renewable 

source, ñbiomass means the biodegradable fraction of products, waste and residues from biological origin 

from agriculture (including vegetal and animal substances), forestry and related industries including fisheries 

and aquaculture, as well as the biodegradable fraction of industrial and municipal wasteò. 

Vegetable biomass is the most valuable renewable energy resource, as it is the result of the 

photosynthesis process: based on the CO2 input from the atmosphere and water input from soil, under the 

effect of solar radiation, a product with high hydrocarbon content is produced. Vegetable biomass may be 

used as firewood (traditional use), liquid biofuel for engines, biogas, briquettes, pellets etc. When biomass is 

used as burning solid fuel the oxygen in the atmosphere is combined with the carbon contained by the 

plants, resulting in CO2 and water. This is a cyclic process, as the carbon dioxide is again absorbed by the 

plants in what is known as the carbon cycle (Fig. 1) (Ion, 2006). 

 

 
Fig.1 ï Carbon cycle in nature  (Ion, 2006) 

 
Worldwide researches have proven that the waste resulted from the dormant pruning of vines is an 

important biomass resource. The quantity of biomass resulting from the pruning of vine depends on the 

growth system, the age of the exploitation, variety (Merlot, Cabernet, Chardonnay etc.), geographical 

location of vineyard etc (Silvestri, 2011; Velazquez-Marti et al., 2009).  

In the present paper the research was focused on the evaluation of the amount of biomass resulted 

from the dormant pruning of different varieties of vines and on the calculation of the energy potential 

assuming the superior use of the vine tendrils (Spinelli et al., 2011). 

The use of the tendrils resulted from the dormant pruning of vine is important both from an economic 

point of view and for the environment protection. Considering that vineyards in EU are accounted for more 

than 3.2 mil. hectares and that approximately 1 ton of biomass may be collected from each hectare, it results 

that more than 3.2 mil. tons of biofuel would available from the above mentioned surface. In the meantime, 

the superior use of this waste is environmentally friendly, avoiding the pollution with smoke, dust and 

unpleasant smell (Silvestri, 2011; Velazquez-Marti et al., 2011). 

 
MATERIAL AND METHOD  

 In order to evaluate the biomass potential from dormant pruning, vine tendrils were collected from the 

vineyard of Research Station of the University of Agricultural Sciences ñIon Ionescu de la Bradò from IaἨi, 

farm no. 3 ĂVasile Adamachiò.  

The vineyard is placed on a terrain with the following features: 

¶ the relief consists of positive and negative shapes. large plateaus with 2...3% slope, sides with 

10...25% slopes and narrow valleys with altitudes between 80 and 180 m, with south-eastern exposition of 

the sides; 

¶ the soil is a loamy chernozem, formed on loess loam; 

¶ soil texture is differentiated in depth: loam and clay-loam down to 30 cm; loam at the depth of 30-50 

cm; sand bellow 50 cm; 

¶ soil structure is adequate due to the high humus content, well developed average acinose down to 

30 cm and moderately developed under 30 cm, no specific aggregates being present; 

¶ temperate-continental climate due to the geographic position, to the relief characteristics and to the 

influence of the Atlantic and Siberian anthropics, being integrated into the moderate-continental climate of 
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Central Moldavian Plateau and the excessively-continental climate of Moldavian Plain. 

The vineyard covers 12 hectares and is divided into 11 plots, including 8 vine varieties; it is in second 

production year. The distance between the rows is 2.3 m and 1.2 m between the vines in a row. The semi-

high train system is used, with the productive elements being placed on 60-80 cm high stems; there is a 

mixed pruning system, with the productive elements being placed on unilateral or bi-lateral cordons. Taking 

into account that the vines are young, formation pruning was applied. 

In order to evaluate then biomass potential tendrils from 20 different vines, placed on different rows, 

were collected; the vineyard varieties were: BusuioacŁ de Bohotin, FeteascŁ neagrŁ, FeteascŁ albŁ, 

FeteascŁ regalŁ, Sauvignon blanc, Muscat ottonel, Pinot noir and Cabernet sauvignon. 

The tendrils collected from each vine and variety were weighted; the the humidity was calculated and, 

in order to measure the calorific value, the tendrils were chopped and dried. 

The humidity (dry basis) was evaluated using the drying closet method, at 105 
0
C, the sample being 

maintained until no humidity variation was recorded. The humidity (dry base) was calculated with the 

formula: 

                                                     ()%100
0

0 x
m

mm
U

-
=                                            (1) 

where:  

m ï sample mass before drying (natural state) [g]; 

m0 ï mass of the same sample after drying [g]. 

The tendrils were chopped in two stages: rough chopping and fine chopping (5-25 mm particle length 

ï Fig. 2). The garden chopper Hecht 6173 (Fig. 3) was used for rough chopping; fine chopping was achieved 

with a laboratory hammer mill grinder. 

The grinded samples were dried to a humidity of 8% (Table 1), using a specialized laboratory rig. Fig. 

4 presents the operating diagram of the laboratory drying rig; it is equipped with touch-screen and 

microprocessor for the control and surveillance of the drying process. 

 

  
Fig.  2. - Tendril samples, grinded and dried:  

1 - BusuioacŁ de Bohotin; 2- FeteascŁ neagrŁ; 3 - FeteascŁ albŁ; 
4 - FeteascŁ regalŁ; 5 - Sauvignon blanc; 6 - Muscat ottonel; 7 -

Pinot noir; 8 ï Cabernet sauvignon. 

Fig.  3 - Garden chopper 
Type: Hecht 6173; engine: 4 strokes S.I., 6 BHP, 173 cm

3
 

  

The gross and net calorific values were measured within the specialized laboratory at ICIA Cluj-

Napoca. The gross calorific value takes into account both the heat generated by fuel combustion and the 

latent heat of condensation contained by the water vapour, while the net calorific value measures only the 

heat generated by fuel combustion. The calorific values were evaluated using standardized methods. 

The gross and net calorific values of vineyard grapes samples were carried out using a Parr 6200 

Isoperibol Calorimeter, according to standards DIN 51900 -1:2000 (Determination of gross calorific value of 

solid and liquid fuels using the bomb calorimeter, and calculation of net calorific value) and DIN 51900-

2:2003 (Determination of gross calorific value of solid and liquid fuels). 

Sample pellets of 1 g were used for each analysis. A nickel ignition wire was placed in contact with the 

pellet. The bomb was filled with oxygen at 25°C with 1 cm
3
 distilled water added to the bomb. The 

calorimeter was placed in an isoperibol jacket with an air gap separation of 10 mm between all surfaces. The 

bomb calorimeter was submerged in a calorimeter and filled with distilled water. The calorimeter jacket was 



INTERNATIONAL SYMPOSIUM
     

117 
 

maintained at constant temperature by circulating water at 27°C. The gross calorific value of the samples 

was calculated from the corrected temperature rise and the effective heat capacity of the calorimeter.  

 

Fig. 4. - Operating diagram of  laboratory drying rig:  
 
1 ïfan;  
2 ï air intake;  
3 ï grate;  
4 ï thermal insulation;  
5 ï product tray;  
6 ï products;  
7 ï drying agent discharge ports;  
8 ï touch ï screen interface;  
9 ïelectric heaters;  
10 ï electronic balance; 
 11 ï drying chamber;  
12 ï electric motor. 

The net calorific value differs from the gross calorific value in that the water in the samples before 

combustion and that formed during combustion of hydrogen-containing compounds in the sample in the 

gaseous state, at 25°C, after combustion. The net calorific value was calculated using the moisture, ash, 

carbon, hydrogen and sulphur contents of the samples. 

The Ash content was determined by calcination at 550 °C according to standard ISO 1762:1974 

(Pulps ïDetermination of ash). The moisture content was determined according to standard ISO 11465:1993 

(Soil quality ïDetermination of dry matter and water content on a mass basis ïgravimetric method).  

The carbon, hydrogen and sulphur contents was determined by using a Flash EA 2000 CHNS/O 

analyser (Thermo Fisher Scientific, USA) according to standards ISO 10694:1995 (Soil quality - 

Determination of organic and total carbon after dry combustion (elementary analysis), ISO 13878:1998 (Soil 

quality - Determination of total nitrogen content by dry combustion ("elemental analysis") and ISO 

15178:2000 (Soil quality --Determination of total sulphur by dry combustion) (Table 1).  

 

Table 1 
Chemical composition used for the calculation of calorific value  

Nr. 
crt.  

Variety  N (%) C (%) H (%) S (%) Ash (%)  
Moisture 

(%) 

1 Busuioaca de Bohotin 0.837 43.6 5.89 <0.01 2.69 8.20 

2 Fetesca Neagra 0.996 43.8 5.84 <0.01 6.01 7.78 

3 Feteasca Alba 1.000 44.6 6.14 <0.01 5.92 8.01 

4 Feteasca Regala 0.874 44.0 5.66 <0.01 6.48 8.07 

5 Sauvignon Blanc 
1.600 43.1 6.23 <0.01 5.92 

8.19 

6 Muscat Ottonel 
0.896 44.1 6.05 <0.01 4.34 

7.89 

7 Pinot Noir 0.851 43.9 5.83 <0.01 5.83 8.02 

8 Cabernet Sauvignon 0.902 43.9 5.98 <0.01 4.93 7.86 

 
RESULTS 

The tendrils which resulted from dormant pruning of vines were separately collected from each vine, 

were chopped and then wrapped in individually marked (plot number and current number) plastic bags. 

 Table 3 presents the amount of tendrils (biomass) harvested for each vine and variety, as the average 

value for 20 samples. In order to calculate the biomass potential for one hectare the distances between rows 

(2.3 m) and between vines in a row (1.2 m) were considered, resulting in 3623.19 vines/ha. 

The analysis of data presented in Table 2 showed that the amount of harvested biomass depends on 

the vineyard variety; the lowest value of 0.327 kg/vine, respectively 1184.8 kg/ha was recorded for Cabernet 

sauvignon and the highest value of 0.433 kg/vine, respectively 1568.8 kg/ha for Muscat ottonel. 
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 Table 2 
The amount of biomass from each vine, variety and surface unit  

Nr. 
crt.  

Variety  
Average amount of 

tendrils per vine (kg/vine)  

Average amount of 
tendrils p er hectare  

(kg/ha)  

Humidity of 
tendrils  

( %) 

1 BusuioacŁ de Bohotin 0.332 1202.9 49.75 

2 FeteascŁ neagrŁ 0.367 1329.7 49.60 

3 FeteascŁ albŁ 0.347 1257.3 51.38 

4 FeteascŁ regalŁ 0.343 1242.8 49.99 

5 Sauvignon blanc 0.370 1340.6 53.35 

6 Muscat ottonel 0.433 1568.8 49.20 

7 Pinot noir 0.420 1521.7 50.91 

8 Cabernet sauvignon 0.327 1184.8 48.28 

 
 The humidity of vines was comprised between 42.28% for Cabernet sauvignon and 53.35 for 

Sauvignon blanc. 

 In order to emphasize the energy level which could be obtained as a result of the dormant pruning 

operation, the amount of dry substance harvested from one hectare was calculated. The upper and lower 

calorific values were evaluated according to the described method and then the energy potential was 

calculated (Table 3). 

 Table 3 
Energy potential of biomass  harvested during dormant pruning of vine  

Nr. 
crt.  

Variety  
Amount of 

biomass (dry 
base) [kg/ha]  

Calorific value (dry base)  
[MJ/kg]  

Energy potential  
(dry base)  

[MJ/(kg.ha)]  

Gross  Net Gross  Net 

1 BusuioacŁ de Bohotin 604.45 15.90 14.47 9610.75 8746.39 

2 FeteascŁ neagrŁ 670.17 17.405 15.99 11664.31 10716.02 

3 FeteascŁ albŁ 611.30 17.48 16.01 10685.52 9786.91 

4 FeteascŁ regalŁ 621.52 2.00* 0.632* 1243.04* 392.80* 

5 Sauvignon blanc 625.39 16.98 15.66 10619.12 9793.61 

6 Muscat ottonel 796.95 17.07 15.62 13603.94 12448.36 

7 Pinot noir 747.00 14.49 13.08 10824.03 9770.76 

8 Cabernet sauvignon 612.78 17.21 15.77 10545.94 9663.54 

*Note: for the FeteascŁ regalŁ variety the test will be repeated in the next season  

 

The gross and net calorific values of the tendrils depend on variety, with values comprised between 

13.08 MJ/kg for the net calorific value and 17.48 MJ/kg for the gross calorific value. The data show that the 

calorific value of the FeteascŁ regalŁ tendrils is much lower compared with the other varieties; as a result we 

take into account a re-evaluation of these results in the next pruning season and they were not used in the 

subsequent interpretation of the results. 

  When comparing the calorific value of vine tendrils with the one of dry firewood (which is 

comprised between 12.56 MJ/kg and 16.75 MJ/kg) we concluded that the values are very close to each 

other. The energy potential of the tendrils harvested from one hectare of vineyard is comprised between 

8746.39 MJ/(kg.ha) and 13603.94 MJ/(kg.ha), which is equivalent to the energy contained by 696.37- 

812.18 kg of firewood. This confirms the value and energy potential of the vine tendrils, which turn out to be 

an important resource of renewable energy.  

 
CONCLUSIONS 

The analysis of both the elements presented in the first part of the paper and the experimental results 

led to the following conclusions. 

¶ biomass is a primary source of carbon, together with the other sources of renewable energy; 

¶ vegetable biomass is the most valuable of the renewable energy sources due to the cyclic evolution 

of carbon; 

¶ the amount of biomass harvested from the dormant pruning of vine depends on the vine variety. 

being comprised between 1184.8 kg/ha and 1568.8 kg/ha; 
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¶ the calorific value of vine tendrils is comprised between 13.08 MJ/kg (net calorific value) and 17.48 

MJ/kg (gross calorific value); 

¶ a comparison between the calorific values of tendrils and firewood (12.56 MJ/kg...16.75 MJ/kg) 

shows that there are very small differences between them from this point of view; 

¶ the energy potential of the tendrils harvested from one hectare of vineyard is comprised between 

8746.39 MJ/(kg.ha) and 13603.94 MJ/(kg.ha), which is equivalent to the energy contained by 

696.37- 812.18 kg of firewood 
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ABSTRACT  

This research approaches a present topic in the field of energy production from energy renewable 

sources, evaluating the energetic potential of biomass, by increasing the caloric power and the efficiency of 

using the wood in combustion. Taking into consideration the fact that the biomass is a worldwide spread 

source and presents a potential to produce solid, liquid and gaseous fuel, an experimental research is 

necessary. The present researches must start from the determination of caloric power, to continue with the 

determination of moisture influence, and finally to move forward to the assessment of the efficiency of using 

wooden biomass by increasing the caloric power, by dry thermal treatment in oxygenated environment.   

 

REZUMAT 

Prezenta cercetare abordeazŁ o temŁ de actualitate ´n domeniul producerii energiei din surse 

regenerabile de energie, cu evaluarea potenҏialului energetic al biomasei, prin mŁrirea puterii calorice ҍi 

eficienҏei utilizŁrii lemnului ´n combustie. Av©nd ´n vedere faptul cŁ biomasa este o sursŁ larg rŁsp©nditŁ ´n 

lume ҍi prezintŁ potenҏial de a produce combustibil solid, lichid ҍi gazos, este necesarŁ cercetarea 

experimentalŁ. CercetŁrile actuale trebuie sŁ porneascŁ de la determnarea puterii calorice, sŁ continue cu 

determinarea influenҏei umiditŁҏii, iar ´n final sŁ se treacŁ la evaluarea eficienҏei utilizŁrii biomasei lemnoase 

prin creҍterea puterii calorice, prin tratarea termicŁ uscatŁ ´n mediu oxigenat. 

 

INTRODUCTION 

In 1870s, at worldwide level, the biomass was covering approximately 70% of the necessary of 

energy, which then let the floor for the hydro and photovoltaic fuels, and nowadays is still the main fuel for 

the production of energy in the countries in developing process (Cleveland, 2009; Astbury, 2008; Priddle, 

1998). 

The energetic sources present nowadays on the energetic market were classified on three categories: 

fossil fuels, nuclear resources and renewable energetic resources (Lunguleasa, 2007). 

According to the descriptions of (Swithenbank, 2011), the first stage consisted on the decomposition of 

fossil fuels (1892) and the methods of obtaining energy from them, the second stage starts in the moment 

when the energetic crisis appeared in the 1970, which led the population towards new directions and visions 

of producing energy among which renewable energy sources. The third stage consists on exploiting and 

providing the necessary of energy.  

There are known several methods to produce energy, respectively: water power, sun power, wind 

power, geothermal power, fossil fuels power and nuclear power. The development of the society depends on 

a great measure on the energy consumption. According to some researches it is considered that fossil fuel 

will be enough just until 2015 ï 2020.  

On a world-wide level there were implemented solutions to solve these problems with a tendency of 

using rationally the energy and discovering new sources of renewable energies. Nowadays, energy is mainly 

produced from fossil fuels, which are non-uniformly spread on the Earth. In the world, fuels might be found in 

three different shapes, respectively fossil fuels, nuclear and renewable fuels. Fossil and nuclear fuels, 

according to the research conducted by European Union are seriously harmful to the environment. 

The biomass is one of the renewable energy sources used from the oldest times by people.  Biomass 

is a renewable energetic source, because it increases from one year to another, it is widely spread world ï 




