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A MECHANIZED TECHNIQUE OF ECOLOGICAL SOIL PLANTING FOR THE ANNUAL
DOUBLE CROPPING OF WHEAT AND MAIZE WITH A FIVE-YEAR CYCLE

/

BB EFR BRI — IRV LA A PR

Ph.D. Guohai Zhang, Prof. Ruicheng Du, Prof. Ph.D. Peisong Diao, Prof. Ph.D. Duanyang Geng
School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo / China
Tel: +86 533 2789896; Email: guohz@163.com

Abstract: An ecological soil planting method was
proposed for the annual double cropping of wheat and
maize with a five-year cycle. This method is suitable
for Huang-Huai-Hai Region and aims to address the
problems of reduced crop yield and soil crust as a
result of soil and water loss, deteriorated land fertility,
and protective tillage in intensive cultivation.
Moreover, the planting specifications of the annual
double-cropping rotation patterns of wheat and maize
were unified, and the key agricultural equipment was
designed for full mechanization. Research results on
the test demonstration base showed that the return of
straw to the field and scientific fertilization can limit the
emissions of harmful gas and the use of fertilizer.
Furthermore, these steps can enhance ecological
agricultural production. The return of straw to the field
and suitable cultivation can increase the content of
organic matters in soil, improve the aggregate
structure, and enhance soil fertility. Finally, the
implementation of the ecological fertile soil planting
technigue can overcome the disadvantages of
intensive cultivation and protective tillage, thereby
facilitating stable and high crop yield.

Keywords: Intensive cultivation; protective
planting specification; Agricultural mechanization

tillage;

INTRODUCTION

The population of China comprises 18.84% of the
world population. However, its arable land constitutes
only 8.7% of that of the world. As a result, the
development pattern of high agricultural yield involves a
gradual increase in labor input-intensive cultivation.
Intensive cultivation is essentially for a comprehensive
technological system of traditional agriculture. In line with
this knowledge, a series of studies has been conducted
on intensive cultivation technology and its development.
The results indicate that although intensive cultivation
improves crop yield and solves the employment problem,
it also induces soil erosion, environmental degradation,
and other problems [1], [3], [5-7], [12], [20]. This process
can also significantly reduce the earthworm population[6-
7], as well as affect organic matter content, enzyme
activities, microbial quantity, the abundance of fungal

mycelium, the functional diversity of microbes, the
abundance of bacterial species, and other sall
properties[3],[7]. The increase in cropping intensity

eliminated the self-protection function and activity of soil.
In addition, straw burning enhanced atmospheric
pollution.

Strong black storms hit the western US and the former
Soviet Union in the 20th century. Many experiments have
been conducted on sandstorm treatment, and they
confirmed that protective tillage is the most successful
suppression method [10]. Research on this method

TE. 2 TPk P Z TR — P RA 11T — I
LA IR % AT 7EAE G I, H T2 e

EAEF IR LI R 2T 0B TR R
AT LIRS G T DZE TR
PIRAFE B CHT PRS0t T 2L I KA Al
Fedtro WL I TEREIHI IR : o FId H R
TR, BEBWD G FTIERITER AL 1E/ 2 L
BN TR H RS AR, ] LU -2 A L

=== ek L = R ad i PR 7 S
HIEARNTSE A ARG IR LB FHI
SRR

KART. FTHAE, (R TERHF, FHEARS, LWL

Gl

FHE N DR RN LS B0 18.84%, T A Hh T X
RAHAPHEARN 8.7%, HIEHE R 1 8L sy
BTN IR = B 1) R R —— S AR . RS
HAE 2T v AL G ROV RS I — FIESS R AE R —
MEEHARK SR . BSHHAERAR LR ERT T — &
FIMIBET, S5 R IR BIAIE BARAR T R Sh 7 &
fRR T 55BN Dl R, H R R T KRR . HE%
&R (1], [3], [5-7), [12], [20]. KEBE4RAE AE KD
WIS FPEE6-7], AN SR BRI, YR, '
WL FE . BEMThREZ R, QR & 2%
FIRVE R3], [7]. BV SRS R AEAF 13k 2 T | AR
Dife, LgEedg O LiEtE, FIRREFAERINE T RIS
B,

FETEAMETRBEGE AR A T ERRBEER
B, EPOHREVD AR RIAT T RE M SIGH A, IR
BV 7 75 2 R T (R4 1) 7Y [10] o A4 kB A 9 3 2
et H MR R [2], [11], [13-17), [21-24], L%
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mainly focused on its influence on soil properties[2], [11],
[13-17], [21-24], the composition of soil species [4], and
the microbial quantity and fungi abundance in soil [19],
[25]. Protective tillage can limit soil erosion and water
loss [8], increase the contents of organic matters in soil,
improve soil structure, control soil loss, reduce wind and
water erosion, and shorten tillage times. In addition,
straw residue cover can limit dust hazard. Thus, its
implementation can prevent the loss of dust, water, and
soil in farmlands. It can also store and preserve water,
promote the productivity of fertilized land, save costs,
increase efficiency, reduce emissions from straw burning
and greenhouse gas, and enhance the sustainable
development of agriculture. However, many researchers
believe that simple protective tillage is not conducive to
high yield given that the overuse of chemical fertilizers,
pesticides, and other chemicals has generated ecological
issues and problems with soil crust.

Based on a survey of the annual double-cropping
patterns of wheat and maize in the Huang-Huai-Hai
Region and on the advantages of intensive cultivation
and protective tillage following years of field experiment
research, a new method of ecological soil planting is
proposed in the current study for these patterns. This
mechanized ecological soil planting technique is
investigated by determining the representative dry area,
well irrigation area, and saline land. The results suggest
that scientific and reasonable soil cultivation can enhance
ecological agricultural production, soil structure, and the
contents of organic matters in soil to ensure the stable
and high yield of grain, as well as to realize the
sustainable development of agriculture.

MATERIAL AND METHOD

Description of the Mechanized Ecological Soil
Planting Technique

The so-called ecological soil planting technique guides
scientific development. It focuses on the stable and
sustainable development of agriculture in the long term,
as well as on ecological agriculture construction and soll
fertility cultivation. Crops are planted using ecological and
mechanized techniques and methods. Furthermore,
straw is treated scientifically to increase the contents of
organic matters in soil, to improve soil structure, and to
reduce the use of chemical fertilizers, pesticides, and
other chemicals. Ultimately, it achieves the purpose of
ecology, which is to facilitate high-quality, low-
consumption, and high-efficiency agricultural production.

Key Techniques of Mechanized Ecological Soil
Planting

Scientific Tillage Method

Tillage method is a general term for all techniques and
measures that recirculate several crop systems in a
region, including planting, soil tillage, fertilization, and
weed control methods. The ecological soil planting
technique is an establishment of the ecological soil tillage
method, which combines tillage and protection with the
ecological planting method. Agricultural machinery and
agronomy are integrated as well.

Soil Tillage Method
The ecological soil tillage method with a five-year
cycle (ploughing in the first year, digging the soil in the
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third and fourth years, and no ploughing or digging in the
second and fifth years) was developed to emphasize
both soil tillage and protection equally. Thus, the tillage
and protective measures complement each other.

Ploughing in the first year: Ploughing can improve soil
structure, the capacity of water storage and preservation,
and crop root growth and nutrient absorption. It can also
adjust nutrient distribution, loosen the organic matters
accumulated on the soil surface, continuously improve
the fertility of the tilth layer of soil, enhance the soil
ecosystem, and promote the balance of the biological
population in soil. Finally, it buries weed seeds, pathogen
spores, and pest eggs deep into the soil to inhibit
diseases and pests.

Digging deeply into the soil in the third and fourth
years: This process mainly protects the soil surface and
its dynamic configuration. Its main role is to break the
plough pan to help the roots of crops adhere to the soil,
to improve water storage and preservation capabilities, to
enhance soil porosity, to improve air and water operation
in soil, to generate conditions for the decomposition of
organic matters by soil microorganisms, and to promote
soil fertility and nutrient absorption.

No ploughing or digging in the second and fifth years:
Over-tillage has many disadvantages, and the most
serious is water and soil loss. No ploughing after tillage
and complete digging is conducive to shortening the
times of mechanized farming and to protecting the soil
surface.

Planting Specification

The unification of planting specifications is the premise
of the scientific design of mechanized agronomy. Planting
specification mainly includes row width, line quantity and
spacing, as well as the strip width and line spacing of deep
digging. The parameters are agricultural machinery,
agronomy, and irrigation methods. For convenient machine
configuration, planting specifications must be unified, such
as line spacing and row width. To adapt to the annual
double-cropping patterns of wheat and maize in the well
irrigation area of the Huang-Huai-Hai Region, a planting
specification is designed as shown in Fig.1.
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Fig. 1 - Planting Specification in the Well Irrigation Area (Unit: mm)
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Key Agricultural Equipment

The mechanized ecological soil planting technique
emphasizes the heavy integration of agricultural
machinery and agronomy, enhances standardized
planting procedures, and regards high efficiency, low
consumption, and low investment as the goals of the
system configuration and of machine operation. The
tilage and planting requirements of this technique are
presented in Table 1.
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Table 1

Requirements of the Mechanized Agronomic System

Item Name

Requirements of Agronomy

Ploughing depth (mm)
Digging depth (mm)
Wheat planting depth (mm)

Fertilization depth for wheat planting (mm)

Interval width between wheat seeds and fertilizer(mm)

Suppression strength for wheat sowing (N/cm?)

Maize planting depth (mm)

Fertilization depth for maize sowing (mm)

Interval width between maize seeds and fertilizer (mm)

Suppression strength for maize sowing (N/cm2)

Cutting length of maize straw (mm)

200~250
230~300
30~50
80~100
50~60
20~30
30~40
100~120
60~80
20~50
<100

Given the annual double-cropping patterns of wheat
and maize, the key agricultural equipment and
techniques include:

E 5 Sk AUE STk S Y SIPS /¥ Qe T
LR EER

Fig. 2 - Sowing by Wheat Dep Digging and Fertilization Seeder and Seedlings

Wheat Seeder

The deep-digging wheat seeder performs six
processes, namely, deep digging, rotary tilling, fertilizing,
sowing, covering, and suppressing. Two rows of deep
digging spades are staggered to prevent grass entangling
and plugging effectively and to enhance the stability of
deep digging [18] On October 12, 2012, the Shandong
Agricultural Machinery Test Evaluation Station assessed
the performance of the deep-digging wheat seeder. The
main parameters are displayed in Table 2.
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Table 2

Performance Parameters of Wheat Deep Digging Fertilization Seeder

Performance Index Parameter Performance Index Parameter
Supporting Dynamics (kW) =735 Fertilization spacing qualified rate (%) =08
Number of sowing Lines 8 Sowing rate error (%) +0.4
Productivity (hm2/h) >0.8 Linking spacing qualified rate (%) =90
Sowing depth qualified rate (%) >80 Digging depth (cm) =30
Sowing uniformity variation coefficient (%) <45 Digging depth stability (%) =85

The wide strip sowing technique can improve the
effective tillage of seeds and assist in ventilation, lighting,
and crop growth. Wheat seeds are distributed in the field
uniformly, and vyield increases by 6% to 8% in
comparison with that obtained with conventional sowing.

KHEH WA, TR AR E. 58T
WA SROCFIEM A, /INEEFh 76 HE 18] 20 A 58 34 &),
Eb & AUFE FP I - 6% £ 8%.

N (a) 2BYMZ-8 monomércpylng maize eeder
Fig. 3 - Maize Seeder and Its Strip Grooming Device

Maize Seeder and Dynamic Anti-plugging Device

The strip grooming device depicted in Fig. 3(b) is
adopted to solve the plugging problem of the furrow
opener on the no-tilage maize seeder when straw
coverage is large (more than 0.6 kg/m2) or when straws
are long (more than 22 cm) and scattered unevenly. This
device exhibits the functions of dynamic anti-plugging
and stubble ploughing. The number of the rotating knives
is similar to that of furrow openers. In this device, a group
of rotating knives is placed in front of the pillar of each
furrow opener. Each group of rotating knives contains two
rotating knives that are installed symmetrically at 180°
[26].

The strip grooming device not only clears straw
residues but also breaks the dry and hard soil layer on
the surface, thus generating a good seeding bed and
increasing the seedling rate by 2.5%. The monomer
copying technique reduces the leakage sowing rate
caused by uneven ground and enhances the consistency
of seedlings.

Maize Straw Returning Machine

Given that the spacing of maize does not match the
wheel tread of the harvester, the maize straws may be
crushed during harvest. This phenomenon strongly
affects the returning quality. To solve this problem, the
technique employed by the crushing machine is improved
by installing a stubble digging device in front of the
machine (as exhibited in Fig. 4). This device digs maize
straws up from the surface of the ground slowly and
returns them to the straw returning machine. The straw
returning machine crushes the straws rapidly to prevent
its blade from hitting the earth, to reduce dynamic
consumption, and to slow the onset of blade wear. Thus,
the problem wherein maize straws cannot be returned to
the field as a result of wheel rolling is solved.

(b) Strip grooming device
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Fig. 4 - Stubble Digging, Crus

The comprehensive crushing and returning of maize
straws and roots after harvest not only limits the dynamic
harvest but also gathers the remaining ears in the
harvesting process to reduce harvest loss and the
cleaning of emerging wheat seedlings.

RESULT ANALYSIS

The representative dry area, well irrigation area, and
saline land were selected as per the proposed
mechanized ecological soil planting technique to
determine the test demonstration bases (as indicated in
Table 3).
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Table 3

Test Demonstration Bases

Serial No. Item Name Cooperation Unit Construction Time
1 Dry Area Test Demonstration Base Longyi Village in Zichuan District, Zibo 2011
2 Well Irrigation Area Test Donglai Agricultural Machinery Cooperative in 2012
Demonstration Base Changshan Town, Zhouping County, Bingzhou
3 Saline Land Test Demonstration Jin Fu Xiang Peasant Planting Cooperative in 2012
Park Mingji Village, Lijin County, Dongying
4 Well Irrigation Area Test Fujia Village, Zhangdian, Zibo 2005

Demonstration Base

The protective tillage system has been implemented in
test demonstration base no. 4 since 2005. The
mechanized planting technique has been adopted since
2011. After 10 years of returning straw to the field and of
scientific and reasonable soil tillage, significant effects
have been observed.

Ecological Production Mode

In the case in which all straws were returned to the
field, 11 t/hm2 to 15 t/hm2 of maize straws were
recovered annually. The amount of wheat straws
returned ranged from 7.5 thm2 to 9 t/hm2. The
concentrations of gas emissions reduced directly by
straw returning per hm2 are displayed in Table 4 based
on the data reported in the literature [9].

£ 4 SR R dE B, A\ 2005 I 46 St Ry B
TERIRE, A 2011 4FFFAERFAHUAL iR AR 04T - 39t
1B, @Kkt 10 FMREFIE H KR G B Lt 5
BE, B T BN B AIRCR
EFEGAESM

R EMEEE LT, FFEHMEARFETN 11~
15t/hm? /NEFEFEA 7.5~9 thm? o K48 SCHRO]FTHE 4 1
HE, R FARSFEIE A BB Bd b SR B R 4
Fi7R o

Table 4

Directly Reduced Gas Emissions per hm? (unit:kg)

Chemical Name

Quality

CcO
CO;
NO
NO;
NOy

2413.45~3150.3
26598.15~34722
15.07~19.5
6.75~8.67
21.92~28.32
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The return of straw to the field can reduce air pollution
and prevent damage to the soil structure as a result of
straw burning. It can also improve the efficiency of
fertilizer use and reduce usage by 40%. Root stubble
crushing loosens and stirs the topsoil, thereby changing
the physical and chemical properties of the soil and
destroying the parasitic environment of insects and other
pests on the surface. This process inhibits the onset of
plant diseases and pest invasion.

Organic Soil Fertilization

The scientific processing of crop straws increases the
content of organic matters in soil consistently every year,
improves the aggregate structure of soil, enhances soil
permeability, balances soil microorganisms, and
improves the microenvironment of the field, thus realizing
stable and high yields. The changes in the contents of
organic matters, the increment of water content, and the
volume-to-weight ratio reduction in the soil of test
demonstration base no. 4 are shown in Fig. 5.
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Fig. 5 - Influence of the return of straw to the field on soll

Since 2011, soil tillage has strictly accorded with the
requirements of the ecological soil planting project,
thereby steadily increasing the yields of wheat and corn.
Scientific fertilization limits the use of fertilizer and
fundamentally weakens the adverse influence of fertilizer
production and use on soil and ecology. The yields of
wheat and corn, as well as the amount of fertilizer used in
test demonstration base no. 4, are depicted in Fig.
6(Note: The crops in Shandong were frozen because of
the low temperature, snow, and rain in the spring of
2013). Late in May, rare rainstorms and strong winds
resulted in a severe loss of wheat. Moreover, droughts in
the late summer and early autumn affected sowing. In the
middle of September, Luzhong experienced hail, which
intensified the disaster and reduced yield.
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Fig. 6 - Yields of wheat and corn and the amount of fertilizer used (unit: kg/mu)

CONCLUSIONS

Based on the analysis of the two typical planting
patterns of intensive cultivation and protective tillage
and according to several years of testing and research,
a mechanized ecological soil planting technique was
proposed for the annual double cropping of wheat and
maize. This method is suitable for the Huang-Huai-Hai
Region. The characteristics of the planting technique
were explained, and the planting specification was
designed. This specification was appropriate for the
ecological soil tillage method employed in the
mechanized ecological soil planting technique and for
the combination of agricultural machinery and
agronomy. The corresponding key agronomic
equipment was designed to mechanize the operation of
the annual double cropping of wheat and maize fully.
The proposed technique was applied, and the results
showed that it reduced the emissions of polluted gases
and the amount of fertilizer used through scientific
fertilization to establish the ecological production mode.
In addition, it increased the contents of organic matters
in soil, improved the microenvironment of farmland, and
enhanced the organic fertilization through the return of
straw to the field and through suitable soil tillage. Thus,
the implementation of this tillage method ensured stable
and high crop yields, as well as the sustainable
development of agricultural production.
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Abstract: Implementing intelligent control in pesticide
spraying machines is a key technology in improving spray
efficiency, decreasing pesticide pollution, and lowering
production cost. This paper presents an intelligent
monitoring system for pesticide spraying machines. This
system focuses on the ZigBee technology and integrates
sensors, motors, a Wi-Fi camera, and a 32-bit embedded
controller. This intelligent monitoring system consists of a
monitoring node of a rotary pesticide selection unit,
monitoring node of a real-time preparation unit,
monitoring node of a nozzle unit, monitoring node of an
intelligent mobile platform, a Wi-Fi camera image
collecting module, and a PDA remote controller. Test
results show that the average packet drop ratio of the
ZigBee network is 0.21%, and the success ratio of
sending 10,000 commands through the responder
communication strategy of the ZigBee network is 100%.
This intelligent monitoring system can be remotely
controlled from a distance of up to 110 m. The spraying
efficiency is 2—3 times greater than of manual spraying.
The wireless remote operation is also convenient for
pesticide preparation and operator safety.

Keywords: Pesticide Spraying Machine; ZigBee; PDA;
Embedded Controller; Sensor

INTRODUCTION

Given the excessive use of pesticides, the additive
effect of toxicity residues in the environment and food is
an increasingly serious problem that has exceeded the
natural degrading capacity of the environment. Thus, it
has caused underground water and surface water
pollution, as well as toxin accumulation in foods [11].
Therefore, intelligent pesticide application technology
developed on the basis of agricultural mechanical
equipment is an efficient way to promote the health and
sustainable development of agriculture, as well as lower
the harmful effects of pesticides on the environment and
human body [8].

Researchers have proposed many methods in terms
of pesticide spraying technologies in recent years [1], [2],
[5]. Spraying technologies presented in literature [3], [6],
[7], [9] mainly realize variable application control.
Spraying machines are usually costly, whereas some
application technologies are in high demand in the
landform. This paper presents a pesticide application
technology based on ZigBee technology to realize its
operation in a diversified environment, decrease waste
and excessive use of pesticides, prevent operators from
directly contacting with pesticides, and improve the
spraying efficiency of pesticides. ZigBee technology is a
short-distance  wireless  network  communication
technology with low energy consumption, cost, and
complexity [10]. It is applicable to multipoint control
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application systems. A pesticide spraying machine
consists of multiple units. Therefore, an intelligent
monitoring system for such a machine is developed by
employing ZigBee technology combined with a personal
digital assistant (PDA) to realize intelligent control of
pesticide selection, pesticide preparation, multi-mode
spraying, and nozzle.

MATERIAL AND METHOD
The Structure and Principle of the Pesticide Spraying
Machine

This pesticide spraying machine consists of a rotary
pesticide selection unit, real-time preparation unit, nozzle
unit, and intelligent mobile platform. Figure 1 shows
pesticide spraying machine [4].

The rotary pesticide selection unit mainly consists of a
solution tank, laser photoelectric sensor, solenoid valve,
and stepper motor. The operator selects the exact type of
pesticide according to the images sent to the PDA remote
controller. It then controls the rotation of the solution tank
and makes it rise to a corresponding height to draw the
pesticide. The solution tank is divided into eight sections
with the same volume for holding eight types of
pesticides. The corresponding solenoid valve hole is
mounted at the bottom of each section for the operator to
select appropriate pesticides according to the state of
crop disease.

The real-time preparation unit mainly consists of a
solution preparation tank, solution temporary storage
tank, water storage tank, and level switch. When the level
switch in the solution temporary storage tank detects that
the level of the solution is lower than the set value, it
immediately starts to prepare the solution for the next
round of spraying. The real-time preparation unit can
realize real-time rapid preparation.

The nozzle unit mainly consists of a lifting rod, stepper
motor, water pump, and nozzle, which adjust the nozzle
height by driving the lifting rod with the stepper motor.

The intelligent mobile platform employs Beijing Borch
Company’s Traveler No. 4 whole landform mobile
platform, which is applicable for traveling on sand, soll,
and grass. It can also run in diversified environments
such as fruit gardens, vegetable bases, and
greenhouses.
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Design of an Intelligent Monitoring System

By monitoring the working state of a pesticide
spraying machine with sensors and cameras, this
monitoring system coordinates the rotary pesticide
selection unit, real-time preparation unit, and nozzle unit
to enable the pesticide spraying machine to spray in
three modes: automatic fixed spot spraying mode,
automatic travel spraying mode, and manual mode. The
design project of the intelligent monitoring system is
shown in Figure 2. This plan consists of two major parts
of the spraying machine monitor and PDA remote
controller. The spraying machine monitor is designed on
the basis of ZigBee and consists of a monitoring node of
the rotary pesticide selection unit, monitoring node of
real-time preparation unit, monitoring node of nozzle
unit, monitoring node of intelligent mobile platform, and a
Wi-Fi camera image collecting module. The PDA
controller communicates with the Wi-Fi camera image
collecting module through Wi-Fi and communicates with
the ZigBee monitoring node through the ZigBee network.
The Wi-Fi camera collects images with the CS-R5110
module, whose main performance parameters are as
follows: 1280 x 760 pixels; 8-direction pan/tilt/zoom
(PTZ) that can rotate in 335° horizontally and 120°
vertically; built-in Wi-Fi communication chips; wireless
communication distance of up to 120 m; and fully meets
the spraying machine’s demands of image collection.
The 4 monitoring nodes and PDA remote controller are
powered by 12V, 5 AH storage batteries. A 5V and
3.3V DC is provided after the power is regulated by
LM2596-5 and LM1117-3.3 regulating chips. The
intelligent mobile platform is powered by 48 V, 20 AH
storage batteries.

INMATEH-- 8‘9 ricultural c\gnqmwtmq

FRBERIL LT
AR RS BRAGCKME AR WAL TARIRES, 2

Bt R G e R 2G5 B L S T 24520 B R Sk A
B AR, G AR 2 AL AT L S B = e e A A5
3, B AW AR 3k 1t B A R B A
X FhEIE RGBT T RWNE 2 iR, 77 R bR Zm
NP2 PDA IR IR G 8. AR WAL
FER L ZigBee HANZOBAT VT, HHEZ R B My
M CSENTEC 2GR B IR AL BB IRET AL BT
WP S A Wi-FI SRk BRI R . PDA
EERE WI-F 35Sk BUERER s Wi-Fi S2EBUHEE
{5, 5 ZigBee Witm il ZigBee W 4% sCHAH HH
Fo Wi-Fi I8k FIERAERYCR A CS-R5110 #ibk, &
FEMRES UL, WFF 1280*760 3%, Hi 8 Hlish
YK 335° , R 120° uFEEEzh, WE Wi-FiES
R HLICER 0 75 B B 120m, 58 45 AR 25 W LA Lk
R REFR K. 4 AN W4ET 8N PAD 3E % 745 #5 K H
12V5AH &R At B EE, & LM2596-5. LM1117-3.3
RS R BRI 5V A1 3.3V B AR . B RERE T
£ RF 48V20AH & HIE AL RE

ZigBee monitoring
node of the rotary

pesticide selection unit

ZigBee monitoring

node of the nozzle unit

ZigBee monitoring
node of the real-time

preparation unit

ZigBee monitoring
node of the intelligent

mobile platform unit

WIFI camera image collecting module

The PDA remote controller

The pesticide spraying machine monitor

Fig. 2 - Design project of the intelligent monitoring system

Design of the pesticide spraying machine monitor

All the monitoring nodes of the rotary pesticide
selection unit, real-time preparation unit, nozzle unit, and
mobile platform are designed with the CC2530 wireless
single chip microcomputer (SCM) as the core. The
CC2530 wireless SCM is a type of system-on-chip
developed by Tl, a US company. By integrating the RF
transceiver with leading performance and industrial
standard enhanced 8051 CPU, this chip has excellent
sensitivity, anti-interference capacity and strong GPIO
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interface, and it follows ZigBee protocol. The three
monitoring nodes are designed by employing the
minimum applied system circuit proposed by Tl and
integrating the GPIO interface circuit. The secondary
application development is performed for monitoring the
node program on the basis of TI's Z-Stack-CC2530
protocol stack.

Monitoring node of the rotary pesticide selection
unit

The stepper motor drives the solution tank of the
rotary pesticide selection unit to rotate and select the
pesticide type to be sprayed. The stepper motor then
uses the 57BYGH module. The P1.0 to P1.2 ports of the
CC2530 wireless SCM are connected to the pulse port
CLK, direction port DIR, and enabling port EN of the
57BYGH module, respectively. The CC2530 wireless
SCM control rotation of the solution tank is in
accordance with the commands sent by the PDA
controller. The emission heads of 8 laser photoelectric
sensors are installed at the bottom of the solution tank,
and each head corresponds to a section of the tank. The
P0.0 to P0.7 ports of the CC2530 wireless SCM drive the
eight relay switches, and their output ports control the
corresponding emission head to emit laser. The laser
photoelectric sensor uses M12NPN geminate transistors
such that the laser beam is concentrated and has
intensive energy that largely decreases the false ratio.
The external interrupt input port INT1 of the CC2530
wireless SCM connects the output port NO of the
receiver of the laser photoelectric sensor. When the
receiver receives laser signals, the output low level of
the NO port triggers external interruption of the CC2530
wireless SCM, so that pesticide selection control is
realized. The steps of the pesticide selection control are
as follows:

(1) The CC2530 wireless SCM drives the
corresponding emitter to emit laser on the basis of the
commands of the PDA remote controller. The solution
tank stops rotating when the receiver receives laser
signals. At this point, the solenoid valve installed at the
bottom of the areas that correspond to the solution tank
is aligned with the pesticide drawing tube of the real-time
preparation unit to realize positioning for pesticide
selection.

(2) With the stepper motor, the CC2530 wireless SCM
drives the solution tank to move up or down to an
appropriate height. The pesticide drawing tube of the
preparation unit is then inserted into the solution of the
corresponding section of the solution tank through a
solenoid valve hole to draw the pesticide for preparation.

Monitoring node of a real-time pesticide preparation
unit

The OKD-HZ21WA Hall flow meter sensor module is
used and installed in the water drawing tube. The
preparation unit consists of a preparation tank and
temporary storage tank. A mixer, temperature sensor,
and heater are installed in the preparation tank. The
preparation unit works as follows:

(1) The amounts of water and pesticide are controlled.
The water in the water storage tank and the pesticide in
the solution tank are drawn through the mini pump, flow
meter sensor module, and under the control of the
solenoid valve as per the required amount into the
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solution preparation tank. The P1.2 port of the CC2530
SCM drives the relay switch to the output power to
control the mini pump. The external interruption counter
port is connected to the pulse signal output port of the
OKD-HZ21WA module, so the metered water is drawn
by indirectly measuring the water drawing amount
through pulse counting. The P1.0 port of the CC2530
wireless SCM controls the pesticide drawing solenoid
valve and realizes quantitative pesticide drawing each
time together with eight solenoid valve holes at the
bottom of the solution tank.

(2) Pesticide preparation and temperature in the
preparation tank are controlled. When the required
amounts of water and pesticide are drawn into the
preparation tank of the pesticide preparation unit, the
CC2530 wireless SCM controls the actions of the mixer
through the P1.3 port. The CC2530 wireless SCM also
monitors the temperature of the mixture in the
preparation tank to thoroughly blend the pesticide
solution. The DS18B20 digital temperature sensor is
used for the temperature sensor. The CC2530 wireless
SCM is also connected with the DQ port of DS18B20
through its P1.4 port to directly read the temperature
data measured by DS18B20. The CC2530 SCM also
controls the heater mounted at the bottom of the
preparation tank through the P1.5 port to heat up the
mixture in the preparation tank to the required
temperature.

(3) The spraying of the temporary storage tank is
controlled. Two level switches are installed in the
temporary storage tank to detect the solution height in
the tank. The MJ-0825PX mini switches are used for
level switches. P2.0 and P2.1 ports of the CC2530
wireless SCM are connected to the two level switches to
detect the solution level in the temporary storage tank.
When the upper limit level switch in the temporary
storage tank detects that the solution level exceeds the
upper limit, the CC2530 wireless SCM closes it by
controlling the solenoid valve between the preparation
tank and the temporary storage tank through the P2.2
port. When the lower limit level switch in the temporary
storage tank detects that the solution level is below the
lower limit, the CC2530 wireless SCM opens it by
controlling the solenoid valve to place the mixed solution
into the temporary storage tank. Thus, the nozzle unit
can spray in real time and start to prepare the solution
for the next round.

Monitoring node of the nozzle unit

The nozzle unit of the pesticide spraying machine can
spray in all directions. The nozzle height can be adjusted
in real time according to the height of the crops to be
sprayed. The CC2530 SCM drives the lifting rod through
the stepper motor to adjust the nozzle on such rod to an
appropriate height according to the wireless control
command sent by the PDA remote controller. The P1.0
to P1.2 and P2.0 to P2.5 ports of the CC2530 wireless
SCM are then connected to the stepper motor driver.
The spraying angle of the nozzle is controlled by four
telescopic rods connected to the nozzle. The four rods
are divided into two groups that are time-sharing
controlled by two motors. The CC2530 wireless SCM
controls the four telescopic rods through the driving
motor to realize clockwise and counterclockwise flexible

spraying.
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Monitoring node of the intelligent mobile platform

The Traveler No. 4 whole landform mobile platform of
Borch Company is employed. It is a powerful whole
landform mobile platform with an open system, flexible
expansion, excellent cross-country capacity, and all-
weather operation capacity. It can travel on sand, soail,
and grass, and it has a loading capacity of up to 60 kg.
This mobile platform reserves the RS232 communication
interface. The RXD and TXD ports of the CC2530
wireless SCM are connected to the RS232
communication port of the Traveler No. 4 whole landform
mobile platform and control the proceedings of such
platform by writing commands.

Design of the PDA remote controller

The PDA controller uses ARM11 core architecture 32-
bit S3C6410 embedded controller and is designed with
an LCD touch screen. This controller has strong data
processing capacity, low energy consumption, a user-
friendly interface, and simple operation.

Design of the PDA remote controller circuit

The PDA remote controller adopts the design concept
of the core board with the base board added to improve
the electromagnetic compatibility of the circuit design
and maintenance convenience. Its structure is shown in
Figure 3. The core board consists of a S3C6410
embedded controller, a 256 MB SDRAM with two pieces
of K4X1G163PC-FGC6 memory, and a 4 GB NAND
Flash with two pieces of K9GAGO8UOE-S memory. The
base board mainly consists of a power supply module,
USB interface, JTAG interface, LCD interface, and
URAT interface. The UART interface of the S3C6410
embedded controller is linked to the serial port of the
ZigBee coordinator node to achieve communication
between the ZigBee control nodes. The IIC interface of
the S3C6410 embedded controller is linked to the Wi-Fi
communication module to realize communication with
the image collecting module of the Wi-Fi camera. The
PDA remote controller employs an ATO70TN83V 7” LCD
touch screen for visual display to facilitate manipulation
by touch.

Design of the PDA controller program

The PDA remote controller uses Microsoft Platform
Builder and is customized by the WIinCE6.0 graphical
embedded operation system. The SQLite embedded
database is transplanted in WIinCE6.0 to store prompt
data of the expert system. SQLite is small, open source,
simple to operate, and requires only a small memory.
The SQLite database is realized by adding two database
files, namely, sqlite.lib and sqglite.dll, to the application
project and calling its API function to read and write in
the database. An application program for the monitoring
system of the pesticide spraying machine is developed
on the WInCE6.0 embedded operation system. Its
program flow is shown in Figure 4.

Figure 5 shows the monitoring interface of the
application program of the monitoring system for a
pesticide spraying machine. This interface consists of
pesticide selection control, mode selection, travel route
control, camera control, nozzle unit control, and residual
amount and temperature display modules.
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Figure 5 shows that this monitoring system provides
all-around monitoring functions by determining the
human—machine monitoring interface. The functions of
each monitoring module are described as follows:

(1) The pesticide selection control module consists of
a crop variety selection button, expert system prompt
box, drop-down pesticide, or nutrient solution selection
list, preparation proportion setting box, and pesticide or
nutrient selection indicator light. Before the pesticide
spraying machine works, operators determine the variety
of pesticide or nutrient solutions and proportion them on
the basis of the spraying object, expert system prompt
box, and their own experiences.

(2) The mode selection module consists of six buttons
for fixed distance automatic mode, travel spraying
automatic mode, manual mode, cleaning, reset, and stop
preparing. The real-time preparation unit is cleaned
automatically by clicking the washing button. All units of
the pesticide spraying machine are reset by clicking the
reset button. The pesticide spraying machine performs
spraying in accordance with the pre-set program by
clicking the fixed distance automatic mode button or
travel spraying automatic mode. The operator controls
the pesticide spraying machine by itself by clicking the
manual mode button. The pesticide solution preparation
tank stops preparing the pesticide by clicking the stop
preparing button. The solution temporary storage tank
then sprays all the solution inside.

(3) The travel route control module consists of five
buttons, namely, forward, backward, turn left, turn right,
and stop. The operator can control the travel route of the
intelligent mobile platform according to the monitoring
video transmitted by the image collecting module of the
Wi-Fi camera under the manual mode.

(4) The nozzle unit control module consists of four
buttons, namely, ascending, descending, clockwise, and
counterclockwise. The operator can adjust the nozzle
height using the ascending and descending buttons
under the manual mode.

(5) The camera control module adjusts the camera
angle using four buttons, namely, upward, downward,
leftward, and rightward. The camera shooting and video
monitoring are controlled by the shooting and video
buttons.

(6) The residual amount and temperature display
module displays the residual amount of the solution,
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Fig. 3 - Hardware structure of the PDA remote controller
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Fig. 4 - Program flowchart of the intelligent monitoring system
RESULTS

The test was performed in June when weeds were
flourishing. The test site was the test park of a farm. An
intelligent monitoring system was set up based on the
structure shown in Figure 2. This system comprises four
ZigBee monitoring nodes, a PDA remote controller, and
a Wi-Fi camera module. The test mainly includes a
packet drop ratio of the ZigBee network and performance
test of a PDA controller.

Test of the packet drop ratio of the ZigBee network

Given the test of the packet drop ratio of ZigBee
network, command data packets are sent through the
PDA remote controller. The data packets received by the
ZigBee monitoring node are then counted to determine
the data transfer stability of ZigBee network. The test
results are shown in Table 1.

The data in Table 1 show that the maximum packet
drop ratio of a single node is 0.24%, whereas the
average packet drop ratio of the entire ZigBee network is
0.21%. These results show that the wireless transfer of
data is highly stable. Each control command is
responsively sent to further improve the reliability of data
wireless transfer. The ZigBee monitoring node sent
responsive signals upon receiving the control command
from the PDA remote controller. If the PDA remote
controller does not receive the responsive signals, it
resends the control command. Through tests of 10,000
wireless control commands sent by the PDA remote
controller with this method, the success rate of command
sending is determined to be up to 100%.

Performance test of the PDA remote controller

The response time and remote control distance of the
monitoring nodes of the pesticide selection unit, real-time
preparation unit, nozzle unit, and intelligent mobile
platform are measured by sending control commands
through the PDA remote controller in the performance
test of the PDA remote controller. The test results are
shown in Table 2. The data show that the response time
of each monitoring node is fast, the PDA remote control
can completely control each monitoring node in real time,
and the effective control distance is up to 110 m.
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Spraying efficiencies test

Sichuan Province of China belongs to the basin and
hilly area. For the pesticide spraying operation, there is
no intelligent mechanical equipment suitable for the
ground walking, using artificial piggyback operation
completed. Spraying efficiencies of the machine,
obtained through calculating practical spraying area
within a unit of time, are shown in Table 3. According to
the data, the spraying efficiency of the spraying machine
in time unit is 2-3 times bigger than that in artificial
spraying.
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Table 1

Packet drop ratio of the ZigBee network

ZigBee monitoring node Sent data packets

Received data packets Packet drop ratio / %

Pesticide selection unit 2880 2874 0.21
Real-time preparation unit 2880 2875 0.17
Nozzle unit 2880 2873 0.24
Average 2880 2874 0.21
Table 2
Performance test of the PDA remote controller
Pesticide Real-time ) Intelligent mobile
Remote . ) Nozzle Spraying
. selection preparation ) . platform
control distance / ) ) response time / response time / )
response time/ response time / response time/
m ms ms
ms ms ms
1 15 18 16 15 23
20 18 20 17 17 25
50 22 22 21 23 28
80 24 25 23 25 31
100 27 29 28 26 36
110 29 32 30 30 45
120 380 No response 860 710 No response
Table 3
Spraying efficiencies
Working environment Lawn Greenhouses Orchard
Artificial piggyback operation / m*.h™* 1917 1203 1003
Machine operation / m?.h* 6018 3527 3012
CONCLUSIONS Zhi
An intelligent monitoring system is developed to NP E AR s N LVE M 1 2 4k K B R Ak K ST R
improve the safety and intelligence of pesticide spraying . o ‘
REMIE R G, X RA AL LSS K, SR T

machines. Focusing on the mechanical structure of the
pesticide spraying machine, the ZigBee technology-
based design project is proposed. The monitoring node of
the rotary pesticide selection unit, monitoring node of the
real-time preparation unit, monitoring node of the nozzle
unit, Wi-Fi camera image collecting module, monitoring
node of the intelligent mobile platform, and PDA
controller are also designed.

The graphics-embedded operating system of
WinCE®6.0 is designed on the PDA remote controller and
transplanted with the embedded SQLite database to
achieve strong data processing and management
capacity. This system employs an LCD touch screen with
a friendly human—machine interface that is easy to use
and publicize. A dialogue box-based monitoring system
program is developed to increase pesticide spraying
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efficiency. This program has three spraying modes,
namely, fixed spot spraying automatic mode, travel
spraying automatic mode, and manual mode. The
spraying efficiency is 2—3 times bigger than of manual
spraying.

The system wiring is decreased and the machine can
be flexibly used with ZigBee technology. The ZigBee
network transfers data stably. The average packet drop
ratio of the entire ZigBee network is 0.21%, and the
effective remote-controlled distance is up to 110 m.
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Abstract: The quality of phytosanitary treatments
performed in crops is largely determined by how
substances are sprayed on the plant, by the droplets
size, the coverage of the plant and the reduction of the
phenomenon of drift. The main elements responsible
for the quality of working process of phytosanitary
treatment machines are the nozzles, which are the
main elements of any sprayers. This explains the great
variety of spraying systems. In this paper are detailed
some theoretical issues regarding the spraying process
through nozzles as the basis for experiments to be
carried out using the machine for high precision
application of phytosanitary treatments in orchards,
MSL. Analysis and modeling of this process is achieved
using as main working instrument the dimensional
analysis theory.
Keywords: spraying nozzles,
dimensional analysis

process, droplets,

INTRODUCTION

The gas-liquid two-phase fluid flow is widely found in
nature such as, for example, in raindrops fall. In practical
applications, an important type of such process is the
flow of a two-phase fluid with an initial impulse, which
leads to liquid cleavage in droplets.

This spraying process often takes place by passing
the liquid through a diffuser - a nozzle. Spraying is the
process that leads to the conversion of liquid flow in
droplets by passing liquid under pressure through a
nozzle. The forces of surface tension of the liquid, which
provide it homogeneousness, are canceled by internal
and external factors.

Figure 1 schematically illustrates the structure of a
liquid spray jet.

Blobs/Ligaments/
Droplets

Injection
Nozzle

Atomisation
Region
Fig. 1 — The structure of a liquid spray jet [3]

In the initial zone, liquid fraction is dominant, the liquid being
decomposed into bubbles and ligaments (liquid non-spherical
particles). In the intermediate, dense spraying zone, liquid
fraction has a smaller, but significant share.

Ligaments/Droplets

Dense Spray
Region
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Rezumat: Calitatea tratamentelor fitosanitare efectuate n
culturile agricole este determinatd in mare mésurd de
modul cum sunt pulverizate substantele fitosanitare pe
planta, marimea picaturilor, gradul de acoperire a plantei
si reducerea fenomenului de deriva. Principalele elemente
responsabile de calitatea procesului de lucru al maginilor
de aplicat tratamente fitosanitare sunt duzele, care se
constituie ca elemente principale ale oricdrei masini de
stropit. Acest fapt explica si marea diversitate de sisteme
de pulverizare. In aceasta lucrare sunt aprofundate unele
aspecte teoretice privind procesul de pulverizare prin
duze, ca bazéd pentru experimentarile ce vor fi efectuate
folosind Magina pentru aplicarea cu precizie ridicatd a
tratamentelor fitosanitare in plantatiile pomicole, MSL.
Analiza si modelarea acestui proces se fac utilizdnd ca
instrument principal de lucru teoria analizei dimensionale.

Cuvinte cheie: proces de pulverizare, duze, picéturi,
analiza dimensionala

INTRODUCERE

Curgerea fluidelor bifazice lichid-gaz este intalnita pe
scara larga in natura, ca, de exemplu, in caderea picaturilor
de ploaie. In aplicatiile practice, un tip important de astfel de
proces este curgerea unui flux bifazic avand un impuls
initial, care conduce la scindarea lichidului in picaturi mici.

Acest proces de pulverizare are loc adesea prin
trecerea lichidului printr-un ajutaj divergent - o duza.
Pulverizarea este procesul care conduce la conversia
vanei de lichid in picaturi, prin trecerea lichidului sub
presiune printr-o duza. Fortele de tensiune superficiala a
lichidului, care 1i confera omogenitatea, sunt anulate de
factori interni si externi.

Figura 1 ilustreaza schematic structura unui jet de lichid
pulverizat.

Droplets

Dilute Spray
Region

n zona initjala, fractiunea lichidd e dominanta, lichidul fiind
descompus in bule si ligamente (particule de lichid non-
sferice). in zona intermediara, de pulverizare densa,
fractiunea lichida are o pondere mai mica, dar semnificativa.
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Here a secondary fragmentation takes place and
droplet/droplet interactions, such as collision and
coalescence, occur. In the diluted spraying zone spherical
well formed droplets, strongly interacting with turbulent air
jet are prevailing. In general, the spraying depends on the
injection pressure through nozzle, the flow of fluid, the
geometric characteristics of the nozzle, the viscosity and
density of the liquid.

Fragmentation or hydraulic spraying is accomplished by
forcing the passing of liquid through calibrated orifices,
called nozzles. In the case of phytosanitary treatment
machines fragmentation is achieved by means of:

- hydraulic spraying nozzles with projected jet (either flat
or conical directly projected jet, or jet making an impact
with a lamination surface, which changes the direction of
the jet, i.e. nozzles with indirectly projected jet);

- swirling nozzles, also called tangential nozzles (with
helical deflector or swirling pad), where fluid is inducted
into a circular motion in a room placed before the
calibrated orifice;

- twinjet hydraulic nozzles where jets hit each other,
thus achieving dispersion.

Some of the most utilized nozzles (at vineyards and
orchards spraying machines) are those tangential with
helical deflector and conical jet. The deflector imparts a
swirling motion to the liquid. The resulting turbulence splits
the jet into droplets that form a cone, when leaving the
calibrated orifice. The swirling chamber may be with
constant volume or adjustable volume. The swirling
chamber volume adjustment is done by shifting the
deflector.

Depending on the average droplet size and the amount
of liquid applied per unit of surface area, most authors use
a classification system of the types of treatment shown in
table 1.
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Aici are loc o fragmentare secundara si apar interactiuni
picatura/picaturd, cum ar fi coliziunile si coalescenta. In
zona de pulverizare diluatd predomina picaturile sferice,
bine formate, care interactioneaza puternic cu jetul
turbulent de aer. In general, pulverizarea depinde de
presiunea de injectie prin duza, de debitul de lichid, de
caracteristicile geometrice ale duzei, de vascozitatea si
densitatea lichidului.

Fragmentatia sau pulverizarea hidraulica se realizeaza
prin trecerea fortatd a lichidelor de stropit prin orificii
calibrate, denumite duze. In cazul masginilor de aplicat
tratamente fitosanitare fragmentatia se realizeaza:

- prin duze de pulverizare hidraulica cu jet proiectat (fie
jet plat sau conic direct proiectat, fie jet care face un
impact cu o suprafata de laminare, care schimba directia
jetului, adica duze cu jet indirect proiectat);

- prin duze de turbionare, denumite si duze tangentiale
(cu deflector elicoidal sau pastila de turbionare), unde
lichidului i se imprima o miscare circulara intr-o camera
plasata inaintea orificiului calibrat;

- prin duze hidraulice cu doua jeturi care se lovesc intre
ele, realizandu-se astfel dispersia.

Unele dintre cele mai utilizate duze (la masinile de
stropit Tn vii si livezi) sunt cele tangentiale cu deflector
elicoidal si jet conic. Deflectorul imprima o miscare
turbionara lichidului. Turbulenta rezultantd scindeaza jetul
in picaturi, care se constituie intr-un con, cand ies din
orificiul calibrat. Camera de turbionare poate fi cu volum
constant sau cu volum reglabil. Reglarea volumului
camerei de turbionare se face prin deplasarea
deflectorului.

In functie de dimensiunea medie a picdturilor si de
cantitatea de lichid aplicatd pe unitatea de suprafata,
majoritatea autorilor folosesc un sistem de clasificare al
tipurilor de tratament prezentat in tabelul 1.

Table 1 [7]

The classification of phytosanitary treatments

The diameter of The assignment to The treatments The dose of The treatment classification
sprayed liquid grades of fineness classification depending applied liquid depending on the volume of
droplets [um] on particle fineness [I/ha] applied liquid

0-5 aerosols atomization <05 UULYV - Ultra Ultra Low Volume
5-50 mist atomization 0,5-5,0 ULV - Ultra Low Volume
50-100 very fine spraying 5-50 LV - Low Volume
100-200 fine aspersion 50-150 MV - Medium Volume
200-300 medium aspersion 150-600 HV - High Volume
300-1000 coarse aspersion >600-2500 VHV - Very High Volume

The quantitative distribution of the pulverized liquid
is influenced by a number of factors such as the
working pressure of the sprayer, the initial speed of the
atomized jet, the flow rate of the sprayer, the spraying
system used [5].

The diversification of spraying types and of
phytosanitary application systems aims to improve the
effectiveness of treatment.

METHODOLOGY

Up to now it was not possible to establish the complex
spray laws. Although the phenomenon of fluid
decomposition was the subject of a series of theoretical
and experimental research in the last 100 years, however
a general theory, on which is possible to determine a priori
the degree of pulverization for different types of nozzles,
features of the liquid and working conditions has not yet
developed.

Applying mathematical analysis confines generally to the
formulation the problem, i.e. the establishment of
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Repatrtifia cantitativa a volumului de lichid pulverizat
este influentata de o serie de factori cum ar fi presiunea
de lucru a pulverizatorului, viteza initiala a jetului de lichid
pulverizat, debitul pulverizatorului, sistemul de pulverizare
folosit [5].

Diversificarea tipurilor de pulverizare si a sistemelor de
aplicare a tratamentelor fitosanitare are ca scop
imbunatatirea eficacitatii tratamentului.

METODOLOGIE

Pana in prezent nu a fost posibila stabilirea legilor
pulverizarii complexe. Desi fenomenul descompunerii
vanei de lichid a constituit obiectul unei serii de cercetari
teoretice si experimentale in ultimii 100 de ani, totusi nu s-
a elaborat inca o teorie generalda, pe baza careia sa fie
posibila determinarea aprioricad a gradului de pulverizare
pentru diferite tipuri de duze, caracteristici ale lichidului si
conditii de lucru.

Aplicarea analizei matematice se margineste, in
general, la formularea problemei, adica la stabilirea
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differential equations and contour conditions.

Solving these equations is possible only in a few
special cases and with a whole range of simplifying
assumptions. A complete analytical solution to the
problem of droplet sizes present considerable difficulties
for two reasons:

a. There are not accurately known the wavelength
and the intensity of oscillations that exist in jet and
which depend on the initial conditions of flow through
nozzle, the nozzle design, the machining and surface
condition, etc.

b. The droplets obtained are the result of a complex
process of sprinkling the droplets formed in the substitution
area [2].

For the reasons given above, the possibility of a
complete analytical solving of the problem is
excluded. Therefore, studying the spraying is done
experimentally, and the results, based on the
similarity theory, are generalized to similar dynamic
systems.

For establishing physical relations, the relationship
between the values used for the description of physical
phenomena, the dimensional analysis may be used. This
method is based on the fundamental theorem of
dimensional analysis, 1 theorem, of Vaschy-Buckingham.
According to this theorem, the physical processes or
physicochemical processes can be described by functions
of independent similarity criteria that can be formed of
controlling process variables. It is considered that those
criteria are independent which can not be expressed
through arithmetic combinations of other criteria.

Thus, if a process is determined by n dimensional
variables:

X1, X2, Xz... Xn

it can be expressed by means of a general form criteria
function:

f(My, Mz, MNs... Mym) =0

The T theorem reads as follows: the number of
independent criteria from the criteria function is the
difference n-r, where n is the number of dimensional
variables and r is the rank of the dimensional matrix, which
is equal to the number of fundamental values depending
on which may be expressed the analyzed variables [6].

In the case of the spraying process through nozzles,
dimensional analysis takes into account the following
function of m = 7 variables:

INMATEH-- a(qum&amf cgnqmcumq

ecuatiilor diferentiale si a conditiilor de contur.

Rezolvarea acestor ecuatii este posibila numai in
cateva cazuri speciale si cu o serie intreaga de ipoteze
simplificatoare. O solutie analiticd completa a problemei
referitoare la dimensiunile picaturilor prezinta greutati
considerabile din doua motive:

a. Nu se cunoaste cu precizie lungimea undelor si
intensitatea oscilatiilor care exista in jet si care depind
de conditiile initiale ale scurgerii jetului prin duza, de
constructia duzei, de prelucrarea si starea
suprafetelor, etc.

b. Picaturile ce se obfin sunt rezultatul unui proces
complex de granulare a picaturilor formate in spatiul de
schimb [2].

Din motivele aratate mai sus, posibilitatea unei
rezolvari analitice complete a problemei este exclusa. De
aceea, studierea pulverizarii se face pe cale
experimentald, iar rezultatele obtinute, in baza teoriei
similitudinii, sunt generalizate pentru sisteme dinamic
asemenea.

Pentru stabilirea relatiilor fizice, a legaturii care exista
intre marimile utilizate la descrierea fenomenelor fizice,
poate fi utilizata analiza dimensionala. Aceasta metoda se
bazeaza pe teorema fundamentala a analizei
dimensionale, teorema [1, a Iui Vaschy-Buckingham.
Conform acestei teoreme, procesele fizice sau procesele
fizico-chimice pot fi descrise prin functii ale criteriilor de
similitudine independente ce se pot forma cu variabilele
care controleaza procesul. Se considera ca sunt
independente acele criterii care nu pot fi exprimate prin
combinatji aritmetice ale altor criterii.

Astfel daca un proces este determinat de n variabile
dimensionale:

X1, X2, Xz... Xn

acesta poate fi exprimat printr-o functie criteriala de
forma generala:

f(My, My, Ma... Mom) =0

Teorema [N are urmatorul enunt: numdrul de criterii
independente din functia criteriala este dat de diferenta n-
r, unde n este numarul variabilelor dimensionale iar r este
rangul matricei dimensionale, care este egal cu numarul
marimilor fundamentale in functie de care se pot exprima
variabilele luate in analiza [6].

In cazul procesului de pulverizare prin duze, analiza
dimensionala ia Tn considerare urmatoarea functie de m =
7 variabile:

f(D,v,p,d,7,0,p,) =0 @

where:
D — nozzle diameter, v — the relative velocity of the liquid
to the surrounding gas, p — the liquid density, d — the
droplet diameter, n,— the dynamic viscosity of the liquid, o
— the surface tension of the liquid, pg — the gas density

D, v, pi are fundamental values.

Dimensionless complexes (independent criteria) are:

unde:
D — diametrul duzei, v — viteza relativa a lichidului fatd de
gazul inconjuréator, p) — densitatea lichidului, d — diametrul
picaturii, m — vascozitatea dinamicd a lichidului, o —
tensiunea superficiald a lichidului, py — densitatea gazului
D, v, pi sunt marimile fundamentale.
Complexii adimensionali (criteriile independente) sunt:

d o P
M=, =— =2, = 2o @
D DV DXV p, P
The dimensional matrix of variables for d = 3 Matricea dimensionala a variabilelor pentru d = 3 marimi

fundamental values, L (length), M (mass), T(time), is:
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fundamentale, L (lungime), M (masa), T(timp), este:
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D v £ d o Lq
L |1 1 -3 1 -1 0o -3 @)
M |O O 1 o0 1 1 1
T 0O 1 0 0 -1 -2 0

The dimensional linear system of equations, expressing
the condition of homogeneity, for the dimensionless
complex Iy , is:

Sistemul de ecuatii dimensionale liniare care exprima
conditia de omogenitate, pentru complexul adimensional
M, , este:

(L)X, +%, -3X,=-1

(M)x; =1 @)
(T) X, = 1
The solutions obtained are x; =1 ; X2 =1 ; x3 = 1 and results: Se obtin solutiile x; =1 ; X2 = 1 ; x3 = 1 si rezulta:
m, =1 5)
Dvp,

The dimensional linear system of equations, expressing
the condition of homogeneity, for the dimensionless
complex I3 , is:

Sistemul de ecuatii dimensionale liniare care exprima
conditia de omogenitate, pentru complexul adimensional
M3 este:

(L)X, +X; -3X;= -1

(M)x, =1 6)
(M-x,=-1
The solutions obtained are x; = 1; o = 2; s = 1 and results: Se obtin solutiile x; =1; X, =2 ; Xs = 1 si rezulta:
(o2
m.=——2 (7
* Dvp

so that: @1(MM1,M2,M3,M4) = 0 or My = @1(M2,M3,M4),
i.e:
d U
— =0, (=
Dvp,

D

The dimensionless complex I1; can be put in the form of:

I, = KIT3TTOTTS

Combinations between dimensionless complexes are
made, so that appears a physical value, easy to vary in a
single complex, i.e. v, the relative velocity of the liquid to
the surrounding gas. So, dimensionless complexes are
combined Iy si s, to remove v, and result the new
complexes I, siM3:

astfel incat: @1(M1,M2,M3,M4) = 0 sau My = @1(M2,M3,M4),
adica:

®)
DV’p, p

Complexul adimensional I1; poate fi pus sub forma:
9)
Se fac combinatiji intre complexii adimensionali, astfel
incat sa apara o marime fizica usor de variat intr-un singur
complex, in cazul in speta v, viteza relativa a lichidului fata
de gazul inconjurator. Astfel, se combina complexii
adimensionali M, si Mz, pentru a elimina v, si apar noii
complexi My si M

o DV'p _ i (10)
2 I, D¥*p! o Dp, o
I o A __ o (11)
® 1, DV DV
4 A pl pg pg
The relation (9) becomes: Relatia (9) devine:
I, =k T3 TI5 1T (12)
but dar
11, = 22 = const. = k, (£2)° =k (13)
P P
and results: si rezulta:
2 a b 2 a b
d n o m o
— =k ! . 2 =d=k 2 D (14)
D Dp,o Dv°p, Dp,o Dv°p,

The scientific literature [4] indicates the following
formulas for the size of the average diameter, d, of the
spraying droplets, obtained by generalizing the results of
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Tn literatura stiintifica [4] se indica urmatoarele formule
pentru marimea diametrului mediu, d, al picaturilor de
lichid pulverizat, obtinute prin generalizarea rezultatelor
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experimental measurements, where fluids were water and
air.
- for the domain n, % pioD < 0,0333
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unor masuratori experimentale, unde fluidele au fost apa si
aerul.
- pentru domeniul n, % pioD < 0,0333
2

d= D( )052[1 24+0,0128- (In—1— +12)] (15)
Py I
- for the domain n, z pioD > 0,0333 - pentru domeniul n z pioD > 0,0333
2
d = D(—Z—)%%%(2,25+0,24-In—_ (16)
( gsz) ( 5 OD)

The experiments to be performed, in 2015, with the
Machine for the application with high accuracy of
phytosanitary treatments in orchards, MSL (Figure 2) will
determine the coefficients k, a, b, which intervene in relation
(14), for different phytosanitary substances, varying the
velocity of the liquid and the diameter of the nozzles.

in experimentarile ce urmeaza a fi efectuate, in anul
2015, cu Masina pentru aplicarea cu precizie ridicata a
tratamentelor fitosanitare in plantatile pomicole, MSL
(Figura 2) se vor stabili coeficientii k, a, b, care intervin Tn
relatia (14), pentru diverse substante fitosanitare, variind
viteza lichidului si diametrul duzelor.

Fig. 2 -The machlne for high accuracy appllcatlon of phytosanitary treatments in orchards MSL [8]
1 - the frame with rolling system; 2 - the spraying device; 3 - the liquid installation; 4 - the angular gear; 5 - the detection system of the
presence / absence of the tree canopy; 6 - the automatic control system

The ultrasonic sensors detect the existence of vegetal mass.
The information is transmitted to a programmable logic
controller PLC that controls the feeding power-on/off of the
spraying device by means of electrovalves. In the absence of
vegetal mass the flow of solution is stopped. Depending on the
distance that exists between the sensors and the spraying
ramp and the speed of the unit equipment, the PLC applies a
correction for opening the electrovalves, at the moment when
ramp passes the objective to be sprayed [1].

For the determination of droplet diameter will be applied the
LDPS (Laser Diffraction Particle Sizing) method, based on laser
technology and electronic data processing. Laser diffraction
technique is based on the principle that particles passing
through a laser beam scatter light at an angle that is directly
related to their size. As the particle size decreases, the
spreading angle increases logarithmically. The intensity of the
the dispersion is also dependent on the particle size and
decreases proportionally to the cross-sectional area of the
particle. Therefore, large particles disperse light at small angles,
with high intensity, while small particles disperse light at greater
angles, but at a lower intensity [9].

Following the experiments will be obtained the shape of
equation (14), which describes the variation of droplets
diameter. Equation (14) will replace equations (15) and (16),
limited by the fact that only water was considered as pulverized
fluid and obtained by technical means inferior to modern ones.
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Senzorii cu ultrasunete sesizeaza existenta masei vegetale.
Informatia este transmisa unui automat programabil PLC care
comanda pomirea sau intreruperea alimentarii dispozitivului de
pulverizare, prin intermediul unor electrovalve. In cazul lipsei de
masé vegetald fluxul de solutie este oprit. In functie de distanta
existenta intre senzori si rampa de stropit, cat si de viteza de
Tnaintare a agregatului echipamentului, PLC-ul aplica o corectie
de timp pentru deschiderea electrovalvelor, Tn momentul cand
rampa trece prin dreptul obiectivului ce trebuie stropit [1].

Pentru determinarea diametrului picaturilor se va folosi
metoda LDPS (Laser Diffraction Particle Sizing), bazata pe
tehnica laserului si a prelucrarii electronice a datelor. Difractia
cu laser se bazeaza pe principiul ca particulele care trec printr-
un fascicul laser imprastie lumina la un unghi direct proportional
cu marimea lor. Pe masura ce dimensiunea particulelor scade,
unghiul de Tmprastiere creste logaritmic. Intensitatea dispersiei
este dependenta si de marimea particulelor si se diminueaza
proportional cu suprafata sectjunii transversale a particulei. Prin
urmare, particulele mari disperseaza lumina la unghiuri mici, cu
intensitate mare, in timp ce particulele mici disperseaza lumina
la unghiuri mai mari, dar cu o intensitate redusa [9].

n urma experimentsrilor se va obtine forma ecuatiei (14),
care descrie variatia diametrului picaturilor. Ecuatia (14) va
inlocui ecuatiile (15) si (16), obtinute cu mijloace tehnice
inferioare celor actuale, n conditiile limitarii dictate de faptul ca
nu s-a luat in considerare decat apa, ca fluid pulverizat.


http://www.google.ro/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.malvern.com%2Flabeng%2Ftechnology%2Flaser_diffraction%2Fparticle_sizing.htm&ei=h0STUteKPI3BswarxYCABw&usg=AFQjCNGauj6Z6Hcgbuty6F4HWhejtYBQlg&bvm=bv.57127890,d.Yms
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CONCLUSIONS

Due to the multiple interactions between droplets and turbulent
gas phase, spraying is an extremely complex phenomenon. To
describe it, quasi-empirical methods were used until the recent
development of digital technology (the exponential growth of
computer performance). Technological advances allow a deeper
understanding of this phenomenon and, what is relevant, to the
development of practical applications. In particular, it is important to
know which type of nozzle is suitable for a certain type of spraying
and how its performance is affected by liquid properties and
operating conditions. Numerical simulation through CFD algorithms
(Computational Fluid Dynamics, a branch of fluid mechanics that
uses numerical methods and algorithms to analyze and solve
problems involving the flow of fluids) allows the study of the
process, of the state variables at all spatial and temporal
coordinates.

The study results carried out on an experimental basis spray will
be presented as generalized. This way of working will allow the
setting of very important relations between the average diameter of
the droplets, geometric characteristics of the nozzles and physical
parameters of the fluid the nozzles spray, relationships that can be
the starting point for the the optimal sizing of the nozzles.
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CONCLUZII

Datorita interacfiunilor multiple intre picaturi si faza gazoasa
turbulenta, fenomenul pulverizarii este deosehit de complex. Pentru
a-l descrie s-a apelat, pana la dezvoltarea recenta a tehnologiei
digitale (cresterea exponentjala a performantelor calculatoarelor), la
metode cvasi-empirice. Avansul tehnologic permite o intelegere
mai profunda a acestui fenomen si, ceea ce este relevant, la
perfectionarea aplicatilor practice. n particular, este foarte
important sa se stie care este tipul de duza indicat pentru un
anume tip de pulverizare si cum sunt influentate performantele
acestuia de proprietatile lichidului si de conditile de operare.
Simularea numerica prin algoritmii CFD (Computational Fluid
Dynamics, ramura a mecanicii fluidelor ce utiizeazd metode
numerice i algoritmi pentru analiza si rezolvarea problemelor
implicate de curgerea fluidelor) permite studierea procesului, a
variabilelor de stare in orice coordonate spatjale si temporale.

Rezultatele studiului pulverizarii efectuat pe baza experimentala
vor fi prezentate sub forma generalizata. Acest mod de lucru va
pemite stabilirea unor relatji deosebit de importante, intre diametrul
mediu al picaturilor, caracteristicle geometrice ale duzelor si
parametrii fizici ai fluidului pulverizat, relatjii care pot constitui punctul
de plecare pentru dimensionarea optima a duzelor.
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Abstract: Farmland shelterbelts can yield maximum
ecological benefits with the smallest occupied area of
forests and result in sustainable use of farmland
resources. Rapid and efficient planning of farmland
shelterbelts at various scales is becoming an urgent
task in ecological landscape design. Until now, the
problems in studies on farmland shelterbelts combined
with wind erosion models are associated with conflicts
between scientific and practical requirements. Based
on previous research results, a case study was
conducted in Yanchi County in north-western China.
The primary objectives of this study were to use a new
method for the arrangement of tree species and to
investigate the effects of sand prevention. In addition,
changes in the trends of the input parameters under
multiple wind erosion events were analyzed and
tested. The results indicated that under a single
arrangement of tree species, better shelter protection
was provided within the shrub shelterbelt or outside
the arbor shelterbelt forest. Under a different
arrangement of tree species, shrubs arranged with
arbor belts gave little protection on the leeward side.
Arbor trees arranged with shrub belts could effectively
prevent sand from the windward side, while low trees
in the upwind direction provided limited protection.
Cumulative percentiles of sand displacement showed
that under different arrangements of tree species, the
sand prevention benefit was better than that of a single
tree species. In addition, the experimental error was
less than 3.00% and there was close correlation
between percentiles of sand displacement under
multiple wind erosion events, indicating a preferable
simulation effect.

Keywords: farmland shelterbelt, exponential model,
summation curve method, wind erosion

INTRODUCTION

Shelterbelts are artificial barriers used to reduce wind
velocity. In history they have been used to protect homes
and enhance the agricultural landscape [1]. As an
important type of shelterbelts, farmland shelterbelts can
increase animal and plant species and enhance the
ecological function of agricultural systems. Furthermore, it
can protect soils from erosion forms, and boosts crop
yields [5, 15]. Therefore, the construction of farmland
shelterbelts plays a significant role in achieving
sustainable development. So far, researches related to
the farmland shelterbelt have paid more attention to
the structure and protective effects of shelterbelts
combined with the existing wind erosion models at a
small scale.

Studies on the structure of farmland shelterbelt
systems focused mainly on forest structural
characteristics and their relationship with meteorological
variables. In recent years, various methods and studies
showed that establishing multi-band arbor trees and
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mesh shrub tree forests within or along the edge of
farmlands can provide multiple functions including
ecological benefits.

Wind erosion models include theoretical and empirical
models. A theoretical model is based on the fluid
mechanics principle, with a strong scientific nature
founded on the laws of physical movement of sand and
provides a superior explanation. The disadvantage and
difficulty in developing physical-based models of sand
displacement results from the high degree of complexity
and randomness, which is a characteristic feature of the
mechanical processes of erosion and sediment transport.
Hence, the goal of a complete and applicable theoretical
model seems unreachable under the given
circumstances. Empirical models include the Wind
Erosion Equation (WEQ) and the Revised Wind Erosion
Equation (RWEQ) models. Different from the theoretical
models, empirical models are able to quantify the external
factors with  minimum assumptions and simple
calculations, and provide a wider scope of application.
However, with these models, the transport mass must
increase without limits for average soil erosion to remain
constant for large farm fields; this does not agree with the
theory that wind has a limited capacity to transport sand
material. This may be true for large farm fields, i.e., there
is an increase in transport mass due to the dust carried in
suspension, but this portion is relatively small compared
with the proportion being transported in suspension,
saltation, and creep. While the wind may pick up the
surface fine material, the total transport cannot increase
without limit [4, 12]. Therefore, empirical models are
fundamentally flawed.

At present, scientists and policy makers plan and
design farmland shelterbelt forest systems at large
scales, i.e., soil erosion control and desertification
prevention, from a protection function perspective.
Consequently, the rationality of shelterbelt patterns at the
landscape scale is key for shelterbelt construction and
management. However, the data required for these
methods are not easy to obtain, and the methods
themselves are difficult to operate, leading to the failure
of farmland shelterbelt establishment. Therefore, forestry
planners need a reasonable, simple, and easy to operate
sand control method for the large-scale construction of
farmland shelterbelt forests. New methods should
overcome the parameter uncertainties and computational
complexities in theoretical models as well as the physical
defects in empirical models [2]. Meanwhile, a physically-
based wind erosion model coupled with empirical
functions and methods needs to be developed.

The objective of this study was to use the existing
typical farmland shelterbelts as examples to apply a new
method to quantitatively analyze the effects of sand
prevention and dynamics of sand movement under
different arrangements of tree species. In addition,
changes in the trends of the input parameters under
multiple wind erosion events were analyzed to test their
stability and applicability. Our results will provide useful
information for supporting the management of farmland
shelterbelt forest systems.

MATERIAL AND METHOD
Experimental site

The experimental site was located at the Ningxia
Yanchi Research Station of the State Forestry
Administration (between 37°04°'N and 38°10°N, and
106°300°E and 107°410°E, with an altitude of 1,354 m
above sea level) covering an area of approximately 6,700
km? The annual precipitation averages 287 mm
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(1950~2010). Mean annual potential evaporation is 1273
mm. Mean annual temperature is approximately 8.1 °C.
The prevailing wind is mainly from the northwest, and
wind speed averages 3.0 m/s. The landscape is a typical
transitional zone; the terrain changes from the Loess to
the Ordos plateau. The soils are primarily dark loessial
soil, eolian sandy soil, and sierozem soil. The vegetation
type varies from dry steppe to desert grassland species
[6]. The farmland shelterbelt system in the Yanchi semi-
arid area is mainly distributed in the flat drought farmland
and wind erosion plough land.

Tree species selection

A survey on the structure of the farmland shelterbelt
was conducted in 2009 [14] and 2012. The results of this
investigation are as follows:

Shrub shelter forest: This is 17-year pure, band
shelter forest of Hedysarum scoparium. The shelterbelt
length and width is 150 m and 40 m, respectively. The
average tree height is 2.8 m, and average tree crown
width is 1.5 mx2.0 m; Salix psammophila is a pure, band
shelter forest. The direction of the forest belt runs from
northeast to southwest. The length and width of the
shelterbelt is 200 and 10 m, respectively, with an average
tree height of 2.8 m.

Arbor shelter forest: This is a 30-year pure band
shelter forest of Populus bolleana Lauche; the forest belt
direction runs from northeast to southwest; the shelterbelt
is 200 m long and 50 m wide with a plant spacing of 4.0
mx4.0 m. The average tree height is 12 m, average
diameter at breast height is 0.22 m, average tree crown
width is 7.5 mx8.0 m, and average under branch height is
2.5 m. The porosity is 60%; The Pinus sylvestris var.
mongolica stand is at the initial stage of growth. This is a
7-year, mesh shelterbelt forest, with a northeast to
southwest direction. The shelterbelt length is 70 m, with a
width of 50 m, and a plant spacing of 1.2 mx1.5 m. The
average tree height is 2.8 m, average diameter at breast
height is 0.27 m, and canopy density is 40%.

Dry farming farmland surrounds the shelterbelt
forests. Except for the Populus bolleana Lauche forest,
the porosity of the tree belts range from 20% to 40%. The
survival rate of the shelter forest is determined by the
width of the shelterbelt [13] considering the semi-arid and
arid climate and the restrictions of land utilization and
water resources. Therefore, this article only focuses on
the width of the shelter forest (at this time, the protective
direction is perpendicular to the wind direction) when
determining its influence on wind erosion. In addition, it
was assumed that the shelterbelt was complete without
any damage and there were no dead trees in the forest.
In order to simplify the calculation process, an
arrangement of two tree species was considered, and a
maximum protective width of 100 m was used.

Model description

The simulation functions used to characterize the
non-uniform displacement of eroded particles were the
rational function, simplified Gaussian function and
exponential function. Among these three models, the
rational function model is limited by mathematical
calculations, and the Gaussian function can only simulate
the unidirectional distance. For this study, we adopted the
exponential model due to its advantages of applicability
and reliability in data simulation.

The exponential model has been described by Lobb et
al. [10]. The exponential model used to simulate the non-
uniform displacement of eroded particles under multiple
wind erosions is:
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where: Cy is the total amount of sand, x is the sand
displacement distance (m), C%'( is the amount of sand
at x after wind erosion, and D'w is the ratio of the
windblown depth and eroded soil depth, with a value of
1. Dw is the wind erosion model coefficient (defined as
an average sand displacement distance (m)).

This model assumes that the extent of sand
translocation is infinite (the series of distributions is
summed to generate a summation curve, cs); this
extent is described experimentally as the extreme point
at which applied eroded particles can be measured
above background levels. The data generated by the
exponential model can be used with the summation
curve method to quantify the sand prevention effect.

Summation Curve Method: The methods used to
calculate the summation curve are described by Lobb
and Kachanoski [8, 9, 11]. In this paper, the summation
curve method was improved for application to wind
erosion studies. Eroded particles under wind erosion
events were measured using established methods, i.e.,
the estimated eroded particle distribution for a series of
sequential hypothetical sand sources with a length
exceeding the maximum distance to which particles
were transported was used to generate a summation
curve to calculate the mean eroded particle movement
in the windblown direction (Fig.la). Using the
summation curve method, the mean eroded particle
distance per unit width and the average eroded depth
(Dw) was calculated using the following equation (2):

D\N:

The summation curve was used to quantify the
dispersion of the eroded particles. Three steps were used
in this process. First, the areas above and below the
summation curve, delineated by x=0, were used to
calculate us;:
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Second, the areas above and below the summation
curve, delineated by x=Dw, were used to calculate us,
(Fig.1b):

Us, =

Third, the cumulative percentiles of the eroded
particles amount were calculated. Dwsos Dw7s, Dwgo and
Dwes correspond to the 50", 75", 90" and 95"
cumulative percentiles of the amount of eroded particle
displacements respectively (Fig. 1b).

To characterize the general form of the distribution of
eroded particles, us; and us; were expressed as relative
measures of Dw, U's1.2 (%)
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Fig.1 - Summation Curve Method. a) Sand source: sand before wind erosion is indicated by the dotted line (L,= 1.00 m); sand after
wind erosion is indicated by the distribution line below; the summation curve represents the accumulation of sand (Dw= 0.50 m; top line
above). b) Dispersion is indicated by Dwso, Dwzs, Dwso, @and Dwgs, i.€., the cumulative percentile of the particles along the path of 50%,
75%, 90%, and 95% displacement, respectively. Arrows represent sand movement to a distance of Dy where us, was calculated
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Fig.2 - Experimental error demonstration: a) Sand source: sand before wind erosion is indicated by the dotted line (Lp=1.00 m,
Dw=0.50 m); b) € for the summation curve method, represented by the hatched area (Lp= 1.00 m, Ls=5.70 m)

Dw was calculated under different tree species
arrangements using the following:

D
D, =

W —tree species A

+ D,

AN[FIBAIE BN DS A UL

W —tree species B

where:

Dw.tree species A, B IS the average sand displacement
distance (m) of the shelter tree species A and B. The
value of Dw was determined as the mean of Dw.tree species A
and Dw.tree species B-

RESULTS
Outside forest sand source parameter input selection

In this study, it was assumed that all sand particles
originated from outside the forest (bare sandy land, no
shelter forest) and were distributed within the farmland
shelterbelts. Therefore, we defined the outside forest
farmland as sand sources and the shelter belts as
storage sinks. This paper focuses on sand with a moving
distance less than or equal to 100 m; therefore, the sand
source parameter input should ensure that the average
sand moving distance is greater than 50 m (the boundary
between tree species A and B), and that the largest
moving distance exceeds 100 m from the outer boundary.
Here, the diameter of the outside forest sand source was
set as 100 m, the sampling point interval was 1 m, the
sand bulk density was 1100 kg/m3 and the wind erosion
depth was 0.0010 m. The distribution pattern of the
eroded particles was simulated by applying the
exponential model, and then the Dw value was obtained
using the summation curve method. The optimal
parameter was selected when Dy was 60 m, 50% of the
accumulated amount of sand concentrated around a
distance of 50 m, and the largest moving distance
exceeded 100 m (Fig. 3).

n
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Fig.3 - Estimation of the wind erosion rate based on the summation curve method associated with 50 %
and 90 % of total sand moving distance when Dy equaled 60 m

Effects of different arrangements of shelterbelt tree

species
Previous studies indicated that the ventilation
coefficients of Hedysarum scoparium, Salix

psammophila, and Pinus sylvestris var. mongolica shelter
forests belonged to a tight structure with ventilation
coefficients of 0.2. In contrast, the Populus bolleana
Lauche shelter forest had a loose structure with a
ventilation coefficient of 0.3 [7]. The effective sand
prevention distances (outside forest) were 0.5 H for
Hedysarum scoparium, 1 H for Salix psammophila, 4 H
for Populus bolleana Lauche, and 2 H for Pinus sylvestris
var. mongolica. The effective sand prevention distances
(inside forest) were 4 H, 2 H, 05 H, and 1 H for
Hedysarum scoparium, Salix psammophila, Populus
bolleana Lauche, and Pinus sylvestris var. mongolica,
respectively [14].

Thus, the value of the sand moving distance within
the Populus bolleana Lauche shelter forest was set at 6
m. The Dw values of Hedysarum scoparium, Salix
psammophila, and Pinus sylvestris var. mongolica were
set at 2 m, 4 m, and 8 m, respectively, according to
different ventilation coefficients, and Lp was 1 m, and the
sand sampling point was 0.1 m.

Under the single arrangement of tree species, the
shrub shelter forest could not prevent sand movement
outside the forest belt, but effectively prevented sand
movement within the forest belt (table 1). The arbor forest
effectively prevented wind erosion outside the forest.
However, such a prevention effect was not obvious inside
the forest.

The results of different tree species arrangements
indicated that when the shrub tree species was arranged
with the arbor tree species, there were vast quantities of
sand accumulation on the lee side of the shelterbelt.
Although the sand prevention effect was better than a
single tree species, the effect was insignificant. An arbor
forest with shrub tree species can effectively prevent
most of the sand on the windward side, but was
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associated with a higher calculation error. However, short
arbor trees with shrub tree species such as Pinus
sylvestris var. mongolica could not provide effective
protection to external sand sources.

The numerical procedures used to calculate eroded
particle displacement resulted in errors. Under a single
tree species arrangement, the Pinus sylvestris var.
mongolica shelter forest showed the highest error of
1.40%. Under a different tree species arrangement, the
Populus bolleana Lauche shelter forest was associated
with the highest error of 2.97%. The main reason for
these errors is that sand loss was calculated using the
exponential model. In this research, the calculation error
was controlled within 3.00% under conditions where was
assumed that experimental errors were negligible and the
results were satisfactory.

For the hypothetical data, u'sy and u'sz were lower
than the average Dw. This is due to the fact that these
measures relate to the general form of the distribution of
eroded particles. As the form of the distribution
approached that of a step, U'sy approached a value of
100 % and u'sz approached a value of 50 %, which agree
with the previous equations mentioned above.
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Table 1

Dw input, values of Dy calculated using the summation curve method associated with experimental errors

Tree species arrangement Dw input Dw output U'sy u'sz £

[m] [m] [%] (%] [%]

H* 2.00 1.99 79.86 50.54 0.95
S* 4.00 3.99 65.89 45.08 0.91
B* 6.00 5.99 84.67 36.78 1.26
P* 8.00 7.99 77.13 37.08 1.40
HS - 2.41 83.03 44.07 0.67
HP - 3.02 78.99 42.89 0.69
HB - 2.05 98.23 50.46 0.92
SH - 2.42 97.22 49.27 0.65
SP - 5.72 87.53 40.85 1.22
SB - 4.61 97.66 39.67 1.03
B,HSP - 1.12 98.32 49.69 2.97
PH - 6.12 78.94 40.81 1.32
PS - 6.15 87.70 41.01 1.33
PB - 6.19 92.45 40.71 1.34

* H represents Hedysarum scoparium, S represents Salix psammophila, B represents Populus bolleana Lauche,
P represents Pinus sylvestris var. Mongolica

Amount of eroded particle dispersion (50%, 75%,
90%, and 95%) expressed as percentiles of cumulative
translocation can provide useful information for
understanding wind erosion and the dynamics of sand
movement.

Figure 4 shows that greater sediment deposition
occurred on the lee side of the arbor trees, and the
potential of wind erosion was higher than with shrub tree
species. Complete shelter belts (tall trees), such as
Populus bolleana Lauche, had the greatest sand
prevention effect, while incomplete shelter belts (short
trees), such as Pinus sylvestris var. Mongolica, did not
exhibit a clear sand prevention effect. In general, the
combination of different tree species showed a better
sand prevention effect than a single shelter forest.
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ndicated by Dwso, Dwzs, Dweo, and Dwes represent the 50, 75, 90,

and 95% cumulative percentiles, respectively, of the amounts of sand along the path of displacement

Sand loss

Sand loss was estimated using the exponential
model. In general, small amounts of sand loss are
associated with a low experimental error in the
summation curve method. Figure 5 shows that there was
a positive correlation between sand loss and the Dw
input. Sand loss with Pinus sylvestris var. mongolica was
3 times that of a single tree species and 6 times that of
different tree species arrangements. But this difference
was considered insignificant. In theory, only when the Dw
value exceeds the maximum distance (Ls) will calculation
results generate significant error [3]. Therefore, Ls should
be set as far as possible. In addition, for accurate
measurement of sand displacement, Lp should be set as
short as possible, at least 1 m, and the sand sampling
interval should be set to least 0.1 m to filter out this
undulation (error). Consequently, a smoother summation
curve will be generated, which can provide better results.
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Multiple wind erosion process analysis

Wind erosion can significantly affect the underlying
surface. For the purpose of long-term planning of sand
prevention, it is essential to analyze these effects under
multiple wind erosion events. As discussed above, the
exponential function can simulate the distribution of
eroded particles under a continuous wind erosion
process, and the summation curve method can
determine the dynamics of sand movement. Therefore,
the data generated by the exponential model can be
understood as the process of sand movement under
continuous wind erosion events or multiple years of wind
erosion. In this paper, Pinus sylvestris var. mongolica
and Hedysarum scoparium trees were selected to
demonstrate the process of sand movement under 5
continuous wind erosion events. Figure 6 shows that
under a constant Dy parameter input, the output values
were stable; a small amount of sand loss did not affect
the simulation results. Linear regression analysis
indicated that there was strong correlation between sand
movements under multiple wind erosion events, whereas
R® decreased with an increase in the cumulative
percentage. Theoretically, during multiple wind erosion
events, the cumulative percentage of the sand moving
distance should show a decreasing trend due to the
shelter forest controlling the wind effect. In general, the
summation curve is stable and accurate, and can be
used as a mid- or long-term protective model.

Cumulative percentage(%)

—— wind erosion (1st)
- == wind erosion (2nd) 10 - -

wind erasion (3rd) g
—-—-wind ercsion (4th)
wind erosion (5th)
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CONCLUSIONS

The ultimate goal of wind erosion research is to
establish erosion models that can predict particle
erosion losses at different temporal and spatial scales.
In general, the scientific and practical explorations of
wind erosion studies are rather limited; therefore, it is a
necessary to rebuild the theoretical based method for a
wider application.

Based on former studies, this paper proposed a new
method of analysing the effects of sand prevention in a
shelterbelt forest. Because it is difficult to obtain
accurate data, this paper used general conclusions from
previous studies as estimates. The results indicated that
experimental errors were well controlled and the
conclusions drawn from the final analysis indicate that
this method can provide direction and idea for
shelterbelt management.

Compared with the empirical model, the summation
curve method accounts for the fundamental theories of
physical principles of blown sand and sedimentation
processes. In addition, the theoretical model is more
complicated than the summation curve due to the
numerical calculations. Thus, the summation curve is
the best method.

In the actual calculation and application, the
summation curve method has two advantages. The first
is that the input parameters are simple; the second is
that this method can be used at different scales.
Therefore, the summation curve can be applied to a
wider scope when assessing farmland protection forest.

Considerable work needs to be conducted in future
research. In this study, the assessment method was
based on a single direction (width of the belts).
However, different areas vary with respect to the
topography, land use, degree of wind erosion and other
factors, and these factors interact with each other.
Therefore, it is necessary to establish a classification
standard in future studies.

An additional decision factor in the design of optimal
farmland shelterbelt systems involves the water
requirements of the tree species because water is a
limited resource and may be the main factor that
prevents long-term maintenance of farmland shelterbelt
systems in arid or semi-arid regions. Further studies are
required to determine the water consumption of shelter
forest tree species and the local water resources to
explore the best afforestation density and shelterbelt
forest structure.

ACKNOWLEDGEMENT

This work was supported by the National Basic
Research Program of P. R. China (2013CB429906);
National "Twelfth Five-Year" Plan for Science &
Technology Support (2012BAD16B02);The Commonweal
Project of State Forestry Administration of P. R. China
(201304325)

REFERENCES

[1]. Brandle J.N., Hodges L., Zhou X.H., (2004) —
Windbreaks in North American agricultural systems,
Agroforestry Systems, vol.61, no.1/3, pp.65-78;

[2]. Cleugh H.A., (1998) — Effects of windbreaks on
airflow, microclimates and crop yields, Agroforestry
Systems, vol.41, no.1, pp.55-84;

[3]. Dale A., Passi G.R., (2012) — Modeling dust emission
caused by wind erosion, Journal of Geophysical
Research: Atmospheres, vol.93, no.11, pp.14233-14242;

41

INMATEH-- dq ricultural c\‘;nqmcctmq

wig 55

RIS 9 B 24 H A A2 57 B % T AN [R] I 18] RUBE AN )
R A . — BT, 3 20 U TR R
HBRL AR S R D> . DRI, FORR A R R
555z 3l R A R A A AT

ASCAEBUA B3 oRBE TR A b, I TR I AT
MM T BRI D ROR o R TS T G RS R
SRIOHE PR, A SOR A A BT o ) — fi 45 18 #E AT il
S BRFCARARY], SLU R =P ], O By
A5 2 (0 45 1 mT LA B 37 AR st BB OB IO WIF 72 7 1 AN
.

XPEE 2 gAY, R 2 TR T D W T e )
R R, S4B B R L5 A SO o
SEBEREINE 2. PRt R 205 2T L A,

KhritAL ML, RBHLIER AW, —
REANSHE R, R UMHAESMRE. Bk, ®H
T 275925 AT LA S P 2 5 KV Rl P B 4 FE T 3 AR Pl

TP WEBATH TARR, AR BT 1A
BN (PP OS8R o SRTT, AFMLIXEIHIE . T3
A R A H A A R R A, JF X 1
M EAE IS o PRI R OR (1 A 5 BRI S8 A 1 R AT 7328
T

TN, RS I BGR A BeE S DU B B AR AR I
PRI H A< FH B30 M Fof £ 7K 20 R R A D05 RE R, TR AE
TRAETRHIX, 326 T KBRS, K7 B AG AR H
Fiifph R GIILERF IO E B R . RR TR R RS0
PR D RN FE A R A S K B AR, BT TR
BT ARG AR B AN S5 4 o

B
I X B pd FE AL S A ST RITTH (2013CB429906)

“ZHEZRBHESCETRITE (2012BAD16B02)
FM S A AT IR L (201304325) .

SE R

[1]. Brandle J.N., Hodges L., Zhou X.H. (2004) — /LA H %
GHIBT M AT, I FR IR R 4L, 56 61 45, 25 1/3 1], 65-78;
[2]. Cleugh H.A. (1998) — Br MR Tt WA TIRALL
TER) =298, A AR R 4L, 5 41 4, 55 1 1, 55-84;
[3]. Dale A., Passi G.R. (2012) — K H1EH T HI# LK
I, IERIE AT A, o 93 4, 55 11 1, 14233-14242;
[4]. Fryrear D.W., Bilbro J.D., Saleh A., Schomberg H.,



Vol.45, No.1 /2015

[4]. Fryrear D.W., Bilbro J.D., Saleh A., Schomberg H.,
Stout J.E., Zobeck T.M., (2000) — RWEQ: Improved wind
erosion technology, Journal of Soil and Water
Conservation, vol.55, no.2, pp.183-189;

[5]. Fukuda Y., Moller H., Burns B., (2011) — Effects of
organic farming, fencing and vegetation origin on spiders
and beetles within shelterbelts on dairy farms, New
Zealand Journal of Agricultural Research, vol.54, no.3,
pp.155-176;

[6]. Guanglei Gao, Guodong Ding, Yuanyuan Zhao, Wei
Feng, Yanfeng Bao, Ziwei Liu., (2014) — Effects of
Biological Soil Crusts on Soil Particle Size Characteristics
in Mu Us Sandland, Transactions of the Chinese Society
for Agricultural Machinery, vol.45, no.1, pp.115-120;
[7]. Juan E.P., Daniel E.B., Ted M.Z., (2010)
Comparison of different mass transport calculation
methods for wind erosion quantification purposes, Earth
Surface Processes and Landforms, vol.35, no.13,
pp.1548-1555;

[8]. Lobb D.A., Kachanoski R.G., Miller M.H., (1995) —
Tillage Translocation and Tillage Erosion on Shoulder
Slope Landscape Positions Measured Using Cs-137 as a
Tracer, Canadian Journal of Soil Science, vol.75, no.2,
pp.211-218;

[9]. Lobb D.A., Kachanoski R.G., (1999) — Modelling
tillage erosion in the topographically complex landscapes
of southwestern Ontario, Canada, Soil and Tillage
Research, vol.51, no.3-4, pp.261-277;

[10]. Lobb D.A., Kachanoski R.G., (1995) — Modelling
tillage translocation using step, linear-plateau and
exponential functions, Soil and Tillage Research, vol.51,
no.3-4, pp.317-330;

[11]. Lobb D.A., Quine T.A., Govers G., Heckrath G.J.,
(2001) — Comparison of methods used to calculate tillage
translocation using plot-tracers, Journal of Soil and Water
Conservation, vol.56, no.4, pp.321-328;

[12]. Mao Y., Wilson J.D, Kort J., (2013) — Effects of a
shelterbelt on road dust dispersion, Atmosphere
Environment, vol.79, pp.590-598;

[13]. Mohammed A.E., Stigter C.J., Adam H.S., (1996) —
On shelterbelt design for combating sand invasion,
Agriculture Ecosystems & Environment, vol.57, no.2-3,
pp.81-90;

[14]. Qiang Cui, Jiarong Gao, Mingyue He, Zheguang
Zhao, Jinrui Zhang., (2009) — Effects of farm land
shelterbelts in controlling wind and sand in sandy land of
Yanchi, Journal of Ecology and Rural Enviroment, vol.25,
no.3, pp.25-29;

[15]. Wiseman G., Kort J., Walker D., (2009)
Quantification of shelterbelt characteristics using high-
resolution imagery, Agriculture Ecosystems and
Environment, vol.131, no.1/3, pp.111-117.

42

INMATEH-- dq ricultural c\‘;nqmcctmq

Stout J.E., Zobeck T.M. (2000) — RWEQ: A /#7020
L K EARFF AR, 565 55 4%, 55 2 11, 183-189;

[5]. Fukuda Y., Moller H., Burns B. (2011) —% 414757 ##k
AHIE LB [ FTEE T AT 7 2 119 18 3 78 i 119 3%
RPP7E, Fvh AW TL, 58 54 4, 5 3 #l], 155-176;

[6]. w1 %, T MR, BAELE, 5 5k, AW, X%E5K. (2014)
— WG TE R B XS T PP A TR SRR 52, A AL
AR, 35 45 %, 3 1, 115-120;

[7]. Juan E.P., Daniel E.B., Ted M.Z. (2010) — &/ 747
M B 1, XS5 R I (1 7 22 v, AR
S5 TE, 55 35 45, 2 13 ], 1548-1555;

[8]. Lobb D.A., Kachanoski R.G., Miller M.H. (1995) — 7/
M Cs-137 Fn iyl & J5 BHTE T HIRH L FERIBHE R
e, KL ERLE, 5 75 %, 5 2 1, 211-218;

[9]. Lobb D.A., Kachanoski R.G. (1999) — /& A % AME 2"
IR R TR T T HIPEE 12, L3R BHER T, 26
51 %, % 3-4 1], 261-277;

[10]. Lobb D.A., Kachanoski R.G. (1995) —#//Ed F2 7
T, LLGHE I 21 I I TS $R 20 #), L3R
HHEWTFL, 5 51 4, 5 3-4 1], 317-330;

[11]. Lobb D.A., Quine T.A., Govers G., Heckrath G.J.
(2001) — FYH A H N BN A [ BT F AL BE A 75 77 v,
IKHARFFEIR, 55 56 4, 5 4 1], 321-328;

[12]. Mao Y., Wilson J.D, Kort J. (2013) — 26457 H #
LHITEA i, KSIREE, 5 79 4, 5 4 ], 590-598;

[13]. Mohammed A.E., Stigter C.J., Adam H.S. (1996) —
LUIFRER 2 B BT B 77 4k i ot 777, RNVAER RG 53
1, 5 57 %, %5 2-3 11, 81-90;

[14]. £ 5, = F2R, fTHIH, B, Tk, (2009) — 7°&F
BT I BB MU 0 5 e, A H AR R IR %
R, 28 25%, % 3 4, 25-29;

[15]. Wiseman G., Kort J., Walker D. (2009) — F//# & %%
FRE RN 1P AF LT @A, R RS 55,
55131 %, 55 U3 1, 111-117.


http://www.jswconline.org/search?author1=G.J.+Heckrath&sortspec=date&submit=Submit
http://www.jswconline.org/search?author1=G.J.+Heckrath&sortspec=date&submit=Submit

Vol.45, No.1 /2015

INMATEH-- dq ricultural c\‘:.nqmcctmq

INFLUENCE OF PRE-SOWING ELECTROMAGNETIC TREATMENTS AND DURATION OF
STORAGE ON GERMINATION ENERGY AND LABORATORY GERMINATION OF SEEDS
FROM BULGARIAN TOMATO VARIETIES

BJIUAHUE HA NPELCENTBEHUTE EJIEKTPOMAIHUTHU OBPABOTKU U CPOKA HA
CBbXPAHEHUE BbPXY KbJIHSIEMATA EHEPIUsi U JIABOPATOPHATA KbJIHAEMOCT HA
CEMEHA OT BBbJIFAPCKU COPTOBE JOMATH
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Abstract: The study has found a continuing beneficial
impact of electromagnetic treatments on seeds of
Bulgarian tomato varieties: Milyana, Plovdivska karotina,
Vodoley Fi, IZK Alya and Ideal after 365 days storage to
sowing at a voltage between the electrodes U=12 kV and
duration of impact t=35 s. The germinating energy and
laboratory germination increase compared to that of
control seeds of 1.25 to 15%.

Keywords: pre-sowing electromagnetic treatments,
tomato seeds, germination energy, laboratory seed
germination

INTRODUCTION

Tomato is a traditional vegetable crop for the territory
of Bulgaria. There is a close relation between high and
qualitative yields and sowing qualities of the seeds [3].
The germination energy and germination are ones of the
most important features of the seeds. The low
germination energy is a reason for slower initial rate of
root and hypocotyl growth for tomato seed germination
as well as later for germination in field conditions. The
sowing rate is determined depending on the seed
germination [7]. Alternative, ecological pure methods and
technologies for stimulation of the sowing properties of
the seeds by their treatment in electric [12], magnetic
[1.9] and electromagnetic [11] fields are being searched.
Positive effect of the laboratory (5...12%) and field
germination  (16...20%) of cabbage seeds after
electromagnetic treatment [2] has already been recorded.

A peculiarity of the Bulgarian tomato seeds variety
after electromagnetic pre-sowing has been established
and it depends on the duration of the electromagnetic
impact and duration of storage prior to planting [4]. The
longer the duration of seed stays (12 days) from
treatment to sowing and the higher value of applied
voltage of treatment (12 kV) is, a stimulating effect on
the seed quality in the studied tomato varieties has been
found.

The favourable pre-sowing electromagnetic impact on
the tomato seeds from variety Milyana is retained after
stay prior to sowing of 365 days. It is of interest whether
the impact of the pre-sowing electromagnetic treatments
would be retained after longer stay in seeds from other
tomato varieties [4].

The purpose of the study is to establish the effect of
pre-sowing electromagnetic treatment and duration of
storage on the sowing qualities of the seeds from
Bulgarian tomato varieties.
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Pe3srome: KoHcTaTmpaHo e npoabrmkasallo 6rnaroTBOpHO
Bb3AENCTBME Ha npeaceutbeHnTe enekTpoMarHUTHM
00paboTkM BbLPXYy CEMEHa OT Obnrapcku copToBe
pomatn: MunsHa, Nnosauscka kapoTuHa, Bogonen Fi,
N3K Ans n Vpean cnep 365 OeHOHOLLEH MpecTon Oo
3acsiBaHETO MM MpU TpeTUpaHe C HanpexeHue mexay
enektpogute U=12 kV ¥ NpOABLIPKUTENHOCT Ha
Bb3gencTemeTo 1=35 S. YCTaHOBEHO € yBenuyaBaHe Ha
KbIIHiemaTta eHeprusa n Ha nabopatopHaTa KbMHAEMOCT
CrpsIMO KOHTpOnHuTe cemeHa ot 1,25 oo 15%.

Knroyoeu Jdymu: npepcentbeHa enekTpoMarHuTHa
obpaboTka, ceMeHa [JomaTtW, KbIHSEMa eHeprus,
KbJIHAEMOCT.

yBO[

[lomatute ca TpaguuMOHHA 3erneH4vyKoBa KynTypa 3a
Hawara cTpaHa. Nony4yaBaHeTO Ha BUCOKN N KAYeCTBEHM
[obvBM e B TACHa Bpb3ka C NOCEBHWTE CBOWCTBA Ha
cemeHaTta [4]. KbnHAemaTa eHeprusa un KbnHaemocTTa ca
€dHN OT Han-BaXKHUTE XapaKTepUCTMKM Ha CemeHarta.
Huckata kbnHsema eHeprusi e mpuyvMHa 3a no-6aBHMS
MbpBOHa4yaneH Temn Ha pasBWTME Ha KopeHa MU
XWMOKOTMIa NpY MOKbIIBAHE Ha cemeHaTta OT AomaTtu u

MO-KbCHO MpW MNOHWKBaHe B MNOMCKA Yycnosus. B
3aBMCMMOCT OT KbIIHAEMOCTTa Ha ceMeHaTa ce
onpegena ceutbeHata Hopma [5]. Twbpear ce

anTepHaTUBHW, EKONOTUYHO YUCTN METOAU U TEXHONOMMM
3a CTUMynMpaHe NOCEBHUTE KayecTBa Ha CeEMeHaTa 4pes3
obpaboTkaTa um B enektpuyecku [13], marbmuTtHn [10,12]
n enektpomarHuTHu [8] noneta. OT4yeTeH e NonoXxuTenex
edekt Ha nabopaTtopHata (5..12%) u noncka
kbnHaemocT (16..20%) Ha cemeHa OT 3ene crnej
enekTpomarHuTHa obpaboTka [1].

Cnen npoBegeHu nabopaTopHU uM3crnegBaHus Ha
npeacentbeHn enekTpomarHuTHM obpaboTkum Ha cemeHa
OT Obnrapcku copToBe AOMaTU € KOHCTaTupaHa copToBa
0coBEHOCT, KOSAITO 3aBWCUM OT MNPOABLIDKMTENHOCTTAa Ha
npeacenToeHoTo enekTPOMarHMTHO Bb3OENCTBME M CpoKa
Ha CbXpaHeHue [0 3acsABaHeTo [2]. YCTaHOBEHO €, Ye no-
ronsiMata NPOABLIMKUTENHOCT Ha NpecTon (12 AeHOHOLLMS)
oT obpaboTkaTta o ceutbarta 1 no-ronsiMaTa CTOMHOCT Ha
M3Mon3BaHOTO HanpexeHwe Ha obpabotka (12 kV)
oKaseaT CTMMynupallo Bb3OEeNCTBME BbPXY KavyecTBOTO
Ha cemMeHaTa npu Npoy4BaHWTE COPTOBE AOMaTK.

BnarotBopHOTO  nNpeacentéeHo  enekTpoMarHUTHO
Bb3[IENCTBUE BbPXY CEMeHa OT gomatu copT MunsHa ce
3anasBa U cnef npecTow A0 3acsiBaHETO B NPOABbITKEHNE
Ha 365 gHu. WHTepec npepcrtaBnsiBa WM ganu
Bb3AENCTBMETO Ha NPeAceuTheHnTe enekTpoMarHUTHU
00paboTkM We ce CbXxpaHu M crned No-NPOAbIKUTENEH
NpecTon 1 Npu ceMeHaTa oT Apyrn copToBe gomatu [2].

Llenta Ha wu3cnegBaHeTo € [Jda Cce  yCTaHOBU
BMUSIHMETO Ha nNpeaceutbeHuTe  enekTpoMarHUTHU
06paboTkM 1 Cpoka Ha CbXpaHeHVWe BbpXy MOCEBHUTE
KayecTBa Ha cemeHa OT Gbnrapcku copToBe AomaTy.
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MATERIAL AND METHOD

The object of the study are the seed qualities from the
accepted Bulgarian tomato varieties Milyana, Plovdivska
karotina, Vodoley Fi, IZK Alya and Ideal, described in our
previous investigation [4]. The seeds have been subject
to electromagnetic treatment and have then stayed for
365 day prior to sowing.

As in other similar studies [5,13] the pre-sowing
electromagnetic treatments were performed in the AC
corona discharge field between the electrodes (blade-
plate). The adopted controlled factors of impact for this
study were also the voltage between the electrodes U
(kV) and the duration of treatment t (S). The experiment
planning matrix [10] with two controlled factors on two
levels (type 22) of pre-sowing treatment is presented in
Table 1.

INMATEH-- dq ricultural cgnqmcctmq

OBEKT U METOOMKA HA U3CNNEOABAHETO

Cnen 365 peHoHowwmsi npecTolt oT npeacenTbeHaTa
enekTpomarHutHa obpaboTka 0O 3acsABaHeTo, OOeKT Ha
n3cnefBaHEToO Ca KayecTBa Ha CEMEeHa OT MpU3HaTU U
BHEAPEHN B MPOM3BOACTBOTO Obnrapckm copTose
pomatn: MunsiHa, lNnosdusecka kapomuHa, Bodonel Fi,
U3K Ans u MWoean, onvcaHn B nNPeAxXOAHO Hale
nscnepsate [2].

CbrnacHo  apyru  nogobHu  wmacnegsanua  [3,9]
npeaceutéeHnuTe  enekTpoMarHuTHM  obpaboTkM  ca
M3BLPLUBAHN B MOMETO Ha MNPOMEHNMBOTOKOB KOPOHEH
paspsg, Cb3faBaH Mexay enekTpoau OCTPUe-MIoCcKOCT.
Bb3npuetute u npu TOBa wu3cnegBaHe ynpaBnsieMu
dakTopn Ha BBL3OENCTBME Ca HanNpexeHueTo Mexay
enektpogute U (kV) wn  npoabmxuTenHoctta  Ha
Bb3gencTeue t (S). MaTpuuata Ha nnaHvpaHe Ha MbiHUA
hakTopeH ekcnepumeHT [7] ¢ ABa ynpaensemu daktopa Ha
ABe HuBa (MOE oT Tuna 2°) Ha npeacenT6eHnTe 06paboTkm
e npeacTaseHa B Tabn. 1.

Table 1

Experiment planning matrix

Treatments Voltage, U Duration of impact, t
level kV level s
1 +1 12 1 35
2 -1 6 +1 35
3 +1 12 -1 5
4 1 6 1 5
Control untreated seeds

After treatment the seeds were kept in packing paper
in a dry and dark storeroom. After 365-day storage i.e.,
on February the 7" 2014 the seeds from each variant of
impact were set in 4 replications with 20 seeds in each
replication according to the adapted methods by ISTA [6],
for germination in Petri dishes in thermostat at
temperature of 25°C and relative humidity of 95%.
Untreated seeds for the relevant varieties were used as a
control.

The following sowing qualities of the seeds were
studied: germination energy — g.e. (%) and laboratory
germination — g. (%) being read on 5-th and 14-th day,
respectively after seed set for germination. For greater
comparability the data from each variant of treatment is
presented as percentage in relation to that of the control
(%l/c).

The obtained data was processed statistically by
variation [8] and regression analysis [10].

RESULTS

The results for germination energy and laboratory
germination of the seeds untreated in the
electromagnetic field are given in Table 2.

Cnep ob6paboTknte cemeHaTa Cca CbXpaHsBaHU B
ceMexpaHunuuie, Ha TbMHO M CyX0, B XapTUEHMU
nnukyeta. Ha 365-9 pgeH ot obpaboTtkata, T.e. Ha
07.02.2014 r.,, cemeHaTa OT BCEKM BapuaHT Ha
Bb3geNcTBMe ca 3anoxeHn B 4 nosTopeHus no 20 6pos,
no agantupaHa metoguka Ha ISTA [11], 3a nokbnBaHe B
netpuesm Bnioga B TepMocTaT npu Temnepartypa 25°C u
OoTHocuTenHa BrnaxHocT 95%. 3a koHTpona ca
n3nonsBaHu HeoOpaboTeHM cemMeHa OT CbOTBETHUTE

COpTOBE.
M3cnepBaHu ca MoceBHUTE KayecTBa Ha ceMeHara:
KbiHASemMa eHepeuss — k.e. (%) wn nabopatopHa

KbnHgemocm — K. (%), KOUTO Ca OTYETEHU CbOTBETHO Ha
5-9 n 14-a pgeH OT 3anaraHeTo Ha cemeHaTa 3a
nokbnBaHe. 3a no-ronsiMa CpaBHAEMOCT [aHHUTE 3a
BCEKWN BapuaHT Ha obpaboTka ca npuBeAeHW B NMPOLEHT,
cnpsiMo Tean Ha koHTponarta (%/K).

MonyyeHnte gaHHM ca 06paboTeHM CTaTUCTUYECKU
ypes BapuaLMoHeH [6] n perpecnoHeH aHanma [7].

PE3YNTATU U OBCBHXOAHE

Pesyntatute, nonyyeHn 3a KbfHsemaTa eHeprus u
nabopaTtopHaTa KbflHeMOCT Ha HeobGpaboTeHute
CeMeHa OT Mnpoy4yBaHMTE COPTOBE, Ca MpPEeACTaBeHu B
Tabn. 2.

Table 2
Propagating seed quality of untreated seeds
Variety
Sowing qualities i
94 Milyana PII(OVd'\.ISKa Vodoley Fy 1ZK Alya Ideal
arotina
Germination X +sd 81,25 88,75 83,75 32,50 90,00
energy, % +sd +3,75 +4,27 +3,75 +3,22 +3,74
CV% 9,23 9,62 8,96 19,86 7,86
X 87,50 92,50 90,00 76,25 93,75
Germination, % + sd +4,79 +3,23 + 3,54 +4,27 +2,39
CV% 10,94 6,98 7,86 11,20 511

44
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In further studies these results are accepted for 100%
and the data from the other crops is reduced to them.

The variety 1ZK Alya demonstrates the lowest
percentage of germination energy and laboratory
germination in comparison to the remaining studied
varieties. This is cherry type tomato variety which seeds
are the smallest amongst the studied seeds, with the
lowest absolute weight being probably a reason for lower
sowing qualities of the seeds compared to the other
varieties included in the study. In 2013 it was established
that the germination energy and the laboratory
germination of the seeds from variety 1ZK Alya are
33.75% and 91.25%, respectively [4]. The sowing
qualities of the control seeds are g.e.=32.5% and
0.=76.5% after stay of 365 days. These values are lower
than those obtained in 2013 that are 33.75% and
91.25%, respectively. The laboratory germination and
germination energy decrease with increase of the seed
age that is both species and variety peculiarity.

The analysis of data given in Table 2 shows that in
comparison with 2013, a decrease of g.e. in the control
seeds of the other tomato varieties in 2014 is observed
but it is within the range of (5...10)%, but of g. —
(2...12)%.
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100 1
80 1
60 1
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40 1
201

1 2 3

Treatments
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1 2 3 4
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Mpun no-HaTaTbLWHWTE U3CMeaBaHWs Te3n pesynTaTtu
ca npuetn 3a 100% wu cnpamMo TsX ca MpuBedeHU
JaHHWTE OT ApyruTe HabnaeHus.

CoptbT M3K Ans, cnpsiMo ocCTaHanute npoyyYBaHu
COpTOBE, MOKa3Ba HaW-HUCBbK MPOLEHT Ha KbiHAeMa
eHeprns M nabopatopHa KbinHsemocT. ToBa e
€[VHCTBEHUAT COPT B MNPOy4YBaHETO OT Tuna “yepw”,
YMUTO CemMeHa ca Haw-OpebHu, ¢ Hal-Hucka abcontoTHa
mMaca u nopagu Tasu MNpuUYMHa MOCEBHW KayecTBa Ha
cemeHaTta no-Hucku. Kakto u B [2], Taka n cnep 365 gHu
NpPecTon KOHTPONHUTE ceMeHa Ha copT M3K Ans nmvar:
k..=32,5% n k.=76,5%. Te3an CTOMHOCTM ca MO-HUCKN OT
nony4veHute npe3 2013 r., kouto ca cbOTBETHO 33,75% u
91,25%. C yBenuyaBaHe Ha Bb3pacTTa Ha cemeHata
MOCTENEHHO Ce MOoHMKaBa nabopaTopHaTa KbJIHAEMOCT U
KbIIHSemMaTa €eHeprusi, KOeTo € KakTO BWAoBa, Taka U
COpTOBa 0CODOEHOCT.

AHanusbT Ha paHHuTEe OT Tabn. 2 nokasea, 4ye B
cpaBHeHue ¢ 2013 r., npe3 2014 r. npu KOHTPOMHUTE
CeMeHa W Ha Apyrite copToBe OMaTh MMa HamarneHve
Ha K.e., HO To e B pamkute Ha (5...10)%, a 3a k. —
(2...12)%.
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Fig. 1 — Germination energy and seed laboratory germination of
electromagnetic treated seeds after 365 days length of storage

The results from the study for germination energy and
laboratory germination of the seeds from all varieties
treated in electromagnetic field according to the variants
in Table 1 and stay 365 days prior to sowing in 2014 are
presented in Figure 1. The results were given as
percentage in relation to the ones from the control (%/c).
The analysis demonstrates that for varieties Milyana,
Plovdiska karotina and I1ZK Alya a dominant positive
impact on g.e. and g. after treatment of the seeds by
variant 1 (U=12 kV, =35 s) is obtained. This effect is
kept for 365 days after electromagnetic treatment as for
Milyana g.e.=109.23%/c and ¢.=105.71%/c and for
variety Plovdivska karotina g.e.=109.86%/c and
0.=108.11%/c.

The established low natural (for seed from the control)
g.e. and g. in variety 1ZK Alya have the highest impact
from the electromagnetic treatments among the
mentioned two varieties. The values of the two studied
parameters, obtained after treatment of the seeds from
this variety by variant 1 and stay for a period of 365 days
prior to sowing are g.e.=146.15%/c and g.=116.39%/c.
This is significantly more than the observed parameters
of the above mentioned varieties Milyana and Plovdivska
karotina.

The seeds form variety Vodoley Fi1 show a slight
increase of the two observed parameters after treatment
by variant 1. After stay for a year the values are
g.e.=101.49%/c and g.=102.78%/c.

It was established that after treatment of the seeds
from variety Ideal by variant 1 and stay of 365 days prior
to sowing, the germination energy is slightly depressed. It
is 98.61%/c towards the control. The peculiarity for this
variety is that the read laboratory germination is
g.=104.00%/c.

The above could be explained with variety peculiarity
of the individual seeds when the other factors of influence
and conditions are identical.

Figure 1 also shows that after seed treatment with the
parameters of the other variant there is a depression of
the germination energy and laboratory germination in
different degrees, for different variants of treatment, in
different tomato varieties. An exception was established
in variant of treatment 3 (U=12 kV and t=5 s) where the
seeds of variety Ideal demonstrated the highest value of
their response after pre-sowing treatment. Germination
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Ha dwr.1 ca npeacraBeHn pesyntatute oOT
uscnegBaHe Ha KbrHsemaTta eHeprust u nabopartopHara
KbIIHAEMOCT Ha CemMeHaTa OT BCWYKM COpPTOBE,
obpaboTeHn B €neKTPOMarHUTHO Morne, CbracHo
BapuaHTMTe oT Tabn. 1 n npectoann 365 gHu Oo
3acsasaHeTo uM npes 2014 r. Pesyntatute ca npuseaeHu
B % cnpsamo koHTponaTta (%/k). AHanusbT nokasea, ye 3a
coptoBe: MunsiHa, lMnosduscka kapomuHa u M3K Ans ce
noryyaBa [OMWHMPALLO MOMNOXWUTENHO Bb3OENCTBUE
BbpPXy K.e. U K. cnen obpaboTkaTa Ha cemeHaTta Mo
BapuaHT 1 (U=12 kV, 1=35 s). ToBa Bb3gencTeue ce e
3anasvno 365 pgeHoHowwMa cnep enekTpoMarHuTHaTa
obpaboTka, kato 3a MunsHa k.e.=109,23%/k n
k.=105,71%/k, a 3a copt [Inosduscka KapomuHa
k.e.=109,86%/k n k.=108,11%/k.

CnpsiMo cnoMeHaTuTe ABa copTa yCTaHOBEHUTE HUCKU
€CTECTBEHU (32 KOHTPONHWUTE CEMEHA) K.e. U K. 3a CopT
U3K Ansa ca NOBANAHU Han-CUITHO oT
ereKTpoOMarHNTHOTO Bb3aencTene. Crnen obpabotkata
Ha ceMeHaTa Ha TO3W COpT No BapuaHT 1 1 npecTon oT
365 pgeHoHowmMsa OO 3acABaHETO MM, CTOMHOCTUTE Ha
OBaTa peructpupaHum napameTtbpa ca K.e.=46,15%/k u
k.=116,39%/k. ToBa e 3HauUTeENHO noBe4ye OT
HabnogaBaHNTe napamMeTpy Ha ONUCaHWTe Mo-rope
coptoBe MurnisHa v [Tnosduscka kapomuHa.

Cnep obpaboTtkaTta no BapuaHT 1 cemeHaTta Ha copT
Bodonel F1 vmaT, Makap 1 He3Ha4MTernHo, NoBuLLaBaHe
Ha gBaTa HabnopaBaHu napameTbpa. Cnea npectoi oT
eAHa roanHa K.e.=101,49%/x, a k.=102,78%/x.

3a cemeHaTa OT copT MOean e KOHCTaTMpaHo, 4e
cnen obpaboTkata MM nNo BapuaHT 1 M npecTon Ao
3acsBaHeTOo 365 [OEeHOHOWMA KbiHSemaTa eHeprust e
He3HaunTenHo notucHata. CnpsiMo KoOHTponata T8 €
k.e.=98,61%/k. OcobGeHoTO npu TO3M COPT €, ue
oTyeTeHaTa nabopatopHa kbrnHsiemocT e k.=104,00%/k.

Mpn ppyrm egHaksu akTopy Ha Bb3OEUCTBUE WU
YCIOBUSI, ONMCAHOTO MO-Tope MoXe Aa ce 0b6siCHM CbC
copToBaTa 0CO6EHOCT Ha OTAENHNTE CEMEHA.

Ot dur. 1 mMoXe ga ce KoHCTaTupa Cbllo, Ye cneq
obpaboTkaTa Ha cemMeHaTa C mapameTpuTe Ha Apyrute
BapuMaHTM Cce nMofyyYyaBa MOTUCKAHEe Ha KbJIHAeMaTa
eHeprns u nabopatopHaTa KbITHSEMOCT, KOETO € B
pasnuuyHM CTENeHUM 3a pasfUYHUTE BapuaHTM Ha
obpaboTka n 3a oTAenHuTe copToBe gomatu. Ho u Tyk
uma usknodeHus. MNpu BapnaHT Ha obpaboTka 3 (U=12
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energy for this variety is 0.e.=109.72%/c and
g.=101.33%/c. The similar situation was observed in
variety Plovdivska karotina. The values read for the
seeds of this variety, treated by variant 3 are
g.€.=107.04%/c and g.=108.11%/c.

The established repression of the germination energy
or laboratory germination of the seeds can be due to the
combination of the factors levels, prolonged stay of the
seeds within 365 days and their variety peculiarity.

The analysis of the statements made in [4, 5, 13] show
a regularity of the impact of the pre-sowing treatment. It
could be concluded that after pre-sowing electromagnetic
treatment in values of the controlled factors by variant 1
(U=12 kV and =35 s) and longer stay of the seeds (12 or
365 days), dominating positive responses were obtained
followed by increases in the germination energy and
laboratory germination of the seeds.

According to the data from Table 1 the experiment that
was conducted is with two controlled factors of influence:
the applied voltage between the electrodes U (kV),
accepted as coded quantity X4 and duration of the
impact, t (s) — X, . This gives a possibility to calculate
the equations of regression of the studied parameters
germination energy and laboratory germination being
given in %/c. All equations are from the following type
[10]:

YA =bo +b1 )zl_'_bz )(02+b1b2

According to the established values (in %l/c) of the
particular observed parameters, the following equations
of regression are obtained:

for variety Milyana:

e  germination energy

Yg.e. Milyana = 99,615+ 5,000 % + 1,925 x,~ 2,690 % X,

e laboratory germination

¥g. wilyana = 98,320 + 4,535, 1680 X,+ 4,535 %, X,

for variety Plovdivska karotina:

e  germination energy

Yge. Plkarotina =103.167+5,282X,+0,352,+1,058 X X,

. laboratory germination

Yg. pikarotina =105,067 +3,042 % ~1,012x,~1,012 X X,

for variety Vodoley Fi:

e germination energy

Yg.e. vodoley =101120 —1,865x,— 1120 X,— 0,375 X,

. laboratory germination

A

for variety 1IZK Alya:

Vg Vodoley = 99,305 +1390 .+ 2,085,
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kV n 1=5 s) cemeHnaTta Ha copT Mdeasn ca nokaszanu Han-
BMCOKM CTOMHOCTU Ha peakumsita cu oT npeacemtbeHata
obpaboTka. Mpu Tax k.e.=109,72%/k, a k.=101,33%/x.
MopobHo e nonoxeHnneto n npu copT [lnosduscka
kapomuHa. 3a HerosuTe cemeHa, obpaboteHu no
BapuaHT 3, ca otyeTeHu K.e.=107,04%/k n k.=108,11%/k.

KoHcTaTMpaHoTO NoTUCKaHe Ha KbIlHSeMaTa eHeprus,
unu nabopaTtopHaTa KbfHAEMOCT Ha CeMeHaTa MOXe Aa
ce OTAafe Ha CbYeTaHMETO Ha HMBaTa Ha haKkTopwuTe,
NPOOLIDKUTENHNA NpecTon Ha cemeHata oT 365
OEHOHOLLMS U TXHaTa copToBa 0COGEHOCT.

AHanNu3bT Ha W3NOXeHudATa, HanpaBeHu B [2, 3, 9]
nokasea 3aKOHOMEPHOCT Ha Bb3OEWCTBUMETO  Ha
npeacentoeHnte obpaboTtku. MocneaHoTo ce 3aknoyaBa
B TOBa, Ye cneg npeacenMtbeHa enekTpoMarHuTHa
obpaboTka nNpu CTOMHOCTU Ha ynpasnsemuTe akTopu
no BapmaHT 1 (U=12 kV 1 t=35 S) 1 no-npoabikuTeneH
npector Ha cemeHaTa (12 wnu 365 peHoHowwms) ce
nonyyaeat OOMWHUPALLM MNOMOXWUTENHW peakuuu, a C
ToOBa M TMOBMWIIEHWE Ha KbIHSemata eHepruss u
nabopaTopHaTa Kb/IHSeMOCT Ha ceMeHaTa.

CbrnacHo T1abn. 1 npoBexaaHWAT eKCrepuMeHT e C

ABa  ynpasnsemu  paktopa Ha  Bb3OeNCTBUE:
NPUINOXEHOTO HanpexeHve mexay enekrtpoaute W (kV),
Bb3NpUET  KaTo KoaunpaHa BenM4MHa  .X "

NPOABLILKUTENHOCT Ha Bb3AENCTBUETO, T (S) — X, - TOBa
AaBa Bb3MOXHOCT [a Ce NpecMeTHaT ypaBHEHUsITa Ha
perpecuss Ha Wu3cneABaHWTe MapamMeTpu KblHsAeMa
eHeprusi 1 nabopaTopHa KbIHAEMOCT, KOMTO ca
npeactaseHn B %/k. Bcuyku ypaBHeHus ca ot Tvna [7]:

o o

Xq Xo @)

Cnopegn yctaHoBeHUTe cpegHu cTonHocTn (B %/K) Ha
oTAenHWTe HabnilogaBaHW napameTpu, ca  MoslyyYeHu
CrnefiHUTe ypaBHEHWS Ha perpecusi:

3a copT MunsHa:

@

©)

3a copT l1nosduscka KapomuHa:

)

®)

3a copT Bodornel Fi:

(6)

)

3a copT M3K Ans:
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e germination energy

Yg.e. izkaya =120,015+10,615%, +8,655X,+ 6,730 X, X,

e laboratory germination

Yg. Ay =120,325+7,785 %+ 2,870 X+ 0,410% X,

for variety Ideal:
e  germination energy

Yg e, 1deat 100,692+ 3,472~ 1,387 X,— 4,167, X,

e laboratory germination

Yﬂg. 1deal =100,667 +1,997 %+ 2,6670 X,—1,332 %; X,

The examination that was performed demonstrates
that all equations are adequate since the calculated
criteria of Fisher are smaller than their critical values and
the coefficients of the regression equations are significant
according to the criterion of Student [10].

The analysis of the equations (2)...(11) shows that the
size of the coefficients in front of the coded factor x, are
significantly higher compared to the other in the particular
equations. This is an indication that the degree of
influence of the factor voltage U of treatment of seeds is
greater compared to that of the duration of impact t. This
is confirmed by the higher values of germination energy
and laboratory germination of the seeds treated in U=12
kV that have been reached.

The values of the coefficients ;1 for variety 1ZK Alya
are the greatest compared to the other equations — for
example for g.e. (8) the value is 10,615. In this case it was
found that the germination energy is the highest -
146,15%/c. (Figure 1). The coefficient in front of factor >€1 in
the equation (9) for laboratory germination is 7,785, i.e. the
effect of voltage on this parameter is slighter than that for
the germination energy. It was established that for the
laboratory germination of the seeds from variety 1IZK Alya
is 116,39%/c in variant 1 (U=12 kV and t=35 s) i.e. it is
lower than the germination energy reached by the seeds
(Figure 1). The values of the coefficient in front of ;1 in (9)
however are the highest compared to the coefficients in
the equations for laboratory germination of the rest of
varieties.

The coefficients in front of the coded factor x, (voltage
U) are the smallest in the equations (7) and (11) -1,390
and 1,997 for germination of the varieties Vodoley F; and
Ideal. According to the data obtained and Figure 1 was
established that the Ilaboratory germination of the
mentioned varieties, for example in variant 1 is102,78%/g
and 104,00%/g, respectively. These values correlate with
the size of the coefficients in front factor {1 .

The impact of the factor duration of treatment t, with
coded kind y, , on the germination energy and laboratory
germination is smaller compared to that of the factor
voltage U. The last fact is proven by the values in front of
the coefficients x, in the equations (2)...(11). The
coefficient in front x°2 are with negative value (-1,680 and
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®)

©)

3a copT Moearn:.

(10)

(11

HanpaBeHaTa npoBepka MokasBa, 4Ye  BCUYKM
ypaBHEHVUs1 ca afeKksaTHW, Tbil KaTo W3YUCTEeHUTe
KpuTepun Ha Ouiep ca no-Manky OT KPUTUYHUTE UM

CTOMHOCTW, a KkoedUUMEHTUTE Ha pPerpecuoHHUTE
YpaBHEHMSI Cca 3HaAYMMW, CbIMACHO KpuTepust Ha
CTioabHT [7].

AHanusbT Ha ypaBHeHus (2)...(11) nokasea, u4e

roneMmHatTa Ha KOGCbI/ILWIeHTVITe npen KoaupaHuaA

bakTop X, Ca 3HAYMTErIHO Mo-rofieMu OT [ApyruTe B

oTAEenHUTE ypaBHeHUsl. ToBa O3Ha4aBa, Ye CTeneHTa Ha
BMusiHME Ha dhakTopa HanpexeHve U Ha obpaboTka Ha
cemeHaTa e Mno-ronsiMa OT Tasu Ha NPOAbLIMKUTENHOCTTa
Ha Bb3gencTBMETO 7t. ToBa Cce MOTBbpPXAaBa OT
JOCTUrHaTUTE MO-TONieMU CTOMHOCTM Ha KbIHSemara
eHeprns u nabopaTopHa KbMHAEMOCT Ha cemeHaTa,
koraTo Te ca obpaboTenn npu U=12 kV.

3a copT U3K Ansi CTOMHOCTUTE Ha KoeUUMEHTUTE ;1
ca HaW-ronemMm B CpaBHEHWEe C ApYrute ypaBHEHUs —
Hanp. 3a k.e. (8) Ton e 10,615. OT chur. 1 moxe fa ce
KOHCTaTupa, 4Ye TaM KbllHsiemaTa eHeprusl e Hal-BMcoka
146,15%/k. KoeduumeHTbT npen aktopa ,, B
ypaBHeHue (9) 3a nabopartopHaTta KbHAeMOocCT e 7,785,
T.e. BMUSHWETO Ha HanpexXeHWeTo BbPXYy TO3n
napamMeTbp € no-cnabo OT ToBa Mpu KbIHAEMata
eHeprusa. 3a BapuaHT 1 (U=12 kV n t=35 s) u ot cwmr. 1
MOXe [ia ce KOHCTaTupa, Ye nabopaTopHaTa KbHAEMOCT
Ha cemeHaTa oT copT M3K Ans e 116,39%/k, T.e no-
Marnka OT JOCTUrHaTa OT CeMeHaTa KbfHAeMa eHepruis.
CTtoriHoCTTa Ha koedpmumeHTa npen x°1 B (9) obaue e
Hal-ronsMa B CpaBHEHUME C KoedUUMEHTUTE B
ypaBHeHusiTa 3a nabopaTopHa  KbMHAEMOCT  Ha
ocTaHanuTe copToBe.

, Han-manknte koedumumeHTV npes koaupaHus dakTop
X1 (HanpexeHueTto U) ca B ypaBHeHus (7) u (11) -1,390
n 1,997 3a kbnHAeMocT Ha copTtoBeTe Bodonel Fi u
Udean. CobrnacHo nonyyeHuTe pJaHHu u  cur. 1
nabopaTopHaTa KbfHSEMOCT Ha CMOMEHATUTE COPTOBE,
Hanp. 3a BapuaHT 1 e cbotBeTHO 102,78%/k n
104,00%/k. Tean CTOMHOCTU KOpenupar € rofieMUHUTE Ha
KoedULMeHTUTE Npes (akTopa x, .

BrimaHneto Ha dhakTopa nNPOABLIKATENHOCT Ha
obpaboTkaTa T, C KoAMpaH BUL X, , BbPXY KblHAemaTa
eHeprns n nabopaTopHaTta KbIHSEMOCT, € Mo-Marnko oT
ToBa Ha dakTtopa HanpexeHue U. [locnegHoTo, ce
foKkasea OT CTOMHOCTMTE npen KoedpuuUeHTUTe X, B
ypaBHeHusa (2)...(11). Camo B ypaBHeHus (3) n (5) 3a
coptoBete  MunaHa w  [lnoeduscka  KapomuHa
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-1,012, respectively) in equations (3) and (5) only for
varieties Milyana and Plovdivska karotina. The analysis
of the equations demonstrates that these coefficients are
the smallest compared to similar ones. This could be
explained with variety peculiarity of the seeds from
varieties Milyana and Plovdivska karotina.

The interaction between the factors voltage U and
duration of treatment 1 could be found and analyzed from
the values in front the coefficients x, and x, . The
results obtained for germination energy and laboratory
germination of the tomato seeds from the mentioned
varieties after stay of 365 days from treatment to sowing,
correlate with those in variety Milyana [4], whose seeds
have stayed for 12 days from treatment to sowing in
laboratory conditions. The treatment with parameters of
variant 1 (U=12 kV and t=35 s) could be recommended
as the most efficient for stimulation of the germination
energy and laboratory germination of tomato seeds.

CONCLUSIONS

The study found an extended favourable impact of the
pre-sowing electromagnetic treatment (in specified
values for the controlled factors) on the seeds from
Bulgarian tomato varieties Milyana, Plovdivska karotina,
I1ZK Alya F1 and Ideal after 365 days of stay to sowing.

An increase of the germination energy (g.e.) and
laboratory germination (g.) of the seeds towards the
control (untreated) seeds was established after pre-
sowing electromagnetic treatment in the corona
discharge field with parameter of the controlled factors:
voltage between the electrodes U=12 kV and duration of
the impact t=35 s and after one year stay of the seeds to
their sowing. The increase is as follows: for variety
Milyana — g.e.=109,23%/c and g.=105,71%/c, for variety
Plovdivska karotina — g.e.=109,86%/c, g.=108,11%/c, for
variety Ideal — g.e.=98,61%/c, g.=104,00%/c and for
variety Vodoley F; — g.e.=101,49%/c, g.=102,78%lc.

It was established that in low values of the controlled
factors of electromagnetic treatment: voltage between the
electrodes U=6 kV and period of impact =5 s and after
one year stay of the seeds to their sowing, a depression
of the observed laboratory parameters is observed in
which the germination energy and laboratory germination
reach 95%i/c.

It was found that in the calculated equations, the
coefficient of regression in front of the coded value ;1 of
the controlled factor of impact voltage U are with higher
values compared to these in front of the coded value of
the factor duration of treatment ;2 , that demonstrates the
greater influence of the voltage on the effect of the pre-
sowing treatment.

Electromagnetic treatment with parameters: voltage
U=12 kV and duration of the treatment t=35 s could be
recommended as the most efficient for stimulation of the
germination energy and the germination of the seeds
from Bulgarian tomato varieties.
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koedumumneHTUTE Npea {2 ca C oTpuuatenHa CTOWHOCT
(cbotBeTHO -1,680 U1 -1,012). AHaNU3BLT Ha ypaBHeHUATa
nokasea, 4Ye Te3n KoeUUMEHTW ca HaW-mankite B
cpaBHeHue ¢ Apyrute nogobHun. OnncaHoTo Moxe Aa ce
06sicHM cbC copToBaTa OCOOEHOCT Ha cemeHaTa oT
coptoBe MurnsHa v [Tnosduscka kapomuHa.

B3anmoperictBneTo mexay dakropute Hanpexexue U
W NpoAbIMKMTENHOCT Ha obpaboTka t MOXe Ada ce
KOHCTaTMpa W gHanuaupa OT CTOWHOCTUTE npes
KoeuuMeHTUTE X, U X, . [lonyyenute pesyntatn 3a
KbiHAemMa eHeprus n nabopaTopHa KbIIHSEMOCT Ha
ceMeHaTa OT goMaTtu Ha CrioMeHaTuTe CopToBe, cref
npecton ot obpaboTka Q[o 3acaBaHeTo wum 365
OEHOHOLWMA HambNHO Kopenupat C Te3u npu  copT
MunsHa [2], yamTo cemeHa ca npectosanu 12 geHoHowms
oT obpaboTkata [f[o 3acsiBaHeTo B JlabopaTopHu
ycnosusi. lMpu ToBa obpaboTkaTa € napameTpute Ha
BapuaHT 1 (U=12 kV n 1=35 s) moxe Aa ce npenopbya
KaTo Haun-edpeKTMBHa 3a CTMMyNupaHe Ha KbiHsemara
eHeprns 1 nabopaTopHa KbIHAEMOCT Ha cemeHaTa OT
aomartu.

n3sogu

Cnen 365 peHoHowMs npecTton OO 3acsiBaHeTo €
KOHCTaTupaHo npoabmxaBaLlo 6naroTBOpHO
Bb3AeNCTBME Ha npeaceMtbeHnTe enekTpoMarHUTHM
obpaboTkm (npu onpeaeneHu CTOMHOCTHU Ha
ynpaensemuTe paktopu) BbpXy cemeHa oT Gbnrapcku
coptoBe gomatw: MunsiHa, Mnosduscka kapomuHa, 3K
Ans, Bodonel Fy u Udearn.

Cnen npencentbeHn enekTpomarHUTHU obpaboTku B

MoneTto Ha KOPOHEH paspsg ¢ napameTpu  Ha
ynpasnsemuTe akTopu: HanpexeHune mexay
enektpogute  U=12 kV ©“ npogobmkuTtenHocT Ha

Bb3gencTemeto t1=35 s, U cnen eaHorogulIeH nNpecTomn
Ha ceMeHaTa [0 3acsiBAHETO UM € YCTaHOBEHO
yBennyaBaHe Ha KbIHsiemata eHeprusa (K.e.) W Ha
nabopaTtopHaTta KbMHAEMOCT (K.) CNPSMO KOHTPOIHWTE
CeMeHa KakTo cneaBa: 3a copT MunsHa — k.e.=109,23%/k
n k.=105,71%/x, 3a copm [lnogduscka kapomuHa -
k.e.=109,86%/kx n k.=108,11%/k, 3a copT MWdean -
k.e.=98,61%/k n k.=104,00%/k n 3a copt Bodonel F; —
k.e.=101,49%/k n k.=102,78%/k.

YCTaHOBEHO €, 4Ye npyv HUCKUTE CTOMHOCTU Ha
ynpasnsemurte dakTopu Ha €eneKTpoMarHuTHa
obpaboTka: HanpexeHne mexay enektpoaute U=6 kV un
NPOObIDKUTENHOCT Ha Bb3dencTBMeTo 1=5 s, n cneg
e[HOroauLeH NpecTon Ha ceMeHaTa [0 3acsBaHETO UM
ce nonyy4aBa noTuckaHe Ha  HabnwopgaBaHuTe
nabopaTopHM napameTpu, NpU KOETO KbllHsemaTa
eHeprua 1 nabopaTopHaTa KbIIHAEMOCT JocTturaT Ao
95%/k.

KoHcTaTMpaHo €, 4ye B MpecMeTHaTUTE ypaBHEHWS,
koepmuMeHTUTE Ha perpecuss npen  KogupaHata
CTONHOCT ;1 Ha ynpaensemuss akTop Ha Bb3AencTeve
Hanpexenve U ca c no-ronemu CTOMHOCTM OT Te3u npesg
KogupaHaTta CTOMHOCT Ha cpakTopa NpoABbIMKMTENHOCT Ha
obpaboTkaTta x, , KOETO fokassa MO-ronsMOTO BrMSAHME
Ha HanpexeHueTo BbPXy edekta oT npeacemtbeHata
obpaboTka.

EnekTpomarHutHa obpaboTtka c napameTpu:
HanpexeHne U=12 kV 1 NpOABIDKUTENHOCT Ha
obpaboTkaTa 1=35 s MOXe Oa ce npenopbya KaTto HaMn-
eheKkTMBHA 3a CTUMYNUpaHe Ha KbIlHsiemaTa eHeprus u
KbJIHAEMOCTTa Ha cemeHaTa Ha OGbnrapckute copToBe
omaTtw.
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UTILIZATION OF LABVIEW PROGRAM FOR ACQUIRING AND PROCESSING THE
VIBRATIONS OF AN OSCILLATING CONE-SHAPED SIEVE WITH VERTICAL AXLE USED
FOR CLEANING THE AGRICULTURAL CROPS SEEDS

/

UTILIZAREA PROGRAMULUI LABVIEW PENTRU ACHIZITIA $I PRELUCRAREA
VIBRATIILOR UNEI SITE CONICE OSCILANTE CU AX VERTICAL

PhD. Eng. Stoica D.”, Prof. PhD. Eng. Voicu Gh.”, Lect. PhD. Eng. Covaliu C.", PhD. Eng. Vladut V.?
YUniversity POLITEHNICA of Bucharest / Romania 2INMA Bucharest / Romania
Tel: 0724917143; E-mail: dorelstc@yahoo.com

Abstract: There were performed experimental researches
on vibration of a conical sieve with vertical axle
equiangularly suspended by three thin elastic cables both
at upper and lower part. The sieve driving was made by a
driving mechanism with oscillating slide way through a
connecting arm rigidly fixed at conical sieve edge and
spherically articulated at the mechanism rod. The paper
presents the components of acquisition program and
describes the vibrations parameters for several
geometrical and functional variants of driving mechanism.
Results presented and utilization method of LabView
program can be a model for the researchers studying
vibrations of equipment working surfaces from agriculture
and food industry.

Keywords: cone-shaped sieve, oscillating movement,
Labview program

INTRODUCTION

Driving sieves used for cleaning the agricultural crop
seeds can be performed with different mechanisms, of
rod-handle type, eccentric, or vibrating motors with
balance weight type.

Therefore, the separating surface vibrating movement
is transmitted to particles of material, which gives a certain
state of sieving process, able to achieve the passage of
small particles through sieve holes.

A sieve with an external conical separating surface,
suspended in three equidistant points both at upper and
bottom part, with elastic metallic cables, was used for
cleaning the rape seeds of big foreign bodies.

The sieve driving mechanism was designed so that it
mainly ensures a circular alternative movement with a
certain amplitude, measured at the edge of the sieve, from
one hand, and from the other- the neutral oscillation
position in which the connecting of the length is fixed to
operating mechanism (of swinging saw type).

The driving mechanism is made of an electric engine of
alternative current of 710 W and a driving system of worm
type-spiral wheel with oscillating slideway( 3, 3.6,8 fig.1),
with acting button placed eccentrically on spiral wheel of
mechanism transmission, [1, 2].

The lift of oscillating slideway of driving system is of
16 mm, the slideway arm 3 being articulated by a
spherical joint to arm 7 fixed with sieve 1, placed in radial
direction to cone base cercle. The experimental stand is
endowed with a system of regulating the oscillating
movement parameters, namely the oscillation frequency,
F and oscillation amplitude, A..

The oscillation frequency can be modified from electric
engine by varying the electric current parameters, and
oscillation amplitude can be modified by changing the
arrangement position of driving mechanism comparing to
sieve radial arm, articulated between them by spherical
articulation 6, (fig.1).

51

Rezumat: Au fost realizate cercetéari experimentale privind
vibratia unei site conice cu ax vertical suspendata
echiunghiular a trei cabluri elastice subtiri atét de la partea
de sus cét si la partea de jos. Actionarea sitei s-a facut cu
un mecansim de actionare cu culisd oscilantd printr-un
brat de legaturd fixat rigid de marginea sitei conice si
articulat sferic la biela mecanismului. In lucrare se prezinté
componentele programului de achizitie si se descriu
parametrii vibratiilor pentru mai multe variante geometrico-
functionale ale mecanismului de actionare. Rezultatele
prezentate si modul de utilizare a programului Labview pot
fi luate ca model de alfi cercetatori ai vibratiilor
suprafetelor de Iucru ale utilajelor din agricultura si
industria alimentara.

Cuvinte cheie: sitd conica, miscare oscilanta, programul
Labview

INTRODUCERE

Actionarea sitelor utilizate la curatirea semintelor
culturilor agricole se poate realiza cu mecanisme din cele
mai diverse, de tip biela-manivela, de tip excentric,
motoare vibratoare cu contragreutati, etc.

Astfel migcarea vibratorie a suprafetelor de separare se
transmite particulelor de material, ceea ce imprima o
anumita stare de cernere materialului capabila sa
realizeze trecerea particulelor mici prin orificiile sitei.

O sita cu suprafata de separare conica exterioara, suspendata
in trei puncte echidistante, atat la partea de sus, cat si la
partea de jos, cu cabluri metalice elastice flexibile, a fost utilizata
la curatirea semintelor de rapitd de corpuri strdine mari.

Mecanismul de actionare al sitei a fost astfel conceput
incéat sa asigure in principal o miscare circulara alternativa
cu o anumitda amplitudine, masurata la marginea sitei
conice, de o parte si de cealalta a pozitiei neutre de
oscilatie in care este fixat un brat de legatura de lungime
d, la mecanismul de actionare (de tip ferastrau pendular).

Mecanismul de actionare este compus dintr-un motor
electric de curent alternativ cu puterea de 710 W si un
sistem de actionare de tip melc roata melcata cu culisa
oscilanta, ( 3, 3', 6, 8 fig.1) cu butonul de actionare dispus
excentric pe roata melcata a transmisiei mecanismului, [1, 2].

Cursa culisei oscilante a sistemului de actionare este
de 16 mm, braful culisei 3! fiind articulat printr-o articulatie
sferica la bratul 7 rigidizat cu sita 1 dispus pe directie
radiala la cercul de baza al conului. Standul experimental
este prevazut cu posibilitatea reglarii parametrilor migcarii
oscilante, si anume a frecventei de oscilatie, F si a
amplitudinii oscilatiei, A;.

Frecventa de oscilatie se poate modifica de la motorul
electric prin variatia parametrilor curentului electric, iar
amplitudinea oscilatiei se poate modifica prin schimbarea
pozitiei de dispunere a mecanismului de actionare in
raport cu bratul radial al sitei, articulate ntre ele prin
articulatia sferica 6, (fig.1).
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MATERIAL AND METHOD

Sieve movement is limited by metallic cables elasticity,
which do not seem to be extendible, but due to their very
small displacements, the movement can be considered
mostly oscillating around sieve central axle.

Therefore, for experimental researches of vibrations
and process have been used oscillating frequencies of
250, 520, 790 osc/min and amplitudes (3.58; 3.74; 3.91;
4.10 mm), by modifying the distance d at values 480, 460,
440 and 420 mm.

By eccentric tangential layout of arm joint of driving
mechanism to cone-shaped sieve, it performs approx.
circular oscillations, related to cone vertical axle.

INMATEH-- 8‘9 ricultural c\gnqmcctmq

MATERIAL S| METODA

Deplasarea sitei este restrictionata de elasticitatea cablurilor
metalice, care par inextensibile, dar datoritd deplasarilor
foarte mici ale acestora miscarea poate fi considerata
preponderent oscilanta in jurul axei centrale a sitei.

Pentru cercetarile experimentale de vibratii si de proces
au fost utilizate frecvente de oscilatie de 250, 520, 790
osc/min si amplitudinile (3,58; 3,74; 3,91; 4,10 mm), prin
modificarea distantei d la valorile 480, 460, 440 si 420
mm.

Prin dispunerea excentrica, tangentiala a articulatiei
bratului mecanismului de actionare la sita conica, aceasta
realizeaza oscilatii aproximativ circulare fata de axa
verticala a conului.

f
paval

X

I

d. = 4 mm
d = 460mm

d =480mm

Fig. 1 — Scheme of experimental stand with suspended conical sieve [6]

1.

conical sieve with circular holes; 2.supplying hopper; 3.driving mechanism with spiral wheel and oscillating slideway;

3’.arm of oscillating slideway; 4.collecting box of separated material; 5.metalic suspension cables; 6.spherical joint;
7.radial connecting arm to sieve driving mechanism, 8.worm pinion

vibrations
the

For performing the  experimental
determinations, a measuring chain comprising
following devices, was used:

1) National Instruments data acquisition system with the
following characteristics:

- 24 —bit resolution

- sampling rate of 50 kS/s,

- 4 simultaneous analogous input channels,

dynamic domain 102 dB, input domain +/- 5V

- USB 2.0 interface for computer connecting
2) four accelerometers Briel & Kjeer 4508B with magnetic
fixing system and by metallic clamp, each with magnetic
connecting fixing cable;
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Pentru  efectuarea  determinarilor de  vibratii
experimentale s-a utilizat un lant de masura compus din
urmatoarele dispozitive:

1) placa de achizitie de date National Instruments avand
urmatoarele caracteristici:

rezolutie de 24 biti

rata de esantionare de 50 kS/s,

4 canale simultane de input analog, domeniu
dinamic 102 dB, domeniu de input +/- 5V
interfatd USB 2.0 pentru conectare la calculator
2) patru accelerometre Briel & Kjeer 4508B cu sistem de
fixare magnetic si prin clema metalica, fiecare cu cablu de

conectare, de fixare magnetic;
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3) computer with Labview data acquisition and
processing;

For performing the measurements, the 4
accelerometers used were placed two by two,

diametrically opposed to sieve centre, able to determine
the vibrations both on tangential direction and radial
direction.(fig.1)

Mounting scheme corresponds to specialty literature
indications related to acquisition of vibration signals of
circular oscillating surfaces. [4, 5].

Accelerometers 2 and 4 have the possibility to
determine the parameters of vibrations comparing to
radial direction from cone base (sieve), while the
accelerometers 1 and 3 can determine vibration
parameters according to tangential direction.

In figure 2 is shown the block scheme of measuring
chain used for determining variations of accelerations and
speed measured by the 4 accelerometers, respectively
the signal spectra.

BA&K B&E 1511
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3) calculator cu soft de achizitie si prelucrare de date
Labview;

Pentru realizarea masuratorilor cele 4 accelerometre
folosite au fost amplasate doua cate doua diametral opus
fatd de centrul sitei avand posibilitatea determinarii
vibratiilor atat pe directie tangentiala, cat si pe directie
radiala, (fig.1).

Schema de montare corespunde cu indicatiile din
literatura privind achizitia semnalelor de vibratii ale
suprafetelor cu migcare oscilanta circulara, [ 4, 5].

Accelerometrele 2 si 4 au posibilitatea determinarii
parametrilor vibratilor dupa directia radiala la baza
conului (sitei), in timp ce accelerometrele 1 si 3 au
posibilitatea determinarii parametrilor vibratiei dupa
directie tangentjala.

n figura 2 este prezentatd schema bloc a lantului de
masura utilizat  pentru determinarea  variatiilor
acceleratiilor si vitezelor masurate de cele patru
accelerometre, respectiv spectrele de semnal.

LAFTOP
National HE Wy 9114
Instruments
02134

B&E
4189 1

—_—

4--

Bk
2280

Fig. 2 — Block scheme of measuring chain used to experimental determinations [6]

It comprises the vibration transducers (1), located
two by two diametrically opposed, on the separating
surface of sieve with oscillating movement, the signal
amplifier (2), National Instruments acquisition system
(3), for acquiring the vibration signals from the 4
transducers and laptop (5), for processing the data
acquired.

In order to trace the acquired signals, a printer which
may be connected to laptop (5), can be also used.

Processing the experimental data was achieved with
Labview program. Signals acquired were processed
and transformed into acceleration units (m/s®), for
being integrated in order to obtain the speed values of
sieve points on the sieve where transducers were
placed.

In fig. 3 is shown the structure of LabView written
program for processing the signals acquired by the four
accelerometers.

Block “Read From Measurament File” (fig.3) represents
the data acquisition board, the signal registered by the
four accelerometers being cached by it.

Blocks "Simulate Signal* are introduced for generating

four steady signals (one for each accelerometer),
necessary to correct the errors introduced by
accelerometers: when nothing is measured,

accelerometers still indicate a constant small acceleration
but other than zero (noted with ao)

As a result, for each signal measured, a constant signal
equal to ,-a¢”, is generated, which is added to measured
signal, for restoring zero value.

After registering the signal in data acquisition board and
corrected in "Simulate Signal" blocks, it was multiplied by
9.81 - gravity acceleration.

Multiplication by 9.81 is performed because the signal
acquired is measured in g units (gravity acceleration), and
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Aceasta cuprinde traductoarele de vibrafii (1),
amplasate doua cate doua diametral opus, pe suprafata
de separare a sitei cu migcare oscilanta, amplificatorul de
semnal (2), placa de achiziie de date National
Instruments (3), pentru achizitia semnalelor de vibratii de
la cele patru traductoare, si calculatorul laptop (5), pentru
prelucrarea datelor achizitionate.

Tn vederea trasarii semnalelor achizitionate se poate utiliza
si o imprimanta ce poate fi conectata la calculatorul laptop (5).

Prelucrarea datelor experimentale s-a realizat cu
programul Labview. Semnalele achizitionate au fost
prelucrate si transformate in unitati de acceleratie (m/sz),
care apoi au fost integrate in vederea obfinerii valorilor
vitezelor punctelor de pe sitd in care au fost amplasate
traductoarele.

in fig. 3 este prezentat structura programului scris sub
LabView pentru prelucrarea semnalelor achizitionate de
catre cele patru accelerometre.

Blocul “Read From Measurament File” (fig.3) reprezinta
placa de achizitie de date, semnalul inregistrat de cele
patru accelerometre fiind captat de acesta.

Blocurile "Simulate Signal" sunt introduse pentru a
genera patru semnale constante (cate unul pentru fiecare
accelerometru), necesare pentru a corecta erorile pe care
le introduc accelerometrele: cdnd nu se masoara nimic,
accelerometrele indica totusi o acceleratie constanta,
mica, dar diferita de 0 (notata ao).

Drept urmare, pentru fiecare semnal masurat, se genereaza
un semnal constant, egal cu ,-a¢s”, care se aduna la
semnalul masurat, pentru a restabili valoarea zero.

Dupa ce semnalul a fost inregistrat in placa de achizitie
de date si corectat in blocurile "Simulate Signal" s-a
multiplicat cu 9,81, acceleratia gravitationala.

inmul’;irea cu 9,81 este efectuata pentru ca semnalul
achizitionat este masurat in unitati de g (acceleratia
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in subsequent processing, it should be expressed in S.I.
(m/s?) units, [7].

FFT (Fast Fourier Transform) function from program
structure calculates and displays the signal spectrum.

For each of four accelerometers a FFT block is used,
so four signals.

Frequencies and amplitudes of harmonic components
(of Acoswt or Asinwt type which the periodic signal is
made of) are obtained by means of spectra.

These frequencies and amplitudes give information on
oscillating (vibrating) system movement, in this case on
suspended conical oscillating sieve movement.

INMATEH-- 8‘9 ricultural cé'nqm:mq

gravitationald), iar in prelucrarile ulterioare este nevoie ca
el sa fie exprimat in unitati S.1. (m/sz), [7].

Functia FFT (Fast Fourier Transform) din structura de
program calculeaza si afiseaza spectrul semnalului.

Pentru fiecare din cele patru accelerometre se
utilizeaza cate un bloc FFT, deci patru semnale.

Frecventele si amplitudinile componentelor armonice
(de tip Acoswt sau Asinwt din care se compune semnalul
periodic) se obtine cu ajutorul spectrelor.

Aceste frecvente si amplitudini dau informatii despre
miscarea sistemului oscilant (vibrator), in cazul de fata
despre migcarea sitei conice oscilante suspendate.
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error out ¥
»error in (no error)
» COffset
»  Reset Signal

Simulate Signall

D ¢

error oub +

P error in {no error)
» Offset

*  Reset Signal
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o 4
error ouk ¥
b error in {no error)
' Offset
b Reset Signal

Simulate Signas
o *
errar ouk ¥
error in {no errar)
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b Selector Input

Descripkion L

ECF?
error ouk H
»  File Mame
d Enable

kerror in (no error)
File: Marme Y

Gl

Fig. 3 — LabView program written for signals acquisition and graphical representation of sieve acceleration

Data measured are generally affected by different
types of errors, determined by causes such as: apparatus
calibration (sensors, acquisition board etc); numerical
processing methods (numerical integral, decimal number
truncating etc).

Such errors determine periodical phenomena that lead
to measured periodical signals, but which are displaced
comparing to zero line (fig.4.a), or even non periodical
signals (fig.5.a). Therefore, appears the necessity of
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Datele masurate sunt in general afectate de diferitele
tipuri de erori, datorate unor cauze precum: etalonarea
aparatelor (senzori, placa de achizifie etc); metode de
prelucrare numerica ( integrala numerica, trunchiere a
numerelor cu zecimale etc).

Astfel de erori fac ca fenomene periodice sa conduca
la semnale masurate periodice, dar deplasate fata de linia
de zero (fig.4.a), sau chiar neperiodice (fig.5.a). Drept
urmare, apare necesitatea corectarii valorilor masurate,
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correcting the measured values, by repositioning comparing
to zero line (fig. 4.b) or by tilting the middle line (fig.5.b).

Correction of ,,0” degree, aims to place again the
measured data related to zero line.

Data measured are replaced by data corrected:

ymas <~ ycor =

Vmas
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prin repozitionarea fata de linia zero (fig. 4.b) sau prin
nclinarea liniei de mijloc (fig.5.b).

Corectia de gradul ,0”, vizeaza repozitionarea datelor
masurate in raport cu linia de zero.

Datele masurate sunt inlocuite cu cele corectate:

Yimas —@
Yeor

1)

ANAWAWA
VAVAVAVAE

b)

Fig. 4 -Example regarding the correction of ,0” degree [2, 3]

Value of correction parameter is determined from the
condition of minimizing the average square meter error [5]:

s@)=> (v -af

i=L
This condition is equal to derivative annulation

From where, the correction parameter results

ZYi
=

n

a

Correction of ,1"degree

Correction of ,1” degree aims to ,make the horizontal the

middle line. Data measured are replaced by the corrected
ones:

Ymas € Yeor = Ymas — at-b

o
Venw — [r Y .
~ |’h“x L_A=-17%

I: AN b 'I'I.F.-'l "‘\_,'I l'\M')I 5

i _r:'l,___._,._. . o =g+ &
) i
i

1 t

al

Valoarea parametrului de corectie a se determina din
conditia de minimizare a erorii patratice medii [5]:

@)
Aceasta conditie echivaleaza cu anularea derivatei
®3)
De unde rezultd parametrul de corectie
4)

Corectia de gradul ,1”

Corectia de gradul ,1” vizeaza ,orizontalizarea” liniei de
mijloc. Datele masurate sunt inlocuite cu cele corectate:

(®)

Faor

Fig. 5 — Example regarding correction of ,1"degree

Values of correction parameters a and b are

determined from condition of minimizing the average
square meter error

n

¢(ab)= Z(Yi —at, —b)’

i=1

This condition is equivalent to annulations of partial
derivatives

Valorile parametrilor de corectie a si b se determina

din conditia de minimizare a erorii patratice medii

(6)

Aceasta conditie echivaleaza cu anularea derivatelor

partiale
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The correction parameters are obtained Se obtin parametrii de corectie
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In fig 6, are presented the signals and spectra In fig 6, sunt prezentate semnalele si spectrele de
appropriate to four accelerometers mounted on cone- vibratii corespunzatoare celor patru accelerometre
shaped sieve surface montate pe suprafata sitei conice
fo= 8.6 Hz si bratul di= 480 mm fo= 8.6 Hz si d3= 420 mm
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Fig. 6 - Vibration spectra corresponding to four accelerometers for 8.6 frequency and two length of sieve arm
Application example Exemplu de aplicatie
By means of acquisition system achieved and Labview Cu ajutorul sistemului de achizitie realizat si a programului
written program, vibration signals were acquired at the realizat Tn Labview, au fost achizitionate semnale de vibratii,
four accelerometers, placed on sieve separation surface. la cele patru accelerometre, pozitionate pe suprafata de
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Two accelerometers acquire the signal on arm direction,
and the other two on a direction perpendicular to arm
connected to driving mechanism rod.

Determinations for no-load run have been performed
for oscillation frequency of f,=8.6 Hz, for three different
lengths of sieve arm, while the determinations for load run
have been made with rape seeds for three oscillating
frequencies (f1 = 4.1 Hz, f, = 8.6 Hz, f3 = 13.1 Hz) and
three different lengths of sieve arm (di1 = 480 mm, d; =
460 mm, d3 = 420 mm).

Based on analysis of acceleration signal acquired and
shown in fig 6, the oscillation sinusoidal variation for the
four accelerometers is found out. The variation can be
very well noticed at accelerometer 1 mounted near the
sieve arm, which gets the signal on tangential direction
(perpendicular on oscillating average position direction of
sieve arm).

For no-load running, the amplitude of signal acquired at
the oscillating frequency of f,=8.6 Hz, is inversely
proportional, as value, to length of sieve arm d. Thus, at
accelerometer 1, the oscillation acceleration reaches
maximum values, of 100 m/s’, the general oscillation
being of sinusoidal type with minimum disturbances related
to elastic suspension system and sieve own vibration.

The bigger the arm’s length is, the smaller will be the
sieve acceleration size, reaching values under 50 m/s? at
an amm’s length of 480 mm, but with more profound disturbing
vibrations superposed on the general oscillation.

At accelerometer 3, which acquires the signal always
on tangential direction (perpendicular to sieve arm)
placed at a bigger distance comparing to operating point,
the general oscillation, even though of sinusoidal type, is
not anymore so evident as at accelerometer 1, being
much more flatten, but also in this very case, the
oscillation acceleration size decreases with sieve’s arm
Iengzth increment from average values of approx.100
m/s* to values under 50 m/s?, for an arm’s length of 420
mm.

It has been also found out the existence of oscillations
determined by other factors than the oscillation printed on
driving mechanism.

At accelerometers 2 and 4 acquiring the signal on
radial direction (namely, in parallel with sieve’s arm)
placed at about the same distance from the operating
point, the general sinusoidal oscillations are not so visible
as at accelerometers 1 and 3, and disturbing vibrations
are stronger.

But, it has been noticed the same tendency of reducing
the sieve oscillation acceleration size along with arm’s
length increasing, namely diminishing the sieve movement
amplitude.

CONCLUSIONS

For the sieve presented, with suspension wires length
of 240 mm on top and 180 mm under the sieving surface,
with sieve diameter of 410 mm and a tilting cone
generator to horizontal surface of 8°, the acceleration of
sieve had values of +150m/s? for the arm connected to
the driving mechanism of d=480 mm. When the arm’s
length d decreases, the sieve accelerations are modified,

reaching values of +300m/s?on tangential direction and

+200m/s’ on radial direction, which demonstrates a
better movement on tangential direction and a quicker
falling of seeds.

The oscillating movement of separating surfaces is
characterized by its basic parameters: oscillations
frequency and amplitude; at the same time, other
parameters related to the process and material features
have to be taken into account: sieves tilting angle,
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separare a sitei. Doua accelerometre achizitioneaza semnalul
pe directia bratului, iar celelalte doua, pe o directie perpendiculara
pe bratul de legatura cu tija mecanismul de actionare.

Determinarile la mersul in gol au fost efectuate numai
pentru frecventa de oscilatie f,=8,6 Hz, la trei lungimi
diferite ale bratului sitei, in timp ce determinarile la mersul
in sarcind au fost efectuate cu seminte de rapita pentru
trei frecvente de oscilatie (f1 = 4,1 Hz, f, = 8,6 Hz, f3 = 13,1
Hz) si trei lungimi diferite ale bratului sitei (d; = 480 mm,
d2 = 460 mm, d3 =420 mm).

Pe baza analizei semnalelor de acceleratie
achizitionate si prezentate in fig 6, se constata variatia
sinusoidala a oscilatiilor pentru cele patru accelerometre.
Aceasta este profund vizibila la accelerometrul 1 montat
in apropierea bratului sitei care achizitioneaza semnal pe
directie tangentiala (perpendiculara pe directia poziiei
medii de oscilatie a bratului sitei).

Pentru mersul in gol, amplitudinea semnalului
achizitionat, la frecventa de oscilatie f,=8,6 Hz, este invers
proportionala, ca valoare, cu lungimea bratului sitei d.
Astfel la accelerometrul 1, marimea acceleratiei oscilatiei
atinge valori maxime, de ordinul a 100 m/s® oscilatia
generala fiind de tip sinusoidal cu perturbatii minore legate
de sistemul elastic de suspendare si vibratia proprie a sitei.

Cu cat lungimea brafului creste, cu atdt marimea
acceleratiei sitei scade, pana la valori sub 50 m/s® la o
lungime a bratului de 480 mm, dar cu mai profunde vibratji
perturbatoare suprapuse peste oscilatia generala.

La accelerometrul 3, care achizitioneaza semnalul tot
de pe directia tangentiala (perpendiculara pe braful sitei)
aflat insa la o distanfa mai mare fata de punctul de
actionare, oscilatia generald, desi este evident de tip
sinusoidal, nu mai este la fel de pronuntatd ca la
accelerometrul 1, fiind mult mai aplatizata, dar si in acest
caz, marimea acceleratiei oscilatiei, descreste cu
cresterea lungimii brafului sitei, de la valori medii de circa
100 m/s” la valori sub 50 m/s?, pentru o lungime a bratului
de 420 mm.

Se constatd, de asemenea, existenta oscilatiilor
perturbatoare cauzate de alii factori decat oscilatia
imprimata de mecanismul de actionare.

La accelerometrele 2 si 4 care achizifioneaza semnal
pe directie radiala (adica paralel cu braful sitei) aflate,
aproximativ la aceeasi distanta fata de punctul de
actionare, oscilatiile sinusoidale generale nu mai sunt asa
de vizibile, ca la accelerometrele 1 si 3, iar vibratiile
perturbatoare sunt mult mai pronuntate.

Se constata, insa, aceeasi tendinta de scadere, a
marimea acceleratiei oscilatiei sitei, cu cresterea
lungimii  bratului, adicd cu scaderea amplitudinii
deplasarilor sitei.

CONCLUzII

Pentru sita prezentata, cu lungimi ale firelor de suspendare
de 240 mm deasupra si 180 mm sub suprafata de
cernere, cu diametrul sitei de 410 mm si o inclinarea a
generatoarei conului fatd de suprafata orizontald de 8°,
acceleratia sitei a avut valori de +150m/s? pentru un braf
de legatura cu mecanismul de actionare de d=480 mm. In
situatia in care lungimea bratului d scade, acceleratiile

sitei se modifica la valori de +300m/s? pe directie

tangentiald si la valori de +200m/s’pe directie radiala,
ceea ce arata o migcare mai buna pe directie tangentiala
si o cadere mai rapida a semintelor.

Miscarea oscilatorie a suprafetelor de separare este
caracterizata prin parametri sai de baza: frecvenia
oscilatiilor si amplitudinea oscilatiei; trebuie avuti n
vedere si alti parametri care {in atat de proces, cat si de
caracteristicile materialului ce trebuie prelucrat : unghiul
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friction coefficients, optimum sieving speed and limit
speed imposed by passing through sieves, particles
interactions with sieving surfaces, processing power
consumption, dimensions and shape of separating
holes.

In order to avoid the inefficient sieving areas,
restrictions related to sieve binding or a symmetrical
driving system, should be introduced. There is also the
possibility of operating by means of a generator of
vibrations with non-balanced masses, which should be
placed on symmetry axle of sieve.
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de inclinare a sitelor, coeficientii de frecare, viteza optima
de cernere si viteze limita impuse de trecerea prin site,
interactiunile dintre particule, interactiunile cu suprafetele
de cernere, consumul energetic la prelucrare,
dimensiunile si forma orificiilor de separare.

Pentru a evita zonele cu cernere ineficienta, ar trebui,
cumva introduse restrictii in ceea ce priveste legarea sitei
sau o actionare simetrica. Exista, de asemenea,
posibilitatea actionarii cu ajutorul unui generator de vibratii
cu mase neechilibrate care sa fie plasat pe axa de
simetrie a sitei.
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Abstract: Mechanical vibrations occur in any system
where there are motors for driving mechanisms or inertial
elements elastically supported. The presence of
mechanical vibrations is generally harmful because of
their effects. Depending on the complexity of the
machine, characterized by the distribution of weight and
flexible system configuration, the parameters of vibration
isolation can be determined only on the basis of a model
able to reproduce the dynamic behavior of the machine.
This paper presents the scheme for calculating the
parameters of vibration isolation from a vibrating
separator equipped with metal elastic elements.

Keywords: degree of isolation, vibration, calculation
scheme, elastic element, vibrating separator

INTRODUCTION

The vibrations analysis of mechanical systems is
necessary to determine the causes of their occurrence,
the ways to reduce the absorbed energy, or to control the
vibration and reduce noise. The failure or breakage
phenomena of elastic systems made from different
materials are very complex and differ fundamentally from
static cases to variable cases. Fatigue is strongly
localized and occurs in areas of high stress and strain of
various parts or structures.

In order to model and analyze properly a problem of
fatigue, it should, previously, determine the sequences of
variable stress that can produce - or not - damage to the
structure. The protection against vibration increases the
lifetime of vibrating equipment thus ensuring reduced
costs for maintenance and repairs. A vibrating system
consists of the actual structure to which distributed
masses (according to a certain law) and / or concentrated
masses, are attached. Any structure is capable, under
the action of causes with dynamic character (time-
varying), to perform relative movement around an
equilibrium position. This phenomenon is due to the fact
that the structure possesses inertial properties
(concentrated and distributed masses) and elastic
elements (defined by flexibility or stiffness). Using on
larger scale of the equipment with vibratory motion in the
milling industry is due to significant increase in
productivity of sorting and separation process of
impurities from the cereal seeds mass, from this category
being part the vibrating separator for removing stones
from cereal seeds mass (Figure 1).

The stone separator SP-00 is used to separate
impurities from cereal seed mass, that combines the
principle of separation based on the difference in specific
weight (through the movement of vibration of sieve) and
separation by their aerodynamic properties (through the
action of air currents).
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Rezumat: Vibratiile mecanice se produc in orice sistem
acolo unde existd motoare pentru actionarea
mecanismelor sau elemente inertiale sprijinite elastic.
Prezenta vibratiilor ~mecanice este, 1in general,
ddunétoare ca urmare a efectelor lor. Functie de
complexitatea masinii, caracterizaté de repartitia masei si
de configuratia sistemului elastic, parametrii de izolare a
vibratiilor pot fi determinati numai pe baza unui model
capabil s& reproducd comportarea dinamicad a masginii. In
acest articol se prezintd schema de calcul a parametrilor
de izolare a vibratilor de la un separator vibrator
prevazut cu elemente elastice metalice.

Cuvinte cheie: grad de izolare, vibratii, schema de calcul,
elemente elastice, separator vibrator

INTRODUCERE

Analiza vibratiilor sistemelor mecanice este necesara
pentru a cunoaste cauzele producerii lor, modalitatile de
a le diminua energia absorbitd, sau pentru controlul
vibratiilor si reducerea zgomotului produs. Fenomenele
de cedare sau rupere a sistemelor elastice, realizate din
diferite materiale, sunt foarte complexe si difera
fundamental pentru cazul solicitarilor statice fata de cele
variabile.  Oboseala este puternic localizata si se
produce in zonele cu tensiuni si deformatii mari ale
diferitelor piese sau structuri.

Pentru a modela si analiza corect o problema de
oboseala, trebuie, in prealabil, determinate secventele
solicitarilor variabile care pot produce - sau nu -
deteriorarea structurii prin oboseala. Protectia impotriva
vibratiilor mareste durata de viata pentru echipamentele
vibratoare asigurand astfel reducerea costurilor pentru
intretinere si reparatii. Un sistem vibrant este constituit
din structura propriu-zisd la care se ataseazd mase
distribuite (dupd o anumitd lege) si/sau mase
concentrate. Orice structura este capabild, sub actiunea
unor cauze cu caracter dinamic (variabile in timp), sa
efectueze miscéri relative in jurul unei pozitii de echilibru.
Acest fenomen se datoreaza faptului ca structura poseda
proprietati inertiale (mase concentrate si distribuite) si
elastice (definite prin flexibilitate sau rigiditate). Utilizarea
pe scara tot mai largd a echipamentelor cu actiune
vibratoare in domeniul moraritului se datoreaza cresterii
semnificative a productivitatii proceselor de sortare si
separare a impuritatilor din masa de seminte de cereale,
din aceastd categorie facand parte si separatoarele
vibratoare pentru eliminarea pietrelor din masa de
cereale (Figura 1).

Separatorul de pietre SP—-00 este utilizat la separarea
impuritatilor din masa de cereale ce combina principiul de
separare pe baza diferentei de greutate specifica (prin
miscarea de vibratie a sitei) si separarea dupa
proprietatile aerodinamice ale acestora (prin actiunea
curentilor de aer).
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Fig. 1 — The stone separator SP-00

MATERIAL AND METHOD

Based on the analysis of structural and functional
structure of the vibrating separator shown in Figure 1, it is
therefore necessary to study the dynamic model of
calculation. The vibrating separator, is modeled in Figure
2 to meet simultaneously, the technical performance
(including the vibration parameters of work), and vibration
isolation parameters of parts which need to be protected.

Y

MATERIAL S| METODA

Pe baza analizei structurii constructive si functionale a
separatorului vibrator din Figura 1, rezultd necesitatea
studierii modelului dinamic de calcul. Separatorul vibrator
este modelat in Figura 2 pentru a satisface simultan, atat
performantele tehnice (inclusiv parametrii vibratiilor de
lucru), cét si parametrii izolarii vibratiilor partilor ce trebuie
protejate.

C;
Mo 2

ky

Cy

Fig. 2 — Dynamic model of vibratory separator [4]

Given the system in Figure 2, the differential
equations of motion are [4]:

Dat fiind sistemul din figura 2, ecuatiile diferentiale ale
miscarii sunt [4]:

d2x dx o, Mg-R-0?
— 42y —+ pyXx=———cosat
dtz dt M + MO (1)
2 b2
u+2-77yﬂ+ psy = Mo R 0 it
dtz dt M + MO
where, the damping factors have the expressions: unde, factorii de amortizare au expresiile [4]:
Cx Cy
= : = 2
oM+ Mg) Y T 2(M + My) @
and the system's own pulsations have the expressions: iar pulsatiile proprii ale sistemului au expresiile [4]:
kx ky
_ | py = / 3
Px M +M, Py M +M, @)

Because own vibration is damped down rather quickly
in the transitional regime, in this case, it presents
practical interest only the operating stationary regime
(forced vibration). The solutions of equations (1)
corresponding to stationary regime (forced vibration)
have the form [4]:

X = Ay -cos(at — @)
y=A sint—gp,)

Deoarece vibratia proprie se amortizeaza destul de
rapid Tn cadrul regimului tranzitoriu, in cazul de fat3,
prezintd interes practic numai regimul stationar de
functionare (vibratia fortatd). Solutile ecuatiilor (1)
corespunzatoare regimului stationar (vibratia fortata) au
forma [4]:

(4)
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where the amplitudes of motion are:

X

(Aox and Aoy being the amplification factors and ¢x and @y
the initial stages).

Vibrating separators work in stationary regime in post
resonance (w >> p) passing under stationary regime
through resonance (resonance pulsations are determined
with relations (3)). Under the functioning conditions in
post resonance regime (when damping system can be
neglected), the amplitudes of motion are given by the
relation [4]:

A=A, =

Yy

In the case of functioning regime in post resonance,
the effect of damping being insignificant, in order to
obtain vibrations of the sieve casing as circular trajectory,
the elastic constants of the elastic system, by the two
directions, should to be equal. So, in this case the value
of ky adopted equal to that of the ky is given by [4]:

ky = P53 (M +Mj)

The parameters that determine the performance of
vibration isolation are the transmissibility T and the
degree of isolation of vibrations I. The two parameters
are complementary, and the relation is: [1]

l=(1-T)-

For a vibratory separator leaning against metal elastic
elements, with small viscous damping, modeled as a
system with one degree of freedom in vertical translation,
the T parameter has the form: [1]

B _

Mo -
M +M,
_ M-
Y M+ Mg

1+(2-¢-Q)?
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unde amplitudinile miscarii sunt [4]:

R Aox

o ©)

Aoy

(Aox si Agy fiind factorii de amplificare, iar @x si ¢, fazele
initiale)

Separatoarele vibratoare, functioneaza fin regim
stationar in postrezonanta (w >> p) trecand, in cadrul
regimului tranzitoriu, prin rezonanta (pulsatile de
rezonantd se determind cu relatile (3)). Tn conditiile
functionarii in regim de postrezonanta (cand amortizarile
in sistem se pot neglija), amplitudinile miscarii sunt date
de relatia [4]:

_ Mo-R ©6)

M + Mg

In cazul regimului de functionare in postrezonanta
efectul amortizarii fiind nesemnificativ, pentru a obtine
vibratii ale carcasei sitei dupa traiectorii circulare, trebuie
ca constantele elastice ale sistemului elastic, dupa cele
doua directii sa fie egale. Deci in acest caz valoarea lui ky
adoptata egala cu cea a lui ky este data de relatia [4]:

()

Parametrii care stabilesc performantele de izolare a
vibratiilor sunt transmisibilitatea T a vibratiilor si gradul de
izolare |. Cei doi parametrii sunt complementari, iar
relatia de legatura este de forma: [1]

100 (o] (8)
Pentru un separator vibrator rezemat pe elemente
elastice metalice, cu amortizare vascoasa mic3,
modelatd ca un sistem cu un grad de libertate la
translatie verticala, parametrul T este de forma: [1]

Fo (1-0%)%+(2.¢-0)2

where: Fr is the force transmitted through the elastic
element of k constant and through viscous damping
element; Fo is the amplitude of the disturbing force; Q is
the report of pulsations, defined by the relation Q = w /p;
Cis a fraction of critical damping.

The variation of parameters T and | is given by the
report of pulsations Q and ¢ parameter shown in Figure 3.

12 )
unde: Frr este forta transmis& prin elementul elastic de
constanta k si prin elementul de amortizare vascoasa; Fo
este amplitudinea fortei perturbatoare; Q este raportul
pulsatiilor, definit de relatia Q = w/p; { este fractiunea din
amortizarea critica.

Variatia parametrilor T si | este data functie de
raportul pulsatiilor Q si de parametrul { n Figura 3.

Anterezonantd Postrezonanti
il I
T < » »
=0
- !
=01
2 - .
= (=015
1 -] =028
g,
Ipentru Z=0
{1 100 —
80 2 —
E——
G0 —
o ’ \ T
o 22 \%:—_‘_‘_‘—_-‘__

ral [~

1

+

2

w

0 —

Fig. 3 — The variation of transmissibility T and degree of isolation | function of report of pulsation
Q= w/ p and fraction of critical damping {/ Variatia transmisibilitatii T si a gradului de izolare | functie
de raportul pulsatiilor Q = w/p si a fractiunii din amortizarea critica { [1]
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For design calculations, it is more convenient to use
the static arrow due to the action of weight m g.

Thus, the own pulsation of the system can be
expressed as [1]:

With the nomogram in Figure 4 can be determined the
degree of isolation according to the static arrow and
vibration frequency (the frequency of the disturbing
force). In the nomogram field are plotted two types of
oblique lines, the first line (dashed line) represents
natural frequency of the system and the rest of lines

(solid lines) represent the degree of vibration isolation.
1=99%
6000 S
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Pentru calculele de proiectare, este mai comod sa se
foloseascéa sageata statica datorita actiunii greutatii m-g.
Astfel, pulsatia proprie a sistemului poate fi exprimata
sub forma [1]:

g g
= - = 10
m-g Yoy o
k

Cu ajutorul nomogramei din Figura 4 se poate

determina gradul de izolare, functie de sageata statica si
frecventa vibratiilor (frecventa fortei perturbatoare). In
campul nomogramei sunt trasate doua categorii de linii
oblice, prima linie oblica (linia Tntrerupta) reprezinta
frecventa proprie a sistemului, iar restul liniilor (liniile
continue) reprezinta gradul de izolare a vibratiilor.
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Fig. 4 — Nomogram for calculating the degree of isolation [1]

RESULTS

Based on the calculation scheme previously
presented, we presented a calculation example for
determining the degree of vibration isolation for a
vibrating separator, in our case, SP-00. Because the
determination of elastic constant of the entire system is
more difficult to perform, in this example, we will
determine the calculation of constant elasticity of elastic
system of springs and used it in calculation example.

First of all it must be determined the spring constant of
the coil springs system. According to STAS 12243/2-86,
the coil spring, used in the construction of the vibrating
separator SP-00, has the following dimensions:

- the spiral diameter d = 7 mm;
- the outer diameter of the winding, D = 50
mm;
- number of turns, n = 9.5.
Using relation (2) is determined the spring constant of
a coil spring:

4
K G-d

RESULTATE

Pe baza schemei de calcul prezentata anterior, am
prezentat un exemplu de calcul pentru determinarea
gradului de izolare al vibratilor pentru un separator
vibrator, in cazul nostru, SP-00. Pentru ca determinarea
constantei elastice a intregului sistemului este mai dificil
de efectuat, in acest exemplu de calcul vom determina
constanta de elasticitate a sistemului elastic de arcuri si o
vom folosi in exemplul de calcul.

Mai intai, trebuie determinata constanta de
elasticitate a sistemului de arcuri elicoidale. Conform
STAS 12243/2 — 86, arcul elicoidal, folosit in constructia
separatorului vibrator SP — 00, prezintd urmatoarele
dimensiuni:

- diametrul spirei, d =7 mm;

- diametrul exterior de infasurare, D = 50 mm;

- numarul de spire, n =9,5.

Cu ajutorul relatiei (2) se stabileste constanta elastica
unui arc elicoidal:

8100.7*

— k =4-k; =8,2 [kgf/mm] (elastic constant of coil springs
system)

According to [3], the determined circular trajectory
amplitude is A=A, =A=25 [mm], and frequency
v =960 [osc./min], — in accordance with (6), Mo = 14
[kg], where the eccentricity R = 120 [mm].

8.n-D2  8.9,5-502
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=2,05 [kgf/mm] (11)
—>k=4-k; =82 [kgf/mm] (constanta elastica a
sistemului de arcuri elicoidale)

Conform [3], amplitudinea traiectoriei circulare

determinatd este A = Ay=A= 2,5 [mm], si frecventa

v =960[oscil/min], » conform (6), Mo = 14 [kg], unde
excentricitatea R = 120 [mm].



Vol.45, No.1 /2015

The pulsation of oscillation, w is:
—>w=960-2-7=10053 [s]

The mass of the vibrating part of the separator
(without the material load from the sieve, negligible
compared to the mass vibrating system) is about 250
[kg], and the mass of generators vibration, Mo = 14 [kq].

With the relation (7) —» p= R =17,66 [s'] > in
M+ M 0

accordance with (10), g = % =3145 [mm]
p

v =960 [osc./min]

Using the static arrow of the coil spring, 31.45 [mm]
and the frequency of oscillation of the stone separator,
960 [rot/min], the degree of isolation | of the generated
vibrations can be identified in the nomograph of Figure 4.

1=99%
6000
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Pulsatia oscilatiei, w este:
—>»=960-2-7=10053 [s}]

Masa partii vibratoare a separatorului (fara
incarcatura de material de pe sita, neglijabila in raport
cu masa sistemului vibrator) este de 250 [kg], iar masa
generatoarelor de vibratii, Mo = 14 [kg].

Cu ajutorul relatiei (7) — p= _k =17,66 [s'] -
M+M 0

conform (10), 8 = =3145 [mm]
p

v=960 [oscil/min]

Cu ajutorul sagetii statice a arcului elicoidal, 31,45
[mm] si a frecventei de oscilatie a separatorului de
pietre, 960 [rot/min], se poate identifica pe homograma
din figura 4, gradul de izolare | al vibratiilor generate.
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Fig. 5 — The degree of isolation for the vibrating separator, SP-00

It results in a degree of isolation | = 95+99%, as shown
in Figure 5. With the relations (7) and (8) is calculated
exactly which is the value of the degree of isolation for
the vibrating separator SP - 00. First, we calculate the
vibration transmissibility T, noting that the percentage of
critical damping, ¢, is O for a transmissibility of T < 1 (as
shown in Figure 3), and Q = w/p=5.69:

1+(2-0-5,69)2

Rezulta un grad de izolare | = 95 + 99 %, asa cum este
aratat in figura 5. Prin intermediul relatiilor (7) si (8) se
calculeaza cu exactitate care este valoarea gradului de
izolare pentru separatorul vibrator SP — 00. Mai ntai se
calculeaza transmisibilitatea T a vibratiilor, cu mentiunea
ca, fractiunea din amortizarea critica, {, este O pentru o
transmisibilitate T < 1(asa cum reiese din Figura 3), iar
raportul Q = w/p=>5,69:

| 15692 +(2-0-5,69)

According to (8), it results a degree of isolation:

| =(1-0,032)-100=968 [

CONCLUSIONS

For most of the vibrating separators, the dynamic
and reliability parameters are determined by the
presence in the structure of the machine, of the
vibratory elements.

To calculate the parameters for the isolation of
vibrations, it must, first, to establish the equations of
motion of the elastic system and the systems own
pulsations that can be determined on the basis of a
dynamic model of the vibrating separator.
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1/2
=0,032 (12)
Rezulta, conform (8) un grad de izolare
(13)

CONCLUzII

Pentru cea mai mare parte a separatoarelor vibratoare,
parametrii dinamici si de fiabilitate sunt determinati de
prezenta, in structura masinii, a elementelor vibratile.

Pentru a calcula parametrii de izolare a vibratiilor,
trebuie, mai intéi, stabilite ecuatiile miscarii sistemului
elastic si pulsatile proprii ale sistemului, care pot fi
determinate pe baza unui model dinamic al separatorului
vibrator.
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Based on the calculation of parameters of vibration
isolation, the degree of isolation on the nomogram of a
vibrating separator, and the resonant zone that should
be avoided, are identified.

In order to have small force Fr, transmitted, it is
necessary that the report Q = w / p should be as high as
possible. Therefore, its own pulsation p shall be as
small as possible, which can be achieved by using
springs with a low spring constant.

Given the fact that in this article we performed a
calculation example only for the elastic coil springs
system, it is therefore necessary, to have in the future,
experimental results on the determination of elastic
constants of the whole system.
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Pe baza calcului parametrilor de izolare a vibratiilor, se
identifica pe nomograma gradul de izolare al unui
separator vibrator, precum si zona de rezonantd care
trebuie evitata.

Pentru a avea forta transmisa Fr, mica, este necesar
ca raportul Q = w/p sa fie cat mai mare posibil. Pentru
aceasta, pulsatia proprie p trebuie sa fie cat mai mica,
ceea ce se poate realiza prin utilizarea unor arcuri cu o
constanta elastica mica.

Dat fiind faptul ca in acest articol am efectuat un
exemplu de calcul doar pentru sistemul elastic de arcuri
elicoidale, rezultd  necesitatea  unor  rezultate
experimentale viitoare privind determinarea constantelor
elastice si ale Tntregului sistem.
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EXPLAINING THE PHENOMENON OF SEPARATION INTO FRACTIONS OF A MIXTURE OF
PARTICULATE MATTER BY APPLYING THE PRINCIPLE OF MINIMUM ENERGY

/

EXPLICAREA FENOMENULUI DE SEPARARE IN FRACTII A UNUI AMESTEC DE PARTICULE
MATERIALE iN BAZA APLICARII PRINCIPIULUI ENERGIEI MINIME
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Abstract: The paper explains, on the basis of the
minimum power principle, the phenomenon of layering a
mixture of material particles (especially seeds of cereals)
maintained under an oscillating motion, with or without
the action of an air stream. This phenomenon of
separation into fractions is also generalized on a mass of
particles with the same specific weight, but with different
sizes, an untreated aspect, in this form, in the specific
literature.

Keywords: minimum energy principle, seed mixture,
unstable technical system, unstable equilibrium, vibrating
flat surface, equivalent pyramid, fluidized bed

INTRODUCTION

The great majorities of agricultural products, but also
those resulting from various industries, represent
mixtures consisting of material particles with different
physico-mechanical features [3, 6].

Their processing through different separation methods
is made in order to bring them at the level of the
conditions imposed by standards, the norms imposed in
consumption or the requirements of prior processing and
storage operations [4].

Filtering [1] is a process of separation in more
fractions (three, four etc.) according to specific criteria
(dimension, weight, color etc.), regarding components of
the same nature of an agricultural products mixture found
in the same state of granulation, fragments etc. (seeds,
potato tubers, fruit etc.).

Filtering is made for obtaining uniform fractions as
size, shape, weight etc., for the prior processes such as:
sowing with machines provided with special distribution
machinery, industrial processing, packaging etc., to be
conducted easier, more accurately and with a greater
performance, or for commercial purpose [2].

Filtering machines are built and work according to
different principles, depending on the product to be
filtered and the filtering criterion [5]. Thus, the majority of
seeds can be filtered depending on their dimension by
way of sifters or sorters.

Sifters with circular orifices filter the seeds according
to width (the average size), those with elongated orifices
filter the seeds according to thickness (the minimal size),
and the alveolar sorters filter the seeds according to
length (the maximum size).

Given the specific weight and the aerodynamic
resistance, the seeds can be filtered by means of air
stream (pneumatic filtering), water or some type of
solutions (hydraulic filtering), or air vibrator masses.

The air vibrator mass is a part of a seed filtering
machine depending on the specific mass, consisting of a
sifter with vibratory motion, under which one or more fans
creating an air stream passing through the sifter’s orifices
can be found, operating upon the seeds, without
detaching them of the sifter's surface, though. The sifter
is sloped both lengthwise and transversely. Due to the
vibratory motion and the air stream’s action, the seeds
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Rezumat: In lucrare se explica, in baza principiului
energiei minime, fenomenul de stratificare a unui
amestec de particule materiale (in particular a semintelor
de cereale) supus unei miscari de oscilatie intretinute, cu
sau fard actiunea unui curent de aer. Fenomenul de
separare in fractii se generalizeaza si asupra unei mase
de particule de aceeasi greutate specificd dar de
dimensiuni diferite, aspect netratat, sub aceasta forma, in
literatura de specialitate.

Cuvinte cheie: principiul energiei minime, amestec de
seminte, sistem tehnic nestabilizat, echilibru instabil, suprafata
plana vibratoare, piramidé echivalenta, strat fluidizat

INTRODUCERE

Marea majoritate a produselor agricole, dar si o parte
din cele rezultate din diferite industrii sunt amestecuri
formate din particule materiale cu proprietati fizico-
mecanice diferite [3, 6].

Prelucrarea lor prin diferite metode de separare se
face in scopul aducerii acestora la nivelul conditiilor
prescrise in standarde, Tn normele impuse de consum
sau de cerintele proceselor ulterioare de prelucrare si
depozitare [4].

Sortarea [1] este o operatie de separare in mai multe
fractii (trei, patru etc.), dupa anumite criterii (dimensiuni,
greutate, culoare etc.) a componentelor de aceeasi
natura ale unui amestec de produse agricole aflate in
stare de granule, bucaii etc. (seminte, tubercule de
cartofi, fructe s.a.).

Sortarea se face in scopul obtinerii unor fracii
uniforme ca marime, forma, greutate, culoare etc., pentru
a putea fi efectuate mai usor, mai precis si cu mai mare
randament, operatiile ulterioare, precum: Thsdméantarea
cu masini prevazute cu aparate de distributie speciale;
prelucrarea industriald; impachetarea etc., sau in scopuri
comerciale [2].

Masinile de sortat sunt construite si functioneaza dupa
principii diverse, in funciie de produsul ce se sorteaza si
de criteriul de sortare [5]. Astfel, majoritatea semintelor
pot fi sortate dupa dimensiuni cu ajutorul sitelor sau
trioarelor.

Sitele cu orificii circulare sorteaza semintele dupa
latime (dimensiunea medie), cele cu orificii alungite
sorteaza semintele dupa grosime (dimensiunea minima),
iar trioarele cu alveole sorteaza semintele dupa lungime
(dimensiunea maxima).

Dupa greutatea specifica si rezistenta aerodinamica,
semintele pot fi sortate cu ajutorul curentului de aer
(sortare pneumatica), cu ajutorul apei sau al unor solutji
(sortare hidraulicd) sau cu ajutorul meselor pneumovibratorii.

Masa pneumovibratoare este un subansamblu din
cadrul masinii de sortat seminte dupa greutatea
specifica, format dintr-o sitd cu miscare vibratorie sub
care se gasesc unul sau mai multe ventilatoare care
creeaza un curent de aer ce trece prin orificiile sitei,
actionand asupra semintelor, fara insa a le desprinde de
suprafata acesteia. Sita este inclinatd atat in plan
longitudinal, cat si in plan transversal. Datoritd miscarii
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filter according to the specific weight, being separately
collected.

The Minimum Energy Principle

It is known that if within an elementary filtering system
(screen, sifter etc.) there is a mixture of objects relatively
uniform in dimensions but with different specific weights
(such as pebbles, lead shots, corn grains), and subject to
oscillatory motion, these will stratify in such a way that
the objects with the bigger specific weight (the lead
shots) will occupy the inferior part, and the other
components will occupy the following positions, stratifying
according to their specific weight, in downward direction
[3].

This type of placing is based on the “minimum energy
principle” of an unstable technical system, according to
which the objects will stratify in such a way that the
potential energy of the system to be minimal. By virtue of
this principle, a solid object, found in unstable
equilibrium, will seek to occupy a stable position,
whereas a mixture of solid objects or immiscible liquids,
subject to an oscillatory motion of a certain amplitude and
frequency, will separate in fractions.

MATERIAL AND METHOD

The stratification phenomenon of the material particles
(especially of seeds) is carried by applying a continuous
oscillatory motion to the seeds mass. In some cases, the
oscillatory motion of the surface with seeds is
accompanied by the action of an air stream which
crosses the material layer subject to filtering, in a
downward or upward direction.

In the case of filtering systems without air stream,
the seeds’ stratification can take place in the following
cases:

- the seeds have relatively uniform d1, d2, ..., di, ..., dn
dimensions, but different specific weights (y1, y2, ..., vi,
...y YN);

- the seeds have irregular dimensions, but the same
specific weight;

- the seeds have irregular dimensions and different
specific weights, but their dimensions are inversely
proportional with their specific weights (particles with
small dimensions have bigger specific weights, and those
with bigger dimensions have smaller specific weights). In
the case of filtering systems with an air stream, the above
cases are admissible only if also taking into account the
direction of the air stream, whose direction is chosen
suitably to the filtering process.

The following cases can thus be identified:

- the seeds have relatively uniform dimensions and different
specific weights, and the air stream is directed upwards;

- the seeds have irregular dimensions and the same
specific weight, and the air stream is directed
downwards;

- the seeds have irregular dimensions and different
specific weights (their dimensions are inversely
proportional with their specific weights), and the air
stream is directed downwards.

a) The case where di = k (constant), yi # k

If the seeds have relatively uniform di dimensions and
their specific weights are then different, when taking into
account the mass of two seeds categories of a given
volume, the seeds which have bigger specific weight will
also have a bigger mass:
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vibratorii si actiunii curentului de aer, semintele se separa
dupa greutatea specifica, fiind colectate separat.

Principiul energiei minime

Este cunoscut faptul ca, daca intr-un sistem elementar
de sortare (ciur, sita etc.) avem un amestec de corpuri de
dimensiuni relativ uniforme, dar de greutati specifice
diferite (de ex. pietricele, alice de plumb, boabe de
porumb etc.) si le supunem unei miscari de oscilatie,
acestea se vor stratifica astfel Tncat corpurile cu
greutatea specifica cea mai mare (alicele de plumb) vor
ocupa partea inferioara, iar celelalte componente vor
ocupa pozitile urmatoare, stratificAndu-se dupa
greutatea specifica, in sens descrescator al acesteia [3].

Acest mod de dispunere are la baza ,principiul
energiei minime” a unui sistem tehnic nestabilizat,
conform caruia corpurile se vor stratifica astfel incat
energia potentiald a sistemului sa fie minima. Astfel,
un corp solid, aflat in echilibru instabil, va tinde sa
ocupe o pozitie stabila, iar un amestec de corpuri
solide sau lichide nemiscibile, supus unei migcari
oscilatorii de o anumita amplitudine si frecventa, se va
separa in fracii.

MATERIAL S| METODA

Fenomenul de stratificare a particulelor materiale (in
particular a semintelor) se realizeaza prin imprimarea
unei miscari de oscilatie intretinutd masei de seminte. In
unele cazuri, migcarea de oscilatie a planului pe care se
afla semintele este insotita de actiunea unui curent de
aer care strabate, in sens ascendent sau descendent,
stratul de material supus sortarii.

La sistemele de sortare fara prezenta unui curent de

aer, stratificarea semintelor poate avea loc in
urmatoarele cazuri:

- semintele au dimensiuni di, d2, ..., di, ..., dn relativ
uniforme, dar greutati specifice (y1, v2, ..., vi, ..., yn)

diferite;

- semintele au dimensiuni neuniforme, dar aceeasi
greutate specifica;

- semintele au dimensiuni neuniforme si greutati
specifice diferite, dar dimensiunile acestora sunt in raport
invers proportional cu greutatile lor specifice (particulele
de dimensiuni mici au greutati specifice mai mari, iar cele
de dimensiuni mari au greutati specifice mai mici). La
sistemele de sortare in prezenta unui curent de aer, la
fiecare din cazurile de mai sus se {ine seama de influenta
curentului de aer, al carui sens se alege convenabil
procesului de sortare.

Se disting, astfel, urmatoarele cazuri:

- semintele au dimensiuni relativ uniforme si greutati
specifice diferite, iar curentul de aer are sens ascendent;

- semintele au dimensiuni neuniforme si aceeasi
greutate specifica, iar curentul de aer are sens
descendent;

- semintele au dimensiuni neuniforme si greutafi
specifice diferite (dimensiunile lor sunt in raport invers
proportional fata de greutatile lor specifice, iar curentul de
aer are sens descendent.

a) Cazul di = k (constant), yi # k

Daca semintele au dimensiuni di relativ uniforme, iar
greutatile lor specifice sunt diferite atunci, daca se
considera masa a doua categorii de seminte dintr-un
volum dat, semintele care au greutatea specifica mai
mare vor avea si masa mai mare:

ml=%V; m2=%v; Y2V, mp=m, (1)
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The mass of seeds subject to filtering in an oscillatory Masa de seminte supusa sortarii, aflata in miscare de
motion stratifies based on the “minimum energy oscilatie, se stratifica pe baza ,principiului energiei
principle”. minime”.

b) The case where di # k; yi = k b) Cazul di # k; yi = k

We assume that for a given volume we have material Sa admitem ca, intr-un volum dat, avem particule
particles of a certain dimension; for another volume, materiale de o dimensiune oarecare; intr-un alt volum,
equal to the first volume, we have particles with another egal cu primul, avem particule de o altd dimensiune.
dimension. We want to illustrate that for equal volumes, Vrem sa demonstram ca, la volume egale, particulele de
the particles with smaller dimensions fill better the area dimensiuni mai mici umplu mai bine spatiul in care se
where they can be found. afla.

In order to simplify this, we will consider the particles Pentru simplificare, sa consideram ca particulele au
have a spherical shape. forma sferica.

Let us consider R being the radius of a particle. In one Fie R, raza unei particule. Intr-o unitate de volum in

unity of volume shaped as a square pyramid (fig. 1), with forma de piramida patrata (fig.1), cu latura bazei multiplu
the base side being a multiple of R, an N number of de R, va intra un numar N de sfere.
spheres will be able to fill the volume.

Fig. 1 - Particle pyramid

If on the square’s base side of the pyramid we have Daca pe latura patratului de baza al piramidei avem
“n” spheres, then the number of spheres from the inferior ,n” sfere, atunci numarul de sfere din stratul inferior va fi
stratum will be n2. On the side of the second row we will n2. Pe latura celui de-al doilea rédnd vom avea ,n-1”
have “n-1" Spheres’ and the number Of Spheres from this Sferez, ial’ numél‘u| de Sfel'e dln acest al d0i|ea rénd va fi
second row will be (n-1)? etc. (n-1) etc. o S

The total number of spheres from the entire pyramid will be: Numarul total de sfere din intreaga piramida va fi:

n(n+1)(2n+1
N:n2+(n—1)2+(n—2)2+...+32+22+12=% @)
For n = 6 spherical particles with the R radius, it Pentru n = 6 particule sferice de raza R, rezulta N =
results N = 91, with their volume: 91, iar volumul lor:
47R® 4R®
V=N- =91. =381.18R° ©)
3 3

The height of the pyramid can be calculated based on indltimea piramidei se poate calcula pe baza
the following relationship: urmatoarei relatii:

H=2R+(n-1)-h @)

where h is the distance, vertically measured, between the unde h este distanta, masuratd pe verticala, dintre
centers of the spheres displayed on two adjacent centrele sferelor dispuse Tn doua straturi orizontale
horizontal layers. alaturate.

The height “h” can be determined if considering indltimea ,h” se determind considerand o altd
another pyramid, the latter having its peaks in the centers piramida, aceasta din urma avand varfurile in centrele a
of 5 adjacent spheres (fig. 1). It results from the right 5 sfere alaturate (fig.1). Din triunghiurile dreptunghice
triangles 03104, 03105 and AlOs that: 03104, 03105 si AlOg, rezulta:
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h=oi= R _R¥2 5)
J2oo2
and the angle with the biggest slope of the lateral sides of iar unghiul de cea mai mare panta al laturilor laterale ale
the pyramid: piramidei:
N
2
=1AO, = arctg —f =arctg £ =z (6)
2R 4
It results that: Rezulta

2 2
H :2R+(n—l)R£: R 2+(n—1)£
2 2
For n = 6, it results that: Pentru n = 6, rezulta:
V2 v o2 pe .
H =2R+(6—1)R7=5.535R, V=§7zR -6-(6+1)(2-6+1)=381.18R @)
We now assume we have a square pyramid, with the S& admitem acum o piramida patratd, cu aceeasi
same base side and the same slope of the lateral sides, laturd a bazei si aceeasi inclinare a fetelor laterale, dar
but consisting of spheres with the radius r = R/2. formata din sfere de razi r = R/2.

In the pyramid formed of spheres with the radius r
there will be N1 spheres:

=(2n)2+(@2n-1D2+(2n-2)* +..+3* +2° +1* =

In piramida formata din sfere de raza r, vor fi N1 sfere:

2n(2n+1)(4n+1) _ n(2n+1)(4n+1)

6 3
For n = 6, it results that: Pentru n = 6, rezulta:
6(2-6+1)(4-6+1
N, = ( ;( ):2~13-25=650 ®
The volume of the spheres with the radius r will be: Volumul sferelor de raza r va fi:
3
47R? 4z (D
V=N- =N-—.| = | =340.34R? 9)
3 3 \ 2
and the height of the pyramid consisting of these iar Tnalfimea piramidei formata din aceste sfere:
spheres will be:
r 11
H,=2r+(@2n-1h —-R+(12- 1)£_ R( IJ 4.889R (10)
Let us consider Vr the volume of a square pyramid Fie Vr volumul unei piramide patrate in care intra
capturing all the balls of radius R: toate bilele de raza R:
V =a?-H =(6R)*-5.535R =199.26R® (11)
where a is the base side of the pyramid. unde a este latura bazei piramidei.
Similarly, the volume of the pyramid capturing all the Analog, volumul piramidei in care vor intra toate bilele
balls of radius r will be: deraza rvafi
V =a®-H =(6R)’ - 4.889R =176.004R* (12)
Let us now consider ¢ the ratio of the two square pyramids Fie acum ¢ raportul celor doua piramide patrate in care
capturing all the small balls, as well as all the larger balls: intra toate bilele mici, respectiv toate bilele mari:
V, 177.004R
e=-Lt="—"—""=0.8833=88.33% 13)
V, 199.26R
It thus results that the balls of radius r = R/2 fill in a De aici rezulta ca bilele de raza r=R/2 ocupa un volum
smaller volume than the balls of radius R, from which it mai mic decat bilele de razd R, deci si particulele
also results that the irregular particles shaped quasi-  neuniforme, de forma cvasi-sfericd, de aceeasi greutate
spherically, of the same specific weight, can stratify on specificd, se pot stratifica pe o masd densimetricd
an animated densimetric mass with an oscillatory animata in miscare de oscilatie. Stratificarea se va face
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motion. Stratification will be made reversely to their
dimensions, with the smallest particles filling the inferior
part of the seeds layer subject to filtering.

c) The case where di # k, # k; di is inversely
proportional to yi

This case has an obvious explanation. Based on the
phenomenon analyzed at b), here will also participate,
accordingly, the specific weights of the particles.

d) The case of an upward vertical air stream;

di=k; vi#k

Having discussed case a) evidenced that the
filtering of uniform dimensioned seeds and with different
specific weights is possible even without the influence
of an air stream.

In the case of a vertical air stream, this has a
different effect on the seeds only if it acts upwards,
compared to when it acts downwards.

It is important to determine the direction of the air
stream favorable to filtering. In this sense, we will
consider that upon a homogenous spherical material
particle with the radius R and the density p = y/g, an
upwards vertical air stream will operate. Upon the
particle (fig. 2), the dynamic pressure will operate, and
subsequently the force:

Pagm =C-Pa -

where c is a coefficient of aerodynamic resistance, pa —
air density and v — the speed of air.

<
[Ny
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n sens invers dimensiunilor lor, particulele cele mai mici
ocupand partea inferioara a stratului de seminte supus
sortarii.

c) Cazul di # k, yi # k; di invers proportional cu yi

Acest caz este evident. In baza fenomenului analizat
la punctul b) participa, in consens, si greutatile lor
specifice.

d) Cazul unui curent de aer vertical ascendent;

di=k;vyi#k

Punerea in discutie a cazului a) a evidentiat faptul ca
sortarea semintelor de dimensiuni practic uniforme si de
greutati specifice diferite este posibila chiar si fara
influenta unui curent de aer.

in cazul existentei unui curent de aer vertical, acesta
are asupra semintelor actiune diferita in situatia in care
lucreaza in sens ascendent, fatd de situatia in care
lucreaza in sens descendent.

Este important sa determinam sensul curentului de
aer favorabil sortarii. Pentru aceasta, sa consideram ca
asupra unei particule materiale sferice omogene, de raza
R si densitate p = y/g, actioneaza un curent de aer
vertical ascendent. Asupra particulei (fig. 2) actioneaza
presiunea dinamica, respectiv forta.

V2

Ya ;R
2

unde c este un coeficient de rezistentd aerodinamica, pa
— densitatea aerului, iar v, — viteza aerului.

R

F=cp,- (14)

Tyt

Py

in

Fig. 2 - The action of the airflow vertical ascending

Reversely, upon the particles will operate the gravity
force G = mg, where m is the mass of the particle. If the
forces F and G virtually have equal values, when
operating reversely, their resultant is zero, and the
particle will receive a fluidized state, favorable to free
movement under minimal impulses. Obviously, upon the
particle with the density, y7 > y, a G1>G force will
operate, and the fluidized action of the air stream is less
definite. If the forces F and G work in the same
direction, the fluidization of the fractions from the seeds
layer subject to filtering is hampered, so the downwards
direction of the air stream is not indicated.

CONCLUSIONS

The stratification phenomenon of the material
particles is carried by applying a continuous oscillatory
motion to the seeds mass. In some cases, the
oscillatory motion of the surface with seeds is
accompanied by the action of an air stream which
crosses the material layer subject to filtering in a
downward or upward direction.

Applying minimum energy principle, in the paper
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In sens invers, asupra particulei actioneazé forta de
greutate G = mg, unde m este masa particulei. Daca
fortele F si G au valori practic egale, lucrand in sensuri
contrarii rezultanta lor este nula, iar particulei i se
creeaza o stare o stare fluidizanta, favorabila deplasarii
libere sub impulsuri minime. Evident, asupra unei
particule de densitate y71 >y, va actiona o forta G1>G, iar
actiunea fluidizanta a curentului de aer este mai putin
pronuntata. Daca fortele F si G lucreaza in acelasi sens,
fluidizarea fracftiilor din stratul de seminte supus sortarii
este ingreunata, deci sensul descendent al curentului de
aer nu este indicat.

CONCLUZII

Fenomenul de stratificare a particulelor materiale se
realizeaza prin imprimarea unei miscari de oscilatie
intretinutd masei de seminte. In unele cazuri, miscarea
de oscilatie a planului pe care se afla semintele este
insotitd de actiunea unui curent de aer care strabate, in
sens ascendent sau descendent, stratul de material
supus sortarii.

in cadrul lucrarii s-a explicat, in baza principiului
energiei minime, fenomenul de stratificare a unor
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has been explained the stratification phenomenon of
some material particles (especially of seeds) in the
case where a fluidization of the fractions from the layer
of seeds, subject to filtering, takes place or not.
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particule materiale (in particular a semintelor) in situatia
in care are loc sau nu, fluidizarea fractiilor din stratul de
seminte supus sortarii, sortarea dupa greutatea specifica
fiind un caz particular al stratificarii particulelor.
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Abstract: The researches which results are herein
presented, tackle the dosage process optimization in
small and medium-sized enterprises.
The dosing technical equipment DTE performs two
main functions:
- automated setting of product flow rate for a
programmed value and maintaining this value within
certain pre-set limits, by respecting the regulations in
force concerning the dosage precision imposed for this
equipment type;
- automated control of quantities of products passing
through the dosage equipment in a certain period of time.
In this paper, are presented this equipment
experimental tests, the working qualitative indexes
determined, by emphasizing the advantages of using this
equipment type in small and medium-sized milling
enterprises, in rural area.

Keywords: dosage, agricultural products, milling units,
automated control, PLC.

INTRODUCTION

The field of systems and equipment for weighing,
dosing and packaging agri food products is one of the
fields with a high economic impact in Romania
(especially in the last years), but also in the industrially
developed countries.

Modern weighing and automated dosing devices
represent ingenious technical solutions that comprise
fields from both the mechanics and electronics, being
characterized by a high precision and sensitivity
according to several papers from the specialty literature.
[1, 2,3, 48]

Usually, operations involving direct action on the
processed material are exclusively done by mechanical
mechanisms or components, but also the command and
dosage adjustment operations are frequently done by
mechanical systems, the electronic systems having a
surveillance and fine adjustment role as described in the
paper [5, 9].

Technological operations of weighing and dosing are not
independent in the manufacturing process of products,
but are integrated into various technological processes,
so that the result of the operation does not emerge
distinctively, but cumulated in the resulted final product,
and as a result, the quality of the dosage/weighing
directly influencing the quality of the final product. [6,7].

In the milling process in different points of the mill's
technological flow, technical equipment used for weighing
the grains that enter the processing and the finished
products and by-products are provided.

Aligned with the most modern equipment in the field
and encompassing innovative constructive solutions, the
Dosing Technical Equipment DTE (fig. 1), developed at
INMA Bucharest has a direct applicability in small and
medium capacity milling units, and can be interleaved in
their technological flow in several points of processing
guantitative information, but also in combined fodder
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Rezumat: Cercetdrile ale caror rezultate sunt prezentate
n acest articol au ca subiect optimizarea procesului de

dozare in unitdtile productive de micd gi medie
capacitate.

Echipamentul tehnic de dozare ETD realizeaza doua
functii principale:

- reglarea automatd a debitului de produs la o valoare
programata si mentinerea acestei valori intre anumite
limite prescrise, cu respectarea normativelor referitoare la
precizia de dozare pentru aceste tipuri de echipamente;

- gestionarea automata a cantitatilor de produse ce trec
prin echipamentul de dozare intr-un anumit timp.

In aceastd lucrare sunt prezentate investigatiile
experimentale ale acestui echipament, indicii calitativi de
lucru determinati cu evidentierea avantajelor utilizarii
acestui tip de echipament tehnic in fluxul unitatilor de
morarit satesti de mica si medie capacitate.

Cuvinte cheie: dozare, produse agricole, unitdti de
morérit, control automat, PLC

INTRODUCERE

Domeniul sistemelor si echipamentelor de céntarire,
dozare si ambalare pentru produsele agroalimentare este
unul din domeniile de mare impact economic in Roméania
(mai ales in ultimii ani), dar si in tarile dezvoltate din
punct de vedere industrial.

Dispozitivele moderne de céantarire si dozare
automata sunt solutii tehnice ingenioase ce cuprind
domenii atat din mecanica cat si din electronica fiind
caracterizate printr-o precizie si sensibilitate Tnalta
conform mai multor lucrari din literatura de specialitate

[1,2,3,4,38].
De regula, operatiile ce presupun actiunea directa
asupra materialului  prelucrat sunt efectuate in

exclusivitate de mecanisme sau componente mecanice,
insa si operatile de comanda si reglaj al dozarii sunt
efectuate de multe ori de sisteme mecanice, cele
electronice avand rolul de supraveghere si reglaj fin dupa
cum se arata in lucrarea [5, 9].

Operatiile tehnologice de cantarire si dozare nu sunt
independente Tn procesul de fabricatie al produselor, ci
se integreaza in procese tehnologice diverse, astfel incéat
rezultatul operatiei nu apare distinct, ci cumulat in
produsul final rezultat, iar ca urmare, calitatea dozarii /
cantaririi influentand direct calitatea produsului final. [6, 7]
In cadrul procesului de mécinare in diferite puncte ale
fluxului tehnologic din mori sunt prevazute echipamente
tehnice pentru cantarirea cerealelor ce intra in procesul
de prelucrare, precum si a produselor finite si a
subproduselor obtinute.

Aliniat celor mai moderne utilaje din domeniu si
ingloband solutii constructive inovatoare, Echipamentul
tehnic de dozare ETD (fig.1) conceput la INMA Bucuresti,
are aplicativitate directa in cadrul unitatilor de morarit de
mica si medie capacitate putand fi intercalat in fluxul
tehnologic al acestora in diverse puncte de prelucrare a
informatiei cantitative, cat si in cadrul unor fabrici de
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factories, where several dosing technical equipment can
be connected and through a central computer, several
recipes can be achieved.

MATERIAL AND METHOD

In a technological flow, the Dosing Technical
Equipment DTE performs two main functions:
- automatic adjustment of the flow of product to a
programmed value and maintaining that value within
certain preset limits, in compliance with regulation on
dosing precision for this type of equipment;
- automatic management of the quantities of products
that pass through the dosing equipment in a certain time.

Fig. 1 — Dosing Technical Equipment - overview [...]
1 - bunker; 2 — dosing system; 3 — control panel

Mainly, the work process is carried out this way
(fig.2):
- the dosed product flows through a pipe (pos.

2) provided at the end with a mobile flap

actuated by using an electric command by an

electric actuator (pos. 9);

- the product stream dimensioned by the flap falls
from a certain height directed through a channel
on an inclined plate (pos. 3);

- the inclined plate constitutes the end of a lever
that transmits the impact force to a tensometric
dose (pos. 7);

- the tensometric dose transforms de impact force
into material flow, sending an impulse to the
automation system;

- the electric impulse is processed and based on
the programming, the automation system makes
the comparison, recording and displaying of
measured flow and managed values;

- the mobile flap, depending on the command it
receives, increases or decreases the product
flow in order to stabilize it.
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nutrefuri combinate, in care caz se pot cupla mai multe
echipamente tehnice de dozare si prin intermediul unui
calculator central se pot realiza diferite retete.

MATERIAL S| METODA

Tn cadrul unui flux tehnologic, echipamentul tehnic de
dozare ETD (fig.1) realizeaza doua functii principale:
- reglarea automata a debitului de produs la o valoare
programata si mentinerea acestei valori intre anumite
limite prescrise, cu respectarea normativelor referitoare la
precizia de dozare pentru aceste tipuri de echipamente;
- gestionarea automaté a cantitatilor de produse ce trec
prin echipamentul de dozare ntr-un anumit timp.

s
Fig. 2 — Technological scheme of DTE
1 - frame; 2 — guidance funnel; 3 — impact plan; 4 - mobile wall;
5(6) - actuating mechanism; 7 - tensometric dose; 8 - flap;
9 - electric actuator

In principal, procesul de lucru se desfisoars astfel
(fig. 2):
- produsul de dozat aflueaza printr-o palnie de
dirijare (poz. 2) prevazuta la capat cu o clapeta
mobila (poz. 8) actionata prin comanda electrica

de catre un actuator electric (poz. 9);

- jetul de produs dimensionat de clapeta, cade de
la 0 anumita Tnaltime dirijat printr-un canal pe o
plan de impact (poz.3);

- planul de impact constituie capatul unei péarghii
care transmite forfa de impact unei doze
tensiometrice (poz. 7);

- doza tensiometrica transforma forta de impact in
debit de material, transmitand un impuls
instalatiei de automatizare;

- In instalatia de automatizare se prelucreaza
impulsul electric si in functie de programare se
efectueaza compararea, inregistrarea si afisare
debitului masurat si a valorilor gestionate;

- clapeta mobila, in functie de comanda ce o
primeste mareste sau micsoreaza fluxul de
produs pentru stabilizarea lui.
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Fig. 3 - Block scheme for automation installation

The operating terminal (seen in fig.3 acts as
graphical user interface. It communicates with the
installation's PLC on a dedicated RS422 serial
communication interface.

Using the settings, the working parameters for DTE
are set (reference flow, weight counter) and product
management data are viewed (total amount of material
and measured current flow).

The analyzed dosing equipment constitutes an
application of dynamics postulates Thus, it is known that

0

a particle’s mass impulse “m” and speed “Vv” is:
H=mev

— -
and that the H vector is tied to the P vector of the resultant
forces applied to the mobile point, through the equation:

dH

dt

Also, the impulse of a points system is written:
— N —
H=Y),H = )Ym;v;; this vector H can be
regarded as the impulse of a fictive point with the mass M

= Zimi, and the speed equal with the speed of the
center of mass (weight). Thus, we have the impulse
variation in the time interval (ta, ts):

Terminalul de operare (vezi fig.3) indeplineste functia
de interfatd grafica cu utilizatorul. Acesta comunica cu
PLC-ul instalatiei pe o interfatd dedicatda de comunicatie
seriala RS422.

Prin setari se stabilesc parametrii de lucru ai ETD
(debit de referinta, contor de masa) si se vizualizeaza
datele de gestiune (cantitate totala de material si debit
curent masurat).

Echipamentul tehnic de dozare supus analizei constituie o
aplicatie a unor postulate ale dinamicii. Astfel, se stie ca
impulsul unei particule de masa ,m” si viteza ,v” este:

@)

si ca vectorul H este legat de vectorul P al
rezultantei fortelor aplicate punctului mobil, prin ecuatia:

—

P @)

De asemenea,

- -
scrie: H=Y,H; = Y m; V; ; acest vector H
poate fi privit ca impulsul unui punct fictiv cu masa M =

Zi m; si viteza egala cu viteza centrului de maséa (de
greutate). Astfel, vom avea variatia impulsului n
intervalul de timp (ta, tg):

impulsul unui sistem de puncte se

tg

Mave(ty)—M,ve(ty)=5 =X st @3)
ta

Zm °Vc Zongc(tA)zg 4

It results that if the impulse is zero, the exterior
forces will have a constant value and vice versa.
Therefore, we are constructively and functionally
looking to achieve the solution s=0.
In order to achieve that, it was constructively imposed

that H — vertical particle falling height H = constant,
resulting that v = constant because ¥ = /2gH for any

particle (V4 = const.). It results:

z m; e (Vc )(tB

Rezultd ca daca varianta de impuls este zero, fortele
exterioare vor avea o valoare constanta si invers.

Astfel, s-a cautat constructiv si functional sa se realizeze
solutia § = 0.

Pentru aceasta, constructiv s-a impus H — inaltimea de
cadere a particulelor pe verticala H=const. rezultand

v=const. pentru c& Vv = /2gH pentru orice particuld

(v, = const.).Rezulta:

)_ Z m; e (Vc )(tA) (5)

Ve (tA):VC (tB) (6)

2.m,

It results that for this, Mg = M, therefore it is

->m W)

Rezulta ca pentru aceasta Mp = M, deci
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ultimately constant with the flow.

Functionally, it was searched that the instant value
taken by the tensometric dose and sent to the PLC,
compared with a reference value — resulted from
calibration and related adjustments — to be constant. If
not, by comparing it to the reference value, actions will
be taken through the electric actuator on the mobile flap
to adjust the flow.

Taking into consideration that the equipment should
only take the impulse and the material has to flow as
smoothly as possible, an inclined plan was built to serve
as an impact receptor (pos.3, fig. 2).

The inclination value & has to be bigger than the
fall limit <, the < when the products start to roll &,in
<a.

This value (i is determined from the transport
speed formula where the kinetic energy variation is
equaled with the mechanical work of the forces acting on
the material.

Therefore, we have the formula:

G (v—v, )
g

where:

G = material weight, kgf.;

g = gravity acceleration, m/s

Vv = transport speed, m/s;

h = falling height, m

a = falling angle, degrees;

f = tan p - friction coefficient, depending on the
friction angle of the material on the inclined plan.

When v, = 0 it results:

2
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constanta debitului Tn ultima instanta.

Functional s-a cautat ca valoarea instantanee preluata
de doza tensiometrica si transmisa PLC-ului, unde,
comparatd cu o valoare de referinta — rezultat al
etalonarii si a reglajelor aferente —sa fie constanta. Daca
nu, prin compararea fata de valoarea de referin{a se va
actiona prin intermediul actuatorului electric asupra
clapetei mobile de reglare a debitului.

Avand in vedere ca echipamentul de dozare trebuie
sa preia doar impulsul, iar materialul trebuie sa se scurga
cat mai rapid, s-a construit un plan inclinat ca receptor de
impact (poz.3, fig.2).

Valoarea L& de inclinare a planului trebuie sa fie mai
mare decat < limitd de cadere, & la care produsele
incep sa se rostogoleascd Apin, < .

Aceasta valoare Q;,;; se determina din formula
vitezei de transport unde variatia energiei cinetice o
egalam cu lucrul mecanic al fortelor ce actioneaza asupra
meterialului.

Astfel avem formula:

_o_ir—:GH—quxﬁ of (8)

SIna

unde:
G = greutatea mat. n kgf.;
g = acceleratia gravitationala 9,81 m/s?;
Vv = viteza de transport, in m/s;
h = inaltimea de cadere, in m
a = unghiul de cadere, in grade;

f =tan p - coeficient de frecare, in functie de
unghiul de frecare al materialului pe planul inclinat.

cand v, = 0 se obtine:

Z—g =h(l- figer) ©)
v =,/2gh(l-ctgetgp) (10)

at limit v=0 for tga= tgp

RESULTS

The testing of the experimental model of DTE
equipment was made at INMA, in laboratory and
exploiting conditions, using its own experimental
methods, carrying out the following activities:
preliminary  checks, initial technical expertise,
experimenting operating without load, calibrating the
weighing system, checking the functioning of the
automation installation in simulated mode,
experimenting operating under load.

For the experiments in working conditions were
used agricultural products such wheat seeds and
bran.

The dosing error (eq4) was determined with the following
relation [3]:

REZULTATE

Incercarea modelului experimental al echipamentului
tehnic de dozare s—a realizat in cadrul INMA in conditji
de laborator si de exploatare, utilizdnd o metodica de
experimentare proprie fiind efectuate urmatoarele tipuri
de activitati: verificari preliminare, expertiza tehnica
initiala, experimentari de functionare in gol; calibrarea
sistemului de cantarire, verificarea functionarii instalatiei
de automatizare in regim simulat, experimentari de
functionare n sarcina.

Pentru experimentari in conditii de exploatare s-au
folosit ca materie prima produse agricole precum
seminte de grau si tarata.

Eroarea de dozare (g4) S-a determinat cu relatia [3]:

g::Ea%ifgioloop%] (11)

where: Qp - programmed flow, t/h;
Qc — calculated flow, t/h.

unde : Qp — debit programat, t/h;
Qc — debit calculate, t/h.
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The calculation formula for Qc is:
Qe

where: M, — sample weight, kg;
T, - sample duration s.

M
P #3600 [th]
=

INMATEH-- dq ricultural cgnqmwtmq

Formula de calcul pentru Q. este:

12
P

unde : Mp — masa probei, kg;
Tp — durata probei, s.

Table 1

Results of test taken in operating conditions [1]

Programmed flow Sample Sample weight Calculated flow Dosing error

Sample Q) duration (t,) (Mp) Q) (€0)
[t/h] [s] [ka] [t/h] [%]

| 60 17,200 1,032 3,20

Il 1 60 17,100 1,026 2,60

1 60 17,250 1,035 3,50
Average 60 17,183 1,031 3,10
| 60 34,300 2,058 2,90

Il 2 60 34,400 2,064 3,20

I 60 32,900 1,974 1,30
Average 60 33,866 2,032 1,60
| 30 25,500 3,064 2,13

Il 3 30 25,200 3,024 0,80

i 30 25,700 3,082 2,70
Average 30 25,466 3,056 1,86
| 30 34,300 4,116 2,90

Il 4 30 34,100 4,092 2,30

1 30 33,900 4,068 1,70
Average 30 34,100 4,092 2,30
| 30 42,700 5,124 2,48

Il 5 30 42,400 5,088 1,76

I 30 42,600 5,104 2,08
Average 30 42,566 5,108 2,16

Figure 4 shows the dosing error variation depending
on the sample weight on sample duration of 30
seconds.

In figura 4 este aratatd variatia erorii de dozare in
functie de masa probei la o duratd de probei de 30 sw
secunde.

427700, N 42600
- <
/ 43400
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27 _ A2 3000 /]
+ e
N - 33900
fl 3430 208
iy
25200 / \\ /. 2log
25700 .
ZSSE}\ / Vl. \{76 —4—sample weight
‘\ / —@—dosing error
Vn
1 2 3 4 5 6 7 8 9

Fig. 4 - Variations of dosing error depending on the sample weight

CONCLUSIONS

Continuous flow dosage of finished agricultural
products is a complex and important operation for the
destination and future processing of those products. This
operation is made using the Dosing Technical Equipment
DTE integrated in different technological flows in small
and medium capacity milling units and also in unit making
concentrated fodder, in several points of processing the
quantitative information, according to the programming of
the electronic unit [1].

Through the constructive and functional solutions
adopted following the experimental tests, it was found
that the Dosing Technical Equipment DTE offers a series
of advantages such as:

75

CONCLUZII

Dozarea in flux continuu a produselor agricole finite
este o operatie tehnologica complexa si important pentru
destinatia ulterioara a acestor produse. Aceasta operatie
se realizeaza utilizand echipamentul tehnic de dozare ce
poate fi integrat in fluxul tehnologic al unitatilor de morarit
de mica si medie capacitate cat si in cadrul unor fabrici
de nutrefuri combinate in diverse puncte de prelucrare a
informatiei cantitative, in concordantd cu unitatea
electronica de programare [1].

Prin solutiile constructive si funciionale adoptate in
urma investigarilor experimentale s-a constatat ca
Echipamentul tehnic de dozare ETD prezinta urmatoarele
avantaje:
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- high dosing precision;

- adjusting the product flow to a programmed value;

- automated management of product quantities
throughout the whole technological flow;

- easy maintenance and exploiting;

- visualizing the product feed through the transparent
tube of the feeding funnel;

- hermetic connection to the piping of the technological
installation where it is integrated;

- modern design;

- reduced specific material and energy consumption.
We can therefore conclude that the use of automated

weighing and dosing technological operation bring a

growth in the economical efficiency of the productive unit

and have an immediate impact on the management of

the processed product.

ACKNOWLEGEMENT

The experimental model of Dosing Technical
Equipment DTE was achieved in the NUCLEU
Program.
REFERENCES

[1]. Bracacescu C., Milea D., Paun A., Ganea |., Gageanu I.
(2013) — Researches on automation of dosing and
sacking process of finished agricultural products, Annals
of the University of Craiova — Agriculture Mountainology -
Cadastre Vol. XLIII 2/2013, pg. 37-44;

[2]. Buium Gh. F. (1999) — Researches on mechanisms
in the structure of dosing systems, Gh. Asachii" Technical
University Publishing, lasi;

[3]. Merticaru V. (1997) — Packing and packaging
mechanisms, Documentary Information Office for the
engineering industry, Bucharest;

[4]. Ortega-Rivas Enrique, Juliano Pablo, Yan Hong
(2005) — Food Powders: Physical Properties, Processing,
and Functionality, 2005, XVI, pg. 272-287;

[5]. Ola D., Popescu S. (2006) — Functional particularities
of the gravimetric dosing systems used in agriculture and
food industry, Scientific Papers (INMATEH), vol.18
no.3/2006, pg. 261-268;

[6]. Paun A., Cojocaru |. (2007) — Optimization of
homogenization process in concentrated fodder
installation-IONC, Scientific Papers (INMATEH), vol.21
no.3/2007, pg. 21-29;

[7]. Popescu S. (2005) Influence of functional
parameters of the gravimetric dosing process of granular
agro-food material, Buletin of The Transilvania University
of Brasov, series A, vol Il (47), pg. 169-176;

[8]. Rhodes M. (1998) — Mixing and segregation. In
Introduction to Particle Technology, John Wiley & Sons,
West Sussex, England, pg. 224-240;

[9]. Vetter G. (1998) — The Dosing Handbook, Vulkan-
Verlag, Essen., Elsevier Science, pg. 670 -710

76

INMATEH-- dq ricultural c\‘:.nqmcctmq

- precizie de dozare ridicata;

- reglarea debitului de produs la o valoare programata;

- gestionarea automatd a cantitatilor de produs pe
ntregul parcurs al fluxului tehnologic;

- Intretinere si exploatare facile;

- vizualizarea alimentarii cu produs
transparent al palniei de alimentare;

- racordarea etansa la tubulatura instalatiei tehnologice
in care se integreaza;

- design modern;

- consumuri specifice de materiale si energie reduse.

Putem concluziona deci, ca utilizarea tehnologiilor de

cantarire si dozare automata aduc cu sine o crestere a

eficientei economice si au un impact imediat asupra

managementului produselor procesate.

prin  tubul

MULTUMIRI

Modelul experimental al Echipamentului tehnologic
pentru cantarire si gestionare automata ECGA a fost
realizat in cadrul Programului NUCLEU.
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INVESTIGATION OF THE STABILITY OF THE TORSORIAL VIBRATIONS OF A SCREW
CONVEYER UNDER THE INFLUENCE OF PULSE FORCES

/

HAOCNIO)XEHHS CTIMKOCTI KPYTUIIbHUX KOJIMBAHb LUHEKA Mg JIer0
IMIYJIbCHUX CUIT

Prof. Ph.D. Eng. Hevko I.B., Lect. Ph.D. Eng. Dyachun A.Ye., Lect. Ph.D. Eng. Hud V.Z,,
Rohatynska L.R., Klendiy V.M.
Ternopil Ilvan Pul'uj National Technical University, Ruska str., 56, Ternopil / Ukraine
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Abstract: The aim of the research is to analyze the
influence of pulse forces on non-linear torsorial vibrations
of a screw conveyer.

The methodology is based on the combination of the
methods by Bubnov-Halorkin and Van der Pol. With the
help of this methodology we have developed the so
called equations of a standard form for the case of pulse
forces action.

A mathematical model of the torsorial vibrations of a
screw conveyer under the influence of pulse forces is
presented. It has been determined, that there is a jump
pattern of change of the amplitude-frequency
characteristics of the torsorial vibrations of a screw
conveyer. Resonance torsorial vibrations of a screw
conveyer under the influence of pulse forces have been
considered. Torsorial vibrations of a screw conveyer
have been investigated in case, when the moment of
resistance forces is proportional to the relative angular
velocity, and the moment of pulse forces is approximated
by a non-linear function. It has been determined, that in
such a case the influence of pulse forces becomes
apparent only in the change of frequency of the vibrations
of a screw conveyer. The amplitude-frequency
characteristics of the torsorial vibrations of a screw
conveyer of different geometrics have been presented.

Keywords: screw conveyer, torsional vibrations, pulse
forces

INTRODUCTION

Conveyer transport and technological mechanisms
are widely used in different branches of industry,
including mining industry, for the transportation of bulk
and lump material. The efficiency of the operation of
many bays, shops and the whole enterprises depends on
their reliable functioning. Screw conveyers can be
characterized by the simplicity of their design and,
consequently, high reliability, easiness of operation and
adjustment when used in automated systems and by
being ecologically-friendly to the environment because of
their hermeticity [2], [4], [5]. High speed screw conveyers
are used for all-purpose loading and unloading
complexes, which are designed to transport load on
horizontal, declining and vertical routes. The existing
methods are based on a number of theoretical and
experimental investigations as well as on the analysis of
the statistical data on the results of their exploitation. In
order to provide the reliability and the quality of the
technological processes performed by conveyer
mechanisms, it is necessary to take into account the
dynamic vibrations, caused by outside power factors and
the peculiarities of the functioning of screw conveyers.

The fundamentals of the designing and the
investigation of screw conveyers were layed by such
scientists as A.M. Grigoryev [5], B.M. Gevko [2], R.M.
Rohatynskyi [2], V.S. Loveikin [6], R.B. Gevko [4] and
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Pe3tome: Mema pobomu — npogsecmu aHarni3 ernugy
iMIAYNbCHUX CUMl Ha HEemiHItHI  KpymusbHi  KOfu8aHHs
WwHeka.

Memoduka 6a3yembcsi Ha noedHaHHi Memodie
Bbyb6Hosa-lanbopkiHa ma BaH-0ep-Ilons. I3 ii dornomozoro
ompuMaHoO mak 38aHi PIGHSIHHA 'y cmaHOapmHoMy
suernsAdi Onsi sunadky Oii iMAyIbCHUX CU.

lpedcmasneHo mamemamuy4Hy MOOerb KpymusibHUX
KonueaHb WHeka y eunadky Oif iMMynbCHUX curl.
BcmaHoeneHo  cmpubkonodibHuli  xapakmep  3MiHU
amnnimyOHO-4acmomHUX XapakmepucmuK KpymulslbHUX
KonueaHb WHeKa. Po32msiHymo pe30HaHCHI KpymuribHi
KornugaHHs1 wHeka nid diero imnynbcHux cun. [JocrnidxeHo
KpymurbHi KONUBaHHSI WHeKa 3a yMoeu, WO MOMEeHM
cun onopy nponopyitiHull 8iOHOCHIU Kymosil weudkocmi

pyxy WHekKa, a MOMEeHm iMnynscHUX cun
arnpoKcuMyemscsi HeriHIlHOW yHKUieo. BcmaHoerneHo,
wo 8 Uybomy eunadkKy ennaue  iMMyfbCHUX  Cuil

posi8IAEMbCS 8 3MIHI NUWEe Yacmomu Ko/lugaHb WHeKa.
lpedcmasneHo amnnimyOHO-4acmomHi
XapakmepucmuKku KpymuslbHUX KOJSlugaHb WHeKa 3a
Pi3HUX 3Ha4Y€Hb (i020 260MEMPUYHUX napamempis.

Key words: WwHek, KpymuribHi KOfU8aHHS, iMIybCHI cunu

NEPEOMOBA

LLIHekoBI TPaHCMOPTHO-TEXHONOTIYHI MexaHiamm
LLUIMPOKO BMKOPUCTOBYIOTb y Pi3HMX ranyssx
NPOMUCNOBOCTI, B TOMY uwucni i y BuMAaobyBHIN Ans

TPaHCMNOPTYBaHHSA CUMKUX Ta KyCKOBUX Matepianis. Big
HaginHOiI iX poboTK 3anexunTb ePeKTUBHICTb AiSNbHOCTI
faratboX [AinbHWUb, UexiB i MignpMeEMCTB 3aranom.
LHekoBi TpaHCnoOpTepU XapakTepusylTbCH MNPOCTOTOH
KOHCTPYKUil Ta, BIiANOBIAHO, BUCOKOK  HadiNHICTIO,
NMpOCTOTOI B KOPUCTYBaHHI Ta MNerkicTio aganTyBaHHS
npu BUKOPUCTAHHI B aBTOMATU30BaHMX CUCTEMAX,
€KOJTOMYHICTIO BUKOPUCTaHHA BHaAcnigok ix
repmetmyHocTi  [2], [4], [6]. [Ona yHiBepcanbHUx
pO3BaHTaXyBaslbHO-3aBaHTaXyBaNrbHNX KOMIIIEKCIB, SKi
npusHayveHi Ons TPaHCMOPTYBaHHS BaHTaxy, $K MO
rOPU3OHTarnbHUX, MNOXUNNX, Tak i BepTUKanbHUX Tpacax,
BMKOPWUCTOBYIOTb  LUBUOKOXIOHI  LUHEKOBi  KOHBEEPW.
IcHytoui MeToaM X pO3paxyHKy FPYHTYOTbCA Ha psagi
TEOPETUYHUX Ta eKCnepuMeHTanbHUX OOCMiAKEHb a
TaKoX aHanisi CTaTUCTUYHUX AaHUX 3a pesynbTaTamm ix
ekcnnyarauii. [ns 3abesneyeHHs HadiMHOCTI Ta SKOCTI

BMKOHAHHA  TEXHOSOMYHMX  MPOLECIB  LUHEKOBUMMU
MexaHiamamy  HeoOXigHO  BpaxoByBaTU  AUHAMIYHI
KOMMBaHHSA, $Ki  3yMOBMEHiI  30BHILIHIMX  CUMOBUMMU

dakTopamu Ta 0cob6NMBOCTAMU POBOTU LLIHEKIB.
OCHOBU NPOEKTYBaHHS Ta [OCMIMXEHHS TBUHTOBUX
KOHBeepiB 3aknanu Taki BYeHi sk A.M. puropbes [5],
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other. The development of the theory of vibrations was
elaborated by V.S. Loveikin [6], L.Q. Chen [1] and other.
In case of forced vibrations, in other words those
vibrations, which are caused by the influence of
periodical forces, the frequency of which is altering in
time, the amplitude of vibrations and the dynamic stress
essentially depend on the frequency of the forcing power.
When the above mentioned frequencies are the same, or
when the frequency of forcing power approximitates the
frequency of natural oscillations in a screw conveyer and
in case of low damping, resonance is developing [7,3],
that is the amplitude of vibrations which is increasing
rapidly. Such a rise in the amplitude causes an essential
increase of a twist angle or deflection of a conveyer. With
the increase of angle or linear deformations, the dynamic
stress in the working bodies of screw conveyers
increases as well. In this case, dynamic stress
(resonance) depends both on inside factors (physical and
mechanical parameters of a screw conveyer, its
geometrics etc.) and on the outside ones. The outside
factors include the angle speed of the rotation of a
conveyer and the value of ouside disturbing forces for
flexural [3] and torsorial vibrations [7].

MATERIAL AND METHOD

General results, presented in papers [7,3], are used
for the investigation of the influence of pulse forces on
the torsorial vibrations of a screw conveyer. A screw
conveyer rotates about an axis, making torsorial and
flexural vibrations. In many cases the last ones cause
short-lasting periodical influence on torsorial vibrations.
The question is about the contact of a screw and a
casing, transportation of bulk loads of relatively large
sizes and other. A mathematical model of the torsorial
vibrations of a screw conveyer for the above mentioned
influence of outside immediate forces is the following
differential equation

INMATEH-- dq ricultural c\‘:.nqmcctmq

B.M. I'eBko [2], P.M. PoratuHcbkuii [2], B.C. JloseikiH [6],
P.B. TeBko [4] Ta iHwWi. Po3Butky Teopii konvBaHb
npucesyeHi npaui B.C. JlosenkiHa [6], L.Q. Chen [1] Ta
iHWKX. Y BMNagKy BMMYLLEHWX KOMMBaHb, TOOGTO Takux,
LLIO BUKIUKaHI BNIIMBOM 3MiHHUX Y Yaci Nepiogn4Hnx cun,
TOYHILLE KaXyyn Takux, yacToTa KOTPMX 3MIHIOETbCH B
yaci, amnnityga KonmMBaHb, a 3HauYUTb [OUHaMIYHI
HanpyXeHHs,,  CyTTEBO  3amexaTb  Big  4acToTu
BUMYyLLYtOYOi cunun. MNpu chniBnagaHHi BKasaHWX 4acTor,
abo npu HabNWMKEHHI 4YacToTU BUMYLLYKYOI CUIM [0
4acTOTW BrACHWX KONMBaHb LWHEKa Ta cnabkomy
AemMndyBaHHi po3BMBaETbLCA pe3oHaHc [7, 3], TobTo pi3dko
30inbWyeTbCA  amnniTyaa KonvMBaHb.  Takui  picT
amnniTyaM  CrApUYMHSE  3HAYHe  3pOCTaHHA  KyTa
3aKpYYEHHS YW MPOrMHY LUHEKa. |3 poCTOM KyTOBMX 4M
NiHINHWUX gedopMaLin 3pocTalnTb AUHAMIYHI HANPY>KEHHSA
Yy LWHEeKoBUX poboumx opraHax. Mpu uboMy OUHaMIYHI
HanpyXeHHs (pe30OHaHCHI) 3anexaTtb K Bif BHYTPILLHIX
YMHHUKIB  ((Di3NKO-MEXaHIiYHMX  napaMmeTpiB  LUHeKa,
reoMeTpu4HNX po3mipis Ta 7806y.), Tak i BiA 30BHiWHIX. [0
30BHILLHIX Crig BiAHECTW KyTOBY LUBUAKICTb 0BepTaHHs
LWHeKa M BenUYUHY 30BHILWHIX 78 30yptotoumx cun ans
3MMHHKX [3] Ta KPYTUNBbHNUX KONMBaHb [7].

MATEPIAI | METOOUKA

BuknageHi 3aranbHi pesynbtatm y pobotax [7, 3]
BMKOPUCTAEMO [ANsi OOCHIMKEHHS BNNMBY  iMMNYNbCHUX
CWIT Ha KPYTUIbHI KONuBaHHSA WHeka. LLIHek obepTaeTbesa
HaBKOMO OCi, 3AINCHIONYM KPYTUMNbHI  Ta 3rMHanbHi
KonuBaHHsA. B 6araTbox BuUNagkax OCTaHHi CMPUYUHAIOTb
KOpOTKOTpMBarny nepiogvyHy  Ait0  Ha  KPYTWIbHI
KonuBaHHA. MoBa e npo KOHTaKT LUHEKY i3 KOXYXOM,
NepeMilLleHHs1 CUMKMX BaHTaxXiB BiOHOCHO BEUKUX
po3mipiB Ta iH. MaTtemMaTVyHOI MOAEnm KPYTUINbHUX
KONnvBaHb LUHEKY AMfS BKasaHol Ail 30BHILUHIX MUTTEBMX
cun € andepeHuianbHe PiBHAHHS

%0 0 00 &) 89 4 a0 56

| GJ o(t t + T 1)

atzax( ax)Q[ jZl( JZ( i)
where 6(x,t) - twist angle of a screw conveyer, fge O(X,t) - KyT 3akpyyeHHs LHeka, | - MOrOHHWI
I - linear moment of inertia of a screw conveyer about a MOMEHT iHepuii WHeka BiAHOCHO HeaedopMOBaHoOI OCi,
strain-free axis, G - shear modulus of the material of a G - Moaynb 3CyBYy marepiany LUHeKa,

screw conveyer, J - equatorial moment of the cross-
section of a screw conveyer, §(...) - Dirac function,
which acts periodically over a period of t at time

00 0o . .
moments t , Q (9 = —j - function, which
ox ot
characterizes the intensity of pulse forces action at the

time moments mentioned.

If the properties of & —function are used:

J - ekBaTopianbHW MOMEHT TMOMNepeyYHoro nepepisy

LUHEeKa, 8() - yHkuia [ipaka, gka gie nepiognyHo i3

nepiogom T y MOMEHTU yacy t; ,
00 0o

10, —,— - HKLUisi, SdKa  XapakTepuaye

Q.( o 6tj by pakTepu3y

IHTEHCUBHICTb Aii IMNYNbCHUX CUN Yy BKasaHi MOMEHTU
yacy.

SAKWo BMKOpUCTaTK BNAcTUBOCTI O — pyHKLi:

f(t)8(t)=f(0)3(t),

ZS(t— jr)z%{%+2008 jut} ;
i j=1

78

@

Lnpu t>0,
3)

0,npu t<0,
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the system of differential
averaging is as follows:

equations (1) after the

fa__b Fo (2
dt g

do__ m Jp
dt am,

21
where v=—
‘C L)

screw conveyetr.

If it is technically considered, the fact that the above
mentioned equations can be integrated, then the dynamic
process of a screw conveyer can be shown as

we — frequency of the vibrations in a

B(xt)=

In (5) the amplitude of torsorial vibrations a(t)

and its phase y=w,t+¢(t) are determined by the
system (4).

The indicated solution will be the first approximation
to the task stated. In order to describe a jump pattern of
change for the main parameters of the torsorial
vibrations of a screw conveyer, it is necessary to find its
first improved approximation. In order to find it, we
assume, that the solution of the differential equations (4)

is the functions a=a(t) i y=y(t). Then, the first
“improved” approximation of the parameters a and v
is represented as follows

INMATEH-- 8‘9 ricultural c\gnqmcctmq

TO cuctema audpepeHuianbHux piBHAHb (1) nicns
ycepeaHeHHs Habysae Burnagy

+ in |Z:1: Fico (0)} ' (4)
a)+ Z Fo }

b4
e °~ 7,

Axkwo dopmanbHO BBaXaTW, L0 BKa3aHi PiBHAHHA
BAAETbCA 3iHTErpyBaT, TO OUHAMIYHUIA NPOLEC LUHEKY
npeacTaBNAeTbCs Y BUrNAAI

We — YacCToTa BlMaCHUX KONMMBaHb LLHEKa.

a(t) X (x)cos(wyt +(t)), (5)

Y (5) amnniTyga KpyTUNbHUX KONMUBaHb a(t) Ta ii

thasa y=w,t+¢(t) BuHaualTLCH cuctemolo (4).

BkasaHuii po3B’si3ok Oyge nepwnMm  HabnMXKEHHAM
noctaeneHoi 3agadvi. Wo6 onucatn cTtpmbkonopibHun
XapakTep 3MiHM OCHOBHUX MapaMeTpiB KPYTUIbHUX
KONMMBaHb LUHEKy, HeobXigHO 3HaWTM Woro nepLue
nokpaiwieHe HabnwxkeHHA. [Ona Moro 3HaxoOXeHHs
Npunyckaemo, WO pO3B'A3kOM  AndepeHuianbHuX
piBHsIHb (4) € dyHkuii a=a(t) i y=y(t). Toai nepwe
“nokpalueHe” HabnwkeHHs napameTpis a i Y

npencraBnAeTbCAa y BUrNAAI

—F (a)cos(ny)+Fy (a)sin(ny) +

Nw,

(6)

+——————— (=2nw, cos(ny ) cos kv (t—t; )+ +2kvsin (ny)sinko (t -t ))) +

+z (a)cos(ny)+F" (a )sin(nw)},

W}'IOK[). =

(e)e 23y AL

Tiz1 n n‘”e

No,

cc

a)cos(ny, )+ F° (a)sin(ny )
+

> (2na, sin (ny) cos ko (t -t ) = —2kv cos (ny)sin ko (t—t; ) +

+Z F.* (a)cos(ny, )+ F (a )Sin(n\vk)},

ne,
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where o(t,t;)

of Z:sm jU-(t t)
j J

The above mentioned shows, that in non-resonance
case, the pulse pattern of loading becomes apparent in
the jump change of the amplitude a and phase

— periodical function, which is the sum

NOKp
W, @t the moment of pulse forces action. The value of

the jumps is low because the intensity of pulse forces is
low. Despite of this, during the use of screw machinery
their action is increasing and in some time it can lead to
major amplitudes of torsorial vibrations.

Resonance torsorial vibrations of a screw conveyer
under the influence of pulse forces should be
considered. Much more important case of torsorial
vibrations is the one, where the frequency of natural
oscillations is connected with the frequency of pulse

disturbance by the correlation mezﬂu ( pq -
p

. 21
reciprocals); here v=—
T

The above mentioned substantiates the following
differential equation for pulse forces action

2
mg =(ﬂo] +uA,
p

where pA - of

T(t)=acosy .

deregulation frequencies

In this case, the usual differential

equations relative to variables a(t) and ¢(t) acquire
the form of

dt

do =—coswﬁ(lf[acosw,—auﬂsinw} rad
dt aqo p p

Taking into consideration the assumption, that
Q(..) and Q;(..) - multinominals, the functions
F (acosy,—aw, siny) and F (acosy,-aw, siny)
are represented in the form of Fourier series. Using the

information above and the properties of O of Dirac
function (2), (3), the system of the differential equations
(9) after the approximation acquires the form of

da
dt

= Z(Fno

27‘Cq

Z(

Thus, in resonance case, in contrast to non-
resonance, in the approximated equations the
additional terms have appeared. But similarly to non-

resonance case, the values a,,, and v, at the

2
—u] T =M(IE(T,dT
p dt

INMATEH-- dq ricultural cgnqmcctmq

ne c(t,ti) — nepioguyHa pyHKUisA, SiKa € Cymol pagy

Zsinju(t—ti)

f J

I3 BULLE3a3HAYEHOro BUNNMBAE, Lo B
Hepe3oHaHCHOMY  BUMaAKy iMNyNbCHUA  xapakTep

HaBaHTaXeHHS NPOABMAETLCA B CTPUOKOMOAIOHIN 3MiHi
amnnityan  a,,, Ta ¢am vy, B MOMEHT nji

iMOynbCHUX cun. BenuuuHu cTtpubkis mani, yepes Te,
LLIO iIHTEHCMBHICTb iMNYNbCHMX cun Mana. He gusnsunce
Ha ue, X Jia 3a nepioa ekcnnyarauii LUHEKOBUX MaLLWH
HapoCTae i 3 YacoM MOXe MPUMBECTU [0 3HAYHUX
amMnniTya KpyTUIbHUX KONUBaHb.

PoarnsHemMoO pe30OHaHCHI  KpyTWUIbHI  KONUBAHHS
lWwHeka nig  gielo  imnoynbcHux cun.  Habarato
BaXXNMBILUMM  BUMNAAKOM  KPYTUMbHUX KONMWBaHb €

BMNaAOK, KON YacToTa BRacHWX KonvBaHb MOB’A3aHa
i3 4acTOTO IMMYNbLCHOTO 30ypPEeHHS CMiBBIOHOLLEHHAM

q . 2n
0y ~ BU (P, q — B3@EMHO NPOCTi Yncna); TyT v = ot

3a3HayeHe pae nigcrasu andepeHuiansHe
PIBHSAHHA 3a Aii iIMAYNbCHUX CUN 3anucaTty y BUrmsagi

oo BA(

utj St
@

ne pA — posbanancysaths yactot, T (t)=acosy

B Ttakomy pasi 3BuyainHi gudepeHuianbHi  PiIBHSAHHSA
BiaHocHo amiHHux a(t) i ¢(t) HabysatoTb BUNSAY

n
:—sin\uﬂ[ﬁ(acosw,—aoﬂsin\pj—Aaﬂucoswk + > F [acosw,—aoﬂsin \VJZS(t—(ti + j'c))] 9)
qu r p i-1 p ]

VCOS Y + ZF (acosw, au%sm \VJZS( (t + jr))J
i=1 j=1
Bepyun no yearv npunyuweHHs, wo Q(..) Ta
QJ- () - MHOTOYNEHM, cpyHKLT

F(acosy,—aw,siny) i F (acosy,—aw,siny) ix
npeacTaensiemMo y Burnsgi cym dyp’e. BukoprctoByroum
BULLEe HaBedeHe Ta BnacTtmeocTi & dyHkuii Oipaka (2),
(3)

ycepenHeHHs HabyBae Burnsagy

cuctema gudepeHuianbHux piBHAHL (9) nicns

¢ (a)cosn(pe+qut; )+ R (a)sinn(pe+qut; ) +F; ().

TakMuM 4YMHOM, Yy pe30OHaHCHOMY BWMAAKy, Ha
BiOMiHYy  Bif HEpPEe30HaHCHOro, B ycepegHEeHUx
PIBHSIHHAX  3'BUNUCb  AodaTkoBi  unexu. [pote,

aHanoriYyHo HepesoHaHCHOMY BUMAAKy, BEMUYUHU
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moment of pulse forces action show a jump change.

The torsorial vibrations of a screw conveyer
should be considered in case, when the moment of
sustaining power is proportional to relative angular

, o0(x,t)
velocity of a screw conveyer T , and the
moment of pulse forces is approximated by the
function XG(X,t)+y63 (x,t). The differential equation

of the torsorial vibrations of a screw conveyer is as
follows

%0 GJy 96 _

atz IO 6 2

According to the method by Bubnov-Halorkin, the
solution to the equation (10) is shown to be the same as
in paper [7] in the form of B(X,t)=X (X)T(t). After
simple transformations, the differential equations are
reduced to a simple form of differential equation

d’T (t)+(k_nj2

dt? I

Iy

For non-resonance vibrations of a screw conveyer,
the amplitude and the frequency of the vibrations

%T(t):u((kT +9T°)x ZZS(

INMATEH-- dq ricultural cgnqmcctmq

MOMEHT Aii  iMNyNbCHUX Cun

anoxp | Wnoxp B
3MiHIOKTbCS CTpUBKONoAioHO.

Po3rnsiHemMO  KpyTUIbHI  KOMMBaHHS LUHEKa 3a
YMOBW, LLO MOMEHT CUI OMNOpY NPOMNOPLiNHI BiGHOCHIN

. , 0(x,t)
KYTOBI/ LUBMOKOCTI pyXy LUHEKY ———— , @ MOMEHT
iMNYNbCHUX cun anpoKCMMYETbCA dyHKLiE
ke(x,t)+y63 (x1) [OndepeHLjianbHe  PiBHSHHS

KPYTUIMBHUX KOMNWBaHb LUHEKY B TakoMmy pasi mMaTume
BUMMAL

00

(O (X, 1) +70°% (X,)x iiS( t+jt))-B=). (10)

ot

j=1i=

BignosigHo oo Mmetogy by6HoBa-lanbopkiHa
po3B’a30k piBHAHHA (10) npeacTaBumo Sk i B poboTi [7]

y suarnsgi 0(x,t)=X(X)T(t) . Micna HecknagHnx

nepeTBOpeHb AndepeHuianbHi piBHAHHA 3BOAATLCHA [0
3BMYanHOro audepeHuianbHOro PiBHAHL BUMMAAY

dT
Pt —-B—). 11
2.2 JT)Bdt) (11)

[ns Hepe3oHaHCHUX KONMMBaHb LLIHEKY amnniTy/:la Ta
YacToTa KONMBaHb LUHEKY BiAMOBIAHO A0 pe3yanaTiB

i h I i i =0
according to the results given in paper [3] (T, , poGo [3] ( =0 , t, :21 ) onvcyloTses
b8 . . . . v
t, =%.) are described with the help of the differential [vcepeHLiansHIMM PIBHSHHAMI
equations
da a
v _, K Ao 3a
dt wem| 8 32
Having integrated the obtained system of 3iHTerpyBaBLUM oTpUMaHy cuctemy
differential equations, the first approximation of the andepeHuianbHUX  PiBHAHb,  3HAXOAUMMO  Meplue

solution to the equation of the torsorial vibrations of a
screw conveyer is found

HabnWKeHHs1 PO3B’sI3KY PIBHSHHSA KPYTUITBbHUX KOMNMBaHb
LWHeKa y Burnagi

B

_Py 3 2
T(t)=ape 2 cos(co’ue0 ot Svody em], (12)

8no 321w

Where ae
a, and 0, are determined to be starting conditions. a, i 6, BM3HAYAIOTLCS NOYATKOBMMM YMOBaMM.

Thus, the influence of pulse forces becomes
apparent only in change of the frequency of the
vibrations of a screw conveyer.

Resonance vibrations should be considered. Let's
assume, that the frequency of natural oscillations of a
screw conveyer is connected with the frequency of the
pulse disturbance by the following correlation

TakvM YMHOM, BNAMB iMMYNbCHUX CUIT NPOSABNSAETLCS
B 3MiHi NULLE YaCTOTW KONMMBaHb LUHEKA.

PoarnaHemMo  pe3oHaHCHi  KonuBaHHs.  Hexan
YacTtoTa BMACHUX KOMMBaHb LUHEKa 3B'A3aHa i3
4YacTOTOO iIMMNYNbCHOroO 30ypeHHS CMiBBiAHOLLEHHAM

0~q. (13)

B Takomy pasi nepwe HabnwkeHHS pO3B’A3KY
AndepeHuianbHOro piBHAHHSA (12) matume BUMMSAA

In this case, a first approximation of the solution of
the differential equation (12) has the following form
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T(t)= a(t)cos(%qtﬂp(t)j,

where functions a(t) and ¢(t) are determined from
the system of differential equations.

ae  dyHkuii a(t) i (p(t) BM3HA4alOTbCA i3 cuctemmu
andepeHuianbHUX PiBHSAHb.

2
da Ba a(2k+ya ) . . ( nj ya® a\ .
— =—u(—+———=|sin2¢+sin| 20+9— ———(1+ —-1)" )sin 46);
a5 4 ¢ **a3 8 (-1)" Jsin 40)
2
of [
do ° 2 4n+3ya® A+vya® n)) ya’ q
— = —u( + x | OS2 +cos| 20+q— +—(1+(—1) )COS4(p). (14)
dt ON 4mq 2nq 2 8nq
Figure 1 shows the amplitudes of the torsional Ha pwuc. 1 HaBegeHo aMmnniTyan KpyTWUMbHUX

vibrations of a screw conveyer when there is a
transition through the resonance at different parameter

KONMBaHb LUHEKA MpW Mepexodi 4Yepe3 pesoHaHC 3a

kTC GJO

pi3HUX 3HayeHb napameTpa Wy =— npu

L1,
| =104; G =807Tla; I, =3,4675kem .

=

e
p—
3
=

86 87 88 89 90 u,c

Fig. 1 — The amplitudes of resonance torsorial vibrations at different values of the parameter g at:

1-J,=010248x10*x*; 2 - J, =0,1147x10* u*; 3- J, = 0,1215x10* »/*

kTC G‘]O
values g =I— |_ at | =10x; G =80/T7la;
0
I, =3,4675kem .
1, pay
0.016
1
0014 II" .
0,012
0.01
NV
62 83 84 85
RESULTS

In the above mentioned materials and methods for
certain models of non-linear and periodical pulse forces,
we have got differential equations of the change of
amplitude and frequency characteristics of vibrations
and on the basis of its numerical integration, graphical
relations of the resonance amplitude of the torsorial
vibrations of a screw conveyer at different values of its
natural oscillations were developed. It is connected with
the fact, that even relatively simple differential equations
of standard form can be integrated only in some cases.
Numerical integration of the equations of standard form
provides relatively complete information about the
dynamic process at specified fixed values of the
parameters. However, it is not always possible to track
how the change of starting conditions of the specified
(and other) parameters can influence the dynamic
process using the results of numerical integration. It can
be stated based upon the stability of the process. The
investigation of the stability of vibrations is as important
as the task of finding a solution. That is why, we have
to investigate the stability of the vibrations, which were
considered, that is to say, permanent values of the
amplitude of vibrations for resonance. In order to do
this, it is necessary to put the right parts of the

PE3YIIbTATU

Y BKasaHuX BuULLe MaTepianax i metoaukax ang
KOHKPETHMX MoAenen HeniHivHMX i nepiognvHmx
iMAYNbCHUX CUN OTPUMaHO AudepeHLianbHi PiBHAHHSA
3MiHM aMnAiTyQHO-4aCTOTHUX XapaKTePUCTUK KONUBaHb
Ta nobygoBaHO Ha  OCHOBI  YMCEMbHOrO  MOro
iHTerpyBaHHA  rpadpiyHi  3anexHOCTi  pPe30oHaHCHOI
amMnniTyan KpyTUITbHUX KOMMBaHb LUHEKY 3@ pPi3HUX
3Ha4yeHb 4acTOTW MOro BNacHUX konmeaHb. Lle 3B’a3aHo
3 TUM, WO HaBiTb OTpMMaHi BiOHOCHO NPOCTIi,
andpepeHuianbHi  piIBHAHHA Yy CTaHO4ApTHOMY BWUrnsAi
BOAETbCA 3iHTEerpyBaTu nuvlle B OKpeMux Bunagkax.
UucenbHe X iHTErpyBaHHSA PIiBHAHb Yy CTaHOapTHOMY
BUMMA4I Jae [ocTaHbOo MNOBHY iHpopmauilo  npo
OWHaMiYHMM npouec 3a 3agaHunx pikcoBaHMX 3HA4YeHb
napameTpiB. OgHak, NpocnigkyBatn K BNnvBae 3MiHa
noyaTKOBMX 3Ha4YeHb HaBedeHWX (Ta iHWKX) napameTpis
Ha OuHaMmiYHU npouec i3 pesynbTaTiB YMCENbHOro
iHTerpyBaHHs He 3aBxau Bpaetbcs. [lpo HaBegeHe
OOCTaTHbO TOYHO MOXHA TBEPAUTM BUXOAAYM i3
cTinkocTi npouecy. [locnigxeHHs CTIMKOCTi KONMBaHb €
HE MEHLl BaXMMBOK 33dayeld $K 3HAXOMKEHHS
po3B’'si3Ky.  TOMy  HWkK4Ye  [OcCnigumo  CTIlKICTb
PO3rMsIHYTUX KOJNMBAHb, TOYHILLE KaXKydu CTauiOHapHUX
3Ha4YeHb amnniTyguM KOnvMBaHb ANsl pe3oHaHcy. [Ona
LbOro BigNOBIOHO [0, MNPUPIBHAEMO nNpaBi 4acTUHMU
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correlations, which describe the resonance mode of the
vibrations of a screw conveyer, to zero. We get a
system of algebraic equations

2 4nq

a(2n+ya? 3
Ba+(—)(sin 2(p+sin(2(p+qzj)—£(1+(—l)q )sin 40=0,

INMATEH-- dq ricultural c\‘;nqmcctmq

CMiBBIAHOLWIEHb, SKi
KONMMBaHb LWIHEKa [0 Hyns.
anrebpaiyHuX piBHSAHb

OMUCYIOTb  PE30HAHCHUIN  PEXUM
OTpumyemo  cuctemy

(15)

2 8nq

2

47q

In this system of algebraic equations, parameter
o(t) - the difference in phases is excluded. The
correlation, which determines permanent values of the
amplitude of the torsorial vibrations of a screw
conveyer, is found for the case of the mathematical
model (10)

47?2

2
2_[Aav
e [2) ) (4k+3ya2+K+ya2

N (47:(2(0e - U)_(47L +3ya’ ))2

(cos 20+ COS[Z([)+ q gD+ gi (1+ (-1)* )cos 4(pj =0

mq

2nq

I3 oTpumaHoi cuctemy anrebpaidyHux piBHAHb
BUKMloyaeMo  mapameTp  ¢(t) - pisHuulo  das.

3HaxoaMMO ChiBBIAHOLLEHHS!, sike BU3HA4ae cTauioHapHi
3HAYEHHs1 aMMMiTYAN KPYTUITbHUX KONMBaHb LUHEKa ANns
BMNaaKy matematudHoi mogeni (10)

-2, (16)

(2n+ya?)

This relation shows, that the amplitude of
permanent vibrations of a screw conveyer (16) is
actual, if the conditions are met

16(3.+va?)

OTpumaHa 3anexHicTb nokasye, Lo amnnityaa
cTauioHapHuMX KonuBaHb LWHeky (16) Oyae AivicHoto,
SIKLLO BUKOHYHOTHCS YMOBMU

v <o, -%—zﬁm

L > 4o, —%+2\/]7|B|
T

If we put B=0 in these relations, in case of
resonance , = %the invariant of motion can be found

for a first approximation. | order to find it, we will limit to
the values of first order of smallness.

Thus, at g =1we get the correlation

2

(20, —o)%a2 -=a

T

where ¢ is a constant, which is determined by
starting conditions.

With the help of this correlation we can evaluate the
value of the amplitude of resonance vibrations. For this
reason, we transform the relation (18) to the form of

1
cos(29+§j = [(2039 —U)E a’

Having marked (D(az)in the right part, we develop

graphical relations @(az) as the functions from a at
different fixed values C. These graphical relations under
the condition —1< @(az)ﬁl determine the domain of

the stability of resonance vibrations. Figure 2-3 shows
these domains.

17

Akwo B oTpumaHi 3anexHocTi noknactm =0, Toy
L
BUMaAKy Pe3oHaHCy m, = 5 ONS NepLIoro HabnmxeHHs

MOXXHa 3HaWTW iHBapiaHT pyxy. [Ina Noro 3HaxoaXeHHs
6ynemo obmexyBaTUCb BENMYMHAMU NEPLLOro MOPSAKY
ManuaHu.

Tak, npy g =1 OTPMMYEMO 3anexHiCTb

» 3ya' 2xa’ +ya’

T
cos 29+—j=c, (18)
8n 2\/§n ( 4
je € — cTana, sKa BM3HaA4YaeTbCA MNo4YaTKoOBUMU
yMOBaMMu.
I3 BKkasaHOiI 3anexHoCTi MOXHa JaTu  OUiHKY

BEMUYMHM aMNNiTyan pPEe30HAHCHUX KONUBaHb.
LbOro 3anexHictb (18) TpaHccopmMyemo o Burnagy

Onsa

2 4
a2 Jra’

i 8n (19)

2%a? +yat

CJ 22

MosHauuBWKM BMpa3 y MpaBil YacCTUHI (D(az),

noGyayemMo rpadivHi 3anexHocTi di(az) K pYHKUIT BiA
a npu pisHUX ikcoBaHUX 3Ha4YeHHsx C. Taki rpadpiyHi
3anexHocTi npu HaknageHin ymosi —1< @(az)ﬁl

BM3Ha4aloTb 06nacTb CTiKOCTi pE30HAHCHMX KONMBaHb.
BkasaHi obnacTi nokasaHi Ha puc. 2 - 3.
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c=-0003
c=-0.002

Wl oot ooz oos  ond

Fig. 2 — Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different fixed C:a) y >0,
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Sfa?)T
c=—0.005
o=—0.003
o=-—0002

v=2m,+1,b) >0, V=20, -1

D)

-4

Fig. 3 - Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different fixed C:a) y <0,

Tla?)]

v=2m,+1,b) Y<0, V=20, -1

The analysis of the graphical relations shows,
that at different resonances under different
conditions yand v, the amplitudes of the torsorial

vibrations of a screw conveyer are limited. This
limitedness of the amplitude of the vibrations in a
system, which is described by the equation (10) in
cases of the considered resonances, is the result
of non-linearity of the system. This matches the
known results concerning non-linear vibrations of a
system. It is worth mentioning, that the action of
pulse loading on a linear vibration system in
resonance case leads to unlimited increase in the
amplitude of vibrations.

Figure 4 shows graphical dependancies of the

function <D(a2)- on the square of the amplitude at

different values of deregulation of frequencies.

I3 aHanidy rpadiyHMx 3anexHoCTen BUNMNMBAE,
LLIO MpW pe3oHaHcax 3a Pi3HUX YMOB HaknageHux y i v

amMnniTyan KpyTUIbHMX KONMUBaHb LWHeka OyayTb
obmexeHi. OBmeXeHiCTb aMmnniTy4 KonvMBaHb CUCTEMMU,
sIka onucyeTbes PiBHSAHHAM (10) y BUNaaKy po3rnsiHyTux
pe3oHaHCiB, € HacnigkoM HerniHIMHOCTI pPOo3rnsaHyTOl
cuctemun. Lle cniBnagae 3 BigoMumn pesynbtatamu, ki
CTOCYIOTbCA  HEemniHiHMX KkonuBaHb  cucteMm. Cnig
3a3HaAYNTK, O [is HABAHTAXEHHS iIMMYNbCHOrO BUAY Ha
NiHINHY KOMWBHY CWUCTEMY Y PE30HaHCHOMY BUNaaKy
npMBOAUTL A0 HeoOMEeXeHOro pocTy  amnmiTyau
KONMBaHb.

Hwkye Ha puc. 4 npeacrtaBneHo rpadiyHi

3anexHocTi yHKUT cb(az)- BiO KBaZgpaTa amnniTyaM 3a

Pi3HMX 3HaYeHb BENNYNHM po3banaHCcyBaHHS YacToT.

L
4«..@1:

Fig. 4 — Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different values
of deregulation of frequencies @, = 79¢7t ¢=-0.005, y=40
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The above mentioned dependancies in Figure 4
show, that the increase in the value of deregulation of
frequencies shifts the domain of stable values of the
amplitude of the vibrations of the flexible component of
a drive to the right. In other words, the closer to the
resonance, the less are the values of the amplitude of
vibration, at which the dynamic process is stable. With
an increase in the value of deregulation of frequencies

from 0,01 ¢* to 0,08 ¢, resonance values of the
amplitude of vibrarions, at which the dynamic process is
stable, increase up to 5%.

Figure 5 shows graphical dependancies of the
influence of the value of non-linear restoring force
(coefficient y ) on the domain of stable values for
resonance amplitudes of the vibrations of a screw
conveyer.

FHa')

_ED .

INMATEH-- dq ricultural c\‘:.nqmcctmq

I3 npuBegeHUX Ha puc. 4 3anexHocTen BUNNMBaE, WO
3POCTaHHA BENUYMHM po30anaHCyBaHHSA 4acToT 3Milllye
obnacTb CTiiKMX 3Ha4YeHb aMniiTyau KonMBaHb THYYKOro
ereMeHTa npuBOAa BMpPaBo. IHWMMKM CrioBamMK, uYUM
Onwkye OO0 pe3oHaHCy, TMM MEeHLMMKU ByayTb 3HaYeHHS
aMmnniTyaum KonuBaHb, 3a SKUX AMHaMIYHWA - npouec
CTiKuUIA. TaK i3 3pOCTaHHSAM BENUYMHM po30anaHcyBaHHA
yacTtoT Big 0,01 ¢ pgo 0,08 ¢ PE30HAHCHI 3HaYeHHs!
amnniTyaM KonmeaHb, 3a sIKMX OMHaMIYHMI npouec 6yae
CTilkM, 3pocTatoTb Ha 5%.

Ha puc. 5 nopgaHi rpacbivHi 3anexHocTi BRAnBY
BENUYUHU HeniHinHoT BifiHOBNIOBaNbHOI cunm
(koedinieHTa 7y ) Ha obnacTb CTiiKUX 3HaYeHb
PE30HAHCHUX aMMAiTy KONMMBaHb LUHEKY.

Ha*)
bl
4-2m

i
NGy

-10+4

4+

Fig. 5 — ObnacTtb CTiKMX 3Ha4YeHb amMMIiTyau KPYTUIbHUX KONMBaHb LUHEKa 3a Pi3HMX 3Ha4YeHb koedilieHTa y npn o, =90 ct
¢ =-0.005

These dependancies show, that with an increase of
the non-linearity of the system (for larger values of the
coefficienty ), the domain of the values of the amplitude

of the torsorial vibrations of a screw conveyer, at which
the dynamic process is stable, narrows. At y =80, the

domain of the values of the amplitude of the vibrations
of a flexible component, at which the dynamic process
is stable, is less from the domain of the values of the
amplitude at y =40 for 42%.

CONCLUSION

The represented graphical dependancies and their
comparison with the resonance curves in case of
flexural vibrations [4] make possible to state, that
resonance value of the amplitude of the vibrations of a
screw conveyer takes a smaller value at larger
frequencies. The obtained results give the possibility to
avoid resonance torsorial vibrations of a screw conveyer
in case of its exploitation under the influence of pulse
forces due to the change of material transportation
conditions. Based on the taken out equations, it is
possible to develop the automated systems of
management for the processes of material
transportation using screw machinery.
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BUCHOBOK
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MODELLING OF THE VERTICAL SCREW CONVEYER LOADING

/

MOAEJIIOBAHHA MNMPOLIECY SABAHTAXXEHHS BEPTUKAJIBHOIO rBUHTOBOIO
KOHBEEPA
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Abstract: A mathematical model of the vertical screw
conveyer loading has been proposed. Algorithm of
solution of the differential equations with partial
derivatives of the bulk-cargo medium movement in the
screw channel has been developed. Taking advantage of
the proposed model it makes possible to develop new
designs of the screw conveyer intake devices and to
interpret their efficient parameters.

Key words: mathematical
intake device, bulk-cargo

model, screw conveyers,

INTRODUCTION

Nowadays screw conveyers are the major means of
continuous transportation of agricultural bulk-cargo
materials. A great number of screw carriers are used now
for transporting of grain beside the screws, which are
parts of complex agricultural machines [2,4,5,9]. They are
of extremely simple design and are characterized by their
small size and reliability in operation. But their
disadvantage is that of decrease of efficiency under high
frequency of the screw rotation caused by the increase of
the centrifugal forces in the loading area, which results in
the increase of the transporting process power-
consumption by these devices.

Despite of great number of papers dealing with the
studying of transporting materials by the screw
mechanisms, there are only experimental investigations
of different ways of loading, basing on which the
recommendations on the choice of the loading devices
are presented [1,6,7].

The objective of the work is to develop the
mathematical model of the vertical screw conveyer
loading, which can be used to obtain the picture of the
stresses and speeds distribution in the screw channel
and, consequently, the dependence of the screw
conveyer efficiency on its geometric parameters, rate of
angular motion, as well as physical-mechanical
properties of the bulk-cargo.

MATERIAL AND METHOD

Screw conveyer, which is in the tank loaded with bulk-
cargo, with given physical-mechanical properties is
presented in Fig. 1.

To investigate the movement of bulk-cargo in the
screw channel generally, the screw coordinates system,
which is connected with the screw rigidly, is used.

But, to obtain even approximate solution of the
movement equation in this system is difficult enough.
That is why in order to simplify the given task, cylinder
coordinates system is used instead of the screw one.
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Pestome:  3anporioHosaHa  Mamemamu4Ha — MOOesib
rpouecy 3asaHMa)eHHsI B8epmMUKarlbHO20 28UHMO0B020
KoHeeepa. Pospobrieruti aneopumm pO38’A3KY
OugbepeHujanbHUX PiBHSIHb 3 YaCMUHHUMU MOXIOHUMU PYyXy
curikoeo  cepedosuwja 8  28UHMOBOMY  KaHarli.
BukopucmaHHsi 3anporioHogaHoi Modesii 0ae MOXIugicmb
po3pobnsamu  Ho8i  KOHCMPYKUii  3abipHuUx  npucmpois
2BUHIMOBUX KOHBEEpPI8 3 0BIPyHMYy8aHHSIM iX payjoHarbHUX
rnapamempis.

Knroyoei cnoea: mamemamuyHa modesib, 28UHMOBUU
KOHeeep, 3abipHuli npucmpid, cunkud mamepian

NEPEOMOBA

BMHTOBI KOHBEEPU B [aHWN Yac € OCHOBHUMM
3acobamm  Ge3nepepBHOTO  MEPEMILLEHHST  CUMKMX
CiNnbCbKOrocnoaapCcbkmx marepianis. B CBITI
BMKOPUCTOBYETLCSA 3Ha4yHa KiNbKiCTb LLIHEKOBMX
TpaHcnopTepiB Ans  TPaHCMOPTYBaHHS  3epHa, He
paxyluM LWHeKiB, fAKi € yYacTMHaMu  CKNagHuX
cinbcbkorocnogapceknx mawwuH [2,4,5,9]. BoHu maioTb
rpaHn4HoO npocrty KOHCTPYKLIitO, BiApPI3HATHCA
KOMMAaKTHICTIO i HagiviHi B ekcnnyatauii. Pasom 3 Tum,
CYTTEBUM HEOOJIKOM IBUHTOBMX MEXAHI3MIB € 3HUKEHHS
X NPOAYKTMBHOCTI MpW BENWKUX 4YacTtoTax obepTaHHs
rBMHTa BHAcnigok 30inblUeHHS BiALEHTPOBUX CUI B 30Hi

3aBaHTaXeHHs, WO  NpuMBOAWTE OO0  3POCTaHHSA
€HeproemMHOCTi  Mpouecy TPaHCMOPTYyBaHHA  AAHUMU
NPUCTPOAMMN.

He AavBnauMcb Ha  3HA4yHy  KinbKiCTb  poOiIT,

NPUCBAYEHUX BUBYEHHIO TPAHCMOPTYBaHHSA Marepianis
LUHEKOBUMW MeXxaHi3Mamu, B AaHWA Yac iCHYIOTb TifbKu
eKcnepuMeHTarnbHi  AOCNiMKeHHs  pi3HMX  cnocobis
3aBaHTaXEHHS!, BUXOASUN 3 SIKMX Oal0TbCs pekoMeHaaLii
no Bnbopy 3aBaHTaxyBanbHUX NpucTpois [1,6,7].

MeToto poboTn € po3pobka MaTemaTUyHOi Mogeni
npouecy 3aBaHTaXeHHS BepTMKaNbHOIMO TIBUHTOBOIO
KOHBEEPA, SKY MOXHa BMKOPUCTATU ANsi OTPUMAHHS
KapTMH po3nofiny HanpyXeHb | LIBMAKOCTEN B
rBMHTOBOMY KaHani LWHeka, a OTKe | 3anexHoCTi
NPOAYKTUBHOCTI  BUHTOBOrO  KOHBEEpa Bi4  WMoro
reoMeTpu4yHMX napameTpiB, KyTOBOI LUBWAKOCTI, @ TaKOX
i3nKo-MexaHiYHUX BNaCTUBOCTEWN CUMKOrO MaTepiany.

MATEPIAI | METOOUKA

Po3rnsiHemMo rBUHTOBWUI KOHBEEP, SIKUN 3HaxXOA4MTbCS
B OyHkepi 3amnoBHEHOMY CWMNKMM Marepianom i3
3agaHumn gisnko-mMexaHivyHMMmn Briactnsoctamm (Puc.1).

[Ona pocnipkeHHsa pyxy cunkoro marepiany y
rBUHTOBOMY KaHamni LWHeka B 3aranbHOMYy BUNagKy
BMKOPWUCTOBYIOTb BUHTOBY CWUCTEMY KOOpAMHAT, £Ka
XKOPCTKO 3B’si3aHa i3 LUHEKOM.

Ane oTpumaTtM HaBiTb HabOMMXEHUA pPO3B’A30K
PIBHSIHHA pyXxy B Ui cucTemi OOCUTb cknagHo. Tomy 3

METOK  CMpPOLLEHHS MOCTaBMeHOI 3ajadi  3amicTb
FBUHTOBOI, BWKOPWUCTOBYKOTb  LUMNIHOPWUYHY  CUCTEMY
KoopauHar.
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Fig.1 - Tank with screw conveyer

As we are analyzing high-speed vertical screw
conveyer, the cross-section of the screw channel can be
presented as in Fig.2, that is, bulk-cargo under the action
of centrifugal forces moves in the channel of width
H=R —R, [8].

Here R, — screw radius, r,— screw shaft radius.

In this case the coefficient of loading will equal:

K

Hence R, =R’ —K (R’ -1}).

If we assume, that coefficient of loading is K, =0,8,
r, =0,3R, ,we will obtain R, = 0,5R,

Thus, further we will analyze the movement of the
bulk-cargo in the “conventional” screw channel, the shaft
radius of which equals R,

Here friction force between the bulk-cargo and screw
shaft is usually not available, as well as the shaft
pressure on the screw surface.

As H/B<<1, H=R —-Ry, B~2R;, we can study the
plane model of the bulk-cargo medium movement in the
screw channel (Fig.3). In this case taking into account the
fact, that bulk-cargo movement is of the layer-type , let us
assume that V, =0, dV,,/6z=0.

The equation of movement will look like:

oo ‘rop r

,{ ey lﬂV_Jaila_u

Np 1N, VIV,

V, ——+V
p(r o ’r op r

%4_!4_&%—0

or

2 2
— R1 _Ro
3 2 2
Rl_rO

07y
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rU‘
Ro
R

o

o
Fig.2 - Cross-section of the high-speed vertical screw
conveyer screw channel

Ockinbkn MK posrnagaemo LUBMAKOXiQHWIA
BEepTUKanbHWA  BMHTOBUM  KOHBEEP, TO  nepepi3
FBUHTOBOrO KaHanmy MoXxHa nogatu y Burnsg (dir 2),
TOGTO cunkui MaTepian nig Aieo BigUEHTPOBUX CUI
pyxaeTbcs B kaHani wupuHoto H =Ry — Ry [8].

He R, - papiyc reBuHTa, r,- pagiyc Bana rsuHTa.

B ubomy Bunagky koediuieHT 3anoBHeHHA Oyae
PiBHUNA:

1)

3sigkm R, =R’ - KJRf -1 ).

AKWO  NPUAHATK, WO  KOoediuieHT  3amnoBHEHHS
K,=08, r,=0,3R, To 6ynemo matn R, =~ 0,5R, .

Omxe Hapani 6ygemo posrnagaTv pyx MaTepiany B
“yMOBHOMY” KaHani rBvHTa, pafiyc Bana sikoro pisBHMn R,

Mpu ubOoMy 3BMYAMHO BIACYTHA cuna TepTa Mix
maTtepianoMm i Banom LUHeKa, a TakoX TWCK Bana Ha
MOBEPXHIO LLHEKa.

Ockinbkn H/B<<1, H=R —Ry, B~2R;, To MOXHa
PO3rAsHYTM NIOCKY MOAENb PyXy CUMKOro cepefosuLla B
rBUHTOBOMY kaHani (cpir 3). B ubomy Bunagky 3
BpaxyBaHHAM TOro, WO Ppyx MaTtepiany Mae Xapakrep
wapis, npunmemo wo V, =0, 6V¢,/62 =0.

PiBHAHHSA pyxy MaTuMyTb BUMMAA:

TR, @

27,
P re
+ 2L LR, 3
o r dp r 4 ®)

r op 4)
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where V, V- particle speed vector projection relatively

on the radius-vector direction and on the perpendicular to
it direction; F,, Fr —mass force projections on the same

irections; o, , o, , Ty, —
directions; o, rp — components of the tensor

stresses in the polar coordinates.

Equations 2, 3 are the equations of the total medium
movement written as Eulerian variables, and equation 4 —
continuity equation in the polar coordinates. Unlike the
elastic medium, let us assume the rule of signs for
stresses, according to which in the area the outside
normal of which coincides with the positive direction of
the coordinate axis, positive stress components have
directions opposite to those of corresponding coordinate

axes.
According to the investigations [6], the speed V.° with

which the bulk-cargo moves into the screw channel of the
intake area of the screw, decreases from the maximum
value to zero according to the linear law:

r

where V, — average speed, with which the bulk-cargo
moves from the tank to the screw channel.

ve-av|1-Rp |-y
LO
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fe Vi, V, NPOEKLji BeKTopa LWBWAKOCTI YaCTUHKK
BiAMOBIAHO Ha HanNpAMOK pagiyc-BekTopa Ta Ha
nepneHAuKyNsipHAA A0 HLOro  Hanpsimok;  F,, Fy
NpOeKLii MacoBUX CUN Ha TiX HaNPSMKA; o, 0y, Try, -
KOMMOHEHTU  TEH30pa  HampyXeHb B  MOMSAPHUX
KoopauHarax.

PiBHAHHA 2, 3 € pIiBHAHHAMM pyXy CYLUifbHOrO
cepefoBuLa 3anucaHnx y amiHHuUX Evinepa, a piBHAHHS 4
— PIBHSAHHA HENepepBHOCTI B NOMSPHUX kKoopAauHaTax. Ha
BiOMIHY Big nnacTMYHOro cepefoBuvla NPUAMAEMO
NpaBuUMO 3HaKiB AN HanpyXeHb, 3rigHO $SKOro Ha
nnowaaui, 30BHIlWHA HoOpManb A0 4KOI chiBnagae 3
JofaTHIM  HanpsMKOM  KoopAuHaATHOI  oci,  gogaTHi
KOMMOHEHTN HamnpyXeHb MakTb HanpsMKWA, NPOTUNEXHI
HanpsiMKaMm BianoBigHNX KOOPANHATHUX OCEMN.

. . . 0 .
3rigHo gocnimxkeHs [6]. WwBnAKicTb V,° 3 AKOK CUMKWI

martepian nocTynae B rBUHTOBUI KaHan 3abipHOi YacTUHM
LUHeKa 3MEHLUYETbCS Bif MaKCUMMarbHOrO 3Ha4YeHHa [0
Hynsi NO MiHINHOMY 3aKOHY:

_ﬂJ
(2]
e V, — cepefHs LWBUAKICTb, 3 AKOKO MaTepian nocrynae
3 ByHKepa y rBUHTOBUI KaHar.

®)

(6)

Fig. 3 - Plane model of the bulk-cargo movement in the screw channel

where Q — volumetric efficiency of the screw conveyer

3 .
M /C. B — screw channel width B=S-cosa ; S —
screw helix;  — screw line angle of elevation; Ly —
screw channel length in the intake area ¢ = Ly/R;

As in our case the channel height is greater enough
than its length, we can assume, that radial speed

decreases from the maximum value V2 to zero along
the radius according to the linear law:

oV,
or

89

de Q -ofemMHa nNpPOAYKTVBHICTb TBUHTOBOTO KOHBEEPa

3
M /C .B — wmpmHa rBuHTOBOrO kaHany B=S-cose ; S —
KPOK MBUHTA; ¢ — KyT MiaNoMy rBUHTOBOI NiHil; Ly - AoBXWHa
FBUHTOBOTO KaHany B 3aGipHi YacTuHi ¢ = Lo /Ry .

Ockinbku, B HaWOMy BUMAgKy BWUCOTa KaHamny
HabaraTo Ginblia MOro AOBXWUHW, TO MOXHA MPUNAHATH,
o pagianbHa LBUAKICTb 3MEeHLLY€ETbCS Big

MaKcumarnbHOro 3Ha4YeHHs VZ0 [0 Hynsa B3OOBX pagiyca
no NiHiINHOMY 3aKOHY:

C, (7)
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hence 3BIOKK:

Vi =Clp)r+Co (8)
where C=C(p) — some function dependent on the ne C=C(p) — peska oyHkuis, fsika 3anexutb Bia
coordinate ¢ (Fig. 3). KoopamHatn ¢ (puc. 3).

Let us write the boundary conditions: 3 . .
anuLIEMO FpaHNYHi YMOBMU:

V _O V :—VO

%:Ro - iRy ' . 9)
Then from the equation (8), taking into account (9), Togai 3 piBHSAHHS (8), 3 BpaxyBaHHAM (9) oTpumMaemo:
we will obtain:
VO
Clp)=o"=. (10)
R1 - Ro
VO
Clp)=—"— R, , 11
o((/’) R-R, 0 (11)
0 — —
Vr:Vr (r Ro)zzvc(r RO)(l_ﬂj (12)
R, —R, o~ R (2
From the continuity equation (4) we will obtain: 3 pIBHSHHS HENEepepBHOCTI (4) OTPUMAEMO:
V. 10V
C _|__"_|___(/J =0 13
Y (13)
or abo
oV, 2V (r-R -R
—¢=V,+C(¢)=M[l—£]+rzvc[ —ﬂjzwc[l—ﬂ)-[r—°+r] (14)
O R, - R D 21 D R, —R,
Having integrated this equation we will have IHTerpytoun Le piBHAHHS Gyaemo maTu:
2r-R @
V, =2V, o—=X (w——jﬂ//(r), (15)
! ( R, — Rl] 20,
where w(r) — some function from r . ne y(r) — nesika dyHKuis Bia .

Then to find z//(r) let us assume, that relative rates of [Ona BW3HAYEHHS y/(r) npUMMaemo, Lo BiAHOCHI
angular motion of the part of the bulk-cargo in the screw KYTOBi LUBMAKOCTI YACTMHKU martepiany B FBMHTOBOMY
channel of the transporting area of the screw are KaHani TpPaHCNOPTYHYOI YacTuHN LIHeKa
distributed according to the law [3]. PO3MNOAINAITLCA NO 3aKOoHY [3].

CR
0=0,-—>, (16)
r
where @, — screw rate of angular motion, C — some Ae @, — KytoBa wsuakictb reuHTa; C — pgeska
constant, which depends on the physical-mechanical KOHCTaHTa, sKa 3anexuTb BiOg di3nKO-MexaHiYHNX
properties of the bulk-cargo and the screw parameters. BNacTUBOCTEN maTepiany, Ta napameTpiB rBUHTA.

Then the volumetric efficiency of the screw conveyer Toai o6’eMHa NPOAYKTUBHICTb MBUMHTOBOIO KOHBEEpPA

will equal: Oyne piBHa:
R rdr B R,
=Bx| ——=—{05®,(R? -R?)-CR,In— 17
Q ro COSCZ, cowi o(R:-R3)-CR, RJ ()

where B =Scose,; taking into account that: Ae B=Scose,; BpaxoBylouu, LO:

90
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2_ N2
Q:M~n~S~Kn:ﬂ(Rf—R(f)an-SKn, (18)
where n=w/27 — frequency of revolving (rev/sec); K, e n=w/2r - vactoTa o06epTaHHs o06/c; K, -
— screw conveyer efficiency coefficient. KoediuieHT NpoaYKTMBHOCTI FBUHTOBOIO KOHBEEDPA.
2 _p2
c=2" ") Gk RRO )(17 K, ) (19)
2R, In—=
RO
Taking into account that at =0 Bpaxosyloun wo npu ¢=¢, , V, = (600 —CRO/rZ)r

Vv, = (cou —CRO/rz)r , let us find function y = y/(r) .

BU3HAYMMO YHKLiO = (r):

2r-R o7 2r—R, \ 20, — ¢! 2r-R, o,
V,, =V | —2 g -2 |+yplr)=2v,| —2 | 22— |4+p(r)=2V | —2 | Z +yp(r), (20)
P B ot e [ 2ty 2 st
CR, 2r-R
= - r-v % o, 21
v, [‘00 rz \J c{ Ro — Rl Jq)l ( )
— 2 — —
V, =2V, ﬂ (01_‘/’_1 -V, ﬂ o+ a)O—CIjO r= wo_cljfl r_V_CM(%_Q,)Z (22)
’ R, —R, 29, R,—R, r r o R, -R

As we are analyzing non-ramming screw, in the end

Trp _

of the intake area we can assume: atg, =¢

\Y :(w"_%)& V%W1 =0. Besides let us assume

4

that o, =ko, , where k — lateral pressure coefficient.

ro

From the equation (12) we will obtain:

Ockinbkn mu posrnsgaemo 6e3HanipHUiA LWHEK, TO B
KiHLi 3abipHOT YacTUHM MOXHA MPUNHATW: NpU @, =@,

or, CR
2 -0 vw:[wo—r—;j-Rl vV,

g

=0

P=¢1L

Takox npuimemo, wo o, =ko, , Ae k — koediuieHT
60K0BOro T1CKy. 3 piBHAHHSA (12) OTPUMaEMO:

% _ Z\/D(RO — r) , (23)
a¢ (Ro - Rl)(pl
or abo
R, ) 2V,(R, —
Vw.l.avf = wo_c_zo O(—Ur) (24)
r op r* ) (R,—R)p
Then the equation (2) will look like: Togai piBHSAHHS (2) MaTMe BUINSA:
oo o CR, )’ CR, Y2V (R -R,)
—+—=p a)o—_zo r—p w,— 20 Zcv1 o) (25)
a r r r2 ) (R—R, o,

where o =0, -0,

Let us find general solution of the equation (25)
without the right part:

Ae c=0,-0,.

3HanaeMo 3aranbHU po3B’sI30K PIiBHSAHHS (25) 6e3
npaBoi YacTUHM:

do oy, (26)
dr r
do __dr , 27)
o r
Inc=-Inr+InC, (28)
Ino:InE, O':S. (29)
r

91
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Let us change the integration constant C by the 3amiHuMOo cTany iHTerpysanHa C HeBiAOMOIO dyHKLieto.
unknown function u=u(r) and we will obtain u=u(r)i 6yaemo matn:
o=, (30)
r
then TOoAj
do d 4y du 5\ ldu u
—=—{u-rt)==—=rt+ul-r?)===-—=, 31
dr dr( ) dr ( ) rdr r? D)
Let us substitute (29) in (25). MincTaBumo (29) B (25).
2
10 08 S {2l R @)
rdr r? r r r2 J(R =Ry )

du BY , B
E:p{(wo—r—z) r —(wo—r—2)~A(r—RO):|. (33)

v Y
where B=CR,, A=-——¢_— ne B=CR,, A= ——¢__

(Rl_Ro)(pl . (Rl_Ro)‘/’l .

Let us devide variables and integrate Po3ginumo 3MiHHi | npoiHTerpyemo

Idu :pj'ﬂa)o —rﬁzjz r —(a}o —rEzj Alr- Ro)r}dr , (34)

@’ —Aw_)r? 2 2
=p|:( — ) +AR°;’°r +Br(A—2mO)+B——AROBInr}+C1, (35)
r
o’ —Aw_ Ir? 2 2
c=£ (0} ~Aw AR B (A—20,)+ B AR BINT |+ & (36)
r 3 2 r r
Integration constant C, can be found from the Crany iHTerpyBaHHsi C, BWU3Ha4aeMO 3 yMOBU: o, =0
condition: o,_,, =0
o’ -Aw’ RS Aw R® 2
clz_p{( 0 2 0) . “’; 0 +BR0(A—2a)0)+E——ARUBInRO : (37
0
Finally we will obtain: OcTaTo4yHO OTPUMAEMO:
o’ -Aw_r* AR w r? 2
c=£ (@, —Ao, ¥ AR | B (A—20, )+ B AR BInT |-
r 3 2 r
(38)
o’ -Ao’ R Aw R® 2
_p[lef-AopR: + 2R R (A-20,)+2—— AR,BINR,
r 3 2 R,
RESULTS PE3YJ'|.bTATV| . . .
In Fig. 4 (a and b) diagrams of speeds distribution of the Ha oir. 4 (a i 6) HaBedeHi emopu posnoainy
bulk-cargo parts in the transporting area of the screw LUBMAKOCTEN HACTVHOK Matepiany B TPaHCropTylotiv
channel with the following parameters are presented: HaCTuHl TBMHTOBOTO KkaHany LiHeka 3 napametpamit.
screw diameter D=0.1 m, screw shaft diameter d=0.05m piavetp revHTa D=0,1 M, Adiametp Bana reuHTa

d=0,05m, npu pi3HKUX KoedpilieHTax NPOAYKTUBHOCTI

at different efficiency coefficients K, =0,7 (Fig.4a) . )
K, =0,7 (dir. 4a), K, =0,8(cpir. 46).

K, =08 (Fig.4b).
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r,m
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Fig.4- Diagrams of the speeds distribution of bulk-cargo parts in the transporting area of the screw channel at
a)-K,=07;b- K,=08

In Fig. 5 dependences of stresses o, in the end of

the intake area of screw channel on the rate of the
angular motion of the screw for different values of the
efficiency coefficient K, are presented. The necessary

value o, is likely to be equal to the lateral pressure of

the bulk-cargo in the tank, which can be found
analytically [10]. From the presented diagrams it is clear
that in order to provide stable operation of the vertical
screw conveyer it is necessary to provide sufficient
pressure, which can be provided by increasing the tank
sizes or using the forced feeding of the bulk-cargo in the
intake area. Dependence of the efficiency coefficient k,
on the screw rate of angular motion K, is presented in

Fig.6 at o, =2000//a , which corresponds to the

gravitation loading of the screw conveyer. As the
efficiency of the high-speed screw conveyer is
decreased with the increase of the screw rotation
frequency, to provide the desired efficiency of this
transporting means it is necessary to take advantage of
special intake devices.

o,,Pa
7000
6000 e
5000 /"/
4000 =
3000 / _—
— |
— | ,//’/
1000 ——
0
60 70 80 90 100
——Kn=0,65 Kn=0,7 —&-Kn=0,75 =8~ Kn=08]
-1
®,,C

Fig. 5 - Dependence of stresses o, in the end of intake area
of the screw channel on the screw rate of angular motion
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Ha cir. 5. HaBedeHi 3anexHoCTi HanpyXeHb o, B

KiHUi 3abipHOi YacTWHU rBMHTOBOrO KaHany Bi KyTOBOI
LWBWAKOCTI FBMHTaA AN Pi3HMX 3HadeHb KoedoilieHTa

npogyktusHocti K OueBMOHO, WO HeobXxigHa
BENMYMHA o, [OOpPIBHIOE OOKOBOMY TWUCKY CMMKOrO

maTepiany B OyHKepi, SKuA MOXHA  BU3HAYUTK
aHanitmyHum  wnaxom [10]. 3 HaeegeHux rpadikis
BUOHO, WO Ans cTtabinbHOi poboTn BepTUKanbHOro
rBUHTOBOIO KOHBEEpa HeOoOXiQHO CTBOPUTU 3HAYHWN
TUCK, SIKUM MOXHa [ocsarTM 36inbleHHsAM  po3MipiB
b6yHkepa, abo 3acTOCOBYYM MNPMMYCOBY nogayy
cunkoro marepiany B 3abipHy 4acTuHy. 3anexHicTb
koediuieHTy npoaykTmeHocTi K, Bia KyTOBOI LUIBUAKOCTI

1

rBUHTa @ HaBedeHa Ha dir. 6 npu o, =2000/7a , wo
BiANOBiOAA€e rpaBiTaLiiHOMY 3aBaHTAXEHHHK LUHEKOBOIo
TpaHc-nopTepa. Ockinbku NPOOYKTUBHICTb
LUBMAKOXIQHOMO TBUHTOBOrO KOHBEEPA 3MEHLUYEThCS i3
30iNblUEHHSM 4YacToTu obepTaHHA rBMHTA, TO Ans
3abe3neyeHHss HeoOXiAHOT  MPOAYKTMBHOCTI  LbOro
TpaHcnopTHoro 3acoby HeobXigHO BWKOPUCTOBYBATU
cneuianbHi 3abipHi NpUcTpoi.

Kn

0,75 8214

\n

60 65 70 75 80 85 920 95

07

0,65

0,6

-1

w,,C

r

Fig. 6 - Dependence of efficiency coefficient of the screw
conveyer K, , on the screw rate of angular motion



Vol.45, No.1 /2015

CONCLUSIONS

Taking advantage of the obtained solution
algorithm of differential equations, which describe the
movement of bulk-cargo medium under certain
boundary conditions, the picture of distribution speeds
and stresses in the screw channel can be obtained.
Achieving the proposed model makes possible to
develop new designs of intake devices of screw
conveyers and to interpret their efficient parameters.
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BUCHOBOK

BukopuctoBytouM  OTPUMaHWI  anroputM  PO3B’A3KY
AndepeHuianbHMX PiBHSAHb, SIKi OMUCYIOTb PYX CUMKOro
cepefoBva, MNpu  BIANOBIOHUX TPAHUYHUX YMOBaXx
MOXHa OTPUMAaTN KapTWHY PO3NOAINYy LUBMAKOCTEN Ta
HanpyXeHb y rBUHTOBOMY KaHani LWwHeka. Peanisauis
3anpornoHoBaHOI Mogeni Aae MOXIMBICTb po3pobnAtu

HOBi  KOHCTPYKUii 3abipHMX NpPUCTPOIB  IBUHTOBMX
KOHBEEPIB 3  OOrpyHTYBaHHAM iX  pauioHanbHUX
napameTpis
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Abstract: Three-dimensional survey of irregular, as well as
regular solids has recently received significant attention from
the scientific community due to its wide range of applications,
including topics in agricultural engineering as plant-machine
mechanical relationship. The pertinent literature discloses
several methods and techniques to carry out three-
dimensional measurements associated to a wide variety of
cases. Moiré techniques are included in a group of non-
contact and non-destructive methods based on the Moiré
phenomena which generate optical fringes onto the tested
body surface. Moiré methods require simple and low cost
experimental setup, yielding accurate results when compared
to other measuring systems. This work was focused on the
projection Moiré technique with phase shift, employing two
types of optical grids named Ronchi and a sinusoidal one.
Metrological errors of tested techniques as compared with the
Moiré method have been determined as well. This work
demonstrated the best performance of grid frequency
variation through several experiments applied to irregular
solids shape determination as fruits. Body volumes were
compared with conventional techniques as water immersion;
meanwhile linear measures were compared with reading
caliper results. The application of free software such as
ImageJ, RisingSun Moire, Scilab / SIP and routines was
considered very useful to reach the final results.

Keywords: optical three - dimensional surveys, Moiré with
phase shift techniques, volume determination and solid
three-dimensional reconstruction

INTRODUCTION

The Moiré optical techniques are of very broad
application in agricultural fields, especially in agricultural
engineering, as well as in the overall engineering fields.
These applications include micro relief survey of the soil
for tillage quality control, of fruit and vegetables, plant-
machine mechanical relations, and mechanical behavior of
vegetative materials. It worth emphasize the application of
Moiré methods as photo-elastic technique, similarly as the
classic photo-elasticity, as hologram, as speckle and
others. The opportunity of generating scientific knowledge
associated to the Moiré methods applied to agricultural
engineering subjects has motivated this research work,
attempting to the possibilities of generating Digital
Elevation Models (DEM) of regular as well as irregular
surfaces, generating the volume and the three-
dimensional views of the body under study [5].

This research work emphasizes the optical grid
frequency influence on the resulting DEM, discussing on
the advantages and disadvantages of each tested grid
frequency.

Phase shifting Moiré technique is considered a quite
simple method, needing not moving equipment and being
of low cost [10]. It also exhibits high precision and
adaptable to objects of different sizes by just varying the
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Resumo: A medicdo de solidos tridimensionais tem
recebido uma grande atengcdo da comunidade
cientifica, devido a sua ampla gama de aplicagGes.
Porém existem diversos métodos e técnicas para se
obter tais medigOes, este trabalho demonstra a técnica
de moiré que é uma técnica sem contato e nao
destrutiva, com um répido processo de digitalizacédo
cujos fendbmenos de Franjas de Moiré sdo o resultado
da subtracdo da proje¢do de grades sobre um certo
objeto com relag@o as grades projetadas em um plano
referencial. Possui medi¢édo precisa comparavel com a
de outros sistemas. Demonstra também a exatiddo das
técnicas de moiré, sendo dado maior enfoque na
técnica de moiré de projecdo com deslocamento de
fase, e pela utilizacdo de dois tipos de grades a de
Ronchi e senoidal, onde s@o observados os possiveis
erros. Neste trabalho foi comprovado o melhor
desempenho dos tipos e variacdo da frequéncia de
grades incluindo varios exemplos praticos da sua
aplicacdo em sdlidos irregulares (frutos), determinacao
volumétrica de solidos irregulares. Emprego de
“softwares” gratuitos o qual também foi uma
preocupacéo para disseminacdo da técnica, tais como
ImageJ, RisingSun Moiré, SCILAB/SIP e rotinas.

Palavras-chave: técnicas perfilometricas Opticas, técnicas de
moiré com deslocamento de fase, determinagéo de volume
em sélidos e reconstituicdo tridimensional de sélidos

INTRODUCAO

A utilizagdo das técnicas de moiré é de grande
importdncia para diversos segmentos, como na
Engenharia Agricola, envolvendo varios problemas
associados ao estudo da topografia de superficies, o
comportamento mecénico de materiais bioldgicos,
controle da qualidade na operacdo de preparo do solo
baseado na determinacdo do micro relevo, relacdes
mecanicas maquina—planta, etc. Em funcdo da
oportunidade de gerar conhecimento da aplicabilidade das
técnicas de moiré em atividades ligadas a Engenharia
Agricola, motivou-se o desenvolvimento desta pesquisa,
demonstrando assim, que a técnica de moiré pode ser
aplicada com resultados satisfatérios na geracdo de
Modelos Digitais de Elevacdo de superficies regulares e
irregulares, gerando a reconstituicdo de sdlidos ou
superficies em trés dimensfes [5], juntamente, com a
obtencao de medicdo volumétrica.

A pesquisa aborda as variagbes nos tipos e
frequéncias das grades, demonstrando comparag6es nos
resultados obtidos, bem como as vantagens e
desvantagens de cada uma, comprovando que a
sensibilidade depende principalmente do periodo do
reticulo da grade.

Em pesquisas anteriores ndo foi constatada nenhuma
evidencia de que o tipo de grade influenciava na
reconstituicdo tridimensional e na medicao volumétrica. A
Técnica de moiré com Deslocamento de Fase (Phase
shiffing) € uma técnica muito simples, ndo possui pecas
moveis e é de baixo custo [10]. Além disso, tem alta
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grid period [1]. A variation of that method was developed,
by projecting onto the body surface a sinusoidal grid
pattern with codified RGB colors, obtaining, that way, the
DEM by phase shifting, requiring not more of one image.

The results can be influenced by color of the object
being tested, indicating that the method is recommended
for bodies of neutral colors [1, 14, 15]. [3] reports the
application of the RisingSun Moiré program to calculate
the phases, generating the wrapped phase image, as well
as to obtain the unwrapped image to generate the DEM of
a pear fruit model. [8] and [9] developed algorithms for the
MATLAB program to calculate the phases and the
unwrapping procedures, eliminating the steps by adding or
subtracting ™ values and by comparing a pixel with its
neighboring one the differences with that value, positive or
negative, respectively are found.

[11] described the Phase Shifting Method applied to
Shadow Moiré, emphasizing the need of 04 images of
Moiré fringes. At each image, the object is approximated
or distanced from the reference grid (Rg), displacing the
Moiré fringes by 1/2m, 11 and 3/2m of phase. However,
when 04 images are employed and displaced by m/2, the
light intensity at each one of these images is described by
the following equation.

1L(xy y

,(x y)=a(x,y)-
L,(xy)=a(xy)-
L(x y)=a(xy)-

Where a(x, Y) stands for light intensity of the
background at each image point, b(X, Y) stands for

modulation intensity at image point and ¢ stands for the
phase to be determined. [13] demonstrated that phase
term, COS¢@, for each point of the image comes from the
simultaneous solution of these 4 equations

-

For each 3 images displaced by 1 /3, the phase term
can be obtained through the Equation 6.

-

For the 5 images displaced by 1 /5 the phase term
can be obtained through the Equation 7.

-

[2, 8, 9, 11] reported the application of phase shift
method to the shadow Moiré with 4 images At each
image, the object is approximated or distanced from the
reference grid (Rg), displacing the Moiré fringes by 1/2m,

—a(x, y)—b(x, y)cosg(x, y)
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precisdo e facilidade de adaptacdo a objetos de varios
tamanhos e texturas apenas variando o periodo das
franjas projetadas [1]. Para melhorar e contornar este
problema, foi desenvolvida uma variagdo desta técnica
em que se projeta padrdo de grades senoidais com cores
codificadas no espectro RGB, de modo que, com apenas
uma imagem, e aplicando a técnica de deslocamento de
fase obtive-se o MDT dos objetos.

Porém os resultados podem ser influenciados pela
coloracéo do objeto, sendo, portanto indicada apenas para
objetos com colora¢do neutra [1, 14, 15]. [3], utilizou um
programa computacional especifico (RisingSun Moiré) para
fazer o calculo das fases, gerando o mapa de fases
empacotadas, e também para o desempacotamento de
fases gerando o MDT de uma modelo de pera feito de cera
[8] e [9], desenvolveram algoritmos para programa
MATLAB, com a finalidade de fazer o célculo das fases e o
desempacotamento isto é, elimina os degraus, pela soma
ou subtracdo de valores de 11, e comparando um “pixel’com
0 seu vizinho encontra-se diferencas com esse valor,
negativos ou positivos respectivamente.

[11], descrevendo o Método de Mudangca de Fase
aplicado & técnica de moiré de Sombra informa que sdo
necessarias 4 imagens das franjas de moiré. Em cada uma
delas as o objeto é aproximado ou afastado do Reticulo de
referencia (Rr) de maneira a produzir deslocamentos das
franjas de moiré 1/21, 11 e 3/21 de fase. Quando se usa 4
imagens deslocadas de 11/2, a intensidade luminosa em cada
uma das imagens é descrita pelas equagoes:

1)
b(x, @
b(x, y)cos[ +¢(x, y)]

b(x, y)cos[3z/2+¢(x,y)]

y)eoslz/2+4(x,y)]
@
y

(4)
Onde a(x, y) € a intensidade luminosa do fundo em

cada ponto da imagem, b(X, y) € a intensidade de

modulacdo em cada ponto da imagem, ¢ é a fase a ser

determinada. [13], demonstra que resolvendo as 4
equacgdes simultaneamente, pode se obter o termo fase (

COS @) para cada ponto da imagem:

]
(,6x ) (1,x) o

Para 3 imagens deslocadas de m /3, o termo fase
pode ser obtido pela equacéo 6.

)=l
(66100 9) o

E Para 5 imagens deslocadas de 1 /5, o termo fase
pode ser obtido pela equacéo 7.

2('2()(' y))_ (|4(X' y))
2(15(x y))- (15 (x, ¥)) = (15(x.y))

[2, 8, 9, 11] aplicando 0 método de deslocamento de fase

a técnica de moiré de sombra utilizaram 4 imagens das franjas

de moiré. Em cada uma delas o objeto é aproximado ou

afastado do reticulo de referencia (Rr) de maneira a produzir

()
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1m and 3/2m of phase.

[13] emphasizes some advantages of these techniques
when compared to the techniques supported by this one:
high precision, quickness, good results even with low
contrast.

MATERIAL AND METHODS

Volume measurement through the Moiré technique
included a PC, a LCD projector, a CCD camera coupled
to a Data Translation model DT313 data capturing
board and the Global Lab Image2 of the Data
Translation for image capturing. Six rubber cylinders
and resin made fruit models for volume tests. Two types
of grids, Ronchi and sinusoidal with 100 and 200 lines
per millimeter, projected a distance of 1 meter. Four
images were captured displaced of 90°. Four images of
Moiré fringes were captured, referred as I1, 12, 13 and
14, displacing the grid in the Z direction from the
reference grid which generated displacement from the
fringes of 0. 1/4m, 1/2 7 and 3/41m. From these images,
the “RISING-SUN MOIRE” software generated the
wrapped phase. The phase unwrapping produced the
digital model of the fruit. The obtained image is qualified
as a “raster” which color varies from zero to 255, i.e.
256 color levels corresponding to Z values. The
measure by immersion is based on the volume of liquid
displaced by the testing body as shown on Figure 1.
Two types of optical grids were applied, the sinusoidal
grid and the Ronchi grid.

Liquid

RESULTS AND DISCUSSIONS

Figure 2, (a), (b), and (c) shows the projected grid onto
a the surface of an apple fruit model, the topographic view
expressed in gray scale and digital elevation model,
respectively. Table 01 shows the volume values as
generated by the immersion technique. Table 02 shows
the fruit volumes as obtained by the phase displacement
Moiré method and processed by the Scilab. These volume
values include the mean error obtained by means of
fluid
error

calibrating object of regular geometry. The

the
calculation. Errors were applied to correct the sample

displacement techniqgue also generated

dimensions.

a) b)
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gerar das franjas de moiré deslocadas1/21, 11T e 3/21 de fase.

[13] cita algumas vantagens dessas técnicas, quando
comparadas as técnicas as quais essas auxiliam, as
quais sdo: alta precisdo, rapidez e bons resultados
mesmo com baixo contraste das franjas.

MATERIAL E METODOS

O arranjo experimental foi constituido por um
computador com processador Core 2 Duo, de 2,2GHz,
com 1GB de memoéria RAM, ao qual foi acoplado um
projetor LCD e uma camera CCD. Sendo o projetor da
marca NEC, modelo VT560, com resolucdo de 1024
colunas por 768 linhas. A camera CCD, marca
SAMSUNG, modelo SDC-312, em cores, com resolucao
de 640 colunas por 480 linhas, acoplada a uma placa de
captura de imagens marca Data Translation, modelo
DT313. Para a captura e tratamento das imagens utilizou-
se o software Global Lab Image2 da Data Translation.
Foram feitas projegbes de dois tipos de grades: a
senoidal e Ronchi, com duas variagfes de frequéncias
cada, sendo-as de 100 linhas por mm e 200 linhas por
mm. Foram obtidas quatro imagens das franjas de moiré
(11, 12, 13 e 14). Entre elas, a grade é deslocada na
direcdo Z (afastada do reticulo de referéncia) distancias
que produzam deslocamentos das franjas de moiré de 0,
1/41r, 1/2 e 3/41. O modelo final € uma imagem do tipo
“‘raster” onde as cores variando de 0 a 255, isto &, 256
niveis de cores ou tons de cinza, correspondem as cotas
ou aos valores de z.

The solid volume is
equal to the difference
between both results

Fig. 1 — Volume Determination Method by Fluid Displacement

RESULTADOS E DISCUSSAO

Foi utilizado o método de deslocamento de fluido, onde
foram obtidos os seguintes valores volumétricos
encontrados na Tabela 1. Utilizando o software Scilab
através de rotinas foram calculados os volumes do fruto
conforme mostrados na Tabela 02 e comparados com 0s
medidos através do deslocamento de fluido. Sendo que
os valores obtidos no item TM s&o valores diretos obtidos
Através da técnica de moiré por deslocamento de fase e
tratados no scilab obtendo o volume da amostra, o valor
do erro médio utilizado é obtido através de um objeto que
foi utilizado como calibrador cujas dimensbes séo

conhecidas e que posteriormente foram utilizadas para
calcular a variagdo sendo similar ocorrido com a medi¢édo
de volume por deslocamento de fluido onde o valor do
erro médio utilizado é também o do objeto calibrador que
posteriormente foi utilizado para calcular a variagdo e
corrigindo os valores das amostras.

Fig. 2 - (a) projection of fringes in the sample, (b) increase in MDE, (c) three-dimensional model
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Fig. 3 - Result of subtraction of the grid plan with the sample

Fig. 4 - Result of subtraction of the grid plan with filtered sample image

Table 1
Volume obtained by immersion
Replication 1 Replication 2 Replication 3 Replication 4 Replication 5 Mean Mean (mms3)
(ml) (ml) (ml) (ml) (ml) (ml)
400 380 400 390 390 392 392000
Table 2
Volume of the fruit model obtained through the Moiré method
. 100lines/mm 100lines/mm 200lines/mm 200ines/mm 3
Fruit Model Ronchi (mm3) Senoidal (mms3) Ronchi (mm3) Senoidal (mm3) Mean (mm?)
™ 392201.520 389125.730 388780.070 386896.520 389250.960
Mean error (%) 3.91 2.21 1.86 0.61 1.340
Variation 15335.079 8599.679 7231.309 2360.069 5215.963
Corrected value 37866.441 380526.051 381548.761 38.536.451 384034.997
D'S‘fl';‘flenfg'“'d 392000,000 392000,000 392000,000 392000,000 392000,000
Mean error (%) 1.9 1.9 1.9 1.9 1.9
Variation 7448 7448 7448 7448 7448
Corrected value 384552,000 384552,000 384552,000 384552,000 384.552,000
VEGEER) o EE 7685.559 4025.949 3003.239 15.549 517.003
Methods
Yo ol delleiion gz 1.998574817 1.046919177 0.780970923 0.004043347 0.1344429
correction
The adjustment of variation between methods led to a _ Foi aferida a variagéo entre os métodos obtendo-se um
| £0.13i i Fi 5 6 and 7 refer to th indice de 0,13 pontos percentuais médio entre as técnicas.
VRIS @ QL) (I [IEiEnzlge. [HEIEs 9, © sl 7 [SIEr U0 uie Logo a seguir tem-se a reconstituicdo tridimensional da

maga utilizando as quatro variacdes sendo-as de tipos de

three-dimensional reconstitution of the apple fruit model
grade e espessura.

as obtained by grid variation.

Fig. 6 — Three-dimensional reconstruction of the fruit model

Fig. 5 — Three-dimensional reconstruction of the fruit model
model by the 100 lines/mm with sinusoidal grid

by the 100 lines/mm Ronchi grid
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Fig. 7 - — Three-dimensional reconstruction of the fruit model

by the 100 lines/mm Ronchi grid of 200 linhas/mm
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Fig. 8 - Three-dimensional reconstruction of the fruit
model by the 200 lines/mm with sinusoidal grid

4 N\
~— ——
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=}
3 —— Linear (TM)
Grades
- J

Fig. 9 - Correlation between the measured values

Referring to three-dimensional reconstitution the
obtained results were shown to be satisfactory and useful
to determine fruit volume. The application of different grids
indicated the sinusoidal grid to generate better results.

CONCLUSIONS

Based on what it has been exposed before it can be
concluded that Moiré method yields satisfactory results
in determining fruit topography. These techniques
allowed the determination of surface digital models;
however they require specific computer programs.
Sinusoidal grid with greater line density yielded better
three-dimensional reconstruction. The Moiré method
with phase displacement was noted to be of quick
execution, causing no bruising on the testing material,
mainly the results generated by the sinusoidal grid of
higher density.
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FREE SURFACE EQUATION OF BEER WORT IN A ROTAPOOL
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ECUATIA SUPRAFETEI LIBERE A MUSTULUI DE BERE IN ROTAPOOL
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Abstract: In this paper is presented a mathematical
model that allows an analytical description of the free
surface of the beer wort in a rotapool. The free surface
of the beer wort in the rotapool has the equation of a
rotation paraboloid. The developed mathematical
model has allowed, using the Microsoft Excel program,
plotting variation graphs after radial direction of the
liquid height, for different supply conditions of beer
wort and different typo-dimensional vessels.

Keywords: mathematical model, rotapool, free surface,
beer wort, hydrodynamic process

INTRODUCTION

Beer wort boiled with hops contains hops draff in
suspension and precipitates formed during wort boiling,
which is called "hot trub”, with particles of 30-80 pm,
containing a quantity of 40-80 g d.s./hl of wort [11, 13].

The study of the wort, yeast and beer fermentation, its
manufacturing technology, have been studied in
numerous papers [1, 2, 3, 5, 6, 8, 9] in order to determine
if the new equipment can influence the flavor of beer [4],
if the baker's yeast influence the formation of fungi [7] or
if the wort fermentation by increased gravity has an
influence on the metabolism [10, 12].

Hot trub can be separated by sedimentation,
centrifugation, filtration or, more commonly, by a process
of complex hydrodynamic separation in a vessel called
rotapool (Fig. 1), cylindrical-shaped and closed, into
which the hot wort is introduced tangentially at velocities
of up to 5 m/s through a connection (nozzle) 1, located in
the lower third of the vessel. The vessel body and bottom
are isolated, in order to maintain a high temperature 6 of
the wort in the process of trub separation, through
isolation 2.

Rezumat: /n cadrul acestei lucrdri, este prezentat un
model matematic care permite descrierea analiticd a
suprafetei libere a mustului de bere in rotapool.
Suprafata liberd a mustului de bere in rotapool are
ecuatia unui paraboloid de rotatie. Modelul matematic
elaborat a permis, folosind programul Microsoft Excel,
trasarea graficelor de variatie dupa directia radiald a
indltimii lichidului, pentru diverse conditii de alimentare cu
must de bere si diverse tipo-dimensiuni de vase.

Cuvinte cheie: model matematic, rotapool, suprafata liberd,
must de bere, proces hidrodinamic

INTRODUCERE

Mustul de bere fiert cu hamei contine in suspensie borhotul
de hamei si precipitate formate in timpul fierberii mustului,
care poarta denumirea de "trub la cald”, avand particule de
30-80 um, fiind in cantitate de 40-80 g s.u. / hl must [11, 13].

Studiul mustului, drojdiei si fermentarea berii,
tehnologia de fabricare a acesteia, au fost studiate n
numeroase lucrari [1, 2, 3, 5, 6, 8, 9] pentru a se
determina daca echipamentele noi pot influenta aroma
berii [4], daca drojdia din brutarii influenteaza formarea
ciupercilor [7] sau ce influenta asupra metabolismului o
are fermentarea mustului prin gravitatie ridicata [10, 12].

Trubul la cald se poate separa prin sedimentare,
centrifugare, filtrare sau, cel mai adesea, printr-un
procedeu de separare hidrodinamica complexa, intr-un
vas numit rotapool (Fig. 1), care este de forma cilindrica,
nchis, in care mustul fierbinte este introdus tangential cu
viteze de pana la 5 m/s printr-un racord (duza) 1, situata
in treimea inferioara a vasului. Corpul si fundul vasului
sunt izolate, pentru a mentine temperatura ridicata a
mustului 6 n procesul de separare a trubului, prin
intermediul unei izolatii 2.

/3

X\ X

Fig. 1 — Vessel for hydrodynamic separation of hot trub from the beer wort
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After 20-40 minutes, as long as it takes the separation
process [11, 13], the wort is discharged through the
connection 3, while trub 5 accumulated at the bottom of
the vessel is discharged through the connection 4, mixed
with the washing water introduced into the vessel through
the connection 9. The vessel is also fitted with a basket 8
for secondary steam evacuation and a sight 7.

Due to the complex hydrodynamic process taking
place in the rotapool, the free surface of beer wort is not
plane, having the shape of a rotation paraboloid.

The isolation of the vessel walls must cover entirely
the contact surface between wort and walls, in order to
reduce heat exchange with the outside environment and
to maintain a high temperature of the wort in the vessel.
But, during the working process, the height of the liquid
on the lateral walls increases, so, due to that fact, at
present, isolation width remains constant up to the top of
the vessel.

Deducting the free surface equation of the liquid in the
rotapool, the maximum height of the liquid in the vessel
walls can be inferred, from which the above no longer
requires an isolation of the same consistency.

MATERIALS AND METHOD

The equation defining the shape of the free surface of
beer wort in the rotapool can be deduced based on the
following assumptions:

- the effect of beer wort viscosity is neglected;

- the velocity of beer wort is maximum near the wall,
being directly proportional with the horizontal
component of liquid input velocity in the vessel;

- the study refers to the final stage of trub separation
process, when the volume of liquid in the vessel
reaches the nominal value.

The wort is placed in the lower third of the vessel,
tangential to its body, with velocity vi=2-5 m/s and an
angle a = 15°, supply that prints a rotation movement of
the liquid in the vessel, forming upward currents in the
central area of the vessel and descending currents at the
periphery, transporting and deposing trub particles in the
central area of the vessel bottom (Fig. 2).
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Dupa 20-40 minute, cat dureaza procesul de
separare [11, 13], mustul este evacuat prin racordul 3,
iar trubul 5 depus pe fundul vasului, este evacuat prin
racordul 4, in amestec cu apa de spalare introdusa in
vas prin racordul 9. Vasul mai este prevazut cu un
cos 8 pentru evacuarea aburului secundar si cu un
vizor 7.

Datoritda procesului hidrodinamic complex care se
desfasoara in rotapool, suprafata libera a mustului de
bere nu este plana, ci este de forma unui paraboloid de
revolutie.

Izolatia peretilor vasului trebuie sa acopere intreaga
suprafatd de contact dintre must si pereti, pentru a
reduce schimbul de caldurd cu mediul inconjurator si
pentru a mentine temperatura ridicatda a mustului in vas.
Dar, in procesul de lucru, Tnaltimea lichidului pe peretii
laterali creste si de aceea, in prezent, vasele au izolatii
cu aceeasi grosime pana la partea superioara a vasului.

Deducéndu-se ecuatia suprafetei libere a lichidului Tn
rotapool se va putea deduce care este inalfimea maxima
a lichidului pe peretii vasului, de la care in sus nu se mai
impune o izolatie de aceeasi consistenta.

MATERIALE S| METODA

Ecuatia care defineste forma suprafetei libere a
mustului de bere in rotapool se deduce pe baza
urmatoarelor ipoteze:

- se neglijeaza efectul vascozitatii mustului de bere;

- viteza mustului de bere Tn zona peretelui este
maxima, fiind direct proportionalda cu componenta
orizontala a vitezei de introducere a mustului in vas;

- studiul se refera la etapa finala a procesului de
separare a trubului, cand volumul de lichid din vas
ajunge la valoarea nominala.

Mustul este introdus in vas in treimea inferioara,
tangential la corpul acestuia, cu viteza vi=2-5 m/s si sub
un unghi a = 15°, alimentare care imprima o miscare de
rotatie a lichidului in vas, luand nastere curenti
ascensionali la partea centrald a vasului si coboratori la
periferie, care transportd si depun particulele de trub in
partea centrala a fundului vasului (Fig. 2).

h1

l
o

h2

|
-

Z1
Zo

S
|
|
|
|
|
|
|

D

Fig. 2 — Calculus model for the free surface of the wort in the rotapool

Theoretical tangential velocity of the liquid in the
vessel, on its periphery, is calculated from velocity v,
angle a and a decrease coefficient of the velocity in the
vessel k=0,3-0,5, with the equation:

Viteza teoretica tangentialda a lichidului in vas, la
periferia acestuia, se calculeaza in functie de viteza v|, de
unghiul a si un coeficient de scadere a vitezei lichidului in
vas k=0,3-0,5, cu relatia:

v=k-v,-cosa=R-® (1)

from which it results the angular velocity of the liquid in

din care rezulta viteza unghiulara a lichidului in vas:
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the vessel:

On the free surface of the beer wort (Fig. 3) are acting

the centrifugal force Fc and weight G:

with the resultant N normal to the surface (Fig. 3).
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k-v,-cosa
o=
R

Pe suprafaia libera a mustului de bere (Fig. 3)
actioneaza forta centrifuga F. si greutatea G:

)

F.=m-r-o ®3)
G=m-g (4)

care au rezultanta N normala la suprafata (Fig. 3).

Z
®
‘FC
We
| °IN
Z ‘ r

|
|
|

Fig. 3 — Force components

dz

AZ

\ S

Fig. 4 — Element on the free surface of liquid

From figures 3 and 4, equation (5) can be written:

tge:i

Considering that the velocity distribution is linear:

it results:

By integrating relation (7) it results:

Idz=

respectively:

Analizand figurile 3 si 4 se poate scrie relatia:

mr-o r-o d
=== —=— (5)
m-g g dr
Considerand distributia de viteze liniara:
V=r-m (6)
rezulta:
2
dz=""2.dr @
g
Prin integrarea relatiei (7) rezulta:
2 2
r .
® 'drzm—-jr'dr 8)
g g

respectiv:
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r--m
1—1p = 9
0= g 9)
so the free surface equation of the beer wort in the din care rezultd ecuatia suprafefei libere a mustului de
rotapool has the following form: bere in rotapool sub forma:
2
727 +——.r? (10)
2-9
equivalent to the equation: care este echivalenta cu ecuatja:
2
2=17,+ -(x2+y2) (11)
g
Zo can be deduced from the following conditions: Valoarea zo se deduce punand conditiile:
2
r=R = z=H+h =z5+——-R? (12)
2.0
r=0 = z=z,=H-h, (13)
it results: din care rezulta:
2
Zg=H--2_.R? (15)
4.9
Given the relation (15), equations (10) and (11) will Tinadnd cont de relatia (15), ecuatiile (10) si (11) vor
have the final form: avea forma finala:
2 p2 2
‘R r
7=H-2 " J1-2.1 (16)
4.9 R?
2 p2 2 2
‘R X<+
2=H-2 T 1 X Y (7
4.9 R
RESULTS REZULTATE

The mathematical model developed in this paper has Modelul matematic elaborat in cadrul prezentei lucrari a
allowed obtaining data which were processed in permis obtinerea unor date care au fost prelucrate in Microsoft
Microsoft Excel and plotting variation graphs after radial Excel si au permis trasarea graficelor de variatie dupa
direction of the height of the points on the free surface directia radiala a inalfimii punctelor de pe suprafata libera a
of beer wort, for various supply conditions of beer wort mustului de bere, pentru diverse conditii de alimentare cu
and various typo-dimensional vessels. must de bere si diverse tipo-dimensiuni de vase.

Three different vessels were studied, with diameters of Au fost studiate trei vase diferite, avand diametru de
3 m, 2 m and 1 m, for which, in all cases, the liquid height 3m, 2 m si 1 m, la care, in toate cazurile, indl{imea H a
H was 1 m. The liquid input velocity in the vessel was lichidului a fost de 1 m. Viteza de introducere a lichidului
3m/s, 4 m/s and 5 m/s. in vas a fost de 3 m/s, 4 m/s si 5 m/s.

Variations in liquid height after radial direction in the Variatia inaltimii lichidului dupa directia radiala in cele trei
three vessels, for three different input velocities of beer vase studiate, pentru cele trei viteze diferite de introducere a
wort in the rotapool, are shown in figures 5 and 6. mustului de bere Tn rotapool, este prezentata in figurile 5 si 6.

1,20
1,10 /
% 1,00
] ——Vv =3 m/s
0,90 J’_y‘/ —= v =4 m/s[]
./ —=— v |I=5m/s
0,80
0,00 0,50 1,00 1,50
r[m]
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Fig. 5 — Variation in liquid height after radial direction in vessels of radius R=1,5 m, R=1 m, R=0,5m,
for three velocities v,
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Fig. 6 — Variation in liquid height after radial direction, after entering the vessel
with velocities vi=3 m/s, v=4 m/s, vi=5 m/s, for three radius R
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CONCLUSIONS

The free surface equation of beer wort in the
rotapool, deduced in this paper, has the expressions
(16), respectively (17), representing a rotation
paraboloid.

Figures 5 and 6 show that regardless of the vessel
diameter, for the same liquid height H and the same
liquid input velocity in the vessel vl, the maximum beer
wort height in the rotapool is the same.
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CONCLUZII

Ecuatia suprafetei libere a mustului de bere in
rotapool, dedusa in cadrul prezentei lucrari, are expresia
(16) respectiv (17), reprezentdnd un paraboloid de
rotatie.

Din figurile 5 si 6 rezulta ca indiferent de diametrul
vasului, pentru aceeasi inalfime H a lichidului si aceeasi
viteza de introducere a lichidului in vas vl, Tndl{imea
maxima a mustului de bere in rotapool este aceeasi.

BIBLIOGRAFIE

[1]. Boulton C, Quain DE. (2001) - Drojdia si fermentarea
berii, Oxford: Blackwell Science Ltd.;

[2]. Briggs D.E., Chris A. Boulton, Peter A., Stevens B.
and Stevens R. (2004) - Stiinta si practica fabricérii berii,
Editura Woodhead Limited, Abington Hall, Abington,
Cambridge CB1 6AH, England;

[3]. Kiselev P.G., (1988) - indreptar pentru calcule
hidraulice, Editura Tehnica, Bucuresti;

[4]. Meilgaard M. (2001) - Efectele asupra aromelor ale
inovafilor in echipamentele si procesarea berii: O
sinteza, Jurnalul Institutului de Bere 107:271-86;

[5]. NarziB L., (1980) — Tehnologii de fabricare a berii,
Ferdinand Enke Verlag, Stuttgart;

[6]. Padureanu V. (2001) - Utilaje pentru fabricarea berii,
Editura Universitatii “Transilvania” Brasov;

[7]. Reynolds TB, Fink GR. (2001) - Drojdia din brutarii,
un model pentru formarea ciupercilor biofilm, S$tiinta
291:878-81;

[8]. Rus, Fl. (2001) - Operatii de separare in industria
alimentara, Editura Universitatii Transilvania, Brasov;

[9]. Rus, Fl. (2001) - Bazele operatiilor din industria
alimentara, Editura Universitatii Transilvania, Brasov;
[10]. Stewart GG. (2001) - Fermentarea mustului prin
gravitatie ridicatd — influenta sa asupra metabolismului si
morfologiei drojdiei, Lucrarile Conventiei Congresului
European de fabricare a berii, Capitol 36;

[11]. Stroia I., Birig S.$t., Begea M., (1998) - Utilaje
pentru industria maltului si a berii, Editura CISON,
Bucuresti;

[12]. Verstrepen KJ, Derdelinckx G, Verachtert H,
Delvaux FR. (2003) - Floculatia berii: ce trebuie s& stim
despre fabricarea berii, Microbiologie si biotehnologie
aplicata 61:197-205;

[13]. *** (1999) - Manualul inginerului de industrie
alimentara, Vol. 2, Editura Tehnica, Bucuresti.



Vol.45, No.1 /2015

INMATEH-- dq ricultural cgnqmcctmq

RESEARCHES ON HORTICULTURAL PRODUCTS DECONTAMINATION DESIGNED TO
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Abstract: Consumed in fresh-state, horticultural
products can be carriers of some optional pathogenic
microorganisms: bacteria, yeasts, molds. These
microorganisms can cause either loss of horticultural
products in the storage process, due to the post harvest
decay process or food-borne diseases with direct
effects on consumer human health. In this context, the
paper presents experimental researches on the possibility
of using non-ionizing ultraviolet radiation UV-C within the
conditioning technologies of horticultural products, by
investigating the capability of an experimental model of
installation for the decontamination of external surfaces of
horticultural products, to apply the minimum dosage
recommended for the destruction of the most
representative pathogens.

Keywords: post harvest treatment,, UV-C radiation, fruits
and vegetable, shelf-life

INTRODUCTION

Fruits and vegetables play an important role in the
human nutrition. The nutritive value of horticultural
products consumed in fresh-state, is given especially by
large quantities of vitamins which they synthesize.
Vitamins are biocatalysts of life processes, essential for
life, their absence from the human metabolism causing
serious functional disorders. The failure of keeping the
vitamins into the body, implies the need for a permanent
intake in daily food components. For the continuos supply
of fresh fruits and vegetables, it is necessary to extend the
shelf-life of these products, to eliminate the seasonality of
consumption, to get closer the production areas to the
consumption ones, to reduce as much as possible the loss
due to the degradation of perishable food products.

Consumed in fresh-state, horticultural products can be
carriers of some optional pathogenic microorganisms:
bacteria, yeasts, molds. These microorganisms can cause
either loss of horticultural products in the storage process,
due to the post harvest decay process or food-borne
diseases with direct effects on consumer human health.
Losses of horticultural products, due to the post-harvest
decay process, are at the level of 10-50% depending on
the degree of development of the area and the facilities for
temporary storage. In order to limit these losses, there
have been used synthetic fungicide substances. Residues
of these substances, which remain on the surface of
horticultural products, after treatment, are considered a
potential threat to consumer health and especially children
[9].
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Rezumat: Consumate in stare proaspétd, produsele
horticole pot fi purtatoare ale unor microorganisme
facultativ patogene: bacterii, drojdii, mucegaiuri. Aceste
microorganisme pot provoca fie pierderi de produse
horticole la  pastrare, datorate  procesului de
descompunere postrecoltare, fie imbolnaviri sau toxinfectii
alimentare cu efecte directe asupra sanatatii
consumatorului uman. In acest context, lucrarea prezinta
cercetari experimentale privind posibilitatea de utilizare a
radiatiei  ultraviolete neionizante UV-C in cadrul
tehnologiilor de conditionare a produselor horticole, prin
investigarea capabilitati unui model experimental de
instalatie pentru decontaminarea suprafetelor exterioare
ale produselor horticole, de a aplica dozele minime de
radiatie recomandate pentru distrugerea celor mai
reprezentativi agenti patogeni.

Cuvinte cheie: tratament post recoltare, radiatie UV-C,
fructe si legume, perioada de valabilitate

INTRODUCERE

Fructele si legumele joaca un rol important in
alimentatia umana. Valoarea nutritvd a produselor
horticole consumate in stare proaspata este data in
special de cantitatile importante de vitamine pe care le
sintetizeaza. Vitaminele sunt biocatalizatori ai proceselor
vitale, indispensabile vietii, absenta lor din metabolismul
uman producand grave  tulburari  functionale.
Imposibilitatea de pastrare in organism a vitaminelor,
implicda necesitatea unui aport permanent in
componentele alimentare zilnice. Pentru aprovizionarea
continua cu fructe si legume proaspete, este necesar sa
se prelungeasca durata de pastrare a acestor produse,
sa se elimine cat mai mult caracterul sezonier al
consumului, sa se apropie zonele producatoare de cele
consumatoare si sa se reduca intr-o masura cat mai
mare pierderile prin degradarea produselor alimentare
perisabile.

Consumate in stare proaspata, produsele horticole
pot fi purtatoare ale unor microorganisme facultativ
patogene:  bacterii, drojdii, mucegaiuri.  Aceste
microorganisme pot provoca fie pierderi de produse
horticole la pastrare, datorate procesului de
descompunere postrecoltare, fie Tmbolnaviri sau
toxinfectii alimentare cu efecte directe asupra sanatatii
consumatorului uman. Pierderile de produse horticole,
datorate procesului de descompunere postrecoltare, se
situeaza la nivelul a 10-50 % in functie de gradul de
dezvoltare al zonei respective si facilitatiie de pastrare
temporara. In vederea limitarii acestor pierderi, s-au
utilizat substante fungicide sintetice. Reziduurile acestor
substante, care raman pe suprafata produselor horticole
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Alternative methods to fungicide treatments have been
studied in order to prevent horticultural products losses in
the post harvest phase. Within these methods the
applications of biological control agents, plant bioactive
compounds and physico-chemical methods showed
interesting results but still far from a practical application in
Europe. Despite the substantial progress obtained with
biological control agents, the use of them is limited due to
their insufficient and inconsistent performance. The use of
plant bioactive compounds has shown that the treatment
conditions (concentration, form of application, time of
treatment, etc.) can deeply influence their efficacy. A
barrier to use the plant bioactive compounds may not be
the efficacy, but rather the off-odours caused in
horticultural products and/or the phytotoxicity. Physico-
chemical methods include heat, ionising radiation,
ultraviolet UV-C radiation and food additives which induce
the resistance to pathogens [13].

Conventional thermal methods of food sterilizarion
are unsuitable for fruits and vegetable destined for
fresh consumption because of the heat which causes
inevitable changes of color, smell, flavor and a loss of
nutritional value [12].

Recent research has identified a number of energy-
based alternative technologies to improve the safety of
fresh and fresh-cut fruits and vegetables: ultraviolet
radiation, electron-beam irradiation, technology with
pulsed visible light and technology with cold plasma. In
some cases, such as UV light, these technologies have
a substantial database of information regarding the use
in other domains, and can be adapted to use with fresh
produce. In other cases, such as with electron-beam
irradiation, advances in technology need new
researches. Other technologies, such as pulsed visible
light and cold plasma, are newer areas of research that
hold promise as antimicrobial processes which can
reduce the viability of bacterial pathogens on fresh
products.

Within the methods earlier mentioned, a special
potential has the use of non-ionizing ultraviolet
radiation UV-C. The wavelength range that varies
between 200 and 280 nm, which is considered lethal to
most types of microorganisms, affects the DNA
replication of these microorganisms [3], [4]. Non-
lonizing UV radiation can cause breaks of molecular
chemical bonds and can induce photochemical
reactions. The biological effects of UV radiation depend
on the wavelength and the exposure time. UV-C
ultraviolet radiation is already successfully used in
various fields such as medicine (decontamination of air
and medical instruments), environment (wastewater
treatment), packaging industry (decontamination of
packaging for various food products) etc. Worldwide,
there are initiatives in using this method for
decontaminating the outer surfaces of food products.
As a postharvest treatment on fresh produce, UV-C
irradiation has been proven beneficial to reduce
respiration rates, control rot development, and delay
senescence and ripening in different whole or fresh-cut
fruits and vegetables, such as apples, citrus, peaches,
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dupa tratare, sunt considerate o amenintare potentiala la
adresa sanatatii consumatorilor si in mod special a
copiilor [9].

Au fost studiate, de asemenea, metode alternative la

tratamentele cu fungicide, in vederea prevenirii
pierderilor de produse horticole in perioada
postrecoltare. In cadrul acestor metode, utilizarea

agentilor de control biologic, compusilor bioactivi obtinuti
din plante si metodelor fizico-chimice au obtinut rezultate
interesante dar inca departe de o aplicare practica in
Europa. In ciuda progresului substantial obtinut in
privinta agentilor de control biologic, utilizarea acestora
este limitata datorita performantelor insuficiente si
inconsistente obtinute. Utilizarea compusilor bioactivi
obtinuti din plante a aratat faptul ca eficienta lor poate fi
infuentata de conditiile de tratament (concentratie, forma
de aplicare, timp de tratament etc.). Un obstacol in calea
aplicarii nu este reprezentat de eficienta metodei ci de
mirosurile nespecifice si/sau fitotoxicitatea induse
materialului horticol. Categoria metodelor fizico-chimice
include utilizarea caldurii, radiatiei ionizante, radiatiei
ultraviolete UV-C si aditivilor alimentari ce induc
rezistenta la agentii patogeni [13].

Metodele termice conventionale de decontaminare
sunt improprii utilizarii pentru fructe si legume destinate
consumului in stare proaspata datorita caldurii care
produce modificari permanente ale culorii, mirosului,
aromelor si pierderi ale valorii nutritionale [12].

Cercetarile recente au identificat o serie de tehnologii
alternative bazate pe energie pentru a imbunatati
siguranta fructelor si legumelor proaspete si proaspat
taiate: radiatia ultravioleta, iradierea cu fascicul de
electroni, tehnologia cu impulsuri de radiatie luminoasa
vizibila si tehnologia cu plasma rece. In unele cazuri,
cum ar fi radiatia ultravioleta, aceste tehnologii au o baza
de date substantiala de informatii privind utilizarea in alte
domenii, si pot fi adaptate pentru a fi utilizate pentru
produsele proaspete. in alte cazuri, cum ar fi iradierea cu
fascicul de electroni, progresele tehnologice necesita
cercetari noi. Alte tehnologii, cum ar fi tehnologia cu
impulsuri de radiatie luminoasa vizibild si cu plasma
rece, sunt domenii noi de cercetare care promit a fi
utilizate ca procese antimicrobiene ce pot reduce
viabilitatea agentilor patogeni bacterieni in cazul
produselor proaspete.

In cadrul metodelor enumerate anterior, un potential
deosebit il are utilizarea radiatiei neionizante ultraviolete
UV-C. Lungimea de unda cuprinsa intre 200 si 280 nm,
care este considerata letala pentru majoritatea tipurilor

de microorganisme, afecteaza replicarea AND-ului
microorganismelor patogene [3], [4]. Radiatile UV
neionizante pot produce ruperi de legaturi chimice

moleculare si pot induce reactii fotochimice. Efectele
biologice ale iradierii cu ultraviolete depind de lungimea
de unda si de timpul de expunere. Radiatia ultravioleta
UV-C este deja utilizata cu succes in diverse domenii
precum medicina (decontaminarea aerului si a
instrumentarului medical), ecologie (epurarea apelor
uzate), industria ambalajelor (decontaminarea
ambalajelor pentru diverse produse alimentare) etc. Pe
plan mondial exista preocupari in domeniul utilizarii
acestui procedeu pentru decontaminarea suprafetelor
exterioare ale produselor alimentare. Ca si tratament
postrecoltare al produselor horticole, iradierea cu radiatie
ultravioleta UV-C s-a dovedit benefica in diminuarea ratei
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watermelon, grape berries, tomatoes, lettuce, baby
spinach and mushrooms [5], [10], [1], [2], [6], [8]. [7].
[11].

The researches undertaken and presented in this
paper, focus on the following approaches:
performing experimental researches on the
possibility of using non-ionizing ultraviolet radiation UV-
C within the conditioning technologies of horticultural
products;

- investigating the capability of an experimental
model of installation for the decontamination of external
surfaces of horticultural products, to apply the minimum
dosage recommended for the destruction of the most
representative pathogens.

MATERIAL AND METHOD

The most common microorganisms that can
contaminate horticultural products, with adversely affect
on storage or human health, are shown in table 1. For
the destruction of these potentially pathogenic
microorganisms, it is recommended to apply certain
doses of UV-C radiation.
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de respiratie, controlul deprecierii produselor si in
intarzierea proceselor de maturare si coacere la diferite
fructe si legume, intregi sau maruntite, precum mere,
citrice, piersici, pepene, boabe de struguri, rosii, salata
verde, spanac si ciuperci [5], [10], [1], [2], [6], [8], [7], [11].

Cercetarile intreprinse si prezentate in aceasta lucrare,
se focalizeaza pe urmatoarele abordari:
realizarea de cercetari experimentale privind
posibilitatea de utilizare a radiatiei ultraviolete neionizante
UV-C in cadrul tehnologiilor de conditionare a produselor
horticole;

- investigarea capabilitatii unui model experimental de
instalatie pentru decontaminarea suprafetelor exterioare
ale produselor horticole, de a aplica dozele minime de
radiatie recomandate pentru distrugerea celor mai
reprezentativi agenti patogeni.

MATERIAL S| METODA

Cele mai frecvente microorganisme care pot contamina
produsele horticole, cu efecte directe asupra pastrarii sau
sanatatii consumatorului uman, sunt prezentate in tabelul
1. Pentru distrugerea acestor microorganisme potential
patogene, se recomanda aplicarea anumitor dose de
radiatie UV-C.

Table 1

Potentially pathogenic microorganisms and recommended UV-C radiation doses [14]

Microorganism UV-C radiation dose [mWs/cm“] necessary for the destruction of
BACTERIA 90 % 99 %
Bacillus anthracis 4.52 8.70
Clostridium tetani 13.00 22.00
Escherichia coli 3.00 6.60
Mycobacterium tuberculosis 6.20 10.00
Salmonella enteritidis 4.00 7.60
Shigella dyseteriae 2.20 4.20
Staphylococus aureus 2.60 6.60
MOLDS
Aspergillus flavus 60.00 99.00
Penicillium expansum 13.00 22.00
Rhizopus nigricans 111.00 220.00
YEASTS
Saccharomyces spores 8.00 17.60
Considering the data presented above, the Avand in vedere datele prezentate mai sus, cercetarile
experimental researches on the possibility of using experimentale privind posibilitatea de utilizare a radiatiei
non-ionizing ultraviolet radiation UV-C within the ultraviolete neionizante UV-C in cadrul tehnologiilor de
conditioning technologies of horticultural products, conditionare a produselor horticole, s-au focalizat pe

have focused on investigating the capability of applying
the minimum dosage recommended for the most
representative pathogens. In this respect, it was
experimented a new technical equipment (fig. 1) -
Installation for the decontamination of external surfaces
of horticultural products, IDPH. The main technical
characteristics of the decontamination installation are
presented in table 2.

The installation is proposed to be used for the
decontamination of external surfaces of horticultural
products, as preliminary stage for the temporary
storage phase itself. The main characteristic of the
transport system is that it performs not only the
transportation of the product along the installation but
also the rotation of it around an axis perpendicular to
the direction of advance. This characteristic assures a
homogenous distribution of the UV-C radiation upon
the exterior surfaces of the products.
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investigarea capabilitatii de a aplica dozele minime de
radiatie recomandate pentru distrugerea celor mai
reprezentativi agenti patogeni. In acest sens, a fost
experimentat un echipament tehnic nou (fig. 1) — Instalatie
pentru decontaminarea suprafetelor exterioare ale
produselor horticole, IDPH. Principalele caracteristici
tehnice ale instalatiei de decontaminare sunt prezentate in
tabelul 2.

Instalatia este propusa a fi utilizata pentru
decontaminarea suprafetelor exterioare ale produselor
horticole, ca etapa preliminara pentru faza de pastrare
temporara propriuzisa. Principala caracteristica a
sistemului de transport este aceea ca realizeaza nu numai
transportul produsului de-a lungul instalatiei dar si rotirea
acestuia in jurul unei axe perpendiculare pe directia de
deplasare. Aceasta caracteristica permite o distributie
omogena a radiatiei UV-C asupra suprafetelor exterioare
ale produselor.



Vol.45, No.1 /2015

INMATEH-- dqu'adauat cgnqm'qu

Fig. 1 - Installation for the decontamination of external surfaces of horticultural products, IDPH

Table 2

The main technical characteristics of the decontamination installation

Dimensions (LXWxH)

3420x1215x1340 mm

Length of the transport system

1500 mm

UV Generator type

discharge lamps at low pressure mercury vapor

The wavelength of the emitted radiation

253.7 nm (UV-C)

Power of the UV-C lamps

55 W / pcs.

Number of UV-C lamps

5 pcs.

The experimentation was aimed to determine the
energetic indices and qualitative working indices of the
decontamination installation. For this purpose, there were
taken into account the following parameters:

- The minimum and maximum rotational speed of the
driving system of the conveyor - there were determined by
varying the frequency of the supply current of the gear-
motor, through the frequency converter currently existing
within the automation installation;

- The minimum and maximum transport time - there were
determined by measuring the time needed for a product
subjected to decontamination, to pass a length of the
transport system, in terms of maximum and minimum
rotational speed of the driving system.

In order to determine the intensity of non-ionizing
ultraviolet radiation UV-C, there were performed
measurements using a set of tools, sglux brand, Germany,
comprising of the following elements: an intensity sensor
for ultraviolet radiation, calibrated for the UV-C spectrum
(UV Sensor "UV-Water-D"), a communication interface
between the sensor and the laptop ("DIGIBOX" - CAN-to-
USB converter) and a data acquisition software for the
radiation intensity and air temperature, based on LabView
programming environment ("DigiLog").

Experimentarea a avut ca obiectiv determinarea
indicilor energetici si indicilor calitativi de lucru ai instalatiei
de decontaminare. In acest scop, s-au luat in considerare
urmatorii parametri:

- turatia minima si maxima a sistemului de actionare a
transportorului - s-au determinat prin varierea frecventei
curentului de alimentare a motoreductorului, prin
intermediul convertizorului de frecventa existent in cadrul
instalatiei de automatizare a echipamentului tehnic;

- timpul minim si maxim de transport - s-au determinat prin
masurarea duratei in care un produs supus decontaminarii,
parcurge o lungime a sistemului de transport, in conditii de
turatie maxima si minima a sistemului de actionare;

In vederea determinarii intensitatii radiatiei neionizante
ultraviolete UV-C, s-au realizat masuratori utilizand un
pachet de instrumente de masura (fig. 2) marca sglux,
Germania, avand in componenta urmatoarele
echipamente: un senzor de intensitate a radiatiei
ultraviolete, calibrat pentru spectrul UV-C (UV Sensor ,UV-
Water-D”), o interfata de comunicatie intre senzor si laptop
(,DIGIBOX” — CAN-to-USB converter) si un software
pentru achizitia datelor privind intensitatea radiatiei si
temperatura aerului, bazat pe mediul de programare
LabView (,DigiLog”).

Fig. 2 - Measuring instruments for UV-C radiation intensity
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There were performed determinations at different
distances from the source of radiation (50 mm, 75 mm, 100
mm and 125 mm), under a lamp and also in the space
between two adjacent UV-C lamps. The first objective of
the research was to investigate if the radiation intensity is
homogenous, as well under the lamps, as between the two
adjacent lamps, with or without the aluminium deflector for
the lamps (a semicylindrical aluminium sheet). The second
objective was to highlight the influence of the distance on
the intensity of emitted UV-C radiation. Also, there were
calculated the UV-C radiation doses, according to the
measured radiation intensity and its duration of application,
using the equation (1). The durations of application for the
UV-C radiation were considered to be the minimum and
maximum time that a product needs to pass through the
transport system of the installation.

D

RESULTS

After carrying out experimental researches on the
installation for decontamination, there were achieved a
series of results regarding the energetic indices and
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S-au efectuat masuratori la diferite distante fata de
sursa de radiatie (50 mm, 75 mm, 100 mm si 125 mm),
sub o lampa si de asemenea, in spatiul dintre doua lampi
UV-C alaturate. Primul obiectiv al cercetarii sa se
investigheze daca intensitatea radiatiei este omogena,
atat sub lampi cat si intre doua lampi alaturate, cu sau
fara deflectorul din aluminiu, pentru lampi (o tabla
semicilindrica din aluminiu). Al doilea obiectiv a fost
punerea in evidenta a influentei distantei asupra
intensitatii radiatiei UV-C emise. De asemenea, s-au
calculat dozele de radiatie UV-C, conform intensitatii
masurate a radiatiei si duratei de aplicare, folosind ecuatia
(1). Durata de aplicare a radiatiei UV-C s-a considerat a fi
timpul minim si timpul maxim de care are nevoie un
produs pentru a parcurge sistemul de transport al
instalatiei.

-t, [mWs/cm?] (1)

REZULTATE

Dupa efectuarea cercetarilor experimentale asupra
instalatiei de decontaminare, s-au obtinut o serie de
rezultate privind indicii energetici si indicii calitativi ai

qualitative indices of the decontamination installation instalatiei de decontaminare (tabelele 3, 4 si 5).
(tables 3, 4 and 5).
Table 3
Energetic indices of the decontamination installation IDPH /
No. Measure | Parameter values determined
Parameter :
unit from tests
1. | The length of the transport system mm 1620
5 The minimum rotational speed of the driving rpm 55
system of the conveyor
3. | The maximum transport time s 45
4. | The minimum transport speed mis 0.036
5. The energy consumption of the whole installation KWh 0.335
at minimum transport speed
6. The maximum rotational speed of the driving rpm 72
system of the conveyor
7. | The minimum transport time s 2.93
g. | The maximum transport speed m/s 0.55
9 The energy consumption of the whole installation KWh 0.643
at maximum transport speed
Table 4
The influence of aluminium deflector on the intensity of UV-C radiation
- - . 2
Distance from the The intensity of UV-C radiation [W/m ].
No. | source of radiation Under the lamp Between two adjacent lamps
(mm] v With deflector bifiieus With deflector
deflector deflector
1. 50 37.66 64.01 59.51 64.04
2. 75 31.42 57.40 37.72 57.41
3. 100 27.16 55.52 31.46 55.53
4. 125 25.32 51.95 26.43 53.78
Table 5
Qualitative indices of the decontamination installation
No. Parameter Meua:ilt”e Parameter values determined from tests
The distances from the source of
1. radiation mm 125 100 75 50
2. | The intensity of UV-C radiation wim? 52.87 55.53 57.41 64.03
The minimum UV-C radiation dose,
3. |according to the minimum transport mWs/cm? 15.45 16.26 16.82 18.75
time
The maximum UV-C radiation dose,
4. |according to the maximum transport mWs/cm?® | 238.05 249.75 258.30 288.00
time
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The radiation intensity values from table 5 represent the
average of the values obtained with deflector, under the
lamp and between the lamps. The minimum and maximum
doses at various distances from the source of UV-C
radiation were calculated based on relation (1),
considering the minimum and maximum time that a
product needs to pass through a length of the transport
system.

Figures 3, 4 and 5 show the influence of the aluminium
deflector on the intensity of UV-C radiation, under the lamp
and between lamps.

Figure 6 shows the variation of the radiation intensity
with the distance from the source.

INMATEH-- dq ricultural c\gnqmtmq

Valorile intensitatii radiatiei din tabelul 5 reprezinta
media valorilor obtinute, in prezenta deflectorului, sub
lampa si intre lampi. Dozele minima si maxima la diferite
distante fata de sursa de radiatie UV-C au fost calculate pe
baza relatiei (1), tinand seama de timpul minim si timpul
maxim de care are nevoie un produs pentru a parcurge
lungimea sistemului de transport.

Figurile 3, 4 si 5 prezinta influenta deflectorului de
aluminiu asupra intensitatii radiatiei UV-C, sub lampa si
intre lampi.

Figura 6 prezinta variatia intensitatii radiatiei cu distanta
fata de sursa.

Influence of the aluminium deflector on the intensity of UV-C radiation
under the lamp
70
ly = -7E-05%° + 0,0192x” - 1,8502k + 117,1
< 60 Rl 21
£
= T~
> 50
g & under the lamp - without deflector
g 40 —~ = under the lamp - with deflector
c === Poly. (under the lamp - with deflector)
S 30 ~———]
E] P ————— === Poly. (under the lamp - without deflector)
® 20 - >
5 y = 5E-06%° + 0,0009x* - 0,3713k + 54,32
7 2 L
3 10 R :1
0
0 20 40 60 80 100 120 140
Distance from the radiation source [mm]
Fig. 3 - Influence of the deflector on the intensity of UV-C radiation under the lamp
Influence of the aluminium deflector on the intensity of UV-C radiation
between lamps
70 = -5E-05K° + 0,0149 - 1,541+ 110,03
2 ]
< 60 Rt
E
s —
= 50 N
g \ & between lamps - without deflector
g 40 e = between lamps - with deflector
% - \-‘ = Poly. (between lamps - with deflector)
- —
2 e === Poly. (between lamps - without deflector)
e}
g 20 =0,0003x° + 0,046]'x? - 4,0033x + 206,88
Q R?|= 1
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Fig. 4 - Influence of the deflector on the intensity of UV-C radiation between lamps
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Influence of the aluminium deflector on the intensity of UV-C radiation
70
y = -5E{05x° + 0,0149x? - 1,54]x + 110,03
R
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Fig. 5 - Influence of the deflector on the intensity of UV-C radiation
Variation of the radiation intensity with the distance from the source
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Fig. 6 - Variation of the radiation intensity with the distance from the source

Linear regression performed using Excel, allowed the
identification of a third degree polynomial function, which
estimates the variation of the radiation intensity
depending on the distance from the source, with a
maximum coefficient of determination.

Figure 7 shows the variation of minimum and
maximum dose of UV-C radiation with the distance from
the source of radiation.

1

13

Regresia liniara realizata cu ajutorul programului Excel,
a permis identificarea unei functii polinomiale de gradul 3
care estimeaza variatia intensitatii radiatiei in functie de
distanta fata de sursa, cu un coeficient de determinare
maxim.

In figura 7 se prezinta variatia dozei minime si maxime
de radiatie UV-C cu distanta fata de sursa de radiatie.
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UV-C radiation dose depending on the distance from the source
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Fig. 7 - Variation of minimum and maximum dose of UV-C radiation with the distance from the source

Also, using linear regression was identified a third De asemenea, cu ajutorul regresiei liniare s-a identificat
degree polynomial function, which estimates the variation o functie polinomiala de gradul 3 care sa estimeze variatia
of UV-C radiation dose depending on the distance from dozei de radiatie UV-C in functie de distanta fata de sursa,

the source, with a maximum coefficient of determination. cu un coeficient de determinare maxim.

Some aspects during the determination of the energy Cateva aspecte din timpul determinarii indicilor
indices and qualitative indices of the decontamination energetici  si indicilor calitativi ai instalatiei de
installation, are shown in figures 8 and 9. decontaminare, sunt prezentate in figurile 8 si 9.

Fig. 8 - The determination of the energy indices of the decontamination installation

114



Vol.45, No.1 /2015

INMATEH-- 8‘9 ricultural cé'nqm:mq

Fig. 9 - The determination of the qualitative indices of the decontamination installation

CONCLUSIONS

Analyzing the data obtained, regarding the use of
aluminium deflector for the UV-C lamps, it is found that its
use increases the radiation intensity by 70 % - 105 %
under the lamp and by 8 % - 103 % between lamps. Also
it conducts to the obtaining of a homogenous distribution
of UV-C radiation on the working width of the installation,
with a variation index of the intensity between 0.01 % and
2.45 %.

Following the analysis of the obtained experimental
data and the data contained in table 1, regarding the UV-
C radiation doses recommended for the destruction of the
most common potentially pathogenic microorganisms
existing on the exterior surfaces of the horticultural
products, it is found that the experimented
decontamination installation has the capability to achieve
quality indices superior to the recommendations in table
1. However, although the installation is able to provide
radiation doses higher than those shown in table 1, the
product subjected to decontamination receives only half
the dose, relative to its entire surface. This statement was
set forth taking into account the simplifying assumption
that, at a certain moment in time, only the upper half of
the product will be exposed to UV-C radiation, the other
half being shadowed. Considering this hypothesis, the
installation still achieves a destruction rate of 90% of the
most resistant pathogens presented in table 1, even in a
single pass, adjusted at 125 mm distance from the
radiation source, without having to repeat the exposure to
UV-C radiation. For a destruction rate of 99 %, the
installation is able to provide the necessary radiation
doses for almost all the pathogens in the table 1, except
for Rhizopus nigricans which needs a higher dose. The
next phase of the research will be directed towards the
measurement of the microbial count existing on the
exterior surfaces of horticultural products.

Given the results obtained, the use of UV-C ultraviolet
non ionizing radiation may be a viable solution as post
harvest treatment method, in order to decrease the
microbiological load from the exterior surfaces of
horticultural products.
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CONCLUZII

Analizand datele obtinute, in ceea ce priveste utilizarea
deflectorului de aluminiu pentru lampile UV-C, s-a
constatat faptul ca utilizarea acestuia creste intensitatea
radiatiei cu 70 % - 105 % sub lampa si cu 8% - 103 % intre
lampi. De asemenea, conduce la obtinerea unei distributii
omogene a radiatiei UV-C pe latimea de lucru a instalatiei,
cu un indice de variatie a intensitatii cuprins intre 0,01% si
2,45%.

In urma analizei datelor experimentale obtinute si a
datelor continute in tabelul 1, in ceea ce priveste dozele de
radiatie UV-C recomandate pentru distrugerea celor mai
frecvente microorganisme potential patogene existente pe
suprafetele exterioare ale produselor horticole, s-a
constatat ca instalatia de decontaminare experimentata are
capabilitatea de a atinge indici de calitate superiori
recomandarilor din tabelul 1. Totusi, desi instalatia poate
furniza dose de radiatie mai mari decat cele prezentate in
tabelul 1, produsul supus decontaminarii receptioneaza
numai jumatate de doza, raportat la intreaga sa suprafata.
Aceasta afirmatie a fost enuntata luand in considerare
ipoteza simplificativa conform careia la un anumit
moment de timp, numai jumatatea supericara a
produsului va fi expusa la radiatia UV-C, cealalta
jumatate fiind umbrita. Luand in considerare aceasta
ipoteza, instalatia inca poate atinge o rata de distrugere
de 90 % a celor mai rezistenti agenti patogeni prezentati
in tabelul 1, chiar dintr-o singura trecere, reglata la o
distanta de 125 mm fata de sursa de radiatie, fara a fi
nevoie sa se repete expunerea la radiatia UV-C. Pentru o
rata de distrugere de 99 %, instalatia poate furniza dozele
necesare pentru aproape toti agentii patogeni din tabelul 1,
cu exceptia Rhizopus nigricans care necesita doze mai
ridicate. Urmatoarea etapa a cercetarii va fi directionata
catre determinarea numarului de microorganisme existente
pe suprafetele exterioare ale produselor horticole.

Avand in vedere rezultatele obtinute, utilizarea
radiatiei ultraviolete neionizante UV-C poate fi o solutie
viabila ca si metoda de tratare post recoltare, in scopul
micsorarii incarcaturii microbiene de pe suprafetele
exterioare ale produselor horticole.
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Abstract: With the aim of increasing the stability of high-
speed ball bearings in the transmission system of
agricultural machinery, taking a type 7004 high speed
angular contact ball bearings as the research material, a
dynamic model of high speed ball bearings was built
based on the geometry and force relationship of bearing
elements. The integration method used by Runge-Kutta
and Newton-Raphson is proposed to efficiently solve the
nonlinear equations. The accuracy of the dynamic model
constructed in this paper was verified by the testing and
computation results studied by Gupta. A computation
program is developed and the cage stability at different
bearing rotation speeds is studied. The results shown
that the increase of bearing rotation speed has improved
both the cage stability and cage sliding ratio. In addition,
the impact between the cage pocket and the ball has a
serious effect on cage stability when the bearing is in the
starting process. This study provides support for the
design of working conditions and failure analysis of ball
bearings, as well as a theoretical basis for analysis of the
system stability of transmission systems in agricultural
machinery.

Keywords: High speed ball bearings; Dynamic; Cage
stability; Static condition; Transitional condition

INTRODUCTION

With developments in modern agricultural machinery
moving toward lightweight and intelligent designs, the
reliability and stability of agricultural machinery
transmission systems has gradually become an area of
focus [13,14,16]. Over the years, many researchers have
studied the rolling bearings in the transmission systems
of agricultural machinery in terms of two aspects: a
detection technique for bearing faults [4,11,22] and
predictions and simulations which focus on the influence
of bearing structure on performance [1,2,5,21]. However,
those simulation analyses only consider the loading
properties of the bearing and rarely involve the dynamic
stability of the bearings.

The dynamic performance of high-speed rolling
bearings in these transmission systems not only affect
their own life and stability, but also relates to the vibration
and reliability of the rotor system. In order to understand
the dynamic performance of the bearings during
operation, a fully dynamic analysis of the bearings is
needed. Over the years, much research has been done
on the dynamic characteristics of high-speed ball
bearings. In particular, with regard to the force and
motion analysis of cage, Gupta developed the influence
of cage clearance on bearing stability [7], while
Weinzapfel et al. [17] also analyzed and compared the
effects of rigid and flexible cage on bearing stability. In
addition, Bai [3] and Liu [19] also studied the dynamic
characteristics of the bearings in terms of the waviness
and cage clearance ratio of angular contact bearings.

However, previous studies on high-speed rolling
bearings in these transmission systems are limited to the
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basic dynamic performance analysis of different steady
state conditions and have rarely ever investigated the
dynamic properties of the bearing in the variable
transition process. Frequent impact of the cage and the
rolling elements during transmission operation directly
affects the dynamic stability of the cage and ultimately
influences the stability and reliability of transmission
systems in agricultural machinery.

In this paper, through the establishment of a dynamic
analysis model and development of an efficient dynamics
program, the effect of velocity changes of high-speed ball
bearings on the dynamic performance of the cage was
analyzed and discussed. The results support the
improvement of the design computation and failure
analysis of high-speed rolling bearings in agricultural
machinery transmission systems.

MATERIAL AND METHOD
Research materials

7004 angular contact ball bearings are used in this
paper as the research material, their material and
geometry parameters being shown in Table 1 and Table
2. The lubrication oil type MIL-L-7808 is used. The axial
load Fxand radial load F, on the bearings are 2000 N and
400 N, respectively.
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Table 1
Material parameters of ball bearings [7]
Elements Density Elastic modulus Poisson's ratio
[kg/m3] [GPa] [-]

Ball 3200 310 0.260
Rings 7750 200 0.250
Cage 1500 1.73 0.300

Table 2
Geometry parameters of ball bearings [7]
Geometry parameter u.m. Value
Pitch diameter [mm] 31
Ball diameter [mm] 8
No. of balls [ 6
Contact angle [°] 24
Inner curvature factor [ 0.56
Outer curvature factor [] 0.52
Cage inner diameter [mm] 30
Cage outer diameter [mm] 35
Cage pocket clearance [mm] 0.1
Cage guiding clearance [mm] 0.25
Analysis Method P

The contact load Q between the raceways and the
balls are calculated by the Hertz contact theory [10], so
the contact load between the jth rolling element and the
raceways is expressed as:

ERIRIEANIREN A Z 18] R T Q SR 26 e 2
WITE[10], 5 | MRS RIS 2 18] 112 i 207 R 7s 9 :

Q =K;5” @)

where the stiffness K is calculated according to the
study by Johnson [10], and the contact deformation 0 is
determined by the positional relationship between the
rolling element and the raceway as shown in Fig. 1. Thus,
the contact deformation &; between the jth rolling element
and the raceway is expressed by the vector O;Op; which
means that the center of the raceway to the center of the
ball, the groove curvature coefficient f of the ring, and the
diameter of the ball Dy are expressed as:
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Fig. 1 - The sketch of the displacement of raceway and ball

The traction force F, of the contact area is equal to the X M 2 St b o 2k 7 ;
traction coefficient y multiplied by the contact load Q. The BRI 062077 Py S FHER) R A p AT Q 1
traction coefficient formula [20] is: T, Huzh REAAH[20]:

pu=(A+Bsle ™ +D ®3)

where s is the slip-roll ratio which could be obtained from NN R Ty T %
the kinematic analysis. Coefficients A, B, C, and D are s HRtL, HisaiA it FA3E, AHCAL B C

calculated according to the formula in the study by Wang . D TR0 A i

[20].

Fig. 2 shows the relative position relationship between B 2 i NSRRI R RE 48 S0 FL 2 AT AR 7 B 5 &R
the rolling element and the cage pocket. According to the . . . _ .
vector 0,;Op; between the cage pocket and the center of ~ » RIEIRFFAILSLHCFERC IR OpiOp; ARFFRILAL

the ball bearing and the initial clearance between the
cage pocket and the ball bearing Ay, the minimum
clearance dpp can be expressed as follows:

AR Z I YIAG R Avp,  Fe /BB Gpp AT AR IR 91

Opp = Ay —|Oijbj| (4)

cage

Fig. 2- The sketch of the displacement of the cage pocket and the ball bearing

According to the amplitude of the clearance between MR BRI 2 S FLIET T Sos 2 FE R 0 RELE
the cage pocket and the ball bearing &pp, taking into e

consideration both the roughness of the ball bearing €, & FMERFZFSLAHIREE €5, B RBIARRI BRI L S FL AT
and the cage ¢p, two interaction models are used: 5 2l LR R,

£/g+€ (5a)

d,>\€+¢€ (5b)
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If the inequality (5a) is true, the interaction is assumed
to be Hertz contact. The normal load between the cage
pocket and ball bearing is calculated by Hertz point
contact theory [10], and the tangential load between cage
pocket and the ball bearing equals the normal load
multiplied by the friction coefficient.

Otherwise, if the inequality (5b) is true, the interaction
is assumed to be hydrodynamic lubrication. Reynolds
equations [9] are used to calculate the interaction force.
The interactions in two directions, shown as Fig. 3, are
assumed to be independent of each other.

7
LA

a) rotating by axis x;
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b) rotating by axis z,

Fig. 3- Hydrodynamic effect between ball bearing and cage pocket

Fig. 4 shows the interaction between the cage and the
guiding ring, and the force between the two can be
approximated as the fluid dynamic pressure of the journal
bearing. As the contact surface of the ring flange and
cylinder surface of the cage is relatively small, the short
journal bearings model [18] is adopted.

B 4 P RSN 5| S BB 210 ], R
5135 PR FF AR 51 S 1R A5 Y 0 mT DA A sl &
SR RIS ST, BT LS PR R S T 1) A4 T B
BN, R R P Sl A R R [1.8]

a) inner race guidance

b) outer race guidance

Fig. 4- The interaction between cage and guiding ring
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Where:
Wwm, Wo, and W, are the normal force, tangential force,
and moment between the cage and the guiding ring. n is
the viscosity of the oil. Ry and By are the radius and the
width of the guiding surface. Cq is initial clearance of the
bearings. ¢ is the eccentricity ratio of the cage center. w
is that rotational speed of the element. Subscripts 1, 2,
and c represent the outer ring, inner ring, and cage,
respectively. The sign of the equations is negative while
the cage with outer race guidance.

According to the interaction angle between the cage
and the ring @q, the interaction force could be expressed
as equation (7) through a coordination transformation.

c? (-
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Solution method

In addition to the interaction force, the bearing
lubricant retarding force Fp and retarding moments Me,
which can be calculated by Schlichting’s fluid theory [15],
should also be taken into consideration. Forces of the
loaded rolling element are shown in Figure 5. In the
figures, My, and My, are the traction moment between the
raceway and the rolling element and friction moment
between the cage and the rolling element, respectively.
The motion equation of the jth rolling element centroid and
of its revolving around the centroid is determined by its
resultant force and the moment as shown in equation (8).
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F. = Foy + Fopyy = My 156
Mbpjx - Mejx + My]x = Iwaj (8)
Moy =Mgy + M, = L@,

Mbpjzx
where, mpand I, are the mass and rotary inertia of ball. rp
is the revolution radius of ball. ¢ is the azimuth angle of
ball and « is the rotation speed of ball. Subscript |
represents the parameter jth ball. Subscripts x, y, and z
represent the components in each of the three directions.

-M,, +M

ujz = Ihwzj
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Fig. 5 - Forces and moments acting on ball.

To eliminate high-frequency vibrations generated by
contact between a ball bearing and rings, a balance
constraint is adopted for the contact between the ball and
the ring. First, nonlinear equilibrium equations with the
quasi-dynamic method are established, and the Newton-
Raphson method is used to solve the equations [12].

Similarly, based on the force condition, the differential
equations of the cage can be listed as equation (9).
Where, n is the ball number. m; and I are mass and
rotary inertia of cage. X, yc and z. are displacement of
cage mass center on direction x, y and z. ¢ is the
relative rotation angle between cage mass center and
bearing center.
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Based on simultaneous motion differential equations
of the ball bearing and cage, one should use non-
dimensional quantities to the parameters of the equation
in formula (10), and resolve the non-dimensional
differential equations with the adaptive step size fourth-
order Runge-Kutta method. A stationary solution is
obtained by the quasi-dynamic method as the initial
values of whole solution process. The calculation
procedure is shown in Fig. 6.

F-f m-M e
Fx mb
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FAEIIE 6 iR .

r - t
t=
D,/2 Jm,-D,/(2F,)

(10)

Quasi-dynamic results
[

Initial values:
Cage pocket/all force
Cage/ring force

Axial and radial displacement of ball

Initial values:

Ball/raceway contact load

Ball/raceway traction force

Equilibrium equations of inner ring

Cage differential equations
Ball differential equations

Equilibrium equations of ball on
radial direction

Newton-

Runge-Kutta

method

Raphson method

Axial and radial displacement of ball
Ball/raceway contact load
Displacement of ring

Cage pocket/ball force
Cage/ring force
Ball/raceway traction forece
Azimuth of ball
Ball and cage velocity

Equilibrium
equations

Differential
equations

Fig. 6 - Calculation flow chart of dynamic equations

Model validation method

Taking a certain type of angular contact ball bearings
as used in Gupta’'s experiment, the reliability verification
on the bearing dynamic model is carried out. The axial
load of the bearing is 4448 N, the working velocity is
20000rot/min, and other specific parameters are those
used in the reference [8].

Fig. 7 shows the results of the cage mass center orbit
simulated by Gupta's experimental and theoretical work.
Fig. 8 shows the results of the cage mass center orbit
and the ratio of the cage epicycle speed and bearing
speed simulated in this study.
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Fig. 7- Cage mass center orbit determined by Gupta [8]
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It can be seen that there is good agreement between
the shape of the experimental orbit and the theoretical
prediction. In addition, according to the ratio of cage
epicycle speed and bearing speed simulated in this
study, the range of the cage speed ratio is 0.4-0.65 when
the cage whirl tends to be stable. Also, the range of the
cage speed ratio determined by Gupta's experiment and
theory is 0.37-0.50 and 0.31-0.35, respectively [10]. It can
be seen that errors exist between the experimental work
and theoretical work on the ratio of the cage epicycle
speed and bearing speed, but the errors are in the
acceptable range.

RESULTS AND DISCUSSIONS
Effect of bearing velocity
performance of the cage

Fig. 9 shows the cage whirl track when the velocity of the
bearing is 30000 r/min, 60000 rot /min, 80000 r/min, and
120000 r/min. In the figure, axes indicate dimensionless
displacement, which is defined as the ratio of actual
displacement of the cage mass to the guiding clearance
of the cage. As shown in the figure, with the increase in
the revolving velocity of the inner ring, the whirl track of
the cage becomes regular.
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Fig. 9 - Cage whirl motion at different bearing operation speeds
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According to the criteria of Ghaisas et al. [6], cage
instability can be determined by the calculation of the
deviation ratio o of the whirl velocity which is defined as
the ratio between the standard deviation value and
average value of the velocity vector as shown in eq. (11).

O =

Where, N is the number of sampling. v, is the average
speed of cage mass center.

Figure 10 shows the deviation ratio of cage whirl
velocity at four different velocities. A comparison shows
that with the increase of the rotational velocity of the
bearings, the deviation ratio of cage whirl velocity
reduces, indicating the gradual stability of the cage. The
main reason for this stability is that the increase in
velocity causes the cage to be pushed against the guide
surface of the ring quickly under the force of the rolling
element, during which the cage reaches a new balance.
Meanwhile, the increase in velocity also helps to enhance
the centrifugal force, which gradually increases the
guiding force of the ring to the cage. Therefore, the cage
whirl track tends to be stabilized.
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Fig. 10 - Stability of cage at different bearing operation speeds

The vibration spectrum of cage mass center at four
different bearing velocities is shown in Figure 11. A
comparison of the vibration frequency and the
characteristic frequency of the cage mass center shows
that whirl frequency of the cage mass center is always
near to its revolving frequency. Also, with the increase in
the bearing velocity, the whirl frequency of the cage mass
center is higher than its revolving frequency at first and
then gradually decreases. Therefore, to avoid having the
contact between the cage and the guiding ring restricted
in only one place or several places which would cause
rapid wear of the cage, the relationship between the
vibration frequency of cage mass center and the main
frequency, the sub-frequency, and the multi-frequency of
the cage revolution must be known.
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Effect of changing bearing velocity on the dynamic
performance of cage
According to the analysis results of the impact of different
velocities on dynamic performance of the cage in the last
section, it is clear that for different initial velocity, the
changing processes of the bearing starting and the
velocity increasing should be treated differently in terms
of their impact on the dynamic performance of the cage.
Figure 12 shows the speeds of bearing elements
during the starting process. It is indicated that the range
of the speed of the rolling elements during the starting
process follows the same trend of the speed ranges of
the inner ring which shows a linear acceleration.
However, there is stagnation and fluctuation of the cage
speed within 6 ms while the bearing is started. This
phenomenon can be ascribed by the fact that the cage
speed relies entirely on the promotion of the rolling
elements during the short period in which the bearing is
started, and the relatively long interaction cycle between
the cage and the rolling elements under the low velocity
determines some delay of the cage starting. Meanwhile,
the difference of speed between the rolling elements and
the cage on the sudden start-up condition causes
reciprocating collision between the cage pocket and the
roling element, leading to momentary velocity
fluctuations of the cage during start-up.
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Fig. 12- Speed of the bearing elements during the beginning of their movement

Figure 13 shows the time response of the cage during
the bearing starting process. According to Figure 13a, the
impact of the cage pocket and the rolling element
appears mainly in the short period when the cage is
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starting-up, and the driving force of the rolling element to
the cage weakens gradually with time, with the cage
eventually reaching a stable stage. Meanwhile, it can be
seen from Figure 13b that the impact of the guiding
surface of the ring on the cage increases gradually,
indicating that under the force of the rolling element, the
cage is getting close to the guiding surface of the ring to
achieve a new balance.
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Fig. 14 shows the speed of bearing elements when the
speed of inner ring ranges from 80000 - 85000 rot/min.
As the figure shows, when the velocity of the bearing is
accelerated under high-speed operation, the velocity of
the rolling elements and the cage shows a fluctuating
rising state, which is different from that of the bearing
starting process. The main reasons that are the frequent
collision of the rolling element and the cage pocket under
a high velocity as well as the centrifugal force generated
at a high velocity have an influence on the internal load
distribution of the bearings which causes a difference
among the traction force of the rolling elements at
different azimuths.
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Fig. 15 shows the spectra of the interaction between
the cage and the rolling element as well as the interaction
between the cage and the guiding ring during the bearing
acceleration process.
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As shown in Fig. 15, despite the spectral peaks
appearing in the force spectrum of the interaction
between the cage and the rolling element, broadband
noise still exists. Therefore, there is a random impact
process in the interaction between the cage and the
rolling element in the bearing acceleration conditions with
high  speed. Meanwhile, multi-cycle  vibration
characteristics occur in the interaction between the cage
and the guiding ring, indicating that the guiding effect of
the ring to the cage is obvious when the bearing is
accelerated.

CONCLUSIONS

In this paper, a dynamics analysis model of high-
speed ball bearings is established, the reliability of which
is verified by using the experimental examples of Gupta.
The model can be used for the steady and transitional
dynamic analysis for bearings under different working
conditions, which provides a theoretical tool for the
design of working conditions and failure analysis of high-
speed ball bearings in the transmission systems of
agricultural machinery. Though analysis of the effects of
velocity changes on the stability of the dynamic
performance of high-speed ball bearings, there are some
conclusions that have been reached:

(1) As the velocity increases, the vibrational frequency
of the cage mass center changes from being higher than
the cage rotation frequency to be lower than it. Thus, in
order to avoid the contact between the cage and the
guiding ring being restricted in only one place or several
places which would cause rapid wear of the cage, the
relationship between the cage whirl frequency and the
main frequency, the sub-frequency, the multi-frequency
of the cage must be analyzed during actual operation.

(2) The cage suffers from periodic impact of the rolling
elements during the startup phase of the bearing, which
causes the cage to be in an unstable state. However, when
the bearing is moving high-speed, bearing acceleration has
no significant effect on the stability of the cage.
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Abstract: To ensure riding comfort, vibration generated
by engine, drive system and ground need to be
considered in designing an agricultural vehicle. This
study examines multi-body dynamics model of an
agricultural vehicle, and focuses on the distributed
electric-drive agricultural vehicle. To simulate the
response of an electric-drive agricultural vehicle to
vibrations excited by the drive motors, engine and road
roughness, this study proposes a vibration model of a
distributed electric-drive agricultural vehicle that has 11
degrees of freedom and coupled excitation sources. The
model was derived from vehicle dynamics equations and
solved numerically employing fast Fourier transform. The
model was validated in experiments on a real distributed
electric-drive  agricultural vehicle. Simulations and
experiments showed that the amplitude of low-frequency
vibration of the cab was increased by simultaneous
excitations, which could not be ignored. This result is
useful for the design of the suspension component and
overall design of agricultural machinery.

Keywords: Electric drive; Agricultural vehicle; Riding
comfort; Vibrations; Multiple systems

INTRODUCTION

An electric-drive agricultural vehicle is energetically
efficient, environmentally friendly and convenient. It is
increasingly being used for transportation work in farm
lands. However, because of road roughness,
simultaneous shocks generated by farming land and
vehicle systems have a significant effect on the health of
the driver and the reliability of the vehicle. A distributed
electric-drive agricultural vehicle is powered by hybrid of
diesel engine and battery. Compared with the traditional
mechanical transmission, the vehicle is specially
designed for farming lands with in-motor wheel, and
deleting the gearbox, driveshaft, final drive, differential,
so the vehicle has advantages of simple structure, small
space requirement, easy high torque performing,
convenient feedback control and continuous speed
change. Thus, the wheel electric drive has great
application potential for agricultural vehicles. However,
an electric-drive agricultural vehicle has a significant
unsprung load. Additionally, the connection of the hydro-
pneumatic spring and wheel rim drive unit generates
interacting vibrations from the engine and drive motor
and reduces the ride comfort. Thus, the relationship
between ride comfort and the structure of the distributed
electric-drive agricultural vehicle should be examined.

Present studies on the effects of drive motor
vibration on vehicle power and riding comfort usually
focus on passenger cars, and the drive motor is typically
designed as a sprung load [1,5,7,14,17]. Researchers
have analyzed the vibration of a switched reluctance
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motor and pointed out that the effect of motor excitation
on the suspension cannot be ignored [9]. Tan [12] built a
Y, vehicle model and discussed the effect of increasing
the unsprung load on the riding comfort. Li, using road
excitation as the main source of motivation, established
a nonlinear model of riding comfort with 11 degrees of
freedom (DOFs) for a passenger car [6]. The analysis of
riding comfort by Wellman and Wang showed that the
powertrain and road excitation cannot be ignored [15,
16]. However, few studies on riding comfort have
investigated the coupled excitation effects of the in-
wheel motor, engine and road for a distributed electric-
drive agricultural vehicle. This paper initiates modeling
and discussion on this topic.

Taking the distributed electric-drive agricultural
vehicle as the study object, this paper proposes a
method of describing the coupled vibration generated by
multiple systems of the vehicle and builds a vibration
model with 11 DOFs. Moreover, the riding comfort of the
vehicle travelling on random surfaces is simulated by
employing white-noise filtering. The model and
simulation are validated in experiments on a real vehicle
undergoing coupled vibration.

MATERIALS AND METHODS
Vibration subsystem analysis of the electric-drive
agricultural vehicle

An engine vibration system has a variety of vibration
forms. The dominant vibration is the oscillation of the
whole machinery, which is much stronger than the
vibration of an axle or local vibration [2].

As mentioned, the road roughness, engine vibration
and in-wheel electric motor vibration are excitation
sources of vibration. The vibration subsystem includes
the engine vibration system and in-wheel electric motor
vibration system. The electric-drive agricultural vehicle
studied in this paper has a Cummings engine. The
vibration of the engine is mainly due to the unbalanced
forces and torques produced in operating the engine.
According to the characteristics of the engine, the
excitation frequency is [4]:

f

Where, 7—the stroke number, n—the engine speed
(r/min), Z—the cylinder number, and A—the incentive
order.

The engine exciting force is mainly generated by the
imbalance torque and moment produced by the running
of the engine. According to the working characteristics of
the four-cylinder engine, a cycle of crank shaft rotation
has two instances of torque fluctuation. Based on the
traditional dynamic analysis formula, two reciprocating
inertia force expressions are [18]:

P,=—4am,rw* cos(2a) = —4Am; rw’ cos(wt + ¢)
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Where, Pi—twice the reciprocating inertia force, A—the
link ratio, r—the radius of the crank, my,—the quality of
the piston assembly, and ma—the quality of the small
end of the link.

In the experiment conducted in this study, the engine
speed measured using a controller area network was
1500 rpm when the vehicle speed reached 30 km/h.
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Using equation (1), we calculated the first-order BlEEEE n o4 1500 rimin, A (1) FT/EIEE R ZHL
excitation frequency of the engine as 37.5 Hz and the

force as 25.3 kN. These results are consistent with data ~ —FiriinsiizJy 37.5Hz, K1FK/MA 25.3kN, X5KF)
provided by the engine manufacturer. e i

The drive motor vibration comprises electromagnetic LIS S A S
vibration, mechanical vibration and pneumatic vibration ST N R A IRE 0 0 B B RERSh . MUBERSh. Ak
[3]. The electromagnetic vibration is generated by the ey . o s 7
interaction of the magnetic field in the air gap, and varies A = H o LHLUR[3]. LR AR ) A2 i U R AR LA

with time and space. It is also a major vibration source M, HBER R A s (A A8 4k, EEEIRE S N F ER S IR
[8]. The main frequency of the drive motor is twice the B o . I N
power frequency. For a synchronous motor, the relation (8] FHANHLIRSN Ty FBIAT — fif MR . X4 Tl

between the revolving speed and power frequency is) B, i 5 40t el BT R 5 R R[]
[11]:

,_ 60f"
p

Where, f—thg povxfer frequgncy, p—the numbe.r of drive St PR, p— BRI
motor pole pairs, n—the drive motor speed (r/min).

The Maxwell stress tensor is used to calculate the (rmin) &
electromagnetic exciting force acting on the stator. Here, . = L e R FERN
the magnetic field strength on the surface of the strain AT S AR P22 e I R

object is H, the object is surrounded by air and the B, Bz iR S R RRE N H, I HX M
electromagnetic force acting on the object is[10]: AR L PR, TS AN 5 R [10]

n 4)

A 2;\ A A A 5
Fof|-%Hn i H ©
The force can be decomposed into x (vertical) and y I MRTE X (BEED Ay GKE) J7,

(horizontal) directions:

Fo=I, u,HMH,ds ©)

Fyzfs%(Hj—Hf)ds @

Where, X p—the permeability of air, n—a unit vector o L [N
normal to the surface S, and Hy and Hy are the magnetic A Ho — TSR, N IR S 5 E#

strength in the x and y directions respectively. The Sty 1 e L I ,
magnetic field distribution of the motor can be obtained HRLREL, A Hy 2SRRI S L x Ay 71

by employing the finite element method (FEM). The R R . L& AR 4 A TT LR PR O v

electromagnetic force and road excitation are input into

differential equations to calculate the system response. K18, GBS B TR N A RGBT TR
In the experiment, the revolving speed of the electric

motor in stable operation was 1200 r/min. The excitation — ZH3K/f# ZRZina N o

force of the electric motor was calculated as 15.6 kN by B NI o
employing the FEM software ANSOFT. The equation PP FE 1) 73 A1 3 F SRl AR V2B FEL LA A BB AT

shows that the excitation frequency is approximately 120 s . SN .. _
Hz. The frequency in other segments can be similarly HE7 1200r/min. FADHLIR T ATELAT IR OTHAT Ansoft

estimated: SFRHL R IA/N 15.6KN, HEAAR (3) A

Establishment of a three-dimensional vibration RS L N 120Hz,, A FIESZ K Al 1t .
model

To control the torque of the in-wheel drive motor and
monitor the revolving speed of the wheel, a dynamic _ _ .
model of a distributed electric-drive agricultural vehicle SHBYRAEHE Y

that can be used to analyze the force between the ST 2R ) ) BT SK AT 2R T 1 e
vehicle and ground surface was constructed. Three -

DOFs in the vertical, horizontal and transverse directions kg4 i 6 14 2% 5| B R0 A0 W5 0] FE LS5 300 H 1. 1R ER
were adopted for the whole vehicle.

The following preconditions were proposed to be  #\[al. M FIRFE=ANE HE, B rBED iR,
taken into consideration for the dynamic model [13].

(1) The vehicle speed is less than 30 km/h; thus, the T R TR ZE R, EEE BRI 7 09 43 A 30 R IR Bl A
ggrt:lezr;;ﬁgr:;(;mtatlons of tires and transmission shaft G2 AR AR U B3]
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(2) The frame stiffness is sufficiently high, so the
vibration generated by elastic deformation of the frame is
ignored;

(3) The articulated body has no effect on the vertical
vibration of the vehicle, and the DOF of steering is
ignored;

(4) The non-suspended load is simplified as having a
single DOF. Only the vertical DOF is considered in this
model because it is significantly more influential than
other DOFs of the load;

(5) Under the excitation of the engine, wheel electric
motor and ground, the vibrations are only slightly near
the equilibrium position. Therefore, the linear vibration of
the vehicle bar centered on the horizontal plane and the
angular vibration of the vehicle around the z-axis can be
ignored.

Under these preconditions, an 11-DOF model of an
agricultural vehicle is built as shown in Fig 1. In the
figure, the front suspension is a hydro-pneumatic
suspended structure and the rear suspension is a
balanced beam structure. The vertical vibration, because
of its effect on riding comfort, is the only factor
considered for the engine vibration and drive motor
vibration. The excitations from the road roughness,
engine vibration and drive-motor vibration are
considered. The vertical, roll and pitch DOFs of the
engine are also introduced to reflect the effects of the
stiffness and damping of the four mounts at the front and
rear of the engine.

The 11 DOFs are listed as follows:

Z,—barycentre displacement of the sprung mass in
the vertical direction;

A—displacement of the pitch angle of the vehicle
sprung mass around the bary centre;

61 and 6>—roll angular displacements of front and
rear frames, respectively;

Z.—engine displacement in the vertical direction;

ae.—pitch  angular displacement around
barycentre;

6.—engine roll angle displacement around the centre
of mass of the engine;

Z; and Z,—displacements of the vehicle’s front
wheels in the vertical direction;

B1 and B,—angular displacements of the
suspensions ;

Other parameters in the model are described as
follows. Z;1—Zei—the input displacements of the road
that act on the six wheels, Fq1—Fgs—the input forces
given by the vibrations of the six drive motors, Fge—the
input force arising from engine vibration, Z; and Z,—the
vertical displacements of the hydro-pneumatic springs,
Z3—Zg—the vertical displacements of middle- and rear-
axle tires, K; and Ko—the stiffness coefficients of the
hydro-pneumatic  springs, K7—Kio—the  stiffness
coefficients of the tires, C; and C,—the damping
coefficients of the hydro-pneumatic springs, C—Ci,—the
damping coefficients of the tires, L;—the horizontal
distance between a front wheel and the vehicle centre of
mass, L, —the distance between a middle wheel and the
centre of mass, Ls—the distance between middle and
rear wheels, L,—the distance between front wheels,
Ls—the distance between rear wheels, Ls—the
horizontal distance between the cab and the vehicle’'s
centre of mass, Lg—the distance between the rear
engine and barycentre of the cab, Lo—the length of

the

rear
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engine, L+—the distance between front suspensions,
L—the distance between rear suspensions, Moy—the
sprung mass of the vehicle, Mo1 and Mg>—the sprung
masses of front and rear frames respectively, Mi—Me—
the unsprung masses of the six wheels, Mc—the engine
mass, and l;—the longitudinal moment of inertia of the
sprung mass that turns around the vehicle centre of
mass. |,—the horizontal inertia moment of the sprung
load of the front frame, I;—the horizontal inertia moment
of the sprung load of the rear frame, |,,—the inertia
moment produced by the rotation of the engine around
its longitudinal axis, and |,,—inertia moment produced
by the rotation of the engine around its horizontal axis.
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Fig.1- Model of an agricultural vehicle with 11 DOFs

The equations that govern the micro-vibration of the
machinery are:

B IR0 15 TTFE 0T «

Moza = Cl(ZlZ B Zl )+ Kl(zlz - Zl )+C2(222 - Zz )+ Kz(zzz - Zz )+C11(231 - 23 )+ Kll(z3l - 23 )

. . . . . . 8
+C12(Z41 -Z, )+ K12(Z41 -Z, )+C13(251 -Zg >+ K13(251 -Zg )+Cl4(261 B Z6 )+ K14(Zel - Ze ) ®
'Ke(zes +Ze6 +Ze7 +Zeg )' Ce(ze5 +Ze6 +Ze7 +Zea )+ Fd1+ FdZ + Fd3 + Fd4 + FdS + Fds
8= (L, +Lg/2)[Cyy(Zsy - Z3)+ Ky (Zsy - Z5 )+ Crp(Zyy - 24 )+ Ko (Zsy - Z5 )+ C5(Zsy - Zs5)
+Ky3(Zsy - Z5 )+ Cry(Zoy - Zg )+ Ky (Zgy - Zg )+ Fya + Fyg + Fys + Fys 1 - LIC1(Zyp - Z)) )
+Ky(Z13-21)+Cy(Z gy - 25 )+ Ky(Z gy - Z5 )+ Fyy + Fyp 1 - Ko [(Zer + Zeg )Ly + L)

H(Zes+ Zog )L+ Lg+ Lg)] -Co[(Zer + Zeg )Ly + Lg )+ (Zes + Zes Ny + L+ Lg)]

Iqu = L4 [Cl(zlz - Z‘1 )+ Kl(zlz - Zl )' Cz(zzz - Z.2 )' Kz(zzz - Zz )] + Iezqe (10)
Iaéz = LS[C11(231 - Zs) + Kll(z31 - Zs) + C13 (251 - Zs) + K13 (251 - Zs)+Fd3 + FdS (11)
_C12 (Z41 - Z4) - K12 (241 - Z4) - C14 (Zsl - Zs) - K14 (Zel - Ze) - Fd4 - Fde]

Mlzlz = C7(211 - Z.12 )+ K7 (le - Z12 )+C1(Zl - Z'12 )+ Kl(zl - le )+ Fdl (12
Mzzzz = Cs (221 - Z.22) + Ks (221 - Zzz) +C2 (Zz - Zzz) + Kz (Zz - Zzz) + FdZ (13)
|451 = L3/2 [C13(251 - Zs )+ K13(251 - Zs )+ FdS - C11(Z31 - 23 )' K11(231 - Zs )' FdS] (14)

IsBz = L3/2-[C14 (261 - Ze)+K14 (261 - Zs)+Fd6 _ClZ (241 - 24) - KlZ (Z41 - 24) - Fd4] (15)
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Meze = Ke (ZeS + ZeG + Ze7 + Zes) +Ce (ZeS + ZeG + Z'e7 +298) + Fe
Ielde - [Ke (_ZeS - Ze6 + Ze? + Zes) + Ce (_Zes - Zee + Ze7 + Zes)] L9 /2

Iezée = Ke[(ze7 _ZeS)LI' +(Ze5 _ZeG)Lf ]+Ce[(ze7 _ZeS)Lr +(Zes _2e6)Lf ]

In the preceding equations, Zes—Zeg are the engine
mount vertical displacements. The following dynamic
equation can be obtained by solving the preceding
equations:

MY +CY +KY = K,Q+C,Q+A F,+AF.

Where, M—an 11 x 11 mass matrix, C—an 11 x 11
stiffness matrix, K—an 11 x 11 damping matrix, C—an
11 x 6 stiffness matrix of the tires, K—an 11 x 6
damping matrix of the tires, Aq—the drive motor
excitation  coefficient matrix, Ae—the excitation
coefficient matrix of the engine, Q—the excitation matrix
of the ground surface, Fq—the excitation matrix of the
drive motor, and Fe—the excitation matrix of the engine.
These matrices are expressed as:

YZ[Za a ‘91 92 le Zzz ﬂl ﬂz Ze a, ee]T’

Fo=[F, R, Fs R, Fgs Fde]T’
00 1 1 1 1
0 0 Li+L, L+L L+L L+L
00 0 0 0 0
00 L L L L
10 0 0 0 0

Aj=[001 0 0 0 0
00 -L, 0 L, 0
00 0 -L, 0 L,
00 0 0 0 0
00 0 0 0 0
00 0 0 0 0
M, 000 0 0 O0O0O0 0 O
0o 1L oo 0 0 O0O0O0CO0CTO0
0o 01,0 0 0 O0OO0OTUO OO
0o 001, 0 000O0 OO0
0 000OM 0 O0O0O0 OO0

M=0 000 0 M, 000 0O
o o000 0100 00
00000 O0OO0OI 0O 00
0 0000 O O0OO0OMOODO
00000 000 0 I, 0
0O 000 0 O O0OCCO0CTO0C O I

e2

The analytic solution can be obtained by putting the
experimental parameters into the above equations.
Given that road roughness is an important excitation for
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a moving vehicle, the input model of road excitation with
accurate road information must be built before the
vehicle riding comfort simulation and performance
assessment is conducted. The road excitation is built by
employing harmonic superposition as [19]:

q(t) = ia,zsq(nmid—i)Ani sin(2zzn,, ut +6,)

Where, 6; is an independent random variable distributed
uniformly in the range of 0 to 2m, Sy(n) is the power
spectral density (PSD) of the road roughness, and the
spatial frequency n ranges from n; to nz (n; = 0.011 m™,
n, = 2.83 m'l). The spatial frequency n is divided into
multiple intervals between ni and n, and the centre
frequency of each interval is expressed as Nmig-i (i = 1,
2,...,n).

The random displacement of the road at the front left
wheel gi(t) and that at the front right wheel g(t) can be
determined by assigning corresponding values to 6; The
random displacements of the road at the rear wheels
can be deduced from those of the front wheels according
to a time delay as:
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YEOT BRI FEANPE REVEAN I, ZESRAT L A 0 6 T 15 2

S ST T RSN ARV B NS o A SO VAU e N T ST B T A
NS, 3 BRI X 8] B IE 52 2, BV AT 453 210
PR AR BRI AR, 40 R o [19]

(20)

XA, 6 N[0,2m] ¥ 514 A (AR RS (W BE LA & .
i Sq (n) NBTHATFE PSD, FAMRLEN ni< n<
nz(n1=0.011m™, n,=2.83m™. ¥ ni< n< ny (94 ISR X
ERIA n ANNXE, B Nmigi(i=1,2,...,n) AN X ]
LRIV 7B

7E F A 6 AN [RME R DS 72 B ke A A e e 2 1
PUIRRN g1 (1)~ g2 (1), EdaffAjEiea h
IS ] ZE AR A -

C13(1:) = ql(t+(L1+L2)/u) | qs(t) = Q1(t+(L1+L2+L3)/U) ,
Q4(t) = qz(t+(L1+L2)/U) 1 qa(t) = qz(t+(L1+L2+L3)/U) |

According to the Chinese National Standard GB7031-
1986, roads are classified into eight levels based on road
roughness. The road condition in the experiment
corresponds to the standard level D. Employing
harmonic superposition, the excitation of the road
roughness on the left and right of the travelling vehicle at
a speed of 30 km/h is simulated (see Fig. 2 for the
excitation of the front left wheel of the vehicle).

In a test conducted to verify the coupled vibration
model, a vehicle travelled along a random road on which
two pieces of wood were placed. Figure 3 shows the
road roughness excitation when the machinery travelled
at 10 km/h on the B grade standard pavement.

0.041
— !
= le‘r
=.0.02 M
Mw YAl
—gn Oﬂww Wﬂq ’ | W I'J
o 002t W'w
§ |
0.04; ; i ; :
time[s]
Fig.2- Road excitation of machinery’s front left wheel
RESULTS

Simulation results

A simulation of an idling machinery moving at a
speed of 30 km/h on a road corresponding to ISO level
D was performed. The coupled vibration was simulated
by inputting the structural parameters, excitation of
random roads, engine excitation and drive-motor
excitation into the model established in the previous
section. A time-domain plot and the PSD of the vertical
vibration of the cab are shown in Figs. 4 and 5

E+r GB7031-1986 RAEK AT R4 Go(no) IR/,
WeBRT 22N 8 4%, RIGBRTIHI —M, Rk By 81
WA ZN D HESHBA R, ARSI INEmS T
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ZER R T AN BE R AN 1 2 BT

TEBEHLES T (¥ B L LN AN S 208 Hay Ha IR
Be, HOEEESBIN by by, [IEEN Sy, 15 E 4K LR
v BEBTARSR. B 3 AEEEN 10kmih, B bRl K
P52 AR S B AT B R b A A5 2R B T AT Pl o

01r

g
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)
:

2 9
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—

g
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]

road roughness[m]

T 5 10
time[s]

Fig.3- Simulation of road roughness
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respectively. For comparison, the results obtained when
ignoring the excitations of the engine and drive motor
are also shown.

The simulation started from a static state. Figure 4
reveals that the maximum acceleration is 2.5 m/s* when
the excitations of the engine and drive motor are
included. After 1 s, a state of stable vibration is reached
regardless of whether the excitations of the engine and
drive motor are included or not. The maximum
acceleration is 0.5 m/s®> when the excitations of the
engine and drive motor vibration are included, whereas it
is only 0.4 m/s® when the excitations are excluded. The
trend is seen more clearly when the result is converted
to the frequency domain by Fourier transformation as
shown in Fig 5.

[m/s?]

=]

|
—
T

acceleration

[
T

o
—
s
L

2 3
time[s]

(a) Including the vibration of the engine and drive motor
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(b). Excluding the vibration of the engine and drive motor

Fig.4 - Vertical acceleration of the cab vibration
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Fig.5 - Vertical acceleration PSD of the cab vibration

The comparison of Fig. 5 (a) and (b) shows that the
power at low frequency is affected by the engine and
drive motor. The maximum power increases from 0.6
m?/s® to 0.85 m%s® after the inclusion of the excitations
from the engine and drive motor. Additionally, obvious
spikes in the power spectrum appear at the frequency of
the engine (37.5 Hz) and at the frequency of the drive
motor (120 Hz). Significant power increases in the
frequency domain analysis cannot be ignored.

Experimental validation

To validate the coupled vibration model, an
experiment was conducted using an agricultural vehicle.
The machinery was controlled by six-wheel-drive motors
independently. Acceleration sensors were placed on
fixed surfaces of the cab, the rear frame, the left
suspension, the right suspension and a drive motor as
shown in Fig. 6. The signals of vibration acceleration
were measured using a data capture card. The signals
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of the engine and drive motor speeds were collected
using a controller area network (CAN) bus device.
Acceleration signals of motor vibration at low frequency
were filtered to remove the vibration excitation of the
road. The sampling frequency of each sensor was 2560
Hz, which was appropriate for signal analysis.

INMATEH:- -‘dqticuttwmt C;.‘;nqinccqu.

IR I3 B R T AT 0 I 2 A T B i T (1) 91 2
Jilo AEANR IS MR D3l 5 Kudls 7 Hr (Y] 2560HzZ.

Fig.6 - Sensors placed on the vehicle

The experiment was conducted on a fine-gravel road
corresponding to ISO level D. The vehicle was driven at
an even speed of 30 km/h with relative error less than
+5%. The mean value was calculated for three
repetitions of the experiment. The vertical vibration
acceleration of the cab at the stage of stable running is
shown in Fig. 7. Figure 8 presents the vertical vibration
PSD after fast Fourier transformation. Fig 9 clearly
shows the PSD of the drive motor at high frequency by
focusing on the data range of 0-0.2 m%s®.
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Fig.7 - Measured vertical vibration acceleration of the cab
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Fig.8 - PSD of the vertical vibration acceleration of the cab
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Comparison of the acceleration time-domain curves
and PSD curves of the cab obtained in the experiment
with the simulation results reveals that the coupled
vibration model and experimental results are basically
consistent. The power spectrum obtained in the
experiment mainly ranged from 1 Hz to 20 Hz and had a
peak value of 0.85 m?/s® at 2 Hz. Additional peaks at the
excitation position of the engine and drive motor were
found in both simulation and experiment. Figure 9 shows
that the PSD had a second peak of 0.06 m?/s* near the
excitation frequency of the drive motor, 120 Hz. Another
obvious peak value of 0.09 m%s® was recorded at a
frequency of approximately 37 Hz. The result obtained
excluding the vibrations of the engine and drive motors
showed a peak value of only 0.6 m%s® which was
obviously lower than the value when these two vibrations
were included. The good match of simulation and
experimental results shows that the multisystem coupled
vibration model including the excitations of the engine
and drive motors can be used to simulate the vibrations
and riding comfort of the cab.

We next consider the vehicle running at a speed of
10 km/h over two blocks with heights of 0.06 m and 0.09
m and spaced 10 m. Table 1 provides the root mean
square of the vibration acceleration in both simulation
and experiment.
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Table 1

Root mean square of vibration acceleration under pulse excitation (m/s)

Measuring point Test value Simulation value
Cab 0.2801 0.2967
Upper fulcrum of the left suspension 0.3124 0.3019
Rear frame 0.4933 0.5123
Upper fulcrum of the left motor 0.7123 0.7506

The acceleration results obtained under the impulse
excitation are similar to those obtained for the random
road. The experimental acceleration (Fig. 11) differs from
the simulation acceleration (Fig. 10) by only less than
10%, and the trends of the acceleration are consistent
between simulation and experiment.
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Fig.10 - Vibration acceleration in simulation

Fig 10 and Fig 11 reveal obvious fluctuations in
acceleration near 4.5 s. The instantaneous acceleration
reached 0.93 m/s® and 1.29 m/s” in the experiment and
simulation, respectively. Then, under the effect of
suspension damping, the acceleration began to
attenuate. At 12 s, a second obvious fluctuation
occurred, with the instantaneous acceleration reaching
1.41 m/s® in the experiment and 2.06 m/s® in the
simulation. The acceleration then gradually decayed.
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Fig.11 - Vibration acceleration in experiment
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Fig.12 - Power spectrum of the vibration acceleration of the cab

Figure 12 shows the power spectra of the vibration
acceleration of the cab in the experiment and simulation.
The peak value is 40.26 dB at 1.75 Hz in the experiment
and 46.1 dB at 1.98 Hz in the simulation, showing good
agreement. Both power spectra are concentrated at low
frequency within 1-5 Hz. Owing to the differences
between the model and the real machinery, the
acceleration of cab vibration is higher in the simulation
than in the experiment, but the acceleration fluctuation
time and trend of acceleration are roughly the same. The
same results are observed in the frequency domain as in
the time domain, further verifying the accuracy of the
single-point contact model of a machinery.

CONCLUSION

A model was constructed to analyze the vibration
response of a distributed electric-drive agricultural
vehicle considering coupled excitations of the road
roughness, engine and drive motors. The conclusions
are shown as follows:

(1) The experiment result shows that the 11-DOF
vibration model built in consideration of the coupled
excitations of the road can accurately describe the
vibration characteristics of the distributed electric-drive
agricultural vehicle.

(2) The excitation forces of the engine and drive
motors increased the PSD of the vehicle acceleration,
and obvious PSD peaks registered at the excitation
frequency. Therefore, the excitation forces of the road
roughness, drive motors and engine must all be
considered to ensure the riding comfort and reliability of
the distributed electric-drive agricultural vehicle.

Compared with the research on a passenger vehicle,
that on the riding comfort of agricultural vehicle has
obvious differences. Air suspension with variable
stiffness can improve riding comfort and has a good
application prospect in the field of agricultural vehicle.
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Abstract: The paper presents the possibility of
obtaining some fuels resulted from plastic materials
waste recycling, the determination of some
physicochemical properties of these fuels and a
comparison of the obtained results with those specific
to commercial diesel fuels. This concept of recycling is
a priority in countries with an important technological
breakthrough and having at the same time major
concerns related to environment protection. |If
processing is rigorously controlled by the pyrolysis of
plastic polymeric materials [1, 2, 3, 4, 9, 10, 11, 12],
following the thermal degradation reaction one can
obtain at the final:
ea gaseous blend which contains saturated and
unsaturated hydrocarbons;
ea liquid that contains a mixture of saturated and
unsaturated hydrocarbons;
¢ a solid residue that contains mainly carbon;
e the liquid phase having properties close to the diesel
fuel, that can be used as fuel for Diesel engines.

Keywords: plastic materials, fuels, properties, viscosity,
calorific power, diesel engine.

INTRODUCTION

Low density polyethylene (LDPE) waste is heated at
temperatures of about 500°C in a pyrolysis installation [1,
2, 3, 4]. According to specialty literature, thermal
degradation of polyethylene takes place in two stages,
namely after the first one viscous products are obtained
(Cs Cas, ~87% weight percent), while following the
second one liquid hydrocarbons are formed (~74%
weight percent) [1, 2, 9, 10, 12].

Figure 1 presents the experiments diagram followed
in order to obtain the fuel from LDPE, data acquisition
regarding those processes and both the analysis of
experimental data and of the resulted products, including
their characterization [5, 6, 7, 8].

A superior recovery of plastic materials wastes, such
as the production of fuels resembling diesel fuel has an
important role in natural resources conservation [11].

MATERIAL AND METHOD

The experimental stand and the description of
laboratory equipment used for fuel obtaining

A pyrolysis installation has been performed on a
laboratory stand using a heating mantle Raypa X-250
with thermosetting stage system, with a maximum
temperature heating stage of 450°C (fig. 2).

In order to determine with the best accuracy the
conversion yield of solid LDPE in liquid phase, the parts
used for installation have been weighted previously with
a KERN EMB 200-3 weighting scale with a resolution of
1 mg and an analytical balance Precisa XT-220A with
resolution of 0.1 mg. The temperature control during
pyrolysis process has been made using a digital
thermometer HI-95350 with a resolution of 0.1°C.
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Rezumat: Lucrarea prezintd posibilitatea obtinerii unor

combustibili rezultati din reciclarea deseurilor de mase

plastice, determinarea unor proprietati fizico-chimice ale

acestora si compararea rezultatelor obtinute cu cele

specifice motorinei comerciale. Acest concept de

reciclare este o prioritate in unele tari cu un avans

tehnologic important gi care au in acelagi timp preocupari

majore legate de protectia mediului. Dacd procesarea

prin metoda pirolizei a materialelor plastice polimerice

este atent controlata [1, 2, 3, 4, 9, 10, 11, 12], in urma

reactiilor de degradare termica se obtine in final:

e un amestec gazos care contine hidrocarburi saturate si
nesaturate;

eun lichid care contine un amestec de hidrocarburi
saturate, nesaturate si aromatice;

e un reziduu solid care contine in principal carbon;

e faza lichida avand proprietati apropiate motorinelor, ea
putand fi utilizatd ca si combustibil la alimentarea
motoarelor Diesel.

Cuvinte cheie: mase plastice, combustibili, proprietati,
viscozitate, putere calorifica, motor diesel.

INTRODUCERE

Deseurile de polietilena de joasa densitate (LDPE)
sunt incalzite la temperaturi de cca. 500°C intr-o instalatie
de piroliza [1, 2, 3, 4]. Conform literaturii de specialitate,
degradarea termica a polietilenei are loc in doua etape,
dupa prima etapa se obtin produsi viscosi (Cs Cas, ~87%
procente de masa), iar dupa a doua rezulta hidrocarburi
lichide (~74% procente de masa) [1, 2, 9, 10, 12].

n figura 1 este prezentatd diagrama experimentelor
desfasurate pentru obtinerea combustibilului din LDPE,
achizitionarea datelor legate de aceste procese si analiza
atat a datelor experimentale cat si a produsilor rezultati,
incluzand aici si caracterizarea acestora [5, 6, 7, 8].

O valorificare superioara a deseurilor de mase
plastice, cum ar fi producerea de combustibili
asemanatori motorinelor, are un rol important in
conservarea resurselor naturale [11].

MATERIAL S| METODA

Standul experimental si descrierea echipamentelor
de laborator utilizate la obtinerea combustibilului

Pe un stand de laborator s-a realizat o instalatie de
piroliza Tncalzita electric cu ajutorul unui cuib de incalzire
Raypa X-250 cu termostatare in trepte, cu o temperatura
maximé& de ncalzire de 450°C (fig. 2).

In vederea determindrii cat mai corecte a
randamentului de conversie din LDPE solida in faza
lichida, componentele utilizate la alcatuirea instalatiei au
fost cantarite in prealabil cu ajutorul unui cantar KERN
EMB 200-3 cu rezolutia de 1 mg si o balanta analitica
Precisa XT-220A avand o rezolutie de 0,1 mg. Controlul
temperaturii in procesul de piroliza s-a facut utilizand un
termometru digital HI-95350 cu o rezolutie de 0,1°C.
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For cooling and controlling temperature from
condensation area, a recirculation thermostatic bath
model DC-1006 with the temperature range between -
10°C....95°C and a resolution of 0.05°C, will be used. As
cooling agent it was wused antifreeze with the
recommended concentration for -20°C.

|NMATEH'-‘dqu'cu[that cgnqbwcqu.

Pentru racirea si controlul temperaturii din zona de
condensare s-a utilizat o baie de apa termostatata cu
recirculare model DC-1006 cu domeniul de pastrare al
temperaturii intre -10°C....95°C si cu o rezolutie de
0,05°C. Ca agent de racire s-a folosit lichid antigel cu
concentratia recomandat& pentru -20°C.

ANALYTICAL
LicTs FROCESS CONTROL AENTS 4
[ INKTALLATION MEASCRING AXD '::;:‘:\cvnsn?;
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*
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~
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Fig. 1 - Pyrolysis process diagram, its control, data acquisition and data processing

Fig. 2 - The electrically heated pyrolysis installation used [6]
1. Heating mantle; 2. Pyrolysis Flask; 3. Condenser; 4. Erlenmeyer flask;
5. Pyrolysis gas recovery bag; 6. Hose coolant; 7. Polyethylene waste

In the first stage the conversion yield of solid LDPE
into liquid phase, residues and gases was calculated.
The following are the initial values of the masses
obtained by weighing the pyrolysis installation
components and LDPE granules on which the yield was
determined after conversion to the different phases of
pyrolysis products [6].

- condenser initial weight Gic=221.8¢g
- Erlenmeyer glass initial weight Gie =122.6 g
- pyrolysis flask initial weight Gir=1228¢g

- LDPE granules weight Grore = 100.015 g
The weighting made at the final stage of pyrolysis
process conducted to the following values:

- condenser final weight Gic=222.3¢g
- Erlenmeyer glass final weight Gre=2119g¢g
- pyrolysis flask final weight Gi=127.4¢g

Making the difference between the final weights and
the initial ones and knowing at the same time the weight
of LDPE subjected to pyrolysis we will obtain the final
conversion yield in liquid phase, by relation (1),

Tn prima faz& s-a calculat randamentul de conversie din
faza solida a granulelor de LDPE 1in faza lichida, reziduuri
solide si gaz. In continuare sunt prezentate valorile initiale
ale maselor obfinute prin cantarirea componentelor
instalatiei de piroliza si a granulelor de LDPE pe baza carora
s-a determinat ulterior randamentul de conversie pentru
diferitele faze ale produsilor de piroliza [6].

- masa inifiala refrigerent Gi=221,8g
- masa inifiala pahar Erlenmeyer Gie=122,6¢
- masa inifiala balon piroliza Gip=122,8¢9

- masa granule LDPE Gppe = 100,015 g
Cantarirea facuta la finalul procesului de piroliza ne da
urmatoarele valori:

- masa finala refrigerent Gr=222,3¢g
- masa finala pahar Erlenmeyer Ge=2119g
- masa finala balon de piroliza Gp=127,4¢9

Facand diferentele dintre masele finale si cele initiale,
cunoscand totodatd masa de LDPE supusa procesului de
piroliza vom obtine in final randamentul de conversie in faza
lichida, cu relatia (1),
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Where: Unde:

Gr-Giy=05 g

G — Gie = 89.3 g

G, -G, )+ (G, -G,
nliquid — {[( fc |cG) ( fe ie )] :|*100 [%] (1)
LDPE
it results the yield of conversion in liquid phase: de unde rezulta randamentul de conversie in faza lichida:
Niquid = 89.787 [%)] Nichid = 89,787 [%]

Applying the mass conservation law, based on the Aplicand legea conservarii masei, insumand la cele
data presented previously taking into account the solid enumerate anterior si masa reziduurilor solide am
weight the conversion yield in solid residue and gaseous determinat randamentul de conversie in reziduu solid si in
phase has been also determined. faza gazoasa. . . . _

For solid residue we use relation (2): Pentru reziduul solid folosim relatia (2):

Where: Unde:
Gi-Gi=464d
Gy —G;
Nyes = ———1-*100 [%] )

LDPE
Nres = 4,599 [%]

The quantity of gas was determined by relation (3), Cantitatea de gaz se determina cu relatia (3), facand
making the difference between the quantity of LDPE diferenta dintre cantitatea de LDPE introdusa in instalatia
introduced into the pyrolysis installation and the sum of de piroliza si suma cantitatilor de lichid si reziduu solid
the liquid and solid residue resulted from the process. rezultate in proces.

Mgas :{ [(ch -G )+ (GGfe -G )+ (fo -Gy )] *100 [%)] ?3)

Mgas = 5.614 [%]

Based on the measurements and the calculus performed Pe baza masuratorilor facute si a calculelor
it resulted a superior conversion yield in liquid phase of ~ ©fectuate a rezultat un randament superior la conversia
LDPE, comparing to the one found in the literature [5, 6], in faza lichida a LDPE, fata de cel gasit in literatura de

th ¢ babl bei the | ; t specialitate [5, 6], cauza cea mai probabila fiind
€ most probable cause being the low temperature mentinerea zonei de condensare a instalatiei la

maintained into the condensation installation. temperaturi mai coborate.
RESULTS o _ REZULTATE

The determination of the density and the Determinarea densitdtii si calculul densitatii relative
calculation of the relative density of the obtained fuel a combustibilului obtinut

The volume V occupied by the liquid phase measured Volumul V ocupat de faza lichida masurat cu cilindrul
with a measuring cylinder at ambient temperature t; = gradat la temperatura ambientala t, = 27,6 °C a fost de
27.6°C was of 114 ml, and in this case the density of 114 ml, in acest caz densitatea fazei lichide a fost
liquid phase has been calculated with relation (4): calculata cu relatia (4):

_ [(ch -G )\‘;(Gfe -G )] [kg/m3] (4)

p=78333 [kg/mc] orelse P4 =0.78333 [kg/l]

Because the temperature at which the determination Deoarece temperatura la care s-a facut determinarea
has been made is higher than 20°C it has been pentru calculul densitétii este mai mare de 20°C s-a calculat
calculated the relative density of liquid phase obtained densitatea relativa a fazei lichide obfinute din LDPE prin

from LDPE by pyrolysis with relation (5). piroliza cu relatia (5).
p¥ =ph +c(t-15) (5)
Where: n care:
t t . . -

P4 - represents the relative density at the temperature of P4 - reprezinta densitatea relativa la temperatura la

the measurement; care s-a efectuat determinarea;
t —is the working temperature; t - este temperatura de lucru;
¢ —is the correction coefficient ¢ - este coeficientul de corectie a temperaturii

15
pL® =0,7933 ps =0,7933
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Comparing the density obtained in this way with the
density presented in table 1, we were able to estimate that
the density of liquid phase obtained from LDPE by pyrolysis
is situated between the density of gasoline and diesel fuels.
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Comparand densitatea obtinuta prin metoda de calcul
aratata anterior, cu densitatile prezentate in tabelul 1 am
putut estima ca densitatea fazei lichide obtinute din LDPE
prin pirolizé se incadreaza intre densitatea benzinelor si a
motorinelor.

Table 1

The relative density values of some fuels.

Fuel

The relative density [kg/l]

Gasoline

0.682 — 0.767

Diesel

0.820 — 0.910

Experimental determination of density and viscosity

For experimental determination of the density and
viscosity we used the SVM viscometer, an apparatus that
measures the dynamic and kinematic viscosity of fuels
and oils respectively, and the results are provided as
tables.

The determinations were made in the same conditions
for diesel fuel as for the liquid pyrolysis product from
LDPE, namely atmosphere pressure of P, = 9.74.10* [Pa]
and environment temperature of tya = 27,6°C.

The results obtained following the measurements for
dynamic and kinematic viscosity for diesel fuel and the
fuels from LDPE are presented in figure 3 and 4. The
variation of the density of the studied fuels depending on
temperature, including the density calculated for 15°C for
the obtained fuel by LDPE pyrolysis is presented in
figure 5.

7.0

Determinarea experimentala a densitatii si viscozitatii

Pentru determinarea experimentala a densitatii si
viscozitatii s-a folosit viscozimetrul SVM 3000, aparatul
masoara  viscozitatea  dinamica si  densitatea
combustibililor, respectiv a uleiurilor, iar rezultatele le
reda tabelar.

Determinarile s-au efectuat in aceleasi conditii pentru
motorina si faza lichida a produsului obtinut prin piroliza
din LDPE, adica presiunea atmosferica de P, = 9,74.10*
[Pa] si temperatura mediului ambiant tma = 27,6°C.

Rezultatele obtinute in urma masuratorilor pentru
viscozitatile dinamice si cinematice ale motorinei si
combustibilului din LDPE sunt prezentate in figurile 3 si
4. Variatia densitatii combustibililor studiati in functie de
temperatura, inclusiv a densitatii calculate la 15°C pentru
combustibilul obtinut prin piroliza din LDPE, este redata
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Experimental determination of the flash point
(Penski-Martens)

For the determination of this parameter it was used
Automated Pensky Martens Closed Cup Flash Point
Analyzer HFP 339. The determination was made
according to ISO 2719A norms. |If during the
measurements the atmospheric pressure differs
from101.3 kPa (760 mmHg), it is necessary a correction
of the determined values with the relation (6):

Tit = Tintmas +0,25-

where:
Tint mas IS the measured inflammability temperature, in
Celsius degrees.
pawm iS the atmospheric pressure, expressed in kPa.

After the recalculation of the flash point in this way, the
resulted values will be rounded by 0.5 °C.

Table 2 presents the data resulted following the
measurements and data correction.

Determinarea experimentald a temperaturii de
inflamabilitate (Pensky-Martens)

Pentru determinarea acestei marimi s-a utilizat
analizorul cu creuzet inchis HFP 339, aparatul
functionadnd dupa metoda Persky-Martens. Determinarea
s-a facut conform normelor ISO 2719A. Daca pe durata
efectuarii determinarilor presiunea atmosferica este
diferita de 101,3 kPa (760 mmHg), este necesara
corectarea valorii determinate cu relatia (6):

(1013 - pam) Q)

unde:

Tinf mas €Ste temperatura de inflamabilitate masurata, in
grade Celsius;

pam este presiunea atmosferica exprimata in kPa.

Dupa recalcularea in acest mod a temperaturii de
inflamabilitate, valorile rezultate se vor rotunji cu o
precizie de 0,5 °C.

Tn tabelul 2 sunt prezentate datele rezultate in urma
masuratorilor si datele corectate.

Table 2
The values obtained for flashpoint
Tested fuel | Flash point measured Atmospheric pressure Flash point corrected
[’C] [kPa] [°’C]
Diesel fuel 55 97,3 56,5
LDPE fuel 44 97,3 45,5

Experimental determination of cetane number

Experimental determination was made with the help of
the stand for the evaluation of cetane number
WAUKESHA CFR-F5, according to norms ASTM D613
and ISO 5165, namely the standards for the
determination of cetane number of fuels for Diesel
engines. Cetane number (CN) determined for the fuel
obtained by LDPE pyrolysis is:

CN=66

The diesel engines function well with diesel fuel with
CN varying in the range 40 and 55. A higher cetane
number means a faster self-ignition that allows the
realization of engines with higher speed rate or, which at
the same speed rate, offer longer time for burning
completion, resulting smaller noxious emissions.

Determinarea experimentala a cifrei cetanice

Determinarea experimentala s-a facut cu ajutorul
standului pentru evaluarea cifrei cetanice WAUKESHA
CFR-F5, in conformitate cu normele ASTM D613 si ISO
5165, acestea fiind standardele de determinare a cifrei
cetanice din combustibilii pentru motoarele Diesel.
Cifra cetanica (CC) determinata a combustibilului obtinut
prin piroliza din LDPE este:

CC=66

Motoarele diesel functioneaza bine cu motorind cu CC
cuprinsa intre 40 si 55. O cifra cetanica mai mare
fnseamna o autoaprindere mai rapida, ceea ce permite
sau realizarea unor motoare cu turatii mai mari, sau, la
aceeasi turatie, ofera mai mult timp pentru completarea
arderii, rezultand emisii de noxe mai mici.
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Experimental determination of sulphur content

For the determination of sulphur content from the
fuel resulted following the pyrolysis process of LDPE
it was used the UV-fluorescence (UVF) Antek 9000
Analyzer.

The used method is based on pyrochemiluminescence.
In this case, the apparatus measures the content of
sulphur in very small quantities in gasoline, diesel fuel,
light oils and other light hydrocarbons, including GPL,
according to ASTM D-5453, ASTM D-4629 si SR EN ISO
20846-04. The sulphur quantity determined in the
analyzed product was:

S =2 [mg/kg] sau 2 [ppm]

Experimental determination of Cold Filter Plugging
Point

For this determination it was used the apparatus FPP
5Gs, which provides results according to the testing
methods EN 116, 309 IP si ASTM D 6371. The value
obtained for cold filter plugging point:

CFPP.ppe = +4 [OC]

Experimental determination of calorific power

For the determination of calorific power of the
analyzed fuel it was used the calorimeter with mantle
maintained at constant temperature, model PARR
CALORIMETER 6200. Following the measurements for
the determination of calorific power for the fuel obtained
from LDPE the resulted value was obtained:

Qs Lope = 45735,35 [kJ/kg]
For diesel fuel, the usual value of calorific power is:
Qs wm = 44800 [kJ/kg]

Table 3 presents the results for the determinations
undertaken for the fuel resulted by the pyrolysis of LDPE
comparing to some quality specifications of diesel fuel.
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Determinarea experimentala a continutului de sulf

Pentru determinarea continutului de sulf din
combustibilul rezultat Tn urma procesului de piroliza din
LDPE s-a folosit analizorul de sulf prin fluorescenta UV
ANTEK 9000.

Metoda folositd fiind  piro-chemiluminescenta,
aparatul masoara continutul de sulf in concentratii
foarte mici in: benzina, motorina, uleiuri ugsoare si alte
hidrocarburi usoare, inclusiv in GPL, in concordanta cu
ASTM D-5453, ASTM D-4629 si SR EN ISO 20846-04.
Cantitatea de sulf determinatd in produsul analizat a
fost:

S =2 [mg/kg] sau 2 [ppm]
Determinarea experimentala a temperaturii limita de
filtrabilitate

Pentru aceasta determinare s-a folosit aparatul FPP
5Gs, care livreaza rezultatele in conformitate cu
metodele de testare EN 116, 309 IP si ASTM D 6371.
Temperatura limitda de filtrabilitate obtinutda pentru
combustibilul LDPE a fost:

TLF ppe = +4 [OC]
Determinarea experimentala a puterii calorifice

La determinarea puterii calorifice a combustibilului
analizat s-a folosit calorimetrul cu mantaua mentinuta la
temperaturd constantd PARR CALORIMETER 6200. Tn
urma masuratorilor efectuate pentru determinarea puterii
calorifice a combustibilului obtinut din LDPE a rezultat
valoarea:

Qs Lore = 45735,35 [kJ/kg]
Pentru motorina valoarea uzuala a puterii calorifice este:
Qswm = 44800 [kJ/kg]

n tabelul 3 sunt prezentate rezultatele determinarilor
efectuate pentru combustibilul rezultat prin piroliza LDPE
comparativ cu unele specificatii de calitate ale motorinei.

Table 3
The specifications of diesel fuel compared with those of the LDPE fuel analyzed [6].
. Value
Properties UM -
Diesel fuel LDPE fuel
Density @ 15°C kg/m3 820 + 845 793,3
Cetane number, min. - 51,0 66
Cetanic index, min. - 46,0 -
Classes Classes Classes
(summer) (winter) (summer) Classes
Cold Filter Plugging Point C ABC DE ABC (WI|3r1tEer)
+50-5 -10 -15 +4------
Flash point (Pensky-Martens), min. °C > 55 >44
Sulphur content, max. mg/kg 10 2
Viscosity @ 40 °C mm?/s 2.00 + 4.50 2,0384
Copper strip corrosion
(3h @ 50 °C) class 1 Q)
CONCLUSIONS CONCLUzII
The most used method for obtaining liquid fuels from Metoda cea mai utilizata pentru obiinerea

plastic materials waste, and from LDPE is pyrolysis in the
absence of oxygen using or not the catalysts.

Following the experiments there were obtained liquid
fuels with properties close to the fuels used in internal
combustion engines.

The obtained yield of conversion in liquid phase
obtained by the reduction and the control of the
temperature from the condensation area is superior
comparing to the data from scientific literature.

The calculated and corrected density to the relative
density of fuel is fitted between the specific density of

gasoline and diesel fuel.
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combustibililor lichizi din deseurile de mase plastice,
implicit si din LDPE, este piroliza in absenta oxigenului
cu utilizarea sau nu a catalizatorilor.

In urma experimentelor s-au obtinut combustibili lichizi
cu proprietati apropiate de ale combustibililor utilizati in
motoarele cu ardere interna.

Randamentul de conversie in faza lichida obtinut prin
reducerea si controlul temperaturi din zona de
condensare este superior datelor intalnite in literatura de
specialitate.

Densitatea calculata si corectata la densitatea relativa
a combustibilului obtinut se incadreaza intre densitatile
specifice benzinei si motorinei.
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The calorific power of the new fuel is higher than the
one of diesel fuel by 935.35 kJ/kg, due to the presence in
the fuels from LDPE of light hydrocarbons specific to
gasoline with higher energetic power and to hydrocarbon
with carbon number between Cy4 - Cgs which increase the
concentration of carbon that enters the combustion process.

The determinations and measurements undertaken
have put into evidence the fact that this fuel obtained in
the laboratory can be used in Diesel engines.

The production of the fuels from plastic material
waste saves the stocks of fossil fuels and reduces the
emissions of carbon in the case of the utilization of those
materials to the obtaining of alternative fuels.
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Puterea calorifica a noului combustibil este mai mare
decat cea a motorinelor cu 935,35 kJ/kg, cauzele cele
mai probabile fiind prezenta in compozitia combustibilului
din LDPE a hidrocarburilor ugoare specifice benzinelor cu
valoare energetica mai mare si a hidrocarburilor cu
numar de carbon cuprins intre Cys - Css care maresc
concentratia carbonului intrat in procesul arderii.

Determinarile si masuratorile facute evidentiaza faptul
ca acest combustibil obtinut in laborator poate fi utilizat in
motoarele Diesel.

Productia combustibililor din deseuri de mase plastice
conserva stocurile de combustibili fosili si reduc emisiile
de carbon in cazul utilizarii acestora la obtinerea de
combustibili alternativi.
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Abstract: An important component of modern society is
represented by renewable energy. This type of energy
can be obtained through energetic plant processing, wind
energy, solar energy, etc. Taking into consideration the
potential of energetic plants regarding ensuring a
sustainable future from an energetic point of view, this
paper presents a review on the way in which mechanical
properties influence the processing stage. Considering
that the equipment used for this process is in continuing
development, knowing the energetic plant stem
mechanical properties is a major component in creating
and developing these machines. Energetic plant
mechanical properties are important data for
mathematical modelling of the processes to which the
stems are subjected to. Studying shearing resistance,
compression/stretching resistance, cutting resistance, as
well as the elasticity module, we can see that all the data
lead to creating an adequate design for the equipment.
The main objective of this paper is to create a synthesis
regarding energetic plant mechanical properties.
Keywords: mechanical mathematical
modelling, energetic plants

properties,

INTRODUCTION

Nowadays, fossil fuels as gas, coal, etc. represent the
main source of energy in the world. Studies regarding the
quantities of these resources and the use by consumers
show that in approximately 40-50 years they will
considerable diminish, some will even drain. Also, these
energy sources produce annually environment degradation
through acid rains, global warming, air pollution, etc.
Regarding the lowering of this constant degradation, more
and more countries have analysed the possibility to replace
fossil fuels with renewable energy sources that do not have
the same negative impact on the environment. [12]

The varied number of energetic plants nowadays
imposes to the researchers extensive studies regarding
their characteristics within the use for technological
processes. Among these characteristics both biological
characteristics influenced by culture conditions [13, 28] as
well as physical properties that greatly influence processing
stages, were identified.

The study of this paper is focused on presenting
energetic plant stem mechanical properties and the
influence that they have on these processes.

MATERIAL AND METHOD

Outlining physical properties of energetic plant stems
was the focus of many researchers, this current paper
showing research papers and studies from speciality
sites, ASABE, articles published in journals from
international data base (ScienceDirect, Springerlink, etc.)
or volumes of some national and international
conferences which had as an interest this theme, and are
presented as bibliographical sources.
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Rezumat: O componenta foarte importanta a societatii modeme
este reprezentatd de energia regenerabild. Acest tip de
energie poate fi obtinut prin procesarea plantelor energetice,
energie eoliand, energie, solard etc. Ludnd in considerare
potentialul plantelor energetice privind asigurarea unui vitor
sustenabil din punct de vedere energetic in aceasta lucrare
este prezentat un review privind modul in care proprietatile
mecanice ale acestora influenteaza procesul de prelucrare.
Avénd in vedere faptul ca echipamentele utilizate sunt in
continué dezvoltare, cunoasterea proprietatilor mecanice ale
tulpinilor plantelor energetice este o componenta importanta
in crearea si dezvoltarea acestor utilaje. Proprietdtile
mecanice ale plantelor energetice constituie date importante
in modelarea matematica a proceselor la care sunt supuse
tulpinile. ~ Studiind rezistenta la forfecare, rezistenta Ia
compresiune/intindere, rezistenta la tdiere, rezistenta la
incovoiere, rezistenta la méruntire precum si modulul de
elasticitate, se constata ca toate datele acumulate conduc la
crearea unui design adecvat al echipamentelor. Obiectivul
principal al acestei lucrén este acela de a alcatui o sinteza cu
privire la proprietétile mecanice ale plantelor energetice.

modelare

Cuvinte cheie: proprietdti mecanice,

matematica, plante energetice

INTRODUCERE

In prezent, combustibili fosili precum gazele, carbunii
etc. reprezinta principala sursa de energie din lume. Studii
privind cantitatea acestor resurse si utilizarea lor de catre
consumatori prezinta faptul ca in aproximativ 40 - 50 de ani
se vor diminua considerabil, unele chiar vor seca. Totodata,
aceste surse de energie utilizate Th prezent produc anual
degradarea mediul inconjurator prin provocarea de ploi
acide, incalzire globala, poluarea aerului etc. In vederea
diminuarii acestei degradari constante din ce in ce mai
multe tari au analizat posibilitatea de a Tnlocui combustibilii
fosili cu surse de energie regenerabila care nu au acelasi
impact asupra mediului [12]

Numarul variat al plantelor energetice din zilele noastre
impune cercetatorilor un studiu amanuniit asupra
caracteristicilor acestora pentru utilizarealor Tnh cadrul
diferitelor procese tehnologice. intre aceste caracteristici se
indentificd atadt caracteristicile bilogice influentate de
conditiile de cultura [13, 28], cat si proprietatile fizice care
influenteaza Th mare parte procesele de prelucrare

Studiul acestei lucrari se concentreaza pe prezentarea
proprietatilor mecanice ale tulpinilor plantelor energetice si
influenta pe care aceastea o au asupra acestor procese.

MATERIALE SI METODA

Evidentierea proprietatilor mecanice ale tulpinilor
plantelor energetice a fost studiatd de numerosi cercetari, in
lucrarea de fata fiind prezentate lucrari de cercetare si studii
preluate de pe site-uri de specialitate, ASABE, articole
publicate Tn jumale din baze de date interationale
(ScienceDirect, Springerlink, etc.) sau volume ale unor
conferinfe nationale si internationale care au avut ca
interes aceasta tematica si utilizate ca surse bibliografice.
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RESULTS AND DISCUTIONS

According to scientific papers [1...28], the processing
state of energetic plants and its optimisation can be
realised through establishing the mechanical properties
of plants used to yield biogas.

Determining mechanical properties of energetic plants is
a part of a complex process, mainly because of the
composite structure of plants being different from one plant
to another [3].

Generally the most used procedure in determining
mechanical properties is performed in lab conditions where
each component can be analysed individually. Data taken
during lab trials can be used as input data inside
mathematical models used to determine parameters that
affect energy consumption during the processing stage [4].
An example in this purpose can be given by the difference
between the energy associated to the obtained product
after breaking and the energy associated to the raw
material, which is equal with the consumed energy for the
breaking process.

The theory of free mincing can be expressed through the
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REZULTATE $I DISCUTII

Conform lucrarilor stiinfifice [1...28], procesul de prelucrare al
plantelor energetice precum si optimizarea acestuia pot fi
realizate prin stabilirea proprietatilor mecanice ale plantelor
utilizate in vederea obtinerii de biogaz.

Determinarea proprietatilor mecanice ale plantelor
energetice face parte dintr-un proces complex, mai ales
datorita faptului ca structura compozita a plantelor este
diferita de o planta la alta [3].

Tn general cea mai utilizata proceduré de determinare
a proprietatilor mecanice se realizeaza in condifii de
laborator unde fiecare componentd poate fianalizata
individual. Datele preluate din cadrul Tncercarilor de
laborator pot fi utilizate ca date de intrare in cadrul
modelelor matematice folosite pentru a determina
parametrii care afecteaza consumul de energie in timpul
procesului de prelucrare [4]. Un exemplu in acest sens
poate fi dat de diferenfa dintre energia asociata
produsului obtfinut dupa maruntire si energia asociata
materiei prime, care este egala cu energia consumata
pentru procesul de maruntire.

relation: Teoria liberei maruntiri se poate transpune in
relatia:
Ep—Em:ﬂ-Ec (1)
Where unde:
Ep — mincing energy; E; - energia produsului de maruntire;
Em — raw material energy; Em - energia materiei prime;
E: — consumed energy by the breaking equipment; E. - energia consumata de utilajul de maruntire;
7 - equipment energetic efficiency. n - randamentul energetic al utilajului.
Table 1
Different biomass types mechanical and physical properties
Nr Moisture True densit
' Plant type content, Bulk density, [kg/m?] 3 y Specific energy, [KN/m]| Ash content, [%]| Paper no.
crt. [%wb] [kg/m?]
1 Wheat straw 8.30 108 1210 15 8.32 [25]
2 Switchgrass 8 151 1090 86.5 5.49 [26, 27
3 Corn stover 11-15 148 1280 31.5 7.46 [26, 27]
4 Barley straw 6.98 98 1100 53k Whit 10.72 [25]
5 Miscanthus 8.5 1170 1080 4.4 KW 2.3 [7]

Resistance at shearing and bending

During outlining plant behavior at different processes in
the paper [14], the authors had studied shearing and
bending resistance for saffron stems as well as their
elasticity module.

Thus, considering the fact that the cutting/grinding
process is made out of processes like compression,
shearing, bending, stretching and friction [15, 23] the
authors have tested saffron stems at different values of
humidity content. For determining the shearing resistance
the equation was:

Ts

Where:

T, — shearing resistance;

Fs — shearing force during disposal (N);

A — Area of the stem surface subjected to shearing (mmz).

Also, using the same equipment stems have been

subjected to bending tests by placing them on a metallic
support, than applying force in the center at a load rate of
Imm/min (similar to the shearing test). Calculus formula
for bending resistance was:

1

Rezistenta la forfecare si incovoiere

in vederea evidentierii comportamentului plantelor in
timpul diferitelor procese in lucrarea [14] autorii au
studiat rezistenta la forfecare si incovoiere a tulpinilor de
sofran precum si modulul de elasticitate al acestora.

Astfel, considerand faptul ca procesul de
taiere/tocare este format din procese precum
compresiune, forfecare, incovoiere, intindere si frecare
[15, 23] autorii au testat tupinile de sofran la valori
diferite ale continutului de umiditate. Pentru determinarea
rezistentei de forfecare ecuatia utilizata a fost:

_K
2A

unde:

)

Tz - rezistenta la forfecare;

Fs - forta de forfecare in momentul cedarii (N);

A - aria suprafetei tulpinii supuse forfecarii (mmz.

Totodata, folosind acelasi echipament tulpinile au fost

supuse testelor de Thcovoiere prin plasarea lor pe un suport
metalic, apoi aplicandu-se forta in centrul probelor la o rata
de incarcare de 10 mm/min (similara testului de forfecare).
Formula de calcul pentru rezistenta la incovoiere a fost:

50
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where:
Ty — bending resistance (MPa);
Fv — bending force (N);
y — distance from de neutral axe to the most distant
point (mm);
| — distance between the two supports used during
experimentation (50mm);

Using statistical data analysis ANOVA the
conclusions referring to shearing resistance values have
outlined a rise together with a rise in humidity from 4 to
8.46Mpa, results which were also confirmed in the paper
[1,2,17], when the bending resistance dropped along
with a rise in stem humidity content.

The average values of the bending stress, Young’'s
modulus, shear stress, and shear energy varied from 50.59
to 26.91 MPa, 2.52 to 1.22 GPa, 4.00 to 4.00 MPa, and
231.45 to 730.02 mJ, respectively, as the moisture content
increased from 8.61 to 37.16%.

Also a study about shearing resistance is presented
in paper [24], where the authors have used as raw
material rice stems. Their conclusions showed a rise in
shearing resistance together with a rise in stem
humidity content.

This effect of stem height on shearing energy was
also reported by [2] for alfalfa stem and [18] for barley
stem.

70

Ryl

INMATEH-- dq ricultural cgnqmcctmq

3
41 ®3)

unde:

Op - rezistenta la incovoiere (MPa);

Fv - Forta de incovoiere (N);

y - distanta de la axa neutra la cel mai departat
punct (mm);

| - distanta dintre cele doua suporturi folosite in
cadrul incercarilor experimentale (50 mm).

Folosind ca metoda de prelucrare a datelor analiza statistica
a datelor ANOVA concluziile referitoare la valorile rezistentei
la forfecare au evidentiat o crestere odata cu cresterea continutului
de umiditate de la 4 la 8.46 MPa, rezultate confirmate si in
lucrarea [1, 2, 17] pe cand rezistenta la incovoiere a scazut
odata cu cresterea continutului de umiditate al tulpinilor.

Valorile medii ale tensiunii la incovoiere, modulul lui
Young, tensiunea la forfecare, si energia de forfecare a
variat intre 50.59 la 26.91 MPa, 2.52 la 1.22 GPa, 4.00
la 4.00 MPa, si 23145 la 730.02 mJ, respectiv,
umiditatea de la 8.61 la 37.16%.

Tot un studiu efectuat in vederea prezentarii rezistentei la
forfecare este prezentat in lucrarea [24] unde autorii au
utilizat ca materie prima tulpini de orez. Concluziile cercetarilor
experimentale au evidentiat cresterea rezistentei la forfecare
odata cu cresterea continutului de umiditate al tulpinilor.

Acest efect al inaltimii tulpinii asupra energiei
forfecarii a fost de asemenea raportat de catre [2]
pentru tulpini de alfalfa si [18] pentru tulpini de orz.

A

Y

100

stoinless steel blode
with thickness 3 mm

75°

Fig. 1 — Miscanthus stem shearing cutting scheme

Similarly to papers presented earlier, in [21], the
authors have subjected Miscanthus Giganteus to
shearing tests. These tests had as a basis subjecting
stem samples at repeated shearing stresses after which
rupture point, bioflow point and the proportionality limit
(characteristic of stem elasticity on a transversal
section) were determined, from the force-deformation
curve. Samples were put on the support frame so that
the applied force on the shearing frame will be at the
half of the sample. During application the shearing frame
goes through an orifice until the moment of rupture point
detection. During tests the Hounsfield mechanical trail
apparatus was accessorised with metallic shearing
plates of 100x70x3 dimensions (fig.1), and the shearing
angle (plate opening) was different, of 30, 50, 60 and
75°.

Because the material probes had variations in large
diameter limits, their mass and the weight of the
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Similar lucrarilor prezentate anterior, in [21], autorii
au supus testelor de forfecare tulpini de Miscanthus x
Giganteus. Testele au constat in supunerea epruvetelor
din tulpini de Micanthus la solicitari de forfecare repetate
in urma carora s-au determinat punctul de rupere,
punctul de biocurgere si limita de proportionalitate
(caracteristica a elasticitaiii tulpinilor pe sectiunea
transversal) de pe curba foria-deformatie. Probele de
material au fost agezate pe placa de sprijin astfel incat
forta aplicata prin placa de forfecare sa se afle la
jumatatea epruvetei. in momentul aplicarii testelor placa
de forfecare trece printr-o fantd pana in momentul in
care era detectat de catre aparat punctul de rupere. Tn
cadrul testelor aparatul de fincercari mecanice
Hounsfield a fost prevazut cu placi metalice de forfecare
de dimensiuni 100x70x3 (fig.1), iar unghiul de forfecare
(des%hidere a placilor) a fost diferit, si anume 30, 50, 60
si 75",

Deoarece probele de material au avut variatii in limite
largi ale diametrului, masei acestora si grosimii
Tnvelisului lignocelulozic, variatiile fortelor de rupere, atat
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lignocellulose layer, variation of rupture forces, both to
crushing, and shearing, regardless of plate angle, as
well as necessary energy at shearing and the bioflow
point corresponding force are between large limits.
Still, it was observed that the shearing energy variation
with Miscanthus plant diameter has an exponential
variation rising from 0.308 J for 4.29mm diameter, at
2.315J for 7.95mm. Nevertheless, the results are
similar to other papers on experimental testing.

Cutting resistance and cutting energy

Also, in the paper [19] the authors analysed the
cutting resistance of sugarcane stems. During testing
the plants were dried in natural conditions, at 25
degrees and 55% humidity. Testing the plants at
different values of the humidity content, stems have
been brought at wanted values through saturation or
drying. Cutting blade of the Instron Universal Testing
Machine had an inclination angle of 30° and the angle
of cutting blade of 60°. In accordance with the humidity
content and area of cutting section, the cutting
resistance and cutting energy of sugarcane stems were
determined. Conclusions of these tests showed an
optimum cutting resistance when the humidity content
was between 50-75%.

Using a similar knife, V shaped, in [20] Miscanthus
stems cutting resistance was determined.
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la strivire, cat si la forfecare, indiferent de unghiul placii
de lucru, precum si ale energiei necesare la forfecare
sau ale fortei corespunzatoare punctului de biocurgere
se incadreaza in limite destul de largi. Totusi, s-a
constat ca variatia energiei de forfecare cu diametrul
plantelor de miscanthus are o variatie exponentiala
crescand de la 0.308 J pentru diametrul de 4.29 mm, la
circa 2.315 J pentru diametrul de 7.95 mm. Cu toate
acestea datele rezultate sunt similare lucrarilor utilizate
ca model Tn efectuarea testelor experimentale.

Rezistenta la taiere si energia de taiere

De asemenea, in lucrarea [19] autorii au analizat
rezistenta la taiere a tulpinilor de trestie de zahar. Tn
vederea efectuarii testelor experimentale plantele au
fost uscate in conditii naturale si anume la aproximativ
25 de grade si 55% umiditate. Testand plantele la
diferite valori ale continutului de umiditate tulpinile au
fost aduse la valorile dorite prin saturare sau uscare.
Lama de taiere a echipamentului Instron Universal
Testing Machine (Instron UTM/SMT-5, SANTAM
Company, Tehran, Iran) utilizat a avut un unghi de
inclinare de 30° si unghiul de lamei taietoare 60°. n
functie de continutul de umiditate si aria sectiuni taiate
s-a determinat rezistenta la taiere si energia la taiere a
tulpinilor trestiei de zahar. Concluzile testelor au
evidentiat o rezistenta la taiere oprima atunci cand avem
un continut de umiditate cuprins intre 50- 75%.

Folosind un cutit similar, in forma de V, in [20] s-a
determinat rezistenta la tdiere a tulpinilor de
Miscanthus.

—7

Fig. 2 - Miscanthus stem cutting V shaped blade [20]

Cutting blades (shearing) had an opening angle of 30°,
and different sharpening angles (i=10, 20, 30, 40, 50°). It
was observed that the cutting force drops from the base to
the top of the plant, together with a drop in average stem
diameter, curve of cutting variation presenting a decreasing
exponential variation.

Similarly, using a cutting blade with a 50 ° opening angle
in [10] the authors realized experimental researches
regarding miscanthus plant cutting resistance. Conclusions
of the tests have showed a drop in cutting force values until
the angle of 30-40 °, after which the force rises for cutting
angles of over 40°,

In paper [5] the authors have determined a cutting
resistance of reed stalks using 6 knives with different blade
inclination angles.

Lamele de taiere (forfecare) au avut un unghi de
deschidere de 30°, si unghiuri de ascutire diferite (i=10,
20, 30, 40 50°). S-a constat ca forta de taiere scade de
la baza spre varful plantei, odata cu scaderea
diametrului mediu al tulpinii, curba de variatie a fortei de
taiere prezentand o variatie exponentiala
descrescatoare.

Similar folosind o lama de taiere cu un unghi de
deschidere de 50° in [10] autorii au realizat cercetari
experimentale privind rezistenta la taiere a plantelor de
miscanthus. Concluziile testelor au evidentiat o scadere
a valorilor fortei de taiere a plantelor de miscanthus
pana la un unghi de 30 — 40° dupéa care forta creste
pentru unghiuri de ascutire de peste 40°.

In lucrarea [5] autorii au derminat rezistenta la taiere
a tulpinilor de stuf folosind 6 cutite cu diferite unghiuri
de inclinare a lamei.

¢0=0° | ¢=5° | 0=10° | @=15°  @=20° | @=25°

L a
0=45°

@

Fig. 3 — Knives with different blade cutting angles [5]
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Conclusions refer to the fact that the consumed energy
values during the moment of cutting operation have not
presented large variations for different cutting blades [5].

Similarly, in [6] the authors used hemp stems for
testing. Cutting resistance presented values between
11.8 and 19.4 N/mm? Also, the lowest energy value
consumed was for the blade angles of 25 and 45 °. For
all knives used during experimental testing the maximum
cutting force dropped with 40% for knives inclined from 0
to 20°.

Other studies determined that the cutting speed and the
blade configuration play a critical role in crops harvesting
process. Maughan J.D. et al. (2014),[.9.] investigated the
effects of cutting speed, blades bevel angle and fixation on
the power consumption during Miscanthus harvesting.
Authors used a rotary platform with only one cutting end,
driven by a hydraulic motor with measuring instruments of
stalk bending force and cutting speed. The results
indicated that the cutting speed and the blades angle
directly influence the power and efficiency of the
Miscanthus harvesting machines. Instead it was
determined that the way to fix the blade was insignificant.

Compression resistance

Another property of energetic plants analysed by
researchers is plant compression resistance. Thus, in
paper [11] Miscanthus plant stems were subjected to
tests. The Hounsfield apparatus was fitted with an
adaptor connected to a loading cell. Data resulted have
showed the influence of stem diameter on tests, namely
the bigger the diameter of the stem the larger the
necessary compression force.

Stness

Strain Hardening
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Concluziile evidentiate fac referire la faptul ca valorile
energiei consumate in momentul operatiei de taiere nu a
prezentat variatii mari pentru diferite lame de taiere [5].

Similar in [6] autorii au supus testelor de taiere tulpini
de cénepa. Rezistenfa la taiere a prezentat valori
cuprinse intre 11.8 si 19.4 N/mm?. De asemenea, cel
mai scazut consum de energie s-a constatat a fi pentru
lamele cu unghi de taiere de 25 si 45°. Pentru toate
cutitele folosite Tn timpul testelor experimentale forta
maxima de taiere a scazut cu aproximativ 40% pentru
cutitele cu lame de taiere inclinate de la 0 la 20°.

Alte studii au determinat faptul ca viteza de taiere si
configurarea lamelor joaca un rol critic in procesul de
recoltare. Maughan J.D. et al. (2014),[.9.] a investigat
efectele vitezei de taiere, unghiul lamelor si fixarea de
puterea consumata in timpul recoltarii. Autorii au folosit
o platform rotativa cu un singur capat de taiere, actionat
de un mtor hidrauloc cu instrumente de masura pentru
forta de incovoiere a cozilor si viteza de taiere.
Rezultatele au aratat ca viteza de taiere si unghiul
lamelor influenteaza direct puterea si eficienta
echipamentului de recoltat miscanthus. S-a determinat
ca metoda de reparare a lamei nu era semnificativa.

Rezistenta la compresiune

O alta proprietate a platelor energetice analizata de
catre cercetatori face referire la rezistenta plantelor la
compresiune. Astfel, Tn lucrarea [11] s-au supus testelor
de compresiune tulpini de Miscanthus X Giganteus.
Aparatul Hounsfield utilizat in timpul experimentelor a
fost dotat cu un adaptor conectat la o celula de
incarcare. Datele rezultate au evidentiat influenta
diametrului tulpinilor asupra testelor, cu cat diametrul
tulpinilor era mai mare cu atat si forta necesara de
compresiune era mai mare.

Mrecking

Yiekd Strenglh
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R
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Fig. 4 — A typical stress-strain curve for plants - compression

Other studies [22] showed the miscanthus plant behavior
subjected to compression tests through compression
stress determinations and Young module. Knowing the
loading feed and the contact surface for each loading
feed (2 rectangular surfaces, superior and inferior, equal
at the sample contact with the apparatus mass and with
the pressure plate were considered), the compression
stress was determined. Through regression analysis the
2 parameters were determined. Test conclusions as for
deformation until crushing at transversal compression
stresses are necessary for static loads larger than 2.5
daN.

During the process of transversal compression
process the plant deforms, and this deformation keeps a
certain value after removing the load pressure. So as a
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Alte  studii  [22] au urmarit evidentierea
comportamentului plantelor de miscanthus supuse
testelor de compresiune prin determinarea tensiuni de
compresiune si @a modului lui Young. Cunoscand sarcina
de Tncarcare si suprafata de contact a fost determinata
tensiunea de compresiune s pentru fiecare sarcina de
incarcare (au fost considerate 2  suprafete
dreptunghiulare, superioara si inferioara, egale la
contactul epruvetei cu masa aparatului si cu placa de
presiune). Prin analiza de regresie au fost determinati
cei doi parametrii. Concluziile testelor ca pentru
deformarea pana la strivirea plantelor de miscanthus la
solicitari de compresiune tranversale sunt necesare
incarcari statice mai mari de 2.5 daN.

Tn timpul procesului de comprimare transversala
planta se deformeaza, deformare care isi pastreaza o
oarecare valoare dupa Tnlaturarea sarcinii de Tncarcare.
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result , the miscanthus plant stem has a plastic-elastic
behavior during the process of compression which
assumes an energy quantity accumulated in the plant
without being transformed in smaller parts, thus without
being crushed until rupture, this behavior being showed
in [16].

In [8], there were used different compaction speeds
for the oak sawdust in the limits of 0.24-5.0 MPal/s. It
was concluded that the density of compacted dry
material measured at 2 min after compression
decreases with the increasing compaction rate up to 3
MPal/s, above this value of the compression speed not
being detected any significant influences regarding the
density of the compacted material.

CONCLUSIONS

It is necessary to know the mechanical properties of
energetic plant due to the influence that it has on the
processing stage.

In this purpose, the fact that initial properties are
necessary for realizing high performance equipment and
with a low energy cost is also mentioned in previous
papers. Also, knowing mechanical properties of different
types of energetic plants contributes to the design of the
machines. Tension and cutting resistance values,
compression, shearing, bending differ according to the
humidity content of the plants, considerably influencing
equipment rotor, the action angle of the shearing/cutting
blades, feed flow, applied forces, etc.

It must be mentioned that the physical properties of
energetic plants influence the technological process.
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Rezulta asadar ca tulpinile plantei de miscanthus au o
comportarea elasto-plastica Tn timpul procesului de
comprimare ceea ce presupune o cantitate de energie
acumulata in planta fara ca acesta sa fie transformata n
particule mai mici, deci fara a fi strivita pana la rupere,
acest comportament elasto-plastic fiind evidentiat si in
[16].

In [8], s-au folosit diferite viteze de compactare
pentru rumegusul de stejar in limitele 0.24-5.0 MPa/s.
A fost concluzionat faptul ca densitatea materialului
uscat compactat masurat la 2 min dupa compresie a
scazut odata cu cresterea ratei de compactare de pana
la 3MPal/s, peste aceasta valoare nu s-au mai detectat
alte influente semnificative legate de densitatea
materialului compactat.

CONCLUZII

Este necesar a cunoaste proprietatile mecanice ale
plantelor energetice datorita influentei pe care acestea o
exercita asupra proceselor de prelucrare.

In aceste sens, este mentionat si in lucrarile
prezentate anterior faptul ca proprietatile initiale ale
plantelor sunt necesare pentru realizarea unor
echipamente performante si cu un consum redus de
energie. Totodata, cunoagterea proprietatile mecanice
ale diferitelor tipuri de plante energetice contribuie la
designul masinilor. Valorile tensiunilor si rezistentelor la
taiere, comprimare, forfecare, incovoiere difera in
functie de continutul de umiditate al plantelor,
influentand considerabil turatia rotorului echipamentului,
unghiul de actiune al lamelor de taiere/forfecare, feed
flow, fortele aplicate etc.

Trebuie mentionat faptul ca si proprietatile fizice ale
plantelor energetice influenteaza procesul tehnologic.
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MATHEMATICAL MODEL BASED ON WARNER - BRATZLER ANALYSIS METHOD
CONCERNING TENDERIZED PORK BONELESS LOIN IN ORDER TO PRODUCE
ROMANIAN TRADITIONAL PRODUCT “COTLET PERPELIT* TYPE
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Abstract: The paper presents a mathematical model to
produce Romanian traditional cured-cooked-smoked pork
boneless loin product “Cotlet Perpelit” type made after raw
meat’s mechanical tenderizing. The tenderizing process
performed to decrease the duration of cured marinating
period consists in passing several times the raw meat
among rollers with cutting prongs, and cyclic impulsive
pressing of the meat, respectively. The mathematical model
is based on force - extension diagrams obtained by using
Werner-Bratzler testing method both for raw meat and
final product, too, for no tenderized raw meat, and after
raw meat mechanical tenderizing. The mathematical model
consists in the geometric linear transforming of the
characteristic diagrams obtained by using Werner-Bratzler
method for the tenderized meat in comparison with the
initial no tenderized meat. The model can be used to
predict the mechanical characteristics of “Cotlet Perpelit’,
after raw meat mechanical tenderizing.

Keywords: raw meat tenderizing, Cotlet Perpelit, Warner -
Bratzler testing method, mathematical model, linear geo-
metric transformation

INTRODUCTION

In principle, meat's tenderization represents the resultant
of dynamic interdisciplinary processes consisting in chemical,
biochemical and mechanical phenomena, [8]. To estimate
tenderizing machine’s and process’ performances, is
necessary to determine tenderized meat's mechanical
characteristics, which could describe the meat qualitative
transformations, [1, 18]. Thus, a mathematical model,
expressed by a unified system of relationships and
variables, could be used to analyze meat’'s mechanical
tenderizing, [1]. For example, Graiver proposed a
mathematical model for the absorption of curing salts in
pork’s meat, [2].

According to previous research papers, the variables
parameters of the mathematical model have to be based
on experimental research data of meat diagrams determined by
using Warner-Bratzler testing method, [9, 10, 11, and 12].

According to lacob [3], taking into account only the
mechanical phenomena, a dynamic system involves different
transformations of its internal parts under the action of given
external forces. The mathematical models of the meat
tenderizing process could be studied in further theoretical
researches by applying the automatic systems theory, [4].

SC AVI-GIIS SRL Stuparei is a small enterprise for meat
products in Valcea County, which was initially specialized
in commercial cured-raw meats and cured - smoked products.
In the last years SC AVI-GIIS SRL focused its effort to produce
Romanian  traditional  cured-cooked-smoked  pork
boneless loin product “Cotlet Perpelit” type. In principle,
the processing technology of this traditional cured-
smoked-cooked product type consists in: wet curing
phase of entire pieces of muscle meat in 15-20% curing
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Rezumat: Lucrarea prezintd un model matematic privind
prepararea produsului sarat - prgjit - afumat din cotlet de
porc dezosat tip “Cotlet Perpelit”, dupa frdgezirea mecanica
a materiei prime. Procesul de fragezire efectuat pentru
scdderea duratei de saramurare, consta in trecerea
materiei prime de mai multe ori printre valturi cu role
dintate, respectiv prin presarea ciclicad impulsiva a materiei
prime. Modelul matematic are la baza diagramele for{a-
deformatie determinate prin metoda de testare Warner-
Bratzler atat pentru materia primda, céat si pentru produsul
final, pentru carnea nefragezita, cat si dupa ce carnea a
fost fragezitd. Modelul matematic consta in transformarea
geometricd liniard a diagramelor caracteristice obtinute
prin metoda Warner-Bratzler pentru carnea fragezita, in
comparatie cu materia prima nefragezitd. Modelul mate-
matic poate fi utilizat pentru estimarea caracteristicilor
mecanice ale “Cotlet-ului Perpelit”, dupa fragezirea meca-
nica a materiei prime.

Cuvinte cheie: fragezirea camii, Cotlet Perpelit, metoda de
testare Warner-Bratzler, model matematic, transformarea
geometrica liniara

INTRODUCERE

Tn principiu, fragezirea carnii reprezinta rezultanta unor
procese dinamice interdisciplinare care consta in feno-
mene chimice, biochimice si mecanice, [8]. Evaluarea
performantelor masinilor si proceselor de fragezire este
posibila prin determinarea caracteristicilor mecanice ale
carnii dupa operatia de fragezire, care pot descrie trans-
formarile calitative ale carnii, [1, 18]. Deci un model mate-
matic reprezentat printr-un sistem unficat de relatii si
variabile, ar putea fi utilizat pentru analiza fragezirii
mecanice a carnii, [1]. Spre exemplu, Graiver a propus
un model matematic al absorbtiei de saramura in carnea
de porc, [2].

Conform unor lucrari de cercetare anterioare, para-
metrii variabili ai modelului matematic trebuie sa aiba la
baza rezultate experimentale determinate prin testarea
carnii prin metoda Warner-Bratzler, [9, 10, 11, 12].

Conform lacob [3], avind 1in vederea numai
fenomenele mecanice, un sistem dinamic presupune
diferite transformari interne sub actiunea unor forte
exterioare cunoscute. Modelul matematic pentru
fragezirea mecanica a carnii ar putea fi studiat in viitoare
cercetari teoretice prin aplicarea teoriei de control a
sistemelor automate, [4].

SC AVI-GIIS SRL Stuparei din judeful Valcea este o
firma mica specializatd initial pentru realizarea de
produse din carne sarate, respectiv sdrat - afumate. In
ultimii ani, firma si-a concentrat eforturile pentru produ-
cerea sortimentului sarat - prajit - afumat din cotlet de
porc dezosat, tip “Cotlet Perpelit”. Tn principiu, procesul
tehnologic al acestui produs traditional consta in: sara-
murarea umeda (12-15% concentratie) a bucatilor de
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salt concentration, during 2-3 weeks; drying / ripening
phase in cold air ventilation for 6-8 hours; cold smoke
phase (approx. 20°C) for 2-3 days, followed by a short
sequence of hot smoke phase (approx. 20°C), for 4-6
hours, [12].

According to international and Romanian legislation,
sodium nitrite, sodium or potassium nitrate (NaNOy);
NaNOs/ KNO3), are not permitted in traditional cured-
cooked types products usual processing, and no brine
injection is allowed, [5, 6, 7, 13].

In order to reduce the wet curing phase, SC AVI-GIIS
SRL decided to realize and to test two types of
tenderizing machines: four roller tenderizer machine, and
cyclic impulsive pressing machine, [12, 13].

MATERIALS AND METHOD
Experimental method and equipment

In order to determine the influence of mechanical
tenderizing method on raw meat (pork boneless loin)
tenderness, two different machines were used: four roller
tenderizer machine and cyclic impulsive pressing
machine.

Four roller tenderizer machines are designed to
increase the effective surface area for the extraction of
meat proteins during subsequent compression and
stretching processes. In its operation, the machine
performs superficial or deep cuts in the piece of meat that
passes through two pairs of tenderizer roller. In principle,
the machine consists of two pairs of parallel tenderizing
rollers (provided with a number of cutting prongs),
located at a certain distance, that are rotated in opposite
directions by an electro-mechanical transmission (fig. 1),
[12, 13].

Cyclic impulsive pressing machine is a semi-
continuous meat press machine for meat’s pressing
before marinating. If meat pieces are pressed with a
significant amount of force applied more or less evenly
throughout the piece of meat, it will tenderize the meat
piece and condition the meat fibers so that marinade will
be absorbed into the meat fibers without the use of a
vacuum, [15, 16, 17, and 19].

Cyclic impulsive pressing machine consists in
mechanical - pneumatic equipment, and automated
programmable. In principle (fig. 2), the mechanical -
pneumatic equipment consists in an electro-pneumatic
system (air compressor, solenoid valve), and two
pressing plates (a fixed lower plate, and mobile upper
plate). To improve the tenderizing process, each of the
two plates (covered food grade Teflon pad) has
pyramidal (6 - 6 - 6 mm) prongs, [12, 13].
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Fig. 1 - Four roller tenderizer machine
(with pyramidal cutting prongs)

In order to determine the influence of tenderizing process
on pork boneless loin used to produce traditional cured-
smoked-cooked product “Cotlet Perpelit’, 6 samples (raw
meat, and “Cotlet Perpelit” final product) were processed
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cotlet dezosat timp de 2-3 saptamani; zvantarea in aer
rece ventilat timp de 6-8 ore; afumarea rece (aprox.
20°C) timp de 2-3 zile, urmatd de afumarea calda
(aprox. 20°C) timp de 4-6 ore, [12].

In conformitate cu legislatia internationald si din
Romania, la producerea produselor traditionale este
interzisa utili-zarea nitritilor, nitratilor (NaNO, ; NaNO3 /
KNOs), precum si saramurarea prin injectare, [5 ,6, 7,
13].

in vederea reducerii duratei de saramurare umed3,
firma SC AVI-GIIS SRL a realizat si testat a doua tipuri
de masini de fragezire mecanica: masina de fragezire cu
doud perechi de cilindri profilati pentru perforare,
respectiv. masina de frdgezire prin presare ciclica
dinamica, [12, 13].

MATERIALE S| METODA
Metoda si echipament experimental

In vederea determinarii influentei metodei de frigezire
mecanica asupra materiei prime (cotlet de porc dezosat),
au fost utilizate doua tipuri de masini: masina de fragezire
cu doud perechi de cilindri profilati pentru perforare, respectiv
magina de fragezire prin presare ciclica dinamica.

Masina de fragezire cu doud perechi de cilindri profilati
pentru perforare este conceputa pentru cresterea
suprafetei de extragere a proteinelor din carne, in timpul
unor procese succesive de compresiune si perforare. in
timpul acestei operatii, carnea trece printre doua perechi
de valturi rotative cu dinti profilati care realizeaza
perforatii de anumitd adancime in bucata de carne. in
principiu, masina consta din doua perechi de valturi
paralele (prevazute cu dinti de perforare), dispuse la o
anumita distanta, care se rotesc in directii opuse prin
intermediul unei transmisii electromecanice (fig. 1), [12,
13].

Masina de fragezire prin presare ciclica dinamica este
0 masina pentru presarea discontinua a carnii inainte de
saramurare. Daca bucata de carne este presata cu o
anumita forta, aceasta se va fragezi, iar saramura va fi
absorbitd de tesuturile carnii fara sa mai fie necesara
vacuumarea, [15, 16, 17, 19].

Aceastd masind este compusa dintr-un echipament
mecano-pneumatic, si un automat programabil.

n principiu (fig. 2), echipamentul mecano-pneumatic
este  compus dintr-un  sistem electropneumatic
(compresor, electroventile, cilindru pneumatic), si doua
placi de presare (inferioara / fixa, respectiv superioara /
mobild). Pentru imbunatatirea procesului de fragezire,
fiecare din cele doua placi (cu placi food grade Teflon)
sunt prevazute cu dinti piramidali (6 - 6 - 6 mm), [12, 13].

.jv{" 2 E— [
Fig. 2 - Cyclic impulsive pressing machine
(food grade Teflon pads with pyramidal prongs)

Pentru determinarea influentei procesului de fragezire
asupra cotletului de porc dezosat utilizat pentru reali-
zarea produsului sarat-afumat-prajit “Cotlet Perpelit”, cate
6 probe (carne cruda, si produs finit “Cotlet Perpelit’) au
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according to four methods:

- no tenderized pork boneless loin (NO TEND);

- pork boneless loin tenderized by six times successive
passing amongst the cutting prongs of the Four roller
tenderizer machine (FRT 6x);

- pork boneless loin tenderized by Cyclic impulsive
pressing machine in 5 pressing cycles, each consist-
ing in 0.5s pressing periods, and 0.5s pauses periods
(CIP 5-0,5);

- pork boneless loin tenderized by Cyclic impulsive
pressing machine in 20 pressing cycles, each
consisting in 0.5s pressing periods, and 0.5s pauses
periods (CIP 20-0,5).

To produce “Cotlet Perpelit” by using no-tenderized pork
boneless loin, there were followed certain traditional
phases: wet curing phase of entire pieces of muscle meat
(12% curing salt concentration), during 2 weeks; drying /
ripening phase in cold air ventilation for 6 hours; cold
smoke (approx. 20°C) for 10 hours, followed by 4 hours
hot smoke (approx. 80°C).

To produce “Cotlet Perpelit” by using tenderized pork
boneless loin, the tenderized meat was processed in following
phases: wet curing (12% curing salt concentration), during 4
days; drying / ripening phase in cold air ventilation for 6
hours; cold smoke (approx. 20°C) for 10 hours, followed
by 4 hours hot smoke (approx. 80°C), [12].

Tenderness evaluation by using Warner-Bratzler method

The most relevant and utilized methods to estimate
meat's tenderness are compression test, and Warner -
Bratzler shear test method. During Warner-Bratzler test
the shear blade achieves simultaneously both
compression and slicing / shearing of the product, [5, 7,
14, 15, 16, 17]. To perform interdisciplinary researches
concerning general texture and tenderness analysis,
universal testing machine Lloyd Instruments LRXPlus 5
(Unconventional Technologies and Equipment for Agro-
Food Industry Laboratory - UTEFIL, within Faculty of
Agriculture and Horticulture in Craiova) was used. Due to
collaboration between UTEFIL and Environmental Eng.
Laboratory within Faculty of Electrical Engineering, a
Warner - Bratzler experimental equipment was made:
special rigid frame (food-grade Teflon) that permits fast
fitting of inter-changeable Warner - Bratzler shear blades
(DIN W1.4571), [9, 10, 11]. During these experiments,
100mm/min cutting speed was used.

Representative Warner - Bratzler test diagrams for pork
boneless loin tenderized by using FRT 6x method, and for
“Cotlet Perpelit” obtained by using this tenderized meat,
are presented in fig. 3, and fig. 4, respectively.

Load (N)

Load at Maximum Load: 304.46 N
Machine Extension at Maximum Load: 19.77 mm
Stress at Maximum Load: 1.8452 MPa
Extension at Maximum Load: 19.77 mm
Work to Maximum Load: 1767.17 Nmm
T(‘ensile Strength: l.‘8452 MPa
10 2

Extension (mm)

i
20 4

Fig. 3 - Warner-Bratzler test diagram for tenderized
pork boneless loin by using FRT 6x
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fost procesate conform a patru metode:

- cotlet de porc dezosat nefragezit (NO TEND);

- cotlet de porc dezosat fragezit prin trecerea succesiva de
6 ori printre valfurile profilate ale masinii de fragezire
CU doud perechi de cilindri profilati pentru perforare (FRT 6x);

- cotlet de porc dezosat fragezit prin 5 cicluri de presare cu
magina de frédgezire prin presare ciclicd dinamica,
fiecare ciclu constand in: 0,5s presare, si 0,5s pauze
(CIP 5-0,5);

- cotlet de porc dezosat fragezit prin 20 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamica, fiecare ciclu constand in: 0,5s presare, si
0,5s pauze (CIP 20-0,5).

Pentru producerea “Cotlet-ului Perpelit” din cotlet de
porc dezosat nefragezit, au fost parcurse urmatoarele
faze tradi-tionale: sararea umeda a bucatilor de carne in
saramura (12% concentratie), timp de 2 saptamani;
zvantarea n aer rece ventilat, timp de 6 ore; afumarea
rece (aprox. 20°C) timp de 10 ore, urmata de 4 ore de
afumare fierbinte (aprox. 80°C).

Pentru producerea “Cotlet-ului Perpelit” din cotlet de porc
dezosat fragezit, au fost parcurse urmatoarele faze: sararea
umeda a bucatilor de carne in saramura (12% concentratie),
timp de 4 zile; zvantarea in aer rece ventilat, timp de 6 ore;
afumarea rece (aprox. 20°C) timp de 10 ore, urmata de 4
ore de afumare fierbinte (aprox. 80°C), [12].

Evaluarea fragezimii prin metoda Warner-Bratzler

Cele mai relevante si utilizate metode pentru evaluarea
fragezimii carnii sunt testul la compresiune, si metoda de
feliere/taiere Warner-Bratzler. In timpul testului Warner -
Bratzler lama de taiere realizeaza simultan compresiunea
si felierea/ taierea produsului, [5, 7, 14, 15 16, 17]. Pentru a
efectua cerce tari interdisciplinare privind analiza texturii si
fragezimii a fost utilizatd masina universala de incercari
Lloyd Instruments LRXPlus 5 (din dotarea Laboratorului
pentru Tehnologii si Echipamente Neconventionale pentru
Industria AgroAlimentara - UTEFIL, din cadrul Facultatii de
Agriculturd si Horticulturd din Craiova). in urma colaborérii
dintre UTEFIL si Laboratorul pentru Ingineria Mediului din
cadrul Facultatii de Inginerie Electrica, a fost realizat un
echipament experimental Warner-Bratzler: suport rigid
(food-grade Teflon) care permite asamblarea rapida a
lamelor interschimbabile de feliere/taiere Warner-Bratzler
(DIN W1.4571), [9,10,11]. In timpul acestor experimente, a
fost folosita viteza de taiere de 100mm/min.

Diagrame Warner - Bratzler representative pentru
cotlet de porc dezosat fragezit prin metoda FRT 6x, si
pentru “Cotlet -ul Perpelit” obfinut din aceasta carne
fragezita, sunt prezentate in fig. 3 si respectiv in fig. 4.

Load (N)

/|
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Load at Maximum Load: 116.04 N

Machine Extension at Maximum Load: 25.87 m

tress at Maximum Load: 0.70329 MP.
Extension at Maximum Load: 25.87 mm
Work to Maximum Load: 1866.23 Nmm
Tensile Strength: 0.70329 MPa

T
10

2
Extension (mm)

Fig. 4 - Warner-Bratzler test diagram for “Cotlet Perpelit”
tenderized by using FRT 6x
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RESULTS
Tenderizing mathematical model

The mathematical model for studying the tenderizing
effect is based on the hypothesis that any meat’s final
product material can be characterized by numerical
curves obtained by mechanical characteristics experiment-
tally determined for each tenderizing method. Resulting
numerical curves could differ more or less from those of
no tenderized meat samples.

In fig. 3 and fig. 4 it can be observed the maximum
shear force that characterizes each type of pork boneless
loin, and “Cotlet Perpelit” tenderness’.

Due to the inhomogeneous character of the meat’s
tissues, the maximum shear force cannot describe all the
cutting / shearing process.

Therefore for each un-tenderized / tenderized pork
boneless loin sample, and for each “Cotlet Perpelit’ ob-
tained by using these meat pieces, too, average curves
that describe all evolution of the shearing diagrams
obtained by using Warner - Bratzler method were numerical
determined (fig. 5 and fig. 6).
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REZULTATE
Model matematic pentru fragezire

Modelul matematic pentru studiul efectului fragezirii
are la baza ipoteza ca materialul oricarui produs din
carne poate fi caracterizat prin curbe numerice obtinute
din diagramele caracteristicilor mecanice determinate experi-
mental pentru fiecare tip de metoda de fragezire. Curbele
numerice rezultate pot sa difere mai mult sau mai putin
de cele obtinute pentru probele nefragezite.

In fig. 3 si fig. 4 se pot observa valorile maxime ale
fortei de taiere care caracterizeaza fragezimea fiecarui tip
de cotlet de porc dezosat, si de “Cotlet Perpelit”.

Datorita caracterului neomogen al t{esuturilor carnii, va-
loarea fortei maxime de taiere nu poate descrie intregul
proces de taiere.

De aceea, pentru fiecare proba nefragezita / fragezita
de cotlet de porc dezosat, si pentru fiecare proba de
“Cotlet Perpelit” obtinut din aceste bucati de carne, au
fost determinate numeric curbele medii care descriu toata
evolutia diagramei fortei de taiere obtinuta experimental
prin metoda Warner - Bratzler (fig. 5 si fig. 6).

300
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— no tend FRT 6X --- CIP 5-0.5 +++ CIP 20-0.5
Fig. 5 - Numerical determined average curves of the four types of
pork boneless loin samples NO TEND; CIP 5-0,5; CIP 20-0,5; FRT 6x
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Fig. 6 - Numerical determined average curves of the four “Cotlet Perpelit”
type samples CP-NO TEND; CP-CIP 5-0,5; CP-CIP 20-0,5; CP-FRT 6x

The proposed mathematical model is based on the
hypothesis that the characteristic curve of the sample (no
tenderized, or tenderized by using mechanical methods),
is obtained as a linear transformation that can be des-
cribed by the vector equation, [1, 3, 8]:

X!
[F,

where: F is the shear force in N, x is the cutting length
/extension in mm, before tenderizing (characteristic curve

Modelul matematic propus se bazeaza pe ipoteza
conform careia curba caracteristica a fiecarei probe
(nefragezita, sau fragezita prin metode mecanice), este
obtinuta ca o transformare liniara care poate fi descrisa
de ecuatja vectoriala, [1, 3, 8]:

e

unde: F este forta de taiere in N, x este cursa de taiere /
extensia in mm, inainte de fragezire (coordonatele curbei
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coordinates of the meat sample, before tenderizing); F’
and x’ represent the shear force and the cutting lenght /
extension of the same meat sample type (characteristic
curve coordinates, after tenderizing).

T is the linear transformation given by the matrix:

T

where t, i =1,2; j =1, 2 are real numbers.

It must be noticed that each force F is represented by
a pair of coordinates (x;, Fi), i = 1, N, and each force F’is
represented by a pair of coordinates (xi, F’), i =1, N. The
matrix elements T are calculated considering minimizing
condition of the functional:

N 7 7
S(t1,11t1,21t2,1’t2,2)ZZ[(tl,lxi +toF - Xi) +(t2,1Xi +toF - Fi) ]
i-1

Based on described linear transformation, for pork bone-
less loin tenderized by using each method, the matrix T
elements are:

e pork boneless loin tenderized by Cyclic impulsive
pressing machine in 5 pressing cycles, each consis-
ting in 0.5s pressing periods, and 0.5s pauses periods,
(CIP 5 -0.5).

e pork boneless loin tenderized by Cyclic impulsive
pressing machine in 20 pressing cycles, each consis-
ting in 0.5s pressing periods, and 0.5s pauses periods,
(CIP 20-0.5).

e pork boneless loin tenderized by passing 6
successive times amongst the cutting prongs of the
Four roller tenderizer machine, (FRT 6x).

The numerical tenderizing curves for pork boneless
loin obtained by using the mathematical model are pre-
sented in fig. 7, fig. 8 and fig. 9, respectively.

In fig. 7, fig. 8 and fig. 9, respectively, it can be observed
that the configurations and the maximum amounts of the
numerical tenderizing curves are similar with the average
curves experimentally determined (fig. 5). All these
similarities validate the mathematical model based on
proposed linear transformation.

11

t
th1

0.998 0.00000707
—0.048

0.998 0.00000344
0.18

0.989 0.0000452
—-0.326
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caracteristice a probei, nainte de fragezire); F ’si x ’ repre-
zinta forta de taiere si respectiv cursa de taiere / extensia
aceluiasi tip de proba dupa fragezire (coordonatele curbei
caracteristice a probei, dupa fragezire).

T este transformarea liniara data de matricea:

|

in care ty, i =1,2; j =1,2 sunt numere reale.

Trebuie remarcat ca fiecare forta Fi este reprezentata
de o pereche de coordotate (x i, F ), i =1, N, si fiecare forta
F;’ este reprezentata de o pereche de coordotate (x7,F’),
i =1, N. Elementele matricei T sunt calculate prin conditia
de minim a functiei:

to

(2)
t)o

©)

Pentru cotletul de porc dezosat fragezit prin fiecare
metoda, pe baza transformarii liniare descrise, elementele
matricei T sunt:

e cotletul de porc dezosat fragezit prin 5 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamicd, fiecare ciclu constand in: 0,5s presare, si
0,5s pauze, (CIP 5 - 0,5).

4
0.986 )

e cotletul de porc dezosat fragezit prin 20 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamicad, fiecare ciclu constand in: 0,5s presare, si
0,5s pauze, (CIP 20 -0,5).

5
0.935 ©

e cotletul de porc dezosat fragezit prin trecerea succe-
siva de 6 ori printre valturile profilate ale masinii de
fragezire cu doud perechi de cilindri profilati pentru
perforare (FRT 6X).

6
0.773 ©

Curbele numerice de fragezire pentru cotletul de porc
dezosat, obtinute prin utilizarea modelului matematic, sunt
prezentate in fig. 7, fig. 8, si respectiv fig. 9.

in fig. 7, fig. 8, si respectiv fig. 9, se poate observa c&
atat configuratia, cat si valorile maxime ale curbelor
numerice de fragezire, sunt similare cu diagramele medii
determinate experimental (fig. 5). Toate aceste similaritati
valideaza corectitudinea modelului matematic propus
bazat pe transformarea liniara.

400,

Load, N

20

40

extension. mm

— nottend - -. experimental tenderizing = . = theoretical tenderizing
Fig. 7 - Numerical tenderizing CIP 5-0.5 curves obtained by using the mathematical model
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400,
0
240
160

30|

32

Load. N

30 40

extension, mm

—— nottend - -. experimental tenderizing = . = theoretical tenderizing
Fig. 8 - Numerical tenderizing CIP 20-0.5 curves obtained by using the mathematical model

400
320
240)
160)

80,

Load. N

i

30

extension, mm

= nottend .. experimental tendetizing w. = theoretical tenderizing
Fig. 9 - Numerical tenderizing FRT 6x curves obtained by using the mathematical model

Based on described linear transformation, for “Cotlet
Perpelit” tenderized by using each method, the matrix T
elements are:

- “Cotlet Perpelit” tenderized by using Cyclic impulsive
pressing machine in 5 pressing cycles, each consisting in
0.5s pressing periods, and 0.5s pauses periods, (CP -

CIP5-0.5);
T:(

- “Cotlet Perpelit” tenderized by using Cyclic impulsive
pressing machine in 20 pressing cycles, each consisting
in 0.5s pressing periods, and 0.5s pauses periods, (CP -

CIP 20 - 0.5);
T :(

- “Cotlet Perpelit” tenderized by passing 6 successive
times amongst the cutting prongs of the Four roller
tenderizer machine (CP - FRT 6x).

T [

The numerical tenderizing curves for “Cotlet Perpelit’
obtained by using the mathematical model are presented
in fig. 10, fig. 11 and fig. 12, respectively.

In fig. 10, fig. 11 and fig. 12, respectively, it can be
observed that the configurations and the maximum amounts
of the numerical tenderizing curves are similar with the
average curves experimentally determined (fig. 6).

All these similarities validate the correctness of mathe-
matical model based on proposed linear transformation.

1.002
—0.048

0.999
0.331

1.001
0.696

- 0.0005576]

- 0.0005576}

Pentru “Cotlet - ul Perpelit” obtinut din cotlet de porc
dezosat fragezit prin fiecare metoda, pe baza transfor-
marii liniare descrise, elementele matricei T sunt:

- “Cotlet Perpelit” obtinut dupa fragezirea prin 5 cicluri
de presare cu masina de fragezire prin presare ciclica
dinamicd, fiecare ciclu constand in: 0,5s presare, si 0,5s
pauze, (CP- CIP 5 - 0,5);

- 0.0002219J

7
0.689 ©

- “Cotlet Perpelit” ob{inut dupa fragezirea prin 20 cicluri
de presare cu masina de fragezire prin presare ciclicd
dinamicad, fiecare ciclu constand in: 0,5s presare, si 0,5s
pauze, (CP-CIP 20 - 0,5);

8
0.534 ®

- Cotlet Perpelit” obtinut dupa fragezirea prin trecerea
succesiva de 6 ori printre valturile profilate ale masinii de
fragezire cu doud perechi de cilindri profilati pentru
perforare (CP-FRT 6Xx).

9
0.478 ©

Curbele numerice de fragezire pentru “Cotlet Perpelit”,
obtinute prin utilizarea modelului matematic, sunt prezen-
tate in fig. 10, fig. 11, si respectiv fig. 12.

in fig.10, fig. 11, si respectiv fig. 12, se poate observa
ca atat configuratia, cat si valorile maxime ale curbelor
numerice de fragezire, sunt similare cu diagramele medii
determinate experimental (fig. 6).

Toate aceste similaritati valideaza corectitudinea mo-
delului matematic propus bazat pe transformarea liniara.
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300
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—
0 10 20 30 40 30
extension, mm
= nottend - . experimental tenderizing = . = theoretical tenderizing
Fig. 10 - Numerical tenderizing CP-CIP 5-0.5 curves obtained by using the mathematical model
300,
240
Z,
o 180
g o] R
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0 10 20 30 40 30
extension, mm
= nottend - -. experimental tendetizing - . - theoretical tenderizing
Fig. 11 - Numerical tenderizing CP-CIP 20-0.5 curves obtained by using the mathematical model
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Fig. 12 - Numerical tenderizing CP-FRT 6x curves obtained by using the mathematical model

CONCLUSIONS

Considering physically issues, mechanical tenderizing is
a process that has to reduce the meat’s mechanical
characteristics amounts of the final product. Each ten-
derizing method produces significant changes of specific
strain within the meat’s tissues, which determines the
tenderness’ improvement.

The main conclusion drawn in this paper refers to the
correctness of the mathematical model based on pro-
posed linear transformation, proved both by the curves’
configurations and the maximum amounts similarities’
between the numerical tenderizing curves, too, and the
average curves experimentally determined, respectively.

Further general and specific conclusions could be
draw after this mathematical model will be applied for
other types of meat, before and after the same or other
mechanical tenderizing methods.

The data presented in this paper can be important for
all the specialists interested in decreasing the wet curring
period of the traditional meat products.
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CONCLUZII

Din punct de vedere fizic, frdgezirea mecanica este un
proces care trebuie sa reduca valorile caracteristicilor
mecanice ale produsului finit. Fiecare metoda de fragezire
produce modificari semnificative a tensiunii specifice din
interiorul tesuturilor carnii, care determina imbunatatirea
fragezimii.

Concluzia principala a acestei lucrari se refera la corec-
titudinea modelului matematic bazat pe transformarea
liniara propusa, dovedita atat prin configuratia curbelor, si
de asemenea prin similitudinea dintre valorile maxime
dintre curbele de fragezire numerice, si respectiv curbele
medii determinate experimental.

Viitoare concluzii generale si specifice vor fi formulate
dupa ce acest model matematic va fi aplicat pentru alte
tipuri de carne, inainte si dupa alte metode de fragezire
mecanica.

Informatiile prezentate in aceasta lucrare pot fi importante
pentru toti specialistii interesati in reducerea perioadei de
sdarare umeda a produselor traditionale din carne.
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literature. Discussion, speculation and detailed interpretation of
data should not be included in the Results but should be
put into the Conclusions section. Subheadings should be
used.

CONCLUSIONS should interpret the findings in terms of
the results obtained in this and in past studies on this topic.
State the conclusions in a few sentences at the end of the
paper. The Results and Discussion sections can include
subheadings, and when appropriate, both sections can be
combined.

Acknowledgments of people, grants, funds, etc. should
be brief (if necessarily).

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed single-
spaced throughout, including headings and footnotes.
Each table must be written on the entire width of the page,
into the text where reference is made, the columns are
broken - one column (see attached sample). Tables should
be self-explanatory without reference to the text. The
details of the methods used in the experiments should
preferably be described in the legend instead of in the text.
The same data should not be presented in both table and
graph form or repeated in the text. Table’s title will be
centered bold (in English) and bold italic native language
then separated by a slash. In the table, each row will be
written in English (Arial, regular, size: 9 pt.) / native
language (Arial, italic, 9 pt.). The table and its number is
written right justified, bold - in English and bold italic -
native language, separated by a slash (/).

Figure legends should be typed in numerical order.
Graphics should be prepared using applications capable of
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trebuiesc evitate. Nu se vor utiliza citari de lucrari in
"rezumat" (font: 9 pt., titlu - bold italic; textul rezumatului -
italic).

Cuvinte cheie: ca urmare a rezumatului, intre 3 si 10
cuvinte cheie trebuiesc listate, aceste oferind referinte de
indexare (font: 9 pt., bold italic — titlul i 9 pt., italic - textul).

Trebuie addugats o lista de abrevieri specifice. In general,
aceste abrevieri se folosesc atunci cand termenul folosit
este foarte lung si des intélnit in lucrare. Fiecare abreviere
ar trebui introdusa in paranteza pentru prima data cand
este folosita in text. Doar unitati din S| trebuiesc folosite.
Autorii trebuie sa foloseasca prezentarea Solidus (mg/ml).
Abrevierile standard (ca ATP sau ADN) nu trebuiesc
definite.

INTRODUCEREA trebuie sa ofere o expunere clara a
problemei, esenta relevanta a subiectului si abordarea
propusa sau soluia. Aceasta trebuie sa poata fi inteleasa
de catre colegi din diferite domenii stiintifice.

MATERIALE $I METODE: trebuie sa fie suficient de
complete pentru a permite experimentelor sa fie reproduse.
Totusi, numai metodele cu adevarat noi trebuie descrise in
detaliu; metodele publicate anterior trebuie citate;
modificarile importante ale metodelor publicate trebuie
mentionate pe scurt. Scrieti cu majuscule denumirile
comerciale si includeti numele si adresa producatorilor.
Subcapitolele trebuie utilizate. Metodele utilizate 1n
general, nu trebuie descrise in detaliu.

REZULTATELE trebuie prezentate cu claritate si precizie.
Acestea trebuie scrise la timpul trecut, atunci cand descriu
constatarile Tn experimentele autorilor. Rezultatele trebuie
sa fie explicite, dar Tn mare masura, fara a se face referire
la literatura de specialitate. Discutiile, speculatiile si
interpretarea detaliata a datelor nu trebuie sa fie incluse in
rezultate, ci trebuie incluse in capitolul Concluzii. Subcapitolele
trebuie utilizate.

CONCLUZIILE trebuie sa interpreteze constatarile in ceea
ce priveste rezultatele obfinute in aceasta lucrare si in
studiile anterioare pe aceasta tema. Concluziile generale
vor fi prezentate in cateva fraze la sfarsitul lucrarii.
Rezultatele si discutiile pot include subpozitii, si atunci
cand este cazul, ambele sectiuni pot fi combinate.

Multumirile catre oameni, cei care au acordat burse,
fonduri, etc., trebuie sa fie scurte (daca este necesar).

Tabelele trebuie mentinute la un nivel minim si sa fie
proiectate pentru a fi cat mai simple posibil. Tabelele vor fi
scrise la un rand, inclusiv titlurile si notele de subsol.
Fiecare tabel trebuie scris pe intreaga latime a paginii,
intre textul Tn care se face trimitere; coloanele sunt
eliminate - o singura coloana (vezi atasat modelul).
Tabelele trebuie sa fie auto-explicative, fara referire la text.
Detaliile cu privire la metodele utilizate Tn experimente
trebuie sa fie, de preferinta, descrise in legenda si nu in
text. Aceleasi date nu trebuie prezentate atat in tabel cat si
sub forma grafica (decat daca este absolut necesar) sau
repetate in text. Titlul tabelului va fi scris centrat, bold (in
engleza) si bold italic (in limba materna), separate de un
slash (/). In tabel, fiecare rand va fi scris in limba engleza
(9 pt., normal) / limba materna (9 pt., italic). Tabelul si
numarul acestuia se scrie aliniat la dreapta, bold - in limba
engleza si bold italic in limba materna, despartite de un slash (/).

Figurile trebuie scrise in ordine numerica. Grafica trebuie
realizata utilizand aplicatii capabile sa genereze JPEG de
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generating high resolution JPEG before to introducing in
the Microsoft Word manuscript file (Insert - From File -
...jpeg). Use Arabic numerals to designate figures and
upper case letters for their parts (Figure 1). Begin each
legend with a title and include sufficient description so that
the figure is understandable without reading the text of the
manuscript. Information given in legends should not be
repeated in the text. Each figure must be inserted on the
entire width of the page, into the text where reference is
made, single columns (see attached sample). Leave a
space between the figure and the text of figure, size: 3 pt.,
figure number is written in Arial bold, size: 8 pt., followed
by what represent the figure or graph, written with Arial,
regular, 8 pt. Left to write in English (regular), followed by a
separating slash (/) and text in native language (Arial italic).
Eg:
Fig 1 - Test stand / Stand de testare (size: 8 pt.)

The figures should be "In line with text" - Center, not
"Square"; "Tight"; "Behind text" or "In front of text" (from
"Format picture" - right mouse button on picture and then
"Layout".

Mathematics

Authors must provide instructions on how symbols and
equations should be set. Equations should be numbered
sequentially in the right-hand side and in parenthesis. They
should be referred to in the text as Equation (4) or Eg. (4).
Each equation must be written on the entire width of the
page, into the text where reference is made, the columns
are broken (see attached sample).

REFERENCES: are made in the text; a reference
identified by [1], [2], ... [n] is written in the order that was
placed at the end of the work - alphabetically.

Example:

(11, (2], 3], ..., [n]

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications etc. should not be included in
the reference list but should only be mentioned in the
article text (e.g., A. Danciu, University of Bucharest,
Romania, personal communication). Authors are fully
responsible for the accuracy of the references.

Examples:
Journal / Magazine:

[1]. Nicolescu M.A., (2007) - Relevant characteristics of
alternative liquid fuels aimed at Diesel engines exploitation
in polycarburation duty. INMATEH - Agricultural Engineering,
vol. 27, no. 1/2009, ISSN 1583-1019, pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea I., (2009) -
Alternative supply of agricultural tractors with raw oils.
INMATEH - Agricultural Engineering, vol. 29, no. 3/2009,
ISSN 1583-1019, pg. 89-92.

Conference / Symposium:

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C., (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on
Agricultural Engineering “"Actual Tasks on Agricultural
Engineering”, Opatija - Croatia, ISSN 1333-2651, pg.
177+184.

Book:

[1]. VIadut V., (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Book Chapter:
[1]. Viadut V., (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
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fnaltd rezolugie, inainte de a introduce in dosarul
manuscris Microsoft Word (Insert - From File - ... JPEG).
Folositi cifre arabe, pentru a desemna cifre si litere
majuscule pentru partile lor (Figura 1). Incepeti fiecare
legenda cu un titlu care sa includa o descriere suficienta,
astfel incat figura sa poata fi inteleasa, fara citirea textului
din manuscris. Informatjile furnizate in legende, nu trebuie
repetate in text. Fiecare figura trebuie introdusa pe
intreaga latime a paginii, in text, acolo unde se face
referire, o singura coloana (vezi atasat esantion), centrat.
Lasati un spatiu intre figura si textul figurii, marimea: 3 pt.;
numarul figurii va fi scris cu bold, 8 pct., centrat, urmat de
ceea ce reprezinta figura sau graficul, scris cu 8 pt., normal.
Prima data se scrie textul in limba engleza (normal), urmat de
un slash (/) apoi textul in limba materna (italic).

Exemplu:

Fig. 1 - Test stand / Stand de testare (marimea: 8 pt.)
Figurile introduse trebuie sa fie "In line with text" - Center,
nu "Square”; "Tight"; "Behind text" or "In front of text" (din
"Format picture” - butonul dreapta mouse pe figura si apoi
"Layout").

Formulele matematice, ecuatiile: autorii trebuie sa
furnizeze instructiuni privind modul de simbolizare si de
ecuatii stabilite si utilizate. Ecuatiile trebuie numerotate
secvential, in partea dreapta si in paranteze. Ele trebuie
mentionate in text ca ecuatia (4) sau Ex. (4). Fiecare
ecuatje trebuie scrisa pe intreaga latime a paginii, in text,
acolo unde se face referire, o singura coloana (vezi atasat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie Tn ordinea in care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(11, 2], [3], .., [n]

Referintele trebuie prezentate la sfarsitul lucrarii in
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatjile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse in lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personala). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revista

[1]. Nicolescu M.A., (2007) - Proprietatile relevante ale
combustibililor lichizi alternativi vizati pentru exploatarea
motoarelor Diesel in regim policarburat, INMATEH -
Inginerie Agricola, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea I., (2009) -
Alimentarea alternativa a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3/2009, ISSN 1583-1019, pg. 89-92.

Conferinta / Simpozion

[1]. Bungescu S, Stahli W, Biris S, Vladut V, Imbrea F,
Petroman C., (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering”,
Opatija - Croatia, ISSN 1333-2651, pag. 177-184.

Carte

[1]. VIadut V., (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Capitol din carte

[1]. Viadut V., (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. In: Studiul
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procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Dissertation / Thesis:

[1]. Constantinescu A., (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregatirea terenului in vederea insamantarii. PhD
dissertation, University of Transylvania Brasov, Romania.

Units, Abbreviations, Acronyms
= Units should be metric, generally SI, and
expressed in standard abbreviated form.
= Acronyms may be acceptable, but must be
defined at first usage.

2. SHORT COMMUNICATIONS

Short Communications are limited to a maximum of two
figures and one table. They should present a complete
study that is more limited in scope than is found in full-
length papers. The items of manuscript preparation listed
above apply to Short Communications with the following
differences: (1) Abstracts are limited to 100 words; (2)
instead of a separate Materials and Methods section,
experimental procedures may be incorporated into Figure
Legends and Table footnotes; (3) Results and Conclusions
should be combined into a single section.

3. REVIEWS

Summaries, reviews and perspectives covering topics of
current interest in the field, are encouraged and accepted
for publication. Reviews should be concise (max. 8 pages).
All the other conditions are similar with regular articles.

INMATEH-- dq ricultural c\‘;nqmcctmq

procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
Disertatii / Teze de doctorat

[1]. Constantinescu A., (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu magini agricole
pentru pregétirea terenului in vederea insamantarii. Teza
de doctorat, Universitatea Transilvania Bragov, Romania.

Unitati, Abrevieri, Acronime
= unitafile metrice trebuie sa fie, in general, Sl, si
exprimate in forma prescurtata standard;
= acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2. COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat in cazul articolelor normale (de
dimensiuni mai mari). Elementele de pregatire a articolelor
normale (manuscriselor) enumerate mai sus se aplica si la
comunicarile scurte, cu urmatoarele diferente: (1) Rezumatul
este limitat la 100 cuvinte; (2) capitolele Materiale si
Metode, Procedurile experimentale pot fi scrise impreuna,
incorporand figurile si tabelele; (3) Rezultatele si
Concluziile pot fi combinate intr-o singura sectiune.

3. SINTEZELE

Sintezele, comentariile si perspectivele acoperind subiecte
de interes din domeniu sunt incurajate si acceptate spre
publicare. Sintezele trebuie sa fie concise si nu mai mari 8
pagini. Toate celelalte conditii sunt similare cu cele de la
articolele normale (obisnuite), enumerate mai sus.
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