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Abstract 

 
Introducing and putting into operation of modern and innovative machines in the production process for afforestation 

of forest areas is a dynamic process. Respectively with the newly introduced machines the technologies and schemes for 
soil preparation and afforestation are updated and modernize. To achieve better results from the implementation of new 
technologies is required to reduce the labour costs and the total number of used machines, to minimize overall energy 
costs, including fuel consumption and to improve environmental and ergonomic performance of the process. This work 
presents a relatively new technology for afforestation with intensive poplar cultures in our country. For the purpose are 
examined some general technical and economic indicators of milling technology unit „PT-400” consisted of self-propelled 
energetic crawler „PT” with chain suspension system and engine „CAT C-13”, with a capacity of 320 kW, and specialized 
multipurpose forest cutter „FAE-300/S”. The machine was purchased and implemented into operation in 2013 from 
Northwest Regional Forestry Enterprise „Vratza”. To achieve the objective of the study are planned and carried out ex-
perimental observations in operational sites for afforestation with intensive poplar cultures located along the Danube 
River within the territory of Kozloduy city and Dunavtsi city. A plan of the experiment is developed and a number of ex-
perimental plots with predefined production conditions were set. As a result of the conducted study and after processing 
the obtained experimental data were established relative fuel consumption and fuel efficiency of the research milling ag-
gregate, under certain technological schemes and input operating parameters. The results show that at 3rd speed gear 
and highest speed of the milling drum, the operating speed and the productivity are highest – respectively 1.412 km/h 
and 3.318 dka/h. An optimization of the operating modes by the technical criteria method is proposed. It has been found 
that the optimum fuel consumption is when operating at 2nd speed gear and maximum speed of the milling drum (500 
min-1). In this case the fuel consumption will be 21.26 l/dka, with at least 3.42 l/dka lower than operating at 3rd  gear. The 
fuel consumption per hour at 1st speed gear is lowest – 63 l/h, but the total operating productivity is also lower – 2.47 
dka/shift. This study is innovative and applicable to science, and the results can be used in the deployment and operation 
of modern machines and technologies for soil preparation for afforestation with intensive poplar cultures. 
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Introduction 
Modern society is still in close connection with 

nature, no matter the fast development of technical 
progress. The consumption of natural resources is 
increasing with each passing year. One of the most 
used resources remains wood. To meet the needs 
of ever-growing demands for wood and wood prod-
ucts the intensive plantations become more wildly 
introduced. In our country the weather conditions 
are very suitable for the cultivation of intensive 
plantations of poplars. Poplars are characterized by 
rapid growth, short-term cultivation, relatively valu-
able wood, with good technical qualities, fast and 
easy reproduction, and thus ensure prompt return 
of investments. 

A large part of the forest area in Bulgaria, which 
is located along the major rivers is used for cultivat-
ing plantations from this fast-growing species 
(Populus). 

On the other hand, the establishment and culti-
vation of forests is complex and laborious process. 
The most labour-intensive and energy-demanding 
activity is preliminary soil preparation for afforesta-
tion. This requires the introduction of complex 
mechanization of the processes of soil preparation. 

Forest areas along the major rivers, mostly along 
the Danube river, are characterized by flat or 
slightly sloping terrain, relatively rich habitat, allu-
vial-talus soil, which is very fertile, not rocky and 
with deep soil horizon. These characteristics of the 
soil are good preconditions for the introduction of 
complex mechanization of almost all processes – 
such as deep tillage, milling, crushing the stumps, 
afforestation, and cultivation of intensive cultures. 

So far, in our forestry practices are used mainly 
two types of technological schemes for soil prepa-
ration. In the first to eradicate the stumps are used 
front-tooth eradicators and then the stumps are 
pushed out of the clearing with bulldozers. Thus a 
large percentage of the humus layer is lost, pushed 
along with the stumps outside the area. After these 
two operations – basic and additional tillage are 
applied. This leads to a large number of operations 
and thus lengthening the time for returning the in-
vestment. 

The second technology is more ecological 
friendly and more economical. The stumps and the 
large roots are crushed into the site with rotary 
eradicators. Thus the humus layer is not lost, but 
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the rest of the area is subject to at least two – pri-
mary or secondary tillage. 

New technological schemes are used lately, with 
the introduction of innovative upgraded machinery 
for soil preparation for afforestation. The aim of this 
new technological means is to reduce the number 
of the operations, to shorten the duration of the 
processes of preliminary soil preparation and affor-
estation of the cultures and to minimize the overall 
energy expenses, including fuel consumption and 
labour costs. This will create conditions for higher 
environmental performance, which will ensure more 
high technological indicators for the produced wood.  

Since 2013, our country applies such a modern-
ized milling technology unit „PT-400”, consisting of 
self-propelled energetic machine „PT” with chain 
suspension system and engine „CAT C-13”, with 
output of 310 kW, and specialized multipurpose 
forest cutter „FAE-300/S”. The machine was pur-
chased by North-west Regional Forestry Enterprise 
„Vratza”. 

 

 
Fig. 1. Milling unit Prime mover PT-400 

 
The purpose of this work is to determine the per-

formance of a specialized milling unit Prime Mover 
PT-400, at pre-established working conditions. 

The tasks of the study are: 
1. to establish the performance of the milling 

unit; 
2. to calculate the relative fuel consumption for 

the different operations; 
3. to establish the overall performance;  
4. to optimize technological regimes for soil 

milling, after the establishment of the mini-
mum relative fuel consumption. 

The subject is forest milling unit PT-400, with 
multifunctional forest cutter FAE-300/S. The spe-
cialized unit performs the following operations – 
crushing standing and lying vegetation, shredding 
wood residues and brushes with diameters up to 
800 mm, soil milling and deep soil tillage in depth to 
500 mm, forming working belts with width of 250 
mm. 

 

1. Methods and materials 
1.1. Place and conditions of the study – the experi-
ments are conducted in the area of North-west Re-
gional Forestry Enterprise „Vratsa”, on the territory 
of State Forest Services – Office „Vidin”, Office 
„Lom” and Office „Oryahovo”. The experimental 
area for soil preparation and afforestation are three 
experimental sites – poplar clearings along the Da-
nube river. 

 

 
Fig. 2. Map of the experimental sites within Northwest 

Regional Forestry Enterprise „Vratza”, Bulgaria 
 
Sites for soil preparation and afforestation are 

flat terrains, clearings and barrens after 100% clear 
felling and occupied mainly by low trees and 
bushes with a height of 3 m. 

 
1.2. The equipment for the survey consists of: 

‒ Stopwatch, accurate to 1 s; 
‒ Roulette, with accuracy up to 1 cm; 
‒ Measuring jug, with an accuracy of 0.1 l; 
‒ Electronic scales, accurate to 1 g; 
‒ GPS system model „Garmin Montana 650 

T”, to determine the field conditions; 
‒ Penetrometer „Dickey-John Corporation”, 

Auburn, Illinois, USA. 
 

 
Fig. 3. Measuring the fuel consumption after soil 

treatment, by calculating the fuel with measuring jug, 
accurate to 0.1 l 
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1.3. Parameters of the study 
To establish the demand values – the expendi-

ture of time, operating productivity and fuel con-
sumption for various operations of the milling unit 
PT-400 – mulching, shredding stumps and deep 
tillage, several relevant experimental observations 
were conducted. These observations were carried 
out under pre-defined input and output parameters. 

 
Input parameters – they are constants and dur-

ing the study were maintained at steady level. They 
characterize the working conditions and are: 

‒ Slope of the terrain – 2o; 
‒ Average diameter of the stumps – 

dav=0.4 m; 
‒ Scheme of the cultures before felling – 4x4 

and density of the stumps – 62 num/dka; 
‒ Depth of tillage – 500 mm; 
‒ Length of the experimental areas –100 m; 
‒ Mechanical structure and soil category –

sandy-loam and moderate soil; 
‒ Soil moisture – 50÷53%; 
‒ Hardness of the soil – 1.95 MPa 
 
Output parameters of the study are the relative 

fuel consumption for the different operations and 
the operating productivity. These indicators are 
measurable quantities and they can carry out the 
tasks of the study. Output parameters are: 

‒ Relative fuel consumption for an operation; 
‒ Duration and operating productivity. 
 
Initially were set pre-defined number of test plots 

with certain size. Then groups with similar prede-

fined working conditions were differentiate, depend-
ing on the type of the soil, the condition, type and 
size of the standing vegetation, the condition, type 
and size of clearing debris, the slope and so on.  

Then pre-set number of active and passive ex-
periments were performed, which determine the 
duration, productivity and relative fuel consumption 
for every operation – idle movement of the aggre-
gate, mulching or deep tillage. 

The speed of the drive engine PT-400 and the 
frequency or rotation of the milling drum – FAE-
300/S are input controllable factors which can be 
managed and maintained at the same level. 

Performance and fuel consumption of the ma-
chines used in other technological schemes for 
similar working conditions are determined on the 
basis of data received from our previous studies [15, 
17, 19] and from established data for the Republic 
of Bulgaria „Departmental labour standards for sil-
vicultural activities” [3, 6]. 

 
2. Results 
2.1. Route picture of the working time – the duration 
of the operations, operating speed and operating 
performance 

During the study the experiments were con-
ducted in three sites, with a total area of 20 dka. Six 
route pictures of the working time were established 
– by two for each site and each operator. The re-
sults are presented in Table 1. Both operators of 
the milling unit PT-400 FAE-300/S are well qualified 
and have good working experience with the man-
agement of the unit. 

 
Table 1. Route pictures of the working time 

State Forest Service –  
Office Vidin 

State Forest Service –  
Office Lom 

State Forest Service –  
Office Oryahovo Observed time, [min] 

First shift Second shift First shift Second shift First shift Second shift 
tstroke 284 277 268 269 271 268 
tidle 17 18 22 20 22 20 
toperative 267 259 246 249 249 248 
tprep.fin. 30 30 35 32 31 32 
tserv. 13 14 18 20 18 20 
trest 14 18 15 16 15 16 
tadmin. 2 3 2 3 3 4 
tdelay 59 65 70 71 67 72 
tshift 360 360 360 360 360 360 
τsh=tstroke/tshift 0.789 0.769 0.744 0.747 0.753 0.744 
 
The route pictures of the working time were 

made as timing observations for all activities [4, 18] 
– operational, auxiliary and others. The indications 
of every time in the table are: tstroke – time for stroke 
movement of the unit; tidle – time to manoeuvre and 
idle movement of the aggregate; toperative – operating 
time; tprep.fin. – time for preparatory-final works; tserv. 
– time for maintenance (includes greasing); trest – 

time for rests and natural needs of the workers; 
tadmin – downtime due to organizational reasons; 
tdelay – time during which not direct technological 
activities were carried out; tshift – the duration of one 
shift. 

The degree of use of milling unit for each shift is 
expressed by the coefficient of using working time 
for each shift – τsh. This coefficient was defined as 
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the ratio between the time spent on operational 
work and the total duration of one shift – 
τsh=tstroke/tshift. 

Based on the data obtained from the timing ob-
servations the coefficients of using working time of 
the milling unit for the three sites were established. 
The coefficients for one shift full soil preparation are 
as follows: for the first experimental site – τsh=0.789 
for the first shift and τsh=0.769 for the second shift, 
which makes average – τsh=0.779; Second experi-
mental site – τsh=0.744 for the first shift and 
τsh=0.747 for the second shift, which makes an av-
erage τsh=0.745. And for the third experimental site, 
respectively – τsh=0.753 and τsh=0.744, which 
makes average τsh=0.748. 

In these three sites were made other 27 active 
experiments. For the purpose were set up 27 test 
areas with length of 100 m and width of 2.5 m. 

Then timing observations for the operation deep 
tillage were made, depending on different speed of 
the milling drum and speed gear. 

The results are presented in Table 2. From the 
data it is seen that when the operation is performed 
at lower gear and lower speed of the milling drum, 
the duration of the operation significantly increases. 
At higher gear and higher speed of the milling drum 
the processing time is shorter. 

Accordingly, this also affects the operating 
speed of the machine (Table 3), which is the high-
est at third speed gear and maximum frequency of 
rotation of the milling drum, 500 min-1, and lowest at 
first gear and minimum speed of the milling drum – 
250 min-1. Graphically, this can be seen in Fig. 4. 

 
Table 2. Timing observations for the operation deep tillage up to 50 cm, for 100 m stroke 

Duration of the operations, s 
Speed 
gear 

Frequency of ro-
tation of the mill-
ing drum, min-1 

First experimental 
observation 

Second experimen-
tal observation 

Third experimen-
tal observation 

Average value for 
the observation 

250 645 620 625 630 
375 472 481 458 471 

1-st 
gear 

500 348 365 358 357 
250 439 435 455 443 
375 374 355 369 366 

2-nd 

gear 
500 291 279 288 286 
250 401 415 399 405 
375 331 310 334 325 

3-rd 
gear 

500 246 265 254 255 
 

Table 3. Operating speed of the milling unit PT 400 FAE-300/S for deep soil milling depending on the speed gear 
and the speed of the milling drum 

Average operating speed, km/h Frequency of rotation of the milling 
drum, min-1 1-st speed gear 2-nd speed gear 3-rd speed gear 

250 0.571 0.813 0.889 
375 0.746 0.984 1.100 
500 1.008 1.259 1.412 

 
Based on the results obtained, we can calculate 

the operating performance of the milling unit PT-
400 FAE-300/S, depending on different speed gear 
and frequency of rotation of the milling drum for the 
operation deep milling – Table 5. The graphical rep-
resentation of the variation of the operating per-
formance per hour of milling unit PT-400 FAE-
300/S for deep milling operation is exposed in 
Fig. 5. 

 
2.2. Relative fuel consumption 

Subsequently, thanks to favourable terrain con-
ditions were set 27 experimental slots, each with a 
length of 100 m and a width of 2.5 m. Data from 
these experiments is presented in Table 6. The re-
sults allow us to calculate the fuel consumption of 
milling unit per hour depending on different speed 
gear and speed of the milling drum – Table 7.  

Graphical dependencies are displayed in Fig. 6. 
The results show higher fuel consumption in stroke 
with a length of 100 m, using first gear speed. The 
fuel consumption per hour, however, shows that 
using 3rd speed gear, the fuel consumption is high-
est, while staying almost the same at different 
speeds of the milling drum. 

During the study it was found that at higher 
speed gear and speed of the milling drum less than 
400 min-1, the engine begins to „dies out”. In this 
mode, the engine operates with maximum power 
(430 hp/310 kW), as the stock of pulling power the 
energy machine is limit level (Kpower≈1). In this case, 
when working on a moist soil (soil moisture W≈55% 
and higher) and at speed of the milling drum below 
350 min-1, the total resistance and load over the 
machine becomes too much. This leads to activa-
tion of the control system of the engine 
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Fig. 4. Operating speed of the milling unit PT-400 FAE-
300/S for deep milling, depending on the frequency of 

rotation of the milling drum and the speed gear 

Fig. 5. Operating performance per hour of the milling 
unit PT-400 FAE-300/S for deep milling, depending on 
the frequency of rotation of the milling drum and the 

speed gear 
 

Table 5. Operating performance of the milling aggregate PT-400 and FAE-300/S for deep milling, depending on 
the speed gear and the speed of the milling drum 

Operating performance per hour, dka/h Frequency of rotation of the milling 
drum, min-1 1-st speed gear 2-nd speed gear 3-rd speed gear 

250 1.342 1.85 1.98 
375 1.8 2.312 2.51 
500 2.47 2.97 3.318 
 

Table 6. Fuel consumption for 100 m stroke of deep tillage 
Fuel consumption for 100 m stroke of deep tillage, l/100mх2.5m 

Speed 
gear 

Frequency of rota-
tion of the milling 

drum, min-1 
First experimen-
tal observation 

Second experimen-
tal observation 

Third experimen-
tal observation 

Average value for 
the observation 

250 11.2 11.3 10.9 11.1 
375 7.1 6.7 6.8 6.9 

1-st 
gear 

500 5.5 5.1 5.4 5.3 
250 8.6 8.8 9 8.8 
375 6.4 6.1 6.2 6.3 

2-nd 

gear 
500 5.1 4.9 5 5 
250 9.2 9 9.1 9.1 
375 7.5 7.1 7.3 7.3 

3-rd 
gear 

500 5.6 5.8 5.9 5.8 
 

Table 7. Fuel consumption per hour of the milling aggregate PT-400 FAE-300/S for deep tillage, depending on 
the speed gear and the speed of the milling drum 

Fuel consumption per hour, l/h Frequency of rotation of the milling 
drum, min-1 1-st speed gear 2-nd speed gear 3-rd speed gear 

250 63.4 71.5 81.0 
375 52.7 61.9 80.9 
500 53.4 62.9 81.9 

 
management and hydraulic transmission of ener-
getic machine PT-400. As a result, CPU electronic 
control of operating modes passes signal of the 
executive management and the operator unloads 
the machine and the engine, by degrading the 
speed gear and respectively the operating speed 
becomes lower. Technically, this is done by reduc-
ing the flow of hydraulic pump and hydraulic motor 
and reducing the workflow entering into the hydro 

system. This demotion of the operating speed can 
be seen in Fig. 6, depicting the functional depend-
ence of the operating speed and the speed gears. 
The increase of speed gear and reduction of the 
frequency of rotation of the milling drum leads to an 
increment in the thickness and weight of the soil 
chips. This will bring the working resistance and the 
direct energy consumption to increase, which takes 
effect of the increment of the fuel consumption. 
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Fig. 6. Fuel consumption per hour of the milling unit 
PT-400 FAE-300/S for deep tillage, depending on the 

frequency of rotation of the milling drum and the 
speed gear 

 
The energy and fuel consumption at milling the 

soil depends pretty much on the type and mechani-
cal structure and the hardness of the soil, also of 
the soil moisture, the mode of operation, the pres-
ence of roots, the degree of deformation of the soil, 
the degree of the wear of the working knives and 
other production factors.  

Fig. 6 expressing the fuel consumption per hour 
shows that when using the first and second speed 
gear the curves have similar shapes, with the dif-
ference that at first gear, the fuel consumption is 
lower. When using first speed gear, the average 
operating speed is lower, and thus affects the en-
ergy balance of the machine. Compared with other 
speed gears, operating with first speed gear, the 
total resistance on the machine is smaller and con-
sumes less power for cutting, soil treatment and 
idle or operating movement of the machine. Fur-
thermore, the degree of slip of the running system 
is lower. When milling with a constant frequency of 
rotation of the milling drum, but lower average op-

erating speed we can receive smaller soil chips and 
less accumulation of earth in front of the drum. This 
leads to lower operating resistance and energy 
consumption, which translates to lower fuel con-
sumption per hour. It can be seen from the graphi-
cal relationships in Fig. 6.  

Applying the different speed gears (excluding 3rd 
gear), the fuel consumption at maximum speed of 
the milling drum (500 min-1) is equal to or slightly 
higher than at average speed of the milling drum 
(375 min-1). This fact can be explained by the as-
sumption that regardless of the smaller thickness 
and soil mass of the cut chips and the smaller ac-
cumulation of earth in front of the milling drum, the 
higher peripheral speed of the working blades re-
sults in more intense rubbing between them and the 
soil, and creates higher speed and kinetic energy 
into the cut soil chips. This requires more power 
and energy to deform and toss back the soil chips. 
On the same graphic dependences it can be seen 
that the reduction of the frequency rotation of the 
milling drum, below 300 min-1, leads higher fuel 
consumption per hour. As already discussed above, 
when milling with a lower frequency of rotation of 
the milling drum and the larger depth of treatment, 
the mass of cut soil chips increases and increases 
the total resistance over the machine. This requires 
lot of energy for deformation and tossing back the 
soil aside of the machine, which is related to higher 
fuel consumption. 

Eight extra experiments were carried out for the 
operation – crushing stumps (Table 8) at different 
speed of the milling drum, but at a constant second 
speed gear. The consumption of energy and fuel for 
crushing stumps, in a large extent, depends on the 
size of the stumps, but it is noted that the optimal 
speed with the lowest fuel consumption is at 375 
min-1 speed of the milling drum. The graphical rela-
tionships are exposed in Fig. 7. 

 
Table 8. Relative fuel consumption and durations of the operation crushing stumps of the milling unit PT-400 

FAE-300/S at constant second speed gear, but depending on the speed of milling drum and the stump diameters 
№ Frequency of rotation of the milling 

drum, min-1 
Average diameter of the 

stumps, cm 
Fuel consump-

tion, l 
Duration of the opera-

tion, min 
1 500 min-1 42 1.8 01:06:10 
2 250 min-1 45 2.5 01:45:23 
3 500 min-1 35 2.1 01:23:05 
4 250 min-1 38 2.3 01:30:12 
5 500 min-1 48 2.9 01:50:20 
6 250 min-1 52 3.2 02:05:30 
7 375 min-1 46 2.3 01:35:13 
8 375 min-1 42 1.7 00:58:04 
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Fig. 7. Fuel consumption of milling unit PT-400 FAE-
300/S for crushing stumps, depending on the speed 
of the milling drum and the average diameter of the 

stumps 
 
2.3. Optimization of operating modes of the milling 
unit for deep milling of the soil 

Establishing the optimal modes of milling unit is 
necessary to determine the most appropriate speed 
gear and speed of the milling drum. For this pur-
pose, it is performed an optimization of the milling 
unit PT-400 FAE-300/S, by the method of technical 
criteria [16]. This method of optimization using the 
technological parameters of the research unit es-
tablishes the minimum of the specific power con-
sumption. In the present case, this method of opti-
mization can be used to determine the relative fuel 
consumption per unit area. In the general case, the 
technical criterion for finding the minimum power 
consumption is expressed by the equation: 

min
v.B

.N
E

opop

movEff
tcos 


 ,       (1) 

where 
vop is the operating speed of the unit, m/s; 
Neff – the effective rated engine power, kW; 
ηmov – the rate of use of engine power; 
Bop – working width, m. 
 
In the formula above (1) energy consumption 

may be submitted by the fuel consumption per hour 
and the criteria for finding the minimum of power 
consumption, and will become: 

min
v.B

G
E

opop

h
tcos  ,        (2) 

where  
Gh is fuel consumption per hour, l/h. 
Bop.vop=Wh – the performance of the unit per 
hour, dka/h. 

 
To establish energy consumption we use the 

data from Table 5 and Table 8 for the operating 
performance of the unit per hour, and the fuel con-
sumption per hour. After solving equation (2), the 
results obtained are given in the Table 9. Thus the 
established power consumption for the different 
technological operating modes of the milling aggre-
gate can be used to determine the relative fuel con-
sumption for soil preparation up to 500 mm. 

The data from Table 9 is used to build graphical 
dependencies. These dependencies are convenient 
for tracking the dynamics of power consumption 
and finding the optimal values of technological re-
gimes. 

From the graphical dependences it can deter-
mine the power consumption by technical criteria 
and can be established that the lowest value or the 
minimum of the function is when using second-
speed gear and maximum speed of the milling 
drum – 500 min-1. In this case, the minimum power 
consumption is 21.26 l/dka. The productivity of the 
machine while operating with second-speed gear is 
smaller (2.97 dka/cm) than using third gear (3.32 
dka/cm), but fuel consumption per hour is with 
around 19 l/h higher at third gear and the total 
power consumption is higher with 3.42 l/dka. From 
Fig. 8 can be seen that the lowest fuel consumption 
per hour is when operating at first-speed gear – 
from 53 to 63 l/h, but on the other hand the produc-
tivity is lowest – Wh=2.47 dka/cm (Fig. 8). There-
fore, the power consumption at first gear but using 
different speed of the milling drum varies between 
47 and 22 l/dka. The minimum power consumption 
at first gear with maximum speed of the milling 
drum corresponds to 22.54 l/dka, which is 1.28 
l/dka lower than at second gear and 2.14 l/dka 
higher than at third gear. 

In conclusion, it can be concluded that optimal 
technological modes of the milling machine PT-400, 
with FAE-300/S for deep tillage on alluvial soils with 
depth up to 500 mm, with an average hardness 
1.93 MPa (19.6 kg/cm2), soil moisture Wa=55% and 
comparatively heavy mechanical structure of the 
soil, are at second-speed gear of the self-propelled 
machine Prime Mover PT-400 and maximum speed 
of the milling drum of the multipurpose forest cutter 
FAE-300/S. In this mode power consumption is low-
est, as the relative fuel consumption, which is 21.26 
l/dka. 

 
Table 9. Results for relative fuel consumption for deep tillage 

Relative fuel consumption, l/dka Frequency of rotation of the milling 
drum, min-1 1-st speed gear 2-nd speed gear 3-rd speed gear 

250 47.24 37.53 40.90 
375 29.28 26.77 31.00 
500 22.54 21.26 24.68 
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Fig. 8. Power consumption and relative fuel con-

sumption of milling unit PT-400 FAE-300/S, depend-
ing on the speed of the milling drum and speed gear 

 
Conclusion 

The introduction of innovative specialized milling 
units for simultaneous operations as shredding 
stumps, crushing clearing debris as standing and 
laying vegetation, deep primary tillage, and milling 
the soil, has many advantages and will significantly 
reduce the time for silvicultural activities and 
shorten the agro-technical terms for afforestation. 
Other adzvantages are the ecological aspects and 
faster return of the investments. The main disad-
vantages of these specialized milling units are 
higher price, more expensive maintenance and 
some difficulties while operating over rough and 
stony terrain.  

As a result of this study on specialized milling 
unit for milling and deep soil preparation the follow-
ing conclusions can be made: 
1. The general technical parameters of milling unit 

PT 400 with FAE-300/S are established – op-
erating speed, coefficients of using working 
time, operating productivity per hour and per 
shift and power and fuel consumption per hour.  
For example, the operating speed is highest at 
3rd speed gear and maximum speed of the mill-
ing drum (500 min-1), and it is 1.412 km/h, re-
spectively the operating productivity is highest 
and it is 3.318 dka/h. But the operating produc-
tivity is visibly lower at first-speed gear, com-
pare to 2nd and 3rd speed gear, where the dif-
ference is not significant. The research estab-
lished that usage of lower speed of the milling 
drum with higher speed gear leads to larger re-
sistance and load over the machine, which de-
creases the quality of the performance.   

2. An assessment of fuel consumption for different 
operations are made through the implementa-
tion of serial active and passive experiments 

2.1. Deep tillage – the fuel consumption per 
hour at 3rd gear for all speeds of the milling 
drum is higher than 80 l/h, respectively for 
1st speed gear varies between 63.4 and 
53.4 l/h, and for second speed gear is be-
tween 71.5 and 62.9 l/h. It is notable that 
for lower speed of the milling drum the fuel 
consumption is higher or equal than the 
fuel consumption at 3rd, 2nd and 3rd speed 
gear, regardless of the frequency of the ro-
tation of the milling drum. 

2.2. Shredding stumps – here the duration of 
the operation and the fuel and energy 
consumption depend mostly on the diame-
ter of the stumps.  

3. Finally is proposed an optimization by the tech-
nical criteria method. It is used to find the mini-
mum of power and fuel consumption. It has 
been found that the minimum of the power and 
fuel consumption is when operating at 2nd 
speed gear and maximum speed of the milling 
drum. In this case the fuel consumption will be 
21.26 l/dka, with at least 3.42 l/dka lower from 
operating at 3rd gear. The fuel consumption per 
hour at 1st speed gear is lowest – 63 l/h, but the 
total operating productivity is also lower – 2.47 
dka/shift.  

The results can serve as normalization and 
planning costs for labor and fuel for mechanized 
land preparation when working with specialized 
milling unit Prime Mover PT-400 in reforestation of 
riparian willow habitats. 
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Резюме 
 

Въвеждането в експлоатация на съвременни и иновативни машини в производствения процес на залесяване 
на горски площи е динамичен процес. В съответствие с нововъведените машини се обновяват и осъвременяват 
технологиите и схемите за почвоподготовка и залесяване. Постигането на по-добри резултати от внедряването 
на новите технологии изисква намаляване разходите на труд и общия брой на използваните машини, минимизи-
ране на общите енергийни разходи, в това число разхода на гориво, и подобряване на екологичните и ергоно-
мичните показатели на технологичния процес. В настоящата работа е представена една сравнително нова тех-
нология за залесяване с интензивни тополови култури в нашата страна. За целта са изследвани някои основни 
технико-икономически показатели на фрезов технологичен агрегат „PT-400”, състоящ се от самоходна енерге-
тична машина „PT” с верижна ходова система и двигател „CAT C-13”, с мощност 320 kW, и специализирана мул-
тифункционална горска фреза „FAE-300/S”. Машината е закупена и внедрена в експлоатация през 2013 година от 
горското Северозападно държавно предприятие „Враца“. За постигане на целта на изследването са планирани и 
проведени експериментални наблюдения в опитни обекти, представляващи пробни площи за залесяване с ин-
тензивни тополови култури по поречието на р. Дунав, на територията на гр. Козлодуй и гр. Дунавци. Разработен е 
план на експеримента и са заложени определен брой опитни участъци с предварително дефинирани производс-
твени условия. От проведените опитни наблюдения и обработените експериментални данни са получени конк-
ретни резултати, въз основа от които са установени относителния разход на гориво и горивната ефективност на 
изследвания агрегат, при определени технологични схеми и входни работни параметри на обекта на изследване. 
Така например резултатите показват, че при 3-та предавка и най-висока скорост на барабана за фрезоване (500 
min-1), скоростта на работа и производителността са най-високи – съответно 1,412 км/ч и 3,318 дка/ч. Предложе-
на е оптимизация на режимите на работа по метода на техническите критерии. Установено е, че оптималния 
разход на гориво се получава при работа на втора предавка и максимална скорост на фрезовия барабан (500 
мин-1). В този случай разходът на гориво ще бъде 21,26 l/дка, с около 3,42 л/дка по-ниско от работа на трета пре-
давка. Часовият разход на горивото при първа скоростна предавка е най-нисък – 63 l/ч, но общата операционна 
производителността също е по-ниска – 2,47 дка/смяна. Настоящето изследване има иновативен и научно-
приложено характер, а получените резултати могат да се използват в областта на внедряването и експлоатация-
та на съвременни машини и технологии за почвоподготовка при създаване на интензивни тополови култури. 

 
Ключови думи: интензивни горски култури, почвоподготовка, технологии, разход на гориво, производител-

ност. 


