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INSTALAŝIE DE EXTRACŝIE PRIN ANTRENARE CU ABURI 
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ʇʃɸʅʂɸʄʀ ʄʆʊʆɺʀʃɸ ɿ ʂʆʃʆʉʆʅʆʉʅʆɻʆ ʐɸʈʋ  

Shvedik M. 

529 

73.  

EXPERIMENTAL RESEARCHES ON THE PROCESS OF SORTING HYSSOP HERB (Hyssopus officinalis l.) /  

CERCETŀRI EXPERIMENTALE PRIVIND PROCESUL DE SORTARE LA HERBA DE ISOP (Hyssopus officinalis l.) 
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THE ELASTICITY INFLUENCE OF SUSPENDING RODS ON CIRCULAR MOTION OF A PLANSIFTER FOR 

SIFTING MILL PRODUCTS /  

INFLUENŝA ELASTICITŀŝII TIJELOR DE SUSPENDARE ASUPRA MIķCŀRII CIRCULARE A SITEI PLANE 

PENTRU CERNEREA PRODUSELOR DE MŀCINIķ  

Ivancu B., Voicu Gh., Ilie F. 

583 

81.  

CONSIDERATIONS REGARDING THE CURRENT STATE OF COUPLING DEVICES EXISTING ON THE 

AGRICULTURAL TRACTORS / 

CONSIDERAŝII PRIVIND STADIUL ACTUAL AL DISPOZITIVELOR DE CUPLARE EXISTENTE PE TRACTOARELE 

AGRICOLE  

Mircea I.D., David L., Dumitru I., VlŁduŞ V., Marin E., Popa L., ķtefan V., Fodorean G. 

589 

82.  

THE STUDY OF SOME DEFINITORY CHARACTERISTICS FOR SPECIFIC PHENOMENA OF LUBRICATING 

PROCESS IN TRACTOR COMPRESSION IGNITION ENGINE / 

STUDIUL UNOR CARACTERISTICI DEFINITORII PENTRU FENOMENE SPECIFICE PROCESULUI DE UNGERE 
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Abstract: The humidity of the soil and the quality of 

seedbed preparation is an important factor influencing 

crop density and early establishment. It largely depends 

on weather conditions, but partly it can be controlled by 

soil management system. 

Field experiments of different soil tillage methods were 

carried out at Experimental Station of Aleksandras 

Stulginskis University in 2009. Treatments involved: 

1) direct drilling, 2) shallow ploughing (10 cm depth), 

3) deep ploughing (20 cm depth). In the experiment 

spring barley (Hordeum vulgare L.) variety óSimbaô was 

cultivated. The soil of experimental site ï Calc(ar)i-

Endohypogleyic Luvisol (Drainic). 

The aim of the research was to estimate the influence of 

soil management system on seedbed parameters and 

crop density. It was estimated, that the highest 

roughness of the soil surface (31.8 mm) was, when the 

soil was ploughed at 20 cm depth, but contrarily the 

seedbed roughness was the lowest (15.2 mm). Estimated 

direct drilling depth was 15.6 mm and in ploughed soil it 

was 51.7ï57.4 mm. In ploughed soil at 20 cm depth the 

seeds were sown too deep ï 88.4 % of them were below 

sowing depth. When direct drilling was used ï too 

shallow ï 57.8 % of seeds were above sowing depth. 

The highest accuracy was estimated in shallow ploughed 

soil ï 43.8 % of the seeds were at sowing depth. 

Nevertheless in the dry weather conditions spring barley 

germinated faster when direct drilling was used, later on, 

experimental results showed, that spring barley crop 

density was significantly thinner (180 plants per m
2
) 

compared to deep or shallow ploughing, whereas depth 

of the ploughing did not influence thickness of crop stand: 

it was 431ï445 plants per m
2
. 

 

Keywords: deep and shallow ploughing, direct drilling, 

seedbed, crop stand density 

 

INTRODUCTION 

Seedbed preparation is crucial for the growth of 

seedlings, plant establishment and the final yield of 

crops. A great consideration is needed to determine the 

most suitable conditions for crop growth. An important 

aspect of this is the physical characteristics of the 

seedbed such as soil strength, bulk density, water 

content, water retention, aggregate size and distribution, 

aggregate stability, temperature, oxygen and nutrient 

availability [2,8]. Experimental evidence suggests that 

different soil tillage and sowing methods has a significant 

effect on soil structure, soil bulk density, total and air-

 Santrauka: Dirvos drǟgnumas ir sǟklos guoliavietǟs 

paruoġimas yra svarbȊs veiksniai nulemiantys sǟklȎ 

sudygimŃ ir daigȎ augimŃ. Daugiausia tai priklauso 

nuo aplinkos sŃlygȎ, bet tam turi Ǳtakos ir ģemǟs 

dirbimo bȊdas. 

SkirtingȎ ģemǟs dirbimo bȊdȎ lauko eksperimentai 

buvo atlikti 2009 m. Aleksandro Stulginskio 

universiteto bandymȎ stotyje. Eksperimento variantai: 

1) tiesioginǟ sǟja; 2) seklus arimas (10 cm); 3) gilus 

arimas (20 cm). Buvo auginami vasariniai mieģiai 

(Hordeum vulgare L.) óSimbaô, dirvoģemis ï drenuotas 

karbonatingas giliau glǟjiġkas iġtplauģemis (Calc(ar)i-

Endohypogleyic Luvisol (Drainic). 

TyrimȎ tikslas ï nustatyti ģemǟs dirbimo bȊdo ǱtakŃ 

sǟklos guoliavietǟs parametrams bei pasǟlio tankumui. 

Buvo nustatyta, kad didģiausiais dirvos pavirġiaus 

nelygumas (31,8 mm) buvo taikant gilȎjǱ arimŃ iġ 

rudens, taļiau sǟklos guoliavietǟs nelygumas buvo 

maģiausiais (15,2 mm). Tiesioginǟs sǟjos gylis buvo 

15,6 mm, o artame dirvoģemyje ï 51,7ï57,4 mm. Giliai 

artame (20 cm) dirvoģemyje net 88,4 % sǟklȎ buvo 

pasǟta per giliai, o taikant tiesioginň sǟjŃ ï 57,8 % per 

sekliai. Tiksliausiai sǟklos buvo pasǟtos ariant sekliai 

ï 43,8 % sǟklȎ buvo sǟjos gylyje. NeģiȊrint to, kad 

esant sausiems orams, tiesioginǟs sǟjos laukeliuose 

vasariniai mieģiai sudygo greiļiau, vǟliau buvo 

nustatyta, kad pasǟlis esmingai retesnis (180 vnt. m
2
) 

nei artame dirvoģemyje. Arimo gylis neturǟjo esminǟs 

Ǳtakos pasǟlio tankumui, artame dirvoģemyje augalȎ 

buvo 431ï445 vnt. m
2
. 

 

Raktiniai ģodģiai: seklus ir gilus arimas, tiesioginǟ sǟja, 

sǟklos guoliavietǟ, pasǟlio tankumas.  

 

ǰVADAS 

Sǟklos guoliavietǟs paruoġimas yra labai svarbus 

veiksnys turintis Ǳtakos sǟklȎ sudygimui, daigȎ ir augalȎ 

augimui ir galutiniam derliui. Dǟl to labai svarbu nustatyti 

ir sudaryti paļias tinkamiausias sŃlygas augalȎ augimui 

jau paļioje pradģioje. Svarbiausi sǟklos guoliavietǟs 

agrofizikiniai parametrai yra: dirvoģemio ġlytis, tankis, 

vandens kiekis, dirvoģemio vandentalpa, dirvoģemio 

agregatȎ dydis ir jȎ pasiskirstymas, agregatȎ stabilumas, 

temperatȊra, deguonies ir maisto medģiagȎ kiekis [2,8]. 

Eksperimentiniai tyrimai rodo, kad skirtingi ģemǟs dirbimo 

ir sǟjos bȊdai labai Ǳtakoja dirvoģemio struktȊrŃ, tankǱ, 
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filled porosity, soil moisture and crop yield [5,14,12,9,6]. 

A seedbed is defined as a loose shallow surface layer, 

tilled during seedbed preparation with a basal layer 

underneath which is untilled and usually firm [3]. A 

seedbed is required to provide a medium for germination, 

root growth, emergence and establishment [1], as such 

this covers a wide range of determinate factors. Seedbed 

preparation and sowing, often referred to as secondary 

tillage, aim primarily to create suitable soil conditions for 

germination, plant emergence and subsequent crop 

growth: the seed should be placed at a desired depth; the 

soil at sowing depth should contain enough water and 

suitable temperature and aeration conditions for 

germination; the seedbed should act as an evaporative 

barrier; the soil should not be over-compacted; tillage 

operations should also control weeds [1]. Seedbed 

practices are therefore key as cultivation implements 

impose varying degrees of alterations to both the surface 

soil and sub-soil. As such it is crucial to determine the 

best practice for seedbed preparation to maximise crop 

establishment and yield. The aim of our experiment was 

to estimate the influence of soil management system on 

seedbed parameters and crop density. 

 

MATERIALS AND METHODS 

Experimental site and soil. Field experiments were 

carried out at the Experimental Station of the 

Aleksandras Stulginskis University (former Lithuanian 

University of Agriculture) (54Á53ǋ N, 23Á50ǋ E) in 2009. 

The soil of the experimental site is Calc(ar)i-

Endohypogleyic Luvisol (Drainic) according to the WRB 

2014 [4]. The main soil properties were: soil pHKCl 6.7ï

7.2, arable layer 25 cm, humus content in the arable 

layer 2.2ï3.0%, total N 1.47 g kg
-1

, available phosphorus 

(P2O5) 119ï242 mg kg
-1

, and available potassium (K2O) 

100ï124 mg kg
-1

. 

Experimental design. The experiment had a one-

factor design. It was performed in four replications. 

Spring barley (Hordeum vulgare L.) variety óSimbaô was 

cultivated using different soil management practices: 

1) direct drilling, 2) minimum tillage (10 cm depth), 3) 

deep tillage (20 cm depth). 

Method to characterize the quality of a seedbed. 

Immediately after sowing the mean depth is determined 

by transferring all loose soil within a 40x40 cm
2
 steel 

frame to a measuring cylinder. Before this, the difference 

in elevation between the highest and the lowest points of 

the soil surface within the frame is measured to give a 

simple characterization of the roughness of the surface, 

and afterwards, the roughness of the base of the 

seedbed is determined in the same way. The seedbed in 

the open frame at the side is separated into two or three 

sub-layers using a scoop and simple hand tools. The soil 

from each sub-layer is transferred to a hand sieve set to 

determine the aggregate size distribution and the number 

of seeds.  

Crop density. Density of spring barley crop was 

evaluated by counting method (with 20 x 30 cm frame) in 

16 places of each plot.  

Meteorological conditions. April 2009 was 2.8 times 

warmer compared to the annual average and extremely 

dry. Rainfall was 4.5 times less than usual and all it 

dropped out during the first ten days, the hydrothermal 

coefficient of the April was 3.8 (very wet). During the 

sowing time of spring crops, the hydrothermal coefficient 

bendrŃjǱ ir aeracinǱ poringumŃ, dirvoģemio drǟgmň ir 

augalȎ derliȎ [5,14,12,9,6]. Sǟklos guoliaviete vadinamas 

sǟjos metu supurentas pavirġinis dirvos sluoksnis su 

apatiniu dirvos sluoksniu, kuris Ǳprastai yra kietas [3]. 

Sǟklos guoliavietǟ apima daug lemianļiȎ veiksniȎ, tai 

vieta, kurioje dygsta sǟklos, auga ġaknys, daigai ir 

augalai. Sǟklos guoliavietǟs paruoġimu ir sǟja, kurie 

daģnai vadinami antriniu ģemǟs dirbimu, visȎ pirma 

siekiama sukurti tinkamas sŃlygas sǟklȎ dygimui, daigȎ ir 

vǟliau augalȎ augimui: sǟklos turi bȊti Ǳterpiamos 

reikiamu gyliu; dirvoģemis sǟjos gylyje turi bȊti 

pakankamai drǟgnas, tinkamos temperatȊros, turi pakakti 

oro ir vandens; sǟklos guoliavietǟ turǟtȎ neiġdģiȊti; 

dirvoģemis neturǟtȎ bȊti per daug tankus, turǟtȎ bȊti 

sunaikintos piktģolǟs [1]. Taigi sǟklos guoliavietǟs 

paruoġimas yra labai svarbus veiksnys turintis 

Ǳvairiapusǟs Ǳtakos tiek dirvos pavirġiui, tiek podirviui. 

Labai svarbu nustatyti optimaliausiŃ sǟklos guoliavietǟs 

paruoġimo metodŃ, kad pasǟlis kuo geriau augtȎ ir duotȎ 

didģiausiŃ derliȎ. MȊsȎ tyrimȎ tikslas buvo nustatyti 

ģemǟs dirbimo bȊdo ǱtakŃ sǟklos guoliavietǟs 

parametrams bei pasǟlio tankumui. 

 

 

TYRIMȍ METODIKA 

Eksperimento vieta ir dirvoģemis. Tyrimai buvo 

atlikti 2009 m. Aleksandro Stulginskio universiteto 

(anksļiau Lietuvos ģemǟs Ȋkio universitetas) BandymȎ 

stotyje (54Á53ǋ N, 23Á50ǋ E). Dirvoģemis ï drenuotas 

vidutinio sunkumo priemolis ant moreninio molio 

drenuotas karbonatingas giliau glǟjiġkas iġtplauģemis 

(Calc(ar)i-Endohypogleyic Luvisol (Drainic) (IUSS 

Working Group WRB, 2014). Dirvoģemio pHKCl 6.7ï7.2, 

ariamasis sluoksnis ï 25 cm, humusoï 2.2ï3.0%, N (sum.) 

1.47 g kg
-1
, judriȎjȎ P2O5 ï 119ï242 mg kg

-1
 ir K2O ï 

100ï124 mg kg
-1

. 

Bandymo schema: Eksperimentas atliktas taikant 

vienfaktorinň analizň, keturiais pakartojimais. 

Eksperimento variantai: 1) tiesioginǟ sǟja; 2) seklus 

arimas (10 cm); 3) gilus arimas (20 cm). Buvo auginami 

vasariniai mieģiai (Hordeum vulgare L.) óSimbaô.  

 

Guoliavietǟs kokybǟs nustatymo metodas. 

Vidutinis guoliavietǟs gylis nustatomas iġkarti po sǟjos, 

nuimant visŃ supurentŃ dirvoģemǱ iġ 40x40 cm
2 
dydģio 

metalinio rǟmo ir supilant Ǳ matavimo cilindrŃ. Prieġ tai 

nustatomas dirvos pavirġiaus nelygumas, kurǱ parodo 

iġmatuoto aukġļiausio ir ģemiausio dirvos pavirġiaus 

taġko aukġļio skirtumas. Po to, paġalinus supurentŃ 

dirvoģemǱ iġ rǟmo, tokiu paļiu bȊdu nustatomas ir sǟklos 

guoliavietǟs pavirġiaus nelygumas. Sǟklos guoliavietǟs 

dirvoģemis rǟme suskirtomas Ǳ du ar tris sluoksnius 

naudojant kastuvǟlǱ. Kiekvieno sluokslio dirvoģemis 

sijojams atskirai ir nustatomas skirtingo dydģio agregatȎ 

pasiskirstymas bei sǟklȎ kiekis kiekviename tiriamame 

dirvoģemio sluoksnyje. 

Pasǟlio tankumas. VasariniȎ mieģiȎ pasǟlio 

tankumas nustatomas skaiļiavimo metodu su 20 x 30 cm 

rǟmeliu, 16-koje kiekvieno laukelio vietȎ.  

Meteorologinǟs sŃlygos. 2009 m. balandģio mǟnuo 

buvo 2,8 karto ġiltesnis palyginti su daugiameļiu vidutiniu 

ir ypatingai sausas. KrituliȎ iġkrito 4,5 karto maģiau nei 

Ǳprasta ir visi jie iġkrito per pirmŃjŃ balandģio dekadŃ, jos 



INTERNATIONAL SYMPOSIUM
   

 

13 
 

of the second and third ten days was 0; there were no 

rainfall at all. At May, the average temperature was 2°C 

below the annual average. At the end of the first ten days 

started to rain, but moisture, however, was too low, 

because during the second ten days was too little rainfall. 

A little more rainfall was only at the end of May. This 

month's average hydrothermal coefficient was 1.3 

(sufficient moisture). June was nearly 1°C cooler and 

precipitation was 1.7 times more than the usual, 

hydrothermal coefficient 2.6 (very wet). The air 

temperature and precipitation in July was a close to the 

annual average estimate hydrothermal coefficient 1 

(sufficient moisture). August was wet (hydrothermal 

coefficient 1.7), although the average air temperature and 

precipitation was close to the annual average. However, 

the first ten days was favourable for harvesting, there 

were no rainfall. 

Statistics. Statistical significance of differences 

between treatments was evaluated by Fisherôs protected 

least significant difference test at P(level) < 0.05 was 

performed using package of statistical programmes 

SELEKCIJA [15]. 

 

RESULTS 

The roughness of the soil surface shows the difference 

in elevation between the lowest and highest points of the 

surface. In our experiment the influence of soil 

management practices on soil surface roughness was 

significant (Fig. 1). The highest unevenness of soil 

surface after barley sowing was when the soil was deep 

ploughed in autumn, compared with shallow ploughing 

(8.5 %) and direct drilling (18.6 %). The lowest soil 

surface roughness was in direct sowing plots. A. Kairyte 

(2005) found that all methods of minimised soil tillage 

and direct drilling significantly reduced the soil surface 

roughness in comparison with deep ploughing in autumn 

[7]. In our experiment the highest roughness of the base 

of the seedbed was in shallow ploughed soil ï 39.9 % 

higher compared to direct drilling, and 49.0% if compared 

with deep ploughing in the autumn.  

hidroterminis koeficientas 3,8 (labai drǟgna). Vasarojaus 

sǟjos metu, antrŃ ir treļiŃ dekadas visai nelijo ï 

hidroterminis koeficientas 0. Geguģǟs mǟnesio vidutinǟ 

oro temperatȊra buvo 2ÁC ģemesnǟ nei daugiametǟ 

vidutinǟ. Pirmos dekados pabaigoje pradǟjo lyti, taļiau 

drǟgmǟs vis dar trȊko, nes antrŃjŃ dekadŃ krituliȎ vǟl 

buvo maģai, daugiau krituliȎ iġkrito tik geguģǟs 

pabaigoje. Ġio mǟnesio vidutinis HTK ï 1,3 (pakankamas 

drǟgnumas). Birģelio mǟnuo buvo beveik 1Á C vǟsesnis ir 

krituliȎ iġkrito 1,7 karto daugiau nei Ǳprasta HTK ï 2,6 

(labai drǟgna). LiepŃ oro temperatȊra ir krituliȎ kiekis 

buvo artimi daugiameļiams vidurkiams HTK ï 1,5 

(pakankamai drǟgna). RugpjȊļio mǟnuo buvo drǟgnas ï 

HDK 1,7, nors vidutinǟ oro temperatȊra ir krituliȎ kiekis 

buvo artimi daugiameļiams vidurkiams. Taļiau pirmoji 

dekada, buvo palanki derliaus nuǟmimui, visai nelijo. 

Statistinǟ analizǟ. Statistinǟ duomenȎ analizǟ buvo 

atlikta naudojant kompiuterinň programŃ SELEKCIJA 

[15], Ǳvertinant maģiausio esminio skirtumo ribŃ R pagal 

Fiġerio kriterijȎ, esant 95 proc. tikimybǟs lygiui (P < 0.05).  

 

REZULTATAI 

Dirvos pavirġiaus nelygumas parodo atstumŃ tarp 

ģemiausio ir aukġļiausio pavirġiaus taġko. Ģemǟs dirbimo 

bȊdȎ Ǳtaka pavirġiaus nelygumui buvo esminǟ (1 pav.). 

Didģiausias dirvos pavirġiaus nelygumas, mieģiȎ pasǟlyje 

nustatytas giliai rudenǱ artoje dirvoje palyginus su sekliu 

arimu (8,5 proc.) ir tiesiogine sǟja (18,6 proc.). 

Maģiausias dirvos pavirġiaus nelygumas buvo taikant 

tiesioginň sǟjŃ. A. Kairytǟ, 2005 m. nustatǟ, kad visi 

supaprastinto ģemǟs dirbimo bȊdai ir tiesioginǟ sǟja iġ 

esmǟs maģina dirvos pavirġiaus nelygumŃ, palyginti su 

giliuoju arimu rudenǱ [7]. MȊsȎ eksperimente didģiausias 

sǟklos guoliavietǟs nelygumas nustatytas sekliai artoje 

dirvoje: 39,9 proc. didesnis palyginti su tiesioginǟs sǟjos 

ir 49,0 proc. su rudenǱ giliai artu pasǟliu.  
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Fig. 1 ï The roughness of the soil surface (LSD05 = 6.40) and the roughness of the base of the seedbed (LSD05 =4.34) using 

different soil management practices 

 

Seedbed quality/conditions determine plant uniformity 

and growth intensity in the beginning of the vegetation. 

Fast and uniformly emerged crops have capability to 

smoother weeds and are the basis for a good harvest. 

The quality of seedbed depends on tillage and quantity of 

organic matter [16,11]. 

According to I. Hakansson et al. (2002), A. Velykis and 

A. Satkus (2005) the optimal depth for sowing in heavy 

 Sǟklos guoliavietǟs sŃlygos lemia augalȎ vienodumŃ 

pasǟlyje ir vystymosi intensyvumŃ vegetacijos pradģioje. 

Greitai ir vienodai sudygň pasǟliai veġliai auga ir gerai 

stelbia piktģoles ir yra gero derliaus pagrindas. Sǟklos 

guoliavietǟs kokybǟ priklauso nuo ģemǟs dirbimo ir 

organiniȎ medģiagȎ kiekio [16,11]. 

Kaip teigia I. Hakansson su bendraautoriais (2002), A. 

Velykis ir A. Satkus (2005) geriausias sǟklȎ Ǳterpimo gylis 



INTERNATIONAL SYMPOSIUM
   

 

14 
 

soils is 3ï5 cm [3,16]. In our experiment sowing depth 

closest to the optimal was in the shallow and deep 

ploughed soil (51.7ï57.4 mm) (Fig. 2). In direct drilling 

sowing depth was on average 3.4 times shallower than in 

autumn ploughed soil. This difference was significant. 

sunkiuose dirvoģemiuose yra 3ï5 cm [3,16]. MȊsȎ 

eksperimente sǟklȎ Ǳterpimo gylis artimiausias nustatytam 

buvo iġ rudens sekliai (10 cm) ir giliai (20 cm) artoje 

dirvoje (52ï57 mm) (2 pav.). Tiesioginǟs sǟjos pasǟlyje 

sǟkla Ǳsiterpǟ vidutiniġkai 3,4 karto sekliau negu iġ rudens 

dirbtoje dirvoje. Ġis skirtumas buvo esminis. 
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m
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Fig. 2 ï Sowing depth using different soil management practices (LSD05 = 13.45) 

 
The highest quantity of seeds (57.8%) in the top 

seedbed layer (L1) were distributed when direct drilling 

was used, that was significantly higher (5.8 times more) 

compared to shallow ploughing plot (Table 1). In this 

layer no seeds were found when deep ploughing in the 

autumn was used. In the sowing depth (L2) the most 

quantity of seeds (43.8%) were when soil was shallow 

ploughed in the autumn: that was 1.2 times and 3.8 times 

more compared with direct drilling and deep ploughing, 

accordingly. When soil was shallowly ploughed in the 

autumn, almost half of seeds (45.5%) were distributed 

deeper than the optimum sowing depth (4ï5 cm), and 

when the soil was ploughed deeply, most of the seeds 

(88.4%) were incorporated too deep. It could be stated 

that sowing depth of spring crops in direct drilling largely 

depends on soil compaction. Autumn and pre-sowing 

tillage allows more even seed distribution in soil and less 

seeds remains on soil surface. Experiments made by 

other authors showed that even seed introduction was 

also reduced when the intensity of soil tillage was 

minimized, because the soil surface became harder, the 

greater part of the plant residues remained in the soil 

surface or was introduced into the upper soil layers, 

preventing seed introduction [11].  

 Virġutiniame sǟklȎ guoliavietǟs sluoksnyje (L1) 

daugiausiai sǟklȎ iġbiro tiesioginǟs sǟjos pasǟlyje, tai yra 

57,8 proc. visȎ pasǟtȎ sǟklȎ ir esmingai 5,8 karto 

daugiau palyginti su sekliu arimu (1 lentelǟ). Visai sǟklȎ 

ġiame sluoksnyje nerasta giliai artame pasǟlyje. Sǟjos 

gylyje daugiausiai 43,8 proc. visȎ pasǟtȎ sǟklȎ rasta iġ 

rudens sekliai artame (L2) pasǟlyje ï 1,2 karto daugiau 

palyginti su tiesiogine sǟja ir 3,8 karto ï su giliuoju arimu. 

RudenǱ sekliai suarus beveik pusǟ (45,5 proc.) visȎ iġsǟtȎ 

sǟklȎ Ǳsiterpǟ giliau, nei optimalus sǟjos gylis (4ï5 cm), o 

suarus giliai beveik visos sǟklos (88,4 proc.) Ǳsiterpǟ per 

giliai. Galima teigti, kad sǟjant vasarinius augalus Ǳ 

nedirbtŃ dirvŃ, sǟklos Ǳterpimo gylis priklauso nuo dirvos 

suslǟgimo. Rudeninis ir prieġsǟjinis ģemǟs dirbimas 

leidģia tolygiau Ǳterpti sǟklŃ ir jos maģiau lieka dirvos 

pavirġiuje. KitȎ autoriȎ atliktȎ eksperimentȎ duomenimis, 

sǟklȎ Ǳterpimo tolygumas sumaģǟja maģinant ģemǟs 

dirbimo intensyvumŃ, dǟl sutankǟjusio dirvos pavirġiaus 

bei didesnio augaliniȎ liekanȎ kiekio ant dirvos pavirġiaus 

ar virġutiniame dirvos sluoksnyje, dǟl to pablogǟjusiȎ 

sŃlygȎ tolygiam sǟklȎ Ǳterpimui [11].  

 
 

Table 1 
The effect of primary soil tillage on the seed distribution in seedbed layers 

Soil management practices 
 

Spring barley seed distribution % 

Soil surface (L1) Sowing depth (L2) Under sowing 
depth (L3) 

Direct drilling 57.8 37.0 5.2 

Shallow ploughing (10 cm) 10.7 43.8 45.5 

Deep ploughing (20 cm) 0 11.6 88.4 

 LSD05 = 10.44 LSD05 = 13.39 LSD05 = 25.43 
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Fig. 3 ï Spring barley germination using different soil management practices (LSD05 = 87.14) 
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The quality of soil preparation for sowing, soil physical 
mechanical properties, and moisture content has a great 
influence on the field seeds germination. Proper seedbed 
preparation significantly increases seeds contact with the 
soil. Our experiment showed that a soil management 
practice has a significant effect on the germination of 
spring barley (Fig. 3).  

When the soil in the autumn was deeply or shallowly 
ploughed the germination of barely was on average 2.4 
times higher than in direct drilling. Nevertheless the 
moisture content in the no tilled soil was sufficient, but 
during winter soil was compacted therefore the seed was 
sown too shallow and that had significant influence on 
poor germination of barley. Minimum soil tillage 
according to seedbed quality in heavy soils is more 
suitable for the winter crops than for spring crops [16,10]. 
Reduced primary soil tillage can be applied in cereal 
cultivation on Central Lithuaniaôs cultivated sandy light 
loamy soils: instead of conventional soil tillage (stubble 
breaking at a depth of 10ï12 cm and deep ploughing at a 
depth of 22ï25 cm) it is feasible to apply direct drilling or 
minimal soil tillage at a depth of 10ï12 cm. Replacement 
of conventional soil tillage by direct drilling into non-tilled 
and into minimally tilled soil suits best for oats and winter 
wheat grown after good preceding crops [14]. Application 
of shallow ploughing for the pea provided the worst 
germination [17]. Spring barley and peas were more 
susceptible to the simplification of autumn soil tillage: 
when barley and peas were sown into minimally tilled soil 
or direct-drilled into non-tilled soil spray-applied with 
Roundup (4 l ha

ï1
), a significantly lower yield was 

obtained [14]. 

 

CONCLUSIONS 

Experiments of different soil tillage methods showed, 

that the highest roughness of the soil surface (31.8 mm) 

was when the soil was ploughed in the autumn at 20 cm 

depth, but contrarily the seedbed roughness was the 

lowest (15.2 mm). 

Sowing depth of spring crops in direct drilling largely 

depended on soil compaction. Deep or shallow soil 

ploughing allowed more even seed distribution in soil and 

less seeds remained on soil surface. The highest 

accuracy was estimated in shallow ploughed soil ï 43.8 

% of the seeds were at sowing depth. 

When the soil in the autumn was deeply or shallowly 

ploughed the germination of barely was on average 2.4 

times higher than in direct drilling. Nevertheless in the dry 

weather conditions spring barley germinated faster when 

direct drilling was used. Later on, spring barley crop 

density was significantly thinner (180 plants per m
2
) 

compared to deep or shallow ploughing, whereas depth 

of the ploughing did not influence thickness of crop stand: 

it was 431ï445 plants per m
2
. 
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 SǟklȎ lauko daigumui didelň ǱtakŃ turi dirvos 

paruoġimo sǟjai kokybǟ, dirvoģemio fizikinǟs mechaninǟs 

savybǟs bei drǟgnis. SǟklȎ kontaktŃ su dirvoģemiu iġ 

esmǟs padidina tinkamas sǟklȎ guoliavietǟs paruoġimas. 

MȊsȎ eksperimente ģemǟs dirbimo bȊdai turǟjo esminǟs 

Ǳtakos mieģiȎ sudygimui (3 pav.).  

Iġ rudens giliai ir sekliai artuose pasǟliuose mieģiai 

dygo vidutiniġkai 2,4 karto geriau palyginti su tiesiogine 

sǟja. Drǟgmǟs pakako, taļiau per ģiemŃ susigulǟjusi 

nedirbama ģemǟ buvo supuolusi ir kieta, mieģiȎ sǟkla 

Ǳsiterpǟ per sekliai, kas ir turǟjo esminǟs Ǳtakos mieģiȎ 

sudygimui. Nustatyta, kad supaprastintas ģemǟs 

dirbimas sunkiuose dirvoģemiuose sǟklȎ guolio kokybǟs 

poģiȊriu labiau tinka ģieminiams augalams negu 

vasariniams [16,10]. Supaprastintas ģemǟs dirbimas gali 

bȊti naudojamas javams Centinǟje Lietuvos dalyje 

lengvuose smǟlio dirvoģemiuose: vietoj tradicinio ģemǟs 

dirbimo (raģienȎ skutimo 10ï12 cm gyliu ir gilaus arimo 

22ï25 cm gyliu) galima taikyti tiesioginň sǟjŃ ar minimalȎ 

ģemǟs dirbimŃ 10ï12 cm gyliu. Tiesioginǟ sǟja Ǳ nedirbtŃ 

ar minimaliai dirbtŃ ģemň tinkamiausia aviģoms ir 

ģieminiams kvieļiams po gerȎ prieġsǟliȎ [14]. Seklus 

arimas pablogina ģirniȎ sudygimŃ [17]. Vasariniai mieģiai 

ir ģirniai jautresni supaprastintam rudeniniam ģemǟs 

dirbimui: kai mieģiai ir ģirniai buvo sǟjami Ǳ minimaliai 

dirbtŃ ar taikant tiesioginň sǟjŃ Ǳ minimaliai dirbtŃ ar 

nedirbtŃ, raundap (4 l ha
ï1
) nupurkġtŃ dirvŃ, gautas 

esmingai maģesnis derlius [14]. 

 

IĠVADOS 

Atlikus skirtingȎ ģemǟs dirbimo bȊdȎ eksperimentus, 

buvo nustatyta, kad didģiausiais dirvos pavirġiaus 

nelygumas (31,8 mm) buvo taikant gilȎjǱ arimŃ iġ rudens, 

taļiau sǟklos guoliavietǟs nelygumas buvo maģiausiais 

(15,2 mm).  

Tiesioginǟs sǟjos gylis labiausiai priklausǟ nuo dirvos 

tankio. Taikant gilȎjǱ ar seklȎjǱ arimŃ sǟklȎ Ǳterpimas buvo 

tolygesnis ir maģiau sǟklȎ lieko dirvos pavirġiuje. 

Tiksliausiai sǟklos buvo pasǟtos ariant sekliai ï 43,8 % 

sǟklȎ buvo sǟjos gylyje.  

Taikant rudeninǱ gilȎjǱ ar seklȎjǱ arimŃ mieģiȎ 

sudygimas buvo vidutiniġkai 2,4 kartus didesnis lyginant 

su tiesiogine sǟja. NeģiȊrint to, kad esant sausam orui, 

tiesioginǟs sǟjos laukeliuose mieģiai sudygo greiļiau, 

vǟliau buvo nustatyta, kad pasǟlis ģymiai retesnis (180 

vnt. m
2
) nei giliai ar sekliai artame dirvoģemyje. Arimo 

gylis neturǟjo esminǟs Ǳtakos pasǟlio tankumui, artame 

dirvoģemyje augalȎ buvo  

431ï445 vnt. m
2
. 
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Abstract: This article discusses various corn tillage 

technologies and analyses their energy consumption and 

GHG emissions. The experimental research and 

analytical calculations took place in Lithuania and were 

carried out using five different tillage technologies of 

varying intensities: deep ploughing, shallow ploughing, 

deep cultivation, shallow cultivation, and the no-tillage 

system (NT). The research has determined that lower 

intensity tillage technologies expend 12-58% less energy 

than deep ploughing. NT technology causes the least 

pollution: the agricultural machines involved only emit 

only an average of 107 kg ha
-1

 of CO2. The most efficient 

technologies in terms of energy efficiency are the NT and 

the conventional deep ploughing. 

 

Keywords: tillage, fuel consumption, CO2 emissions, 

energy indicators, corn. 

 

INTRODUCTION 

The most important objective of tillage is to create 

favorable soil conditions for plant growth. Annual deep 

ploughing has usually negative consequences: the 

values of good soil properties decrease and the 

subsurface soil layer condenses [1, 2, 3]. Crop type, 

meteorological conditions, terrain, soil fertility level, 

organic matter content, weed infestation, moisture 

conditions, soil structural level, available tillage 

techniques, know-how, etc. most influence the tillage 

technology choice. Without a doubt, every tillage system 

has advantages and disadvantages. A higher yield is 

more likely with traditional plough tilling, but due to the 

low performance of tillage operations and the need for 

high-power tractors, the tillage costs are usually the 

highest. In addition, the adverse effect of conventional 

tillage on the environment, soil, and biodiversity is also 

very high [2, 3]. Irrational selection of tillage machines 

and their working mode can also adversely affect the 

environment. More toxic gases may be emitted due to 

increased load on the machines in such cases, which 

damage the natural ecosystem environment [4]. 

Environmentally sustainable systems with minimum 

tillage and no-tillage are increasingly used searching for 

alternatives to reduce the intense tillage with the plough. 

Thus the tillage machinery effects on soil degradation 

and soil properties are reduced; the subsurface soil layer 

condenses less, which preserves more the natural water 

filtration and the plant root penetration into the various 

layers of the soil [5].  

The main challenge of sustainable agriculture is to 

limit its intense impact (mechanical, chemical and 

biological) on soil and plants, to reduce its negative 

consequences to ensure a continuous renewal of soil 

 Santrauka: Ġiame straipsnyje pateikiama skirtingȎ 

ģemǟs dirbimo technologijȎ, auginant kukurȊzus, 

energijos sŃnaudȎ ir ġiltnamio efektŃ sukelianļiȎ dujȎ 

(ĠESD) analizǟ. Eksperimentiniai tyrimai ir analitiniai 

skaiļiavimai Lietuvos sŃlygomis atlikti taikant 5 skirtingo 

intensyvumo ģemǟs dirbimo technologijas: gilȎ arimŃ 

plȊgu, seklȎ arimŃ plȊgu, gilȎ kultivavimŃ, seklȎ 

kultivavimŃ ir tiesioginň sǟjŃ (NT). Tyrimais nustatyta, kad 

taikant maģesnio intensyvumo ģemǟs dirbimo 

technologijas, degalȎ sŃnaudas galima sumaģinti nuo 12 

iki 58 %, lyginant su gilaus arimo technologija. Maģiausiai 

aplinkŃ terġia NT technologija, kurioje ģemǟs Ȋkio 

maġinos, degindamos degalus, Ǳ aplinkŃ iġmeta 

vidutiniġkai apie 107 kg ha
-1

 CO2 dujȎ. Geriausi 

energetinio efektyvumo koeficientai nustatyti taikant NT ir 

Ǳprastinň gilaus arimo technologijas. 

 

Raktiniai ģodģiai: ģemǟs dirbimas, degalȎ sŃnaudos, 

CO2 dujȎ emisija, energetiniai rodikliai, kukurȊzai.  

 

ǰVADAS 

Svarbiausias ģemǟs dirbimo tikslas yra sudaryti 

palankias sŃlygas augti augalams. Kasmetinis gilus 

arimas plȊgu labai daģnai neigiamai veikia daugelǱ dirvos 

savybiȎ bei skatina poarmeninio dirvos sluoksnio 

sutankǟjimŃ [1, 2, 3]. DidģiausiŃ ǱtakŃ tinkamos ģemǟs 

dirbimo technologijos pasirinkimui daro numatomȎ auginti 

augalȎ rȊġis, meteorologinǟs sŃlygos, reljefas, dirvos 

sukultȊrinimo lygis, organiniȎ medģiagȎ kiekis, 

piktģolǟtumas, drǟgmǟs sŃlygos, dirvos struktȊringumo 

lygis, turima ģemǟs dirbimo technika, technologinǟ 

patirtis ir kt. Be jokios abejonǟs, kiekviena ģemǟs dirbimo 

sistema turi savȎ privalumȎ ir trȊkumȎ. Taikant tradicinǱ 

ģemǟs dirbimŃ ariant plȊgu yra didesnǟ tikimybǟ gauti 

didesnǱ augalȎ derliȎ, taļiau dǟl maģo ģemǟs dirbimo 

technologiniȎ operacijȎ naġumo ir didelǟs galios traktoriȎ 

poreikio, tokio ģemǟs dirbimo iġlaidos daģniausiai bȊna 

paļios didģiausios. Be to, tradicinio ģemǟs dirbimo 

neigiamas poveikis aplinkai, dirvai ir bioǱvairovei taip pat 

yra labai didelis [2, 3]. Neracionalus ģemǟs dirbimo 

maġinȎ arba jȎ darbo technologiniȎ rǟģimȎ parinkimas 

taip pat neigiamai veikia aplinkŃ. Tokiais atvejais, dǟl 

padidǟjusiȎ maġinȎ apkrovȎ, gali bȊti Ǳ aplinkŃ iġmetama 

daugiau nuodingȎ deginiȎ, o visa tai stipriai paģeidģia 

natȊraliŃ aplinkos ekosistemŃ [4]. 

Ieġkant alternatyviȎ galimybiȎ maģinti intensyvȎ 

verstuvinǱ ģemǟs dirbimŃ, vis plaļiau taikomos aplinkŃ 

tausojanļios minimalaus ģemǟs dirbimo ir tiesioginǟs 

sǟjos technologijos. Tokiu bȊdu maģinamas ģemǟs 

dirbimo maġinȎ poveikis dirvos degradacijai, dirvos 

savybǟms, maģiau sutankinami dirvos sluoksniai, dǟl ko 

iġsaugoma natȊralesnǟ vandens filtracija ir augalȎ ġaknȎ 

skverbimasis Ǳ Ǳvairius dirvos sluoksnius [5].  
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productivity, protect the biosphere, and maintain cost-

effective production. Sustainable agriculture has a 

number of objectives: a more rational use of materials, 

energy, and labour resources to meet stringent 

environmental requirements for the production of healthy 

and cheap agricultural products. But perhaps the most 

important objective of sustainable agriculture is soil 

conservation. The aim is to preserve soil, prevent the 

loss and degradation of humus, reduce the nutrient 

leaching and soil water pollution, protect soil from erosion 

and structure depletion, promote natural biological 

processes, better balance of field organic metabolism, 

and improve the topsoil layer aeration and irrigation [6]. 

One of the most important tasks of environmental 

sustainability is to reduce the human impact on climate 

change through economic activity. Over the past few 

decades, CO2, methane (NH4), nitrous oxide (N2O), and 

other gas emissions have been increasing. The popular 

term for these is greenhouse gases or GHG [7]. CO2 has 

the greatest impact among the greenhouse gases. Its 

level in the atmosphere, compared to pre-industrial 

revolution era level, has increased from 280 ppm to 366 

ppm [8]. 

No less important than environmental aspects are the 

energetic and economic features of cultivation 

technology. For the purposes of no-plough minimum 

tillage or no-tillage systems plant the yield and the quality 

are likely to be lower, but the costs of land cultivation and 

sowing operations are also lower. In addition, recent 

technological impact on the environment and biodiversity 

is also more positive than conventional tillage. 

Reducing the tillage and seeding operations and the 

number of machines driving over the soil can significantly 

reduce fuel consumption and thus greenhouse gas 

emissions from the tractor/machinery agricultural units. 

Research done in Germany demonstrated that burning 

1.0 litre of diesel emits about 3.76 kg of gas into the 

atmosphere [9]. The energy costs of implementing these 

operations are an important variable for assessing the 

pollution of tillage operation in Lithuania. 

The aim of the work is to evaluate energy and 

environmental aspects of deep and shallow ploughing, 

deep and shallow hoeing, and no-tillage systems to 

determine their technological energy efficiency.  

 

MATERIAL AND METHOD 

The research was carried out at Aleksandras 

Stulginskis University Experimental Station with its mid 

Lithuanian meteorological conditions and loamy soil in 

2009-2012. 

Five different technologies were researched in terms 

of the energy and environmental impacts of tillage:  

1. Uncultivated soil ï no-tillage system (NT) 

2. Shallow cultivating with a disc harrow at a depth 

of 12-15 cm (SC) 

3. Deep cultivating with a cultivator at a depth of 25-

27 cm (DC) 

4. Shallow ploughing at a depth of 12-15 cm (SP) 

5. Deep ploughing at a depth of 23-25 cm (control) 

The purpose of choosing the traditional tillage 

technology as the control was to be able to compare it 

Tausojamosios ģemdirbystǟs pagrindinis uģdavinys ï 
ribojant intensyvȎ technologinǱ (mechaninǱ, cheminǱ, 
biologinǱ) poveikǱ dirvai ir augalams, maģinant neigiamas 
jo pasekmes, uģtikrinti nuolatinǱ dirvos produktyvumo 
atsinaujinimŃ, tausoti biosferŃ ir iġlaikyti ekonomiġkai 
efektyviŃ gamybŃ. Tausojamajai ģemdirbystei keliama 
daug tikslȎ: racionaliau naudoti materialinius, 
energetinius ir darbo iġteklius, tenkinti grieģtus 
aplinkosaugos reikalavimus, gaminti sveikŃ ir pigiŃ 
ģemǟs Ȋkio produkcijŃ. Taļiau bene svarbiausias 
tausojamosios ģemdirbystǟs tikslas yra dirvosauga. 
Siekiama nealinti dirvos, stabdyti jos humuso nykimŃ ir 
degradacijŃ, maģinti maisto medģiagȎ iġplovimŃ ir dirvos 
nuotekȎ tarġŃ, saugoti dirvŃ nuo erozijos ir struktȊros 
ardymo, skatinti natȊralius biologinius procesus, geriau 
subalansuoti laukuose organiniȎ medģiagȎ apykaitŃ, 
gerinti armens sluoksnio aeracijŃ ir drǟkinimŃ [6]. 
Vienas iġ svarbiausiȎ aplinkos tausojimo uģdaviniȎ 

yra maģinti ģmogaus Ȋkinǟs veiklos daromŃ ǱtakŃ klimato 
kaitai. Pastaruosius kelis deġimtmeļius vis didǟjo CO2, 
metano (NH4), azoto suboksido (N2O) ir kitȎ dujȎ emisijos 
Ǳ aplinkŃ. Ġios dujos populiariai vadinamos ġiltnamio 
efektŃ sukelianļiomis dujomis ĠESD [7]. Tarp ġiltnamio 
efektŃ sukelianļiȎ dujȎ pagal daromŃ ǱtakŃ svarbiausios 
yra CO2 dujos, kuriȎ kiekis atmosferoje, lyginant buvusǱ 
prieġ industrinň revoliucijŃ su ġiomis dienomis, padidǟjo 
nuo 280 ppm iki 366 ppm [8]. 
Greta aplinkosauginiȎ aspektȎ, nemaģiau svarbȊs yra 

ir energetiniai, bei ekonominiai ģemǟs dirbimo 
technologijȎ aspektai. Taikant nearimines minimalaus 
ģemǟs dirbimo arba tiesioginǟs sǟjos technologijas ï 
augalȎ derlius ir kokybǟ tikǟtina gali bȊti maģesni, taļiau 
ir iġlaidos ģemǟs dirbimo ir sǟjos technologinǟms 
operacijoms atlikti bȊna maģesnǟs. Be to, pastarȎjȎ 
technologijȎ poveikis aplinkai ir bioǱvairovei taip pat yra 
labiau teigiamas negu Ǳprastinio ģemǟs dirbimo. 
Maģinant ģemǟs dirbimo ir sǟjos technologiniȎ 

operacijȎ skaiļiȎ bei maġinȎ vaģinǟjimŃ po dirvŃ, galima 
ģenkliai sumaģinti degalȎ sŃnaudas, o tuo paļiu ir 
ġiltnamio efektŃ sukelianļiȎ dujȎ iġmetimus iġ ģemǟs Ȋkio 
agregatȎ, sudarytȎ iġ traktoriȎ ir ģemǟs Ȋkio maġinȎ. 
Vokietijoje atlikti tyrimai, kuriais nustatyta, kad sudeginus 
1.0 l dyzeliniȎ degalȎ, CO2 dujȎ emisija Ǳ aplinkŃ yra apie 
3.76 kg [9]. Norint Ǳvertinti, kaip Ǳvairios ģemǟs dirbimo 
technologinǟs operacijos terġia aplinkŃ Lietuvoje, bȊtina 
ģinoti, kiek toms technologinǟms operacijoms Ǳgyvendinti 
reikia energetiniȎ sŃnaudȎ. 
Ġio darbo tikslas yra energetiniais ir aplinkosauginiais 

aspektais Ǳvertinti gilaus ir seklaus arimo, gilaus ir seklaus 
purenimo bei tiesioginǟs sǟjos technologijas, nustatyti 
technologijȎ energetinǱ efektyvumŃ.  

 

TYRIMȍ METODIKA 

Eksperimentiniai moksliniai tyrimai vykdyti 2009ï2012 

metais vidurio Lietuvos meteorologinǟmis sŃlygomis 

Aleksandro Stulginskio universiteto BandymȎ stoties 

lengvo priemolio dirvoje. 

Ģemǟs dirbimo technologijȎ poveikio energetikai ir 

aplinkai eksperimentiniams tyrimams atlikti taikytos 

penkios skirtingos technologijos:  

6. NeǱdirbta dirva ï tiesioginǟ sǟja (sutrumpintai NT); 

7. Seklus purenimas lǟkġtinǟmis akǟļiomis 12ï15 

cm gyliu (SC); 

8. Gilus purenimas kultivatoriumi 25ï27 cm gyliu 

(DC); 

9. Seklus arimas plȊgu 12ï15 cm gyliu (SP); 

10. Gilus arimas plȊgu 23ï25 cm gyliu (kontrolǟ). 

Kontrolinǟ tradicinǟ ģemǟs dirbimo technologija 

pasirinkta dǟl to, kad bȊtȎ galima palyginti su kitȎ 4 
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with the four sustainable tillage technologies in terms of 

energy costs and CO2 emission.  

The placement of research plots was random. The 

original size of the plot was 126 m
2
 (14 × 9 m), the size 

for the observation plot was 84 m
2
 (12 × 7 m). The 

researches was repeated four times. 

The Väderstad Carrier 300 stubble cultivator was 

used at all the fields, except for the NT; after the winter 

wheat (Triticum aestivum L.) harvesting, NT technology 

was used to spray each ha with 4 litres of Roundup 

herbicide. Autumn tillage as described above was carried 

out at the end of September or October depending on the 

meteorological conditions. 

Before corn (Zea mays L.) for sowing in all 

technologies, with the exception of NT, the shallow 

topsoil (6-8 cm) was tilled with a cultivator in spring. The 

corn Pioneer P8000(x027) was planted at the beginning 

of May. The seed rate was 100,000 per hectare with an 

inter-row width of 45 cm. The entire corn field during 

planting was fertilized with NPK 16:16:16 at a rate of 250 

kg ha
-1

. The Maister (150 g ha
-1)

 and Actirob (2 l ha
-1)

 

herbicides were used for post-sowing weed control. In 

late June, the corn was fertilized with ammonium nitrate 

(NH4NO3), at a rate of 180 kg ha
-1

. The corn biomass was 

harvested at the end of September or beginning of 

October (depending on meteorological conditions). 

Energy indicators were calculated in accordance with 

the Lithuanian Institute of Agrarian Economics 

recommendations developed for agricultural and other 

companies, farmers, and other organizations providing 

services to farmers carrying out agricultural work [10]. 

Because the average farm in Lithuania is about 14-15 

hectares, the calculations reflect exactly such operating 

scope for farm machinery under normal conditions, i.e. 

proper contour and not rocky land. 

Energy values were chosen in MJ for agriculture 

assemblies, fuel, fertilizer, pesticides, and other inputs 

based on scientific works published by various 

researchers. Energy assessment assumes that the 

energy value of work is 1.96 MJ h
-1

 [11, 12], diesel fuel is 

39.6 MJ l
-1

 [13, 14], agricultural machinery (including 

automotive) is 1.38 MJ kg
-1

 or 357.2 MJ h
-1

 [15], corn 

seed is 15.3 MJ kg
-1

 [12, 16], herbicides is 295.0 MJ kg
-1

 

[11, 17], fungicides is 115.0 MJ kg
-1

 [11, 17], insecticides 

is 58.0 MJ kg
-1

 [11, 17], nitrogen fertilizer is 40.0 MJ kg
-1

 

[17], phosphate fertilizers is 15.8 MJ kg
-1

 [14, 18], 

potassium fertilizers is 9.3 MJ kg
-1

 [14, 18], and the corn 

harvest is 14.7 MJ kg
-1

 [12, 16]. 

The EE energy efficiency ratio for different tillage and 

corn growing technologies is determined by this formula 

[19]: 

tausojanļiȎ ģemǟs dirbimo technologijȎ ǱtakŃ energijos 

sŃnaudoms ir CO2 dujȎ emisijai Ǳ aplinkŃ. 

EksperimentiniȎ tyrimȎ laukeliai buvo iġdǟstyti 

rendomizuotu bȊdu. Pradinis laukeliȎ dydis ï 126 m
2
 (14 

× 9 m), apskaitomasis  ï 84 m
2
 (12 × 7 m). Tyrimai 

vykdyti 4 pakartojimais. 

Po ģieminiȎ kvieļiȎ nuǟmimo, visuose laukeliuose, 

iġskyrus NT technologijŃ, buvo atliekamas raģienȎ 

skutimas Väderstad firmos Carrier 300 skutiku. NT 

technologija buvo nupurkġta herbicidu Roundup 4 l ha
-1

. 

Priklausomai nuo meteorologiniȎ sŃlygȎ rugsǟjo mǟn. 

pabaigoje arba spalio mǟn. buvo atliekami rudeniniai 

ģemǟs dirbimai pagal anksļiau apraġytas ģemǟs dirbimo 

technologijas. 

PavasarǱ, prieġ kukurȊzȎ sǟjŃ, visose technologijose, 

iġskyrus NT, buvo atliktas pavirġinis seklus (6ï8 cm) 

ģemǟs dirbimas kultivatoriumi. KukurȊzai Pioneer 

P8000(x027) buvo pasǟti geguģǟs mǟnesio pradģioje. 

Sǟklos norma 100 tȊkst. vnt. Ǳ hektarŃ daigiȎ sǟklȎ. 

TarpueiliȎ plotis 45 cm. Sǟjos metu visi kukurȊzȎ 

laukeliai buvo trňġiami NPK 16:16:16 trŃġomis, kuriȎ 

norma 250 kg ha
-1
. Po sǟjos piktģoliȎ kontrolei buvo 

naudojami herbicidai Maister 150 g ha
-1

 ir Actirob 2 l ha
-1

. 

Birģelio pabaigoje kukurȊzai patrňġti amonio salietra 

(NH4NO3), norma 180 kg ha
-1
. KukurȊzȎ biomasǟs 

derlius buvo nuimtas rugsǟjo mǟnesio pabaigoje arba 

spalio mǟnesio pradģioje (priklausomai nuo 

meteorologiniȎ sŃlygȎ). 

Energetiniai rodikliai apskaiļiuoti vadovaujantis, 

Lietuvos agrarinǟs ekonomikos instituto parengtomis 

rekomendacijomis ģemǟs Ȋkio bendrovǟms, Ȋkininkams, 

Ǳmonǟms ir kitoms paslaugas ģemdirbiams teikianļioms 

organizacijoms, atliekanļioms ģemǟs Ȋkio paskirties 

darbus [10]. Kadangi Lietuvoje vidutinis Ȋkis yra apie 14ï

15 ha, tai skaiļiavimai atlikti Ǳvertinant, kad ģemǟs Ȋkio 

maġinos dirba bȊtent tokio dydģio sklypuose normaliomis 

sŃlygomis, tai yra taisyklingȎ kontȊrȎ, lygaus reljefo 

neakmenuotuose laukuose. 

Ģemǟs Ȋkio agregatȎ, degalȎ, trŃġȎ, pesticidȎ ir kitȎ 

sŃnaudȎ energetinǟs vertǟs MJ parinktos, vadovaujantis 

ǱvairiȎ mokslininkȎ paskelbtais moksliniais darbais. 

Energetiniam vertinimui atlikti priimama, kad darbo 

energetinǟ vertǟ yra 1.96 MJ h
-1

 [11, 12], dyzeliniȎ degalȎ 

ï 39.6 MJ l
-1

 [13, 14], ģemǟs Ȋkio maġinȎ (Ǳskaitant 

savaeiges) ï 1.38 MJ kg
-1

 arba 357.2 MJ h
-1

 [15], 

kukurȊzȎ sǟklȎ ï 15.3 MJ kg
-1

 [12, 16], herbicidȎ ï 295.0 

MJ kg
-1

 [11, 17], fungicidȎ ï 115.0 MJ kg
-1

 [11, 17], 

insekticidȎ ï 58.0 MJ kg
-1

 [11, 17], azoto trŃġȎ ï 40.0 MJ 

kg
-1

 [17], fosforo trŃġȎ ï 15.8 MJ kg
-1

 [14, 18], kalio trŃġȎ 

ï 9.3 MJ kg
-1

 [14, 18], kukurȊzȎ derliaus ï 14.7 MJ kg
-1

 

[12, 16]. 

Energetinis efektyvumo koeficientas EE skirtingoms 

ģemǟs dirbimo ir kukurȊzȎ auginimo technologijoms 

nustatytas pagal formulň [19]: 
 

T

P

E

YE
EE=       (1) 

 

here EP is the energy value of corn, MJ kg
-1

; Y is corn 

harvest, kg ha
-1

; ET is the energy cost of one technology, 

MJ ha
-1

.  

Total energy consumption for a particular technology 
ET is calculated thus [3, 19]: 

 ļia EP ï kukurȊzȎ energetinǟ vertǟ, MJ kg
-1

; Y ï 

kukurȊzȎ derlius, kg ha
-1

; ET ï vienos technologijos 

energijos sŃnaudos, MJ ha
-1

.  

Visos vienos technologijos energijos sŃnaudos ET 

apskaiļiuojamos pagal tokiŃ formulň [3, 19]: 
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FC

EE
EEE AMH

SFPFT

+
++=      (2) 

 

here EF is fuel energy costs, MJ ha
-1

; ESFP is seed 

energy costs, fertilizer and pesticides, MJ ha
-1

; EH is work 

energy costs, MJ h
-1

; EAM is agriculture assembly energy 

costs, MJ h
-1

; FC is agriculture assemblies efficiency, ha 

h
-1

. 

An environmental assessment of the different tillage 

and corn cultivation technologies determines how much 

fuel is required for individual mechanized operations and 

the total fuel consumption for an entire technology to be 

implemented. Based on the research results published by 

other scientists [9, 20], burning 1.0 litre of diesel fuel 

emits 3.76 kg of CO2, including all of the tillage and corn 

growing technologies researched. 

The results are 95% reliable according to standard 

statistical and mathematical methods for determining a 

least significant difference [21]. 

 

RESULTS 

Energy, performance, and economic evaluation 
indicators for different tilling, sowing, spraying, fertilizing, 
and other mechanized operations of agricultural 
machinery are presented in Table 1. 

 ļia  EF ï degalȎ energijos sŃnaudos, MJ ha
-1

; ESFP ï 

energijos sŃnaudos sǟklai, trŃġoms ir pesticidams, MJ     

ha
-1

; EH ï darbo energijos sŃnaudos, MJ h
-1

; EAM ï 

ģemǟs Ȋkio agregatȎ energijos sŃnaudos, MJ h
-1

; FC ï 

ģemǟs Ȋkio agregatȎ naġumas, ha h
-1

. 

Vertinant skirtingas ģemǟs dirbimo ir kukurȊzȎ 

auginimo technologijas aplinkosauginiu aspektu buvo 

nustatyta, kiek degalȎ reikalinga atskiroms 

mechanizuotoms technologinǟms operacijoms atlikti ir 

kiek iġ viso degalȎ sunaudojama visai technologijai 

Ǳgyvendinti. Remiantis kitȎ mokslininkȎ [9, 20] 

skelbiamais tyrimȎ rezultatais, jog sudeginus 1.0 litrŃ 

dyzeliniȎ degalȎ, Ǳ aplinkŃ iġsiskiria apie 3.76 kg CO2 

dujȎ, Ǳvertintos visos tirtos ģemǟs dirbimo ir kukurȊzȎ 

auginimo technologijos. 

GautȎ rezultatȎ patikimumas analizuotas 

standartiniais statistiniais ir matematiniais metodais 

Ǳvertinant esminio skirtumo ribŃ esant 95% tikimybǟs 

lygmeniui [21]. 

 

REZULTATAI 

SkirtingȎ ģemǟs dirbimo, sǟjos, purġkimo, trňġimo ir 

kitȎ mechanizuotȎ technologiniȎ operacijȎ vertinimui 

atlikti reikalingȎ ģemǟs Ȋkio maġinȎ energetiniai, 

eksploataciniai ir ekonominiai rodikliai pateikti 1 lentelǟje. 
 

 

 
Table 1  

Energy and economic indicators of various agro-technological operations  

Agro-technological 
operation  

Machinery 
power  
(kW) 

Working width  
(m) 

Field 
capacity  
(ha h

-1
) 

Working 
time 

(h ha
-1
) 

Fuel 
consumption  

(l ha
-1
) 

Operations 
costs  

(EUR ha
-1
) 

Stubble cultivation 83 3.0 1.41  0.71  10.7  30.1 

Deep ploughing 67 1.05 0.52  1,92  24.5  53.1 

Shallow ploughing 67 1.05 0.68  1.47  16.5  45.1 

Chiselling 83 3.0 1.28  0.78  15.8  35.6 

Discing 83 3.0 1.41  0.71  10.7  30.1 

Pre-sowing cultivation 67 3.0 1.30  0.77  4.6  14.4 

Fertilization 67 15.0  19.43  0.05  0.5  1.5 

Conventional drilling 54 4.5 2.37  0.42  2.3  22.7 

Direct drilling 83 3.0 2.24  0.45  6.9  25.4 

Spraying 54 15.0 6.86  0.15  0.9  4.37 

Fertilization 67 15.0 19.43  0.05  0.5  1.5 

Harvesting 200 4.0 1.24  0.80  23.2  99.7 

 
Diesel fuel consumption is one of the key factors that 

have a major impact on both individual operations, as 
well as the entire corn growing technology in terms of 
energy and economic costs. In assessing sustainable 
tillage technologies, we established that compared with 
the traditional technology (control) all other corn growing 
technologies reduce diesel fuel consumption. Fuel costs 
are similar when using sustainable SP, DC, and SC 
technologies (about 53.4ï58.5 litres ha

-1
); however, 

compared with the control technology fuel consumption 
was 12.9 to 20.5% less (Figure 1). NT technology has 
demonstrated the lowest fuel consumption (about 28.4 
litres ha

-1
). 

In terms of individual technological operations, mostly 

diesel (about 24.5 litres ha
-1

) is used in deep soil 

ploughing. Diesel fuel consumed in tillage and sowing is 

about 63% (about 42 litres ha
-1

) of all control technology 

fuel. Researchers in other countries have obtained very 

similar results. Long-term German research has shown 

 DyzeliniȎ degalȎ sunaudojimas yra vienas iġ 

svarbiausiȎ veiksniȎ, daranļiȎ labai didelň ǱtakŃ tiek 

atskirȎ technologiniȎ operacijȎ, tiek ir visos kukurȊzus 

auginimo technologijos energetinǟms ir ekonominǟms 

sŃnaudoms. Vertinant tausojanļio supaprastinto ģemǟs 

dirbimo technologijas, nustatyta, kad visos kukurȊzȎ 

auginimo technologijos, lyginant su tradicine kontroline 

technologija, maģina dyzeliniȎ degalȎ sŃnaudas. Taikant 

tausojanļias supaprastintas SP, DC ir SC technologijas, 

degalȎ sŃnaudos yra panaġios (apie 53,4ï58,5 l ha
-1

), 

taļiau lyginant su kontroline technologija degalȎ 

sunaudojama nuo 12,9 iki 20,5 % maģiau (1 pav.). 

Maģiausiai degalȎ sunaudojama taikant NT technologijŃ 

(apie 28,4 l ha
-1

). 

Vertinant pagal atskiras technologines operacijas, 

daugiausia dyzeliniȎ degalȎ (apie 24,5 l ha
-1

) 

sunaudojama atliekant gilȎ dirvos arimŃ. Ģemǟs dirbimui 

ir sǟjai sunaudojami dyzeliniai degalai sudaro apie 63 % 
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that traditional tillage consumes about 35 litres ha
-1

, 

various environmentally friendly sustainable tilling 

methods from 14 to 25 litres ha
-1

 and no-tillage systems 

about 6 litres ha
-1

 of diesel fuel [22]. Researchers in 

Croatia analysed three different tilling and sowing 

technologies: conventional, sustainable, and no-tillage 

systems. They established that the conventional 

technique consumes 48 to 61 litres ha
-1

 of fuel for soil 

preparation and sowing. By using a sustainable 

cultivation technology, not ploughing, fuel consumption is 

reduced 1.5 to 2.0 times compared with a conventional 

technology. And using no-tillage direct drilling the fuel 

consumption is 5 to 8 times lower than conventional 

technology [23]. Dicle University researchers have came 

to similar conclusions, stating that in no-tillage system the 

fuel consumption was 6.6 litres ha
-1

, while fuel 

consumption seeding by conventional means is 5 times 

higher [24].  

(apie 42 l ha
-1
) visȎ kontrolinei technologijai tenkanļiȎ 

degalȎ. Labai panaġius tyrimȎ rezultatus yra gavň ir kitȎ 

ġaliȎ tyrǟjai. Vokietijoje atlikti ilgalaikiai tyrimai parodǟ, 

kad tradiciniam ģemǟs dirbimui sunaudojama apie 35 l 

ha
ï1
, Ǳvairiems tausojantiems supaprastintiems ģemǟs 

dirbimo bȊdams nuo 14 iki 25 l ha
ï1
, o tiesioginei sǟjai 

apie 6 l ha
ï1

 dyzeliniȎ degalȎ [22]. Kroatijoje analizuotos 

trys skirtingos ģemǟs dirbimo ir sǟjos technologijos: 

Ǳprastinǟ, supaprastinta ir tiesioginǟ sǟja. Nustatyta, kad 

ģemǟs dirbimui ir sǟjai Ǳprastiniu bȊdu sunaudojama nuo 

48 iki 61 l ha
-1

 degalȎ. Dirvos neariant, bet Ǳdirbant 

supaprastintu bȊdu, degalȎ sŃnaudos sumaģǟja nuo 1,5 

iki 2,0 kartȎ lyginant su Ǳprastine technologija. O sǟjant 

tiesiai Ǳ neǱdirbtŃ dirvŃ, degalȎ sŃnaudos yra nuo 5 iki 8 

kartȎ maģesnǟs negu Ǳprastinǟje technologijoje [23]. 

Panaġiai teigia ir Dicle universiteto mokslininkai, nustatň, 

kad sǟjant tiesiogiai Ǳ neǱdirbtŃ dirvŃ degalȎ sŃnaudos 

buvo 6,6 l ha
-1
, o sǟjant Ǳ Ǳprastiniu bȊdu ǱdirbtŃ dirvŃ 5 

kartus didesnǟs [24].  
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Fig. 1 ï Influence of tillage technology for corn cultivation on fuel consumption 

 

Tillage is not only difficult work, but at the same time 

very energy-susceptible, requiring high power machines. 

Fuel consumption and hence greenhouse gas emissions 

depend on tilling process parameters: the depth of tillage, 

working width, speed, soil properties, etc. Evaluating the 

different corn-growing operations in terms of 

environmental aspects, CO2 pollution is the lowest using 

NT technology. Analytical calculations show the following 

for all the mechanized operations provided for by NT 

technology for one hectare: agricultural machinery 

(tractors, combine harvester) emit about 107 kg ha
-1

 of 

CO2 (Figure 2) into the environment, while all other 

simplified sustainable tilling technologies (SP, DC, and 

SC) pollute twice as much. The control technology 

produced the most CO2 (about 253 kg ha
-1

). 

Analysing mechanized corn production operations 

separately we can see that the cleanest technology is 

NT, because requires only one operation, which emits 

about 26 kg ha
-1

 CO2. For the other tillage and sowing 

technologies the pollution is between 4 (SC ï 106.4 kg 

ha
-1

) and 6 (control ï 158 kg ha
-1

) times more than NT. 

Sørensen and Nielsen [25] states that NT reduces 

energy consumption with 75-83%. CO2 is similarly 

reduced as an output of agricultural machinery compared 

with the control technology. The fewer agricultural 

operations there are, the lower CO2 emission is. 

Greenhouse gas emissions are strongly influenced by 

 Ģemǟs dirbimo darbai yra ne tik sunkȊs, bet tuo paļiu 
ir labai energoimlȊs, reikalaujantys didelǟs galios maġinȎ. 
DegalȎ sunaudojimas, o tuo paļiu ir ġiltnamio efektŃ 
sukelianļiȎ dujȎ iġmetimas Ǳ aplinkŃ priklauso nuo ģemǟs 
dirbimo technologiniȎ parametrȎ: dirbimo gylio, darbinio 
ploļio, greiļio, dirvos savybiȎ ir kt. Vertinant skirtingas 
kukurȊzȎ auginimo technologines operacijas 
aplinkosauginiu aspektu, nustatyta, kad CO2 dujomis 
maģiausiai aplinkŃ terġia NT technologija. Analitiniai 
skaiļiavimai rodo, kad vieno hektare ploto atlikus visas 
NT technologijoje numatytas mechanizuotas 
technologines operacijas, Ǳ aplinka iġ ģemǟs Ȋkio maġinȎ 
(traktoriȎ, derliaus nuǟmimo kombainȎ) iġmetama apie 
107 kg CO2 (2 pav.), kai tuo tarpu visos kitos 
supaprastinto tausojanļio ģemǟs dirbimo technologijos 
SP, DC ir SC aplinkŃ terġia dvigubai daugiau. 
Daugiausiai CO2 (apie 253 kg ha

-1
) Ǳ aplinkŃ iġmetama 

taikant kontrolinň technologijŃ. 
Analizuojant atskirai mechanizuotas kukurȊzȎ 

auginimo technologines operacijas, galime matyti, kad 
ġvaresnǟ technologija yra NT, nes atliekama tik viena 
technologinǟ operacija, kurios metu Ǳ aplinkŃ iġmetama 
apie 26 kg ha

-1
 CO2 dujȎ. Kitose technologijose ģemǟs 

dirbimas ir sǟja aplinkŃ terġia nuo 4 (SC ï 106,4 kg ha
-1

) 
iki 6 (kontrolǟ ï 158 kg ha

-1
) kartȎ daugiau negu NT. 

Sørensen ir Nielsen [25] teigia, kad, taikant NT energijos 
sŃnaudos sumaģǟja apie 75ï83 %. Panaġiai CO2 emisija 
sumaģǟja ir iġ ģemǟs Ȋkio maġinȎ, lyginant su kontroline 
technologija. Maģinant technologiniȎ operacijȎ skaiļiȎ 
ģemǟs dirbimo paruoġimui, maģǟja ir CO2 emisija. 
Ġiltnamio efektŃ sukelianļiȎ dujȎ emisijai Ǳ aplinkŃ didelň 
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appropriate selection of agricultural machinery and the 

optimal engine load [4]. 

During the agricultural technology energy 

assessment, it is important to know not only the total 

energy costs incurred, but also the amount of energy 

generated by farmed production. Each technologyôs 

energy recovery was estimated based on the corn crop. 

Assessing three survey years of corn averages yield, the 

highest levels of energy were achieved by the NT and 

control technologies (Table 2). 

ǱtakŃ daro tinkamas ģemǟs Ȋkio maġinȎ parinkimas ir 
optimalus variklio apkrovimas [4]. 
Atliekant energetinǱ ģemǟs Ȋkio technologijȎ 

vertinimŃ, labai svarbu ģinoti ne tik visos technologijos 
patiriamas energetines sŃnaudas, taļiau ir iġ auginamos 
produkcijos gaunamŃ energijos kiekǱ. Priklausomai nuo 
kukurȊzȎ derliaus, atitinkamai buvo apskaiļiuota ir 
gaunama energija iġ kiekvienos technologijos. Vertinant 
trijȎ tyrimo metȎ kukurȊzȎ derliaus vidurkǱ, didģiausias 
energijos kiekis gautas NT ir kontrolinǟje technologijose 
(2 lentelǟ). 
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Fig. 2 ï Greenhouse gas CO2 emissions from agricultural machineries under different tillage technologies for corn cultivation 

 
Table 2 

Yield and energy indicators for various tillage and corn cultivation technologies in 2010ï2012 (average data) 

Tillage technologies Dry mass yield of 
corn Mg ha

-1
 

Energy output of 
corn yield MJ ha

-1
 

Energy inputs in corn 
cultivation MJ ha

-1
 

Energy efficiency 
ratio EE 

NT 15.39 226233 16153.5 14.0 

SC 14.00 205800 17146.8 12.0 

DC 13.40 196980 17373.9 11.3 

SP 13.99 205653 17478.2 11.7 

Control 15.25 224175 18127.9 12.4 

 

The calculation of values for each corn-growing 

technologyôs energy consumption revealed that under 

Lithuanian conditions different technologiesô energy 

consumption ranged from 16.15 to 18.13 GJ ha
-1

. By 

comparison calculations of sugar beet technology energy 

efficiency in Germany showed that total energy 

consumption was from 11.1 to 35.8 GJ ha
-1

 [14]. 

In all the corn growing technologies, the fertilizer and 

the diesel fuel accounted the majority of energy 

consumption. In the traditional control technology it is 

about 70% fertilizers and 15% fuel, while for NT it is 78% 

and 7%. 

Energy efficiency balance calculations show that the 

best energy efficiency ratio (14.0) is achieved using the 

NT technology. The energy efficiency ratio was 12.4 in 

the control technology when deep tillage ploughing was 

performed. 

 

CONCLUSIONS 

Fuel consumption research have determined that 
sustainable tillage technologies expend 12-58% less 
energy than deep ploughing.  

In the control technology (deep ploughing) agricultural 

machines emit an average of 253 kg ha
-1

 CO2. The 

sustainable technologies (SC, DC, and SP), emit 2 to 22 

% less CO2. NT technology pollutes the least with a rate 

of CO2 emission 2.4 times lower than the control 

 Apskaiļiavus kiekvienai tirtai kukurȊzȎ auginimo 

technologijai tenkanļias energijos sŃnaudas, nustatyta, 

kad Lietuvos sŃlygomis skirtingȎ technologijȎ energijos 

sŃnaudos svyravo nuo 16.15 iki 18.12 GJ ha
-1

. 

Palyginimui Vokietijoje atlikti cukriniȎ runkeliȎ 

technologijos energijos efektyvumo skaiļiavimai, parodǟ, 

kad bendros energijos sŃnaudos cukriniams runkeliams 

iġauginti buvo nuo 11.1 iki 35.8 GJ ha
-1

 [14]. 

Visose kukurȊzȎ auginimo technologijose didģiausiŃ 

dalǱ nuo visȎ energijos sŃnaudȎ sudarǟ trŃġos ir 

dyzeliniai degalai. Tradicinǟje kontrolinǟje technologijoje 

trŃġos sudarǟ apie 70 %, degalai ï apie 15 %, o NT 

technologijoje atitinkamai 78 % ir 7 %. 

Energetinio efektyvumo balanso skaiļiavimai rodo, 

kad geriausias energetinio efektyvumo koeficientas 

(14.0) pasiektas taikant NT technologijŃ. Kontrolinǟje 

technologijoje, kai atliekamas gilus ģemǟs dirbimas 

plȊgu, energetinio efektyvumo koeficientas buvo 12,4. 

 

IĠVADOS 

DegalȎ sŃnaudȎ tyrimais nustatyta, kad taikant 
tausojanļias ģemǟs dirbimo technologijas, degalȎ 
sŃnaudas galima sumaģinti nuo 12 iki 58 % lyginant su 
kontroline gilaus arimo technologija.  
Kontrolinǟje technologijoje ģemǟs Ȋkio maġinos, 

degindamos degalus, Ǳ aplinkŃ iġmeta vidutiniġkai apie 
253 kg ha

-1
 CO2 dujȎ. Taikant tausojanļias SC, DC ir SP 

technologijas, CO2 dujȎ Ǳ aplinkŃ iġmetama nuo 12 iki 22 
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technology. 

Having evaluated the technological energy 

consumption with energy efficiency calculations and 

energy generated from the corn crop, the optimum 

energy efficiency ratio (14.0) is achieved using the NT 

technology. The conventional deep ploughing has an 

energy efficiency ratio of 12.4. 
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Abstract: A forestry nursery in Tokoroa, New Zealand 

grows approximately 3 million Radiata pine seedlings per 

annum of which about 65% (2 million) are of suitable 

quality for forestry plantations. The high rejection rate of 

35% was attributed to poorly trained, seasonal workers 

and unsophisticated equipment. It was estimated that 

about 22% of seedling rejection (approximately 220,000 

per year) was due to poorly dibbled holes that caused 

bends in the stems. The bends occurred when planters 

pinched the stems of the seedlings in an attempt to make 

them vertical.  A research and development project was 

undertaken to develop a mechatronic dibbling machine 

that could produce vertical holes of specified depth. The 

machine also had to produce 120,000 holes per day and 

be flexible with regard to spacing and size. The 

completed mechatronic dibbling machine was tested at 

the Tokoroa nursery and produced 98% of the holes at 

the required angle and 100% of useable depth. 

Harvesting, the following season, showed that the 

unwanted stem bends had been eliminated with a 

subsequent reduction in rejects. Furthermore, it was 

found that worker productivity increased by 

approximately 10% as they did not have to spend time 

setting seedlings vertically.   

 

Keywords:  forestry, dibbling, mechatronic, cuttings, 

seedlings, machinery 

 

INTRODUCTION 

A forestry nursery located in Tokoroa, New Zealand 

supplies approximately 3 million Radiata Pine seedlings 

per year to the forestry industry. Once harvested, the 

seedlings are transported to forestry blocks for planting. 

The vast majority of seedlings (over 90%) are Radiata 

Pine as shown in fig.1, but larger seedlings such as Plug 

Plus and Douglas fir are also grown. In peak season, up 

to 120,000 Radiata Pine seedlings per day are planted. 

  ɸʥʥʦʪʘʮʠʷ: ɺ ʣʝʩʥʦʤ ʧʠʪʦʤʥʠʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ 
ʚ ʨʝʛʠʦʥʝ ʊʦʢʦʨʦʘ, ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ ʟʘ ʛʦʜ 
ʚʳʨʘʱʠʚʘʝʪʩʷ ʦʢʦʣʦ 3 ʤʠʣʣʠʦʥʦʚ ʩʘʞʝʥʮʝʚ Pinus 
radiata, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʦʢʦʣʦ 65% (2 ʤʠʣʣʠʦʥʘ) 
ʧʨʠʛʦʜʥʳ ʜʣʷ ʣʝʩʥʳʭ ʧʦʩʘʜʦʢ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʙʨʘʢʘ, ʚ 35%, ʩʚʷʟʘʥ ʩ ʧʣʦʭʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ, 
ʩʝʟʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʠ ʫʩʪʘʨʝʚʰʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 
ɹʳʣʦ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʧʦʨʷʜʢʘ 22% ʩʘʞʝʥʮʝʚ (ʦʢʦʣʦ 
220000 ʚ ʛʦʜ) ʙʳʣʠ ʟʘʙʨʘʢʦʚʘʥʳ ʠʟ-ʟʘ ʧʣʦʭʦʛʦ 
ʢʘʯʝʩʪʚʘ ʣʫʥʦʢ, ʧʨʠʚʦʜʠʚʰʠʭ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʩʪʝʙʣʝʡ 
ʩʘʞʝʥʮʝʚ. ʀʩʢʨʠʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ, ʢʦʛʜʘ ʨʘʙʦʯʠʝ 
ʟʘʞʠʤʘʣʠ ʩʪʝʙʣʠ ʨʘʩʪʝʥʠʡ ʜʣʷ ʧʨʠʜʘʥʠʷ ʩʘʞʝʥʮʘʤ 
ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʅʘʩʪʦʷʱʠʡ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʝʣʘʪʴ 
ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʫʥʢʠ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ. ʕʪʘ ʤʘʰʠʥʘ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 120000 ʣʫʥʦʢ ʚ ʜʝʥʴ ʠ 
ʟʘʜʘʚʘʪʴ ʠʭ ʛʣʫʙʠʥʫ ʠ ʨʘʟʤʝʨ. ʉʦʟʜʘʥʥʘʷ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʣʫʥʢʦʚʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʙʳʣʘ 
ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ ʧʠʪʦʤʥʠʢʝ ʊʦʢʦʨʦʘ ʠ ʧʨʦʠʟʚʝʣʘ 
98% ʣʫʥʦʢ ʧʦʜ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ ʠ 100% ʣʫʥʦʢ 
ʥʝʦʙʭʦʜʠʤʦʡ ʛʣʫʙʠʥʳ. ʉʙʦʨ ʩʘʞʝʥʮʝʚ ʚ ʩʣʝʜʫʶʱʝʤ 
ʩʝʟʦʥʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʠʟʛʠʙʳ ʩʪʚʦʣʦʚ 
ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʙʨʘʢʘ. 
ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 
10% ʪʘʢ ʢʘʢ ʥʝ ʧʨʠʭʦʜʠʣʦʩʴ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ 
ʚʝʨʪʠʢʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʨʘʩʩʘʜʳ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʣʫʥʢʠ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ, ʯʝʨʝʥʢʠ, ʩʘʞʝʥʮʳ, ʪʝʭʥʠʢʘ 
 
ɺɺɽɼɽʅʀɽ 
ʃʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʨʝʛʠʦʥʝ 

ʊʦʢʦʨʦʘ, ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, ʟʘ ʛʦʜ ʚʳʨʘʱʠʚʘʝʪ ʜʣʷ 
ʣʝʩʥʦʡ ʠʥʜʫʩʪʨʠʠ ʦʢʦʣʦ 3 ʤʠʣʣʠʦʥʦʚ ʩʘʞʝʥʮʝʚ Pinus 
radiata. ʇʦʩʣʝ ʩʙʦʨʘ ʩʘʞʝʥʮʳ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘ 
ʣʝʩʥʳʝ ʫʯʘʩʪʢʠ ʜʣʷ ʧʦʩʘʜʢʠ. ʇʦʜʘʚʣʷʶʱʝʝ 
ʙʦʣʴʰʠʥʩʪʚʦ ʩʘʞʝʥʮʝʚ - Pinus radiata - ʢʘʢ ʧʦʢʘʟʘʥʦ 
ʥʘ ʨʠʩ. (fig.) 1, ʥʦ ʪʘʢʞʝ ʚʳʨʘʱʠʚʘʶʪʩʷ ʠ ʙʦʣʝʝ 
ʢʨʫʧʥʳʝ ʩʘʞʝʥʮʳ, ʪʘʢʠʝ ʢʘʢ Plug Plus ʠ Douglas fir. ɺ 
ʧʠʢ ʩʝʟʦʥʘ ʚ ʜʝʥʴ ʚʳʩʘʞʠʚʘʶʪ ʜʦ 120000 ʩʘʞʝʥʮʝʚ. 

 

 
Fig. 1 ï Bed of Radiata pine seedlings after 1 year growth 
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This spiked wheel dibbling process, though fast, 

produced non-circular holes due to the rotation of the 

spike in the soil. In the forestry nursery this is called 

ótearingô and the plan shape of a spiked wheel produced 

hole is represented in fig.3. Consequently, when juvenile 

seedlings were planted in the non-circular holes they did 

not stand vertically as required 

Each Radita Pine seedling requires a vertical hole, +/- 

3 degrees from vertical, lateral spacing of 80mm (+/- 

2mm), longitudinal spacing of 125mm (+/- 2mm) and hole 

of 10mm (+/- 0.5mm) diameter of depth of 40mm (+/- 

3mm). These requirements were given by the nursery 

manager and are based on experience. As approximately 

90% of holes are for Radiata Pine, this research 

focussed on improving the quality of Radiata Pine holes. 

Once the holes are produced, juvenile seedlings are 

manually planted in the holes. The process of producing 

holes for planting seedlings is called dibbling. To 

compensate for rejects, the nursery had to plant 

approximately 5 million seedlings to achieve a yield of 3 

million. Poor quality holes, caused by antiquated dibbling 

methods, was one of the major causes of inconsistent 

quality. Formerly, dibbling for Radiata Pine was achieved 

using a spiked wheel towed behind a tractor as shown in 

fig.2. The spiked wheel method could not meet the 

required hole specification under any conditions. 

 ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʣʫʥʢʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʤ, ʥʦ 

ʧʦʣʫʯʘʝʤʳʝ ʣʫʥʢʠ ʠʤʝʶʪ ʥʝ ʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠʟ-ʟʘ 

ñʨʘʟʨʳʚʘò ʧʦʯʚʳ, ʚʳʟʚʘʥʥʦʛʦ ʚʨʘʱʘʶʱʠʤʩʷ ʰʠʧʦʤ, 

ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. (fig.) 3. ʇʨʠ ʧʦʩʘʜʢʝ ʤʦʣʦʜʳʭ 

ʩʘʞʝʥʮʝʚ ʚ ʪʘʢʠʝ ʣʫʥʢʠ ʦʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝ 

ʚʝʨʪʠʢʘʣʴʥʦ, ʢʘʢ ʵʪʦ ʪʨʝʙʫʝʪʩʷ 

ʂʘʞʜʳʡ ʩʘʞʝʥʝʮ ʪʨʝʙʫʝʪ ʧʨʷʤʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʣʫʥʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʳ ʠ ʨʘʟʤʝʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʘʞʝʥʮʝʚ 

Pinus radiata ʪʨʝʙʫʶʪʩʷ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 

ʧʨʠʤʝʨʥʦ 10 ʤʤ ʠ ʛʣʫʙʠʥʦʡ 40 ʤʤ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʣʫʥʢʠ ʩʜʝʣʘʥʳ, ʤʦʣʦʜʳʝ ʩʘʞʝʥʮʳ ʧʦʤʝʱʘʶʪ ʚ ʥʠʭ 

ʚʨʫʯʥʫʶ. ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʫʥʦʢ ʜʣʷ ʧʦʩʘʜʢʠ 

ʩʘʞʝʥʮʝʚ ʥʘʟʳʚʘʝʪʩʷ ʣʫʥʢʦʚʘʥʠʝʤ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʪʝʨ,ɹ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʨʘʢʘ, ʧʠʪʦʤʥʠʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʘʜʠʪʴ ʦʢʦʣʦ 5 ʤʠʣʣʠʦʥʦʚ ʩʘʞʝʥʮʝʚ ʚ 

ʛʦʜ, ʯʪʦʙʳ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚ 3 

ʤʠʣʣʠʦʥʘ. ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʣʫʥʦʢ ʚʳʟʚʘʥʦ 

ʫʩʪʘʨʝʚʰʠʤʠ ʤʝʪʦʜʘʤʠ ʣʫʥʢʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʤʠʩʷ 

ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ 

ʢʘʯʝʩʪʚʘ. ʃʫʥʢʦʚʘʥʠʝ ʜʣʷ Pinus radiata 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʰʠʧʦʚʘʥʥʦʛʦ ʢʦʣʝʩʘ, 

ʙʫʢʩʠʨʫʝʤʦʛʦ ʪʨʘʢʪʦʨʦʤ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. (fig.) 2 

 

  
 

Fig. 2 ï Radiata Pine dibbling mac hine Fig. 3 ï  Non-circular holes caused by the spiked  wheel dibbling 
machine `tearingô 

     

To compensate for this, planters manually set each 

juvenile seedling visually. They then used their fingers to 

gather the soil around the stem to fix it in position. It was 

found that the manual setting caused bends in the stems, 

accounting for approximately 22% (220,000 per annum) 

of rejects.  Furthermore, the Plus Plug and Douglas Fir 

seedlings required manual dibbling as the holes were too 

large to be produced by a spiked wheel. This was labour 

intensive and therefore costly. To overcome these 

problems, research was undertaken at the University of 

Waikato into the feasibility of a mechatronic dibbling 

machine. 

Automated dibbling and seeding has been 

 ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ, ʨʘʙʦʯʠʝ 
ʚʨʫʯʥʫʶ, ʥʘ ʛʣʘʟ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʘʞʜʳʡ ʤʦʣʦʜʦʡ 
ʩʘʞʝʥʝʮ ʠ ʜʣ̫ ʬʠʢʩʘʮʠʠ ñʟʘʞʠʤʘʶʪò ʧʦʯʚʫ ʚʦʢʨʫʛ 
ʩʪʝʙʣʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ñʟʘʞʠʤʘʥʠʝò ʧʨʠʚʦʜʠʪ 
ʢ ʠʟʛʠʙʫ ʩʪʝʙʣʝʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 22% 
(220000 ʚ ʛʦʜ) ʙʨʘʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʞʝʥʮʳ Plus Plug ʠ 
Douglas fir ʪʨʝʙʦʚʘʣʠ ʨʫʯʥʦʛʦ ʣʫʥʢʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʣʷ 
ʥʠʭ ʥʫʞʥʳ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʣʫʥʢʠ, ʯʪʦʙ ʠʭ ʤʦʞʥʦ 
ʙʳʣʦ ʩʜʝʣʘʪʴ ʰʠʧʦʚʘʥʥʳʤ ʢʦʣʝʩʦʤ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ 
ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʜʦʨʦʛʦʩʪʦʷʱʠʤ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʘʡʢʘʪʦ (University of Waikato) ʙʳʣʦ 
ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʜʣʷ 
ʣʫʥʢʦʚʘʥʠʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ 

ʣʫʥʢʦʚʘʥʠʶ ʠ ʧʦʩʘʜʢʝ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʨʷʜʦʤ 
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investigated by a number of researchers. Commonly, 

spiked wheels are used for dibbling holes, especially for 

seed planting and are often combined with an integrated 

seed dropping mechanism [3, 4]. Whereas this is 

effective for seeds, it is not viable for planting juvenile 

seedlings due to ótearingô of the holes by the spike. 

Investigations into plunger type dibblers and seeders 

as alternatives to the commonly used Coulter drill have 

been undertaken [1, 6]. However, the emphasis of that 

research was on how to make a hole and drop a seed in 

it rather than producing holes to meet a defined 

specification for planting seedlings. Furthermore, these 

dibblers lacked the flexibility and speed required for the 

forestry nursery. 

Lawrence et al [5], developed a dibbler using 

microprocessor control that offered greater opportunity 

for varying hole spacing too suit a range of crops.  They 

found that using the new design, 96% of the hole spacing 

for potatoes and 98% for onions were within the required 

+/-10% specification. This flexibility and controllability 

highlights the advantages of using computer technology 

compared to purely mechanical systems. However, their 

system was not suitable for forestry nurseries as the 

holes have to be deeper and straighter for forestry 

seedlings and they had no method of achieving this. 

Consequently, it was found that no dibbling machine 

existed that met the requirements of the forestry nursery 

and therefore a new machine had to be developed.  

 

MATERIAL AND METHOD 

Firstly, a detailed investigation of dibbling and 

associated issues was undertaken in close collaboration 

with the forestry nursery managers. One requirement 

from the managers was that they wanted drilled holes, 

not punched. This was because punched holes compress 

the soil and inhibit root growth. Laboratory experiments 

were undertake to determine the best drilling speed, drill 

types and power for a range of soil conditions. Five 

seedling trays, each comprising forty eight cells were 

filled with nuresry soil. The soil was then compacted until 

it resembled the soil consistency in the nursery for a 

range of conditions from wet to dry. It was very difficult to 

quantify these conditions so they were based on the 

experience of the nursey manager. An electric drill was 

used for the testing and was modified such that its speed 

could be controlled over a range from approximately 100 

to 3000 rev/min. This was achieved using voltage control 

with a switching DC power supply. The drill speed was 

measured with an optical tachometer. A scissor 

mechanism was used to keep the drill vertical during 

testing. It was found that for Radiata Pine, the optimal 

drilling speed was approximately 1000 rev/min with a 

10mm auger drill. At 1000 rev/min, the drilling left soil at 

the edge of the hole that planters could use to set the 

seedling. Furthermore, the centrifugal force on the dirt 

ensured the drill did not clog with soil.   The vertical drill 

speed was approximately 0.25m/s. The drilling power 

consumption was found from the product of the current 

and voltage and at optimal speed, in dry soil conditions 

was approximately 2W. The mechatronic dibbling 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʣʫʥʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʠʧʦʚʘʥʥʳʝ ʢʦʣʝʩʘ, ʪʘʢʞʝ ʦʥʠ 
ʯʘʩʪʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʜʘʯʠ ʩʝʤʷʥ [3, 
4]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʢʦʡ ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 
ʩʝʤʷʥ, ʦʥ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʤʦʣʦʜʳʭ ʩʘʞʝʥʮʝʚ ʚʚʠʜʫ 
ñʨʘʟʨʳʚʦʚò ʦʪʚʝʨʩʪʠʡ ʰʠʧʘʤʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʫʥʢʦʚʘʪʝʣʝʡ ʧʣʫʥʞʝʨʥʦʛʦ ʪʠʧʘ ʠ 

ʩʝʷʣʦʢ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʝʤʦʤʫ ʩʚʝʨʣʫ Coulter ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ  ʚ 
ʨʘʙʦʪʘʭ [1, 6]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʢʮʝʥʪ ʵʪʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʢʘʢ ʧʨʦʠʟʚʝʩʪʠ 
ʦʪʚʝʨʩʪʠʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʘʜʝʥʠʝ ʩʝʤʝʥʠ ʚ ʥʝʛʦ, ʘ ʥʝ ʚ 
ʪʦʤ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʚʝʨʩʪʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠʬʠʢʝ ʧʦʩʘʜʢʠ ʩʘʞʝʥʮʝʚ. ʂʨʦʤʝ 
ʪʦʛʦ, ʵʪʠʤ ʤʘʰʠʥʘʤ ʥʝ ʭʚʘʪʘʣʦ ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʝʢ ʠ 
ʩʢʦʨʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʣʝʩʥʦʛʦ ʧʠʪʦʤʥʠʢʘ. 
ʃʦʫʨʘʥʩ (Lawrence) ʠ ʜʨ. [5] ʨʘʟʨʘʙʦʪʘʣʠ 

ʣʫʥʢʦʚʘʪʝʣʴ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 
ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʙʦӡʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 
ʠʟʤʝʥʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʣʫʥʢʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ 
ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ 
ʧʦʤʦʱʴʶ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 96% ʦʪ ʨʘʩʩʪʦʷʥʠʷ 
ʤʝʞʜʫ ʣʫʥʢʘʤʠ ʜʣʷ ʢʘʨʪʦʬʝʣʷ ʠ 98% - ʜʣʷ ʣʫʢʘ ʙʳʣʠ 
ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʙʫʝʤʦʛʦ, +/- 10% ʦʪ ʩʧʝʮʠʬʠʢʘʮʠʠ. 
ʕʪʘ ʛʠʙʢʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʜʯʝʨʢʠʚʘʝʪ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʩʠʩʪʝʤʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʥʝ ʧʦʜʭʦʜʠʪ 
ʜʣʷ ʧʠʪʦʤʥʠʢʦʚ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʣʫʥʢʠ ʜʣʷ 
ʩʘʞʝʥʮʝʚ ʜʝʨʝʚʴʝʚ ʜʦʣʞʥʳ ʙʳʪʴ ʛʣʫʙʞʝ ʠ ʨʦʚʥʝʝ, ʘ 
ʤʝʪʦʜʳ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʨʘʙʦʪʝ 
ʦʪʩʫʪʩʪʚʫʶʪ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ 

ʩʫʱʝʩʪʚʦʚʘʣʦ ʣʫʥʢʦʚʘʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʦʪʚʝʯʘʶʱʠʭ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʠʪʦʤʥʠʢʘ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ 
ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼ 

ɺʥʘʯʘʣʝ, ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤʠ  ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʣʫʥʢʦʚʘʥʠʷ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʚʦʧʨʦʩʦʚ. ʋʧʨʘʚʣʷʶʱʠʝ ʚʳʜʚʠʥʫʣʠ 

ʩʣʝʜʫʶʱʝʝ ʪʨʝʙʦʚʘʥʠʝ - ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʩʚʝʨʣʝʥʥʳʤʠ, ʘ ʥʝ ʧʨʦʙʠʪʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʦʙʠʪʠʝ ʣʫʥʢʠ ʧʨʝʩʩʫʝʪ ʧʦʯʚʫ ʠ ʧʦʜʘʚʣʷʝʪ  ʨʦʩʪ 

ʢʦʨʥʝʡ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʩʢʦʨʦʩʪʠ, 

ʪʠʧʘ ʠ ʤʦʱʥʦʩʪʠ ʙʫʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʰʠʥʘ ʜʣʷ 

ʣʫʥʢʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦ ʙʫʢʩʠʨʦʚʘʪʴʩʷ 

ʠʤʝʶʱʠʤʩʷ ʚ ʧʠʪʦʤʥʠʢʝ ʪʨʘʢʪʦʨʦʤ, ʘ ʥʝ ʚ ʨʝʞʠʤʝ 

ñʩʪʘʨʪ-ʩʪʦʧò. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʴʢʦ ʪʨʘʢʪʦʨʠʩʪ ʜʦʣʞʝʥ 

ʙʳʣ ʫʧʨʘʚʣʷʪʴ ʣʫʥʢʦʚʘʪʝʣʝʤ ʠ ʣʝʛʢʦ 

ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʠ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʣʫʥʢʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʙʳʣʦ ʧʨʦʠʟʚʦʜʠʪʴ ʣʫʥʢʦʚʘʥʠʝ 

ʧʨʷʤʳʭ, ʚʝʨʪʠʢʘʣʴʥʳʭ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʣʫʥʦʢ ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʤʘʰʠʥʘ ʙʫʢʩʠʨʦʚʘʣʘʩʴ ʟʘ ʪʨʘʢʪʦʨʦʤ, 

ʝʜʫʱʝʤ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɼʘʞʝ ʥʘ ʥʠʟʢʦʡ 

ʧʝʨʝʜʘʯʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʨʘʢʪʦʨʘ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʣʫʥʦʢ,  ʦʜʥʘʢʦ ʵʪʦʛʦ 

ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʧʨʠʤʝʥʷʷ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʪʨʘʢʪʦʨʘ ʠ 

ʣʫʥʢʦʚʘʪʝʣʝʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 
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machine had to be towed by an existing nursery tractor in 

a continuous process. Also, only the tractor driver was to 

operate the dibbler and it had to be easily reconfigured to 

accommodate a range of sizes and hole spacing.  

In order to achieve the requirements, the machine had 

to produce straight vertical cylindrical holes whilst the 

machine was being towed behind a tractor driving at 

variable speed. The speed of the nursery tractor when 

driving with a creeper gearbox was between 0.2 to 0.4 

m/s.  Even in lowest gear, the speed variation of the 

tractor would have led to poor quality holes unless there 

was some sort of closed loop control that linked the 

dibbling to tractor speed.  

To achieve closed loop control, a programmable logic 

controller (PLC) coupled with sensors and precision 

pneumatics was used. A rotary encoder was mounted in 

a roller at the front of the dibbler. Therefore, the rotational 

speed of the roller was directly proportional to the 

horizontal speed of the tractor. The PLC then calculated 

the instantaneous speed requirement of a horizontal 

pneumatic cylinder such that it would match the tractor 

speed.  A control signal was then sent to a Norgren 

pneumatic speed control valve. A horizontal, speed 

controlled pneumatic cylinder then moved forward at the 

speed of the tractor.  

As the cylinder moved horizontally, a second 

pneumatic cylinder, with 16 rotating drill bits, descended 

to drill the holes. The matching of the horizontal cylinder 

speed with tractor speed ensured there was zero relative 

velocity between the vertical drilling cylinder and the 

planting bed. Once the holes were drilled, the vertical 

cylinder lifted the drills from the bed and the horizontal 

cylinder rapidly returned the starting position ready for 

another cycle. The entire cycle took approximately 1 

second.  

It was found that to achieve the 120,000 holes per day 

and given the limitations of the pneumatics, that 16 drill 

bits were required. An arrangement drawing of the 

mechatronic dibbler is shown in (fig.4). 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʣʝʨ (ʇʃʂ) ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʩʝʥʩʦʨʘʤʠ ʠ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʧʥʝʚʤʘʪʠʢʦʡ. ɼʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʦʣʠʢʝ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ 

ʣʫʥʢʦʜʝʣʘʪʝʣʷ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʣʠʢʘ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʨʘʢʪʦʨʘ. 

ʇʃʂ ʨʘʩʩʯʠʪʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʢ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʩʦʦʪʚʝʪʩʪʦʚʘʣʘ ʩʢʦʨʦʩʪʠ 

ʪʨʘʢʪʦʨʘ. ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ 

Norgren ʢʣʘʧʘʥʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ ʩ 

ʫʧʨʘʚʣʷʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʝʨʝʜ ʚ 

ʩʦʦʪʚʝʩʪʚʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʨʘʢʪʦʨʘ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʚʪʦʨʦʡ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ ʩ 16 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʙʫʨʘʤʠ ʩʚʝʨʣʠʪ ʣʫʥʢʠ. ʋʩʪʘʥʦʚʢʘ 

ʩʢʦʨʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʫʣʝʚʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦ-

ʩʚʝʨʣʠʣʴʥʳʤ ʮʠʣʠʥʜʨʦʤ ʠ ʨʘʩʩʘʜʦʯʥʦʡ ʛʨʷʜʦʡ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʣʫʥʢʠ ʙʳʣʠ ʧʨʦʩʚʝʨʣʝʥʳ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʧʦʜʥʠʤʘʝʪ ʩʚʝʨʣʦ ʠʟ ʛʨʷʜʳ, ʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʙʳʩʪʨʦ ʚʦʟʚʨʘʱʘʝʪ ʝʛʦ ʚ 

ʠʩʭʦʜʥʫʶ ʧʦʟʠʮʠʶ ʜʣʷ ʥʘʯʘʣʘ ʦʯʝʨʝʜʥʦʛʦ ʮʠʢʣʘ. 

ʆʙʨʘʪʥʳʡ ʮʠʢʣ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʠʢʣʦʤ ʩʚʝʨʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʧʠʪʦʤʥʠʢʘ ʧʦ ʠʥʪʝʨʚʘʣʘʤ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 16 ʙʫʨʦʚʳʭ 

ʜʦʣʦʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 120000 ʣʫʥʦʢ ʚ ʜʝʥʴ, ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʥʝʚʤʘʪʠʢʫ. ʋʩʪʨʦʡʩʪʚʦ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʣʫʥʢʦʚʘʪʝʣʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

(fig.) 4 

 

 
Fig. 4 ï Arrangement of mechatronic dibbling machine concept 

 
Even though this was a research exercise, the nursery 

wanted to permanently replace the spiked wheel dibbler 

 ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʙʳʣʦ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 
ʧʠʪʦʤʥʠʢ ʭʦʪʝʣ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʣʫʥʢʦʚʘʥʠʝ 
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with the mechatronic dibbler prototype. Therefore, extra 

design criteria were added to the original mechatronic 

dibbler requirements as listed below: 

¶ Must be able to operate in all weather conditions ï 

as dibbling is done in winter, weather conditions 

include hard frosty ground, severe wind and rain with 

associated mud. 

¶ Easy repair and maintenance. 

¶ Easy and fast transportation from the storage 

building to the planting beds (up to 1.5km). 

¶ Easy movement from one bed row to the next. 

¶ Minimal disturbance to the bed surface, to protect 

the pesticide layer.  

To accommodate these extra requirements the 

machine used components such as electronics and 

bearings rated to Ingress Protection (IP 67). This allowed 

the machine to operate in severe weather conditions and 

be easily cleaned by waterjet at the end of each day. 

For easy maintenance and repair, only high quality, 

respected brand components were used. Therefore, If a 

component failed it could be easily sourced and replaced.  

Non-bought in components were manufactured directly 

using laser cutting which is fast and readily available in 

New Zealand.  

Rear wheels were added that kept the machine stable 

when in use but also robust enough for transportation. 

The machine had hoist attachments so it could be easily 

connected to a hydraulic tractor hoist for lifting the front 

for movement from storage to bed and bed to bed. 

A front roller provided support and was also used for 

sensing forward speed without disturbing the pesticide 

layer. 

Once the concept was agreed by the nursery 

managers, detail design was undertaken using 3D 

computer aided design (CAD). This was combined with 

computer aided engineering (CAE) tools to undertake 

stress calculations using finite element analysis (FEA) to 

ensure machine robustness. CAE dynamic tools were 

also used to ensure the machine could achieve the 

required speed.  

The final design was manufactured using Computer 

Aided Manufacture (CAM), assembled and 

commissioned by the University of Waikatoôs 

AgriEngineering Research Group.  

 

RESULTS 

The completed mechatronic dibbler was tested on site 

at the Tokoroa nursery and achieved the 120,000 

required holes per day. The finished dibbler in operation 

is shown in fig. 5. 

ʰʠʧʦʚʘʥʥʳʤʠ ʢʦʣʝʩʘʤʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ 
ʢʦʥʮʝʧʪʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, 
ʫʢʘʟʘʥʥʳʤʠ ʥʠʞʝ: 
ǒ ʈʘʙʦʪʘ ʚ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ - ʪ.ʢ. ʣʫʥʢʠ 

ʜʝʣʘʶʪʩʷ ʟʠʤʦʡ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʢʣʶʯʘʶʪ 
ʪʚʝʨʜʳʡ, ʤʝʨʟʣʳʡ ʛʨʫʥʪ, ʩʠʣʴʥʳʡ ʚʝʪʝʨ ʠ ʜʦʞʜʴ 
ʩ ʛʨʷʟʴʶ. 

ǒ ʃʝʛʢʦʩʪʴ ʚ ʨʝʤʦʥʪʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 
ǒ ʃʝʛʢʘʷ ʠ ʙʳʩʪʨʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʦʪ ʟʜʘʥʠʷ 

ʩʢʣʘʜʘ ʜʦ ʧʦʩʘʜʦʯʥʳʭ ʛʨʷʜ (ʜʦ 1,5 ʢʤ). 
ǒ ʃʝʛʢʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ ʩ ʦʜʥʦʛʦ ʨʷʜʘ ʛʨʷʜʳ, ʥʘ 

ʜʨʫʛʦʡ. 
ǒ ʄʠʥʠʤʘʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʛʨʷʜʳ ʜʣʷ ʟʘʱʠʪʳ ʩʣʦʷ ʧʝʩʪʠʮʠʜʦʚ. 
ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʰʠʥʝ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʦʜʰʠʧʥʠʢʠ 
ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ (IP 67). ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʤʘʰʠʥʝ ʨʘʙʦʪʘʪʴ ʚ ʪʷʞʝʣʳʭ ʧʦʛʦʜʥʳʭ 
ʫʩʣʦʚʠʷʭ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʸ ʣʝʛʢʫʶ ʦʯʠʩʪʢʫ ʚʦʜʥʦʡ 
ʩʪʨʫʝʡ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʜʥʷ. 
ɼʣʷ ʧʨʦʩʪʦʪʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʢʦʤʧʦʥʝʥʪ 
ʣʦʤʘʝʪʩʷ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʟʘʤʝʥʝʥ. ʅʝʢʦʪʦʨʳʝ 
ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ 
ʜʦʩʪʫʧʥʘ ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ. 
ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʰʠʥʳ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 
ʟʘʜʥʠʝ ʢʦʣʝʩʘ. ʄʘʰʠʥʘ ʠʤʝʝʪ ʧʦʜʲʝʤʥʦʝ 
ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʣʝʛʢʦ ʧʦʜʢʣʶʯʘʪʴʩʷ 
ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʦʜʲʝʤʥʠʢʘʤ ʪʨʘʢʪʦʨʘ ʜʣʷ 
ʧʦʜʥʷʪʠʷ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʦ 
ʩʢʣʘʜʘ ʢ ʛʨʷʜʝ ʠ ʦʪ ʛʨʷʜʳ ʢ ʛʨʷʜʝ. 
ʇʝʨʝʜʥʠʡ ʨʦʣʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
ʚʧʝʨʝʜ, ʥʝ ʧʦʚʨʝʞʜʘʷ ʧʨʠ ʵʪʦʤ ʩʣʦʡ ʧʝʩʪʠʮʠʜʦʚ. 
ʂʘʢ ʪʦʣʴʢʦ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ ʩʦʛʣʘʩʦʚʘʥʘ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʠʪʦʤʥʠʢʘ, ʜʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ 
ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D ʩʠʩʪʝʤʳ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD). 
ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (FEA) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʰʠʥʳ ʩʦʯʝʪʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʉɸɽ). CAE 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʳʣʠ ʪʘʢʞʝ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ. 
ʀʪʦʛʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʠʩʪʝʤʫ ʠʟʛʦʪʦʚʣʝʥʠʷ 
(CAM), ʩʦʙʨʘʥʥʫ  ʁ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫ  ʁ
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ AgriEngineering 
ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʘʡʢʘʪʦ.  

 

ʈɽɿʋʃʔʊɸʊʓ 

ɻʦʪʦʚʳʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʣʫʥʢʦʚʘʪʝʣʴ ʙʳʣ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʫʯʘʩʪʢʝ ʧʠʪʦʤʥʠʢʘ ʚ ʨʝʛʠʦʥʝ 

ʊʦʢʦʨʦʘ ʠ ʜʦʩʪʠʛ ʪʨʝʙʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 120000 

ʣʫʥʦʢ ʚ ʜʝʥʴ. ʈʘʙʦʪʘ ʛʦʪʦʚʦʛʦ ʣʫʥʢʦʚʘʪʝʣʷ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. (fig.) 5. 

 

 
Fig. 5 ï Completed mechatronic dibbling machine during testing 
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For the mechatronic dibbling machine, a sample of 

100 holes was used to determine the consistency of the 

depth and angle. As the vast majority of holes were for 

Radiata Pine, they were used in the sampling. A simple 

measuring system was built that comprised a rod of 

10mm diameter, a protractor for measuring hole angle 

and a rule for measuring hole depth, see fig. 6. The 

scales of the measuring system could be read to +/- 1mm 

and +/- 0.5 degrees. 100 holes were randomly chosen 

from a mechatronically dibbled bed. The rod was inserted 

in the holes and depth and angle ready by eye. The 

results from the testing are shown in (fig. 7).  

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʣʫʙʠʥʳ ʠ ʫʛʣʘ 
ʣʫʥʦʢ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 
ʣʫʥʢʦʚʘʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 100 ʣʫʥʦʢ. 
ʇʦʩʢʦʣʴʢʫ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʣʫʥʦʢ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʘʜʢʠ Pinus radiata, ʦʥʠ ʠ ʙʳʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ. ɹʳʣʘ ʩʦʟʜʘʥʘ 
ʧʨʦʩʪʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 
ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ, ʪʨʘʥʩʧʦʨʪʠʨʘ, ʜʣʷ 
ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʣʫʥʢʠ ʠ ʣʠʥʝʡʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʛʣʫʙʠʥʳ ʣʫʥʢʠ, ʩʤ. ʨʠʩ. (fig.) 6. ʐʢʘʣʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
ʩʠʩʪʝʤʳ ʤʦʛʣʠ ʙʳʪʴ ʧʨʦʯʠʪʘʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ +/- 
1ʤʤ ʠ +/- 0.5 ʛʨʘʜʫʩʦʚ. 100 ʣʫʥʦʢ ʙʳʣʠ ʧʨʦʠʟʚʦʣʴʥʦ 
ʚʳʙʨʘʥʳ ʩ ʛʨʷʜʳ, ʧʦʩʣʝ ʝʸ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 
ʦʙʨʘʙʦʪʢʠ. ʉʪʝʨʞʝʥʴ ʪʘʢʞʝ ʚʩʪʘʚʣʷʣʩʷ ʚ ʣʫʥʢʠ, 
ʩʜʝʣʘʥʥʳʝ ʥʘ ʛʣʘʟ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʠ ʫʛʣʘ 
ʥʘʢʣʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 
ʨʠʩ. (fig. 7). 

 

     
 

Fig. 6 ï Measuring device for hole depth and angle Fig. 7 ï Hole depth v hole angle for mechatronically 
dibbled Radiata pine seedlings 

 
The basic requirement was that holes for Pine Radiata 

were 40mm +/- 3mm deep and +/- 3 degree angle from 

the vertical. Due to the lack of resolution of the 

measurement method, many of the 100 measurements 

had the same value. 

It can be seen that the even with the uneven planting 

bed, the dibbler achieved 76% of holes within the +/- 

3mm tolerance. Only 2% of holes are outside the 

required +/- 3 degree angle. The average hole depth was 

39.7 mm and angle 1.3 degrees with standard deviations 

of 3.3mm and 1.1 degrees respectively. With regard to 

the angle, this is at least an order of magnitude better 

than the spiked wheel dibbled holes. It was found that all 

the spiked wheel dibbled holes were outside the 

requirements. The nursery managers were confident that 

even the 24 holes outside the depth tolerance would 

produce saleable seedlings, suggesting that the +/-3mm 

tolerance should be increased to +/-5mm.  

It was observed that the uneven surface of the 

planting bed caused varying hole depth and angle. This 

was because the machineôs depth sensor is located in 

one place on the bed whereas there are 16 holes, each 

in different places. Furthermore, it was also observed that 

the level of the bed was not even. 

Even though the hole data provides useful information 

on quality, the best indicator is the position of the juvenile 

seedlings when placed into a mechatronically dibbled 

hole and spiked wheel hole respectively. Fig. 8 shows 5 

 

 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʣʫʥʢʘʤ ʜʣʷ Pinus 
radiata ʙʳʣʠ 40ʤʤ +/- 3 ʤʤ ʛʣʫʙʠʥʘ ʠ+/- 3 ʛʨʘʜʫʩʘ ʫʛʦʣ 
ʦʪ ʚʝʨʪʠʢʘʣʠ. ʀʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʨʘʟʨʝʰʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ, ʤʥʦʛʠʝ ʠʟ 100 
ʠʟʤʝʨʝʥʠʡ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. 
ɺʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʩʝʚʝ 

ʣʫʥʢʦʚʘʪʝʣʴ ʜʝʣʘʝʪ 76% ʣʫʥʦʢ ʩ ʜʦʧʫʩʢʦʤ +/-3 ʤʤ. 
ʊʦʣʴʢʦ 2% ʣʫʥʦʢ ʚʳʭʦʜʷʪ ʟʘ ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ ʚ +\- 3 
ʛʨʘʜʫʩʘ. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʦʪʚʝʨʩʪʠʷ 39,7 ʤʤ, ʘ ʫʛʦʣ 
1,3 ʛʨʘʜʫʩʘ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ 3,3 ʤʤ ʠ 
1,1 ʛʨʘʜʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʛʣʘ, ʵʪʦ, 
ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʧʦʨʷʜʦʢ ʣʫʯʰʝ, ʯʝʤ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʣʫʥʦʢ ʰʠʧʦʚʘʥʥʳʤʠ ʢʦʣʝʩʘʤʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʥʝʪ ʩʤʳʩʣʘ ʠʟʤʝʨʷʪʴ ʣʫʥʢʠ, ʩʜʝʣʘʥʥʳʝ 
ʰʠʧʦʚʘʥʥʳʤʠ ʢʦʣʝʩʘʤʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʥʠ ʚʳʭʦʜʠʣʠ ʟʘ 
ʧʨʝʜʝʣʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʋʧʨʘʚʣʷʶʱʠʝ 
ʧʠʪʦʤʥʠʢʘ ʙʳʣʠ ʫʚʝʨʝʥʳ, ʯʪʦ ʜʘʞʝ 24 ʣʫʥʢʠ, 
ʚʳʭʦʜʷʱʠʝ ʟʘ ʜʦʧʫʩʢʠ ʙʫʜʫʪ ʧʦʜʭʦʜʠʪʴ ʜʣʷ 
ʚʳʨʘʱʠʚʘʥʠʷ ʩʘʞʝʥʮʝʚ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʜʦʧʫʩʢʠ 
ʜʘʞʝ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʩ +/- 3 ʤʤ ʜʦ +/-5 ʤʤ. 
ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʝʨʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʩʘʜʦʯʥʦʡ ʛʨʷʜʳ ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʠ 
ʫʛʣʫ ʣʫʥʦʢ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʪʦʤʫ, ʯʪʦ ʜʘʪʯʠʢ 
ʛʣʫʙʠʥʳ ʘʧʧʘʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʥʘ ʛʨʷʜʝ 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʞʜʦʝ ʠʟ 16 ʦʪʚʝʨʩʪʠʡ ʚ ʨʘʟʥʳʭ 
ʤʝʩʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ 
ʫʨʦʚʝʥʴ ʛʨʷʜʳ ʙʳʣ ʥʝʨʦʚʥʳʤ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʩʘʤʠ ʣʫʥʢʠ ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʩʘʞʝʥʮʘ, ʣʫʯʰʠʤ 
ʠʥʜʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʟʠʮʠʷ ʤʦʣʦʜʦʛʦ ʩʘʞʝʥʮʘ, 
ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʣʫʥʢʫ, ʩʜʝʣʘʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʠ ʰʠʧʦʚʘʥʥʦʛʦ ʢʦʣʝʩʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. (fig.) 8 ʧʦʢʘʟʘʥʳ 5 ʤʦʣʦʜʳʭ 
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juvenile seedlings in holes made by the spiked wheel 

dibbler. It can be seen that the ótornô hole causes non 

vertical seedlings. These then have to be manually set to 

the vertical position. It can also be seen that the surface 

of the planting bed is very ódisturbedô due to the tearing 

effect of the spikes. 

ʩʘʞʝʥʮʝʚ, ʧʦʩʘʞʝʥʳʭ ʚ ʣʫʥʢʠ ʩʜʝʣʘʥʥʳʝ 
ʰʠʧʦʚʘʥʥʳʤ ʢʦʣʝʩʦʤ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ñʨʘʟʨʳʚò 
ʣʫʥʢʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʩʘʜʢʝ ʩʘʞʝʥʮʝʚ. 
ɿʘʪʝʤ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ. 
ʊʘʢʞʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʘʜʦʯʥʦʡ 
ʛʨʷʜʳ ʩʠʣʴʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʳʚʘʤʠ ʦʪ 
ʰʠʧʦʚ. 

     

Fig. 8 ï Juvenile seedlings in spiked wheel dibbled holes Fig. 9 ï Juvenile seedlings in mechatronically dibbled holes 
 

 

Fig. 9 shows 5 juvenile seedlings placed in holes 

made by the mechatronic dibbler. It can be seen that all 
the seedlings are vertical and of even height. The nursery 

managers decided that all holes produced by the 
mechatronic dibbler, including those outside their original 

specification, were suitable for planting. 
It can also be observed that the bed surface is far less 

disturbed than the spiked wheel bed surface. This 
highlights the superior quality of the mechatronic dibbling 

process. An unexpeted advantage of the mechatronic 
dibbler was that planter productivity increased by 

approximately 10% because they did not have to spend 
time setting the seedlings vertical. 

The mechatronic dibbler has now been operating for 
three seasons and has produced several million holes. 

The bent stem problem has been eliminated and planter 
productivity increased. 

 
CONCLUSIONS 

A Tokoroa forestry nursery in New Zealand was 
suffering approximately 220,000 per annum seedling 

rejects due to poorly dibbled holes.  A research and 
development project was under taken by the University 

of Waikato to develop a mechatronic dibbling machine 
that could produce good quality holes at the required 

rate and also be flexible with regard to spacing and hole 
sizes. Furthermore, the nursery wanted the dibbling 

machine to be towed by a tractor operating at close to a 
constant speed, to ensure a continuous system. 

To achieve the requirements, a computer controlled 
mechatronic dibbler was developed. The dibbler used 

an encoder on a roller to provide feedback of the tractor 
speed to a PLC. This then provided a closed loop signal 

to a horizontal pneumatic cylinder that matched the 
forward speed of the tractor. The holes were then drilled 

by a second vertical pneumatic cylinder with 16 drill bits. 
The relative horizontal velocity between the bed and 

drill bits was zero. After drilling, the cylinders rapidly 
returned to the start position to begin the process again.  

The completed dibbling machine was tested at the 

 ʅʘ ʨʠʩ. (fig.) 9 ʧʦʢʘʟʘʥʳ 5 ʤʦʣʦʜʳʭ ʩʘʞʝʥʮʝʚ ʚ 
ʣʫʥʢʘʭ, ʩʜʝʣʘʥʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʦʡ. 
ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʥʠ ʧʦʩʘʞʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ ʠ 
ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʚʳʩʦʪʝ. ʋʧʨʘʚʣʷʶʱʠʝ ʧʠʪʦʤʥʠʢʘ 
ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʣʫʥʢʠ, ʩʜʝʣʘʥʥʳʝ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʦʡ, ʜʘʞʝ ʚʳʭʦʜʷʱʠʝ ʟʘ 
ʪʨʝʙʦʚʘʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʦʩʘʜʢʠ. 
ʊʘʢʞʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʛʨʷʜʳ ʨʘʟʨʫʰʘʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʠʧʦʚʘʥʥʦʛʦ ʢʦʣʝʩʘ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 
ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ 
ʣʫʥʦʢ. ʅʝʦʞʠʜʘʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʣʫʥʦʢ ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʷʪʝʣʝʡ ʥʘ 10% ʚʚʠʜʫ ʪʦʛʦ, 
ʯʪʦ ʦʥʠ ʥʝ ʪʨʘʪʠʣʠ ʚʨʝʤʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ 
ʩʘʞʝʥʮʝʚ. 
ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʣʫʥʢʦʚʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ 

ʪʨʠ ʩʝʟʦʥʘ ʠ ʧʨʦʠʟʚʝʣ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʣʫʥʦʢ.  
ʇʨʦʙʣʝʤʘ ʠʟʛʠʙʘ ʩʪʝʙʣʷ ʙʳʣʘ ʫʩʪʨʘʥʝʥʘ, ʯʪʦ 
ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʘʜʦʢ. 

 
ɿɸʂʃʖʏɽʅʀɽ 
ʃʝʩʥʦʡ ʧʠʪʦʤʥʠʢ ʚ ʨʝʛʠʦʥʝ ʊʦʢʦʨʦʘ ʚ ʅʦʚʦʡ 

ɿʝʣʥʘʜʠʠ ʪʝʨʷʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 220000 ʩʘʞʝʥʮʝʚ 
ʝʞʝʛʦʜʥʦ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʣʫʥʦʢ. ɺ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʘʡʢʘʪʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʣʫʥʢʦʚʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, 
ʩʧʦʩʦʙʥʦʡ ʧʨʦʠʟʚʦʜʠʪʴ ʣʫʥʢʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 
ʩʢʦʨʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʥʘ 
ʨʘʩʩʪʦʷʥʠʝ ʠ ʨʘʟʤʝʨ ʣʫʥʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʠʪʦʤʥʠʢʝ 
ʭʦʪʝʣʠ, ʯʪʦʙ ʣʫʥʢʦʚʘʪʝʣʴʥʘʷ-ʤʘʰʠʥʘ ʙʫʢʩʠʨʦʚʘʣʘʩʴ 
ʪʨʘʢʪʦʨʦʤ ʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʢʦʨʦʩʪʠ, ʙʣʠʟʢʦʡ ʢ 
ʧʦʩʪʦʷʥʥʦʡ ʦʙʝʩʧʝʯʠʚʘʣʘ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʙʦʪʫ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʤʧʴʶʪʝʨʦʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ 
ʣʫʥʢʦʚʘʪʝʣʴ. ʃʫʥʢʦʚʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʜʘʪʯʠʢ ʥʘ 
ʨʦʣʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʪʨʘʢʪʦʨʘ ʯʝʨʝʟ PLC. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩʠʛʥʘʣʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 
ʧʥʝʚʘʤʘʪʠʯʝʩʢʠʤ ʮʠʣʠʥʜʨʦʤ, ʩʚʷʟʘʥʥʫʶ ʩʦ  
ʩʢʦʨʦʩʪʴ  ʁ ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʘ ʚʧʝʨʝʜ. ʃʫʥʢʠ ʙʳʣʠ 
ʧʨʦʩʚʝʨʝʣʝʥʳ ʚʪʦʨʳʤ, ʚʝʨʪʠʢʘʣʴʥʳʤ 
ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʮʠʣʠʥʜʨʦʤ ʩ 16 ʩʚʝʨʣʘʤʠ. 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʝʞʜʫ 
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Tokoroa nursery and performed as expected, producing 
98% of holes at the required angle and 76% at the 

required depth. All the holes were considered good 
quality by the nursery manager suggesting that the 

current depth tolerances should be increased to +/- 
5mm, especially when considering the uneven surface 

of the planting bed. The machine is now fully 
commissioned and dibbling holes on a daily basis at the 

nursery. 
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ʛʨʷʜʦʡ ʠ ʩʚʝʨʣʘʤʠ ʨʘʚʥʘ ʥʫʣʶ. ʇʦʩʣʝ ʩʚʝʨʣʝʥʠʷ 
ʣʫʥʦʢ, ʮʠʣʠʥʜʨʳ ʙʳʩʪʨʦ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʥʘʯʘʣʴʥʫʶ 
ʧʦʟʠʮʠʶ ʠ ʛʦʪʦʚʳ ʢ ʧʦʚʪʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ. 
ʉʦʙʨʘʥʥʘʷ ʣʫʥʢʦʚʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʙʳʣʘ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ ʧʠʪʦʤʥʠʢʝ ʊʦʢʦʨʦʘ ʠ, ʢʘʢ ʠ 
ʦʞʠʜʘʣʦʩʴ, ʧʨʦʠʟʚʝʣʘ 98% ʣʫʥʦʢ ʧʦʜ ʪʨʝʙʫʝʤʳʤ 
ʫʛʣʦʤ, ʘ ʪʘʢʞʝ 76% ʣʫʥʦʢ ï ʪʨʝʙʫʝʤʦʡ ʛʣʫʙʠʥʳ. ɺʩʝ 
ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʣʫʥʢʠ ʙʳʣʠ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʘ ʦʪ 
ʫʧʨʘʚʣʷʶʱʠʭ ʧʠʪʦʤʥʠʢʦʤ ʧʦʩʪʫʧʠʣʦ ʧʨʝʜʣʦʞʝʥʠʝ, 
ʯʪʦ ʜʦʧʫʩʢ ʪʝʢʫʱʝʡ ʛʣʫʙʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʜʦ 
+/- 5 ʤʤ, ʦʩʦʙʝʥʥʦ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʨʦʚʥʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʷʜ. ʉʝʡʯʘʩ ʤʘʰʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 
ʝʞʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʘ 
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Abstract: In this review, the energy consumption is 

examined in agricultural sector of Turkey. Several 

indicators are defined to evaluate for energy consumption 

in agriculture and some considerations are made taking 

into account these indicators. Energy conservation 

measures for the agricultural sector and suggestions for 

energy use are given. Energy used per cultivated area in 

Turkish agriculture is calculated as 82245.95 TOE/TL in 

the period of 2000-1010 years. Petroleum and electrical 

energy consumed per cultivated area in Turkish 

agriculture was 3996.83 thousand TOE and 4991 GWh 

respectively, in the period of 2000-2010 years. 

 

Key words: Agriculture, Energy use, Turkey. 
 
 
INTRODUCTION 

The agricultural sector produces agricultural raw 
materials needed for industry and contributes to the 
economy more than other sectors in Turkey. Some 
indicators like as national income, population and active 
population shares in domestic and foreign trade are 
taken into account in order to determine the importance 
of the agricultural sector in the national economy. 
Individual sectors constitutes the overall gross domestic 
product (GDP) are considered separately, the 
importance of this situation is emerging more clearly. 
Because of the great agricultural potential of Turkey, 
this situation has a special importance in the overall 
economy.  

In the recent years, energy use and associated 
greenhouse gas emissions and their potential impacts 
on the global climate change have been the worldwide 
concern. Improving the end-use energy efficiency is one 
of the most effective ways to reduce energy 
consumption in the industrial, commercial, 
transportation, utility, residential and agricultural sectors 
and their associated pollutant emissions [5]. Energy use 
in the agricultural sector depends on the size of the 
population engaged in agriculture, the amount of arable 
land and the level of mechanization. Effective energy 
use in agriculture is one of the conditions for sustainable 
agricultural production, since it provides financial 
savings, fossil resources preservation and air pollution 
reduction. The detailed studies based on the agricultural 
products and production systems and the total energy 
use have been conducted in the agricultural sector of 
the different countries. Considerable reviews have been 
performed on energy input and output in agricultural 
production of regional and across the countries of world 
[1-25]. 

In the world of today's industry, the usage of energy 
and energy resources have crucial value. While the 
amount of natural resources (especially fossil fuel 
resources) has been decreasing, the damage to the 

 Özet: Bu alēĸmada, T¿rkiye tarēmēnda enerji t¿ketimi 
incelenmiĸtir. Tarēmda enerji t¿ketiminin 
deĵerlendirilebilmesi iin, bazē etkinlik ºl¿tleri 
tanēmlanmēĸ ve bu ºl¿tler dikkate alēnarak 
deĵerlendirmeler yapēlmēĸtēr. Tarēm sektºr¿nde enerji 
kullanēmē ve enerji korunumu ºnlemlerine iliĸkin ºneriler 
verilmiĸtir. 2000-2010 yēllarē arasēnda tarēmsal ¿retim 
baĸēna tarēmda t¿ketilen enerji miktarē ortalama 82245,95 

TEP/TL olarak hesaplanmēĸtēr. Ķĸlenen ve ekilen tarēm 
alanlarē baĸēna t¿ketilen toplam enerji deĵeri, 2005 
yēlēndan sonra, 2011 yēlēna kadar d¿zenli olarak artēĸ 
gºstermiĸ olup, belirtilen dºnemde ortalama olarak 
sērasēyla 0,209 TEP/ha ve 0,275 TEP/ha olarak 
gerekleĸmiĸtir. T¿rkiye tarēmēnda, 2006ï2011 yēllarē 
arasēndaki dºnemde, iĸlenen tarēm alanē baĸēna petrol ve 
elektrik t¿ketimi ortalama olarak sērasēyla 3996,83 bin 
TEP ve 4991 GWh olarak belirlenmiĸtir. 
 
Anahtar Kelimeler: Tarēm, Enerji, T¿rkiye. 
 

GĶRĶķ 

Tarēm sektºr¿, gerek hammadde ¿retmesi ve gerekse 

tarēmē ilgilendiren sanayisi ile birlikte ¿lkemizde 

ekonomiye diĵer sektºrlere gºre daha fazla katkē 

saĵlamakta ve ekonomik ºneme sahip durumdadēr. 

Tarēm sektºr¿n¿n genel ekonomi ierisindeki ºnem ve 

derecesini belirlemek amacēyla genellikle; mili gelir, n¿fus 

ve aktif n¿fus ile i ve dēĸ ticaretteki paylar dikkate 

alēnmaktadēr. Genel gayri safi yurt ii hasēlayē (GSYĶH) 

oluĸturan sektºrler tek tek dikkate alēndēĵēnda, bu daha 

aēk bir ĸekilde ortaya ēkmaktadēr. Bu durum, ¿lkemizin 

b¿y¿k tarēm potansiyeli nedeniyle, genel ekonomide ayrē 

bir öneme sahip olduĵunu gºstermektedir. Tarēm 

sektºr¿n¿n ekonomiye katkēsē, diĵer bir deyiĸle 

ekonomideki yeri, T¿rkiye Ķstatistik Kurumu (T¦ĶK) 

tarafēndan ¿retim yºntemiyle hesaplanan tarēmsal GSYĶH 

belirlemektedir. Tarēmsal GSYĶHônēn genel ekonomi 

iindeki payē bu katkēnēn b¿y¿kl¿ĵ¿n¿ ortaya 

koymaktadēr. GSYĶH mal ve hizmet ¿retiminde 

ekonominin etkinliĵinin temel ºl¿t¿d¿r. Tarēmla ilgili mal 

ve hizmet ¿retimi de, ekonominin tarēm sektºr¿ aēsēndan 

performansēnē belirlemektedir. Bu etkinlik, sadece tarēmēn 

üretim yönün¿ gºstermektedir. Tarēm sektºr¿n¿n hizmet 

¿retimine, ekonominin diĵer sektºrlere katkēsē, tarēmēn 

ekonomi için önemini belirtir.  

G¿n¿m¿z end¿stri d¿nyasēnda, enerji ve diĵer 

kaynaklarēnēn kullanēmē ºnemli d¿zeye ulaĸmēĸtēr. Bu 

nedenle, bir taraftan doĵal kaynaklarēn miktarē azalmaya 

baĸlamēĸ, diĵer taraftan da evre kirliliĵi gibi doĵal ortama 

verilen zararlar artarak devam etmektedir. Bununla 

birlikte, enerji dºn¿ĸ¿m¿ne iliĸkin teknik iyileĸtirmeler 

yeterince etkin bir ĸekilde gerekleĸtirilememektedir. 

Geliĸmiĸ ve geliĸmekte olan ¿lkelerde, gelecekteki enerji 

üretim ve tüketim düzeylerinin belirlenebilmesi için; nüfus 

artēĸē, ekonomik ¿retkenlik, t¿ketici alēĸkanlēklarē ve 

teknolojik geliĸmeler gibi dikkate alēnmasē gereken birok 

mailto:hhozturk@cu.edu.tr
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natural environment has been increasing with different 
types of pollution. Additionally, the technical 
improvements for the energy conversion can not be 
carried out as effective as it is needed. In order to 
determine the level of future energy production and 
consumption in developed and developing countries, 
many factors are to be considered, such as population 
growth, economic productivity, consumer habits and 
technological advances. The style of energy sectors 
management will play an important role for the future of 
energy production, consumption and distribution. 
Careless use of energy resources and their scarcity, 
resulting unwanted side effects, so energy consumption 
must be planned and evaluated carefully and 
accurately. The benefits of the right evaluation of the 
energy consumption in agricultural sector can be 
summarized as follows: 
(1) To ensure the usage of energy resources more 

effectively, 
(2) To determine true value of losses and wastes of 

which types and places in the cultivation systems, 
(3) To reduce inefficiency in current cultivation 

methods and develop more efficient methods, 
(4) To ensure sustainable development by targeting 

the use of energy resources in a sustainable 
manner, 

(5) To determine the priorities of energy sources those 
have high and low quality in terms of their usage 
areas and benefits, 

(6) To identify the areas that improvements can be 
achieved by using effective technologies. 

In this study, the energy consumption in Turkish 
agriculture has been investigated. In order to assess the 
energy consumption in agriculture, some indicators for 
energy use in agriculture was defined and evaluations 
was made considering these indicators for Turkish 
agriculture. Some conclusions related to energy use in 
the agricultural sector and energy conservation 
measures have been provided. 

 
AGRICULTURAL SECTOR IN TURKEY 

Agricultural gross domestic production (GDP) is a 
indicator of the contribution of the agricultural sector in 
the national economy, in other words the importance in 
national economy. The agricultural GDP determined by 
Turkey Statistical Institute (TSI) agricultural is calculated 
by the production method. The share of agricultural 
GDP in national economy reveals the magnitude of this 
contribution. The GDP in the production of goods and 
services is the basic parameter of economy efficiency. 
Similarly, the production of goods and services related 
to agriculture determine the performance of the 
economy in terms of the agricultural sector. This 
performance only shows the direction of agricultural 
production. The contribution of the agricultural sector to 
service production and other sectors of the economy 
indicates the importance of agriculture for the national 
economy. 

In Turkey, the share of agricultural production in the 
GDP is given in Table 1. While the share of agricultural 
production in the GDP was 10.1% in 2000, it declined in 
2009. In this period, Turkey has continued the economic 
transformation from agriculture sector towards industry 
and services sectors. Despite the fall in the share of the 
GDP, the agricultural production of Turkey has been 
increasing since 2000. The amount of production 
reduced due to drought in 2007, started to rise again 
from the beginning of 2008. In 2008, the agricultural 
production which was 73 billion TL, it was reached to 79 
billion TL in 2009 (Table 1) (1 TL= 3.0317 euro=2.2087 

etmen vardēr. Enerji sektºr¿ne iliĸkin yºnetim biimleri, 

gelecekteki enerji üretim ve tüketim düzeyi ve 

daĵēlēmēnda ºnemli rol oynayacaktēr. Enerji kaynaklarēnēn 

kētlēĵē ve dikkatsiz kullanēlmasē sonucunda oluĸan 

istenilmeyen yan etkiler, enerji t¿ketimini doĵru bir ĸekilde 

planlanma ve dikkatli bir ĸekilde deĵerlendirmeyi 

gerektirmektedir. Tarēmsal ¿retim iĸlemlerinde t¿ketilen 

enerji miktarēnē dikkate alarak yapēlan deĵerlendirmenin 

yararlarē aĸaĵēdaki gibi ºzetlenebilir: 

(1). Enerji kaynaklarēnēn daha etkin olarak kullanēlmasēnē 

saĵlamak, 

(2). ¦retim sistemlerindeki atēk ve kayēplarēn gerek 

deĵerlerini, tiplerini ve gerekleĸtiĵi yerleri 

belirlemek, 

(3). Mevcut üretim yöntemlerindeki etkinsizlikleri 

azaltmak ve daha etkin yºntemler geliĸtirmek, 

(4). Enerji kaynaklarēnēn s¿rd¿r¿lebilir bir ĸekilde 

kullanēlmasēnē hedefleyerek, s¿rd¿r¿lebilir bir 

kalkēnma saĵlamak. 

(5). Y¿ksek ve d¿ĸ¿k kaliteli enerji kaynaklarēnēn 

kullanēm alanlarēnē ve yararlanma aēsēndan 

önceliklerini belirlemek, 

(6). Etkin teknolojilerden yararlanarak iyileĸtirme 

saĵlanabilecek alanlarē belirmek. 

T¿rkiye tarēm sektºr¿nde bºlgesel ve ¿lke genelinde, 

¿retim sistemleri ile ¿r¿n bazēnda ve toplam enerji 

kullanēmēna iliĸkin ayrēntēlē alēĸmalar yapēlmēĸtēr. Bu 

alēĸmada, ¿lkemiz tarēmēnda enerji t¿ketimi 

incelenmiĸtir. Tarēmda enerji t¿ketiminin 

deĵerlendirilebilmesi iin, bazē etkinlik ºl¿tleri 

tanēmlanmēĸ ve bu ºl¿tler dikkate alēnarak 

deĵerlendirmeler yapēlmēĸtēr. Tarēm sektºr¿nde enerji 

kullanēmē ve enerji korunumu ºnlemlerine iliĸkin ºneriler 

verilmiĸtir. 

 
T¦RKĶYE TARIM SEKT¥R¦ 

Tarēm, daha ok doĵal nedenlerden, bir baĸka deyiĸle; 

zengin toprak kaynaklarē, biyolojik eĸitlilik, elveriĸli iklim 

ve jeolojik koĸullardan dolayē, T¿rkiye iin her zaman 

ºnde gelen bir sektºr olmuĸtur. Zengin toprak yapēsē, 

tarēma elveriĸli arazi varlēĵē ve uygun iklimiyle Türkiye, 

hububatlar, baklagiller, meyveler, sebzeler ve 

hayvancēlēktan oluĸan geniĸ bir tarēmsal ¿r¿n yelpazesine 

sahiptir. Son dºnemlerde, ºzel giriĸimcilerin tarēm 

sektºr¿nde yatērēm yapmaya olan ilgileri artmaktadēr. 

Tarēm sektºr¿ n¿fusun b¿y¿k oĵunluĵunun gēda 

ihtiyalarēnē karĸēlayarak T¿rkiyeôyi dēĸ kaynaklara baĵēmlē 

olmaktan korumakta, tarēma baĵlē diĵer sektºrlerin ham 

madde tedarikini de gerekleĸtirerek T¿rkiyeônin sosyal 

ve ekonomik geliĸiminde ok ºnemli bir rol oynamaktadēr.  

Türkiyeôde 2000 yēlēnda, % 10,1 olan tarēmsal ¿retimin 

gayrisafi yurt ii hasēladaki payē 2009 yēlēnda, % 8,3ôe 

gerilemiĸtir (Tablo 1). Bu dºnemde, T¿rkiye tarēm 

sektºr¿nden end¿stri ve hizmet sektºr¿ne doĵru 

gerekleĸmekte olan ekonomik dºn¿ĸ¿m¿n¿ 

s¿rd¿rm¿ĸt¿r. Gayrisafi yurt ii hasēladaki payē 

d¿ĸmesine raĵmen, tarēmsal ¿retim 2000 yēlēndan beri 

artēĸ gºstermektedir. 2007 yēlēnda kuraklēĵa baĵlē olarak 

azalan ¿retim miktarē, 2008 baĸēndan itibaren tekrar 

artēĸa gemiĸtir. 2008 yēlēnda, 73 milyar TL olan tarēmsal 

¿retim, 2009 yēlēnda 79 milyar TL seviyesine ulaĸmēĸtēr 

(Tablo 1). 

T¿rkiyeôde T¦ĶK verilerine gºre uyumlaĸtērēlmēĸ, 
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USD). 
According to harmonized data of the TSI in Turkey, 

in the period between 2000 - 2010 the share of 
agriculture in GDP is given in Table 1. While the value 
of agricultural production at current prices was 16.832 
billion TL in 2000, it increased to 88.299 TL billion in 
2010. Despite this increase, while the share of 
agriculture in GDP in 2000 was 10.1% it reduced to 8% 
in 2010. The average share of agriculture in GDP has 
been determined as 8.89% in 10-year period between 
2000 and 2010. The amount of energy consumed in 
agriculture per Turkey's agricultural production value 
has followed a path parallel to the increase in 
agricultural production value. While it was 182568.9 
TOE/TL in 2000, it has raised to the value 57633.72 
TOE/TL in 2010. Energy consumed in agriculture per 
the value of agricultural production was calculated as 
82245.95 TOE/TL in the period of between 2000 and 
2010 (Table 1). 

2000-2010 yēllarē arasēndaki dºnemde tarēmēn GSYĶH 

iindeki payē ¢izelge 1ôde verilmiĸtir. Cari fiyatlarla 2000 

yēlēnda tarēmsal ¿retim deĵeri, 16,832 Milyar TL iken, 

2010 yēlēnda 88,299 Milyar TL deĵerine y¿kselmiĸtir. Bu 

artēĸa raĵmen, tarēmēn GSYĶH iindeki payē 2000 yēlēnda 

% 10.1 oranēndan % 8 oranēna azalmēĸtēr. 2000-2010 

yēllarē arasēndaki 10 yēllēk dºnemde, tarēmēn GSYĶH 

içindeki payē ortalama % 8.89 olarak belirlenmiĸtir.  

T¿rkiyeôde tarēmsal ¿retim deĵeri baĸēna tarēmda 

t¿ketilen enerji miktarē, tarēmsal ¿retim deĵerinin artēĸēna 

paralel bir seyir izlemiĸ olup, 2000 yēlēnda 182568,9 

TEP/TL iken, 2010 yēlēnda 57633,72 TEP/TL deĵerine 

y¿kselmiĸtir. 2000-2010 yēllarē arasēnda tarēmsal ¿retim 

baĸēna tarēmda t¿ketilen enerji deĵeri ortalama 82245,95 

TEP/TL olarak hesaplanmēĸtēr (Tablo 1).  

   

Table 1 
The share of agricultural production in the GDP in Turkey (TSI, 2014)  

 

Turkey's agriculture sector, as of March 2010, 5.2 million 
people were provided employment. This figure is 
corresponding to approximately 24% of total employment 
in Turkey. Agricultural employment from 2000 until the 
first quarter of 2010 has fallen nearly 33%. Taking into 
account the increase in agricultural production in this 
period, it is observed that productivity in agriculture 
sector increased. Due to economic development is a 
natural consequence of the process, the ratio of 
agriculture production value to national income was 
reduced proportionally. However, in those countries that 
provide income from agriculture, this sector is important 
for the economy. 
 
ENERGY USE IN TURKISH AGRICULTURE 

In Turkey, in the period between 1990-2011, total energy 
consumption in the industrial and agricultural sectors and 
value share in total energy consumption in this sector is 
given in Table 2. In Turkey in the 1990s, while the share 
of agricultural sector in total energy consumption at the 
5% level, after 2008 it have reached a higher level than 
6%. In this period, while the share of total energy 
consumption in the industrial sector was 37.85%, the 
share of the agricultural sector amounted to be 5.35% 
(Table 2). In order to assess the energy consumption in 
agriculture, some indicators was defined in Table 3. 

 T¿rkiye tarēm sektºr¿, 2010 yēlē Mart ayē itibarēyla, 5,2 

milyon kiĸiye istihdam saĵlamēĸtēr. Bu rakam, 

T¿rkiyeôdeki toplam istihdamēn yaklaĸēk olarak % 24ô¿ne 

karĸēlēk gelmektedir. Tarēmsal istihdam 2000 yēlēndan 

2010 yēlēnēn ilk eyreĵine kadar yaklaĸēk % 33 oranēnda 

d¿ĸ¿ĸ yaĸamēĸtēr. Bu dºnemdeki ¿retim artēĸē dikkate 

alēndēĵēnda, tarēm sektºr¿ndeki verimliliĵin artēĸ 

gºsterdiĵi gºr¿lmektedir. Tarēmēn mili gelire olan oranēnēn 

oransal olarak azalmasē, ekonomik geliĸme s¿recinin 

doĵal bir sonucudur. Ancak, kiĸilerin geimini tarēmdan 

saĵlayan ¿lkelerde, bu sektºr ekonomi iin ºnemidir.  

 

T¦RKĶYE TARIMINDA ENERJĶ T¦KETĶMĶ 

T¿rkiyeôde, 1990-2011 yēllarē arasēndaki dºnemde, 

sanayi ve tarēm sektºrlerinde toplam enerji t¿ketimi 

deĵerleri ve bu sektºr¿n toplam enerji tüketimindeki 

paylarē Tablo 2ôde verilmiĸtir. T¿rkiyeôde 1990ôlē yēllarda, 

tarēm sektºr¿n¿n toplam enerji t¿ketimindeki payē % 5 

d¿zeylerinde iken, 2008 yēlēndan sonra % 6ôdan daha 

y¿ksek d¿zeylere ulaĸmēĸtēr. Belirtilen dºnemde sanayi 

sektörünün toplam enerji t¿ketimindeki payē ortalama % 

37.85 iken, tarēm sektºr¿n¿n payē ise % 5.35 olarak 

gerekleĸmiĸtir (Tablo 2). Tarēmda enerji t¿ketiminin 

deĵerlendirilebilmesi iin, Tablo 3ôde verilen, etkinlik 

ºl¿tleri tanēmlanmēĸtēr. 

 

Years 
The gross domestic 

product (GDP, Billion 
TL) 

The share of agricultural 
production in the GDP at current 

prices (%) 

Agricultural 
production 
(Billion TL) 

Energy use in agriculture/ 
Agricultural production 

(TOE/TL) 

2000 166.658  10.10  16.832 182568.9 

2001 240.224  8.80 21.139 140214.8 

2002 350.476  10.30  36.099 83935.84 

2003 454.780  9.90  45.023 68542.74 

2004 559.033  9.50  53.108 62401.14 

2005 648.931  9.40  60.999 54755.00 

2006 758.390  8.30 62.946 57318.97 

2007 843.178  7.60  64.081 61547.10 

2008 950.534  7.60  72.240 71622.37 

2009 952.558  8.30  79.062 64164.83 

2010 1103.749  8.00 88.299 57633.72 

Mean  8.89  82245.95 

http://tureng.com/search/at%20current%20prices
http://tureng.com/search/at%20current%20prices
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Table 2 
 Energy consumption in industry and agriculture in Turkey (TSI, 2015) 

Years 

Energy consumption  
(Thousands TEO) 

TOE: tonne of oil equivalent  
(1 TOE = 11.63 MWh = 41.87 GJ) 

The share of the total 
energy consumption (%) 

Total Industry Agriculture Industry Agriculture 

1990 52987 14543 1956 35 5 

1995 63679 17372 2556 35 5 

2000 80500 24501 3073 40 5 

2001 75402 21324 2964 38 5 

2002 78331 24782 3030 42 5 

2003 83826 27777 3086 43 5 

2004 87818 28789 3314 42 5 

2005 91576 29396 3340 40 5 

2006 77441 30996 3608 40 4.66 

2007 82747 32466 3944 39 4.77 

2008 79559 25677 5174 32 6.50 

2009 80574 25966 5073 32 6.30 

2010 83372 30628 5089 37 6.10 

2011 86952 30830 5755 35 6.62 

Mean    37.85 5.35 

 
Table 3 

Some indicators for energy consumption in agriculture  

Indicators Units 

The total energy consumed per the cultivated area TEO/ha 

The total energy consumed per the sowed area TEO/ha 

The total oil consumed per the cultivated area TEO/ha 

The total electricity consumed per the cultivated area MWh/ha 

The total amount of energy consumed in fertilizer 
production per cultivated area  

TEO/ha 

The total amount of energy consumed per agriculture 
production value (agricultural GDP) 

TEO/TL 

 

The total energy consumed per cultivated and sowed 
farmland in the period between 1990 and 2011 years in 
Turkey is given in Table 4. The total energy consumed 
per cultivated and sowed farmland were 0.072 TOE/ha 
and 0.136 TOE/ha, respectively in 10-year period 
between 1990-2000. The total energy consumption per 
cultivated and sowed farmlands regularly increased 
after 2005 until 2011. In this period, on average, the 
values of these indicators were 0.209 TOE/ha and 0.275 
TOE/ha, respectively. The total energy consumed per 
cultivated and sowed farmland in 21-year period 
between the years 1990-2011 were calculated on 
average 0.164, TOE/ha and 0.216 TOE/ha, respectively. 

The main primary energy consumed in Turkey's 
agriculture consists of oil, electricity, natural gas, and 
geothermal heat and the other heat sources. While the 
oil consumption per the cultivated area was 0.135 
TOE/ha in 2006, it increased to 0.234 TOE/ha in 2011 
(Table 5). Similarly, while the number of tractors and 
combine harvesters were1037383 tractors and 12359 
combine harvesters in 2006, these figures increased to 
of 112500 tractors and 14313 combine harvesters in 
2011 (Table 6). In this period, electricity consumption 
per the cultivated area is realized in a variable manner. 
In the period between the years 2006-2011, the total oil 

 T¿rkiyeôde 1990ï2011 yēllarē arasēndaki dºnemde 
iĸlenen ve ekilen tarēm alanē baĸēna t¿ketilen toplam 
enerji deĵerleri Tablo 4ôde verilmiĸtir. 1990ï2000 yēllarē 
arasēndaki 10 yēllēk dºnemde iĸlenen ve ekilen tarēm 
alanlarē baĸēna t¿ketilen toplam enerji deĵeri ortalama 
olarak sērasēyla 0.072 TEP/ha ve 0.136 TEP/ha olarak 
gerekleĸmiĸtir. Ķĸlenen ve ekilen tarēm alanlarē baĸēna 
t¿ketilen toplam enerji deĵeri, 2005 yēlēndan sonra, 2011 
yēlēna kadar d¿zenli olarak artēĸ gºstermiĸ olup, belirtilen 
dºnemde ortalama olarak sērasēyla 0,209 TEP/ha ve 
0,275 TEP/ha olarak gerekleĸmiĸtir. 21 yēllēk dºnemde 
Ķĸlenen ve ekilen tarēm alanlarē baĸēna t¿ketilen toplam 
enerji deĵeri ortalama olarak sērasēyla 0,164 TEP/ha ve 
0,216 TEP/ha olarak hesaplanmēĸtēr.  
T¿rkiye tarēmēnda t¿ketilen baĸlēca birincil enerjiler; 

petrol, elektrik, doĵal gaz ve jeotermal ve diĵer ēsēlardan 
oluĸmaktadēr. Tarēmda iĸlenen tarēm alanē baĸēna petrol 
t¿ketimi deĵeri 2006 yēlēnda 0,135 TEP/ha d¿zeyinde 
iken, 2011 yēlēnda 0,234 TEP/ha d¿zeyine y¿kselmiĸtir 
(Tablo 5). Benzer ĸekilde, traktºr ve bierdºver sayēlarē 
da sērasēyla, 2006 yēlēnda 1037383 adet traktºr ve 12359 
adet bierdºver iken, 2011 yēlēnda 112500 adet traktºr ve 
14313 adet bierdºver olarak gerekleĸmiĸtir (Tablo 6). 
Belirtilen dºnemde, iĸlenen tarēm alanē baĸēna elektrik 
t¿ketimi deĵiĸken bir ĸekilde gerekleĸmiĸtir. T¿rkiye 
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and electricity consumption in Turkish agriculture were 
on average 3996.83 thousand TOE (46483.13 GWh) 
and 4991 GWh, respectively. During this period, oil and 
electricity consumption per cultivated agricultural area, 
were on average 0.185 TOE/ ha and 0.302 MWh/ha, 
respectively. 

tarēmēnda, 2006ï2011 yēllarē arasēndaki dºnemde, 
iĸlenen tarēm alanē baĸēna petrol ve elektrik t¿ketimi 
ortalama olarak sērasēyla 3996,83 bin TEP ve 4991 GWh 
olarak belirlenmiĸtir. Petrol ve elektrik tüketimi ortalama 
olarak sērasēyla, 0,185 TEP/ha ve 0.302 MWh/ha olarak 
hesaplanmēĸtēr. 

Table 4 
The energy consumed per cultivated and sowed farmland in agricultural sector of Turkey (TSI, 2015) 

Years 

Energy 
consumption in 

agriculture 
(Thousands TEO) 

The cultivated 
farmland 

(Thousands ha) 

The sowed 
farmland 

(Thousands ha) 

The total energy 
consumed per 

cultivated farmland 
(TOE/ha) 

The total energy 
consumed per sowed 

farmland (TOE/ha) 

1990 1956 24827 18868 0.078 0.103 

1995 2556 24373 18464 0.104 0.138 

2000 3073 23826 18207 0.128 0.168 

2001 2964 23800 18087 0.124 0.163 

2002 3030 23994 18123 0.126 0.167 

2003 3086 23372 17563 0.132 0.175 

2004 3314 23871 18110 0.138 0.182 

2005 3340 23830 18148 0.140 0.184 

2006 3608 22981 17440 0.156 0.206 

2007 3944 21979 16945 0.179 0.232 

2008 5174 21555 16460 0.240 0.314 

2009 5073 21351 16217 0.237 0.312 

2010 5089 21384 16333 0.237 0.311 

2011 5755 20539 15712 0.280 0.366 

Mean 3711.6 22977.3 17476.9 0.164 0.216 

 
 

Table 5 
Energy consumption of agricultural sector in Turkey  

Years 
Oil 

(1000 TOE) 
Electricit
y (GWh) 

The cultivated 
area 

(1000 ha) 

The sowed 
area 

(1000 ha) 

Oil consump/ 
The cultivated area 

(TOE/ha) 

Electricity consump./ 
The cultivated area 

(MWh/ha) 

2006 3119 4411 22981 17440 0.135 0.252 

2007 3397 4981 21979 16945 0.154 0.293 

2008 4304 5806 21555 16460 0.199 0.352 

2009 4218 4879 21351 16217 0.197 0.300 

2010 4134 5509 21384 16333 0.193 0.337 

2011 4809 4360 20539 15712 0.234 0.277 

Mean 3996.8 4991 21632 16518 0.185 0.302 

 
Table 6.  

The number of tractors and combine harvesters in Turkey (TSI, 2015) 

Years The number of tractors  The number of combine harvesters 

2000 941835 12578 

2001 948416 12053 

2002 970083 11539 

2003 997670 11721 

2004 1006065 11519 

2005 1022365 11811 

2006 1037383 12359 

2007 1056128 12775 

2008 1070746 13084 

2009 1073538 13360 

2010 1096683 13799 

2011 1125001 14313 

 

One of the important energy input is indirect energy 
consumption used to produce fertilizers in agricultural 
production. In Turkey, natural gas is used mainly in 
fertilizer production process. In the period between 2006 
and 2011 in Turkey, the amount of energy consumed in 
the production of fertilizers and energy consumed in the 
production of fertilizers per the cultivated area are given 
in Table 7. 

 Tarēmsal ¿retimde ºnemli enerji girdilerinden birisini de 
g¿bre ¿retimi iin kullanēlan dolaylē enerji t¿ketimi 
oluĸturmaktadēr. T¿rkiyeôde g¿bre ¿retim iĸlemlerinde 
oĵunlukla doĵal gaz kullanēlmaktadēr. T¿rkiyeôde 

2006-2011 yēllarē arasēndaki dºnemde g¿bre ¿retiminde 
t¿ketilen enerji miktarlarē ve iĸlenen alan baĸēna g¿bre 
¿retiminde kullanēlan enerji t¿ketimi deĵerleri Tablo 7ôde 
verilmiĸtir.  
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While the total energy consumed in the production of 
fertilizer was 201.4 thousand TOE in 2006, it has 
increased to 650.4 thousand TOE in 2011.In this period, 
the total energy consumed for the production of fertilizers 
per the cultivated area was averagely 0.01 TOE/ha. 
Although the total production capacity of fertilizer factory 
in Turkey will be enough to level of fertilizer consumption, 
because of the economic reasons (energy-raw materials-
cost) the fertilizer factories donôt work with the full 
production capacity. The average production capacity of 
the fertilizer factories is 60 % in Turkey. Therefore, the 
fertilizers demands in agriculture sector of Turkey are met 
by fertilizers import instead of raw material import. 

G¿bre ¿retiminde t¿ketilen toplam enerji 2006 yēlēnda 
201,4 bin TEP deĵerinde iken, 2011 yēlēnda 650,4 bin 
TEP deĵerine y¿kselmiĸtir. Belirtilen dºnemde, iĸlenen 
tarēm alanē baĸēna g¿bre ¿retimi amacēyla t¿ketilen 
toplam enerji miktarē ortalama 0.01 TEP/ha olarak 
gerekleĸmiĸtir. ¦lkemizdeki g¿bre fabrikalarēnēn toplam 
üretim kapasiteleri gübre tüketimimize yetecek düzeyde 
olmasēna raĵmen, g¿bre fabrikalarēnēn bazē ekonomik 
nedenlerle (enerji-ham madde-maliyet) tam üretim 
kapasitesi ile alēĸmayēp, ortalama % 60 kapasite ile 
alēĸmalarē ham madde ithalatē yerine, g¿bre ithal 
edilerek ¿lkemizin g¿bre ihtiyacē karĸēlanmaktadēr. 

 

 
Table 7 

Energy consumption in the production of fertilizers in Turkey 

Years 
Oil 

(1000 TEO) 
Electricity 
(1000 TEO) 

Natural gas 
(1000 TEO) 

The total energy 
consumption 
(1000 TEO) 

The cultivated 
area 

(1000  ha) 

The total energy 
consumpt./ 

The cultivated area 
(TOE/ha) 

2006 7.4 44 150 201.4 22981 0.009 

2007 5 17 0 22 21979 0.001 

2008 7 22 214 243 21555 0.011 

2009 5 20 26 51 21351 0.002 

2010 4 12 64 80 21384 0.003 

2011 5.5 26.6 618.3 650.4 20539 0.031 

Mean 5.65 23.6 178.7 208 21631.5 0.01 

 
CONCLUSIONS 

The structure of agricultural holdings in Turkey should 
be required to improve the efficiency and competitive with 
the effective use of technology. In Turkey, although 
fertilizer consumption has showed a rapid increase, due 
to the support and encouragement, the rate of increase 
has slowed in recent years. Growing population and 
changing eating habits is inevitable to increase 
agricultural production. To increase agricultural 
production, it is necessary that increasing productivity 
obtained from the unit area using the fertilizer, quality 
seeds and emerging technologies, minimization of 
production losses, to achieve farm size for economic 
production and farmers' awareness. Because of the 
excessive and unplanned use of fertilizers is a clear 
negative impact on quantity and quality of products and 
the environment, fertilizer consumption should be 
controlled and planned. Adhering to the principles of 
sustainable agriculture, use of correct type and amount 
fertilizer is critical to prevent damage of the fertilization on 
the environment. The most effective way to apply the 
correct type and quantity of fertilizer is based on the soil 
and plant analysis. 

In recent years, energy use, greenhouse gas 
emissions and their potential effects on global climate 
change is one of the most hotly debated topics. Problems 
with the use of energy, is not only limited to global 
warming. The environmental issues such as air pollution, 
acid rain and ozone depletion are closely related energy 
use. Environmental effects caused by the use of energy, 
to be at the lowest level, all of the mentioned subject 
should be considered together. Increasing energy 
efficiency is important in terms of environmental impact 
assessment of energy sources. The efficiency of system 
should be increased to use less energy and to harm the 
environment at the lowest level. Because of the scarcity 
and careless use of energy resources resulting unwanted 
side effects, it is required that energy consumption 
accurately and carefully planned. 
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 SONU¢ VE ¥NERĶLER 

Türkiye, özellikle verimlilik ve rekabet gücünün 
artmasēnē saĵlayacak etkin teknoloji kullanēmē ve tarēm 
iĸletmelerinin yapēsēnēn iyileĸtirilmesi gereklidir. T¿rkiyeô 
de g¿bre t¿ketimi, uygulanan destek ve teĸvikler 
sayesinde hēzlē bir artēĸ gºstermekle birlikte, ºzellikle son 
yēllarda artēĸ hēzē yavaĸlamēĸtēr. Artan n¿fus ve deĵiĸen 
beslenme alēĸkanlēklarē tarēmsal ¿retimi artērmayē 
kaēnēlmaz kēlmaktadēr. Tarēmsal ¿retimi artērmak ise 
g¿bre, kaliteli tohum ve geliĸen teknolojileri kullanarak 
birim alandan elde edilen verimin yükseltilmesi, üretim 
kayēplarēnēn asgariye indirilmesi, ekonomik üretim 
yapacak iftlik b¿y¿kl¿klerine ulaĸēlmasē ve iftilerin 
bilinlendirilmesi ile m¿mk¿nd¿r. Aĸērē ve plansēz g¿bre 
kullanēmēnēn ¿r¿n miktar ve kalitesi ile evreye olumsuz 
etkileri aēk olarak gºr¿ld¿ĵ¿nden, kontroll¿ ve planlē 
g¿bre t¿ketim artēsē hedeflenmelidir. S¿rd¿r¿lebilir tarēm 
ilkelerine baĵlē kalēnarak g¿brelemenin evreye zararēnē 
ºnlemek iin doĵru cins ve miktarda g¿bre kullanēmē kritik 
ºneme sahiptir. Doĵru cins ve miktarda g¿bre 
kullanēmēnēn en etkili yolu ise toprak ve bitki analizlerine 
dayalē uygulamalardēr. 
End¿stri, ulaĸtērma, ticaret, konut ve tarēm 

sektºrlerinde enerji kullanēmēnē azaltmanēn en etkin 
yºntemlerinden birisi de, enerji kullanma etkinliĵini 
artērmaktēr. G¿n¿m¿z end¿stri d¿nyasēnda, enerji ve 
diĵer kaynaklarēnēn kullanēmē ºnemli d¿zeye ulaĸmēĸtēr. 
Bu nedenle, bir taraftan doĵal kaynaklarēn temini 
azalmaya baĸlamēĸ, diĵer taraftan da evre kirliliĵi gibi 
doĵal ortama verilen zararlar artarak devam etmektedir. 
Bununla birlikte, enerji dºn¿ĸ¿m¿ne iliĸkin teknik 
iyileĸtirmeler yeterince etkin bir ĸekilde 
gerekleĸtirilememektedir. Geliĸmiĸ ve geliĸmekte olan 
ülkelerde, gelecekteki enerji üretim ve tüketim 
d¿zeylerinin belirlenebilmesi iin; n¿fus artēĸē, ekonomik 
¿retkenlik, t¿ketici alēĸkanlēklarē ve teknolojik geliĸmeler 
gibi dikkate alēnmasē gereken birok etmen vardēr. Enerji 
sektºr¿ne iliĸkin yºnetim biimleri, gelecekteki enerji 
¿retim ve t¿ketim d¿zeyi ve daĵēlēmēnda ºnemli rol 
oynayacaktēr.  
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Abstract:  

Article describes a practical method for determining 

the vibration damping of the material on the basis of 

use structural intensity measurements of  longitudinal 

vibrations. Structural intensity is grounded on the 

analogy with the concept of acoustic intensimetry that 

use the correlation between the signals obtained from 

two accelerometers. The structural intensity method 

can be applied, by computation or by measurement, 

for identification of the vibration propagation trace and 

for vibration control. In this paper, after developing the 

theory on calculation longitudinal vibration power flow, 

one proposes an experimental method for determining 

the attenuation of longitudinal vibrations of materials 

according to their nature, size and terms of fixing the 

structure that takes the vibrations transmitted by 

means of a vibration absorber. 

 

Keywords: structural intensity, energy flow, inter spectral 

density, correlation function. 

 

INTRODUCTION 

Acoustical intensimetry bases have grown 

substantially as theoretical fundamentals as well as 

applications [2]. In recent years, a more attention was  

directed to develop the method of structural 

intensimetry with practical applications [3], [5]. 

Measurements of vibration energy flow can give 

information about identification of the positions of 

vibration sources, energy transmited from source in 

different ways and different types of vibrations waves [7]  

 

MATERIAL AND METHOD 

1. Structural intensity 

For the study of power transmission characteristics of 

structural vibrations is not enough to make simple 

measurements of vibration levels. In this case it is 

necessary to determine the distribution of energy flow 

through structural intensity measurements. This flow 

represents the instantaneous rate of energy transfer per 

unit area in a given direction and is called the structural 

intensity. For this purpose it shall determine 

interspectrale acceleration density in two closely related 

sections, similar to the technique of the two microphones 

in acoustical intensimetry technique.  

In recent years, one have made great progress in 

measuring sound power. In the field of vibrations, 

practical measurements rise many and difficult problems. 

Structural intensity of vibrations  in a given direction, 

is obtained by the product of force F and vibration speed 

vector: 

 Rezumat:  

Articolul descrie o metodŁ practicŁ de detarminare 

amortizŁrii vibraŞiilor unor materiale pe baza mŁsurŁtorilor 

de intensimetrie structuralŁ a vibraŞiilor longitudinale. 

Intensimetria structuralŁ se bazeazŁ pe analogia cu 

conceptul de intensimetrie acusticŁ, care utilizeazŁ 

corela ia dintre semnalele care provin de la douŁ 

accelerometre. Metoda intensimetriei structurale se poate 

aplica, prin calcul sau prin mŁsurŁtori, pentru 

identificarea cŁilor de propagare a vibraŞiilor ĸi pentru 

controlul vibraŞiilor. Ċn aceastŁ lucrare, dupŁ dezvoltarea 

teoriei privind calculul fluxului de putere al vibraŞiilor 

longitudinale, se propune o metodŁ experimentalŁ pentru 

determinarea atenuŁrii vibraŞiilor longitudinale a 

materialelor în funcŞie de natura lor, dimensiuni ĸi modul 

de fixare al structurii care preia vibraŞiile transmise, prin 

intermediul unui absorbitor de vibraŞii.  

 

Cuvinte cheie: intensimetrie structuralŁ, flux de energie, 

densitate interspectralŁ, funcŞie de corelaŞie. 

 

INTRODUCERE 

Bazele intensimetriei acustice s-au s-au dezvoltat 

substanŞial ca fundamentare teoreticŁ dar ĥi ca aplicaŞii 

[2]. În ultimii ani, o mai mare atenŞie a fost orientatŁ 

spre dezvoltarea metodei intensimetriei structurale cu 

aplicaŞii practice [3], [5]. MŁsurŁtorile fluxului de energie 

al vibraŞiilor pot oferi informaŞii referitoare la 

identificarea poziŞiilor surselor de vibraŞii, energia 

transmisŁ de sursŁ ´n diferite moduri precum i diferitele 

tipuri de unde vibratorii [7] 

 

MATERIAL ķI METODŀ 

1. Intensimetrie structuralŁ 

Pentru studiul caracteristicilor transmisiei de putere la 

vibraŞiile structurale nu este suficient a se face simple 

mŁsurŁri ale nivelurilor de vibraŞii. În acest caz, este 

necesar sŁ se determine distribuŞia fluxului de energie 

prin mŁsurŁtori de intensimetrie structuralŁ. Acest flux 

reprezintŁ rata instantanee a transferului de energie pe 

unitatea de suprafaŞŁ ´ntr-o anumitŁ direcŞie, i se numete 

intensitate structuralŁ. Ċn acest scop, se determinŁ 

densitatea interspectralŁ de acceleraŞie ´n douŁ secŞiuni 

apropiate, similar cu tehnica celor douŁ microfoane din 

intensimetria acusticŁ.  

În ultimii ani s-au fŁcut mari progrese ´n mŁsurarea 

puterii acustice. În domeniul vibraŞiilor, mŁsurŁtorile 

practice ridicŁ probleme numeroase i dificile. 

Intensitatea structuralŁ a vibraŞiilor, într-o anumitŁ 

direcŞie, se obŞine prin produsul dintre forŞa F i vectorul 

vitezŁ a vibraŞiilor: 
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Ö= ñ  sau în complex:  [ ]*Ö= vFI
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ĔĔRe
2

1
.   (1) 

The complex shape from (1) is used when the force 

and the particle velocities are treated as complex 

harmonic variables. The direction of intensity it is the 

same with the direction of the particle resultant 

velocity. The expression of intensity depends on the 

type of vibration of a structure, namely: longitudinal, 

bending and tosional. In the following we will establish 

a theoretical expression for the longitudinal vibrations 

of the beams. 

2.Longitudinal vibrations of the beams 

One studies the vibrations of the homogeneous 

beam, with a constant cross section that is acted by a 

longitudinal force. For an element of length dx (fig.1), we 

can write Newtonôlaw 

 Forma complexŁ din relaŞia (1) se utilizeazŁ ´n cazul ´n 

care forŞa ĥi vitezele particulelor sunt tratate ca variabile 

armonice complexe. DirecŞia intensitŁŞii este aceeaĥi cu 

direcŞia vitezei rezultante a particulelor. Expresia 

intensitŁŞii depinde de tipul de vibraŞie a unei structuri, 

respectiv, longitudinalŁ, transversalŁ ĸi de rŁsucire. În 

cele ce urmeazŁ noi vom stabili o expresie teoreticŁ 

pentru vibraŞiile longitudinale ale barelor. 

 

2.VibraŞii longitudinale ale barelor 

ConsiderŁm vibraŞiile unei bare omogene cu o 

secŞiune transversalŁ constantŁ pe toatŁ lungimea, care 

este acŞionatŁ de o forŞŁ longitudinalŁ. Pentru un element 

de lungime dx (fig.1), se poate scrie legea lui Newton 

Fdx
x

F
F

t

u
m -

µ

µ
+=

µ
2

2

,    (2) 

where u(x,t) is the movement of particles in section 
located at distance x and F is the normal force on the 
same section which it is assumed that varies linearly with 
the distance. 

 unde u(x,t) este deplasarea particulelor din secŞiunea 
localizatŁ la distanŞa x iar F este forŞa normalŁ pe 
aceeaĸi secŞiune care se presupune cŁ variazŁ liniar cu 
distanŞa. 

x
x

u
x dd
µ

µ
+

x dx

F x
x

F
F d
µ

µ
+u

x = 0

 

Fig. 2 - Toolbar element during longitudinal vibration  

 
Relative elongation, by definition, the ratio between 

the elongation lD  and the original length l, it is written: 

 Alungirea relativŁ, prin definiŞie, raportul dintre 

alungirea lD  ĸi lungimea iniŞialŁ l, se scrie: 

x

u

dx

dxdx
x

u
dx

l

l

µ

µ
=

-
µ

µ
+

==
0

D
e ,     (3) 

so that Hooke's law becomes:  astfel încât legea lui Hooke devine: 

x

u
E

A

F

µ

µ
= ,      (4) 

where A is the area of the barôs section and E is the 

Youngôs modulus.  

Using the last three relationships one can obtain 

 

 unde A este aria secŞiunii barei ĸi E este modulul lui 

Young. 

Din utilizarea ultimelor trei relaŞii se obŞine 

 

 

  dx
x

u
EA

t

u
Adx

2

2

2

2

µ

µ
=

µ

µ
r ,     (5) 

where ɟ is the density of the bar material.  

The final relationship 

 unde ɟ este densitatea materialului barei. 

RelaŞia finalŁ 
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2

2

2

2

x

uE

t

u

µ

µ
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µ
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r
      (6) 

represents the equation of longitudinal vibrations of the 

beam. The report rE  is noted with Lc  and has the 

dimensions of velocity. It is the speed of propagation of 
longitudinal vibrations and according to this, the  
transcribed form of equation (6) is: 

 reprezintŁ ecuaŞia vibraŞiilor longitudinale ale barei. 

Raportul rE  se noteazŁ cu Lc  ĸi are dimensiunile 

unei viteze. Aceasta reprezintŁ viteza de propagare a 
vibraŞiilor longitudinale ĸi corespunzŁtor cu aceasta 
ecuaŞia (6) se transcrie sub forma:   

  
2

2

2

2

x

u
c

t

u 2
L
µ

µ
=

µ

µ
.      (7) 

Structural intensity, for longitudinal vibrations in a 

beam, can be written successively 

 Intensitatea structuralŁ, pentru vibraŞiile longitudinale 

ale barei, poate fi scrisŁ succesiv 
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where 1a  and 2a  are the accelerations at two nearby 

points 1 and 2, located at a distance D  between 
accelerometers.  

The relations (8) were obtained using the finite 
approximations [6]: 

 unde 1a  ĸi 2a  sunt acceleraŞiile a douŁ puncte 

apropiate, 1 ĸi 2, situate la o distanŞŁ D  între 
accelerometre. 

RelaŞiile (8) s-au obŞinut cu ajutorul aproximŁrilor finite 
[6]: 
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For harmonic wave the normal force is  Pentru undele armonice forŞa normalŁ este 
 

 

  )( 21 aa
i

EA
F -=

Dw
     (10) 

and the vibration velocity of a particle will be written  ĸi viteza de vibraŞie a unei particule se va scrie 
 

 

                       
wi

aa
v

2

21+= .      (11) 

 

Structural intensity can also be measured using 
cross-correlation method between the two acceleration 
signals. Here the vibration intensity vector component, in 
the direction of the two accelerometer will be 

 Intensitatea structuralŁ poate fi de asemenea 
mŁsuratŁ utiliz©nd metoda intercorelaŞiei ´ntre douŁ 
semnale de acceleraŞie. Aici, componenta vectorului 
intensitate a vibraŞiei, pe direcŞia celor douŁ 
accelerometre va fi: 

[ ]),(Im)( 213
aaG

EA
IL

Dw
w -= ,    (12) 

where [ ]),(Im 21
aaG  is imaginary part of cross-spectrum 

between the two accelerometers signals. 

For bending waves in a rod, the energy flow may be 

written as 

 unde [ ]),(Im 21
aaG  este partea imaginarŁ a 

interspectrului dintre cele douŁ semnale ale 

accelerometrelor. 

Pentru undele transversale dintr-o barŁ, fluxul de 

energie poate fi scris sub forma  
 

 

                      [ ] lp
w

w /2),(Im
2

)( 212
aaG

Bm
IB

D
= ,    (13) 

here B is bending stiffness and m is mass per unit length 
[1], [4], [8]. 
 

RESULTS 

In the first experiment there were used two horizontal 

 în care B este rigiditatea de încovoiere iar m este masa 

pe unitatea de lungime [1], [4], [8]. 
 

REZULTATE 

În primul experiment s-au utilizat douŁ bare orizontale 
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bars with an outside diameter of 20 mm. Between the two 
bars a sample of cork with the role of damping 
longitudinal vibration transmitted from the first to the 
second bar has been fixed. The connection between the 
second bar and the outside has been carried out by 
means of a spring (fig.2,a). 

The second experiment was carried out by means of 
two vertical cylindrical bar with an outer diameter of 100 
mm. Between the two bars was fixed too a sample of 
cork with the purpose of vibration damping, the second 
rod being rigidly fixed to the foundation (fig.2,b). 

In both cases, the used accelerometers A1-A2 and 
A3-A4, of delta-share type (B&K 4507), having the phase 
difference of not more than 4°, were mounted such that 
their axes coincide with the axes of the bars and the mini 
shaker. The experiments were carried out also, for other 
types of material (rubber, felt) of different thickness (0.5 
cm, 1 cm and 2 cm). 

cu diametrul exterior de 20 mm. Ċntre cele douŁ bare a 
fost fixat un eĸantion din plutŁ cu rolul de amortizare a 
vibraŞiilor longitudinale transmise de la prima barŁ la a 
doua barŁ. LegŁtura dintre bara a doua ĸi exterior a fost 
realizatŁ cu ajutorul unui resort (fig.2,a). 
Al doilea experiment a fost realizat cu ajutorul a douŁ 

bare cilindrice verticale cu diametrul exterior de 100 mm. 
Ċntre cele douŁ bare a fost fixat un eĸantion din plutŁ cu 
rolul de amortizare a vibraŞiilor, a doua barŁ fiind fixatŁ 
rigid la fundaŞie (fig.2,b).  

În ambele cazuri, accelerometrele A1-A2 ĸi A3-A4 
utilizate, de tip delta-share (B&K 4507), care au diferenŞa 
de fazŁ de cel mult 4

o
, au fost montate astfel încât axele 

lor sŁ coincidŁ cu axele barelor ĸi ale excitatoarelor. 
Experimentele au fost realizate ĸi pentru alte tipuri de 
materiale (cauciuc, p©slŁ) de diferite grosimi (0.5 cm, 1 
cm ĸi 2 cm).. 

 

 
a) 
 

 
 

b) 
Fig. 2 - The block diagrams of the damped measurement  
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1.Shaker; 2,3 Beam ; 4 Sample; 5 Spring; A1-A4 Accelerometers; A/D 

The signal generated by the mini shaker is a white 
noise signal. Vibration energy flow (vibration intensity) 
expressed by relation (12) as the cross-spectra density of 
two accelerometer signals is shown in fig.3 and fig.4, in 
the frequency range of 1-1000Hz, for a 1cm sample  of 
cork.  

Significant differences occur in the resonance 

frequencies of the bar that takes over the damped 

vibrations. 

 Semnalul generat de excitator este un semnal de 
zgomot alb. Fluxul de energie al vibraŞiilor (intensitatea 
vibraŞiilor) exprimatŁ prin relaŞia (12) ca densitate 
interspectralŁ a semnalelor accelerometrelor este 
reprezentat în figurile 3 ĸi 4, în banda de frecvenŞe de 1-
1000Hz, pentru un eĸantion de 1 cm din plutŁ. 

DiferenŞe semnificative apar în zona frecvenŞelor de 

rezonanŞŁ ale barei ce preia vibraŞiile amortizate. 

 

 
 

Fig. 3 - Power flow vibration spectrum 
corresponding to the experiment from fig.2a, for sample of cork of 1 cm 

 

 
 

Fig. 4 - Power flow vibration spectrum  
corresponding to the experiment from fig.2b, for sample of cork of 1 cm 

 

 

CONCLUSIONS 

 

The measurements made on the flow of vibration 

energy can provide qualitative and quantitative 

information on vibration damping longitudinal direction by 

  

CONCLUZII 

 

MŁsurŁtorile fluxului de energie al vibraŞiilor pot 

furniza informaŞii calitative ĸi cantitative cu privire la 

amortizarea vibraŞiilor longitudinale cu ajutorul unui 
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a vibration damper. Differences between the two 

experimental devices (fig.3 and fig.4) are not significant 

where there are no resonance frequencies of the bar 

behind the damper. It may occur increases of vibration 

power at the resonance frequencies of the structure 

behind the damper.  

Measurements of structural intensity depend on: 

- errors of tools by the phase difference between the 

measured accelerations and corresponding electrical 

signals; 

- the transducer mass must be much smaller than the 

structural apparent mass; 

- the spacing between the accelerometers produces 

errors proportional with ( D
l

p
Ö

2
 ), where l is the wave 

length.  
For the study of bending vibration damping, the 

excitation and measurement direction of accelerations 
are chosen perpendicular to bars. 

For torsional vibrations, things are more complicated, 

both from the point of view of the excitation and of the 

transducer, which is specific for measurement of torsional 

vibrations. 
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amortizor de vibraŞii. DiferenŞele dintre cele douŁ 

dispozitive experimentale (fig.3 ĸi fig.4) nu sunt 

semnificative în domeniul de frecvenŞŁ ´n care nu apar 

frecvenŞe de rezonanŞŁ ale barei din spatele 

amortizorului. Se pot produce creĸteri ale puterii vibraŞiei 

la frecvenŞe de rezonanŞŁ ale structurii din spatele 

amortizorului. 

MŁsurŁrile de intensitate structuralŁ depind de: 

- erorile instrumentelor prin diferenŞa de fazŁ dintre 

acceleraŞiile mŁsurate ĸi semnalele electrice 

corespunzŁtoare; 

- masa traductorului trebuie sŁ fie mult mai micŁ dec©t 

masa aparentŁ structuralŁ; 

- distanŞa dintre accelerometre produce erori 

proporŞionale cu ( D
l

p
Ö

2
 ), unde l este lungimea de 

undŁ.  
Pentru studiul amortizŁrii vibraŞiilor transversale, 

direcŞia de excitaŞie ĸi mŁsurarea acceleraŞiilor se alege 
perpendicularŁ pe axa barelor.  

Pentru vibraŞiile de rŁsucire lucrurile sunt mai 
complicate, atât din punctul de vedere al excitaŞiei cât ĸi 
al traductoarelor speciale pentru mŁsurŁri ale vibraŞiilor 
de torsiune.  
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Abstract: Solid biomass combustion is characterized by 

two main issues: fuel high moisture weight (that 

generates some ignition failures) and the high rate of 

carbon monoxide from flue-gasses (that diminishes the 

efficiency of the burner an increases the pollution) 

Hydrogen injection (with a higher combustion velocity) 

disables the disadvantages mentioned above, allowing 

the design and operation of more efficient and less 

pollutant biomass boilers.  

The paper enhances the theoretical and experimental 

issues related to the hydrogen use during solid biomass 

combustion. 

 

Keywords: combustion, solid biomass, efficiency, 

pollution. 

 

INTRODUCTION 

Romania has a huge potential to produce and use the 

solid biomass for energy purposes. Related to the 

agricultural biomass, we mention important achievements 

in the use of straw briquettes in hot water boilers up to 

300 kW [7]. 

The both agricultural and wooden biomass is 

characterized by a high volatile matters amount, which 

influences the whole combustion process. The 

combustion is also dependent on the high moisture 

content of the fuel, especially the ignition phase. The 

large difference between the combustion velocity of 

volatile matters and respectively those of solid mass (fix 

carbon) composed of lignin and cellulose leads finally to 

a high Co concentration in the flue-gasses. This is the 

main obstacle to achieving an efficient combustion of 

solid biomass [2], [5]. 

According to the measurements, the higher calorific 

value (HCV) of the cellulose is lower than the lignin. In 

relation to the fixed carbon content Cf, HCV can be 

computed using (1), Cf being reported at anhydrous 

status of the fuel: 

 

 Rezumat: Arderea biomasei solide este caracterizatŁ de 

douŁ aspecte importante: conŞinutul ridicat de umiditate 

din combustibil (care-I conferŁ dificultŁŞi la aprindere) ĸi 

rata ridicatŁ a emisiei de monoxid de carbon din gazele 

de ardere (care ´nrŁutŁŞeĸte eficienta instalaŞiei de ardere 

ĸi creĸte poluarea). 

InjecŞia de hidrogen (care are vitezŁ mare de aprindere) 

combate dezavantajele enunŞate mai sus, permiŞând 

construirea ĸi exploatarea unor instalaŞii de ardere mai 

eficiente ĸi mai puŞin poluante. Lucrarea evidenŞiazŁ 

aspecte teoretice ĸi experimentale privind utilizarea 

hidrogenului în arderea biomasei solide. 

 

Cuvinte cheie: ardere, biomasŁ solidŁ, hidrogen, 

eficienŞŁ, poluare. 

 

INTRODUCERE 

România are un mare potenŞial pentru producerea ĸi 

utilizarea energeticŁ a biomasei solide. Referitor la 

biomasa agricolŁ se menŞioneazŁ realizŁri importante ´n 

utilizarea paielor de cereale sub formŁ de brichete la 

cazane foarte performante cu puteri termice de p©nŁ la 

300 kW [7]. 

Biomasa, fie agricolŁ, fie lemnoasŁ, este 

caracterizatŁ printr-o cantitate mare de volatile, procesul 

de ardere în ansamblu depinzând puternic de acest 

aspect. Umiditatea ridicatŁ influenŞeazŁ negativ arderea, 

în special pentru faza de aprindere. DiferenŞa mare dintre 

viteza de ardere a volatilelor ĸi cea a masei solide 

(carbonul fix) formatŁ din  celulozŁ ĸi ligninŁ conduce ´n 

final la o emisie ridicatŁ de CO. Aceasta constituie 

principalul obstacol în realizarea unei arderi performante 

a biomasei solide [2], [5]. 

Referitor la puterea calorificŁ se constatŁ cŁ celuloza 

are o putere calorificŁ mai redusŁ dec©t lignina. Ċn funcŞie 

de conŞinutul de carbon fix Cf, puterea calorificŁ 

superioarŁ se poate calcula cu relaŞia (1), Cf fiind raportat 

la starea anhidrŁ: 

 

[ ]kJ/kg14,119C196HCV f +=      (1) 

 

The hydrogen, with its own very high combustion 

velocity, contributes to the increase of volatile matters 

velocity combustion, canceling the combined combustion 

of volatile and fixed carbon. In this manner, a better 

control of the fixed carbon combustion is achieved, 

leading to a significant diminution of the CO emission 

content.  

 Hidrogenul, av©nd o vitezŁ foarte ridicatŁ de ardere, 

contribuie la o creĸtere a vitezei de aprindere ĸi ardere a 

volatilelor, cu eliminarea arderii combinate (suprapusŁ) 

pentru cea a carbonului fix. Se realizeazŁ astfel un 

control mai bun asupra proceselor de ardere a carbonului 

fix, cu reducerea semnificativŁ a emisiei de CO. 

În lucrarea [6] s-a utilizat un amestec special de 
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In paper [6] it was used a mixture of hydrogen, named 

hydrogen enriched gas (HRG), produced by an 

electrolytic system. This electrolytic system is a dynamic 

one, keeping the fluid in a permanent flow and it is 

producing a quasi-stoichiometric gaseous mixture of 

hydrogen and oxygen. In fact this gas consists of a 

mixture of hydrogen and oxygen molecules, almost 

respecting the stoichiometric water ratio [3]. 

HRG is a gas with a high degree of reactivity which, 

by adsorption, diffuses into the biomass. Thus, the 

ignition and combustion rate are improved and the 

pollutant emissions are reduced. HRG is a colorless gas 

which has a density of 0.503 kg/m
3
, molecular weight 

12.3 kg/kmol, auto-ignition temperature 591-605 °C and 

flammability limit concentration between 7.3ï100 % [4]. 

The free diffusion process (equation Legendre) is the 

basis for HRG/porous biomass combustion technology. 

Maximum capacity of producing HRG is 1500 litters/h. 

Electricity consumed to produce 1000 litters of HRG is 

between 3ï3.5 kWh. This means approximately 0.4 

Euro/1000 litters. 

HRG injection in solid biomass [4] contributes to 

reducing the carbon monoxide concentration (OH radical 

having leading role) by reactions (2) [1]: 

hidrogen, cunoscut sub titulatura HRG (gaz ´mbogŁŞit cu 

hidrogen), care a permis tranziŞia cŁtre condiŞiile reale de 

exploatare ĸi costuri scŁzute. Gazul este produs într-un 

sistem electrolitic dinamic, care pŁstreazŁ fluidul ´ntr-o 

curgere permanentŁ ĸi o proporŞie cvasi-stoichiometricŁ a 

mixturii hidrogen-oxigen. De fapt, acest gaz constŁ dintr-

un amestec de molecule de hidrogen ĸi oxigen, 

HRG este un gaz cu un mare grad re reactivitate, 

care difuzeazŁ prin adsorbŞie ´n biomasŁ. Ċn acest fel, 

aprinderea ĸi rata reacŞiei de oxidare a combustibilului 

sunt crescute, iar emisiile poluante sunt reduse. HRD 

este un gaz incolor, având densitatea de 0,503 kg/m
3
, 

masa molecularŁ de 12,3 kg/kmol, temperatura de 

autoaprindere de 591-605 °C ĸi concentraŞia limitŁ de 

inflamabilitate cuprinsŁ ´n intervalul 7,3ï100 % [4]. 

Tehnologia de ardere biomasŁ/HRG este bazatŁ pe 

difuzia liberŁ conform ecuaŞiei Legendre. Capacitatea 

maximŁ de producere este de 1500 l/h, iar electricitatea 

consumatŁ este de 3-3,5 kWh/1000 l, ceea ce ´nseamnŁ 

cca. 0,4 Euro/1000 l. 

InjecŞia HRG ´n biomasa solidŁ [4] contribuie la 

reducerea concentraŞiei de monoxid de carbon (radicalul 

OH având rolul decisiv) prin reacŞiile (2) [1]: 

 

.2;; 222 OHOHOOOHOHHCOOHCO +++++                                (2) 

 

The improvement of the biomass combustion 

performances by hydrogen injection is possible to be 

made for all known combustion technologies, such as: 

¶ Fixed bed combustion systems: with fixed grate, 

with mobile-rolling grate, with forward or 

backward push, with inferior supply for pellets; 

¶ Fluidized bed systems: stationary or 

recirculating; 

¶ Air-driven system (fuel is milled and pulverized); 

For biomass with high moisture content and ash, with 

particle dimension larger than 1 mm, it is recommendable 

to select boilers provided with fixed bed furnaces, with a 

maximum output of 20 MWt. 

Some mixtures between agricultural biomass with 

wooden biomass can be prepared for combustion, 

excepting the mixture straw-wood, due to some large 

differences between combustion characteristics, such as 

moisture and ash melting temperature. 

 

MATERIAL AND METHOD 

The release and burning velocity for volatile matters is 

described in paper [8] by the differential equation (3): 

 ĊmbunŁtŁŞirea performanŞelor arderii biomasei prin 

injecŞie de hidrogen se poate realiza pentru toate 

tehnologiile de ardere, ce cuprind: 

¶ Sisteme cu strat fix: cu grŁtar fix, cu grŁtar 

mobilïrulant, cu împingere înainte, sau 

rŁsturnatŁ, cu alimentare inferioarŁ pentru 

pelete 

¶ Sisteme în strat fluidizat staŞionar sau  

recirculant; 

¶ Sisteme în curent de aer (combustibil 

pulverizat); 

Focarele cu grŁtar, care ´n general au o putere sub  

20 MWt sunt folosite pentru arderea biomasei cu conŞinut 

mai mare de umiditate ĸi cenuĸŁ ĸi de dimensiuni 

variabile, dar nu sub 1 mm. 

Pot fi arse ĸi amestecuri de biomasŁ agricolŁ cu cele  

pe bazŁ de lemn dar nu ĸi amestecuri ale acestora cu 

paiele, datoritŁ diferenŞei dintre caracteristicile de ardere, 

referitoare la umiditate ĸi temperatura de topire a cenuĸii. 

 

MATERIAL ķI METODŀ 

Viteza de degajare ĸi arderea volatilelor este descrisŁ  

în lucrarea [8] de ecuaŞia diferenŞialŁ (3)  

 

( ) vci
c VV

d

dV
a

t
Ö-=                                                      (3) 

where: Vi is the initial content of volatile, Vc ï volatile 

burnt content in period t, va  - release and burning 

velocity of volatile matters (processes ruled by gaseous 

diffusion and the combustion reactions kinetic). 

 unde: Vi este conŞinutul iniŞial de volatile, Vc ï 

conŞinutul ars în timpul t, va  - viteza de degajare ĸi 

ardere a materiilor volatile (procese guvernate de difuzia 

gazoasŁ ĸi cinetica reacŞiilor de ardere). 
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d

difv /1
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,
2

6-Ö
=a                                                      (5) 

 

[ ]seK RT

E

ovcinv

v

/1,
-

=a                                                      (6) 

 
Equation (5) is very common in literature [8], but not 

so accurate for biomass as it is for coal 

However, due to bale or briquette breakage due to 

the swelling phenomenon in the first phase of combustion 

occurs an auto-correction by reconsidering the particleôs 

diameter value; the hydrogen contributes too for reducing 

the diameter in the ignition phase. For equation (6), the 

values are: 

d ï particle diameter, [m]; ovK  - volatile release value, 

[1/s]; Ev ï activation energy, [kJ/mol], T ï temperature, 

[K]. For solid biomass, the reaction constants have the 

values: Kov = 80ï111 [1/s], Ev = 38.4ï60.12 [kJ/kmol] 

For fixed carbon combustion, the equation is given by 

(7), while for the combustion velocity was used equation 

(8) [8] : 

 RelaŞia (5) este foarte utilizatŁ ´n literatura de 

specialitate [8], la biomasŁ ´nsŁ nu are gradul de precizie 

de la cŁrbune. Totuĸi, datoritŁ ruperii brichetelor sau a 

baloŞilor ca urmare a fenomenului de umflare din prima 

fazŁ de ardere apare o autocorecturŁ prin reconsiderarea 

valorii diametrului; hidrogenul aduce ĸi el contribuŞii la 

reducerea diametrului în faza de aprindere. 

Pentru ecuaŞia (6), valorile sunt urmŁtoarele: 

d - diametrul particulei, în m; ovK  - constanta de 

degajare a volatilelor, 1/s; Ev ï energia de activare, 

kJ/mol, T ï temperatura, K. Pentru biomasŁ solidŁ, 

constantele reacŞiilor sunt: Kov = 80ï111 [1/s], Ev = 38,4ï

60,12 [kJ/kmol]. Pentru arderea carbonului fix, relaŞia de 

calcul este (7), pe când pentru viteza de ardere relaŞia (8) 

[8]: 

 

[ ]seK RT
c /18710

35700
-

=                                          (7) 

 

( ) [ ]smdSKC cvCO /2

2
Ö+= at                           (8) 

 

where:t=
32

12
is the stoichiometric ratio O2 ½½ CO2, 

and S the specific reaction surface, [m
2
/m

3
]. 

For the solid biomass, according to the physical 

process of densification, difv,a  is dominant versus 

cinv ,a . In such manner, it appears as necessary a 

limitation criterion for briquette dimension. The expertise 
allows to asses the optimal domain: ( )cin,vdif,v max aa 10= .   

 
RESULTS 

In the paper [6] are presented the results of some 
experimental tests for the fixed bed combustion of five 
types of solid biomass injection HRG in the primary air. 

The following biomass categories have been tested: 
sawdust (1), wooden pellets (2), cereal straw briquettes 
(3), vineyard wastes (4), corncobs (5). 

Biomass power characteristics taken into account 
were: low calorific value ï Q

i
i [kJ/kg]; moisture ï W

i
t [%]; 

ash ï A
i
 [%]. The results of the analysis are: 

- Fuel 1: Q
i
i=16500 kJ/kg; W

i
t =14 %; A

i
 =2,5 %; 

- Fuel 2: Q
i
i=17500 kJ/kg; W

i
t =10,5 %; A

i
=0,5 %; 

- Fuel 3: Q
i
i=14700 kJ/kg; W

i
t =10,2 %; A

i
=4,7 %; 

- Fuel 4: Q
i
i =13600 kJ/kg; W

i
t=16,1 %; A

i
=4,9 %; 

- Fuel 5: Q
i
i =12800 kJ/kg; W

i
t=18,8 %; A

i
=3,9 %; 

 
A constant thermal load of the boiler presented in 

figure 1 has been maintained during tests, by controlling 
the fuel mass-flow rate.  

 
unde:t=

32

12
este raportul stoichiometric O2 ½½ CO2, 

iar S suprafaŞa specificŁ de reacŞie, m
2
/m

3
 . 

Pentru biomasa solidŁ, ca urmare a proceselor de 

densificare, difv,a  este dominat faŞŁ de cinv ,a . Apare 

necesar un criteriu de limitare a dimensiunilor brichetelor. 
ExperienŞa indicŁ drept optim domeniul 

( )cin,vdif,v max aa 10= . 

 
REZULTATE  

Ċn lucrarea [6] se prezintŁ rezultate ale unor testŁri 
experimentale de ardere în strat fix a biomasei solide cu 
insuflare de gaz HRG în aerul primar. 

S-au testat urmŁtoarele categorii de biomasŁ: 
rumeguĸ (1), pelete lemn (2), brichete de paie de cereale 
(3),  corzi de viŞŁ de vie (4), coceni de porumb (5). 

Caracteristicile energetice considerate pentru 
biomasŁ au fost: putere calorificŁ inferioarŁ ï Q

i
i [kJ/kg]; 

umiditate ï W
i
t [%]; cenuĸŁ ï A

i
 [%]. Rezultatele 

analizelor sunt: 
- Comb. 1: Q

i
i=16500 kJ/kg; W

i
t =14 %; A

i
 =2,5 %; 

- Comb. 2: Q
i
i=17500 kJ/kg; W

i
t =10,5 %; A

i
=0,5 %; 

- Comb. 3: Q
i
i=14700 kJ/kg; W

i
t =10,2 %; A

i
=4,7 %; 

- Comb. 4: Q
i
i =13600 kJ/kg; W

i
t=16,1 %; A

i
=4,9 %; 

- Comb. 5: Q
i
i =12800 kJ/kg; W

i
t=18,8 %; A

i
=3,9 %; 

Pe parcursul experimentŁrilor s-a pŁstrat o sarcinŁ 
termicŁ constantŁ a cazanului prezentat ´n figura 1, 
realizatŁ prin variaŞia debitului de combustibil.  
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Fig. 1 - Pilot plant of 2 MWt used to test the hydrogen injection in biomass combustion  
 

Findings: 

¶ Significant reduction of CO emissions for 
wooden biomass derivates (reduction limit until 
158 ppm); 

¶ Lower reduction for agricultural biomass (upper 
limit to 1700 ppm); 

In figures 2 and 3 is shown the flame shape for 
wooden and agricultural biomass, with and without HRG 
injection,  

We found as remarkable the diminution of the flame 
length in the case of HRG combustion, due to a higher 
intensity of the oxidation processes in the inferior zone of 
the fuel bed. 

 S-au constatat: 

¶ reducerea semnificativŁ a emisiei de CO pentru 
biomasa lemnoasŁ (limitŁ de p©nŁ la 158 ppm); 

¶ o reducere mai puŞin sensibilŁ pentru biomasa 
agricolŁ (limita superioarŁ de p©nŁ la 1700 
ppm); 

Ċn figurile 2 ĸi 3 este arŁtat aspectul arderii pentru 
derivatele de lemn ĸi respectiv pentru biomasa solidŁ. 

S-a remarcat o scŁdere a lungimii flŁcŁrilor ´n cazul 
injecŞiei de HRG, explicabilŁ prin mŁrirea intensitŁŞii 
proceselor de ardere ´n zona inferioarŁ a stratului de 
combustibil 

 
 

                 
 

a) wooden biomass                                                b) agricultural biomass  
 

Fig. 2 - Flame shape without HRG injection 
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a) wooden biomass       (b) agricultural biomass  
 

Fig. 3 - Flame shape without HRG injection 
 

Finaly, an elemental analysis of the ash was 

performed, presented in Table 1, in order to draw a 

conclusion related to future possible use. 

The high phosphorus, potassium and calcium 

contents, related to very low concentrations of heavy 

metals, indicate the possibility to use the biomass ash as 

agricultural fertilizer. Such approach is very important not 

only for economic reasons, but give the hope to eliminate 

a potential hazard.  

 În final s-a efectuat ĸi o analizŁ elementalŁ a cenuĸii, 

prezentatŁ ´n tabelul 1, pentru a putea trage o concluzie 

privind posibile utilizŁri ale acesteia. 

PrezenŞa ridicatŁ a fosforului, ca ĸi a potasiului ĸi 

calciului precum ĸi valorile foarte reduse pentru metalele 

grele, indicŁ posibilitatea utilizŁrii cenuĸilor drept 

´ngrŁĸŁm©nt agricol. AceastŁ posibilŁ utilizare nu are 

doar un pozitiv efect economic, dar este de o maximŁ 

importanŞŁ deoarece eliminŁ traseul pentru un potenŞial 

deĸeu. 
 

Table 1  
Elemental analysis of the ash 

 

Chemical Species Wooden Biomass Agricultural Biomass 

Si 19.14 % 19.72 % 

Ca 6.66 % 6.04 % 

Fe 3.65 % 5.61 % 

Al 2.88 % 4.30 % 

Mg 1.44 % 1.26 % 

S 1.31 % 1.23 % 

P 0.81 % 0.59 % 

Na 0.28 % 0.36 % 

Ti 0.27 % 0.29 % 

Cl 0.16 % 0.15 % 

Ba 0.10 % 0.10 % 

Zn 0.03 % 0.03 % 

Cu 0.01 % 0.01 % 

Cr 86 ppm 95 ppm 

Ni 68 ppm 83 ppm 

 
 
 

CONCLUSIONS 

In order to challenge some obstacles occurred in 

biomass combustion, such as the ignition difficulties due 

to high moisture content, respectively the high 

concentration of carbon monoxide in flue-gasses; we 

have tested a new technology ï hydrogen injection as 

HRG in the primary air flow, at a permissive cost in 

 CONCLUZII 

Ċn scopul depŁĸirii unor obstacole frecvente la arderea 

biomasei, cum sunt dificultŁŞile la aprindere din cauza 

umiditŁŞii ridicate, respectiv emisiile ridicate de monoxid 

de carbon, am testat surmontarea acestor bariere prin 

injecŞia hidrogenului sub forma HRG ´n aerul primar de 

ardere, la un cost permisiv pentru avantajele create. 
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comparison to the advantages. The research is fully 

original, according to our knowledge there are no similar 

paper in the literature. 

The effects of this procedure were: 

¶ Separation between the volatile and fixed 

carbon combustion trough high burning velocity 

of the hydrogen; 

¶ Reduction of the flame length and flame 

stabilization; 

¶ Decrease of pollutant emissions, especially 

carbon monoxide. 

Beside these advantages, the ash resulted from 

biomass combustion is a good fertilizer for agriculture 

and horticulture. 
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Abstract: Inspiration for investigations described in 

this article was explaining the differences between a 

cultivator and a vibro-cultivator. Starting from the basic 

model of linear damped oscillator, the authors 

complicated equations and terms significantly enriched 

customize or entering equations specific terms of 

agricultural machinery for soil. First, these models 

attempt to explain the behavior of oscillator working 

bodies in different operating modes of agricultural 

machinery. Subsequently, the practical application will 

consist the system vibration control using adjustable 

parameters of working processes. Moreover, the 

simulator presented is usable in theoretical research of 

nonlinear friction and amortization and complex 

phenomena including the equation of motion of the 

unit. 

 

Keywords: mathematica model, simulation, vibrations, 

vibro-cultivator, cultivator  

 

INTRODUCTION 

The mathematical model described in this article tries 

to describe the behavior of the whole body of work - 

working organ support (AOLSOL) in soil, 

characteristically subassembly of vibro - cultivator or of 

cultivator, [1]. 

This model has the following purposes: 

-to describe the difference between the functioning of the 

cultivator and the vibro - cultivator AOLSOL in part to 

motivate the construction of the latter; 

-to emphasize geometric constants or material that would 

make the most important difference between the working 

processes of the two machines, in terms AOLSOL; 

-to investigate possible ways of optimizing the operating 

mode if vibro - cultivator.  

 

MATERIAL AND METHOD 

The mathematical model considered for a first 

approach is relatively simple, classic literature, for 

example [2]: linear damped oscillator described by 

second order differential equation: 

 Rezumat: Sursa de inspiratie pentru relizarea 

investigatiilor descrise in acest articol a fost explicitarea 

deosebirilor dintre un cultivator si un vibrocultivator. 

Pornind de la modelul elementar al oscilatorului liniar cu 

amortizare, autorii complica ecuatiile si particularizeaza 

sau imbogatesc semnificatia unor termeni introducand in 

ecuatii termeni specifici masinilor agricole de lucrat solul. 

Pentru inceput, aceste modele incearca sa explice 

comportamentul oscilator al organelor de lucru in diverse 

regimuri de functionare ale masinilor agricole. Ulterior 

aplicatia practica va consta in controlul acestor vibratii 

folosind parametrii de regim reglabili. Mai mult, 

simulatorul prezentat este utilizabil si in cercetarea 

teoretica a unor frecari si amortizari neliniare, precum si 

la fenomene complexe incluzand ecuatia de miscare a 

agregatului. 

 

Cuvinte cheie: model matematic, simulare, vibratii, 

combinator, cultivator  

 

INTRODUCERE 

Modelul matematic descris in acest articol incearca sa 
descrie comportamentul ansamblului organ de lucru - 
suport organ de lucru (AOLSOL) in sol, subansamblu 
caracteristic al unui cultivator sau vibrocultivator, [1]. 
Acest model are urmatoarele scopuri: 
-sa descrie diferenta dintre  modul de functionare al 
AOLSOL al cultivatorului si cel vibrocultivatorului, in parte 
pentru a motiva constructia acestuia din urma; 
-sa evidentieze constantele de material sau parametrii 
geometrici cei mai importanti care ar face diferenta intre 
procesele de lucru ale celor doua masini, in ceea ce 
priveste AOLSOL; 
-sa investigheze eventuale posibilitati de optimizare a 
regimului de lucru in cazul vibrocultivatorului. 

 

 

MATERIAL ķI METODŀ 

   Modelul matematic considerat pentru o prima abordare 
este unul relativ simplu, clasic in literatura de specialitate, 
de exemplu [2]: oscilatorul liniar cu amortizare, descris de 
ecuatia diferentiala de ordinul al doilea: 

.  

 
mx cx kx+ + =y,                                                             (1) 

 

where x is the relative displacement of the mass 

center of AOLSOL, m is the mass AOLSOL, c is 

damping coefficient of AOLSOL, k is the stiffness 

coefficient of AOLSOL and y is excitation force. The 

structure of each parameter will be subject to further 

clarifications. Obviously, the x , and x  are derivatives 

 in care: x este deplasarea relativa a centrului de masa al 
AOLSOL, m este masa AOLSOL, c este coeficientul de 
amortizare al AOLSOL, k este coeficientul de rigiditate al 

AOLSOL, iar y este forta excitatoare.  Structura fiecarui 
parametru va constitui subiectul unor precizari ulterioare. 

Evident, xsi x , sunt derivatele de ordinul intai, respectiv 

al doilea ale deplasarii relative x. 
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of the first order and second order of relative 

displacement, x. 

The relative displacement is a function of time t, which 

is subject to initial conditions: 

    Deplasarea relativa este o functie de timp, t, care 
trebuie sa respecte conditiile initiale: 
 

 

 

() ()0 0 0 0,  x t x x t x= = .                                                         (2) 
 

 
In physical terms damping coefficient c is given by 

the amortization of the soil and stiffness coefficient k is 
AOLSOL stiffness, mainly on the support of the working 
body. 

Note: AOLSOL is not a classic oscillator. It can be 
likened more to a phenomenon hauling a very rigid linear 
pendulum through a viscous fluid. 

The working body together the support are assimilate 
with pendulum mass, the amortization is given by the 
medium through which the body moves (soil) and the 
stiffness of the stiffness property of the working body 
support. 

For damping can be considered a form more complex 
by combining viscous friction with the dry, taking into 
account the soil moisture: 

 Din punct de vedere fizic, coeficientul de amortizare c, 

este dat de amortizarea produsa de sol, iar coeficientul 
de rigiditate k este rigiditatea AOLSOL, data in principal 
de suportul organului de lucru. 

Observatie: AOLSOL nu este un oscilator clasic. El 
poate fi asemanat mai mult cu un fenomen de tractiune a 
unui pendul liniar foarte rigid printr-un fluid vascos. 

Organul de lucru impreuna cu o parte a suportului se 
asimileaza masei pendulului, amortizarea este data de 
mediul prin care organul se misca (solul), iar rigiditatea 
de proprietatea de rigiditate a suportului organului de 
lucru. 

Pentru amortizare poate fi considerata de o forma mai 
complexa, prin combinarea frecarii vascoase cu cea 
uscata, tinand seama si de umiditatea solului: 

( ) ( )u
v

c
c c f u g u

x
= Ö + Ö,     (3) 

where cv is the coefficient of viscous damping,  cu is the  
dry friction coefficient, f is an increasing function of soil 
moisture and g is a decreasing function of soil moisture, 
u. f and g function may be known  in special cases only 

on experimental basis, depending on the texture and soil 
composition. 

Exciter force, y is produced by the interaction 
between AOLSOL and soil. To simulate a large range of 
phenomena, it is considered for the exciter force the next 
form: 

 in care cv este coeficientul de amortizare vascoasa, cu 
coeficientul de frecare uscata, f este o functie 
crescatoare cu umiditatea solului iar functia g este o 
functie descrescatoare cu umiditatea, u. Functiile f si g se 

pot cunoaste particular numai pe baze experimentale, 
depinzand si de textura si compozitia solului. 

Forta excitatoare, y este produsa de interactiunea 
dintre AOLSOL si solul. Pentru a simula o gama cat mai 
larga de fenomene, se considera pentru functia 
excitatoare forma: 

() ()( )t F t ty = +j,     (4) 

where F is the force of resistance to deformation of the 
soil, which can be considered as: 

 in care F este forta de rezistenta la deformare a solului, 
care se poate considera de forma: 

() ()()F t Ka t b t= ,     (5) 

where K is the coefficient of resistance to deformation 

of the soil, it is working depth and width b is working. It is 

considered that the depth and width of work are functions 

of time, primarily due consideration of the phase 

transition from sleep to work in steady state, and 

secondly, that these two characteristics of farm machines 

for soil can random vary and, especially the working 

depth. On the other hand, in transitive stage, the working 

width increases with the working depth for many types of 

working body. If these issues can be neglected, then a 

and b can be considered constant as the the coefficient 

of resistance to deformation of the soil, K. 

The solution of the problem (1), (2), completions (3), 

(4), (5), even with nonlinearity considered in (3) can be 

given using the techniques operational calculus [2] (even 

piecewise). 

The presence of more complicated nonlinearities in x 

or x  cancel the possibility of using operational calculus if 

not apply linearization. But the linearization limited 

decisive investigations. On the other hand, calculating the 

 in care K este coeficientul de rezistenta la deformare 

al solului, a este adancimea de lucru, iar b este latimea 

de lucru. Se considera ca adancimea si latimea de lucru 

pot fi functii de timp, in primul rand datorita considerarii 

etapei tranzitive de la starea de repaus la lucru in regim 

stabilizat, iar in al doilea rand, pentru ca aceste doua 

caracteristici ale masinilor de lucrat solul pot varia si 

aleator, mai ales adancimea de lucru. Pe de alta parte, in 

etapa tranzitiva latimea de lucru creste cu adancimea de 

lucru pentru multe tipuri de organe de lucru. Daca aceste 

aspecte pot fi neglijate, atunci a si b se pot considera 

constante ca si K. 

Solutia problemei (1), (2), cu completarile (3), (4), (5), 

chiar cu neliniaritatea considerata in (3), se poate da 

folosind tehnicile calculului operational, [2] (macar pe 

portiuni). 

Prezenta unor neliniaritati mai complicate in x sau   

x anuleaza posibilitatea folosirii calculului operational 

daca nu se aplica liniarizari. Liniarizarea limiteaza insa 

decisiv investigatiile noastre. Pe de alta parte, calculul 

produsului de convolutie folosind programe de calcul 

consacrate, este ineficient pentru timpi lungi si neliniaritati 
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convolution product using computer programs dedicated 

to, it is ineffective for long time and nonlinear 

complicated. For these reasons we chose to build the 

simulator AL SOL based on the numerical solution of the 

problem. This option offers the possibility of using a wide 

variety of nonlinearities. Convergence difficulties for long 

simulation times and using complicated nonlinearities 

may occur also in this case. They can solve partially 

modifying the numerical schemes used. 

 

RESULTS 

To facilitate understanding, in particular simulation 

example, I considered a linear viscous friction. In a future 

article will address the full friction type (3), and other 

types of friction and even stiff. Next objective is to 

investigate the existence of internal parameters of the 

model, capable of producing vibration even if the exciter  

function is constant in time. The subject is vast and 

currently with little chance of experimental covering. 

Following investigation it is only a long-term goal. 

AOLSOL physical model is the working bodies of the 

vibro-cultivator designed in a research project. 

The total mass of the working of support (vibrating 

portion, AOLSOL) is the total mass m = 5388 kg. The 

own support damping (own metal) is not considered in 

this model. Stiffness coefficient is calculated in 

accordance with [3], using the formula: 

complicate. Pentru aceste motive am optat pentru 

constructia simulatorului AOLSOL bazat pe solutia 

numerica a problemei. Aceasta optiune ofera si 

posibilitatea considerarii unei mari varietati de 

neliniaritati. Dificultati de convergenta pentru timpi lungi 

de simulare si folosind neliniaritati complicate, pot sa 

apara, de asemenea si in acest caz. Acestea se pot 

rezolva partial modificand parametrii schemelor numerice 

folosite. 

 

REZULTATE 

Pentru facilitarea intelegerii, in exemplul de simulare 

ales, am considerat o frecare vascoasa liniara. Intr-un 

articol viitor se va aborda frecarea integrala de tip (3), 

precum si alte tipuri de frecari si chiar rigiditati. Obiectivul 

urmator este cercetarea existentei unor parametri interni 

ai modelului, capabili sa produca vibratii chiar daca 

functia excitatoare este constanta in timp. Subiectul fiind 

foarte vast si, momentan cu putine sanse de acoperire 

experimentala. Ca urmare investigatia este numai un 

obiectiv pe termen lung. Modelul fizic al AOLSOL il 

constituie organe de lucru ale combinatorului conceput in 

cadrul unui proiect de cercetare.  

Masa totala a organul de lucru cu suport (portiunea 

vibratoare, AOLSOL) are masa totala m= 5.388 kg. 

Amortizarea proprie a suportului (proprie metalului) nu se 

considera in acest model. Coeficientul de rigiditate se 

calculeaza in conformitate cu [3], dupa formula: 

 
 

 

3

3EI
k

l
= ,                                                                (6) 

where E is the modulus of elasticity of the support 
material (steel in our case, so E = 2.1 Å 10

11
 Pa), I is the 

moment of inertia of the cross section of the rod holder: 

 in care E este modulul de elasticitate al materialului 

suportului (otel in cazul nostru, deci E= 2.1Å10
11

 Pa), I 

este momentul de inertie al sectiunii transversal a barei 

suportului:  

4

12

s
a

I =                                                                     (7) 

because it is considered as a square section. The 
edge section is set to as = 0025 m. The length of the 
support (the support to the point of attachment of the 
working element) is l, with the value of l = 0788 m. 
Obtain the spring constant of the oscillator, k = 41 902 
N / m. 

The purely viscous damping is characterized by cv 
value according to [4] or [5], given by: 

 

 deoarece se considera o sectiune patrata cu latura as. 
Latura sectiunii are valoarea as= 0.025 m. Lungimea 
suportului (de la rezemare pana la punctul de fixare al 
organului de lucru) este l, avand valoarea l= 0.788 m. Se 

obtine pentru constanta de elasticitate a oscilatorului, 
valoarea k= 41902 N/m.  

Amortizare de tip pur vascoasa este caracterizata de 
valoarea cv conform [4] sau [5], data de formula: 

 

rKcv 32.0= .     (8) 

Considering an average soil density, r=1900 kg / m
3
 

and K = 73000 N / m
2
, the damping coefficient is 

obtained after [4] or [5], the value cv = 3769 kg / s. 
For the above data, the oscillator shows the 

supercritical damping therefore oscillations are only 
possible due to exciter force. The natural frequency of 
the purely elastic system (damped null) is 14 035 Hz. If it 
is deemed depth a = 12 cm and the working width 8.6 
cm, then the exciter force constant component has the 
value  F = 755 N.  Excitation oscillating component has 
an amplitude of 25% in constant force, F. Its frequency 
has different critical values around the corresponding 

 Considrand o valoare medie a densitatii solului, 

r=1900 kg/m
3
 si K= 73000 N/m

2
, se obtine pentru 

coeficientul de amortizare, dupa [4] sau [5], valoarea cv= 
3769 kg/s. 

Pentru datele de mai sus, oscilatorul are amortizare 
supracritica, prin urmare, oscilatii sunt posibile numai 
datorita fortei excitatoare . Frecventa proprie a sistemului 
pur elastic (cu amortizare nula) este de 14.035 Hz. Daca 
adancimea de lucru se considera  a= 12 cm si latimea de 
lucru 8.6 cm, atunci componenta constanta a fortei 
excitatoare are valoarea F= 755 N. Componenta 
oscilanta a excitatiei are o amplitudine de 25 % din forta 
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own frequency oscillator without damping system. 
If the unit moves perpendicular lines plowing results of 

previous work, then a working width B = 25 cm and a 

depth equal, obtain critical speed for producing 
resonance value vcr = 3509 m / s (12,631 km / h) . 

For the numerical solution of the problem, I used an 
algorithm Runge Kutta type fourth order in Mathcad 
mathematical software. Parametric study of the working 
body model oscillations is based on this simulator which 
use the Runge Kutta algorithm. 

The simulator developed in order to study oscillations 
of the cultivator or vibro - cultivator support and working 
bodies is used to: 

-testing in extreme situations to which certain 
phenomena known; 

-investigation of the use of the model to define the 
difference between cultivator and vibro-cultivator; 

- investigation of the existence of a resonance optimal 
working process for the  vibro-cultivator; 

-investigation of the effects of parameters relative 
nonlinearities on the amplitude or  oscillation speed of the 
working body of the  vibro-cultivator. 

The first three topics will be addressed in this article, 
the latter being subject to subsequent approaches. 

constanta, F. Frecventa acesteia ia diferite valori in jurul 
celei critice care corespunde frecventei proprii a 
sistemului oscillator fara amortizare. Daca agregatul se 
deplaseaza perpendicular pe liniile de aratura rezultate 
din lucrarea anterioara, atunci pentru o latime de lucru B= 
25 cm si o adancime egala, se obtine viteza critica pentru 
producerea rezonantei cu valoarea vcr= 3.509 m/s ( 
12.631 km/h). Pentru rezolvarea numerica aproblemei, 
am folosit un algoritm de tip Runge Kutta de ordinul al 
patrulea, in programul Mathcad. Studiul parametric al 
modelului oscilatiilor organului de lucru se face folosind 
simulatorul bazat pe acest algoritm numeric. 

Simulatorul elaborat in scopul studiului oscilatiilor 
organelor de lucru cu support ale combinatorului sau 
vibro-combinatorului, se foloseste pentru: 

-testarea in situatii limita pentru care unele fenomene 
se cunosc; 

-investigarea folosirii modelului pentru definirea 
diferentei intre cultivator si vibro-cultivator; 

-investigarea existentei unui regim de rezonanta 
optimal in functionarea de tip vibrocultivator; 

-investigatii privind efectele neliniaritatilor unor 
parametrii in raport cu amplitudinea sau viteza de 
oscilatie a organului de lucru al vibrocultivatorului. 

Primele trei subiecte vor fi abordate in acest articol, 
ultimul fiind subiectul unei abordari ulterioare. 

   
 
 

 

 
  

Fig. 1 - AOLSOL history elongation (left) and its rate of change (right) subjected to constant force excitation over time (no oscillatory 
component). 

 

 
Fig. 2 - AOLSOL exciter force history and its components (left) and movement in the phase plane (right). 

 

 
Fig. 3 - AOLSOL history elongation (left) and its rate of change (right) subjected to force excitation over time (with oscillatory component). 
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Fig. 4 - AOLSOL exciter force history and its components (left) and movement in the phase plane (right).  

 

 
 

Fig. 5 - Variation of oscillator amplitude with the frequency of excitation force (left) and variation of  the ratio of amplitude oscillator and 
relative displacement in case of the  constant force exciter and of the  ratio between the oscillator amplitude and  the average value of 

its elongation (right).  

 

In Fig. 1-5 I plotted very few results of very many that 

can be obtained and plotted using the model AOLSOL 

oscillator. 

In Fig. 1 and 2 we plotted the results show AOLSOL 

behavior when the only constant component excitation 

force has non-zero, oscillating component is null. In Fig. 

3 and 4 we plotted results which showing AOLSOL 

oscillator behavior where force has both excitatory 

components nonzero. 

In Fig. 5 gives qualitative results of the model 

(simulator). In Fig. 5 (left) is represents the variation of 

the center of mass of the working body amplitude, 

depending on the frequency of the oscillator component 

of the excitation force, for three fixed values of the ratio 

between the amplitude of the oscillators component and 

constant component of the exciter force. In Fig. 5 (right) 

is represents the variation of the amplitude ratios of the 

center of mass of the working body and the maximum 

elongation when the oscillation exciter force is null or 

average value of elongation AOLSOL if excitation force 

oscillating, function on the  AOLSOL stiffness. 

 

CONCLUSIONS 

Although the study of this oscillator is started, we can 

draw some conclusions about its usefulness and the 

applications in the design of vibro-cultivators.  

The first conclusion is that AOLSOL can make the 

difference between a cultivator and a vibro-cultivator if 

is given a conventional limit value for the ratio of 

amplitude oscillatory motion and constant component 

elongation force produced by exciter force, for example. 

It may introduce other criteria difference between 

cultivator and vibro-cultivator using AOLSOL oscillator 

model. 

Another important conclusion is that the simulator 

AOLSOL can be used to design (depending on soil 

characteristics) the support with working body at a 

 In fig. 1 - 5 am reprezentat grafic foarte putine 
rezultate dintre foarte multele care se pot obtine si 
cerceta folosind modelul AOLSOL. 

In fig. 1 si 2 am reprezentat grafic rezultate care arata 
comportamentul AOLSOL in cazul in care forta 
excitatoare are numai componenta constanta nenula, 
componenta oscilatorie fiind nula. In fig. 3 si 4 am 
reprezentat grafic rezultate care arata comportamentul 
AOLSOL in cazul in care forta excitatoare are ambele 
componente nenule. 

In fig. 5 sunt date rezultate calitative ale modelului 
(simulatorului). In fig. 5 (stanga) se reprezinta variatia 
amplitudinii centrului de masa al organului de lucru, 
functie de frecventa componentei oscilatoare a fortei de 
excitatie, pentru trei valori fixate ale raportului dintre 
amplitudinea componentei oscilatoare si a celei 
constante ale fortei excitatoare. In fig. 5 (dreapta) se 
reprezinta variatia rapoartelor dintre amplitudinea 
centrului de masa al organului de lucru si valoarea 
maxima a elongatiei in cazul fortei excitatoare cu oscilatie 
nula, respectiv valoarea medie a elongatiei AOLSOL in 
cazul fortei excitatoare oscilante, functie de rigiditatea 
AOLSOL. 

 
CONCLUZII 

Desi studiul acestui oscilator este la inceput, se pot 
trage cateva concluzii asupra utilitatii acestuia si asupra 
aplicatiilor lui in proiectarea vibro-cultivatoarelor. 

Prima concluzie este aceea ca AOLSOL poate face 
diferenta intre un cultivator si un vibro-cultivator daca se 
da prin conventie o valoare limita pentru raportul dintre  
amplitudinea miscarii oscilatorii si elongatia produsa de 
componenta constanta a fortei excitatoare, de exemplu. 

Se pot introduce si alte criterii de diferenta intre 

cultivator si vibro-cultivator folosind modelul 

oscilatorului AOLSOL. 
O alta concluzie importanta este aceea ca simulatorul 

AOLSOL poate fi folosit pentru a proiecta (functie si de 
caracteristicile solului) un  suport cu organ de lucru la o 
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stiffness to allow him to take part of vibro-cultivator or 

cultivators categories. 

The mathematical model that relies AL SOL 
simulator also allows the design of an optimal mode of 
operation that can be produced by oscillating force 
exciter component. 

I found, however, that at this level, the optimized 
mode of operation is in conflicts with the principle of 
optimality required by geometry rectangular plots. 

The perspective has many components, among 
which: the introduction of the nonlinear friction, 
nonlinear stiffness introducing, developing models to 
include the equation of motion of the unit. 

Any progress in this building will require a large 
amount of experimental data. Either this chapter is 
currently difficult to guess. 

From the experimental point of view, the model was 
built on real data of their bodies work and support of a 
vibro-cultivator learned in the prototype stage. The 
deflection caused by static exciter force constant 
component, the value of 24 mm, for a value of 755 N 
force, was a key criterion for the start of construction 
simulator.  The value of static deflection, 24 mm to 755 
N force applied to the center of mass of the body work 
was set on the test. The natural frequency was also a 
fundamental criterion for the choice of constants model 
to get the value measured in the laboratory 14.035 Hz. 

Correlation with experimental results do next as we 
have this data and simulator construction progresses. 
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rigiditatea care sa-i permita sa faca parte din categoria 
cultivatoarelor sau vibro-cultivatoare. 

Modelul matematic pe care se bazeaza simulatorul 
AOLSOL, permite de asemenea proiectarea unui regim 
de lucru optimal care poate fi produs de componenta 
oscilanta a fortei excitatoare. 

Am constatat insa ca, la acest nivel, procesul de lucru 
astfel optimizat intra in conflict cu principiul de 
optimalitate dat de geometria parcelelor dreptunghiulare. 

Modelul are multe perspective de completare, printre 
care mentionam: introducerea frecarilor neliniare, 
introducerea unor rigiditati neliniare, dezvoltarea pana la 
modele care sa includa ecuatia de miscare a agregatului. 

Orice progres in aceasta constructie va necesita un 
mare volum de date experimentale. Ori la acest capitol 
este, la ora actuala, greu de intuit. 

Din punct de vedere experimental, modelul a fost 
construit pe date reale ale organelor de lucru si suportilor 
acestora ale unui vibro-cultivator aflat in etapa de 
prototip. Valoarea sagetii statice produse de componenta 
constanta a fortei excitatoare, cu valoarea de 24 mm, 
pentru o valoare a fortei de 755 N, a fost un criteriu de 
baza  pentru startul constructiei simulatorului. Sageata 
statica de 24 mm, pentru fortei de 755 N la centrul de 
masa al organului de lucru, a fost stabilita pe standul de 
incercari. Frecventa proprie fundamentala a fost de 
asemenea un criteriu de alegere a constantelor de 
model, pentru a obtine valoarea masurata in conditii de 
laborator, 14.035 Hz. Corelarea cu rezultatele 
experimentale se face in continuare pe masura ce avem 
aceste date si constructia simulatorului avanseaza.  

 

BIBLIOGRAFIE  

[1]. Anghel S., Babiciu P., Caproiu S. (1972) ï Dictionar 

de mecanica agricola, Editura Ceres; 

[2]. Branzanescu Vasile, Octavian Stanasila,(1994) - 
Matematici speciale, teorie, exemple, aplicatii, editura All, 
Bucuresti; 

[3]. Buzdugan Gh., Fetcu L., Rades M.,(1982) - Vibratii 

mecanice, Editura Didactica si Pedagogica, Bucuresti; 

[4]. Koten H. van, Hoogenboom P. C. J.,(2012) - 

Vibration of machine foundations and surrounding soil, 

HERON Vol. 57 (2012) No. 1; 

[5]. Mahajan S. P., Budhu M.,(2008) - Shear Viscosity of 
Clays to Compute Viscous Resistance, The 12

th
 

International Conference of International Association for 
Computer Methodes and Advances in Geomechanics 
(IACMAG), Goa, Indiai; 

 

 
 



INTERNATIONAL SYMPOSIUM
   

 

59 
 

ELEMENTARY AND COMPLEX SIMULATION OF A RIVER POLLUTION IN ORDER OF  
ENVIRONMENTAL TRAINING AND AWARENESS 

/ 
SIMULAREA ELEMENTARA SI COMPLEXA A POLUARII UNUI RAU PENTRU INSTRUIRE SI 

CONSTIENTIZARE DE MEDIU  
 

Mat. Cardei P., Ph.D. Eng. Muraru V., Eng. Sfiru R., Ph.D. Eng. Muraru C., Teh.Ticu T. 
INMA Bucharest / Romania 

Tel: 0726142837; E-mail: petru_cardei@yahoo.com  
 

 

Abstract: This paper shows the role of numerical 
simulation of physical processes in the 
environmental awareness and education, 
emphasizing the right choice of its complexity 
depending on the level of depth that should or can 
be done exposure. The authors insist on the 
important role incumbent on incremental simulation 
(based on mathematical models simple) in 
environmental awareness and even higher 
education field. The jump to complex simulators 
can be done only after knowing (which means to 
know a model and simulator, we will try to explain in 
the paper)  the basic models, and effective use of 
complex simulation is effective only in specialist 
teams which include at least 2 -3 or more related 
fields. These views are supported in simulators and 
work with examples of practical use in case of 
pollution of a river simulation. 
 

Keywords: simulation, modeling, environmental, 

awareness, teaching, practice, pollution 

 

INTRODUCTION 

After [1], the simulation is something that is made to 

look, feel, or behave like something else especially so 

that it can be studied or used to train people: 

- a computer simulation of spaceflight 

- simulations of body movements 

- a simulation of the planet's surface 

- computer simulation to predict weather conditions. 

After [2] simulate means:  

- to pretend that you have a particular feeling; 

-  to create particular conditions that exist in real life 

using computers, models, etc., usually for study or 

training purposes; 

-  to be made to look like something else; 

After [2], the origin of this word is located in time in 

the mid of 17th century from the Latin word simulat 

that means copied or represented, from the verb 

simulare, from similis "like". 

Very interesting are the definitions given by [3] for 

the notion of simulation. After [3], in British for the 

simulation are usual the next definition: 

- a model of a set of problems or events that can be 

used to teach someone how to do something, or the 

process of making such a model ; 

- in football, the act of pretending to have been 

fouled to try to win a penalty or free kick unfairly. 

In American, the simulation is used after [3] 

preferential meaning: a model of a real activity, 

created for training purposes or to solve a problem. 

Also [3] proposes the usual meanings in business 

simulation: 

- a situation or event that seems real but is not real, 

 Rezumat: Lucrarea prezinta rolul simulatoarelor 
proceselor fizice in procesul de constientizare de mediu 
si in invatamant, accentuand asupra alegerii potrivite a 
complexitatii acestuia functie de nivelul de profunzime la 
care trebuie sau poate fi facuta expunerea. Autorii insista 
asupra rolului mai important ce revine simulatoarelor 
elementare (bazate pe modele matematice cat mai 
simple), in procesele de constientizare de mediu si chiar 
in invatamantul superior de profil. Saltul catre 
simulatoarele complexe se poate face numai dupa 
cunoasterea (ce inseamna a cunoaste un model si un 
simulator, ne vom stradui sa explicam in lucrare) 
modelelor elementare, iar folosirea eficienta a 
simulatoarelor complexe este eficienta numai in echipe 
de lucru care include specialist in cel putin 2 -3 sau mai 
multe domenii conexe. Aceste opinii se sustin in lucrare 
cu exemple de simulatoare si utilizarea lor in cazul 
practice al simularii poluarii unui rau. 

 

 

Cuvinte cheie: simulare, modelare, mediu inconjurator, 

constientizare, invatare, practica, poluare 

 

INTRODUCERE 

 

Dupa [1], simularea este ceva facut pentru a da o 

imagine, o simtire sau comportament asemenea unei 

entitati asa incat sa poata fi utilizat pentru studiul sau 

instruirea oamenilor: 

-un calculator care simuleaza zborul spatial 

-simulaea miscarilor unui corp 

-computer care simuleaza in scopul prognozei 

meteo. Dupa [2], simularea inseamna: 

-a pretinde posesia unei simtiri particulare; 

-a crea conditii particulare care exista in viata reala 

folosind calculatoare, modele, etc., in activitatea de 

studiu si invatare; 

-a crea o imagine, care sa arate ca altceva; 

Dupa [2], originea acestui cuvant se afla in timp 

undeva in mijlocul secolului 17 in cuvantul latin simulat, 

care inseamna copiat sau reprezentat, din verbul 

simulare, din similis Ăcaò. 

 Foarte interesante sunt definitiile din [3]pentru 

cuvantul simulare. Dupa [3], pentru acest cuvant sunt 

uzuale urmatoarele definitii: 

-un model a unei multimi de probleme sau 

evenimente, care pot fi folosite pentru a invata pe 

cineva procesul de constructie a unui model; 

-in fotbal, actul de a pretinde un fault pentru a obtine 

o lovitura de penalizare. In SUA simularea are , dupa 

[3], preferential sensul de model al unei activitati reale, 

creat pentru instruire sau rezolvarea unei probleme. 

Tot [3], propune urmatoarele sensuri in simularea 

afacerilor: 

- o situaŞie sau un eveniment care pare real, dar nu 
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used especially in order to help people deal with such 

situations or events; 

In [4], the simulation suggests imitation: the process 

of imitating a real phenomenon with a set of 

mathematical formulas.  

In fact, as with many other words, the simulation 

has several meanings, acquired a vague and relative 

to areas where it is used. It is certainly a feature of 

modern language, which as you want exactly, 

becomes inaccurate, the more are increasingly using 

many words. 

Consequently, by [8], a device that enable the 

operator to reproduce or represent under test 

conditions phenomena likely to occur in actual 

performance, is called simulator. This device can be a 

physical (small-scale simulation model, its electronic 

one - analog simulation, a computer) or theoretical 

(theoretical model with analytical solutions available). 

A notion that can replace simulation that when this 

is done theoretically, is numerical experiments. In this 

case, the simulator is human mind or more generally, 

thinking, or computer. According to [1], the numerical 

experiment is included in what is called the 

experimental mathematics. By [1], experimental 

mathematics is a type of mathematical investigation in 

which computation is used to investigate mathematical 

structures and identify their fundamental properties 

and patterns. As in experimental science, experimental 

mathematics can be used to make mathematical 

predictions which can then be verified or falsified on 

the bases of additional computational experiments. 

Borwein and Bailey (2003, pp. 2-3) use the term 
"experimental mathematics" to mean the methodology of 
doing mathematics that includes the use of computation 
for: 
1. Gaining insight and intuition. 
2. Discovering new patterns and relationships. 
3. Using graphical displays to suggest underlying 
mathematical principles. 
4. Testing and especially falsifying conjectures. 
5. Exploring a possible result to see if it is worth formal 
proof. 
6. Suggesting approaches for a formal proof. 
7. Replacing lengthy hand derivations with computer-
based derivations. 
8. Confirming analytically derived results. 
Whatever type of simulation and the simulator, it can be 
used with confidence only after validation. This means 
that between the physical quantities involved in the 
process must be examined, at least within certain limits, 
relations between same characteristic values of the real 
process. After validation, the simulator can be used to 
find new relationships, finding optimal working processes, 
or improvement in order to generalize. 

I made a long introduction to define as precisely as 

instruments whose use trying to comment on the work of 

environmental awareness and pedagogical. We try to 

prioritize their work simulators by the complexity of 

environmental awareness and pedagogical. Below we 

give a few examples, and then we draw conclusions. 

 

MATERIAL AND METHOD 

We examine a particular case, a pollution of a river, 
but the most elementary possible, but coupled with 
interaction with oxygen in the river water. This will give 
greater scope conclusions. 

este real, folosit în special în scopul de a ajuta oamenii 

se ocupe de astfel de situaŞii sau evenimente 

Ċn [4], simularea sugereazŁ imitaŞie: procesul de a 

imita un fenomen real, cuajutorul unei multimi de 

formule matematice. De fapt, ca ĸi multe alte cuvinte, 

simularea are mai multe sensuri, capatand un sens vag 

ĸi relativ dependent de zonele în care este utilizat. Este 

cu siguranŞŁ o caracteristicŁ a limbajului modern, care, 

dupŁ incercand sa fie cat mai exact, devine inexactŁ, cu 

atât mai mult folosesc din ce în ce mai multe cuvinte. În 

consecinŞŁ, dupa [8], un dispozitiv care permite 

operatorului de a reproduce sau reprezenta fenomene 

care pot sŁ aparŁ ´n condiŞii reale de testare, este numit 

simulator. Simulatorul poate fi fizic (model de simulare 

la scara redusa, simulator analogic, un calculator) sau 

teoretic (model teoretic cu soluŞii analitice disponibile). 

O noŞiune care poate înlocui simularea, atunci când 

aceasta se face teoretic, este experimentul numeric. În 

acest caz, simulatorul este mintea umanŁ sau, mai 

general, gândirea, sau calculatorul. Potrivit [1], 

experimentul numeric este inclus în ceea ce se numeĸte 

matematica experimentala. Dupa [1], matematica 

experimentala este un tip de investigaŞie matematicŁ ´n 

care calculul este utilizat pentru a investiga structurile 

matematice ĸi a identifica proprietŁŞile lor fundamentale 

ĸi ale modelelor. Ca ĸi în ĸtiinŞa experimentalŁ, 

matematica experimentala pot fi folosita pentru a face 

predicŞii matematice, care pot fi apoi verificate sau 

declarate false pe baza experimentelor de calcul 

suplimentare. Borwein ĸi Bailey ( 2003, pp 2-3) folosesc 

termenul "matematica experimentala" în sensul 

metodologia de a face o matematicŁ care include 

calculul pentru: 

1. Castigul de  înŞelegere ĸi intuiŞie. 

2. Descoperirea noi modele ĸi relaŞii. 

3. Folosirea reprezentarilor grafice pentru a sugera 

principiile care stau la baza relatiilor matematice. 

4. Testarea ĸi în special gasirea presupunerilor false. 

5. Explorarea un posibil rezultat pentru a vedea dacŁ 

acesta este o dovadŁ formalŁ ´n valoare. 

6. Sugerarea aproximari pentru un rezultat formal. 

7. Trecerea calculelor lungi de mana pe calculator. 

8. Confirmarea rezultatelor obŞinute analitic. 

Indiferent de tipul de simulare, simulatorul poate fi 

folosit cu ´ncredere numai dupŁ validare. Acest lucru 

´nseamnŁ cŁ ´ntre parametrii fizici implicati în procesul 

trebuie verificate, în anumite limite, relaŞiile dintre 

valorile caracteristice in procesul real. DupŁ validare, 

simulatorul poate fi folosit pentru a gŁsi noi relaŞii, 

procese de lucru optimale, sau ´mbunŁtŁŞiri în vederea 

generalizarii. 

Am fŁcut o introducere lungŁ pentru a defini c©t mai 

precis instrumentele folosite in activitatea de 

conĸtientizare a mediului ĸi pedagogicŁ. Incercam sa 

ierarhizam complexitatea simulatorelor functie de nivelul 

de constientizxare sau pedagogic. Urmeaza exemple si 

concluzii. 

 

MATERIAL ķI METODŀ 

Probele utilizate ´n determinŁrile experimentale ale 

caracteristicilor fizice ale mŁciniĸului au fost prelevate de 

pe fluxul tehnologic al unitŁŞii S.C. Spicul S.A., Roĸiorii de 

Vede, Teleorman, România. Au fost determinate 

experimental: coeficientul de frecare static, unghiul de 

taluz natural, masa volumicŁ ĸi densitatea particulelor 
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The mathematical model underlying the simulation, 

consist of a system of two partial differential equation, 

nonlinear, though simple, as the number of equations 

and shape, boundary condition and initial pose difficult 

problems to solve.. 

fiecŁrei fracŞii ĸi au fost calculate suprafaŞa specificŁ ĸi 

porozitatea fracŞiilor de mŁciniĸ la compartimentul C2 de 

sitŁ planŁ aferent pasajului M1B din faza de mŁcinare a 

morii. Ċn fig. 1 este prezentatŁ diagrama fazei de 

mŁcinare a griĸurilor la unitatea de morŁrit amintitŁ.  
 

Table 1 
 List of model parameters, notations, units of measurement and simulation values Neajlov River. 

 

model parameters Values in 
model 

notation name (units SI) 

L polluted length of the river, m >10000 

DP pollutant dispersion coefficient on the variable direction x (m
2
day

-1
) 34.56 

DX dispersion coefficient of dissolved oxygen in the direction of the variable x (m
2
day

-1
) 34.56 

v water speed in the direction of the x, m day
-1
 21600 

A normal sectional area of the river, m
2
 12.5 

q rate added pollutant along the river, kg m day
-1
 0.06 

K1 coefficient of pollutant degradation rate at 20
o 
C 8.27 

K2 de-airing the rate coefficient for dissolved oxygen at 20
o 
C 44.10 

k halfsaturated concentration ratio of oxygen required to decompose the pollutant, kg m
-3
 0.007 

Ŭ mass transfer of oxygen from air to water, m
2
day

-1
 16.5 

S oxygen saturation concentration, kg m
-3
 0.01 

 

 

The equations of the mathematical model are:  Ecuatiile modelului matematic sunt: 
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22
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,          (1) 

 
where P is the pollutant, and X is the oxygen 
concentration in the river water, and : 

 Unde P este concentratia de poluant, X este 
concentratia de oxigen in apa raului si:  

 

()
0, 0

1, 0

x
H x

x

¢ë
=ì

>í
,         (2) 

is Heaviside function. Equations (1) add initial and 
boundary conditions that will result for a particular case. 
Nonlinearities make the system of equations to not be 
solved analytically on the initial form (system solutions 
are possible only in numerical form, at least currently). 
Basic analytical solutions can be obtained in individual 
cases which although possible, are generally rare in 
nature. However, these solutions are the first that can 
validate theoretical model, then opening the door to other 
analytical and numerical investigations. 
Particular solution 
According with the authors of [2], is consider only the 
steady-state solution in the case when dispersion can be 
take negligible, Dp=0, Dx=0. For this case the system (1) 

became: 
 

 este functia lui Heaviside. Ecuatiilor (1)  li se adauga 
conditiile initiale si conditiile pe frontiera pentru fiecare 
caz particular. Neliniaritatile fac ca sistemul, in forma 
initiala sa nu fie rezolvabil analitic (solutia este posibila 
numai numeric). Solutii nalaitice fundamentale sunt 
posibile in cazuri particulare a caror realizare in realitate 
este rar intalnita. Totusi, aceste solutii sunt primele care 
pot valida modelul teoretic, deschizand usa altor solutii 
analitice si investigatiilor numerice. 
 
Solutii particulare 
Conform cu autorii [2], se considera numai solutia pentru 
starea de echilibru, cu dispersie neglijabila, , Dp=0, Dx=0. 
In aceste ipoteze, sistemul (1) devine: 
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with boundary conditions::  cu conditiile la limite: 
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(0) 0, (0)s sP X S= =.        (4) 

In addition to linearize equations is needed and 
hypothesis that the half-saturated oxygen demand 
concentration for pollutant decay is negligible (k=0). In 
these circumstances, the solution is obtained: 

 In plus, pentru a liniariza ecuatiile este necesara si 
ipoteza ca oxigenul necesar datorita degradarii 
concentratiei acestuia fata de concentratia de 
semisaturatie este neglijabila (k=0). Atunci se obtine: 

() ()
( )

1 1

2 2

1 1 1 1

1 1
1 ,  

K x K x x

v v vA
s s

K q K qAq
P x e X x S e e

K A K K A K A

a

a a a a

- - -å õ å õ
= - = - - -æ ö æ ö

- -ç ÷ ç ÷
, (5) 

As a consequence of assumptions, the solution (5) does 
not depend on time and is valid only for x> 0 for x <0 with: 
PS(x)=0 and XS(x)=S. Asymptotic behavior of the solution 

is given by: 

 Ca o consecinta a ipotezelor: solutia (5) nu depinde de 
timp si este adevarata pentru orice x>0, iar pentru orice 
x<o: Ps(x)=0 si Xs(x)=0. Comportamentul asimptotic al 

solutiei este dat de: 

2

1 1

lim ( ) , lim ( )s s
x x

qKq
P x X x S

K A Ka¤ ¤
= = - ,       (6) 

A graphical representation of the solution to facilitate 
awareness 
For application if I got Neajlov River, Giurgiu County. The 
spill occurs near the bridge over the Neajlov The 
settlement Calugareni. The graphical representation of 
the solution is given in Fig. 1. It was the first level of 
complexity of the pollutant transport on the river 
phenomenon simulator. 
In [2], the authors make another through analytical 
results, but with a broader hypothesis, however 
improbable characteristics of situations in reality. Next we 
preferred to generalize the result to situations more likely 
in reality to solve numerically the problem (1) - (4). 

We constructed a simulation using Mathcad software 
facility (can use Matlab, Mathematica, FlexPDE, 
COMSOL, and many other well-known software 
programs). 

The results of this simulator can give to the one in Fig. 
1 or in separate graphical representations. 

This is the second level of complexity of the simulator 
phenomenon of pollutant transport on the river. 

The third level of complexity begins with complex 
software programs, specialized, such as WASP, ISIS, 
FLO-2D and 3D SoilVision, etc. 

In this article we shall merely list them and to show the 
difficulties of use. 

 O reprezentare grafica a solutiei care faciliteaza 
constientizarea 

Ca aplicatie s-a un rau din judetul Giurgiu, raul 
Neajlov. Portiunea de scurgere este situata in vecinatatea 
podului de la Calugareni. Reprezentarea grafica a solutiei 
este data in fig. 1. Acesta a fost primul nivel de 
complexitate al simulatorului fenomenului de transport al 
poluantului pe rau. 

In [2], autorii mai dau un rezultat obtinut pe cale 
analitica, dar cu ipoteze ceva mai largi, totusi 
caracteristici unor situatii putin probabile in realitate. In 
continuare am preferat, pentru generalizarea rezultatului 
la situatii cat mai probabile in realitate, sa rezolvam 
numeric problema (1) - (4). Am construit astfel un 
simulator folosind facilitatile programului software 
Mathcad (se poate folosi Matlab, Mathematica, FlexPDE 
COMSOL si alte multe programe software foarte 
cunoscute). Rezultatele acestui simulator se pot da la 
nivelul celui din fig. 1 sau in reprezentari grafice separate. 
Acesta este al doilea nivel de complexitate al 
simulatorului fenomenului de transport al poluantului pe 
riu. 

Al treilea nivel de complexitate incepe cu programele 
software complexe, specializate, cum sunt WASP, ISIS, 
FLO-2D si 3D, SoilVision, etc. In acest articol ne vom 
margini sa le mentionam si sa aratam dificultatile de 
utilizare. 

 

RESULTS 

A first result obtained using the mathematical model 

(1) - (4) in the simplifying assumptions that allow 

analytical solution (5) is given in Figure 1. This result 

allows an awareness and education of good quality, fast 

and useful, but not technically accessible than only to 

university level.  

In Figure 1 shows overlapping plots of solution 

component variations over river aerial photograph of the 

area that aims phenomenon of pollution: pollutant 

concentrations and dissolved oxygen. On the aerial photo 

of the area are marked places for distance measurement 

reference axis river. Marking labels appear on the 

horizontal axis of the graphs of variation in pollutant 

concentrations and dissolved oxygen. The map in Figure 

1 can be used for delimitation of the river zone where 

certain species of animals or plants are in danger of 

losing his life, to determine the location where 

remediation might make optimal aeration for delimitation 

of any prohibited areas access people and animals. 

  

REZULTATE 

Un prim rezultat obtinut folosind modelul matematic (1) 

- (4), in ipotezele simplificatoare care permit solutia 

analitica (5), este dat in fig. 1. Acest rezultat permite o 

constientizare si instruire de buna calitate, rapida si utila, 

nu insa accesibila tehnic decat la nivel universitar. 

In fig.1 se arata suprapunerea reprezentarilor grafice 

ale variatiilor componentelor solutiei peste fotografia 

aeriana a zonei de rau pe care se urmareste fenomenul 

de poluare: concentratiile poluantului si oxigenului 

dizolvat. Pe fotografia aeriana a zonei sunt marcate 

locatiile de referinta pentru masurarea distantei pe axa 

râului. Etichetele marcajelor apar pe axa orizontala a 

graficelor de variatie a concentratiei de poluant si de 

oxigen dizolvat. Harta din fig. 1 poate fi folosita pentru 

delimitarea zonelor de riu in care anumite specii de 

animale sau plante sunt in pericol de a-si pierde viata, 

pentru determinarea locatiei in care remedierea s-ar 

putea face optimal prin aerare, pentru delimitarea unor 

eventuale zone interzise accesului oamenilor si 
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Map of Figure 1 represents an important public 

awareness on how the phenomenon takes place, 

especially around the affected area residents can identify 

their homes or workplaces. 

 

animalelor. Harta din fig. 1 reprezinta si un important 

mijloc de constientizare a publicului asupra modului in 

care se desfasoara un fenomen, mai ales ca locuitorii din 

jurul zonei afectate isi pot identifica locuintele sau locurile 

de munca. 
 

 

 

 
Fig. 1 Variation in pollutant and water dissolved oxygen concentrations along a section of river. 

 

Using experimental values, presented in table 2, were 

drawn charts of variation of the average values for the 

coefficient of static friction and the angle of natural slope 

for the six grist fractions analyzed, using MS Excel 

program version 12 (fig. 2). 

Values of bulk density, specific surface, porosity and 

mean diameter of the grist fractions analyzed are 

presented in table 3. 

Based on the data obtained and presented in Table 3, 

were drawn, graphic, variations of bulk density, density, 

specific surface and porosity of grist intermediate 

products analyzed. 

As can be seen from the analysis of data from table 3, 

and of charts in figure 3, bulk density of fractions resulted 

at sorting of grist in plansifter compartment C2 has a 

random variation, it depends such on the type of sieve 

frame fabric, and to the size of apertures of the working 

sieve, but also of the initial granulation of grist or of shell 

content adhesive on the semolina particles subjected to 

grinding. 

In Fig. 2-6 simulator results are given pollutant 

transport phenomenon along a river, in the context of the 

phenomenon of aeration as a remedy. 

 Folosind valorile experimentale, prezentate în tabelul 2, 

au fost trasate graficele de variaŞie a valorilor medii 

pentru coeficientul de frecare static ĸi pentru unghiul de 

taluz natural pentru cele ĸase fracŞii de mŁciniĸ analizate, 

utilizând programul MS Excel versiunea 12 (fig. 2). 

Valorile masei volumice, densitŁŞii, suprafeŞei 

specifice, porozitŁŞii ĸi a diametrului mediu al fracŞiilor de 

mŁciniĸ analizate sunt prezentate ´n tabelul 3. 

Pe baza datelor obŞinute ĸi prezentate ´n tabelul 3, au 

fost trasate, grafic, variaŞiile masei volumice, densitŁŞii, 

suprafeŞei specifice ĸi a porozitŁŞii produselor 

intermediare de mŁciniĸ analizate. 

DupŁ cum se observŁ din analiza datelor din tabelul 3, 

cât ĸi a graficelor din figura 3, masa volumicŁ a fracŞiilor 

rezultate la sortarea mŁciniĸului în compartimentul de 

sitŁ planŁ C2 are o variaŞie aleatoare, ea depinzând, atât 

de tipul ŞesŁturii ramei de sitŁ, c©t ĸi de dimensiunea 

orificiilor sitelor de lucru, dar ĸi de granulaŞia iniŞialŁ a 

mŁciniĸului sau de conŞinutul de înveliĸ aderent pe 

particulele de griĸ supuse mŁrunŞirii. 

In fig. 2 - 6 se dau rezultate ale simulatorului 

fenomenuluio de transport poluant in lungul unui riu, in 

contextul fenomenului de aerare ca remediu. 
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Fig. 2 Space (left) and time (right) history of the timeand space  factor control (discharge function). 

 

 
Fig. 3 Time history of the pollutant concentration in four location along the river. 

 

 
Fig. 4 Time history of the dissolved oxygen concentration in three location along the river. 

 
Fig. 5 Variation along the river of the pollutant concentrations at three time points. 

 

 
Fig. 6 Variation along the river of the dissolved oxygen concentrations at three time points. 
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The function of discharge shall form a constant 

multiplied by factors trapezoidal in time and space, factors 

that delimit the range of temporal and spatial discharge 

occurs. Temporal and spatial variation of the discharge 

function are given in fig. 2. Spill (pollutant discharge) 

occurs on a portion of length 99 m starting from 1 m 

elevation (center area under the bridge at Calugareni over 

Neajlov) for one hour at a rate q = 0.06 kg m
-1

 day
-1

. 

History of the pollutant concentration of 3.6 hours in four 

locations in the river (100 m, 1000 m, 2000 m and 0 m) is 

given in Fig. 3. History the water dissolved oxygen 

concentration of 3.6 hours in four locations in the river (100 

m, 1000 m, 2000 m and 0 m) is given in Fig. 4. 

Changes in concentrations of pollutants over the first 

four kilometers of river measured from the central area 

under the bridge at three time points, is given in Fig. 5. 

Varying the concentration of dissolved oxygen in the water 

during the first four kilometers of the river measured from 

the central area under the bridge at three time points, it is 

given in Fig. 6. 

To achieve these results was considered a maximum 

length of riverbed observable L = 10 km (until the first 

tributary whose appearance made inoperative model). 

Model characteristic parameters were fixed at values in 

Table 1. 

Calculation program has run a total of 100 temporal 

steps and 1500 steps in space. 

There are some fine points of the solutions (right 

solution must be positive and after cancel remain zero until 

the end if other leaks do not occur) that must meet to 

obtain the correct solution. 

 

CONCLUSIONS 

Several conclusions can be drawn even if a description 

of the same level computing very complex models cannot 

be included in this article. 

First, it is clear that at the level of awareness or 

learning, mathematical models and simulators based on 

them are more useful than the complex software programs 

which include among other facilities the contaminant 

transport simulation. 

1D mathematical models are simple and easily verified by 

our intuition about the phenomena of dispersion and 

propagation of attenuated wave. The results of these 

models allow the assessment of the time before a 

dangerous pollutant concentration reaches a certain 

distance from the spill site. This is the time available for 

intervention. Some of the results are readily accepted and 

even obtained an audience that is not technical 

background. The operation of the simulator is not 

recommended however that public, without further 

instructions. In contrast, students in technical and 

specialized audience, we recommend using these 

simulators and the confrontation of the results with the  

intuition and reality. Doing so can see advantages and 

disadvantages of these models and simulators. The use of 

elementary models and simulators facilitates the 

understanding the logic of complex programs that solve 

such problems. Even the simple model presented in this 

work, it is not the easiest, because it includes parameters 

that characterize the flow of water, oxygen and pollutant 

dispersion and their interaction. Therefore, to ensure the 

accuracy of results is required qualifications for modeling 

dispersion and hydraulic phenomena in the transport of 

substances, and (in the least) in numerical calculation. A 

 Functia de deversare are forma unei constante inmultita 
cu factori de tip trapezoidal in timp si spatiu, factori care 
delimiteaza intervalul temporal si spatial in care are loc 
deversarea. Variatia factorilor temporal si spatial ai functiei 
de deversare sunt date in fig. 2. Scurgerea (descarcarea de 
poluant) are loc pe o portiune de lungime 99 m incepand de 
la cota 1 m (centru zonei de sub podul de la Calugareni 
peste Neajlov) timp de o ora, cu un debit q=0.06 kg m

-1
 zi

-1
. 

Istoria concentratiei de poluant in 3.6 ore in patru locatii 
ale riului (100 m, 1000 m, 2000 m si 0 m) este data in fig. 3. 

Istoria concentratiei de oxigen dizolvat in apa in 3.6 ore in 
patru locatii ale riului (100 m, 1000 m, 2000 m si 0 m) este 
data in fig. 4. 

Variatia concentratiei de poluant in lungul primilor patru 
km ai riului masurati de la zona centrala de sub pod, la trei 
momente de timp, este data in fig. 5. Variatia concentratiei 
de oxigen dizolvat in apa in lungul primilor patru km ai riului 
masurati de la zona centrala de sub pod, la trei momente de 
timp, este data in fig. 6. 

Pentru a obtine aceste rezultate s-a considerat o lungime 
maxima a albiei observabile L= 10 km (pana la primul 
afluent a carui aparitie face modelul inoperant deoarece 
apare un debit de apa parazit care modifica relativ brusc si 
intr-o sectiune mica, debitul de apa si concentratiile de 
poluant si oxigen). Parametrii caracteristici modelului au fost 
fixati la valorile din tabelul 1. 
Programul de calcul a rulat cu un numar de 100 de pasi 
temporali si 1500 de pasi in spatiu. 
Exista o serie de aspecte fine ale solutiilor (solutia corecta 
trebuie sa fie pozitiva si dupa ce se anuleaza sa ramana 
nula pana la final daca alte scurgeri nu se manifesta) care 
trebuie satisfacute pentru a obtine o solutie corecta. 
 

CONCLUZII 
Cateva concluzii se pot extrage chiar daca o descriere a 

aceluiasi calcul in modele de nivel foarte complex nu pot fi 
incluse in acest articol. 

In primul rand este clar ca la nivel de constientizare sau 
de invatare, modelele matematice si simulatoarele bazate pe 
ele sunt mult mai utile decat programele software foarte 
complexe care includ printre alte facilitati simularea 
transportului de poluanti. 

Modelele matematice 1D sunt simple si usor de verificat 

in baza intuitiei nostre despre fenomenele de dispersie si 

propagare a undelor atenuate. Rezultatele acestor modele 

permit aprecierea timpului dupa care o concentratie 

periculoasa de poluant ajunge la o anumita distanta de locul 

scurgerii. Este timpul avut la dispozitie pentru interventie. O 

parte din rezultate sunt usor de acceptat si de obtinut chiar 

de un public care nu este de formatie tehnica. Operarea pe 

simulator  nu se recomanda totusi acestui public, fara 

instructie suplimentara. In schimb, pentru studentii in 

domeniul tehnic si publicul de specialitate, se recomanda 

utilizarea acestor simulatoare si confruntarea cu intuitia si 

realitatea a rezultatelor obtinute. Procedand in acest fel vor 

putea observa avantajele si dezavantajele acestor modele si 

simulatoare. De asemenea, utilizarea modelelor si 

simulatoarelor elementare, faciliteaza intelegerea logicii 

programelor complexe care rezolva astfel de probleme. 

Chiar simplu fiind modelul prezentat in aceasta lucrare, el nu 

este cel mai simplu, deoarece include parametri ce 

caracterizeaza curgerea apei, dispersia poluantului si 

oxigenului si interactiunea acestora. Prin urmare, pentru a 

garanta corectitudinea rezultatelor este necesara pregatirea 

specialistului  in modelarea fenomenelor de dispersie si 

hidraulica, in transportul de substanta, dar si (catusi de 

putin) in  calculul numeric. Un model elementar de acest tip 

1D nu poate reda o serie de aspecte importante: diferenta 
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basic model of the 1D cannot play a series of important 

aspects of pollutant concentrations difference between the 

central area of the riverbed and banks, concave geometric 

concentration in certain areas (ports, piers, river basins in 

communication with), etc. Other issues on which model 

they contain are not exposed to the influence of thermal 

field, the influence of atmospheric pressure, influence the 

quality of river fluid (density, viscosity, speed side) 

interaction with river tributaries, normal variation riverbed 

section, additional flows from rainfall, etc. To account for 

these phenomena, enter third level of models and 

simulators, namely complex software programs. These 

problems coupled fluid flow problem with the transport of 

substances and energy problem, the problem of heat 

transfer an biomass and contain empirical relationships 

between certain parameters of the model. To give a brief 

idea on how these programs can address demands an 

example of the WASP program offered for free. 

Inputs include: geometry riverbed, the necessary data 

integration (start time and end time, minimum step, the 

method of integration, etc.), system polluted with their main 

properties, constants parts to the surface and pores data 

about fluid flow and how it is done downloading pollutant, 

boundary conditions, Time for loading and border 

conditions, the output. Therefore the use of this program 

required knowledge in different domains that consequently 

a number of specialists in various fields. For this reason it 

is not recommended to use such simulators in awareness 

activities and training specialists formation. These 

programs are recommended by specialist teams already 

trained in the necessary fields. 
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concave (porturi, dane, bazine in comunicatie cu riul), etc. 

Alte aspecte pe care modelul expus nu le contine sunt 
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a biomasei si contin si relatii empirice intre anumiti parametri 

ai modelului. Pentru a da o idee cat de sumara asupra 

cerintelor acestor programe se poate aborda un exemplu 

dintre cele oferite gratuit de programul WASP. 

Datele de intrare contin: geometria albiei riului, datele 

necesare integrarii (timpul de start si timpul final, pasul 
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proprietatile lor principale, constantele de schimb la 

suprafata apei si in pori, date despre curgerea fluidului si 

despre modul in care se face descarcarea de poluant, 

conditiile pe frontiera, functii de timp pentru incarcare si 

conditii la frontiera, date de iesire. Prin urmare utilizarea 
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aceasta cauza nu se recomnada folosirea unor astfel de 
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formare a specialistilor. Aceste programe se recomanda 

echipelor cu specialisti deja formati in domeniile necesare. 
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Abstract: The quality and cost of products are functions 
dependent on the level of the applied technologies since 
the conception phase. This paper presents a 3D 
parametric modeling of the gearbox in oil bath, part of 
the machine for regenerate grasslands made by S.C. 
MECANO FUC S.A. in partnership with INMA 
Bucharest. Parametric modeling was performed using 
the software SolidWorks 2013. This version of software 
has the necessary functions allowing a three-
dimensional view based on the entire components of the 
gearbox. By approaching this concept was achieved 
remarkable progress in reducing the design time and 
lowering the cost price at the producing company. 
 
 
Keywords: 3D modelling, gear box, machine for 
regenerate, grasslands  
 
INTRODUCTION 

Currently, CAD programs (Computer Aided Design) 

know a widespread in engineering applications, due to 

their crucial role in increasing productivity in the design of 

new products [5]. 

Through their development, they were able to be 

implemented the methods and means of design (design/ 

technological) and manufacturing the parts and 

subassemblies from the components of mechanical 

systems CAD - CAM - CAE (Computer Aided 

Manufacturing, Computer Aided Engineering). [9]. 

That's why, in the top research from this category, was 

aimed to increase the navigation commands, selection and 

to improve the functionalities of CAD modeling based on 

parametric feature [7]. 

Parametric modeling is based on the construction of a 

sequential model and is the working default mode of the 

program, so that the properties of individual elements of 

construction or assembly are interconnected, being able to 

make interactive changes in quotas or geometric 

properties from the entity at any time of the model 

realization, changes immediately reflected on components 

items [8]. 

One of 3D CAD programs for parametric geometric 

modeling (3D) is the SolidWorks software package 

produced by Dassault Systèmes SolidWorks Corp. It works 

under Windows environment and benefit from its graphical 

interface. The main advantage of the Solidworks software 

package (and in general from the CAD programs working 

natively in 3D) is that allow achievement with precision the 

3D projects, both individual parts and also assemblies, as 

well as associative generating, based on 3D models of 2D 

execution and overall drawings [10]. 

In general, gearboxes with impulses are made up of 

 Rezumat:. Calitatea ĸi costul produselor sunt funcŞii 
dependente de nivelul tehnologiilor aplicate ´ncŁ din faza 
de concepŞie. Lucrarea prezintŁ modelarea parametricŁ 3D 
a cutiei de viteze cu impulsuri în baie de ulei, parte 
componentŁ a maĸinii de regenerat pajiĸti realizatŁ de 
S.C. MECANO FUC S.A. în parteneriat cu INMA Bucureĸti. 
Modelarea parametricŁ s-a efectuat cu ajutorul software-
ului SolidWorks versiunea 2013. Acest software dispune 
de funcŞiile necesare care sŁ permitŁ o vizualizare 
tridimensionalŁ pe baza elementelor componente a ´ntregii 
cutii de viteze. Prin abordarea acestui concept s-au obŞinut 
progrese remarcabile pentru reducerea timpului de 
proiectare, cât ĸi scŁderea preŞului de cost la societatea 
producŁtoare. 
 
Cuvinte cheie: modelare 3D, cutie de viteze, maĸinŁ de 
regenerat, pajiĸti 
 
INTRODUCERE 

În prezent, programele CAD (Computer Aided Design) 
cunosc o largŁ rŁsp©ndire ´n aplicaŞiile inginereĸti, datoritŁ 
rolului esenŞial în creĸterea productivitŁŞii la proiectarea de 
noi produse [5]. 

Prin dezvoltarea acestora, s-au putut implementa 
metodele ĸi mijloacele de proiectare (constructivŁ/ 
tehnologicŁ) ĸi fabricare a pieselor ĸi subansamblurilor din 
componenta sistemelor mecanice CAD ï CAM ï CAE 
(Computer Aided Manufacturing, Computer Aided 
Engineering). [9]. 
De aceea, ´n cercetŁrile de v©rf din aceastŁ categorie, 

s-a urmŁrit mŁrirea comenzilor de navigaŞie, selecŞie ĸi 
´mbunŁtŁŞirea funcŞionalitŁŞilor modelŁrii CAD bazatŁ pe 
trŁsŁturi parametrice [7]. 
Modelarea parametricŁ se bazeazŁ pe construcŞia unui 

model secvenŞial ĸi reprezintŁ modul implicit de lucru al 
programului, astfel ´nc©t proprietŁŞile elementelor 
individuale de construcŞie sau ale ansamblului sunt 
interconectate, putându-se efectua modificŁri interactive 
ale cotelor sau proprietŁŞilor geometrice ale entitŁŞilor în 
orice moment al realizŁrii modelului, modificŁri reflectate 
imediat asupra elementelor componente [8]. 
Unul din programele CAD 3D de modelare geometricŁ 

parametrizatŁ (3D) este pachetul de programe SolidWorks 
produs de firma Dassault Systèmes SolidWorks Corp. 
Acesta lucreazŁ sub mediul Windows ĸi beneficiazŁ de 
interfaŞa graficŁ a acestuia. Principalul avantaj al 
pachetului de programe Solidworks (ĸi ´n general al 
programelor CAD care lucreazŁ nativ ´n 3D) ´l reprezintŁ 
faptul cŁ permite realizarea precisŁ a proiectelor 3D, at©t 
piese individuale cât ĸi ansambluri, precum ĸi generarea 
asociativŁ, pe baza modelelor 3D a desenelor 2D de 
execuŞie ĸi de ansamblu [10]. 

În general, cutiile de viteze cu impulsuri au în 
componenŞŁ unul sau mai multe mecanisme de tip camŁ-
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one or more cam-rocker mechanisms which transforms the 

uniform rotary motion of the camshaft a periodic 

movement, as a "pulse", of the drive shaft of the metering 

apparatus, with a certain degree of non-uniformity. The 

continues variation of transmission reports is done by 

adjusting the angle of rotation of the driving element, for a 

pulse the balance [6]. 

Their parametric design starts from the functional role 

namely the insurance of a specific frequency range that 

contain gear ratios covering entirely the range necessary 

to achieve the seeding rules according to agro-technical 

requirements [1]. 

During the stage of parametric modeling can be 

created new mechanical systems or templates, that are 

part of the product composition, by rigid and flexible 

representations of the parties, connected using geometric 

and kinematic constraints and who can be act by external 

and internal forces/moments [2]. 

Mass properties of parts and sub-assemblies can be 

obtained from associated solid models (3D CAD), while the 

vibration characteristics may result from models based on 

finite element (FEA-SolidWorks Simulation) [3]. 

The purpose of this paper is to show, by the freedom 

offered by the complete design of parts in the context of an 

overall, thus ensuring the bidirectionality changes 

ensemble design, the efficiency of parametric modeling 

method using SolidWorks software package version 2013, 

for being assimilated by businesses machine builders. 
 
MATERIAL AND METHOD 

Based on scientific and technical knowledge and 
developed practical skills, the paperôs authors followed 
mostly, by parametric modeling, optimizing the gearbox 
with impulses in oil bath from the machine for regenerate 
grasslands, in terms of conceptual, functional, 
constructive, technological and economic. 

The modeled gearbox consists of two mechanisms 
type oscillating cam-follower. To increase the uniformity of 
the rotation of the output shaft, they are mounted in 
parallel and operating out of phase by an angle whose 
value depends on the number of cams and the number of 
lobes thereof. 

The type box is with mechanism to which the contact 
(point M) between the leading element (cam) and the   
follower (rocker cam) is made directly, and the oscillating 
tappet roller moves on a plate for limiting the stroke. 

The varying rotation of the output shaft is carried out by 
increasing or decreasing the power stroke Ɋ of the push 
rod (beam) (Figure 1), as a result of the action of a 
restriction plate [4]. 
 

balansier prin care se transformŁ miĸcarea de rotaŞie 
uniformŁ a arborelui cu came într-o miĸcare periodicŁ, sub 
formŁ de "impulsuri", a arborelui de antrenare a aparatelor 
de dozare, cu un anumit grad de neuniformitate. VariaŞia 
continuŁ a rapoartelor de transmitere se face prin reglarea 
unghiului de rotaŞie al elementului condus, pentru un 
impuls al balansierului [6]. 
Proiectarea parametricŁ a acestora porneĸte de la 

rolul funcŞional ĸi anume asigurarea unui anumit diapazon 
´n care sŁ fie cuprinse rapoartele de transmitere care sŁ 
acopere în întregime intervalul necesar pentru realizarea 
normelor de semŁnat conform cerinŞelor agrotehnice [1]. 
Ċn timpul etapei de modelare parametricŁ pot fi create 

sistemele mecanice noi sau tipizate, care fac parte din 
componenŞa produsului, prin reprezentŁri rigide ĸi flexibile 
ale pŁrŞilor, conectate cu ajutorul unor constrângeri 
geometrice ĸi cinematice ĸi asupra cŁrora pot acŞiona 
forŞe/momente externe ĸi interne [2]. 
ProprietŁŞile masice ale reperelor ĸi subansamblurilor 

componente se pot obŞine din modelele solide asociate 
(CAD-3D), în timp ce caracteristicile vibratorii pot rezulta 
din modelele bazate pe element finit (FEA-SolidWorks 
Simulation) [3]. 
Scopul lucrŁrii este de a arŁta, prin libertatea oferitŁ de 

proiectare completŁ a pieselor ´n contextul unui ansamblu, 
asigurând astfel bidirecŞionalitatea modificŁrilor ansamblu - 
desen de execuŞie, eficienŞa metodei de modelare 
parametricŁ cu ajutorul pachetului de programe 
SolidWorks versiunea 2013, pentru a fi a fi asimilatŁ de 
cŁtre agenŞii economici constructori de maĸini. 

 
MATERIALE ķI METODŀ 

Având la bazŁ cunoĸtinŞe ĸtiinŞifico-tehnice ĸi abilitŁŞi 
practice dezvoltate, autorii lucrŁrii au urmŁrit cu precŁdere, 
prin modelarea parametricŁ, optimizarea cutiei de viteze 
cu impulsuri în baie de ulei de la maĸina de regenerat 
pajiĸti din punct de vedere conceptual, funcŞional, 
constructiv, tehnologic ĸi economic. Cutia de viteze 
modelatŁ este alcŁtuitŁ din douŁ mecanisme de tip camŁ-
tachet oscilant. Pentru mŁrirea uniformitŁŞii miĸcŁrii de 
rotaŞie a arborelui de ieĸire, acestea sunt montate în 
paralel ĸi funcŞioneazŁ defazat cu un anumit unghi, a cŁrui 
valoare este dependentŁ de numŁrul de came ĸi de 
numŁrul de lobi ai acesteia.  

Tipul cutiei este cu mecanism la care contactul 
(punctul M) dintre elementul conducŁtor (cama) ĸi 
elementul condus (tachet oscilant) se face direct, iar rola 
tachetului oscilant se deplaseazŁ pe o placŁ de limitare a 
cursei. Miĸcarea de rotaŞie variabilŁ a arborelui de ieĸire 
este realizatŁ prin mŁrirea sau micĸorarea cursei active Ɋ 
a tachetului (balansier) (fig. 1), ca urmare a acŞionŁrii 
asupra unei plŁci de limitare [4]. 

 

 
Fig. 1 - Oscillating appet - cam type mechanism  

For parameterized design of the gearbox with 
impulses in oil bath from the machine for regenerate 
grasslands was used a CAD specialized system 

 Pentru proiectarea parametrizatŁ a cutiei de viteze cu 
impulsuri în baie de ulei de la maĸina de regenerat pajiĸti 
s-a utilizat un sistem CAD specializat (programul 
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(SolidWorks software) which, by the extensive facilities, 
allowed the use at the same time of geometric data and 
technological informations to lifelike achieve the 3D 
model, the restrictions and operating conditions. 

Parts modeling is based on achieving the 2D sketch - 
which elements belong to an unique plan. SolidWorks 
offers a variety of tools for creating the geometric profiles, 
the following entities are available in the toolbar sketch: 
Line, Circle, CenterPoint arc, Tangent arc, 3 point arc, 
Ellipse, Partial Ellipse, Parabola, Spline, Polygon, 
Rectangle, Parallelogram, Point, Centerline. When 
generating the solid entity were used some of the 
modeling commands specific for the software, such as: 
Extrude Feature, Extruded Cut, Revolved Boss/Base, 
Swept Boss/Base, Lofted Boss/Base, Hole Wizard, 
Revolved Cut, Swept Cut, Lofted Cut, Fillet/Round, 
Chamfer, Rib, Draft, Shell etc.  

Assemblies modeling and general assembly was 
performed through a freedom of complete design parts 
with Part module, the achievement of drawings with 
Drawing mode respecting the existing ISO standards, ISO 
SR, SR EN ISO, followed by the entities assembling using 
Assembly module, thus ensuring the bidirectionality of  
changes for whole-drawing. 

The three-dimensional modeling allowed alongside the 
spatial visualization of the elements of composition and an 
ease understanding of the principle operation of the 
gearbox with impulses, because the components can 
explode in part for suggest the assembly. 

Making of general assembly was done by imposing 
constraints that define the relationships between 
component sub-assemblies, following the order of 
assembly. The constraints imposed on each component 
have reduced the number of freedom degrees. The main 
component, which is the gearbox housing, was totally 
constrained or fixed by removing all degrees of freedom. 

Using Simulation module, for each component piece, it 

was performed a linear static analysis, which calculates 

displacements, stresses, reaction forces under the effect 

of applied loads. The steps were: importing the module 

geometry, defining the material, defining the appropriate 

restrictions, the meshing, the analysis calculation and 

viewing the results. For this purpose, it was necessary to 

define material characteristics: elastic module E and the 

Poisson coefficient v. By selecting a material from the 

SolidWorks library, could be required the automatically 

assign of these properties. After defining a full study, the 

results have been obtained and viewed by running the 

analysis study. 

By going through three distinct phases determined by 

the kinematic design, organological and linear static 

analysis, It has been solved by the parameterized design 

the following requirements: the purpose of the gearbox 

with impulses in oil bath in the machine for regenerate 

grasslands, the functional principles and execution 

technology. 

SolidWorks) care, prin facilitŁŞile extinse, a permis 
folosirea în acelaĸi timp a datelor geometrice ĸi a 
informaŞilor tehnologice pentru realizarea c©t mai fidelŁ a 
modelului 3D, a restricŞiilor ĸi a condiŞiilor de funcŞionare. 
Modelarea pieselor are la bazŁ realizarea schiŞei 2D ï 

ale cŁrei elemente aparŞin unui plan unic. SolidWorks 
oferŁ o varietate de unelte pentru crearea pofilelor 
geometrice, urmŁtoarele entitŁŞi fiind disponibile în bara de 
unelte sketch: Line, Circle, CenterPoint arc, Tangent arc, 3 
point arc, Ellipse, Partial Ellipse, Parabola, Spline, 
Polygon, Rectangle, Parallelogram, Point, Centerline. La 
generarea entitŁŞii solide s-au utilizat o parte din 
comenzile de modelare specifice softului, cum ar fi: 
Extrude Feature, Extruded Cut, Revolved Boss/Base, 
Swept Boss/Base, Lofted Boss/Base, Hole Wizard, 
Revolved Cut, Swept Cut, Lofted Cut, Fillet/Round, 
Chamfer, Rib, Draft, Shell etc.  

Modelarea subansamblurilor ĸi ansamblului general s-a 
efectuat printr-o libertate de proiectare completŁ a pieselor 
cu modulul Part, realizarea desenelor de execuŞie cu 
modului Drawing respectându-se standardele în vigoare 
ISO, SR ISO, SR EN ISO, urmând apoi asamblarea 
entitŁŞilor folosind modulul Assembly, asigurându-se astfel 
bidirecŞionalitatea modificŁrilor ansambluïdesen de 
execuŞie. 
Modelarea tridimensionalŁ a permis pe l©ngŁ 

vizualizarea spaŞialŁ a elementelor din componenŞŁ ĸi o 
uĸurinŞŁ ´n ´nŞelegerea principiului de funcŞionare a cutiei 
de viteze cu impulsuri, deoarece componentele se pot 
exploda în parte pentru a sugera asamblarea.  

Realizarea ansamblului general s-a efectuat prin 
impunerea de constrângeri care definesc relaŞiile dintre 
subansamblurile componente, cu respectarea ordinii de 
asamblare. Constrângerile aplicate fiecŁrei componente 
au condus la reducerea numŁrului de grade de libertate. 
Principala componentŁ, care este carcasa cutiei de viteze, 
a fost total constr©nsŁ sau fixatŁ prin eliminarea tuturor 
gradelor de libertate. 

Cu ajutorul modulului Simulation, pentru fiecare piesŁ 
componentŁ, s-a efectuat o analizŁ staticŁ liniarŁ, care 
calculeazŁ deplasŁri, tensiuni, forŞe de reacŞiune sub 
efectul unei sarcini aplicate. Etapele parcurse au fost 
urmŁtoarele: importarea geometriei modelului, definirea 
materialului, definirea restricŞiilor adecvate, a 
discretizŁrilor, calculul de analizŁ ĸi vizualizarea 
rezultatelor. În acest scop, a fost necesar sŁ se 
defineascŁ caracteristicile materialului: modulul de 
elasticitate E ĸi coeficientul lui Poisson ɜ. Prin selectarea 
unui material din biblioteca SolidWorks, s-a putut impune 
atribuirea ´n mod automat a acestor proprietŁŞi. DupŁ 
definirea unui studiu complet, rezultatele au putut fi 
obŞinute ĸi vizualizate prin rularea studiului de analizŁ. 

Prin parcurgerea celor trei etape distincte determinate 
de proiectarea cinematicŁ, organologicŁ ĸi analiza staticŁ 
liniarŁ, s-au rezolvat prin proiectarea parametrizatŁ 
urmŁtoarele cerinŞe: scopul cutiei de viteze cu impulsuri în 
baie de ulei în cadrul maĸinii de regenerat pajiĸti, 
principiile funcŞionale ĸi tehnologia de execuŞie. 

 

RESULTS 

Figure 2 presents the 3D geometric model of 

impulse gearbox in oil bath, which was developed with 

SolidWorks software. The components are metal 

structures such as: housing, shaft, cam, U profile, arc  

and standardized elements as screw type, spring pin, 

overrunning elastic clutch etc. 

 REZULTATE 

În figura 2 este prezentat modelul geometric 3D al 

cutiei de viteze cu impulsuri în baie de ulei, care a fost 

realizat cu programul SolidWorks. Elementele 

componente sunt structuri metalice de tipul carcasŁ, ax, 

camŁ, profil U, arc ĸi elemente standardizate de tipul 

ĸurub, ĸtift elastic, cuplaj elastic unisens etc. 
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Fig. 2 - 3D geometric model of gearbox with impulses in oil bath 

 

The following are the stages of realization o 3D 

geometric patterns for some of the component parts of 

the gearbox with impulses. 

Figure 3 presents the basic outline sketch of the 

gearbox housing, which was formed with orientation  

Normal To plan sketching. The geometry has been 

completely defined (is black), because all the lines and 

curves of the sketch   as well as their positions are 

governed by the dimensions and / or geometrical 

relationships. 3D geometric model of housing was 

achieved by using commands Extruded Boss / Base, 

Shell, and Extruded Cut Fillet / Round. 

 

 În continuare sunt prezentate etapele de realizare a 

modelelor geometrice 3D pentru câteva din reperele 

componente ale cutiei de viteze cu impulsuri. 

Ċn figura 3 este prezentatŁ schiŞarea conturului de bazŁ 

pentru carcasa cutiei de viteze, care a fost realizatŁ av©nd 

orientarea Normal To la planul de schiŞare. Geometria a 

fost complet definitŁ (are culoarea neagrŁ), deoarece 

toate liniile ĸi curbele din schiŞŁ precum ĸi poziŞiile lor sunt 

guvernate de dimensiuni ĸi/sau relaŞii geometrice. Modelul 

geometric 3D al carcasei a fost obŞinut prin utilizarea 

comenzilor Extruded Boss/Base, Shell, Extruded Cut ĸi 

Fillet/Round. 

 

 
Fig. 3 - The basic outline sketcforof the gearbox housing 

 

Figure 4 shows the 3D geometric model of the 

output shaft. The modeling part was done by using 

Revolved Boss / Base command, which creates a 

geometry by turning a sketch around an axis line 

(Centerline). Dimensioning the sketch was 

technological performed as the drawing can be 

obtained easily and without interfering too much on him 

by using Model Items command from Drawing module. 

 În figura 4 este prezentat modelul geometric 3D al 

axului de ieĸire. Modelarea reperului s-a efectuat prin 

utilizarea comenzii Revolved Boss/Base, care creeazŁ o 

geometrie prin rotirea unei schiŞe în jurul unei linii de axa 

(Centerline). Cotarea schiŞei a fost realizatŁ tehnologic 

pentru ca desenul de execuŞie cotat sŁ se poatŁ obŞine 

uĸor ĸi fŁrŁ a interveni prea mult asupra lui prin utilizarea 

comenzii Model Items din modul Drawing. 
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Fig. 4 - Geometric model of the output shaft  

 
Linear Static Analysis aimed a preliminary 

verification of stress and elastic deformation occurring 
in basics of gearbox with impulses, those acquiring 
large requests developed during the working process. 
For example, for linear static analysis of the ring of 
averrunning clutch, which is a part of the gearbox with 
impulses, were the following steps: 
- Was selected the material from the SolidWorks library 
(was assigned Plain Carbon Steel material, whose main 
alloying element is carbon concentration of 0.16 ... 
0.29%. Its properties, according to the database of 
SolidWorks are: modulus of elasticity 2.1 × 1011 N / 
m2; Poisson's ratio 0.28; density of 7800 N / m3; tensile 
strength 399 826 × 106 N / m2; flow limit 220 594 × 106 
N / m2); 
- They were canceled the degrees of freedom in the 
direction perpendicular to contact inner cylindrical 
surface  with the overrunning clutch; 
- Was selected the charging on model from External 
Loads tab (When force is applied to a benchmark it tries 
to absorb its effects by developing internal forces. The 
effort represents the intensity of these internal forces 
and its unit of measurement is: force per area unit); 
- Was made the mesh with high quality (resulted in a 
total of 81 438 knots and a number of 54 882 finite 
elements); 
- Was run the analysis study after full definition, and the 
results could be viewed. 

Von Mises Tension has maximum value in the hinge 
area with oscillating tappet body, and its distribution is 
shown in Figure 5. 
 

 Analiza staticŁ liniarŁ a avut drept scop o verificare 
preliminarŁ a tensiunilor ĸi deformaŞilor elastice care apar 
´n elementele de bazŁ ale cutiei de viteze cu impulsuri, 
cele care preiau solicitŁrile mari dezvoltate ´n timpul 
procesului de lucru. De exemplu, pentru analiza staticŁ 
liniarŁ a inelului cuplajului unisens, care face parte din 
componenŞa cutiei de viteze cu impulsuri, s-au parcurs 
urmŁtorii paĸi: 
- a fost selectat materialul din biblioteca SolidWorks 
(materialul atribuit a fost Plain Carbon Steel, care are ca 
principal element de aliere carbonul în concentraŞie de 
0,16é0,29 %. ProprietŁŞile acestuia, conform bazei de 
date a SolidWorks, sunt urmŁtoarele: modulul de 
elasticitate 2,1×10

11
 N/m

2
; coeficientul lui Poisson 0,28; 

densitatea 7800 N/m
3
; rezistenŞa la rupere 399,826×10

6
 

N/m
2
; limita de curgere 220,594×10

6
 N/m

2
); 

- au fost anulate gradele de libertate pe direcŞia 
perpendicularŁ la suprafaŞŁ cilindricŁ interioarŁ de contact 
cu cuplajul unisens; 
- a fost selectatŁ ´ncŁrcarea pe model din tabul External 
Loads (Când forŞa este aplicatŁ pe un reper acesta 
´ncearcŁ sŁ absoarbŁ efectele ei dezvolt©nd forŞe interne. 
Efortul reprezintŁ intensitatea acestor forŞe interne ĸi are 
ca unitate de mŁsurŁ: forŞa pe unitatea de suprafaŞŁ); 
- a fost realizatŁ discretizarea cu o calitate ridicatŁ (au 
rezultat un numŁr de 81438 noduri ĸi un numŁr de 54882 
elemente finite); 
- a fost rulat studiul de analizŁ dupŁ definirea completŁ, iar 
rezultatele au putut fi vizualizate. 
Tensiunea von Mises are valoarea maximŁ ´n zona de 

articulaŞie cu corpul tachetului oscilant, iar distribuŞia 
acesteia este prezentatŁ ´n fig. 5. 

 

 
Fig. 5 - Von Mises stress distribution  

The maximum value of displacement was located at 
the end of the articulation with the oscillant follower and 

 Valoarea maximŁ a deplasŁrii a fost situatŁ la 
extremitatea articulaŞiei cu tachetul oscilant iar distribuŞia 
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its distribution is shown in Figure 6. acesteia este prezentatŁ ´n fig. 6. 

 

 
Fig. 6 - The resultant displacement distribution  

 
CONCLUSIONS 

3D modeling greatly reduce the runtime and realize 
important benefits; 

Using 3D imaging facilitates recognition of 
components and the understanding of operating 
principle of impulses gearbox; 

3D modeling leads to creation of a virtual product, 
whose execution can be simulated (for example: 
operations such as turning, milling, drilling, etc.); 
Calculation of stresses and strains values offers to 
design engineers a numerical solution to check the 
strength of product components in order to eliminate 
the faults that can occur during exploitation. 
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 CONCLUZII 

Modelarea 3D reduce foarte mult timpul de execuŞie 
realizând importante beneficii; 
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Abstract: The researches regarding the threshing 

process made by tangential threshing system of 

conventional combines harvester had as result the 

obtaining mathematical models, based on 

experimental datas, expressed through functions that 

define partial this process. Moreover, for the threshing 

systems with multiple rotors, the mathematical 

modeling of threshing process made by them it is more 

difficult. This paper presents a mathematical model of 

the threshing process made by the threshing system 

with multiple rotors of the Romanian combine 

C110ATM.The mathematical model was based on the 

experimental datas made by INMA Bucharest in 2001. 

Keywords: combine harvester, tangential threshing 

system, threshing system with multiple rotors, threshing 

process, mathematical models. 

 

INTRODUCTION 

The threshing process of the conventional combine 
harvesters is made by the tangential threshing system 

and it consists in breaking the link between the seeds 

and plant and  separation of them through concave.[7]  

The tangential threshing system is the main work 

organ of a  conventional combine harvester in terms of 

the seeds separation and is positioned in the 

technological flow of this combine between the 

feederhouse and the straw walkers [8]. (Fig. 1) 

 Rezumat: CercetŁrile privind procesul de treier realizat 

de aparatul de treier tangenŞial al combinelor 

convenŞionale de recoltat cereale au avut ca rezultat 

obŞinerea de modele matematice pe baza datelor 

experimentale, exprimate prin funcŞii care definesc doar 

parŞial acest  proces. Cu atât mai mult, pentru aparatele 

de treier cu rotoare multiple modelarea matematicŁ a 

procesului de treier realizat de acestea este ĸi mai 

dificilŁ. Lucrarea de faŞŁ prezintŁ un model matematic al 

procesului de treier realizat de aparatul de treier cu mai 

multe rotoare al combinei româneĸti C110ATM. Modelul 

matematic prezentat s-a  bazat pe datele experimentale 

realizate de INMA Bucureĸti ´n anul 2001. 

Cuvinte cheie: combinŁ de recoltat cereale, aparat de treier 

tangenŞial, aparat de treier cu rotoare multiple, proces de 

treier, modele matematice. 

 

INTRODUCERE 

Procesul de treier al combinelor convenŞionale de 
recoltat cereale este realizat de aparatul de treier 
tangenŞial ĸi constŁ ´n desfacerea legŁturilor seminŞelor 
cu planta ĸi separarea acestora prin contrabŁtŁtor. [7] 

Aparatul de treier tangenŞial este cel mai important 
organ de lucru al unei combine convenŞionale de recoltat 
cereale din punct de vedere al separŁrii seminŞelor ĸi 
este poziŞionat ´n fluxul tehnologic al acestei combine 
´ntre elevatorul central ĸi scuturŁtor [8]. (fig. 1) 

 

Fig. 1 ï The tangential threshing system in the technological flow of a conventional combine harvester [3]  

In optimal conditions, the separation of seeds in 
tangential threshing system can be up to 85%, falling 
below 50-60% in the conditions of inadequate 
adjustments and a culture with high humidity. [5] 

The tangential threshing system must ensure a 
threshing process with remained seeds in heads of grain 
under 1%, free seeds in straw under 14% and broken 
seeds under 2% of the harvested production. [9] 

The main components of tangential threshing system 

are: threshing cylinder, concave, beater and concave 

 În condiŞii optime, separarea seminŞelor în aparatul de 
treier tangenŞial poate fi de maxim 85%, scâzand sub 50-
60% în condiŞiile unor reglaje necorespunzŁtoare ĸi o 
culturŁ cu umiditate ridicatŁ. [5] 

Aparatul de treier tangenŞial trebuie sŁ asigure un 
proces de treier cu seminŞe netreierate ĸi rŁmase ´n spice 
sub 1%, seminŞe libere ´n paie sub 14% ĸi seminŞe 
vŁtamate sub 2% din producŞia recoltatŁ. [9] 

Componentele principale ale aparatului de treier 

tangenŞial sunt: bŁtŁtorul, contrabŁtŁtorul, postbŁtŁtorul ĸi 
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extension [2]. (Fig. 2) prelungirea contrabŁtŁtor [2]. (fig. 2) 

 

Fig. 2 ï The main components of the tangential threshing system [2] 

At the current combines equipped with tangential 
threshing system, to improve the threshing process, 
some firms use threshing systems with multiple rotors, 
who can be placed after beater (New Holland, Laverda) 
or in front of the threshing cylinder (Claas), Fig. 3. 

 La combinele actuale prevŁzute cu aparat de treier 
tangenŞial, pentru a îmbunŁtŁŞi procesul de treier, unele 
firme folosesc aparate de treier cu rotoare multiple, care 
pot fi amplasate dupŁ postbŁtŁtor (New Holland, 
Laverda) sau în faŞa bŁtŁtorului (Claas), fig. 3. 

 

  
Multi-threshing system ï TC, TX, CS, CX combines (New Holland) APS System - Lexion combines (Claas) 

  

Multi-threshing system with Optithresh concave - CS combines (New Holland) Multi Crop Separator - LXE, M300 combines (Laverda) 

Fig. 3 ï The threshing systems with multiple rotors [12,13,14] 

At the threshing system with multiple rotors, the 
separation surface of seeds increases by 65-75%, the 
index of seeds separation is 90-95%.[5] 

The flow rate of a combine with threshing system with 
multiple rotors is higher by 14-20% than that of a 
conventional combine. [5] 

Romanian combine C110ATM has in component a 
threshing system with multiple rotors, its location in the 
technological flow of the combine is shown in Fig. 4. 

 La aparatele de treier cu rotoare multiple, suprafaŞa de 
separare a seminŞelor se mareĸte cu 65-75%, indicele 
total de separare a seminŞelor fiind de 90-95%. [5] 

Debitul unei combine cu aparat de treier cu rotoare 
multiple este mai mare cu 14-20% decât al unei combine 
convenŞionale. [5] 

Combina rom©neascŁ C110ATM are ´n componeŞŁ un 

aparat de treier cu rotoare multiple, amplasarea acestuia 

în fluxul tehnologic al combinei este prezentatŁ ´n fig. 4. 
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Fig. 4 ï Location of the threshing system with multiple rotors at C110ATM combine [1] 

MATERIAL AND METHOD 

The threshing process takes place in the threshing 
space, positioned between threshing cylinder and concave, 
the characteristic dimensions of this being the concave 
radius Rc, the concave winding angle Ŭ and the distances di 
and de between threshing cylinder and concave. (Fig. 5) 

 MATERIAL ķI METODŀ 

Procesul de treier are loc ´n spaŞiul de treier, poziŞionat 
´ntre bŁtŁtor ĸi contrabŁtŁtor, dimensiunile caracteristice 
ale acestuia fiind raza Rc a contrabŁtŁtorului, unghiul Ŭ 
de înfŁĸurare a contrabŁtŁtorului ĸi distanŞele di ĸi de între 
bŁtŁtor ĸi contrabŁtŁtor. (fig. 5) 

 

Fig. 5 ï The threshing space of the tangential threshing system  [1]  
The threshing space length of the tangential threshing 

system can be calculated with relationship 1. [5] 

 Lungimea spaŞiului de treier al aparatului de treier 

tangenŞial se poate calcula cu relaŞia 1. [5] 

0180

a
p= cs R ,[m]      (1) 

where s is length of the threshing space; Rc ï radius of 

the concave; Ŭ - winding angle of the concave. 

The researches regarding the threshing process in the 

tangential threshing system had as a result the obtaining 

of mathematical models based on experimental data, 

expressed by functions who define partial the threshing 

process, the method used being the linear mathematical 

regression, nonlinear or multiple. [5] 

We present below the most important mathematical 

models concerning the percentage of seeds separated by 

concave depending on the length of threshing space at 

the conventional combines. [4,6] 

 unde s este lungimea spaŞiului de treier; Rc - raza 
contrabŁtŁtorului; Ŭ - unghiul de înfŁĸurare al 
contrabŁtŁtorului. 
CercetŁrile privind procesul de treier în aparatul de 

treier tangenŞial au avut ca rezultat obŞinerea de modele 
matematice pe baza datelor experimentale, exprimate 
prin funcŞii care definesc doar parŞial procesul de treier, 
metoda folositŁ fiind regresia matematicŁ liniarŁ, 
neliniarŁ sau multiplŁ. [5] 

În continuare prezentŁm cele mai importante modelele 
matematice privind procentul seminŞelor separate prin 
contrabŁtŁtor ´n funcŞie de lungimea spaŞiului de treier la 
combinele convenŞionale. [4,6] 
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Table 1 
Mathematical models of the threshing process at the conventional combines [4,6] 

Model Structure Notations 

Casper  
(1973) () ( )( )

2 3

1 2 3
- k s+k s +k s

s
ɝ s =100 1-e%  

where ɝs(s)  is the percentage of seeds separated 
by concave depending on the length of 
threshing space; 

             s  ï  length of the threshing space, in m; 
k1, k2, k3  ï  threshing coefficients (experimental). 

Rusanov A.J. 
(1976) () ( )

Ŭ-ɛs

s
ɝ s =100 1-e % 

             Ŭ  ï  winding angle of the concave, in radians; 
         µ  ï  threshing coefficient (experimental). 

Trollope J.R. 
(1982) ()

0-kPɣ -cɣ

0

s

0

ce - kP e
ɝ s =100 1+

kP - c
%

è ø
é ù
ê ú

          k, c  ï experimental coefficients; 
           Ɋ  ï  geometric function on the winding angle. 

Miu Petre  
(1995) () ( ) ( )-bs -as

s

100
ɝ s = a 1-e -b 1-e %

a - b
è ø
ê ú

 
              s  ï  length of the threshing space, in m; 
          a, b  ï  threshing coefficients (experimental). 

Klenin N.I. and  
Lomakin S.G. 
(1972) 

()
( )( )2

s k sɛs ɛs

2

2

dɝ s A
= 100 1- k e - e - 1- A e

ds kɛ
%

è ø
é ù
ê ú

          s  ï  length of the threshing space , in m; 
A, k2, µ  ï  threshing coefficients (experimental). 

Alferov S.A and 
Braginec V.S. 
(1972) 

()
0 1

1

-k s -k s
-k s

s

1 0

e - e
ɝ s =100 1-e -A

k - k
%

è ø
é ù
ê ú

             s  ï  length of the threshing space , in m; 
A, k0, k1  ï  threshing coefficients (experimental). 

 

Koen Maertens and Josse De Baerdemaeker have 
published in 2003 the results of experiments performed 
at stationary on the tangential threshing system of a New 
Holland combine harvester for feed rates of 25-45 t/h 
(6.94-12.5 kg/s) 15.5-15.9% seeds humidity, 12-13% 
straw humidity, comparing with the 6 mathematical 
models shown in Table 1, the best results being achieved 
by mathematical models Rusanov, Caspers and Alferov-
Braginec, in that order. [4] 

C110 combine harvester of the company 
SemŁnŁtoarea (Romania) went into production in 1994.  
[16] After 2000 were made at INMA Bucharest 
researches to increase the working capacity of this 
combine, by introducing a threshing system with multiple 
rotors (ATM), yielding a increase of the seeds separation 
surface at the level of threshing system with 84%.[11] 

The constructive scheme of the threshing system with 
multiple rotors at C110ATM combine is presented in 
Figure 5. [1] 

 Koen Maertens ĸi Josse De Baerdemaeker au publicat 
în 2003 rezultatele experimentelor efectuate la staŞionar 
pe aparatul de treier tangenŞial al unei combine New 
Holland, pentru debite de alimentare de 25-45 t/h (6,94-

12,5 kg/s), umiditatea seminŞelor 15,5-15,9%, umiditatea 
paielor 12-13%, comparându-se cu cele 6 modele 
matematice prezentate în tabelul 1, rezultatele cele mai 
bune fiind obŞinute de modelele matematice Rusanov, 
Caspers ĸi Alferov-Braginec, în aceasta ordine. [4] 

Combina C110 a firmei SemŁnŁtoarea (România) a 
intrat în fabricaŞie în 1994. [16] Dupa anul 2000 s-au 
fŁcut la INMA Bucureĸti cercetŁri în vederea mŁririi 
capacitaŞii de lucru a acestei combine, prin introducerea 
unui aparat de treier cu rotoare multiple (ATM), 
obŞinându-se o mŁrire a suprafeŞei de separare a 
seminŞelor la nivelul aparatului de treier cu 84%. [11] 

Schema constructivŁ a sistemului de treier cu rotoare 
multiple al combinei C110ATM este prezentatŁ în figura 
5. [1] 

 

Fig. 5 - The constructive scheme of the threshing system with multiple rotors at C110ATM combine [1] 

Characteristic for ATM is possibility to rotate the last  Caracteristic ATM-ului este posibilitatea de rotire a 
ultimelor douŁ contrabŁtŁtoare (numite în continuare 
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two concaves (hereinafter called separation concaves), 

their threshing function canceling, the rotor separation 

just having the role of transport and directing the straw. 

The canceling of this function is made if the harvesting  

exceeds the optimum period, because in this case there 

is an excessive shredded of the straw, with negative 

effects on shaking and cleaning processes. [11] 

Technical features of the threshing system with multiple 

rotors at C110ATM combine harvester are presented in 

Table 2. [11] 

contrabŁtŁtoare de separare), funcŞia de treier a acestora 
anulându-se, rotorul de separare având doar rolul de 
transport ĸi direcŞionare a paielor. Anularea acestei funcŞii 
se face dacŁ recoltarea depŁĸeĸte perioada optimŁ, 
deoarece în acest caz are loc o marunŞire excesivŁ a 
paielor, cu efecte negative asupra proceselor de 
scuturare ĸi curŁŞire. [11] 

Caracteristicile tehnice ale sistemului de treier cu 

rotoare multiple al combinei C110ATM sunt prezentate în 

Tabelul 2. [11] 

Table 2 

Technical features of the threshing system with multiple rotors at C110ATM combine harvester 

Threshing cylinder 

diameter [mm] 600 

length [mm] 1080 

number of bars 8 

RPM [rot/min] 460-1200 

Concave 

number of bars 13 

surface [ m
2
] 0.67 

winding angle 111°
 

Beater 
diameter [mm] 360 

RPM [rot/min] 760 

Separation rotor 
diameter [mm] 491 

RPM [rot/min] 920 

Beater concave 

number of bars 7 

winding angle 60°
 

surface [m
2
] 0.303 

fixed distance between beater and concave [mm] 25 

Separation rotor concave 

number of bars 6 

winding angle 50°
 

surface [m
2
] 0.253 

fixed distance between rotor and concave [mm] 25 

 

The mathematical model of the threshing process 

made by the threshing system with multiple rotors ATM, 

which we propose, is based on the mathematical model 

Rusanov, considered by researchers Koen Maertens and 

Josse De Baerdemaeker as the mathematical model 

wich best describes the separation seeds in the 

tangential threshing system.[1] 

Thus, the percentage of seeds separated by the 

concaves ATM, depending on the length of threshing 

spaces and the winding angles size of the concaves is 

given by relationship 2. [1] 

 Modelul matematic al procesului de treier realizat 
de aparatul de treier cu rotoare multiple ATM, pe 
care îl propunem, are la bazŁ modelul matematic 
Rusanov, considerat de cercetŁtorii Koen Maertens ĸi 
Josse De Baerdemaeker ca fiind modelul matematic 
care defineĸte cel mai bine procesul de separare al 
seminŞelor ´n aparatul de treier tangenŞial.[1] 
Astfel, procentul seminŞelor separate prin 

contrabŁtŁtoare ATM-ului ´n funcŞie de lungimea 
spaŞiilor de treier ĸi mŁrimea unghiurilor de 
´nfŁĸurare ale contrabŁtŁtoarelor este dat de relaŞia 
2. [1] 

()
31 2

1 2 31 2 3
-

100 1-
s s s

sATM
s e

aa am m m
x

å õ
æ ö
æ ö
ç ÷

+ +è ø
é ù
é ù
é ù
ê ú

=
, [%]    (2) 

where ɝsATM(s) is the percentage of seeds separation 
in ATM; s1 ï the threshing space length of the concave; 
s2 ï the threshing space length of the beater concave; s3 

ï the threshing space length of the separation rotor 
concave; Ŭ1 ï the winding angle of the concave; Ŭ2 ï the 
winding angle of the beater concave; Ŭ3 ï the winding 
angle of the separation rotor concave; µ1 ï the threshing 
coefficient for seeds separation through concave; µ2 ï 
the threshing coefficient for seeds separation through 
beater concave; µ3 ï the threshing coefficient for seeds 
separation through separation rotor concave. 

The threshing space length of ATM concave is 
calculated with the relationship 3. 

 unde ɝsATM(s) este procentul seminŞelor separate ´n ATM; s1 - 
lungimea spaŞiului de treier al contrabŁtŁtorului; s2 - lungimea 
spaŞiului de treier al contrabŁtŁtorului postbŁtŁtorului; s3 - 

lungimea spaŞiului de treier al contrabŁtŁtorului rotorului de 
separare; Ŭ1 - unghiul de ´nfŁĸurare al contrabŁtŁtorului; Ŭ2 - 
unghiul de ´nfŁĸurare al contrabŁtŁtorului postbŁtŁtorului; Ŭ3 - 
unghiul de ´nfŁĸurare al contrabŁtŁtorului rotorului de separare; µ1 

- coeficient de treier pentru separarea seminŞelor prin 
contrabŁtŁtor; µ2 - coeficient de treier pentru separarea seminŞelor 
prin contrabŁtŁtorul postbŁtŁtorului; µ3 - coeficient de treier pentru 
separarea seminŞelor prin contrabŁtŁtorul rotorului de separare. 
Lungimea spaŞiului de treier al contrabŁtŁtorului ATM-ului se 

calculeazŁ cu relaŞia 3. 

1

1 1 0180

a
p= cs R , [m]     (3) 

where s1 is the threshing space length of ATM 

concave; Rc1 ï radius of the concave; Ŭ1 ï the winding 

 unde s1 este lungimea spaŞiului de treier al 

contrabŁtŁtorului ATM-ului; Rc1 ï raza contrabŁtŁtorului; 
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angle of the concave. 

The threshing space length of beater concave is 

calculated with the relationship 4. [1] 

Ŭ1 ï unghiul de ´nfŁĸurare al contrabŁtŁtorului. 

Lungimea spaŞiului de treier al contrabŁtŁtorului 

postbŁtŁtorului se calculeazŁ cu relaŞia 4. [1] 

2

2 2 0180

a
p= cs R , [m]     (4) 

where s2 is the threshing space length of beater 

concave; Rc2 ï radius of the beater concave; Ŭ2 ï the 

winding angle of the beater concave. 

The threshing space length of separation rotor 

concave is calculated with the relationship 5. [1] 

 unde s2 este lungimea spaŞiului de treier al contrabŁtŁtorului 

postbŁtŁtorului; Rc2 - raza contrabŁtŁtorului postbŁtŁtorului; Ŭ2 - 

unghiul de ´nfŁĸurare al contrabŁtŁtorului postbŁtŁtorului. 

Lungimea spaŞiului de treier al contrabŁtŁtorului 

rotorului de separare se calculeazŁ cu relaŞia 5. [1] 

3

3 3 0180

a
p= cs R , [m]     (5) 

where s3 is the threshing space length of the 

separation rotor concave; Rc3 ï radius of the separation 

rotor concave; Ŭ3 ï the winding angle of separation rotor 

concave. 

The sum consists of the percentage of free seeds 

remaining in straw and the percentage of seeds  no 

threshing of the bale caming from the threshing cylinder 

of ATM (the separation concaves are out of the threshing 

flow) is given by relationship 6. [1] 

 unde s3 este lungimea spaŞiului de treier al 

contrabŁtŁtorului rotorului de separare; Rc3 ï raza 

contrabŁtŁtorului rotorului de separare; Ŭ3 ï unghiul de 

infŁĸurare al contrabŁtŁtorului rotorului de separare. 

Suma formatŁ din procentul seminŞelor libere rŁmase 

în paie ĸi procentul seminŞelor netreierate ale vrafului 

provenit de la bŁtŁtorul ATM-ului (contrabŁtŁtoarele de 

separare fiind scoase din fluxul de treier) este datŁ de 

relaŞia 6. [1] 

1
1 1

-
( ) ( ) 100 s

nl
s s e

am
x x+ = ,[%]    (6) 

where ɝl(s) is the the percentage of free seeds remaining 

in straw found at the exit from the threshing space located 

between threshing cylinder and concave; ɝn(s) - the 

percentage of seeds  no threshing at the exit from the 

threshing space located between threshing cylinder and 

concave; µ1 - the threshing coefficient for seeds separation 

through concave; s1 - the threshing space length of the 

concave; Ŭ1 - the winding angle of concave. 

The sum consists of the percentage of free seeds 

remaining in straw and the percentage of seeds  no 

threshing of the bale caming from all rotors of ATM is given 

by the relationship 6. [1] 

 unde ɝl(s) este procentul seminŞelor libere rŁmase ´n 
paie la ieĸirea din spaŞiul de treier aflat ´ntre bŁtŁtor ĸi 
contrabŁtŁtor; ɝn(s) - procentul seminŞelor netreierate la 

ieĸirea din spaŞiul de treier aflat ´ntre bŁtŁtor ĸi 
contrabŁtŁtor; µ1 - coeficient de treier pentru separarea 
seminŞelor prin contrabŁtŁtor; s1 - lungimea spaŞiului de 
treier al contrabŁtŁtorului; Ŭ1 - unghiul de ´nfŁĸurare al 

contrabŁtŁtorului. 

Suma formatŁ din procentul seminŞelor libere rŁmase 

´n paie ĸi procentul seminŞelor netreierate  ale vrafului 

provenit de la toate rotoarele ATM-ului este datŁ de 

relaŞia 7. [1] 

( )31 2
1 2 31 2 3

-
( ) ( ) 100

s s s

lATM nATM
s s e

aa am m m
xx

+ +
+ = ,[%]   (7) 

where ɝlATM(s) is the percentage of free seeds 

remaining in straw found at the exit from ATM; ɝnATM(s) - 

the percentage of no threshing seeds at the exit from 

ATM; µ1 - the threshing coefficient for seeds separation 

through concave; µ2 - the threshing coefficient for seeds 

separation through beater concave; µ3 - the threshing 

coefficient for seeds separation through separation rotor 

concave; s1 - the threshing space length of concave; s2 - 

the threshing space length of beater concave; s3 - the 

threshing space length of separation rotor concave; Ŭ1 - 

the winding angle of concave; Ŭ2 - the winding angle of 

beater concave; Ŭ3 - the winding angle of separation rotor 

concave. 

The relations 6 and 7 represent processes the 

threshing losses made by ATM, to which the separation 

concaves were taken out of the flow of material (similarly 

the threshing system of conventional combine C110) and 

ATM at which the separation concaves were introduce in 

the threshing flow. 

The report of the relations 7 and 6 represents the loss 

report of the two types of the threshing systems (of the 

combines C110ATM and C110), according to the 

 unde ɝlATM(s) este procentul seminŞelor libere rŁmase 
´n paie la ieĸirea din ATM; ɝnATM(s) - procentul 
seminŞelor netreierate la ieĸirea din ATM; µ1 - coeficient 
de treier pentru separarea seminŞelor prin contrabŁtŁtor; 
µ2 - coeficient de treier pentru separarea seminŞelor prin 
contrabŁtŁtorul postbŁtŁtorului; µ3 - coeficient de treier 
pentru separarea seminŞelor prin contrabatatorul 
rotorului de separare; s1 - lungimea spaŞiului de treier al 
contrabŁtŁtorului; s2 - lungimea spaŞiului de treier al 
contrabŁtŁtorului postbŁtŁtorului; s3 - lungimea spaŞiului 
de treier al contrabŁtŁtorului rotorului de separare; Ŭ1 - 
unghiul de ´nfŁĸurare al contrabŁtŁtorului; Ŭ2 - unghiul 
de ´nfŁĸurare al contrabŁtŁtorului postŁtŁtorului; Ŭ3 - 

unghiul de ´nfŁĸurare al contrabŁtŁtorului rotorului de 
separare. 
RelaŞiile 6 ĸi 7 reprezintŁ pierderile pentru procesele 

de treier realizate de ATM, la care contrabŁtŁtoarele de 
separare au fost scoase din fluxul de material (similar 
aparatului de treier al combinei convenŞionale C110) ĸi 
ATM la care contrabŁtŁtoarele de separare au fost 
introduse în fluxul de material. 
Raportul relaŞiilor 7 ĸi 6, reprezintŁ raportul 

pierderilor celor doua tipuri de aparate de treier (ale 



INTERNATIONAL SYMPOSIUM
   

 

79 
 

relationship 8. [1] combinelor C110ATM ĸi C110), conform relaŞiei 8. [1] 

( )32
2 32 3

-( ) ( )

( ) ( )

s s
lATM nATM

nl

s s
e

s s

aam mx

x x

x ++

+
=     (8) 

The losses report of the two types threshing systems 

equals with the report of total losses to straw walkers of 

combine C110ATM. 

The separation concaves, having the same 

configuration, ɛ1 and ɛ2 threshing coefficients can be 

considered equal and having ɛATM value, resulting the 

relationship 9. [1] 

 Raportul pierderilor celor doua tipuri de aparate de 
treier este egal cu raportul pierderilor totale la 
scuturŁtorul combinei C110ATM. 
ContrabŁtŁtoarele de separare av©nd aceaĸi 

configuraŞie, coeficienŞii de treier ɛ1 ĸi ɛ2 se pot considera 
egali ĸi av©nd valoarea ɛATM, rezult©nd relaŞia 9. [1] 
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where ɛATM is the threshing coefficients of the 

separation concaves of ATM; k ï the losses report 

value of the two types threshing systems. 

Knowing the losses report value of the two 

threshing systems types, results the threshing 

coefficient value ɛATM of the separation concaves of 

ATM, according to the relationship 10. [1] 

 unde ɛATM este coeficientul de treier al 
contrabŁtŁtoarelor de separare ale ATM-ului; k - valoarea 
raportului pierderilor celor doua tipuri de aparate de 
treier. 
Cunosc©nd valoarea raportului pierderilor celor douŁ 

tipuri de aparate de treier, rezultŁ valoarea coeficientului 
de treier ɛATM  al contrabŁtŁtoarelor de separare ale 

ATM-ului, conform relaŞiei 10.[1] 

2
2 3
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-

ATM

k

s s
a a
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+

     (10) 

where ɛATM is the threshing coefficients of the 

separation concaves of ATM; k ï the losses report value 

of the two types threshing systems; s2 - the threshing 

space length of beater concave; s3 - the threshing space 

length of separation rotor concave; Ŭ2 - the winding angle 

of beater concave; Ŭ3 - the winding angle of separation 

rotor concave. 

The intensification value of the threshing process 

made by the ATM threshing system with multiple rotors  

reported to the threshing process made by the threshing 

system of the conventional combine C110, is given by 

relationship 11. [1] 

 unde ɛATM este coeficientului de treier al 
contrabŁtŁtoarelor de separare; k - valoarea raportului 
pierderilor celor doua tipuri de aparate de treier; s2 - 
lungimea spatiului de treier al contrabatatorului 
postbŁtŁtorului; s3 - lungimea spatiului de treier al 
contrabŁtŁtorului rotorului de separare; Ŭ2 - unghiul de 
´nfŁĸurare al contrabŁtŁtorului posbŁtŁtorului; Ŭ3 - unghiul 
de ´nfŁĸurare al contrabŁtŁtorului rotorului de separare. 
Valoarea intensificŁrii procesului de treier, realizat de 

aparatul de treier cu rotoare multiple ATM raportatŁ la 
procesul de treier realizat aparatul de treier al combinei 
convenŞionale C110, este datŁ de relaŞia 11. [1] 
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where IATM is intensification of threshing process made 

by the threshing system with multiple rotors ATM, 

reported to the threshing process of the conventional 

combine C110; ɝl(s) - the percentage of free seeds 

remaining in straw at the exit from the threshing system 

of C110 combine; ɝn(s) - the percentage of no threshing 

seeds at the exit from the threshing system of C110 

combine; ɝlATM(s) - the percentage of free seeds 

remaining in straw at the exit from ATM; ɝnATM(s) - the 

percentage of no threshing seeds at the exit from ATM. 

 

RESULTS 

The laboratory tests of the C110ATM combine harvester 

were conducted  in June 2001 by  DITRMA-INMA Bucharest 

Laboratory and the field tests were conducted in July 2001 

in Dor MŁrunt locality, CalŁraĸi County. [11] 

In Table 3 are presented the values of the working 

regime and working quality indices  for the tests with the 

separation concaves of ATM introduced into the material 

flow. [11]. 

 unde IATM este intensificarea procesului de treier 
realizat de aparatul de treier cu rotoare multiple ATM, 
raportat la procesul de treier al combinei 
convenŞionale C110; ɝl(s) - procentul seminŞelor 
libere rŁmase ´n paie la ieĸirea din aparatul de treier 
al combinei C110; ɝn(s) - procentul seminŞelor 
netreierate la ieĸirea din aparatul de treier al 
combinei C110; ɝlATM(s) - procentul seminŞelor libere 
rŁmase ´n paie la ieĸirea din ATM; ɝnATM(s) - 
procentul seminŞelor netreierate la iesirea din ATM.  

 

REZULTATE 

ĊncercŁrile de laborator ale combinei de recoltat 
C110ATM au fost efectuate ´n iunie 2001 de cŁtre 
Laboratorul DITRMA-INMA Bucureĸti, iar ´ncercŁrile ´n 
c©mp au fost efectuate ´n iulie 2001 ´n zona localitŁŞii Dor 
MŁrunt, judeŞul Calaraĸi. [11] 

În tabelul 3 sunt prezentate valorile regimului de lucru 
ĸi a indicilor calitativi de lucru pentru ´ncercŁrile efectuate 
cu contrabŁtŁtoarele de separare ale ATM-ului introduse 
în fluxul de material. [11] 
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Table 3 
The working regime and  working quality indices  for the tests 

with the separation concaves of ATM introduced into the vegetal mass flow 

Nr.crt Indice M.U. Value determined 

WORKING REGIM 

1 Working speed km/h 3.789 6.426 

2 Flow rate combine kg/s 4.299 6.027 

3 Working width m 4.1 

4 Cutting height m 0.16 0.17 

WORKING QUALITY INDICES 

1 Total losses per hectare at header: 
- seeds in uncut ears 
- seeds in cut ears 
- free seeds on the ground 

% 

0.2958 
0.1472 
0.1205 
0.0281 

0.3735 
0.1872 
0.1426 
0.0437 

2 Total losses at threshing machine: 
- total losses at straw walkers 
- seeds in no threshing ears 
- free seeds in straw 
- total losses at clining system 

% 

1.2314 
0.0785 
0.0032 
0.0753 
1.1529 

1.3124 
0.0839 
0.0027 
0.0812 
1.2285 

3 Total losses at combine % 1.5272 1.6859 

4 Broken seeds % 1.64 1.78 

5 The purity of the material collected in bunker % 99.59 99.41 

 

In Table 3 are presented the values of the 

working regime and working quality indices for the 

tests with the separation concaves of ATM remove 

from the material flow. [11]. 

 În tabelul 4 sunt prezentate valorile regimului de lucru 
ĸi a indicilor calitativi de lucru pentru încercŁrile efectuate 
cu contrabŁtŁtoarele de separare ale ATM-ului scoase 
din fluxul de material. [11] 

 
Table 4 

The working regime and  working quality indices for the tests 
with the separation concaves of ATM removed from the material flow 

Nr.crt Indice M.U. Value determined 

WORKING REGIM 

1 Working speed km/h 3.747 6.286 

2 Flow rate combine kg/s 4.186 5.988 

3 Working width m 4.1 

4 Cutting height m 0.15 0.19 

WORKING QUALITY INDICES 

1 Total losses per hectare at header: 
- seeds in uncut ears 
- seeds in cut ears 
- free seeds on the ground 

% 

0.3167 
0.1272 
0.1523 
0.0372 

0.3683 
0.1659 
0.1626 
0.0398 

2 Total losses at threshing machine: 
- total losses at straw walkers 
- seeds in no threshing ears 
- free seeds in straw 
- total losses at clining system 

 
 

% 

1.7594 
0.3501 
0.0663 
0.2838 
1.4093 

2.0556 
0.4292 
0.0807 
0.3485 
1.6264 

3 Total losses at combine % 2.0761 2.4239 

4 Broken seeds % 1.69 1.73 

5 The purity of the material collected in bunker % 99.72 99.45 

 

By entering into the relationship 10 the test report data 

for the combine C110ATM, the total loss obtained at the 

straw walkers for the two positions of the separation 

concaves (similar to the two threshing system of C110 

and C110ATM combines), is calculated the threshing 

coefficient values ɛATM of the separation concoves and 

the intensification of threshing process IATM of ATM, 

according to Table 5. 

 Introducând în relaŞia 10 datele din raportul de 
încercŁri al combinei C110ATM pentru valorile pierderilor 
totale la scuturŁtor obŞinute la cele douŁ poziŞii ale 
contrabŁtŁtoarelor de separare (similare celor doua 
aparate de treier ale combinelor C110 ĸi C110ATM), se 
calculeazŁ valorile coeficientului de treier ɛATM ale 
contrabŁtŁtoare de separare ĸi intensificarea procesului 
de treier IATM al ATM-ului, conform tabelului 5. 

Table 5 
The threshing coefficient values of the separation concoves  

and the intensification of threshing process of ATM [1,10] 

Nr. 
crt 

Indice M.U. 
Value determined 

C110 C110ATM C110 C110ATM 

WORKING REGIM 

1  Flow rate combine kg/s 4.2* 6.0* 

2  Total losses at straw walkers % 0.3501 0.0785 0.4292 0.0839 

WORKING QUALITY INDICES 
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1  Threshing coefficient ɛATM   - 2.963 3.235 

2  Intensification of threshing process IATM  % 51.15 44.60 

* The flow rate combines have been rounded to the first decimal 

 

Analyzing the values presented in Table 5 result: 
- The threshing coefficient, specific ATM, has a 

variable value, increasing specific of the flow rate 
value; 

- ATM intensifies considerably the threshing process, 
the intensify value being variable, decreasing 
depending on the  flow rate value; 

- The small values of total losses of C110ATM 
combine harvester, it would require the 
experimentation of combine at flow rates bigger. 

 

CONCLUSIONS 

1. The threshing systems with multiple rotors have the 
separation surface bigger with 65-75%, relative to the 
separating surface of the tangential threshing system, 
which would allow the decreasing of straw walkers length; 

2. The threshing systems with multiple rotors produces 
an intensification of the threshing process relative to 
the tangential  threshing system, but that does not 
mean that the flow rate to increase with equal 
percentage value. This explains why the flow rate of a 
combine with threshing system with multiple  rotors is 
bigger only 14-20% relative to the flow rate of a 
conventional combine harvester. [5] 

3. The increase of threshing space length at the 
threshing system with multiple rotor lead to shredding 
the straw, being necessary changes of the straw 
walkers and the cleaning system. It also increases the 
specific energy consumption; 

4. Combines with threshing system with multiple rotors 
are less universal, these beiing  only effective for 
certain crops, the crops with large seeds (maize) or 
the crops with seeds more susceptible to harvest with 
cereal combine harvester (sunflower, soybeans, 
beans , peas etc.) can not be harvested with these 
combines; 

5. The combines harvester with threshing systems with 
multiple rotors are more complex, more expensive, 
harder to maintain and more easily clogged at crops 
with weeds and with high humidity; 

6. The combines harvester with threshing systems with 
multiple rotors are recommended for the cereals 
harvesting, provided that the investment and 
modifications to the conventional combines to be 
relatively low. 
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 Analiz©nd valorile prezentate ´n tabelul 5, rezultŁ: 
- Coeficientul de treier specific ATM-ului are o valoarea 
variabilŁ, crescŁtoare ´n funcŞie de valoarea debitului de 
alimentare; 

- ATM-ul intensificŁ considerabil procesul de treier, 
valoarea intensificŁrii fiind variabilŁ, descrescŁtoare ´n 
funcŞie de valoarea debitului de alimentare; 

- Valorile mici ale pierderilor totale ale combinei 
C110ATM ar fi cerut experimentarea combinei ĸi la 
debite de alimetare mai mari. [1] 

 
CONCLUZII  

1. Aparatele de treier cu rotoare multiple au suprafaŞa de 
separare mai mare cu 65-75%, raportatŁ la suprafaŞa 
de separare a unui aparat de treier tangenŞial, ceea 
ce ar permite micĸorarea lungimii scuturŁtorului; 

2. Aparatul de treier cu rotoare multiple produce o 
intensificare a procesului de treier faŞŁ de aparatul de 
treier tangenŞial, dar asta nu presupune ca ĸi debitul 
de alimentare sŁ creascŁ procentual cu aceeaĸi 
valoare. Astfel se explicŁ de ce debitul de alimentare 
al unei combine cu aparat de treier cu rotoare multiple 
este mai mare doar cu 14-20% raportat la debitul de 
alimentare al unei combine conventionale; [5] 

3. Creĸterea lungimii spaŞiului de treier la aparatele de 
treier cu rotoare multiple conduce la mŁrunŞirea 
paielor, fiind necesare modificŁri ale scuturŁtorului ĸi 
sistemului de curaŞire. De asemenea, creĸte 
consumul energetic specific; 

4. Combinele cu aparatele de treier cu rotoare multiple 
sunt mai puŞin universale, fiind eficiente doar pentru 
anumite culturi, culturile cu seminŞe mari (porumbul) 
sau culturile cu seminŞe mai sensibile la recoltatul cu 
combina de recoltat cereale (floarea-soarelui, soia, 
fasolea, mazŁrea etc) neput©nd fi recoltate cu aceste 
combine; 

5. Combinele cu aparatele de treier cu rotoare multiple 
sunt mai complexe, mai costisitoare, mai greu de 
intreŞinut ĸi se ´nfundŁ mai uĸor la culturi ´mburuienate 
ĸi cu umiditate mare; 

6. Combinele cu aparate de treier cu rotoare multiple 
sunt recomandate pentru recoltarea cerealelor 
pŁioase, ´n condiŞiile ´n care investiŞia ĸi intervenŞia 
asupra combinelor cu aparat de treier tangenŞial sunt 
relativ reduse. 

 
BIBLIOGRAFIE 
[1] Ivan Gh. (2014) ï Aparatele de treier ale combinelor 
de recoltat cereale, Editura Terra Nostra, Iaĸi; 
[2] Ivan Gh., VlŁduŞ V. (2014) ï Studiul cinematic al 
procesului de treier realizat de aparatul de treier 
tangential al combinelor conventionale de recoltat 
cereale, ISB-INMATEH 2014; 
[3] Ivan Gh., VlŁduŞ V. (2015) ï Improving threshing 
system feeding with vegetal mass to conventional 
combine harvesters cereal, Simpozionul InternaŞional  
XLIII ï Opatija 2015; 
[4] Maertens K., De Baerdemaeker J. (2003) ï  Flow rate 
based prediction of threshing process in combine 
harvesters, American Society of Agricultural Engineers,  
Volum 19, p. 383ï388; 
[5] Miu P.(1995) ï Modelarea procesului de treier la 
combinele de recoltat cereale, Teza de doctorat, 

Universitatea Politehnica Bucureĸti; 
[6] Rusanov A.I. (1974) ï Constructia triernih priborov 



INTERNATIONAL SYMPOSIUM
   

 

82 
 

razlicinih diametrov (Construction of the threshing systems 
with various diameters), Magazine mechanization and 
electrification of agriculture, No. 6, Moscow; 
[7] Scripnic V., Babiciu P. (1979) ï Agricultural 
machines, Ceres Publisher, Bucharest, p. 296-304; 
[8] SegŁrceanu M. (1981) ï Studies and researches on 
improving the quality parameters and computer modeling 
of the work process of the threshing system at combine 
harvesters cereal, Polytechnic Institute of Bucharest; 
[9] SegŁrceanu M. (1990) ï Calculation and 
construction of the agricultural machinery for 
harvesting, Course Polytechnic University of Bucharest; 
[10] Test results for approval of C110 self-propelled 
combine harvester cereal, INMA Bucharest, 1990; 
[11] Prototype tests report for ATM, INMA Bucharest, 
2002; 
[12] Claas combine Prospectuses, 1980é2008; 
[13] Laverda combine Prospectuses, 1980é2008; 

[14] New Holland combine Prospectuses, 1980é2008. 

 

razlicinih diametrov (ConstrucŞia aparatelor de treier cu 
diferite diametre), Revista Mecanizarea ĸi electrificarea 
agriculturii, Nr. 6, Moscova; 
[7] Scripnic V., Babiciu P. (1979) ï Maĸini agricole, 
Editura Ceres, Bucureĸti, p. 296-304; 
[8] SegŁrceanu M. (1981) ï Studii ĸi cercetŁri privind 
îmbunatŁŞirea parametrilor calitativi ĸi modelarea pe 
calculator a procesului de lucru a aparatului de treier la 
combinele de cereale, Institutul Politehnic Bucureĸti; 
[9] SegŁrceanu M. (1990) ï Calculul ĸi construcŞia 
maĸinilor agricole de recoltat, Curs Universitatea 
Politehnica Bucureĸti; 
[10] Rezultatele ´ncercŁrilor ´n vederea omologŁrii a combinei 
autopropulsate de recoltat cereale C110, INMA Bucureĸti, 1990; 
[11] Raport de încercŁri pentru prototipul ATM, INMA 
Bucureĸti, 2002; 
[12] Prospecte combine Claas, 1980é2008; 
[13] Prospecte combine Laverda, 1980é2008; 
[14] Prospecte combine New Holland, 1980é2008. 
 

 



INTERNATIONAL SYMPOSIUM
   

 

83 
 

STUDY OF THE VIBRATIONS OF A PLOW BLADE 

/ 
STUDIUL VIBRAŝIILOR UNEI LAME DE PLUG 
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Abstract: The paper analyses the bending vibrations of a 
plow blade, modeled as a variable cross-section beam, 
clamped at one end and free at the other. The study is 
performed by using the discretization method, while the 
differential equations of the free vibrations are deduced 
by means of the influence coefficients method.  

 
Keywords: bending vibrations, variable cross-section, 
discretization, influence coefficient. 

 
INTRODUCTION 

In order to study the vibrations of an arbitrary 
blade with variable section, the model of a rectangular 
cross-section beam is adopted, with variable width. The 
beam is clamped at one end and free at the other 
(Fig. 1 a). 

The beam performs bending vibrations, in the 
longitudinal plane (vertical in the figure). 

 Rezumat: Lucrarea analizeazŁ vibraŞiile de ´ncovoiere 
ale unei lame de plug, modelatŁ ca o bara de secŞiune 
variabilŁ, ´ncastratŁ la un capŁt ĸi liberŁ la celŁlalt. 
Studiul vibraŞiilor se efectueazŁ prin metoda discretizŁrii, 
iar ecuaŞiile diferenŞiale ale vibraŞiilor se deduc cu ajutorul 
metodei coeficienŞilor de influenŞŁ. 

 
Cuvinte cheie: vibraŞii de ´ncovoiere, secŞiune variabilŁ, 
discretizare, coeficient de influenŞŁ. 

 
INTRODUCERE 

Pentru studiul vibraŞiilor unui cuŞit oarecare, cu 
secŞiune variabilŁ, se adoptŁ modelul unei bare de 
secŞiune dreptunghiularŁ, de lŁŞime variabilŁ, ´ncastratŁ 
la una dintre extremitŁŞi ĸi liberŁ la cealaltŁ (fig. 1 a). 

Bara efectueazŁ oscilaŞii de ´ncovoiere ´n plan 
longitudinal (vertical pe figurŁ). 
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Fig. 1 -  Beam with variable cross-section  

 
The width of the beam varies with abscissa x  

according to the law 

 LŁŞimea barei variazŁ cu abscisa x  dupŁ legea 

 ()
í
ì
ë

¢<-

¢¢
=

m.280.0m085.0      / if     082050031974360

m085.00      / if     m025.0

xdacŁx..

xdacŁ
xb  (1) 

 
MATHEMATICAL MODEL  

It is known from the strength of materials [11] that the 
deflection w of the neutral fiber of the beam acted by a 

force F  in static regime (Fig. 1 b) results from the 
equation 

 MODEL MATEMATIC 

Se cunoaĸte din rezistenŞa materialelor [11] cŁ 
deplasarea pe direcŞie transversalŁ, w , a fibrei medii a 

barei acŞionate ´n regim static de o forŞŁ F  (fig. 1 b) 
rezultŁ din ecuaŞia 

 ()
()
()xEI

xM
xw

y

z-=¡¡ , (2) 

where  în care 

 () ( )xlFxM z --= , (3) 

is the bending moment produced by the force in the 
section defined by abscissa x , 

 este momentul ´ncovoietor produs de forŞŁ ´n secŞiunea 
definitŁ de abscisa x , 

 ()
()
12

3hxb
xI y = . (4) 

is the geometrical moment of inertia of the section, while 

E  is the Youngôs modulus of the material of the beam. 
By integrating two times equality (2), the equation 

of the neutral fiber in static regime is obtained:  

 este momentul de inerŞie geometric al secŞiunii, iar E  
este modulul lui Young al materialului barei. 

Integr©nd de douŁ ori egalitatea (2), rezultŁ 
ecuaŞia fibrei medii deformate, ´n regim static: 
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It is known from the literature [6, 7, 8, 9] that the 
bending vibrations of the beam are governed by the 
partial derivative differential equation 

 Se cunoaĸte din literaturŁ [6, 7, 8, 9] cŁ  vibraŞiile 
de încovoiere ale barei sunt guvernate de ecuaŞia 
diferenŞialŁ cu derivate parŞiale 
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, (6) 

where ()xA  is the area of the cross-section of the beam, 

while r is the density of the material of the beam. 

However, the differential equation (6) cannot be 
integrated analytically in the general case, i.e. for 

arbitrary functions ()xI y  and ()xA , respectively. 

Therefore, in the present paper, the study is performed 
numerically, by means of the discretization method, 
which was presented and successfully used in papers  [1, 
2, 3, 4, 5], for the study of the free and forced bending 
oscillations, respectively, of homogeneous beams with or 
without a number of attached concentrated masses. 

The method consists in replacing the distributed 
mass system by a discrete one, made of a relatively high 
number n  of material points, of masses 

 unde ()xA  este aria secŞiunii barei, iar r este densitatea 

materialului barei. 
EcuaŞia diferenŞialŁ (6) este, ´nsŁ, imposibil de 

integrat analitic ´n cazul general, adicŁ ´n cazul unor 

funcŞii oarecare ()xI y , respectiv ()xA . Ca urmare, în 

lucrarea de faŞŁ, studiul este efectuat numeric, cu ajutorul 
metodei discretizŁrii, prezentatŁ ĸi utilizatŁ cu succes ´n 
lucrŁrile [1, 2, 3, 4, 5], pentru studiul oscilaŞiilor de 
´ncovoiere libere ĸi forŞate, ale unor bare omogene, unele 
dintre acestea av©nd ataĸate un numŁr de mase 
concentrate. 

Metoda constŁ ´n ´nlocuirea sistemului continuu 
printr-unul discret, alcŁtuit dintr-un numŁr n , relativ 

mare, de puncte materiale, de mase 

 () ( ) ( ),...,n,ixxhxbm iiii 21     1 =-Ör= -
, (7) 

which are attached to a beam with negligible mass (fig. 2).  ataĸate unei bare de masŁ neglijabilŁ (fig. 2). 
 

 

1 2 i n 0 j  

Fig. 2 -  Discretized beam  
 

The differential equations of the free small 
oscillations can be obtained by means of the method of 
the influence coefficients [8, 10]. The influence coefficient 

ijd  represents the deflection of the neutral fiber in section 

i , produced by a unit force, applied statically in section 

j  (fig. 2). 

For the analyzed beam, 

 EcuaŞiile diferenŞiale ale micilor oscilaŞii libere se 
pot obŞine cu ajutorul metodei coeficienŞilor de influenŞŁ 

[8, 10]. Coeficientul de influenŞŁ ijd  reprezintŁ 

deplasarea fibrei medii ´n secŞiunea i, produsŁ de o forŞŁ 

egalŁ cu unitatea, aplicatŁ static ´n secŞiunea j  (fig. 2). 

În cazul barei analizate, 
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In the present paper, integrals in formula (8) were 
computed numerically. 

By defining the matrix of the influence coefficients, 
the mass matrix and the dynamic matrix, respectively, 

 In lucrarea de faŞŁ, integralele din formula (8) au 
fost calculate numeric. 

Construind matricea coeficienŞilor de influenŞŁ, 
matricea maselor, respectiv matricea dinamicŁ, 

 [][] [][ ] [][][]mDmm ijij d==d=d ,, , (9) 

it is shown in the cited works that the circular 
eigenfrequencies are 

 se aratŁ ´n lucrŁrile citate cŁ pulsaŞiile proprii ale 
sistemului sunt 

 ( ),...,n,i

i

i 21     
1

=
l

=w , (10) 

where 
il represent the eigenvalues of matrix []D , while 

the eigenmodes are equal with the corresponding 
eigenvectors of the same matrix. 
 
NUMERICAL STUDY 

The numerical study of the vibrations of the beam 
in Figure 1 a was performed based of the following 
values: 

 în care 
il reprezintŁ valorile proprii ale matricei ][D , iar 

modurile proprii sunt egale cu vectorii proprii 
corespunzŁtori ai aceleiaĸi matrice. 
 
STUDIU NUMERIC 

Studiul numeric al vibraŞiilor barei din figura 1 a 
s-a efectuat consider©nd urmŁtoarele valori: 
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 04,/mk7850,N/m10 x 210 329 ==r= ngE . 

The first 10 circular eigenfrequencies and the 
corresponding eigenfrequencies are presented in Table 1. 

 Primele 10 pulsaŞii proprii obŞinute ĸi frecvenŞele 
proprii corespunzŁtoare sunt prezentate in tabelul 1. 

Table 1 

Values of the first 10 circular eigenfrequencies and the corresponding eigenfrequencies  

i  1 2 3 4 5 6 7 8 9 10 

]s[ 1-wi
 263.41 1534.18 4409.33 8921.36 15035.13 22669.89 31656.21 41724.28 52766.81 65273.29 

]Hz[if  41.92 244.17 701.77 1419.88 2392.92 3608.03 5038.24 6640.63 8398.1 10388.57 

 

The first three vibration eigenshapes are illustrated in 
Figure 3. 

 Primele trei forme proprii de vibraŞie sunt ilustrate  
în figura 3. 

 

 

Fig. 3 -  First three eigenshapes  

 
EXPERIMENTAL STUDY 

The experimental study of the system was 
performed on the measuring stand shown in Figures 4-6. 

 STUDIUL EXPERIMENTAL 

Studiul experimental al sistemului s-a efectuat cu 
ajutorul bancului de probŁ prezentat ´n figurile 4-6. 

 

  

Fig. 4 -  Measuring Stand  

 
Fig. 5 -  Accelerometer layout 

 

 

Fig. 6 - Excitation system  

 
A measuring chain was used, with four 

accelerometers, counted from 0 to 3. 
Accelerometer 3 was positioned at the free end of 

the beam, while accelerometer 0 on the beam, near the 
fixing system. Accelerometers 1 and 2 were placed on the 
fixing system. 

Free vibrations produced by applying percussions 

 S-a utilizat un lanŞ de mŁsurŁ cu patru 
accelerometre, numerotate de la 0 la 3. 

Accelerometrul 3 a fost amplasat în capul liber al 
barei, iar accelerometru 0 pe barŁ, l©ngŁ ´ncastrare. 
Accelerometrele 1 ĸi 2 au fost plasate pe sistemul de 
prindere. 

S-au studiat vibraŞii libere, produse prin aplicare 
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on the beam were studied, as well as forced vibrations, 
produced by the excitation system in Figure 6, with white 
signal. 

The obtained date were processed with LabVIEW 
program, resulting the spectra in Figures 7-8. 

unor percuŞii pe barŁ, precum ĸi vibraŞiile forŞate, produse 
de sistemul de excitaŞie din figura 6, cu semnal alb. 

Datele au fost prelucrate cu ajutorul programului 
LabVIEW, obŞin©ndu-se spectrele din figurile 7-8. 

 

 
 

 
 

 
 

 
 

Fig. 7 - Free vibrations spectra  
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Fig. 8 -  Forced vibrations spectra - white signal  
 

CONCLUSIONS 

Based on a simple model, the paper analyzed the 
vibrations of an arbitrary blade with variable section, which 
can represent a plow coulter. 

The spectra obtained by processing the 
experimental data from free vibrations present a 
pronounced pick at a frequency close to the first computed 
eigenfrequency. 

 CONCLUZII 

Lucrarea a analizat pe baza unui model simplu 
vibraŞiile unei lame oarecare de secŞiune variabilŁ, ce 

poate reprezenta un cuŞit lung de plug. 
Spectrele obŞinute prin prelucrarea datelor 

experimentale ´n cazul vibraŞiilor libere prezintŁ un v©rf 
accentuat la o frecvenŞŁ apropiatŁ de prima frecvenŞŁ 
proprie calculatŁ. 
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The spectrum of the signal measured by 
accelerometer 3, placed at the free end of the beam, 
shows a lower pick close to the second computed 
eigenfrequency. 

The first three accelerometers, placed close to the 
fixing system and on the fixing system, respectively, 
exhibit supplementary picks, due to the stand vibrations. 

The spectra obtained from forced vibrations 
confirm the first two components, but in this case the 
signal captured by accelerometer 3 presents also some 
components multiple of 50 Hz, due to the excitation 
system which is placed close to this accelerometer. 

The numerical method used in the paper provided 
results in agreement with the experiments. 
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Spectrul semnalului mŁsurat de accelerometrul 3, 
plasat ´n capŁtul liber al barei prezintŁ un v©rf mai redus  
´n apropierea celei de a doua frecvenŞe proprii calculate. 

Primele trei accelerometre, plasate în apropierea 
sistemului de prindere, respectiv pe acesta, prezintŁ 
v©rfuri suplimentare, datorate vibraŞiilor bancului. 

Spectrele obŞinute ´n cazul vibraŞiilor forŞate 
confirmŁ prezenŞa primelor douŁ componente, dar ´n 
acest caz semnalul captat de accelerometrul 3 prezintŁ, 
de asemenea, componente ´n apropierea unor frecvenŞe 
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Abstract: The paper presents researches concerning 

the manner in which different conditioning systems 

influence the quality of seeds prepared for sowing by 

optimization of the preparation process for increasing 

quality and decreasing specific energy consumption as 

well as of the cost per ha. The results processed and 

interpreted with well known statistical methods exhibit 

significant differences between the studied 

conditioning systems and their influence on quality 

indices which indicate the cultural value of seeds. 

 

Keywords: seed, sprout, conditioning 

 

INTRODUCTION 

After to the harvesting, the converging point of all the 

actions of the agricultural producer, conditioning, storage 

and preservation of products are the compulsory 

processes, in order to ensure continuously the major food 

source for humans and animals. 

For the optimal management of these processes a 

complex study is necessary concerning the physico-

mechanical properties of seeds, the physiologic 

processes and micro-organic activities that take place 

inside the seed and the cinematic regime of the 

machinery, in order to preserve the integrity of seeds 

during processing. 

As it is well known, the final product obtained through 

harvesting consists of a mixture composed of the seeds 

of the main crop, weed seeds, different mineral or 

organic impurities (dust, straw, husk). Besides these one 

must take into consideration the fact that even the seeds 

of the main crop are of different size and weight some of 

them being broken, stunted or damaged. 

When harvesting, grains are not totally physiological 

mature. The broken and shriveled grains and weed 

seeds present a higher humidity than the rest of the 

components, increased breathing (3-5 times higher than 

normal) which rises the environmental temperature and 

in humid conditions finally leads to the development of 

certain undesirable processes in seeds as: rot, sprouting 

etc [1]. Under these circumstances microorganisms as 

bacteria, mildew, fungi existent in huge quantities in 

seeds enhance their activity producing carbon dioxide, 

alcohols, toxins and favorable conditions are created for 

propagation of different pests. All these circumstances 

lead to a significant decrease of viability and poor 

preservation capacity of seeds. Microorganisms 

penetrate in the cracked seeds, degrade them by 

destroying their enzymatic system inducing low sprouting 

capacity and abnormal sprouts. 

In this respect, the conditioning process come to 

understood as the process of bringing the harvested 

seeds to a certain humidity, temperature, purity levels 

which allows the preservation off all the initial 

characteristics for a longer period of time..  

The quality of the seeds is defined by their biologic 

 Rezumat: Lucrarea prezintã rezultatele cercetãrii, privind 

influenŞa diferitelor sisteme de condiŞionare asupra 

calit«Şii semintei destinate ´nsŁm©nŞ«rii, ´n contextul 

optimizarii procesului de pregatire a seminŞei, ´n sensul 

cresterii calitãtii si scãderii consumului specific de energie 

si a costului semintei pe unitatea de suprafatã.   

Valorificarea rezultatelor si interpretarea lor, cu tehnicile 

statistice cunoscute, au evidenŞiat diferenŞe semnificative 

intre variantele de condiŞionare si influenŞe diferite ale 

acestora, asupra tuturor indicilor de calitate, ce 

caracterizeaz« valoarea cultural« a seminŞei. 

 

Cuvinte cheie: sŁm©nŞ«, germinaŞie, condiŞionare 

 

INTRODUCERE 

DupŁ recoltare, punctul de convergenŁ a tuturor 

ac iunilor producŁtorului agricol, condiionarea, 

depozitarea si conservarea produselor sunt procesele 

obligatorii pentru a putea asigura în mod continuu sursa 

majorŁ de hranŁ pentru om si animale.  

Pentru controlul ĥi dirijarea acestor procese complexe 

se impune studierea lor nedisociatŁ, fiind necesare 

cunoĥtin e temeinice in ce priveĥte, proprietŁile fizico-

mecanice ale semin elor, cunoaĥterea proceselor 

fiziologice ĥi a activitŁii microorganismelor din masa de 

semin e ĥi nu în ultimul rând a regimurilor cinematice ale 

maĥinilor ĥi utilajelor, pentru a men ine integritatea 

boabelor dupŁ prelucrare. 

DupŁ cum se ĸtie,produsul final obinut în urma 

recoltŁrii este un amestec format din boabele culturii  

principale, semin e de buruieni ĥi diferite impuritŁi de 

naturŁ mineralŁ sau organicŁ (praf,paie,pleavŁ). In afarŁ 

de acestea,insŁĥi semin ele culturii de bazŁ au dimensiuni 

ĥi greutŁi diferite, unele fiind ĥiĥtave, vŁtŁmate sau 

sparte. 

La recoltare, boabele nu sunt complet maturizate 

fiziologic, semin ele sparte, ĥiĥtave ĥi semin ele de 

buruieni au o umiditate mai ridicatŁ dec©t restul 

componentelor, respiratie maritŁ de (3-5ori) fata de cele 

normale iar efectul este cresterea temperaturii, care in 

prezenta umiditŁii, vor favoriza dezvoltarea unor procese 

in masa de seminte ca: incingerea, incoltirea etc 

Microorganismele pŁtrund ´n interiorul seminei 

microfisurate, distrug sistemul enzimatic, având drept 

urmare degradarea semin ei, provocând germeni 

anormali ĥi facultate germinativŁ redusŁ. [1]. Ċn acest 

sens prin condi ionare se întelege, aducerea produsului 

recoltat la o anumita stare de umiditate, de temperaturŁ, 

puritate, etc. care sŁ-i asigure pŁstrarea ´n timp a 

însuĥirilor ini iale, forma ĥi integritatea boabelor, 

îndeplinind în acelaĥi timp o serie de cerin e agrotehnice. 

Calitatea semin ei este definitŁ de ´nsuĥirile ei biologice 

ĥi valoarea culturalŁ asiguratŁ prin condiionare ĥi pŁstrare 
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characters and its cultural value guaranteed by 

preservation, storage and conditioning in proper 

conditions. 

 

MATERIAL AND METHOD 

The technological process of conditioning might be 

simple or complex according to: destination of seeds, 

requirements, various machinery used. The most 

common equipment must cover purification and 

assortment of seeds by their aerodynamic properties, 

size, specific form and weight.  

Fig. 1 presents a scheme of processing seeds for 

sowing. 

 

în condi ii optime. 

 

MATERIAL ķI METODŀ 

Fluxul tehnologic de condi ionare poate fi mai simplu 

sau mai complex în func ie de multitudinea de condi ii: 

destina ia semin ei, cerin e, gama foarte variatŁ de 

maĥini ĥi organe de lucru, dar nu poate fi conceput fŁrŁ 
un minim de utilaje care sŁ asigure curŁirea ĥi sortarea 

dupŁ proprietŁile lor aerodinamice, dupŁ principiul 

dimensional ĥi dupŁ cel al diferenei ca formŁ si greutate 

specificŁ. 

În Fig. 1 se prezintŁ o schemŁ a tehnologiei de 

prelucrare a semin elor ´n vederea semŁnatului. 

 

 
Fig.1 - Conditioning technology for crop seeds (SCDA Turda) 

 

The high dependence of crops on the pedoclimatic 

conditions and the necessity to achieve increasing 

productions, in order to guarantee the food security 

require seeds with high genetic and production value. 

The high production value is represented by seeds with a 

certain purity, good germination capacity and 

phytosanitary condition imposed by certain standards 

(Law 266/2002). 

Due to the varied physico-mechanical characteristics 

of the seeds derived from different species, the 

processing machineries are very diversified. The working 

process is developed stationary, but the cinematic regime 

 Dependen a foarte ridicatŁ a plantelor de culturŁ faŁ 

de condi iile de sol ĥi mediu ĥi  nevoia de a realiza 

produc ii ridicate, pentru a asigura securitatea 

alimentarŁ, a impus necesitatea folosirii la ´nsŁm©nare a 

unui material biologic cu o valoare geneticŁ ĥi culturalŁ 
ridicatŁ. Valoare culturalŁ ´naltŁ ´nseamnŁ ´n primul r©nd 
o sŁm©nŁ cu puritate fizicŁ, germinaie, componentŁ 

botanicŁ, stare fitosanitarŁ conform standardelor ´n 
vigoare.(Legii semin ei 266/2002). 

Ca urmare a caracteristicilor fizico-mecanice ale 
semin elor provenite din diferite specii, se remarcŁ o 

diversitate constructivŁ a maĥinilor pentru prelucrarea 

semin ei .Procesul de lucru al acestor maĥini se 
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of certain machine parts is one of the main factors that 

mark the quality of the biologic matter.  

The working parts of the equipment must operate 

smoothly to maintain the shape and integrity of grains 

thereby to reduce the infestation with pests and diseases. 

The processing flux of seeds is very complex, with a well 

defined sequence of purifying phases as pre-cleaning, 

basic cleaning, dimensional and gravitational selection, 

treatment against pests and diseases,packing, all created 

to avoid impurification of the seeding material [2]. 

  The percentage of each category Xi: pure seed 

impurities etc are computed with the formula:  

desfŁĥoarŁ la staionar, dar alegerea regimurilor 

cinematice la diferite organe de lucru, este unul dintre 
principalii factori care concurŁ  la asigurarea unui 
material biologic de calitate.  

Organele de lucru ale maĥinilor, trebuie sŁ nu fie 
agresive, prin ac iunea lor sŁ meninŁ forma ĥi 
integritatea semin elor  pentru a nu-i reduce rezisten a la 

boli ĥi dŁunŁtori ĥi sŁ scadŁ vigoarea seminelor 

Procesul de prelucrare a semin ei, componentŁ 

esen ialŁ a tehnonogiei de culturŁ, este complex, 

semin ele trebuie sŁ urmeze un flux tehnologic ´n care 

diversele opera iuni: precurŁire, curŁire de bazŁ, 

sortarea dimensionalŁ ĥi gravita ionalŁ, tratarea, 

ambalarea au o succesiune bine stabilitŁ, cu trasee 

sigure, pentru a evita posibilitatea de impurificare [2]. 

Con inutul procentual Xi al fiecŁrei categorii: sŁm©nŁ 

purŁ, impuritŁi etc. se calculeazŁ cu  formula 

100
[%]i

i

i

m
x K

m       (1)
 

 
Where mi is seed mass of Ăiò category of impurities, in g 

       
im - sum of all components on the analyzed, in g 

        K - correction coefficient (if is necessary)  

The technologic effect is represented by the impurity 

percentage eliminated from the grain quantity passed 

through the selector, determined by the relation: 

 unde:  - masa categoriei Ăiò de impuritŁi, în g 

ïsuma tuturor componentelor din proba de analizat, 

în g 
K   - coeficientul de corec ie (dacŁ este cazul) 

Efectul tehnologic reprezintŁ procentul de 
impuritŁi,corpuri strŁine etc. eliminate din masa de 

semin e la o trecerea a produsului prin selector, se 

determinŁ cu relaia:  

ii ie

t

ii

Q -Q ×100
=

Q

     (2) 

where: Qii is total input impurity quantity, in %  

Qie ï total output impurity quantity, in % 

 

Working capacity and specific consumption 

Specific grain quantity is determined as: 

 unde: - - coninutul de impuritŁi totale la intrare în maĥinŁ, 
în %  

          -  ï coninutul de impuritŁi la evacuare din utilaj , în 

% 
Capacitatea de lucru ĥi consumul specific 

Cantitatea de material condiionat se determinŁ ´n general, 

cu rela ia 
 

[ / ]
M

Q kg h
t

      (3) 

where: M - seed-mass of the material passed through the 
selector in ñtò time  

The energy consumed for processing is expressed by 
the formula: 

 în care M- masa materialului trecut prin selector în 
timpul t. 

 Energia consumatŁ pentru prelucrare se 
calculeazŁ cu formula 

W
E = [kWh/ kg]

q
, [%]     (3) 

W- is energy consumption at a certain electric,(with an 
autput, ɖ) 

High separation speed leads to increased working 
capacity but decreases the efficiency of the process.  

For increasing seed quality and reducing energy 

consumption by using combined equipments it is 

necessary to carry out more elaborated theoretical and 

experimental studies concerning the selection process. 

Our researches were organized at SCDA-Turda, in a 

specialized processing center, where by means of the 

existent technical equipment there have been developed 

new combined systems for separation of the impurities 

from seeds. 

To optimize the proposed objectives there has been 

 unde: W- energia consumatŁ de maĥinŁ la un 
randament electric, ɖ  

Viteza mare de separare duce la creĥterea capacitŁii 

de lucru dar determinŁ scŁderea randamentului de 
separare. 

Pentru creĥterea calitŁii condi ionŁrii produselor 

destinate ´nsŁm©nŁrii ĥi reducerea consumului de 

energie, prin folosirea combinatŁ de echipamente 
tehnice, apare ca necesarŁ ĥi oportunŁ aprofundarea 
cercetŁrilor teoretice ĥi experimentale asupra proceselor 

combinate de selectare a semin elor. 

Realizarea cercetŁrilor teoretice si experimentale s-au 
efectuat în centrul specializat de prelucrare a semin elor 

al SCDA - Turda unde prin dotarea tehnicŁ existentŁ s-au 
putut elabora sisteme combinate de separare a 
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quantified the technologic effect of each machinery as 

well as the cumulative one, in order to choose the variant 

that provides high purity grains with proper parameters 

and agro-technical requirements at a minimum specific 

energy consumption. 

The main objective of our researches was the 

influence of the processing systems on seed quality 

indices: germination, purity, phytosanitary condition, 

physical properties of seeds resulted from a wheat field. 

There has been studied a wheat plot of Arieĸan variety 

obtained in the conditions of the year 2015..  

The characteristics of the wheat crop after pre-

cleaning (it is forbidden to store without pre-cleaning) are 

presented in the following table (Table 1). 

impuritŁilor din semin e. 

Pentru optimizare,în sensul creĥterii calitŁii ĥi scŁderii 
costului energetic s-a cuantificat efectul tehnologic al 
fiecŁrui utilaj precum ĥi cel cumulativ, în vederea alegerii 

variantei care asigurŁ sŁm©na finalŁ la parametrii ĥi 
cerin ele agrotehnice cerute, la un consum specific de 

energie minim. 
În cazul de fa Ł obiectul principal al cercetŁrii este 

influen a sistemelor de condi ionare asupra indicilor de 

calitate: germina ie, puritate fizicŁ, stare fito-sanitarŁ, 

însuĥiri fizice ale semin ei rezultate dintr-un lot de grâu.         

A fost luat în studiu un lot de grâu din soiul ARIE¤AN, 

produs în condi iile anului 2015. 
 Caracteristicile de stare ale lotului de gr©u dupŁ 
precurŁire sunt date în tabelul de mai jos (Tabelul 1).  

 
 

Table 1  
Analysis sheet of the crop 

Sample no. 
Humidity 

[%] 

Hectolitric 
weight 

[kg] 

Classification of components 

-small cracks 
-main cult.scraps, 

minerals 
[%] 

-large scraps 
-pinched 

[%] 

shriveled 
grains 

[%] 

small 
grains 

[%] 

medium and 
large grains 

[%] 

1 13.5 80.2 2.60 0.7 7.8 1.9 87.00 

2 13.1 78.0 4.10 1.1 9.7 2.4 82.70 

3 12.8 78.5 3.4 0.9 8.6 2.3 84.80 

Mean  3.37 0.90 8.70 2.2 84.83 

 
The sowing (550 bg/m²) was performed at the 

beginning of October 2014 after a precursory leguminous 
crop (soybean) with concomitant administration of 300 
kg/ha chemical fertilizer (20:20:0). The soil humidity 
provided a good sprouting and tillering meeting the winter 
period with 2-3 leaves. An additional nitrogen fertilization 
was applied in March with 150 kg/ha and in mid-April with 
another 150 kg/ha.  

It is well known that in Transylvania the climatic 

conditions are highly unforeseeable, in this respect May 

was excessively rainy favoring a good valorification of the 

nitrogen fertilizer. The heavy storms Ălaid downò most of 

the crop. At the end of May and beginning of June the 

atmospheric drought is installed exactly in the period of 

grain filling and maturation, producing a large number of 

shriveled grains in the harvested crop. 

Experimental design 

A monofactorial experimental design was carried out 

with six conditioning variants(V1, V2, V3, V4, V5, V6) 

-conditioning with: AMZ (bolter device) and HSR 

(double selector); - conditioning with: AMZ, PLV and 

GA-81 (gravitator) 

- conditioning with: AMZ and PLV (bolter device)                               

-conditioning with: AMZ, PLV and HSR 

- conditioning with: AMZ, PLV and GA-81 (gravitator) 

- conditioning with: AMZ, HSR and GA-81 

- conditioning with: AMZ, PLV,HSR and GA-81 

The influence of these conditioning systems on seed 
quality was studied, quantifying the shriveled grains 
remained in the output, the percentage of small grains 
and large cracks ï components considered as being 
accepted as part of the pure seeds in conformity with 
SR7713/1999 standards. The level of these components 

was determined in samples taken from the technologic 

 SemŁnatul (550 bg/mĮ) s-a efectuat la începutul lunii 
octombrie 2014 av©nd premergŁtoare leguminoasŁ 
(soia), administrându-se deodatŁ ĥi ´ngrŁĥŁm©nt complex 
in cantitate: 300kg/ha, (20.20.0) . Umiditatea din sol a 
asigurat o bunŁ rŁsŁrire ĥi ´nfrŁire intr©nd ´n iarnŁ ´n 
stadiul de 2-3 frunze. Fertilizarea fazialŁ cu azot ´n 
primŁvarŁ s-a efectuat în luna martie (150 kg/ha). ĥi 
mijlocul lunii aprilie (150 kg/ha).  

Se ĥtie cŁ ´n Transilvania condiiile climatice sunt 
caracterizate printr-o imprevizibilitate mare, astfel luna 
mai a fost excesiv de ploioasŁ, favoriz©nd valorificarea 
foarte bine a ´ngrŁĥŁmintelor cu azot. Furtunile repetate a 
Ăculcatò ´n mare parte cultura. La sf©rĥitul lunii mai ĥi 
´nceputul lunii iunie se instaleazŁ seceta atmosfericŁ 
perioada, ce coincide, cu fenofaza umplerii bobului ĥi 
atingerea fazei de coacere. Aceste deziderate explicŁ 
prezen a procentului mare de boabe ĥiĥtave în masa 
produsului recoltat. 
Metodica experimentalŁ 
Pentru efectuarea cercetŁrilor s-a implementat o 
experien Ł monofactorialŁ cu ĥase variante 
(V1,V2,V3,V4,V5,V6) de condi ionare: 
 
Pentru efectuarea cercetŁrilor s-a implementat o 
experien Ł monofactorialŁ cu ĥase variante 
(V1,V2,V3,V4,V5,V6) de condi ionare: 

-condi ionare cu: AMZ(masina cu site) ĥi HSR(trior 
dublu) 

--condi ionare cu:AMZ, PLV ĥi GA-81(gravitator 
-condi ionare cu: AMZĥi PLV(masina cu site)                   

condi ionare cu:AMZ, HSR ĥi GA-81 
--condi ionare cu: AMZ, PLV ĥi HSR                                  

-condi ionare cu:AMZ, PLV,HSR ĥi GA-81 
S-a urmŁrit influena acestor sisteme de 

condi ionare asupra calitŁii semin ei rezultate, 
cuantificându-se în primul rând procentul de boabe 
ĥiĥtave rŁmase ´n sŁm©na finalŁ, procentul de boabe 
mici, si procentul de spartura mare, componente 
considerate ca facind parte din saminta pura conform 
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flux in four replications. The mean value of shriveled 
grains, small grains in the four replications and the output 
purity are presented in table 2.  

Cinematic parameters of the devices and filling debit 
were adjusted to guarantee the purity level of seeds 
according to the present standards. 

 

RESULTS AND DISCUSSION 

. Results concerning the influence of conditioning 
systems on shriveled grain level 

 

standard SR7713 /1999. Aceste componente au fost 
determinate din probele ridicate pe flux în patru repeti ii. 
Valorea medie a repetitiilor a acestor componente 
precum ĥi a puritatii pe variante sunt redate în tabelul 2. 

Parametrii cinematici ai maĥinilor, debitul de 
alimentare, au fost regla i astfel ´nc©t sŁ se asigure 
puritatea necesarŁ seminei conform STAS-ului în 
vigoare dupŁ care s-au ridicat probele experimentale. 

 

REZULTATE ¤I DISCU II 

Rezultatele cercetŁrii privind influena sistemului de 

condi ionare asupra procentului de boabe ĥiĥtave. 
 
 

Table 2 
Results concerning the influence of the conditioning system on the shriveled 

 

No of 
variant 

Conditioning variant 
Shriveled grains 

[%] 
Difference 

 
Significance 

 
Purity 

[%] 
Small grains 

[%] 

1. AMZ+HSR 6.20 - Control 99,15 1.40 

2. AMZ+PLV 4.70 -1.50 o 98.90 0.90 

3. AMZ+PLV+HSR 4.10 -2.10 oo 99.50 0.30 

4. AMZ+PLV+GA-81 0.70 -5.50 ooo 99.76 0.60 

5. AMZ+HSR+GA-81 1.10 -5.10 ooo 99.62 0.70 

6. AMZ+PLV+HSR+GA-81 0.30 -5.90 ooo 99.87 0.30 

DL 5%      1.33                                       Effect level                      Association degree 

DL 1%      1.83                                        f = 2.1                     =0.85 
DL 0.1%   2.49 

The conditioning system influences definitely the 

quality indices of seeds. 

The classic combination formed by selecting device 

+ trior (AMZ+HSR) has been considered as control, as 

far as it is widely used by farmers. The only difference vs. 

the most common conditioning system is represented by 

two trior batteries disposed in cascade not parallel. There 

can be noticed that the influence of this conditioning 

variant on the percentage of shriveled and small grains is 

lower than all the other studied variants. 

 High purity obtained by this variant is due to the 

efficiency of the trior in eliminating the transversal cracks. 

The combination AMZ+PLV is more efficient in 

eliminating the shriveled and small grains by the 

combined action of air pressure and dimensional 

selection made by PLV. The V1 and V2 variants 

accomplish the proper purities for certified categories but 

they reach the lowest level of basic and pre-basic 

categories (Law 266/2002). 

 Once GA-81 device (gravitator) is connected, a 

considerable improvement of all quality indices can be 

observed with a remarkably low effect on soundly small 

grains. Comparing variants V4 and V5 it is obvious that 

the technologic effect of the gravitator depends on the 

cumulative effect of the upstream devices. 

 Extrapolating the indices accomplished by the control 

variant (V1 ï classic) to a quantity of 1000 T0 output 

material of a lot, in conformity with the Analysis sheet of 

crop (table 1), there could be commercialized for seeding 

62.000 kg shriveled seeds and 14.000 kg small grains 

existent in the output material. With the same reasoning, 

in the combined conditioning variant (V6) the quantity of 

these components is significantly reduced: 3.000 kg 

shriveled and 3.000 kg small grains. 

 Each component of the output material was analyzed 

concerning their performance (table 3). 

 Sistemul de condi ionare influen eaza indiscutabil 

indicii de calitate finali ai semin ei. 
S-a luat ca martor varianta clasicŁ:maĥina de selectat 

+ trior,(AMZ+HSR) practicatŁ ´n general de producŁtorii 

agricoli cu excep ia faptului cŁ aici avem 2 baterii de trior, 

dispuse ´n cascadŁ ĥi nu ´n paralel.Se poate observa cŁ 
ac iunea acestei variante de condi ionare asupra 

procentului de boabe ĥiĥtave ĥi boabe mici este mai 

redusŁ dec©t ´n oricare variantŁ. 
Puritatea mai ridicatŁ in aceasta varianta se datoreazŁ 

eficacitŁii ac iunii triorului ´n eliminarea spŁrturilor 
transversale ale semin ei.   Combina ia AMZ+PLV este 

mult mai eficace în eliminarea boabelor ĥiĥtave ĥi a 

boabelor mici, prin ac iunea combinatŁ a aerului ĥi 
sortarea dimensionalŁ fŁcutŁ de PLV. Variantele de 

conditionare V1 ĥi V2 realizeazŁ puritŁile necesare în ce 

priveĥte categoriile de sŁm©nŁ certificatŁ  dar sunt la 

limita inferioarŁ a realizŁrii, ´n cazul categoriilor bazŁ ĥi 
prebazŁ, conform Legii semin ei(266/2002).  OdatŁ cu 

introducerea în lucru a maĥinii GA-81 (gravitatorul) se 

poate observa ´mbunŁtŁirea considerabilŁ a tuturor 

indicilor de calitate,remarcând efectul mai redus asupra 
boabelor mici ĥi sŁnŁtoase. Comparind variantele de 
conditionare,V4 ĥi V5 reiese clar faptul, ca efectul 

tehnologic al gravitatorului depinde de efectul cumulativ a 
celor din amonte. 

Extrapolând indicii realizati de varianta martor, ( ) 

(clasica) la o cantitate de 1000 sŁm©na finala, 

rezultata dintr-o partidŁ cu o fiĥŁ de analizŁ conform 
tabelului 2, s-ar comercializa spre insamintare, cantitatea 
de 62.000kg boabe ĥiĥtave ĥi 14.000 kg boabe mici aflate 
in produsul final. Urmind acelasi rationament si pentru 
varianta de conditionare combinata( )cantitatile acestor 

componente sunt foarte reduse: 3.000 kg boabe ĥiĥtave ĥi 
3.000 kg boabe mici. 

Din probele finale, s-au analizat fiecare componenta in  
parte, în ce priveĥte performan a lor (tabelul3).  

Rezultate privind analiza de germina ie a 
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Results concerning the germinative capacity of the 

shriveled, small grains and large cracks 

The analyzed components present in different 

percentage in the final product, as a result of the different 

conditioning systems applied, that matched the standard 

category of pure seeds, influence negatively the 

obtaining of a high quality seed that guarantees a good 

and sound crop. 

 The cracked and shriveled grains present low 

resistance to diseases and pests, especially toxic fungus 

and their presence in the output material reduces its 

quality, increasing the sowing rate (germinative 

seeds/m
2
), finally spreading the diseases to healthy 

grains.  

 Small grains might be affected by the technological 

process. Usually in soils with great humidity, small grains 

germinate earlier than the normal ones, due to the 

sawing depth fixed for the large grains, these small ones 

bring disadvantaged. Small seeds produce weak plants, 

most of them perishing during the vegetation period or 

presenting a low yielding capacity. After a few years 

storage period their germination capacity is much 

reduced as compared to the larger grains. 

 

componentelor de natura  boabe ĥiĥtave,boabe mici, 
spŁrturi mari. 

Componentele analizate prezente în diferite procente 
în produsul final, ca urmare a sistemului de condi ionare 

aplicat, încadrabile de altfel în STAS-ul semin ei pure, 

contribuie negative la ob inerea unei semin e de calitate, 

garan ia unor recolte mari ĥi sŁnŁtoase. 

Boabele sparte, ĥiĥtave au o rezisten Ł redusŁ la boli 

ĥi dŁunŁtori, ´n special la ciuperci toxigene, iar prezena 

lor ´n sŁm©na finalŁ, contribuie la reducerea calitŁii 
semin ei, creĥterea normei de semŁnat [boabe 

germinative/ m²]ĥi ´n final contribuie la rŁsp©ndirea 
bolilor prin amestec cu semin ele sŁnŁtoase ce urmeaza 
a fi introduse ´n pŁm©nt. 
Pentru boabele mai mici existŁ un risc mai mare de a 

fi afectate de procesul tehnologic.În general, semin ele 

mici germineazŁ mai repede decât cele mari, în solurile 
umede datoritŁ ad©ncimii de semŁnat reglatŁ pentru cele 
de mŁsurŁ normalŁ, seminele mici sunt dezavantajate. 

Semin ele mici dau plante slabe, din care foarte multe 

pier pe parcurs, iar plantele respective au un poten ial de 

produc ie scŁzut. 

Ċn pŁstrare, dupŁ c©iva anis-a dovedit cŁ au o 

germina ie mai slabŁ dec©t cele normale 

Table 3 
Quality indices of the components 

 

Grain types Quality indices 

Germination Abnormal germs Dead seeds 

Shriveled wheat grains 

Mean value Mean value Mean value 

49% 33% 18% 

Large grain cracks 
Mean value Mean value Mean value 

7% 8% 85% 

Small wheat grains 

Mean value Mean value Mean value 

86% 9% 5% 

 
Results concerning the influence of the conditioning 
system on germination 

 

The homogeneity, normality and additivity of 

variants , ) being accomplished, 

the Ătò test may be applied without any correction 

therefore this will be taken in consideration in determining 

the limit differences and multiple comparisons. 

 Rezultatele cercetŁrii privind influena sistemului de 

condi ionare asupra germina iei 

 
Îndeplinindu-se condi iile de omogenitate, normalitate 

ĥi aditivitate a variantelor , ), testul Ătò se 

poate aplica direct fŁrŁ corecie,datele nu trebuiesc 

transformate, prin faptul cŁ efectul repetiiilor este 

nesemnificativ, demonstrându-se combinarea aditivŁ cu 
variantele.  

Table 4 
Results concerning the influence of conditioning systems on germination 

V
a
r
i
a
n
t
Ł

 

Conditioning variants 
Mean of 

germination 
[%] 

Confidence 
interval of 

means 

 

Coefficient of 
variability 

 

Difference 
Significance 
   

1. AMZ+HSR 88.25 84.7- 91.8 2.51       -    Control 

2. AMZ+PLV 90.50 87.7- 93.3 1.91    + 2.25       - 

3. AMZ+PLV+HSR 91.00 88.1- 93.9 2.01    + 2.75       * 

4. AMZ+PLV+GA-81 96.00 93.7- 98.3 1.47    + 7.75      *** 

5. AMZ+HSR+GA-81 94.25 93.6- 96.6 1.60    + 6.00      *** 

6. AMZ+PLV+HSR+GA-81 97.00 95.2- 98.8 1.20    + 8.75      *** 

DL 5%      2.48                   Power of the test                Effect level               Association degree  

DL 1%      3.41                         ɓ =0.64       f = 1.8                           =0.76 

DL 0.1%    4.64           
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The results indicate a high value of the effect level (f) as 

well as of the association degree. The mean value of the 
statistic test is generally 0.46, in our case being 0.64 (due 

to the low rate of observations in the different variants 
and lesser to the errors in observations) the test was 
capable to detect the effects  
            Differences between means in a number of 

 , is compared with the smallest 

significance ranks (cmmrs). The smallest significance 

ranks are computed as multiplication of the error of 
means with the value of the correspondent ranks of 
different distances between variants (Isaic and 
Voda,2006). 

 Rezultatele indicŁ o valoare mare a mŁrimii efectului (f) 
precum ĥi a gradului de asociere.Valoarea medie a puterii 

statistice este in general de 0.46, in cazul de fata avem o 
valoarea de 0.64, (datorita volumului redus de observatii 
pe variante si mai putin erorilor de masurare) testul a fost 
capabil sa detecteze efectele. 
         Diferen ele dintre medii, ´n numŁr de 

 , se comparŁ cu cele mai mici 

ranguri semnificative(cmmrs).  Cmmrs se calculeazŁ, 

înmul ind eroarea mediei cu valorile rangurilor 
corespunzŁtoare diferitelor depŁrtŁri dintre variante.(Isaic 
si Voda,2006) 

 
Table 5 

Comparison of means with the smallest significance ranks 

No. of 
variants 

Differences between means 

Confidence interval of 
differences between means 

=  
cmmrs 

Significance of 
differences 

6 - 1 97 -  88.25=8.75 5.68 ÷ 11.8 2.78 Significant 

6 - 2 97 -  90.5=6.5 3.96 ÷ 9.04 2.74 Significant 

6 - 3 97 - 91=6 3.36 ÷ 8.64 2.69 Significant 

6 - 4 97 - 96=1 -1.23 ÷ 2.23 2.49 Insignificant 

6 - 5 97  - 94.25=2.75 0.45 ÷ 5.05 2.62 Significant 

5 - 1 94.25 ï 88.75=6 2.72 ÷ 9.28 2.69 Significant 

5 - 2 94.25 ï 90.5=3.75 0.96 ÷ 6.54 2.62 Significant 

5 - 3 94.25 - 91=3.25 0.36 ÷ 6.14 2.49 Significant 

4 - 5 96- 94.25 = 1.75 -4.27 ÷ 0.77 2.49 Insignificant 

4 - 1 96 ï 88.25=7.75 4.53 ÷ 10.9 2.74 Significant 

4 - 2 96 ï 90.5=6.5 3.77 ÷ 9.23 2.69 Significant 

4 - 3 96 - 91=5 2.18 ÷ 7.82 2.62 Significant 

3 - 1 91 ï 88.25=2.75 -0.76 ÷ 6.26 2.62 Significant 

3 - 2 91 ï 90.5=1.5 -1.32 ÷ 4.32 2.49 Insignificant 

2 - 1 90.5 ï 88.25=2.25 -1.19 ÷ 5.69 2.49 Insignificant 

 

Considering the germination capacity, in all variants 

there have been obtained an output material fit in the 

standards of seed law (minimum 85%). Even if in variant 

  (AMZ+PLV) there is obtained a lower purity (98.90%) 

vs. control variant  (AMZ+HSR) the output seed 

germination is better due to the fact that in V2 seed are 

more sound, the ratio of shriveled, small grains and of 

longitudinal cracks is lower. In variants , , due to 

a large amount of the components, there is a great 

variability of germination in the studied replications. 

There can be observed that as the shriveled grains 

and other impurities are eliminated from the output 

material by applying advanced conditioning systems, the 

germination capacity increases significantly, even more 

than 8%, which is a very appreciate gain not only in the 

output material but also in the necessary seed quantity 

per hectare which reduces seeding costs. 

Analyzing the germination capacity of the variants 

there have been recorded significant differences between 

coleoptile length (5-42 mm), height of seedlings as well 

as in the root system (0-5 roots). This considerable 

differences are obvious in the variants in which shriveled 

and small grain rate is high. 

 Din punct de vedere al valorii germina iei în toate 
variantele se realizeazŁ germinaie,încadrabila în 
Normele legii semin ei (minim 85%).Chiar dacã in 
varianta:AMZ+PLV,( ) se realizeaza o puritate mai slaba 
(98.90%) fata de varianta martor (clasica) AMZ+HSR, 
( ) germinatia finala este mai mare si acesta datorita 
faptului ca in varinta )saminta finala este mai 
sanatoasa, procentul de boabe sistave, boabe mici si 
spaturãlongitudinala este mult redus. In 
variantele: , , datoritã prezentei intr-un procent mai 
mare a componentelor de mai sus, se iregistreazŁ o mai 
mare variabilitate a germinatiei pe repetitii. Se poate 
observa cŁ pe mŁsura eliminŁrii din proba finalŁ a 
boabelor ĥiĥtave ĥi a creĥterii puritŁii, ca urmare a 
sistemelor de condi ionare, facultatea germinativŁ creĥte 
considerabil, realizându-se diferen e de peste 8%, ceea 
ce ´nseamnŁ foarte mult, nu numai ´n calitatea finalŁ 
asemin ei ci ĥi ´n cantitate de sŁm©nŁ necesara pe 
hectar ĥi în final în costurile culturii înfiin ate. 

Analizind probele de germinatie pe variante, la 
momentul desfintarii, prin masurare,s-a constatat 
diferente mari intre lungimea coleoptilului de la 5mm (s-
au lipsa) pina la 42 mm, precum si intre lungimea 
plantulelor. Sistem radicular variat, de la lipsa radacinii, 
pinã la un numar de 4-5 radacini. Acest lucru este foarte 
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CONCLUSIONS 

The results of our research work interpreted by well 

known statistical tests emphasized certain technical 

aspects of the conditioning systems with a significant 

influence on all the quality indices of the seeding 

material. For obtaining vigorous plants with uniform 

sprouting there must be produced and commercialized 

very high quality seeds. The embryo of medium and large 

grains is well developed producing plants with high 

yielding capacity (Bucurescu et al,1992). 

Therefore conditioning and dimensional selection of 

seeds is an essential link in crop technology.  

 Applying an additional cleaning, results in an output 

material with superior indices that meets the present 

standards. Shriveled, damaged, dehusked and small 

grains existent in the output material, though considered 

as pure enough for the base category, still deteriorate it 

significantly. Yielding capacity of these seeds, especially 

of the shriveled ones, is very low, therefore these grains 

should be avoided when seeding. 

Our experiments concerning the influence of different 

conditioning systems on the rate of shriveled seeds 

remained in the output material and the germinative 

capacity showed a Ăbreakò in the cumulative effect of the 

machinery once the GA-81 gravitator device has been 

connected. 

 The most important role in obtaining a standard 

output is assigned to the PLV device and the   GA-81 

gravitator even though their cumulative action is 

recommended, these two devices eliminating the most 

part of the shriveled, diseased and small grains. 

 The significant differences observed between the 

studied conditioning variants concerning shriveled grain 

ratio remained in the output material (almost 6% in the 

case of -  variants), as well as differences 

concerning germination capacity (over 8%) needs a very 

serious analysis when seeding material is 

commercialized. For obtaining a standard seeding 

material the seed conditioning process must take place in 

specialized centers with high performance machinery and 

well trained personnel. 
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CONCLUZII 
Valorificarea rezultatelor ob inute în urma 

experimentului efectuat, cu tehnicile statistice cunoscute 
au surprins o serie de aspecte tehnice ale sistemelor de 
condi ionare cu influen e deosebite asupra tuturor 
indicilor de calitate, ce definesc valoarea culturalŁ a unui 
material biologic ce urmeazŁ a fi ´nsŁm©nat. 
Actualmente se vorbeĥte de dinamica semin elor, de 
uniformitate de germina ie, de viteza de creĥtere a tinerei 
plante, garan ii poten iale realizŁrii de plante riguroase, 
uniform rŁsŁrite capabile sŁ asigure recolte mari. 

De aceea,condi ionarea ĥi sortarea dimensionalŁ este 
o verigŁ(component«) esenŞial« ´ntehnologia culturii.In 
comparaŞie cu seminŞele mici, seminŞele mijlocii si mari 
au un embrion mai bine dezvoltat,dau plantule cu vitezã 
de crestere sporitã si prin aceasta o dezvoltare rapidã a 
aparatului vegetativ..(Bucurescu et al,1992) 
Prin curŁire suplimentarŁ se obine o sŁm©nŁ cu 

indici superiori celor ob inu i încadrabil de altfel în STAS-
ul semin ei.Semin ele ĥiĥtave, deteriorate,descojite, mici 
rŁmase ´n proba finalŁ, deĥi sunt considerate pure, ca 
facind  parte din categoria semin ei de bazŁ, au totuĥi 
defecte, experimentul de fatã a demonstrat performantele 
slabe a acestor componente. Potentialul de productie al 
acestor seminte in special al celor sistave este foarte 
scazut, cea ce le face necorespunzŁtoare ins«m´ntarii. 
CercetŁrile practice au demostrat relatia directa care 
exista intre nivelul productiilor obŞinute si m«rimea 
seminŞelor,uniformitatea si starea de s«natate a acestora. 

Din datele rezultate, privind influienta sistemelor de 
conditionare asupra procentului de boabe sistave ramase 
in proba finala, facultatea germinativã, se constata o 
Ărupereò a efectului cumulativ al utilajelor odat« cu 
intrarea in lucru a gravitatorului(GA-81),cea ce inseamna 
un efect singular mare al acestei masini. 

Rolul important în fine ea pregŁtirii seminei îl are 
maĥina PLV ĥi gravitatorul GA-81, chiar dacŁ se poate 
observa efectul cumulativ al fiecŁrui utilaj. Aceste douŁ 
utilaje îĥi aduc cel mai mare aport în eliminarea boabelor 
ĥiĥtave, bolnave ĥi mici. SŁm©na finalŁ, cu endosperm 
bine dezvoltat, boabe pline ĥi sŁnŁtoase va determina 
valoarea culturalŁ a lotului ce urmeazŁ a fi analizat. 

Diferen ele semnificative ce se ´nregistreazŁ ´ntre 
variantele de condi ionare în ce priveĥte procentul de 
boabe ĥiĥtave rŁmase ´n produsul final,aproape 6%(în 
cazul variantelor: - ) precum ĥi diferen e în ce priveĥte 
germina ia, de peste 8%,deziderate ce contribuie la 
reducerea calitŁii semin ei, creĥterea normei de 
semŁnat, rŁsp©ndirea bolilor odatŁ cu semŁnatul, obligŁ 
ca pregŁtirea seminei, sŁ se facŁ ´n centre specializate, 
ce au o dotare tehnicŁ corespunzŁtoare si personal 
specializat. 
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Abstract: In this paper is treated the pneumatic 

transport phenomenon, from the theoretic point of 

view, of vegetable seeds ,namely small and very small 

seeds, which are handled by dedicated sowing 

equipment in order to be seeds in plug trays and 

nourishing layer. The working principles of those 

equipments combine two important sub domains of the 

pneumatic actuation systems, the low pressure field 

(pressures up to 10 bar) and the vacuum field, and for 

each line in part must be used specific equipments 

that  must meet the designer technical requirements. 

Therefore, it is required that in the design/optimization 

process to take into account the seeds morphological 

properties that have a direct impact on transport and 

positioning process. Thus, the factors that influence 

the technological process shall be treated in this paper 

from a theoretical perspective. 

 

 

Keywords: seeding equipment, pneumatic system, 

pneumatic transport, small seeds and plug tray. 

 

 

INTRODUCTION 

The technologic process of pneumatic transportation 

of granulated and seeding material is used in agriculture 

(sowing, harvesting, conditioning and storage) in cereal 

and seed pre-processing and post post-processing. 

Those technologies uses air flow in order to maintain the 

integrity of harvested materials, to cause damage to grain 

or seed harvested, to make a separation of the impurities 

and insects, and also to realise an accurate dosage in 

bags or other transport containers. [2, 5, 7, 9, 12] 

Also, on this principle works the most performant 

pneumatic seeders, as field seeders, greenhouses 

sowing equipments and now, more recently in alveolar 

structures. [3, 4, 8, 11] 

Taking in to consideration the fact that the most 

important crops with the greatest impact is the vegetable 

crop, and due to the fact that the climate change has a 

great impact on it, the demand of seedlings was 

increased. In order to meet this requirement, were 

developed and manufactured seeds superior 

capitalization technologies, for all categories of farmers 

and growers, so they can adapt to the environmental 

conditions. [3, 4, 8] 

In vegetable and flower growing is prevailing seeds 

with small and very small dimensions (Table.1), with 

regulate or less regular geometric shapes (Fig. 2) and 

for this reasons the most seedlings producers used 

manual sowing method on a fairly large area. But due to 

competition for resources, in particular nutrients, only a 

 Rezumat: Ċn acest articol se trateazŁ fenomenul de 

transportul pneumatic, din punct de vedere teoretic, al 

materialului semincer legumicol cu dimensiuni reduse, 

respectiv seminŞe mici ĸi foarte mici, ce este manipulat 

de echipamentele de semŁnat speciale pentru a fi 

plantat ´n suport alveolar ĸi start nutritiv. Principiile de 

funcŞionare ale acestor echipamente combinŁ douŁ 

subdomenii importante din cadrul acŞionŁrilor 

pneumatice, domeniul presiunilor mici - de p©nŁ la 10 

bar ĸi cel al vacuumului, iar pentru fiecare ramurŁ ´n 

parte se utilizeazŁ echipamente specifice ce trebuie sŁ 

rŁspundŁ cerinŞelor tehnice ale proiectantului. Din 

aceste considerente este necesar ca în procesul de 

proiectare/optimizare sŁ se ŞinŁ cont de  proprietŁŞile 

morfologice ale seminŞelor ce au impact direct asupra 

procesului de transport ĸi poziŞionare. Astfel, factorii 

care influenŞeazŁ procesul tehnologic sunt trataŞi ´n 

aceastŁ lucrare din punct de vedere teoretic. 

 

Cuvinte cheie: echipament de semŁnat, instalaŞie 

pneumaticŁ, transport pneumatic, seminŞe mici, tavŁ 

alveolarŁ. 

 

INTRODUCERE 

Procesul tehnologic de transportul pneumatic al 

materialului semincer sau granulat, este utilizat cu 

precŁdere ´n agriculturŁ (semŁnare, recoltare,  

transport, condiŞionare ĸi depozitare), ´n tehnologiile de 

preprocesare ĸi postprocesare cereale ĸi seminŞe.  

Aceste tehnologii utilizeazŁ curenŞii de aer pentru a 

pŁstra integritatea materialelor recoltate, pentru a nu 

deteriora bobul sau sŁm©nŞa recoltatŁ, pentru a realiza 

o separarea impuritŁŞilor ĸi a insectelor, precum ĸi o 

dozare precisŁ ´n saci sau alte recipiente de transport. 

[2, 5, 7, 9, 12] 

Tot pe acest principiu funcŞioneazŁ ĸi cele mai 

performante semŁnŁtori pneumatice, fie ele ´n c©mp fie 

ele ´n solarii, ĸi acum mai nou în structuri alveolare. [3, 

4, 8, 11] 

DatoritŁ faptului cŁ, una dintre cele mai importante 

culturi este cea legumicolŁ, ĸi datoritŁ faptului cŁ 

schimbŁrile climaterice au un impact ridicat asupra 

acestor culturi, s-a mŁrit cererea de rŁsaduri. Pentru a 

satisface aceastŁ necesitate s-au realizat tehnologii de 

valorificare superioarŁ a materialului semincer pentru 

toate categoriile de fermieri ĸi cultivatorii, pentru a se 

putea adapta la condiŞiile de mediu. [3, 4, 8] 

Ċn legumiculturŁ ĸi floriculturŁ, predominŁ seminŞele 

cu dimensiuni mici ĸi chiar foarte mici (Tabelul 1), cu 

forme geometrice regulate sau mai puŞin regulate, (Fig. 

2) ĸi din aceste cauze majoritatea producŁtorilor de 

rŁsaduri utilizau metode de semŁnat manuale pentru 
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small number of seeds where able to germinate and 

develop properly and then to be transplanted in pots. 

Therefore at international level, were made and 

promoted a wide range of pneumatic seeding equipment 

for small and very small seeds in cellular systems so that 

each seed to have optimum development conditions. [3, 

4, 8, 10] 

semŁnarea acestora pe o suprafaŞŁ destul de mare. Dar 

datoritŁ competiŞiei pentru resurse, ´n deosebi 

substanŞe nutritive, numai un numŁr redus de seminŞe  

puteau germina ĸi dezvolta ´n normale, pentru ca apoi 

sŁ fie transplantate ´n ghivece. Din aceste considerente 

la nivel internaŞional, au fost realizate ĸi promovate o 

gamŁ variatŁ de echipamente pneumatice de semŁnat 

seminŞe mici ĸi foarte mici ´n sisteme alveolare, astfel 

´nc©t fiecare sŁm©nŞŁ sŁ aibŁ condiŞii optime de 

dezvoltare. [3, 4, 8, 10] 

 
Table 1.  

The peculiarities of leguminous seeds. 

Species Length [mm] Wide  
[mm] 

Thickness 
[mm] 

MMB 
[g] 

Seed no. 
/[g] 

Weight [hl] 

Tarhon 1-1,2 0,4-0,5 0,4-0,5 0,25 4000 - 

Celery 1-1,5 0,6-0,9 0,6-1 0,3-0,5 2700-3500 53-55 

Savory 1,1-1,8 0,8-1,3 0,6-0,7 0,5-0,8 1250-2000 - 

Salad 2,7-3,8 1,2-1,7 0,5-0,8 1-1,2 800-1000 44-46 

Carrot 2-4 1,1-1,8 0,6-1,2 1,1-1,9 550-850 11-35 

Parsley 2,2-3,2 1-1,7 0,8-1,3 1,2-1,8 560-820 52-60 

Dill 3,0-4,6 2-3,2 0,6-0,8 1,2-2 500-820 38-40 

Steve 2,2-4 1,5-2 1,5-2 1,6-3 350-600 - 

leek 2,1-3,2 1,5-2 1-1,7 2,3-3,6 270-420 40-54 

Tomato 3-4 2,2-3 0,5-1 2,7-3,4 300-370 - 

Onion 2,4-3,2 1,2-2 0,8-1,6 2,7-5 200-360 40-52 

Loboda 6-10 5-7 1,2-2 3,6-6 170-280 - 

White cabbage 1,5-1,4 1,3-2,4 1,1-1,3 3,2-4,2 240-300 67-69 

Peppers 2,3-4 2-3,6 0,6-1,1 4,5-8 125-200 48-50 

Radishes 2,9-3,9 2-3 1,2-3 6-10 80-135 60-72 

Asparagus 3-3,8 30-32 2-2,2 17-20 50-60 - 

Cucumber 8-12 3,2-4 1-1,6 28-40 25-45 48-50 

Melon 7-11 3-3,8 1,3-2 30-50 20-35 47-51 

Watermelon 7-12 3-8 2-3 30-150 7-35 40-50 

Artichokes 6-8 3-5 2-3 44-51 19-23  

Bame 3,5-6 3,5-6 3,4-6 65-85 12-15 - 

Noggin 10-19 2,8-12 1,5-4 80-250 5-12 50-55 

Spinach 2-5 2,3-3,5 1,8-2,1 7-12/9-14 - 35-40 

Lovage 4,7-7,5 2,1-3,7 1-1,5 - - - 

 

      
          Peppers                Okra                             Cucumber                 Parsley            Tomatoes                    Beet 

Fig. 1 - Small vegetable seeds physiological properties. [10] 

 

MATERIAL AND METHOD 

An important factor in pneumatic conveying systems is 

the concentration of material in air, respectively the 

report between the material weight and the air weight. [1, 

6] 

In the case of small and very small seeds can be 

applied vertically transported particle theory, due to their 

very small dimensions; in order to pick them up alveolar 

tray, a depression is generated  to the upper body,  

forming a current  of air which aspires the seed or the 

particle in the tray. 

The phenomenon of vertical transportation of solid 

particles and keeping them suspended occurs when air 

speed is equal or greater against the floating speed. 

In this case, the speed of the rising particles vr is 

equal with the airflow speed va minus the particle flotation 

 MATERIAL ķI METODŀ 

Un factor important în cadrul sistemelor de transport 
pneumatic este concentraŞia amestecului de material ´n 
aer, respectiv raportul dintre greutatea materialului ĸi 
greutatea aerului. [1, 6] 

Ċn cazul seminŞelor mici ĸi foarte mici se poate 
aplica teoria particulelor de transport pe verticalŁ, 
datortitŁ faptului cŁ dimeniunile acestora sunt foarte mici, 
iar pentru a le ridica din tava alveolarŁ se genereazŁ o 
depresiunie ´n partea superioarŁ a corpului, cea ce 
formeazŁ un curent de aer ce aspirŁ sŁmŁnŞa din tava de 
alimentare, respectiv particula.  
Fenomenul de transport pe verticalŁ a particulelor 

solide ĸi menŞinerea acestora suspendate se realizeazŁ 
atunci c©nd viteza aerului sŁ fie mai mare au egalŁ cu 
viteza de plutire. 

În acest caz, viteza cu care particulele se ridicŁ vr este 
egalŁ cu viteza curentului de aer va minus viteza de 
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speed vm.  plutire a particulei vm. 
 

 

 
 (m/s)  (1) 

 

The slip factor namely S can be expressed in the 

equation (2). 

 Factorul de alunecare, respectiv S,are expresia din 
ecuaŞia (2). 

 

 

 

 (2) 

 

In practice, the particles carried by air currents usually 

have different shapes and sizes, which are included in 

specific limits. This relative sliding of the material is the 

average particle glide. 

In the limiting case, when the air speed va is equal to 

the speed of floating vp, the relative speed vr is equal with 

the air velocity va and S is equal 1 and the vertical 

transport of material ceases. 

If va>vp, the gliding factor is subunitary and material 

transportation occurs. Because the solid material 

transported to do not cause an increasement of mixture 

concentration, the gliding factor must reach lower values, 

around 0.5 - for small grains and 0.2 - for grains. 

For each type of material, it is an optimal energy 

regime, respectively the minimal energy consumption for 

transporting a material unit. 

The particle floating speed, in conclusion, has an 

important role and therefore this phenomenon will be 

studied because it is applied to small and very small 

seeds. 

The particles flotation rate, when they are in position 
and the air flow is upward, is influenced by the forces 
equilibrium, respectively by the relative speed of the air 
from the external environment.  

In Fig. 3, illustrates an isolated spherical particle in an 
air stream, where va is the air velocity and this must be 
chosen as a particle to be in a state of rest to a 
designated location. 

 Ċn practicŁ, particulele transportate cu ajutorul 
curenŞilor de aer, au de obicei, diferite forme ĸi mŁrimi, ce 
sunt cuprinse în anumite limite. Astfel alunecarea relativŁ 
a materialului, reprezintŁ alunecarea medie a particulelor.  
Ċn cazul limitŁ, c©nd viteza aerului va este egalŁ cu 

viteza de plutire vp, viteza relativŁ vr este egalŁ cu viteza 
aerului va ĸi S este egal cu 1, iar transportul de material 
pe verticalŁ ´nceteazŁ. 

În cazul în care va>vp, factorul de alunecare este 
subunitar ĸi transportul materialului are loc. Pentru ca 
materialul solid transportat sŁ nu producŁ o creĸtere a 
concentraŞiei amestecului, factorul de alunecare trebuie 
sŁ ajungŁ la valori mai mici, ´njur de 0,5 - pentru granule 
mari ĸi 0,2 - pentru granule.  
Pentru fiecare tip de material ´n pare, existŁ un regim 

energetic optim, respectiv consumul minim de energie 
pentru transportul unei unitŁŞii de material. 

Viteza de plutire a particulelor, in concluzie, are un rol 
important ĸi din acest motiv, ´n continuare se va studia 
acest fenomen aplicat la seminŞe de dimensiuni mici ĸi 
foarte mici. 

Viteza de plutire a particulelor pentru cazul în care 
acestea stau pe loc ĸi curentul de aer este ascendent, 
este influenŞatŁ de echilibru de forŞe, respectiv de viteza 
relativŁ a aerul din mediul extern.  
Ċn fig. 3, este prezentatŁ o particulŁ izolatŁ de formŁ 

sfericŁ ´ntr-un curent de aer, unde: va reprezintŁ viteza 
aerului ĸi trebui astfel aleasŁ pentru ca particula sŁ se 
gŁseascŁ ´n stare de repaus faŞŁ de un reper fix. 

 
Fig. 2  Balance of particle in upward air current. 

 
From equilibrium eq. (3), it is noted that on the particle 

acts, the particle weight Z and the upward forces acting, 
respectively the airflow pressure W and the Archimedes 
force SA. 

 Din ecuaŞia de echilibru (3) se observa ca asupra 
particulei acŞioneazŁ, greutatea particulei Z ĸi  forŞele 
ascendente, respectiv presiunea curentului de aer W ĸi 
forŞa lui Arhimede SA. 
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 (3) 

 
The particle weight is shown in eq. (4), where: d is the 

particle diameter (m) and  is the specific material 

weight (kgf/m
3
). 

 Greutatea particulei este exprimatŁ cu ec. (4) unde: d 
este diametrul particulei (m) ĸi  este greutatea 

specificŁ a materialului (kgf/m
3
). 

 

 (4) 

 
Archimedes force is equivalent to the particle air 

displaced weight, eq.5, where  is the specific weight of 

air (kgf/m
3
) at a certain temperature. 

 ForŞa lui Arhimede este echivalentŁ cu greutatea 
aerului dislocat de particulŁ, ec.5, unde  este greutatea 

specificŁ a aerului (kgf/m
3
) la o anumitŁ temperaturŁ. 

 

  (5) 

 
The bearing force is the force generated by the air 

flow, eq. 4, and depends: by  - the air specific weight 

(kg/m
3
), by g ï the gravitational acceleration (m/s

2
) and ɣ 

ï the coefficient of pressure. 
. 

 ForŞa portantŁ, reprezintŁ forŞa generatŁ de presiunea 
curentului de aer, ec. (6), ĸi depinde: de  - greutatea 

specificŁ a aerului (kgf/m
3
), de g - acceleraŞia 

gravitaŞionalŁ (m/s
2
) ĸi de  - coeficientul de presiune. 

 

 (6) 

 
In most cases the  and for this reason the 

Archimedes force is neglected, and equilibrium condition 
becomes W = Z. Replacing forces with their expressions 
and we obtain the equation (7). [1] 

 În majoritatea cazurilor  ĸi din aceste 

considerente se neglijeazŁ forŞa lui Arhimede, iar condiŞia 
de echilibru devine  Înlocuind forŞele cu expresiile 

lor se obŞine ecuaŞia (7).[1] 
 

 (7) 

 
With the above expression, can be determined the 

floating speed , which at the moment is an 

equation with two unknowns, since ɣ is dependent on the 
Reynolds number, which is determined, in its turn, by the 
air speed . 

Next, a certain value is chosen for ., from which is 

determined the Reynolds number using eq.(8). 

 Cu ajutorul expresiei de mai sus se poate determina 
viteza de plutire , care în acest moment este o 

ecuaŞie cu douŁ necunoscute, deoarece  este 

dependent de numŁrul Reynolds, care la r©ndul lui este 
determinat de viteza aerului . 

Ċn continuare, se alege o anumitŁ valoare pentru   

din care se determinŁ numŁrul Reynolds cu ajutorul 
ec.(8). 

 

 (8) 

 
The kinematic viscosity v has the value 0.145*10

-4
 

m/s, only when the air has the temperature of ɗ=15 ᴈ, 
p=760 mmHg and ɔa=1,2 kgf/m

3
. Knowing Re, the 

coefficient ɣ can be determined and it is check if va was 
correctly chosen, whether that condition vaåvp is 

respected.  
It should be noted that the pipe floating speed is 

slmaller than the speed in space, but also the fact that 
the mathematical model is applicable only to particles 
with spherical shape. 

For the irregularly shaped particles, it is taken into 
account the equivalent sphere diameter dech and the form 
factor Kf  

If the particle with varied shape has a volume V, then 
the diameter of the equivalent sphere can be determined 
by applying eq. (9). 

 Vâscozitatea cinematicŁ ɜ, are valoarea de 0,145*10
-4

 
m/s, atunci când aerul are temperatura ɗ=15 ᴈ, p= 760 
mmHg ĸi ɔa=1,2 kgf/m

3
. Cunoscând Re se poate 

determina coeficientul ɣ ĸi se verificŁ dacŁ va a fost bine 
aleasŁ, respectiv dacŁ se respectŁ condiŞia vaåvp. 

Trebuie luat ´n considerare faptul cŁ viteza de plutire 
´n conductŁ este mai redusŁ dec©t viteza ´n spaŞiul liber, 
dar ĸi faptul cŁ, modelul matematic este aplicabil numai 
pentru particulele cu formŁ sfericŁ. 

Pentru particule cu forme neregulate se ia în 
considerare diametrul sferei echivalente dech ĸi noŞiunea 
factorului de formŁ Kf. 
DacŁ particula, cu formŁ oarecare, are volumul V, 

atunci diametrul sferei echivalente pate fi determinat 
aplicând ec. (9). 

 

 (9) 

 
The form factor influences the air pressure coefficient 

on the particle ɣ, and the equation floating speed in this 
case is shown as in eq.(10).[1]. 

 Factorul de formŁ influenŞeazŁ coeficientul de 
presiune a aerului asupra particulei ɣ, iar ecuaŞia vitezei 
de plutire în acest caz are forma prezentatŁ ´n ec.(10).[1] 
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 (8) 

 
The value for Kf parameter and the report C between 

the floating speed of equivalent sphere and the 

spherical particle floating rate , can be chosen 

according to Table 4. 

 Valoarea parametrului Kf ĸi raportul C dintre viteza de 
plutire a sferei echivalente vôp ĸi viteza de plutire a 
particulei sferice vp, pot fi alese conform Tabelului 4. 

 
 

Table 4. 
Values of shape factor Kr and C for bodies with different shapes. [1] 

Bodyôs shape The form factor 
Kf 

Coefficient 
C 

Sphere 1 1 

The rounded shape with irregular surface 2,5 0,64 

Elongated body 3 0,57 

Board 5 0,45 

 
 
 

Table 5.  
Experimental data on the dynamic characteristics of seeds. [1, 10] 

Seed type Volumetric weight 
ɔm (kgf/m

3
) 

Floating speed 
vôp (m/s) 

Observations 

Lin 660 5,2 Technical plant with small seed 

Cotton 600 9,5 Textile plant with small seed 

Poppy 590 2,5 ï 4,3 Vegetable species with very small seeds 

Chicory 390 11,9 ï 13,2 Vegetable species with very small seeds 

 
 

The speed of floating bodies, usually is determined 
for individual particles or if the solid material 
concentration in the air is very low, because from the 
experimental work it is demonstrated that, along with 
increasing concentration of material, floating rate 
increases. 

From the viewpoint of seeding technology of small 
and very small seeds, such calculation methods are 
suitable, because the speed of the float is specific to 
materials with reduced concentration, respectively to 
seed absorbtion, using a nozzle or needles connected to 
the vacuum system, see Fig. 6-11. 

 Viteza de plutire a corpurilor, de obicei este 
determinatŁ pentru particule individuale sau pentru cazul 
´n care concentraŞia materialului solid ´n aer este foarte 
redusŁ, deoarece din activitŁŞile experimentale s-a 
demonstrat cŁ o datŁ cu creĸterea concentraŞiei de 
material, viteza de plutire se mŁreĸte. 
Din punct de vedere al tehnologii de semŁnare a 

seminŞelor mici ĸi foarte mici aceste metode de calcul 
sunt adecvate, deoarece viteza de plutire este specificŁ 
materialelor cu concentraŞie reduse, respectiv de 
absorbŞie a unei seminŞe cu ajutorul unei duze sau ace 
conectate la instalaŞia de vacuum, vezi Fig. 6-11. 

 
 

 
 

Fig.6. Seed interchangeable nozzles for plug trays - MOSA.  Fig.7 Seed needles aspiration/evacuation units ïMOSA. 

 
 

 

Fig.8 Seed metal nozzles aspiration/evacuation units ï 
HAMILTON. 

Fig.9 Seed rubber nozzles aspiration/evacuation units ï 
BLACKMORE.  

  
Fig.10 Type of needles for small seeds multiple sowing - 

AGRITEH. 
Fig.11 Bent needles for GS1seeder ï SEEDERMAN. 



INTERNATIONAL SYMPOSIUM
   

 

102 
 

 
To dimension the pneumatic transport system, 

respectively alveolar pneutronic seed drill for small and 
medium seeds, it is very important to know the quantity of 
transported product, which is directly reflected on 
machine productivity. [6] 

Depending on this, it can be determined functional 
and technical parameters of conveying such as: mixing 
coefficient, air flow, diameter of transmission pipelines 
(nozzles and needles) nozzles, diameter for main power 
line and others. [6] 
An important parameter is the mixing coefficient ɛ that 

usually it is framed between 1.5 ÷ 3 and represents the 
ratio between the product transported quantities Gm 
(kg/min) and the air quantity needed during this process 
Ga (kg/min), eq.9. [6] 

 Pentru dimensionarea instalaŞiei de transport 
pneumatic, respectiv al semŁnŁtorii alveolare 
pneutronice pentru seminŞe mici ĸi mijlocii, este foarte 
important a se cunoaĸte cantitatea de produs 
transportatŁ, care se reflectŁ direct asupra productivitŁŞii 
maĸini. [6] 
Ċn funcŞie de aceasta, se pot determina parametrii 

tehnico-funcŞionali ai instalaŞiei de transport precum: 
coeficientul de amestec, debitul de aer, diametrul 
conductelor de transport (duze ĸi ace), diametrul liniei 
principale de alimentare ĸi alŞii.[6] 

Un parametru important este coeficientul de amestec ɛ, 
care de obicei se ´ncadreazŁ ´ntre 1,5 ĸi 3, ĸi reprezintŁ 
raportul dintre cantitatea de produs transportatŁ Gm 

(kg/min) ĸi cantitatea de aer necesarŁ acestui proces Ga 

(kg/min), eq.9.[6] 
 

 (9) 

 
Where Ga is the product of the specific mass of 1 m

3
 

of air flow  specific to the working environment and the 

debit Qa.. 

 Unde Ga este produsul dintre masa specificŁ a 1 m
3
 de 

aer specificŁ mediului de lucru ĸi debitul Qa. 

 
 (10) 

 
The airflow needed a transport line q is determined 

using the eq. (11). [4] 
 Debitul de aer necesar unei linii de transport q se 
stabileĸte utiliz©nd formula din ec. (11).[4] 

 

 (11) 

 
The determination of the required flow for a power 

lines / pipeline Qt can be used eq. (12). 
 Pentru a determina debitul necesar unei linii de 

alimentare/magistrale Qt se utilizeaza ec. (12). 

 
 (12) 

 
 

Where ca is the amplification factor to cover 
unexpected losses or consumption. 

Diameter of transmission lines dt is calculated using eq. 
(13). 

 Unde ca este coeficientul de amplificare pentru 
acoperirea unor pierderi sau consumuri neprevŁzute. 

Diametrul conductelor de transport dt se calculeazŁ cu 
folosind ec. (13). 

 

 (13) 

 
Where: dt is the diameter of the pipeline (m), Gm is 

the quantity of transportȭֵ product (kg/h), ɛ is mixture 
coefficient and v is the air velocity in the pipeline (m/s). 

The diameter of main supply line or main pipe D, on 
which are connected to the transport lines, is calculated 
according to eq. (14). 

 Unde: dt este diametrul conductei (m), Gm cantitatea de 
produs de transport (kg/h), ɛ este coeficientul de 
amestec ĸi v este viteza aerului pe conductŁ (m/s). 

Diametrul conductei principale de alimentare sau a 
magistralei D, la care sunt racordate liniei de transport, 
se calculeazŁ conform ec. (14). 

 

 (14) 
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In the scientific literature, the particles transported by 
an air current have a rotation movement, whether the 
transport is on horizontal or vertical, because it has an 
asymmetrical geometry and the gravity center varies. 
Rarely the result of bearing force passes through the 
particle gravity center and the resultant force isnôt 
positioned in center of gravity and then is produced a 
rotation moment. 

 

CONCLUSIONS 

The working principles of sowing small and very 
small seeds in plug trays has an interdisciplinary 
character as it combines two important subdomains of 
the pneumatic actuation systems, the low pressure field 
(pressures up to 10 bar) and the vacuum field, and for 
each line in part, must be used specific equipments that 
must meet the technical requirements.  

Therefore, it is required that in the 
design/optimization process to take into consideration the 
seeds morphological properties that have a direct impact 
on transport and positioning process.  

Besides factors presented in this paper the process is 
influenced by the seed friction force with feeder, in order 
to reduce the contact area. For this reason, the seed it 
has a hopping motion due to a vibrating system or, which 
is set according to the morphological characteristics 
(such as: size, the specific weight and particles form), 
Properties which are also important for the pneumatic 
vertical transport, namely the gliding factor. 

This aspect was not treated from the theoretical 
standpoint in this paper, but will be subject to other 
scientific papers that will expand the theoretical basis that 
can be applied to these types of equipment. 

 În literatura de specialitate particulele transportate de 
un curent de aer se rotesc, indiferent dacŁ transportul se 
face pe orizontalŁ sau pe verticalŁ, deoarece acestea 
sunt asimetrice iar centru lor de greutate variazŁ. Rareori 
rezultanta forŞei portante trece prin centru de greutate a 
corpului ĸi atunci forŞa rezultantŁ nu este poziŞionatŁ ´n 
centru de greutate ĸi se produce un moment de rotaŞie. 

 
 

CONCLUZII 

Principiile de funcŞionare ale echipamentelor de 
semŁnat seminŞe mici ĸi foarte mic ´n tŁvi alveolare are 
un caracter interdisciplinar, deoarece combinŁ douŁ 
subdomenii importante din cadrul acŞionŁrilor 
pneumatice, domeniul presiunilor mici - de p©nŁ la 10 bar 
ĸi cel al vacuumului, iar pentru fiecare ramurŁ ´n parte se 
utilizeazŁ echipamente specifice ce trebuie sŁ rŁspundŁ 
cerinŞelor tehnice.  

Din aceste considerente procesul de 
proiectare/optimizare trebuie ia in considerare 
proprietŁŞile morfologice ale seminŞelor ce au impact 
direct asupra procesului de transport ĸi poziŞionare.  
Ċn afara de factorii prezentaŞi ´n aceastŁ lucrare 
procesul tehnologic mai este influenŞat ĸi de forŞa de 
frecare a seminŞei cu tava de alimentare, pentru a 
micĸora suprafaŞa de contact. Din acest motiv, sŁm©nŞa 
este sŁltatŁ datoritŁ unui sistem vibrator care este reglat 
´n funcŞie de caracteristicile morfologice (precum: 
dimensiunea, greutatea specificŁ ĸi forma particulelor). 
Carcateristici care de asemenea sunt importante ĸi 
pentru transportul penumatic pe verticalŁ.  

Acest aspect nu a fost tratat din punct de vedere 
teoretic ´n aceastŁ lucrare, dar va fi subiectul unei alte 
lucrari stiintifice pentru a complecta baza teoreticŁ ce 
poate fi aplicatŁ acestor tipuri de echipamente. 
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Abstract: An important requirement in animal feed is the 

quality of hay obtained from forage harvesting process. 

The paper presents experimental research of prototype 

of windrower trailed who performed in a single pass 

mowing and conditioning operations (crushing, breaking 

or defibration stalks) and left swaths of fodder plants. 

The results will constitute the basis of promoting the 

exploitation of a competitive product, which, by the work 

process performed, helps to accelerate the drying of hay 

on the soil, thus improving its nutritional quality. 

 
Keywords: trailed windrower, harvesting, crushing, 
breaking, defibration, swaths, fodder 
 
INTRODUCTION 

   Hay plays an essential role in animal nutrition in winter. In 

winter should be used as feed hay first of all, followed by 

the first meed of concentrate fodder [1].  

    The hay is a food of a dairy cow that cannot be 

relinquished. It supports the motor functions of the bellows, 

i.e. muscle activity of the digestive system and ruminants, 

activities crucial for proper decomposition of food.  

Therefore, the yield of dairy cows is influenced by genetic 

potential generally around 20%, about 30% of 

accommodation and care and feeding 50% [6]. 

   This relationship is dependent on the harvest - 

conservation ï rationing of feeding. Harvesting plants on 

permanent pasture and crop land is common from spring 

until late fall to ensure daily needs of food animals [2].  

   The quantity and quality of fodder depend on various 

factors forced the speed of growth of the plants, weather 

conditions, mechanization and the way storage [3].  

   One of meteorological factors influencing the quality of 

hay is rain, which darkens and depreciates them [4].  

   S.C. MECANO FUC S.A. in partnership with INMA 

Bucharest has found the solution to this problem by 

applying a harvest technologies leading to hasten drying 

hay on the ground. Thus they were conducted experimental 

research to promote in this new technology a  windrower, 

which is designed to perform mowing operations (crushing, 

breaking or defibration stalks) and left swaths forage 

grasses for drying natural [5]. 

Lamination (crushing) plant plays by rollers has an 

important role in the harvesting technology because this 

operation hastens the water evaporation. At the same time, 

by crushing the humidity of leaflets and stems are unified, 

ensuring their identical drying conditions and also be 

 Rezumat: O cerinŞŁ importantŁ ´n furajarea animalelor 
este calitatea fânului obŞinut în urma procesului de 
recoltare a plantelor furajere. În lucrare sunt prezentate 
cercetŁrile experimentale efectuate cu prototipul de 
vindrover tractat, care la o singurŁ trecere realizeazŁ 
operaŞiile de cosire (strivirea, frângerea sau defibrarea 
tulpinilor) ĸi lŁsatul ´n brazde a plantelor furajere. 
Rezultatele obŞinute vor sta la baza promovŁrii ´n 
exploatare a unui produs competitiv, care prin procesul de 
lucru realizat ajutŁ la grŁbirea uscŁrii fanului pe sol, 
´mbunŁtŁŞindu-i astfel calitatea nutritivŁ. 
 
Cuvinte cheie: vindrover tractat, recoltat, strivire, 
frângere, defibrarea, brazde, furaje 

 
INTRODUCERE 

F©nul joacŁ un rol esenŞial în alimentaŞia de iarnŁ a 
animalelor. Iarna trebuie administrat f©nul prima datŁ ca 
furaj, dupŁ care urmeazŁ primul tain de nutreŞuri 
concentrate [1].  

Fânul este un aliment al unei vaci de lapte la care nu se 
poate renunŞa. El sprijinŁ funcŞiile motorii ale burdufului, 
adicŁ activitatea muscularŁ a sistemului digestiv, ĸi 
rumegatul, activitate indispensabilŁ pentru o 
descompunere corespunzŁtoare a hranei. De aceea, 
randamentul unei vaci de lapte este influenŞat de 
potenŞialul genetic în general cca.20%, cca.30% de 
condiŞiile de cazare ĸi îngrijire ĸi 50% de furajare [6].  

Acest lucru este dependent de relaŞia recoltare - 
conservare - furajare raŞionalŁ. Recoltarea plantelor pe 
pŁĸunile permanente ĸi terenurile cultivate este des 
´nt©lnitŁ ´ncep©nd de primŁvara ĸi p©nŁ toamna t©rziu ´n 
scopul asigurŁrii necesarului zilnic de hranŁ la animale [2]. 
Cantitatea ĸi calitatea furajelor depind de diverĸi factori 
impuĸi de ritmul de vegetaŞie al plantelor, condiŞiile 
atmosferice, mecanizarea lucrŁrilor ĸi felul de depozitare 
[3]. Unul din factorii meteorologici care influenŞeazŁ 
calitatea fânului este ploaia, care îl înnegreĸte ĸi 
depreciazŁ [4]. S.C. MECANO FUC S.A. în parteneriat cu 
INMA Bucureĸti a gŁsit soluŞia pentru rezolvarea acestei 
probleme, prin aplicarea unei tehnologii de recoltare care 
sŁ conducŁ la grŁbirea uscŁrii fanului pe sol. Astfel, au 
fost efectuate cercetŁri experimentale ´n scopul promovŁrii 
în cadrul acestei tehnologii a unui vindrover tractat, care 
este destinat sŁ efectueze operaŞiile de cosire (strivirea, 
frângerea sau defibrarea tulpinilor) ĸi lŁsatul ´n brazde a 
plantelor furajere ierboase, ´n vederea uscŁrii naturale [5].  
Laminarea(strivirea) plantelor de cŁtre valŞuri are un rol 

important în cadrul tehnologiei de recoltare deoarece prin 
aceastŁ operaŞie se grŁbeĸte evaporarea apei. În acelaĸi 
timp, prin strivire se uniformizeazŁ umiditatea dintre 
frunzuliŞe ĸi tulpini, asigur©nd acestora condiŞii identice de 
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eliminated or reduced work rummage, thus reducing the 

losses in leaflets by shaking. All these advantages lead in 

the end to obtain high quality fodder. 

 
MATERIAL AND METHOD 

   Experimental research in laboratory and exploitation 

conditions, which are presented in this paper, were 

performed on experimental fields of SCD Pajiĸti Vaslui, 

according to the testing procedures developed by INMA 

Bucharest, with the prototype of a windrower trailed by a 

47.8 kW Romanian manufacturing wheel tractor (fig.1). 

This was coupled to the tractor drawbar and working bodies 

were driven to the power via a shaft. Trailed windrower, 

while working, by submitting in fodder plant field, bends 

plants with a front bar, cut them with a cutter knife and 

fingers and directs them by the elastic fingers of a folded 

towards  two crushing rollers. Plant laminating by rolling 

rollers plays an important role in obtaining high quality 

fodder, as speeds up the evaporation of water, equalizing 

the humidity of the leaflets and stalks, in order to reduce the 

loss of leaflets by shaking. 

Working indices determined under laboratory 
conditions: 

- Effective working width, cm 
- After cutting swath width, cm 
- Cutting height (stubble) cm 
Parameters determined in operating conditions: 

- Average speed of working, m/s 
- Effective torque to the PTO, Nm 
- Effective power consumption, kW 
- Noise, dB 
- The amount of vegetal mass per hectare, t/ha of green 
mass 
   However, in the testing research in operating conditions 
intended to establish how move in work the aggregate 
windrower VF + 47.8 kW wheel tractor, to diminish the time 
of returns at the end of the plot and avoid traveling unladen, 

uscare ĸi totodatŁ se eliminŁ sau se reduc lucrŁrile de 
rŁvŁĸire, reduc©nd astfel pierderile de frunzuliŞe prin 
scuturare. Toate aceste avantaje conduc în final la 
obŞinerea unor furaje de calitate.  
 
MATERIALE ķI METODŀ 

CercetŁrile experimentale ´n condiŞii de laborator ĸi 
exploatare, care sunt prezentate în lucrare, au fost 
efectuate pe terenurile experimentale ale SCD Pajiĸti 
Vaslui, ´n conformitate cu procedura de ´ncercŁri elaboratŁ 
de INMA Bucureĸti, cu prototipul de vindrover tractat în 
agregat cu tractorul de 47,8 kW pe roŞi de fabricaŞie 
rom©neascŁ (fig.1). Acesta a fost cuplat la bara de 
tracŞiune a tractorului, iar organele de lucru au fost 
acŞionate de la priza de putere prin intermediul unei 
transmisii cardanice. Vindroverul tractat, în procesul de 
lucru, prin ´naintarea ´n lan, apleacŁ plantele cu ajutorul 
unei bare frontale, le taie cu un aparat de tŁiere cu degete 
ĸi cuŞit ĸi le dirijeazŁ cu niĸte degete elastice ale unui 
rabator spre douŁ valŞuri de strivire. La ieĸirea dintre 
valŞuri, plantele cosite sunt lŁsate pe sol ´n brazde a cŁror 
lŁŞime poate fi variatŁ cu ajutorul unor deflectoare 
reglabile, ´n funcŞie de cantitatea de material ĸi de lŁŞimea 
de lucru a echipamentelor de strâns plantele uscate. 
Indicii de lucru determinaŞi în condiŞii de laborator: 

- LŁŞimea efectivŁ de lucru, cm 
- LŁŞimea brazdei dupŁ tŁiere, cm 
- ĊnŁlŞimea de tŁiere (miriĸtea), cm 
Parametri determinaŞi în condiŞii de exploatare: 

- Viteza medie de lucru, m/s 
- Momentul real la priza de putere, Nm 
- Puterea realŁ consumatŁ, kW 
- Nivelul de zgomot, dB 
- Cantitatea de masŁ vegetalŁ la hectar, t/ha masŁ verde 
TotodatŁ, ´n cadrul cercetŁrilor ´n condiŞii de exploatare 

s-a urmŁrit stabilirea modului de deplasare ´n lucru a 
agregatului vindrover VF + tractor de 47,8 kW, în vederea 
diminuŁrii timpului afectat ´ntoarcerilor la capŁtul parcelei 
ĸi evitŁrii deplasŁrii ´n gol. 

 
Fig. 1 -Trailed windrower prototype in aggregate with the 47.8 kW wheel tractor 

 
Table 1 

The conditions under which the tests were performed 

Specification 
Harvesting culture: 

SAINFOIN 

Year of vegetation First year 

Growing stages 55 % blooming 

The average height of grass field, mm 540 

Average plant height, mm 620 

Plant moisture at harvesting,% 56.8 

The number of plants per m
2
, pcs. 246 

The average amount per hectare of the vegetal mass, t/ha 22.7 

Botanical composition of the harvester grass field,% 
- sainfoin 
- other plants 

 
68 
32 

Tractor in aggregate, CP 
- Engine speed, rev / min 
- PTO speed, rev / min 

65 
1800 
540 
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Specification 
Harvesting culture: 

SAINFOIN 

Load on the skates of the windrower, kg 40 

 
The apparatus used in experiments 

- Measuring the forces of connection between the tractor 
and the trailed windrower (tensile strength Ft) was 
performed using transducers drawbar. 
- Effective torque to the PTO measured with a torque 
transducer (model T4WA-S3 / 2kN). 
- To record the acquired data directly to a computer 
Toshiba has used a package of specialized programs. 
- Stopwatch 
- Metallic frame of 1 m2 
- Measuring tape 50 m; 
- Weigher. 
- Tensile strength was calculated based on driving speed 
vl of the aggregate and average tensile strength Ft 

previously determined with the relationship: 

 Aparatura utilizatŁ la experimentŁri 

- MŁsurarea forŞelor de legŁturŁ dintre tractor ĸi 
vindroverul tractat (forŞa de rezistenŞŁ la tracŞiune Ft) s-a  
realizat folosind traductoare cu barŁ de tracŞiune. 

- Momentul real la priza de putere s-a mŁsurat cu un 
traductor de moment de torsiune (model T4WA-S3/2kN). 

- Pentru înregistrarea datelor achiziŞionate direct pe un 
computer Toshiba s-a utilizat un pachet de programe 
specializate. 
 - Cronometru 
- RamŁ metalicŁ de 1 m

2 

- RuletŁ de 50m; 
- Cântar 
- Puterea de tracŞiune s-a calculat, pe baza vitezei de 

deplasare vl a agregatului ĸi a forŞei medii de tracŞiune Ft 
determinate anterior, cu ajutorul relaŞiei: 

1000

lt
t

vF
P

³
= , kW         (1) 

 
where Ft is the average tensile strength in N and vl - 

average working speed in m/s. 
 

RESULTS 

Table 2 presents the average values of indices obtained 

in laboratory tests. 

Analysis of the data presented in Table 3 shows that 

trailed windrower in aggregate with 47.8 kW wheel 

tractor, has performed, in accordance with the effective 

settings, a working width of 2100 mm and an average 

cutting height of 62 mm. Following experimental 

research in laboratory conditions it was found that the 

width and thickness aspect of furrows made by trailed 

windrower is uniform and can be collected by balers, 

loading wagons, fodder combines whose harvesting 

equipment have working widths of 1.5 ... 1.8 m. 

Operational tests were made in different working driving 

and working conditions according to the INMA Bucharest 

test procedures. Table 3 presents the average indices 

values obtained from energetic tests in operating 

conditions. 

 unde Ft  este forŞa medie de tracŞiune, în N iar vl - viteza 

medie de lucru, în m/s. 
 
REZULTATE 

În tabelul 2 sunt prezentate valorile medii ale indicilor 
obŞinuŞi la ´ncercŁrile ´n condiŞii de laborator. 

Analiza datelor prezentate în tabelul 3 arŁtŁ cŁ 
vindroverul tractat în agregat cu tractorul de 47,8 kW pe 
roŞi a realizat, în conformitate cu reglajele efectuate, o 
lŁŞime medie efectivŁ de lucru de 2100 mm ĸi o ´nŁlŞime 
medie de tŁiere de 62 mm. Ċn urma cercetŁrilor 
experimentale în condiŞii de laborator s-a constatat cŁ 
aspectul lŁŞimii ĸi grosimii brazdele realizate de 
vindroverul tractat este uniform ĸi pot fi adunate de 
presele de balotat, remorcile auto´ncŁrcŁtoare, combinele 
de furaje al cŁror echipament de adunat au lŁŞimi de lucru 
de 1,5é1,8 m. 
ĊncercŁrile de exploatare s-au efectuat în diverse 

condiŞii de deplasare ĸi de lucru, în conformitate cu 
procedura de ´ncercŁri INMA Bucureĸti. În tabelul 3 sunt 
prezentate valorile medii ale indicilor energetici obŞinuŞi la 
´ncercŁrile ´n condiŞii de exploatare. 

 
          Table 2 

Indices obtained in laboratory testing conditions 

Name of Indices M.U. Measured value 

Average effective working width mm 2100 

Average width of the swath after cutting (the first stage adjustment) mm 1500 

Average width of the swath after cutting (the second stage adjustment) mm 1100 

Cutting average height (stubble) mm 62 

 
Table 3 

Energetic indices obtained from tests under operational conditions 

The measurement carried out MU 
Average speed of working, m/s 

1.27 1.41 1.57 1.72 

The average engine speed rev/min. 1853 1856 1850 1813 

Average speed of PTO rev/min 556 557 555 544 

Effective average torque of PTO N m 26.92 28.62 30.48 32.56 

Effective average consumed power kW 16.5 18.3 20.4 22.3 

Average Noise Level dB 85 

The average amount of vegetal mass per hectar t/ha 22.7 

 
Within operational tests intended to establish the mode  Ċn cadrul ´ncercŁrilor de exploatare s-a urmŁrit stabilirea 
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of displacement in work of the windrower, VF, in 
aggregate with 47.8 kW wheel tractor, to diminish the 
time of returns at the end of the field and avoid unloaded 
movement. 

Moving around from the outside towards the center of 

the field is the most recommended because time returns 

is very small and is recommended for harvesting fields of 

200 ... 250 m sides, possibly square shape. 

The lateral displacement, on the right side return at the 

end of the parcels, is recommended for fields, grater 

width of 250 m and length of approx. 50 ... 100 m. In this 

situation, to safely return, requiring a space width of 6 ... 

8 m at the ends of the parcel, obtained by mowing or 

harvesting plants with forage harvesting. 

Figure 3 shows the aggregate of 47.8 kW wheel tractor + 

trailed windrower while turns at the end of the parcel. 

modului de deplasare în lucru a agregatului vindrover VF-
tractor de 47,8 kW, ´n vederea diminuŁrii timpului afectat 
´ntoarcerilor la capŁtul parcelei ĸi evitŁrii deplasŁrii ´n gol. 
Deplasarea de jur ´mprejur, de la exterior cŁtre centru 

parcelei, este cea mai recomandatŁ deoarece timpul 
afectat întoarcerilor este foarte mic, fiind recomandatŁ 
pentru recoltarea parcelelor cu laturile de 200é250 m, pe 
c©t posibil de formŁ pŁtratŁ. 
Deplasarea lateralŁ, cu ´ntoarcere pe partea dreaptŁ la 

capetele parcelelor, este recomandatŁ pentru parcele cu 
lŁŞimea mai mare de 250 m ĸi lungimea de cca. 50é100 
m. Ċn aceastŁ situaŞie este necesar ca la capetele parcelei 
sŁ existe un spaŞiu necesar pentru întoarcerea agregatului 
cu lŁŞimea de 6é8 m, care se obŞine prin cosirea plantelor 
cu cositori sau recoltarea cu combine de furaje. 

În figura 3 este prezentat agregatul tractor de 47,8 kW 
+ vindrover tractat ´n timpul efectuŁrii ´ntoarcerilor la 
capŁtul parcelei. 

 

 
Fig. 3 - Picture of 47.8 kW wheel tractor + trailed windrower while returns 

 
CONCLUSIONS 

    Following the observations made during experimental 
research showed that: 
- trailed windrower respected major quality assessment 
indices and operating parameters for mowing (crushing, 
breaking or shredding stalks) and leaving swaths of 
fodder plants; 
- through the work conducted by tested trailed windrower 
the drying time of mowed plants became shorter and 
ensured also drying of the stems and leaves. 
    The results will form the basis of assimilation into 
operation of the trailed windrower so that the risk caused 
by prolonged remaining on the ground of the fodder to 
be harvested is much lower, thus improving its qualities. 
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 CONCLUZII 

În urma observaŞiilor efectuate în timpul cercetŁrilor 
experimentale a rezultat cŁ: 
- Vindroverul tractat a respectat indicii principali de apreciere 
a calitŁŞii ĸi parametrii de exploatare pentru lucrarea de 
cosire (strivirea, frângerea sau defibrarea tulpinilor) ĸi lŁsatul 
în brazde a plantelor furajere; 
- Prin procesul de lucru realizat de vindroverul tractat s-a 
scurtat timpul necesar uscŁrii plantelor ĸi s-a asigurat 
uscarea în acelaĸi timp a tulpinilor ĸi frunzelor. 

Rezultatele obŞinute vor sta la baza asimilŁrii în 
exploatare a vindroverului tractat, astfel încât riscul provocat 
de rŁm©nerea prelungitŁ a furajului recoltat pe teren sŁ fie 
este mult diminuat, ´mbunŁtŁŞindu-i-se astfel calitŁŞile. 
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Abstract:. Medicinal plants represent natural 

resources of bioactive principles, as the active compounds 
are concentrated in the whole plant or in its different 
organs, the so-called useful parts. 

After gathering, the vegetal matter can be subject to 
conditioning or mincing operations. Diminishing the 
medicinal plants dimensions is required by the market 
demands, or represents an intermediary phase/operation 
within the technological processes of obtaining the 
relevant products. 

The paper presents the experimental results regarding 
the quality of chopping the Milfoil herb (Achillea millefolium 
L.), as well as St Johnôs wort (Hypericum perforatum L.), 
for different adjustments of cutting system. The aim was to 
determine the possibilities of utilization of vegetal matter 
resulted for specific end products (tablets, tea, extracts 
etc.) 
 
Keywords: process quality, dimensional reduction, herbs. 
 

 
INTRODUCTION 

 

Reduction of medicinal herb size is achieved by means of 

mechanical forces, similarly to mincing process for any type of 

raw material. [5], [8] 

Cutting/chopping is one of most used methods for 

mechanically reducing medicinal herbsô useful part size(folium, 

herb, radix, cortex etc). As a general rule, the operation is   

performed after conditioning, which comprises sorting and/or 

drying [4] The most efficient cutting of fresh or dried medicinal 

plants is performed by shearing between two cutting blades, 

after having compressed the material, previously. The material 

cutting begins when the knife pressure surpasses the plants 

shearing resistance. The latest depends both on plants natural 

features and technical and technological factors (geometrical 

and kinematic characteristics of cutting parts, material flow 

characteristics etc.) [2], [5], [6] 

Herbs represent the medicinal plant aerial organs, 

respectively the stem with leaves and flowers. Thus, 

Milfoil(Achillea millefolium L) (fig.1) and St Johnôs wort  

(Hypericum perforatum L), (fig.2) are harvested as such, 

being ones of the most natural remedies used in traditional 

human and veterinary therapy. 
Milfoil (Achillea millefolium L) is a perennial plant of 

spontaneous flora or crop. Flowers contain an essential oil 

rich in azulene, cineol, achilleine etc., which are mostly 

lost by drying. Herb also contains monocycles triterpenic 

compounds, salicylic acid, formic acid, ascorbic acid, 

micro and macroelements(Fe, Cu, Mn, Ni, Zn, Si), fat oil, 

etc. Green or dried plant, as infusion or decoction is used 

in human therapy, as stomachic, eupeptic, astringent, 

tonic, fighting against digestive, kidney, nervous diseases, 

being also a hemostatic, colagog, hypotensive and 

antiseptic factor.[4] 

 Rezumat:  
Plantele medicinale constituie resurse naturale de 

principii bioactive, deoarece concentreaza compusi 
activi in totalitatea plantei sau in diverse organe ale 
acesteia, denumite parti utile. 

Dupa colectare, materialul vegetal poate fi supus 
unor operatii de conditionare sau maruntire. Reducerea 
dimensionala a plantelor medicinale se aplica ca 
urmare a cerintelor pietei, sau ca faza/operatie 
intermediara in cadrul proceselor tehnologice de 
obtinere a produselor de profil. 

Lucrarea prezinta rezultatele experimentale 
referitoare la calitatea procesului de tocare a herbei de 
coada soricelului (Achillea millefolium L.), precum si a 
herbei de sunatoare (Hypericum perforatum L.), pentru 
diferite reglaje ale sistemului de taiere. S-au urmarit 
posibilitatile de utilizare a materiei vegetale rezultate, 
pentru produse finite specifice (comprimate, ceaiuri, 
extracte etc.) 
 
Cuvinte cheie: calitate proces, reducere dimensionala, 
herba. 

 
INTRODUCERE 

Reducerea dimensiunilor in cazul plantelor medicinale 
se realizeaza datorita actiunii unor forte mecanice, asa cum 
se realizeaza in general maruntirea pentru orice tip de 
materie prima sau material. [5], [8] 

Taierea/tocarea reprezinta unul din procedeele utilizate 
pentru reducerea mecanica a dimensiunilor partilor utile ale 
plantelor medicinale (folium, herba, radix, cortex etc). 
Aceasta se executa de obicei dupa conditionare, constituita 
de obicei din operatii de sortare si/sau uscare [4] Taierea 
cea mai eficienta a plantelor medicinale in stare proaspata 
sau uscata se realizeaza prin forfecare, intre doua lame 
taietoare, dupa ce materialul a fost comprimat in prealabil. 
Sectionarea materialului incepe atunci cand forta de 
apasare a cutitului depŁseste rezistenta la forfecare a 
plantelor. Aceasta depinde atat de caracteristicile naturale 
ale plantelor, cat si de factori tehnici si tehnologici 
(caracteristicile geometrice si cinematice ale organelor de 
taiere, caracteristicile fluxului de material etc.) [2], [5], [6] 

Herba reprezinta in cazul plantelor medicinale organele 
aeriene ale acestora, respectiv tulpina cu frunze si flori. 
Astfel, sub aceasta forma se recolteaza Coada soricelului 
(Achillea millefolium L) (fig.1) si Sunatoarea (Hypericum 
perforatum L), (fig.2) unele dintre cele mai cunoscute si 
utilizate remedii naturale, utilizate in terapia umana 
traditionala cat si in cea veterinara. 

Coada soricelului (Achillea millefolium L) este o 
planta perena din flora spontana sau din cultura. Florile 
contin un ulei volatil bogat in azulene, cineol, achilleina 
etc. care se pierde in mare masura prin uscare. Herba 
mai contine: compusi triterpenici monociclici, acid 
salicilic, acid formic, acid ascorbic, micro si 
macroelemente (Fe, Cu, Mn, Ni, Zn, Si), ulei gras, etc. 
Planta verde sau uscata, sub forma de infuzie sau 
decoct se intrebuinteaza in terapia umana ca tonic 
stomahic, eupeptic, astringent, combatand afectiunile 
digestive, renale, nervoase si fiind hemostatic, colagog, 
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St Johnôs wort (Hypericum perforatum L) is a perennial 

plant from spontaneous flora or crop, that is harvested 

when the inflorescence has still buds ( months VI-VIII). 

Conditioning of vegetal matter is preformed by drying. It 

contains essential oil 1%, hypericin, 12% tannin, resins, 

flavonoids, saponins, ascorbic acid, nicotinic acid and 

valerianic acid, as well as, mineral salts. In popular 

medicine, St Johnôs wort  is used as infusion or macerate, 

as a remedy for ulcer disease, chronic hepatic liver 

affections and biliary motility disorders, as having colagog, 

choleretic, diuretic, anti-inflammatory, vasodilator, 

cicatrizing effect.[4] 

 

hipotensiv, antiseptic.[4] 
Sunatoarea (Hypericum perforatum L) este o planta 

perena din flora spontana sau din cultura, care se 
recolteaza cand inflorescenta mai are boboci ( lunile VI-
VIII). Conditionarea materialului vegetal se face prin 
uscare. Contine ulei volatil 1%, hipericina, 12% tanin, 
rezine, flavonozide, saponine, acid ascorbic, nicotinic si 
valerianic, saruri minerale. In medicina populara 
sunatoare este utilizata sub forma de infuzie sau 
macerat, in medicina populara ca remediu antiulceros, 
in tulburarile hepatice cronice si motilitatea cailor 
biliare,cu rol colagog, coleretic si diuretic, antiinflamator, 
vasodilatator, cicatrizant.[4] 
 

 

 
 

Fig.1 Milfoil (Achillea Millefolium) 1] Fig. 2 St. Johnôs wort (Hypericum perforatum L 1} 
 

Phytotherapeutic products, designed to treatment of 
the above disorders have imposed to reduce the size of 
the two plants herb. Thus, they may used : 

- native plants: as a whole, fragments, powder or 
infusion or decoction, or macerate; 

- Pharmaceutical/phyto-pharmaceutical preparations 
(extracts, tinctures, syrups) in which the active principles 
are more concentrated, easy to administrate and not very 
expensive [3], [10] 

Individual monographs of vegetal products or 
substances from Farmacopeea Romana offer details on 
size of medicinal plants fragments used.[9] 

By using an accuarate cutting system, differently 

adjusted, conclusions on correlation between the 

adjustments type and products for which the vegetal 

matter will be especially used, have been drawn. 

 

MATERIALS AND METHOD  

Vegetal material used in tests was made of herb of 

Milfoil (Achillea millefolium L) and herb of St Johnôs wort 

(Hypericum perforatum L), coming from spontaneous 

flora. Plants were naturally dried, in the shadow, in well 

aerated chambers until they reached the storing humidity 

desired.[7] When herb of Milfoil (Achillea millefolium L) 

was chopped, it had 10.21% humidity and St Johnôs wort 

herb had 7.89% humidity. This reduced humidity is 

explained by high temperatures during July-August 

months, when tests were performed. 

Vegetal matter has been reduced in size by means of 

a chopper for medicinal plants endowed with a gate shear 

type knife, that during the working process, has a plan-

parallel movement, being one of the elements of a 

quadrangle mechanism (fig.3) One of its bars, that controls 

the movement of knife fixed by another pair working beam, is 

united to a balancer, on which axle one link may move, being 

driven by the button of a crank mechanism. This is situated 

on one of outlets of worm reducer-spiral wheel, driven by 

 Produsele fitoterapeutice, destinate tratarii afectiunilor 
amintite anterior, impun reducerea dimensionala a herbei 
celor doua plante medicinale. Astfel ele pot fi folosite: 
- in stare naturala: intregi, fragmente, pulbere sau sub 
forma de influzie, decoct, macerat; 

- preparate farmaceutice/fitofarmaceutice (extracte, 
tincturi, siropuri) in care principiile active sunt mai 
concentrate, mai usor de administrat si nu foarte 
costisitoare [3], [10] 

Monografiilor individuale de produse vegetale sau 
substante din Farmacopeea Romana dau detalii cu privire 
la dimensiunea fragmentelor plantelor medicinale 
utilizate.[9] 

Utilizandu-se un sistem de taiere exacta, reglat diferit, 
s-au emis concluzii referitoare la corelatia intre reglaje si 
tipurile de produse la care va putea fi folosit cu precadere 
materialul vegetal rezultat. 

 
MATERIALE ķI METODA  

Materialul vegetal utilizat la experimentari a fost 
constituit din herba de Coada soricelului (Achillea 
millefolium L) si herba de Sunatoarea (Hypericum 
perforatum L), provenite din flora spontana. Plantele au 
fost uscate in mod natural, la umbra, in incaperi bine 
aerisite pana cand au atins umiditatile de depozitare 
prescrise.[7] In momentul tocarii herba de coada 
soricelului a avut o umiditate de 10,21% iar cea de 
sunatoare a avut o umiditate de 7,89%. Aceasta umiditate 
scazuta se datoreaza temperaturilor foarte ridicate din 
perioada (iulie-august a.c.) in care s-au efectuat 
experimentarile. 

Materialul vegetal a fost redus dimensional cu ajutorul 
unei tocatori pentru plante medicinale, echipata cu un cutit 
tip ghilotina, care in timpul procesului de lucru are o miscare 
plan paralela, fiind unul din elementele unui mecanism 
patrulater. (fig.3) Una dintre barele acestuia, ce controleaza 
miscarea cutitului ancorat de inca un balansier pereche, 
este solidara cu un balansier, pe axa caruia se misca o 
culisa, purtata de butonul de manivela al unui mecanism 
manivela. Acesta se afla pe una din iesirile reductorului melc 
roata melcata actionat de motorul electric. La cealalta 
iesire se afla alta manivela cu raza reglabila, al carui 
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electric engine. At the other outlet, there is another crank 

with adjustable radius, whose crankpin slides along a 

balancer that commands the forward movement of 

conveying bands. The driving drums of the two conveying 

belts are coupled between them by a gear train. One of 

the wheels is intermitently driven by a unisense cylindrical 

coupling and a system of articulated levers, that 

transforms the balancer alternative movement into 

rotating oscillation  of unisense coupling. The size of 

forward pace of conveying belts is set by adjusting the 

radius of crankpin handle. (fig.4) 

 

maneton culiseaza de-alungul unui balansier care 
comanda miscarea de avans intermitenta a benzilor 
transportoare. Tamburii de antrenare a celor doua benzi 
transportoare sunt cuplati intre ei printr-un tren de roti 
dintate. Una dintre acestea este antrenata intermitent prin 
intermediul unui cuplaj cilindric unisens si al unui sistem 
de parghii articulate, care transforma miscarea alternativa 
a balansierului in miscare oscilanta de rotatie a cuplajului 
unisens. Prin reglarea razei manivelei manetonului se 
regleaza marimea pasului de inaintare al benzilor 
transportoare. (fig.4) 
 

  
Fig.3 Mobile knife and driving system Fig. 4 Bolt that modifies the handle radius 

 

In order to operate the chopper of medicinal and 

aromatic plants, it is necessary to perform the following: 

-check and set the extent of conveying belt; 

-check the rolls and the extent of upper belt assuring 

the material compression; 

-check the integrity of covers and protection guards 

Medicinal plants (namely the dried ones), to be cut, 

have to be previously cleaned of foreign bodies (inorganic 

materials or other plants), as well as of damaged or 

infested parts.  

First, the material feeding is set, then the plants are 

manually put on the band, so that the stems be oriented to 

belt movement direction. If possible, it is advised to use 

bunches of plants for a better handling and a more 

efficient cut. The chopped material is shown in fig 5. In fig 

5a is shown Milfoil and in fig 5b is presented St. Johnôs 

wort. 

In fig. 6 are shown some aspects during the tests. 

¶  In vederea punerii in functiune a masinii de tocat 
plante medicinale si aromatice este necesar sa se 
efectueze: 

-verificarea si reglarea întinderii benzii transportoare; 
-verificarea rolelor si intinderea benzii superioare ce 

asigura presarea materialului; 
-verificarea integritatii capacelor ĸi apŁrŁtorilor de 

protecŞie. 
Plantele medicinale (in cazul nostru uscate), ce 

urmeaza a fi taiate, trebuie curatate în prealabil de 
corpurile strŁine (materiale anorganice sau alte plante), 
precum ĸi de pŁrŞile vŁtŁmate sau infestate conŞinute.  

Se stabileste avansul materialului, apoi plantele sunt 
asezate manual pe banda, astfel incat tulpinile sa fie 
orientate pe directia de miscare a acesteia. Daca este 
posibil este indicat ca plantele sa fie sub forma de 
manunchiuri, pentru a fi manevrate mai usor si pentru 
realizarea unei taieri eficiente. Materialul ce a fost supus 
tocarii este prezentat in fig 5. In fig 5a este prezentata 
coada soricelului, iar in fig 5b este prezentata sunatoarea. 

In fig. 6 sunt prezentate aspecte din timpul 
experimentarilor. 

 

   
a)                      b) 

    
 

Fig. 5- a) Dried Milfoil  
b) Dried St. Johnôs wort 

Fig. 6- Aspects during the experiments 

 

Determination of quality of material mincing aims to 
evaluate the mincing degree of medicinal plants and is 
performed at each theoretical cutting length, initially set.  

Experiments have been made for a minimum advance 
of the band, similar to theoretical chopping length, namely 
of: 2mm, 4mm, 6.5mm, 8mm. 3 samples of 120 g each 
were collected out of material minced, appropriate for 

 Determinarea calitŁŞii maruntirii materialului are ca scop 
evaluarea gradului de mŁrunŞire a plantelor medicinale ĸi 
se efectueazŁ la fiecare lungime teoreticŁ de tŁiere, 
reglatŁ iniŞial.  

Experimentarile au fost realizate pentru un avans al 
benzii, identic cu lungimea teoretica de tocare de: 2mm, 
4mm, 6.5mm, 8mm. Din materialul mŁrunŞit, pentru 
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each species and adjustment of conveying band pace. In 
order to determine the distribution of fractions obtained for 
the three adjustments of the machine, each sample  was 
separated in fractions using the Screening system Retsch 
of AS 200basic type. Dimensions of sieve mesh are 
chosen according to band feeding. Therefore, for the 
sieves of screening system, the following dimensions 
have been chosen: 0.5 mm. 1.6mm, 2mm, 4mm, 6.3mm, 
8mm, 10mm. For each plant, the separation time was of  
6 min, and amplitude of screening vibrations was of 40mm 
for St. Johnôs wort and 60mm for Milfoil. 

 
RESULTS AND CONCLUSIONS 

For every species and according to feeding, each of 
the three samples was introduced in the screening 
system, thus obtaining 8 fractions. They were weighed, 
masses average and shares being calculated..  

The distribution of sorts of the two chopped plants is 
shown in table 1. Table values represent the average of 
the three samples collected from the chopped material 
obtained for each feeding adjustment,  according to 
methodology. 

 

fiecare specie si corespunzŁtor fiecaruia dintre reglajele 
pasului benzii transportoare s-au colecteazŁ 3 probe a 
cate 120 g. Pentru a se determina distributia fractiilor 
obtinute pentru cele trei reglaje ale masinii, fiecare proba 
a fost separata in fractii utilizandu-se Sistemul de sitare 
Retsch tip AS 200basic. Dimensiunile ochiului sitelor se 
aleg in functie de valorile avansului benzii. Astfel pentru 
sitele sistemului de sitare s-au ales dimensiunile: 0,5 mm. 
1,6mm, 2mm, 4mm, 6.3mm, 8mm, 10mm. Pentru fiecare 
planta timpul de separare a fost de 6 min, iar amplitudinea 
vibratiilor sitemului de sitare a fost de 40mm pentru 
sunatoare si 60mm pentru coada soricelului. 

 
REZULTATE SI CONCLUZII 

Pentru fiecare specie, corespunzator fiecarui avans, 
fiecare din cele trei probe a fost introdusa in sistemul de 
sitare, obtinandu-se 8 fractii. Acestea au fost cantarite, 
calculandu-se media maselor si ponderea.  

In tabelul 1 se prezinta distributia sorturilor celor doua 
plante tocate. Valorile din tabel reprezinta media celor trei 
probe colectate din materialul tocat obtinut pentru fiecare 
reglaj al avansului, conform metodologiei. 

Table 1 
Distribution of chopped plant sorts   

 

Den.
No. 

 

Length of 
material 
advance 

[mm] 

Sieve mesh size 
[mm] 

Sort 
 

St. Johnôs wort herb Milfoil herb 

Masa 
[g] 

Share 
 [%] 

Mass 
[g] 

Share 
[%] 

1. 

2 

- Sort 1 Ò0.5 8.41 7.01 11.9 9.92 

2. 0.5 0.5<Sort 2 Ò16 31.20 25.99 30.01 25.01 

3. 1.6 1.6<Sort 3Ò2 3.93 3.27 8.26 6.88 

4. 2 2<Sort 4Ò4 57.55 47.95 44.68 37.23 

5. 4 4<Sort 5Ò6 13.95 11.62 14.79 12.32 

6. 6.3 6<Sort 6Ò8 1.55 1.3 2.24 1.87 

7 8 8<Sort 7Ò10 0.86 0.72 1.73 1.44 

8. 10 10<Sort 8 2.57 2.14 6.4 5.33 

9.                                  Total 120,02 100 120.01 100 

10. 

4 

- Sort 1 Ò0,5 7.09 5.91 11.03 9.19 

11. 0.5 0,5<Sort 2 Ò1,6 30,1 25.08 29.14 24.27 

12. 1.6 1,6<Sort 3Ò2 3.19 2.65 5.01 4.17 

13. 2 2<Sort 4Ò4 8.89 7.41 18.39 15.32 

14. 4 4<Sort 5Ò6 59,86 49,88 47.68 39.72 

15. 6.3 6<Sort 6Ò8 1.45 1.21 2.37 1.98 

16. 8 8<Sort 7Ò10 0.85 0.71 1.86 1.55 

17. 10 10<Sort 8 8.58 7.15 4.55 3.8 

18.                                    Total 120,01 100 120.03 100 

19. 

6.5 

- Sort 1 Ò0,5 10.67 8.89 9.71 8.09 

20. 0.5 0.5<Sort 2 Ò1,6 28.48 23.73 28.82 24.01 

21. 1.6 1.6<Sort 3Ò2 3.37 2.81 8.91 7.42 

22. 2 2<Sort 4Ò4 1.31 1.09 4.37 3.64 

23. 4 4<Sort 5Ò6 8.89 7.41 8.58 7.15 

24. 6.3 6<Sort 6Ò8 63.12 52.59 51.04 42.53 

25. 8 8<Sort 7Ò10 1.33 1.11 2.94 2.45 

26. 10 10<Sort 8 2.85 2.37 5.64 4.71 

27.                                            Total 120,02 100 120.01 100 

28. 

8 

- Sort 1 Ò0,5 7.02 5.85 11.12 9.26 

29. 0.5 0,5<Sort 2 Ò1,6 26.01 21.67 24.48 20.4 

30. 1.6 1,6<Sort 3Ò2 2.81 2.34 6.37 5.3 

31. 2 2<Sort 4Ò4 1.04 0.87 1.51 1.26 

32. 4 4<Sort 5Ò6 6.48 5.40 11.62 9.68 

33. 6.3 6<Sort 6Ò8 1.41 1.17 1.79 1.49 

34. 8 8<Sort 7Ò10 63.83 53.18 54.99 45.82 

35. 10 10<Sort 8 11.42 9.52 8.15 6.79 

36.                                            Total 120,02 100 120.03 100 

 
 

In figures 7,8,9,10 are comparatively presented the sorts 
distributions of the two chopped plants, for each 
theoretical cutting length for which the adjustment was 

 In figurile 7,8,9,10 sunt prezentate comparativ distributiile 
sorturilor celor doua plante obtinute prin tocare, pentru 
fiecare lungime teoretica de taiere, pentru care s-a facut 
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performed. The share of every sort represents the plant 
mincing degree. 

reglajul. Ponderea fiecarui sort reprezinta gradul de 
maruntire al plantei. 

 

  

Fig. 7- Distribution of chopped plant sorts for an advance of 
2mm 

 

Fig. 8 - Distribution of chopped plant sorts for an advance of 
4mm 

 
 

Fig.9 - Distribution of chopped plant sorts for a feeding advance 
of 6.5mm 

Fig. 10 - Distribution of chopped plant sorts for a feeding 
advance of 8mm 

 

After reducing the herb size of the two medicinal 
plants chosen - Milfoil (Achillea millefolium L) and St. 
Johnôs wort (Hypericum perforatum L) it was noticed that 
the share appropriate to adjustment of cutting length 
(advance length of feeding band) has increased. At the 
same time,  sort 2 share is high irrespective of the 
advance length set. We consider this fact as a 
consequence of high temperature (38

0
C-39

0
C in the 

shadow) recorded during the tests performing, the 
medicinal plants humidity being very much reduced, thus 
increasing the crushing tendency. Sort 2 share decreases 
easily along with increment of theoretical cutting length. 

     In all the cases analyzed, the share of sort suitable 
to length of advance set is of approx. 50%, therefore it 
results that the cutting process has been appropriately 
achieved. 

    We should mention that in case of fractions of 
medicinal plants constituted in a homogenous mixture, the 
distribution mostly differs from seeds or grist distribution 
which have a uniform aspect. The sieving system was 
used with a higher vibration amplitude for Milfoil, due to 
presence of long and thin little hair on stem and leaves, 
that hampered the separation process. 

In current case, the factors that have influenced the 
chopped material quality, were: 

- plant morphology  
- harvesting method ( from St Johnôs wort, has 

been harvested from the upper part 1/3 from stem, the 
flowers being mostly subject to shaking and 
crushinging; Milfoil has been harvested with stem 
longer than over 2/3 ); 

- humidity of dried plants subject to chopping and 
atmospheric conditions; 

- non-uniformity of materialôs thickness when 
feeding, having in view the different sizes of bundles. 

 In urma reducerii dimensionale a herbei celor doua 
plante medicinale alese - Coada soricelului (Achillea 
millefolium L) si Sunatoarea (Hypericum perforatum L) s-a 
observat cresterea ponderii sortului corespunzator 
reglajului lungimii teoretice de taiere (lungimii de avans a 
benzii de alimentare). De asemenea s-a observat ca 
ponderea sortului 2 este ridicata indiferent de lungimea de 
avans reglata. Consideram acest fapt ca o consecinta a 
temperaturile atmosferice foarte ridicate (38

0
C-39

0
C la 

umbra) inregistrate in perioada efectuarii experimentarilor,  
umiditatea plantelor medicinale a scazut foarte mult, 
sporind tendinta de sfaramare. Ponderea sortului 2 scade 
usor cu cresterea lungimii teoretice de taiere. 

     In toate cazurile analizate ponderea sortului 
corespunzator lungimii avansului reglat este de aprox. 
50%, rezulta ca procesul de taiere s-a realizat corect. 

    Mentionam ca in cazul fractiilor plantelor medicinale 
ce se constituie intr-un amestec eterogen, distributia este 
mult diferita de cea a semintelor sau macinisurilor, care 
au un aspect uniform. Sistemul de sitare a fost utilizat cu 
o amplitudine mai mare a vibratiilor la herba de coada 
soricelului, datorita prezentei perisorilor lungi si fini de pe 
tulpina si frunze, care impiedicau realizarea procesului de 
separare. 

     In cazul de fata factorii care au influentat calitatea 
materialului obtinut la tocare au fost: 

- morfologia plantei; 
- modul de recoltare ( de la sunatoare s-a recoltat 

din partea superioara 1/3 din tulpina, florile avand 
tendinta de scuturare sfaramare ridicata; coada 
soricelului s-a recoltat cu tulpina mai lunga peste 2/3 ); 

- umiditatea plantelor uscate supuse tocarii si 
conditiile atmosferice; 

- neuniformitatea grosimii stratului de material la 
alimentare, datorita dimensiunilor diferite ale 
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(Plants have to be introduced in the machine as they 
were dried. Bundles separation determines excessive 
crushing and shaking, before chopping). 
Following the experimental results obtained when 

chopping Milfoil herb (Achillea millefolium L) and St. 
Johnôs herb (Hypericum perforatum L) we recommend: 

- advance length= 2mm for chopped 
vegetal material use in order to obtain 
pharmaceutical tablets; 

- advance length =4mm and 6.5mm for 
chopped vegetal material use in order to obtain 
teabags and extracts; 

- advance length=8mm for chopped 
vegetal material use in order to obtain bulk tea. 

Different sorts obtained after chopping are explained 
by the utilization of vegetal matter for preparing different 
phytotherapeutic products according to Farmacopeea 
Romana. 
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manunchiurilor. (Plantele trebuie introduse in masina 
asa cum au fost uscate. Separarea manunchiurilor 
provoaca sfaramarea si scuturarea excesiva, inainte de 
tocare). 

     In urma rezultatelor experimentale obtinute la 
tocare a herbei de Coada soricelului (Achillea millefolium L) 
si Sunatoarea (Hypericum perforatum L) recomandam: 

- lungime avans= 2mm pentru utilizarea 
materialului vegetal tocat pentru obtinerea de 
comprimate; 

- lungime avans=4mm si 6,5mm pentru 
utilizarea materialului vegetal tocat pentru ceaiuri 
plic si obtinerea de extracte; 

- lungime avans=8mm pentru utilizarea 
materialului vegetal tocat pentru ceaiuri vrac. 

Sorturile diferite obtinute in urma tocarii sunt justificate 
de utilizarea materialului vegetal pentru prepararea 
diverselor produse fitoterapeutice conf. Farmacopeea 
Romana. 
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Abstract: The paper presents a numerical method to 
determine the inertial characteristics (coordinates of the 
mass center, mechanical and geometrical moments and 
products of inertia) of a homogeneous arbitrary shaped 
plane plate. This method is based on some reduction 
theorems presented in published papers. The results are 
general and can be applied to a large variety of bodies. In 
the final part, two applications are presented, in order to 
illustrate the use of the proposed method and the results 
are compared with the results obtained by the analytical 
method. 
 
Keywords: mass center, moment of inertia, product of 
inertia, geometric moment of inertia, homogenous plate. 
 
INTRODUCTION 

In reference [5] a calculation method is presented for the 
inertial characteristics of some simple bodies, considered 
elementary. The method consists in finding discrete 
systems of material points, with equivalent inertia 
properties. 
In references [4, 5, 7], it is shown that for a homogenous 
triangular plate, of mass m, an equivalent system can be 

found, composed of three points of mass 
12

m
 placed in the 

corners and one of mass 
4

3m
 placed in the mass center. 

The reduction of bodies to discrete systems of material 
points can simplify calculations, as shown in [2, 5, 6, 8], 
since the proposed models have a reduced complexity 
and are adequate to processing with spreadsheet 
software applications, such as Excel. 
In the present paper, the method is extended in order to 
determine approximately the inertial characteristics of 
arbitrary shaped homogeneous plates. 
 
CALCULATION OF THE INERTIAL QUANTITIES OF A 
HOMOGENEOUS, SIMPLY CONNECTED PLATE 

First the case of a homogeneous, simply connected, 
arbitrary shaped plate is considered, i.e. of a plate without 
cavities. 
The curved contour of such a plate can be approximated 
by a large number of points. It follows that the plate can be 
divided into a large number of small triangles, which can 
be reduced to discrete material points, according to the 
above-mentioned method. 
Even though the method is general, a particular case is 
considered, of plane plates defined by the points Aj 
(i=1,2,é,n) on the contour, for which a point O exists 
inside the plate or on its contour, so that all segments OAi 

are contained by the surface of the plate (Fig. 9a). 
The choice of the point O is not restrictive, but, if the plate 
has a symmetry plane, axis or point, the point O should 
lay on the symmetry element. 
An orthogonal reference system Oxy is considered, with 
the origin in the point O chosen according to the above 

 Rezumat: Lucrarea prezintŁ o metodŁ de calcul numeric a 
proprietŁŞilor inerŞiale (coordonatele centrului de masŁ,i 
momente ĸi produse de inerŞie mecanice ĸi geometrice) 
ale unei plŁci omogene plane de formŁ oarecare. AceastŁ 
metodŁ are la bazŁ c©teva teoreme de reducere 
prezentate ´n lucrŁri publicate. Rezultatele sunt generale 
ĸi pot fi aplicate pentru o varietate largŁ corpuri. Ċn 
´ncheiere sunt prezentate douŁ aplicaŞii care ilustreazŁ 
modul de utilizare a metodei propuse, rezultatele fiind 
comparate cu cele obŞinute prin metoda analiticŁ. 

 
Cuvinte cheie: centru de masŁ, moment de inerŞie, 
produs de inerŞie, moment de inerŞie geometric, placŁ 

omogenŁ. 
 
INTRODUCERE 

În lucrarea [5] este prezentatŁ o metodŁ de calcul a 
caracteristicilor inerŞiale ale unor corpuri simple, 
considerate elementare. Metoda constŁ ´n gŁsirea unor 
sisteme discrete de puncte materiale care au proprietŁŞi 
inerŞiale echivalente. 
Ċn referinŞele [4, 5, 7] se aratŁ cŁ pentru o placŁ 
triunghiularŁ omogenŁ, de masŁ m, se poate gŁsi un 

sistemul echivalent, compus din trei puncte de masŁ 

12

m
, plasate ´n colŞuri ĸi unul de masŁ 

4

3m
, plasat în 

centrul de masŁ. 
Reducerea unor corpuri la sisteme discrete de puncte 
materiale poate conduce la simplificarea calculelor, aĸa 
cum se aratŁ ´n [2, 5, 6, 8], deoarece modele rezultate au 
o complexitate redusŁ ĸi sunt adecvate prelucrŁrii cu 
programe de calcul tabelar, precum Excel. 
În lucrarea de faŞŁ, metoda este extinsŁ pentru 
determinarea aproximativŁ a caracteristicilor inerŞiale ale 
unor plŁci omogene de formŁ arbitrarŁ. 
 
CALCULUL MŀRIMILOR INERŝIALE ĊN CAZUL UNEI 
PLŀCII OMOGENE PLANE, SIMPLU CONEXE 

Se considerŁ, pentru ´nceput, cazul unei plŁcii omogene 
de formŁ arbitrarŁ, simplu conexŁ, adicŁ al unei plŁci fŁrŁ 
goluri interioare. 
Conturul curb al unei astfel de plŁci poate fi aproximat 
printr-un numŁr mare de puncte. RezultŁ cŁ placŁ poate fi 
´mpŁrŞitŁ ´ntr-un numŁr mare de triunghiuri mici, care pot fi 
reduse la sisteme discrete puncte materiale, conform 
metodei menŞionate. 
Deĸi metoda este generalŁ, se va considera cazul plŁcilor 
plane definite de punctele de pe contur Ai (i=1,2,é,n), 
pentru care existŁ un punct O, în interiorul plŁcii sau pe 
contur, astfel încât toate segmentele OAi sŁ fie conŞinute 

de suprafaŞa plŁcii (fig. 9a). 
Alegerea punctului O nu este restrictivŁ, dar, dacŁ placa 

are un plan, o axŁ sau un punct de simetrie, este 
preferabil ca punctul O sŁ se afle pe elementul de 

simetrie. 
Se considerŁ un sistem de referinŞŁ ortogonal Oxy, cu 
originea în punctul O ales în conformitate cu 
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assumption. 
In order to determine numerically the approximate values 
of the inertial quantities of the homogeneous plates, the 
coordinates of the vertices of the rectilinear edges, the 
theoretical curve or the coordinates of a large enough 
number of points on these curves must be known. For the 
plates defined only by rectilinear edges, the proposed 
method leads to the exact values of the inertial quantities, 
as shown in reference [7].  

presupunerea de mai sus. 
Pentru a determina numeric valorile aproximative ale 
mŁrimilor inerŞiale ale plŁcilor omogene, este necesar sŁ 
se cunoascŁ coordonatele punctelor din capŁtul muchiilor 
drepte, curba teoreticŁ sau coordonatele unui numŁr 
suficient de mare de puncte de pe aceste curbe. Pentru 
plŁci av©nd doar muchii drepte, metoda propusŁ conduce 
la determinarea exactŁ a mŁrimilor ce mŁsoarŁ inerŞia 
plŁcii, aĸa cum se aratŁ ´n lucrarea [7]. 
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Fig. 9 ï Arbitrary shaped homogeneous plan plate 

 
The method presented in this paper is more general than 
the method in reference [7]. The presence of curved 
edges introduces approximations with precision 
dependent on the number of points used to define the 
edge. The way in which the reducing of an arbitrary 
shaped plate to a discrete system of material points can 
be made is shown in Figure 9b. Two successive points Ai 
and Ai+ 1 on the edges of the plate form, together with point 
O, define the elementary triangular plate OAiAi+ 1, whose 

area can be calculated by means of the vector product, 

 Metoda prezentatŁ ´n lucrarea de faŞŁ are un caracter mai 
general dec©t cea din referinŞa [7]. PrezenŞa muchiilor 
curbe introduce aproximŁri a cŁror precizie depinde de 
numŁrul de puncte considerate pentru definirea muchiei. 
În figura 9b, este arŁtat modul ´n care se poate face 
reducerea unei plŁci de formŁ oarecare la un sistem de 
puncte materiale. DouŁ puncte consecutive Ai ĸi Ai+ 1 de pe 
muchiile plŁcii formeazŁ, ´mpreunŁ cu punctul O, placa 
triunghiularŁ elementarŁ OAiAi+ 1, a cŁrei arie poate fi 

calculatŁ cu ajutorul produsului vectorial, 

 ( )
11111 ,,...,2,1sin

2

1
sin

2

1

2

1
rrnirrrrOAOAS niiiiiiiii

dddd
==qD=qD=³=D ++++ , (11) 

where 
iqD  represents the angle between position vectors 

ir
d

 and 
1+ir
d

. 

If the plate is homogeneous, its superficial density is 
constant and has the expression 

 unde 
iqD  reprezintŁ unghiul dintre vectorii de poziŞie 

ir
d

 ĸi 

1+ir
d

. 

DacŁ placa este omogenŁ, densitatea superficialŁ a 
acesteia este constantŁ ĸi are expresia 

 ( )ni
S

m

S

m

i

i

s ,...,2,1=
D

D
==r . (12) 

According to the theorem presented in [3], it follows that a 
homogeneous plate with the masses of the triangular 
elements  

 Conform teoremei prezentate in [3], rezultŁ cŁ o placŁ 
omogenŁ cu masele elementelor triunghiulare 
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can be reduced to a system of material points with the 

following masses (Fig. 9 b): ö
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The coordinates of the mass centers can be determined 
from the vector expression  

 poate fi redusŁ la un sistem de puncte materiale cu 

urmŁtoarele mase (fig. 9 b): ö
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Coordonatele centrelor de masŁ pot fi determinate din 
expresia vectorialŁ 

 ( )
11

1 ,,...,2,1
3

rrni
rr

r n

ii

Ci

dd
dd

d
==

+
= +

+ . (14) 

If the positions of the points Ai in polar coordinates, i.e. 

through equations of the form ),...,2,1()( nirr ii =q= , are 

known, then the plate area between two consecutive 

 DacŁ se cunosc poziŞiile punctelor Ai în coordonate polare, 

adicŁ prin ecuaŞii de forma ),...,2,1()( nirr ii =q= , atunci 

aria plŁcii cuprinsŁ ´ntre douŁ puncte consecutive Ai, Ai+ 1, 
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points Ai, Ai+ 1, can be approximated by relationship (11) 
and the plate can be reduced to a material point, O, with 

the mass equal to 1/6 of the whole mass of the body and 
two curves: one is defined by the contour of the plate and 

the other by the vectors iOA
3

2
 (fig. 9b). 

Obviously, as shown in [4], if these curves are considered 
continuous, they are non-homogeneous, with the linear 
density depending on the distances between O and the 

points on the contour: 

poate fi aproximatŁ cu relaŞia (11), iar placa poate fi 
redusŁ la un punct material, O, cu masa egalŁ cu 1/6 din 

´ntreaga masŁ a corpului ĸi douŁ curbe: una definitŁ de 

conturul plŁcii, iar alta de vectorii iOA
3

2
 (fig. 9b). 

Evident, aĸa cum este arŁtat ĸi ´n [4], dacŁ aceste curbe 
sunt considerate continue, ele sunt neomogene, cu 
densitatea liniarŁ dependentŁ de distanŞele dintre O ĸi 

punctele situate pe contur: 
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The position of the center of mass of the plate is 
calculated by the vector expression  

 PoziŞia centrului de masŁ al plŁcii se calculeazŁ cu 
expresia vectorialŁ 
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where S is the total area of the plate:  în care S este aria totalŁ a plŁcii: 
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The expressions of the moments and products of inertia 
can be determined from the definition relations for discrete 
systems of material points [3]: 

 Expresiile momentelor de inerŞie se pot determina din 
relaŞiile de definiŞie pentru sisteme discrete de puncte 
materiale [3]: 
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Substituting elementary masses (13) in relations (18) and 
dividing by the density, the formulas of the geometrical 
moments and product of inertia are obtained: 

 Înlocuind masele elementare (13) în relaŞiile (18) ĸi 
´mpŁrŞind la densitate, se obŞin formulele momentelor ĸi 
produsului de inerŞie geometrice: 
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If the edges are rectilinear, the points Ai are chosen in the 

vertices, as shown in [7]. If the plate has curved edges 
with high radial variations with respect to O, the points Ai 

should be chosen so that parameters 
iqD  are low. 

If the point A1 is chosen at the intersection of the contour 

with axis Ox, then 01=q  and 

 În cazul muchiilor drepte, punctele Ai se aleg în vârfurile 

acestor muchii, aĸa cum a fost demonstrat ´n [7]. DacŁ 
placa are muchii curbe cu variaŞii radiale mari ´n raport cu 

O, atunci punctele Ai se aleg astfel încât parametrii 
iqD  sa 

fie mici.  
DacŁ se alege punctul A1 la intersecŞia conturului cu axa 

Ox, atunci 01=q  ĸi 

 ( )niryrx
i

j

jiiiiiii ,...,2,1,sin,cos
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=qD=qq=q= ä
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. (20) 

 
CALCULATION OF THE INERTIAL QUANTITIES OF A 
HOMOGENEOUS, MULTIPLY CONNECTED PLATE 

If the plate is homogeneous, but double connected, i.e. it 
contains a cavity, the calculation method can be applied in 
the same manner, by using, were the case, Steinerôs 
Theorem and by considering negative values for the 
inertial quantities of the extracted part: 

 CALCULUL MŀRIMILOR INERŝIALE ĊN CAZUL UNEI 
PLŀCII OMOGENE, MULTIPLU CONEXE 

DacŁ placa este omogenŁ, dar dublu conexŁ, adicŁ 
prezintŁ un gol interior, metoda de calcul prezentatŁ poate 
fi aplicatŁ ´n acelaĸi mod, utiliz©nd, unde este cazul, 
teorema lui Steiner ĸi consider©nd valori negative pentru 
mŁrimile inerŞiale ale porŞiunii extrase: 

 21

QQQ -= III , (21) 

where superscript 1 denotes the complete plate (without  unde indicele superior 1 denotŁ placa consideratŁ plinŁ 
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cavity), while superscript 2 denotes the cavity. 
If the cavity is arbitrary shaped, the approximate inertia 
properties will be determined using the above method. 
If the plate is multiply connected, i.e. it presents N cavities, 

the calculation described at the double connected case is 
applied repeatedly. 
 
APPLICATION 1 

General relations determined above find an immediate 
use for any homogeneous plane plate, if it meets the 
mentioned geometric condition, that point O is chosen 
inside the plate or on its contour, so that no segment OAi 

(i=1,2,é,n) intersects any edge of the polygon: 

In order to verify the correctness and accuracy of the 
proposed method, first an elliptical shaped, homogeneous 
pane plate is considered (fig. 10a), with the semiaxes 

m1=a  and m2=b . The points Ai (i=1,2,é,n) on the 

contour, necessary for the approximate calculation (Fig. 
10b), are chosen so that the successive radii OAi and 
OAi+1, form the equal angles 

(fŁrŁ gol), iar indicele superior 2 denotŁ golul.  
Ċn cazul ´n care golul interior are formŁ arbitrarŁ, se va 
proceda ´n aproximarea proprietŁŞilor de inerŞie prin 
metoda de mai sus.  
DacŁ placa este multiplu conexŁ, adicŁ prezintŁ N goluri 

interioare, se aplicŁ ´n mod repetat calculul descris ´n 
cazul dublu conex. 
 
APLICAŝIA 1 

RelaŞiile generale determinate mai sus ´ĸi gŁsesc o 
utilizare imediatŁ pentru orice placŁ planŁ omogenŁ, dacŁ 
se respectŁ condiŞia geometricŁ menŞionatŁ, ca punctul O 
sŁ fi ales ´n interiorul plŁcii sau pe contur, astfel încât 
niciun segment OAi (i=1,2,é,n) sŁ nu intersecteze vreo 

muchie a poligonului. 
Pentru a verifica corectitudinea ĸi precizia metodei 
propuse, se considerŁ mai ´nt©i o placŁ planŁ omogenŁ, 

de formŁ elipticŁ (fig. 10a), cu semiaxele m1=a  ĸi 

m2=b . Punctele de pe contur Ai (i=1,2,é,n), necesare 

pentru calculul aproximativ (fig. 10b), sunt alese astfel 
încât razele succesive, OAi ĸi OAi+1, sŁ formeze între ele 

unghiurile egale 
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Fig. 10 ï An elliptical homogenous plane plate  
 

Analytical formulas are known for this plate [1],  Pentru aceastŁ placŁ se cunosc formulele [1] 

 abS p= , (23) 
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With these formulas, the exact values are obtained:  Cu aceste formule, se obŞin valorile exacte 

 442 m2832.6,m5708.1,m2832.6 === yx IIS . (25) 

The approximate values obtained with the proposed 
method, as well as the corresponding relative errors are 
shown in Table 2, for several values of the discretization 
parameter n . 

 Valorile aproximative obŞinute cu metoda propusŁ, precum 
ĸi erorile relative corespunzŁtoare, sunt afiĸate ´n tabelul 
2, pentru diferite valori ale parametrului de discretizare n . 

Table 2 

Approximate results for the elliptical plate  

n  S
~

 xI
~

 yI
~

 [%]Se  [%]Ixe  [%]Iye  

10 5.6382 1.3839 4.6583 -10.266 -11.899 -25.861 

20 6.0998 1.5248 5.7528 -2.918 -2.927 -8.441 

50 6.2529 1.5633 6.1924 -0.482 -0.475 -1.445 

100 6.2756 1.5689 6.2603 -0.121 -0.119 -0.365 

200 6.2813 1.5703 6.2774 -0.03 -0.03 -0.091 

 
APPLICATION 2 

A plate whose inertial properties can be determined 
exactly is presented in Figure 11a. The points chosen for 
the approximation are shown in Figure 11 b. 
The calculation data are included in Table 3. 

 APLICAŝIA 2 

În figura 11a este prezentatŁ o placŁ pentru care se pot 
determina exact proprietŁŞile de inerŞie. Punctele alese 
pentru aproximare sunt arŁtate ´n figura 11b. 
Datele de calcul sunt incluse în tabelul 3. 

 




