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DETERMINING THE IMPACT OF THE FRACTION SIZE OF THE FEEDING PRODUCT AND
THE WIDTH OF THE DISCHARGE PORT OF A COMPLEX PENDULUM JAW CRUSHER
ON ITS PERFORMANCE

Ivan Minin?, Dimitar Mitev2, Simeon Savov3

University of Mining and Geology ,St. Ivan Rilski”, 1700 Sofia, minin_ivan@abv.bg
2University of Mining and Geology ,St. Ivan Rilski”, 1700 Sofia, dimitar_i_radi@abv.bg
8University of Mining and Geology ,St. Ivan Rilski”, 1700 Sofia, ss.ss@abv.bg

ABSTRACT. In the literature describing the theory of operation of jaw crushers, the topic of the influence of the constructive parameters on the technological ones is
is touched upon, but separately. For example, when determining the performance of jaw crushers with a complex swinging of the jaw (or complex pendulum jaw
crushers), the size of the discharge port is indicated as the main parameter of influence. However, it is not clear how the fraction size of the product to be crushed
affects the performance of the mill. This is shown partially in the fraction size characteristics of the crushers, but it is not possible to be analytically determined. In the
present study, an attempt is made to determine the simultaneous impact of these two parameters on the performance of a laboratory-scaled jaw crusher with complex
swinging of the jaw used for a coarse crushing. For this purpose, an experiment was performed with a laboratory-scaled complex pendulum jaw with the size of the
feeding gap of 0.7 x 1.05m. After processing the results of the experiment, several mathematical models were obtained describing the influence of the width of the
sizing gap for the discharge and the fraction size of the feeding material on the productivity of the crusher. The model with the highest values of confidence has been
chosen and the relevant conclusions were made.

Keywords: jaw crushers, analytical determination, productivity, rate of crushing

ONPEAENAHE BNUAHUETO HA EOPUHATA HA NOCTBNBALLMA NPOAYKT N LUMPOYMUHATA HA U3NYCKATENHUA
OTBOP HA YENIOCTHA TPOLIAYKA CBC CNOXHO NIONEEHE BLPXY MPOU3BOAMTENHOCTTA W

MNean Munun', Qumumsbp Mumees?, CumeoH Cagog?

"MunHo-2eonoxku yHusepcumem ,Ce. Mear Purncku”, 1700 Cogbus, minin_ivan@abv.bg,

2MunHo-2eonoxku yHugepcumem ,Cs. Mean Puncku”,1700 Cocpus, dimitar_i_radi@abv.bg

SMunHo-2eonoxku yHugepcumem ,Cs. Mean Puncku”,1700 Cocpus, ss.ss@abv.bg

PE3IOME. B nuteparypara, on1cBalya Teopusta Ha paboTa Ha YentoCTHIUTE TPOLLAYKH, € 3acerHaT BbMpoChT 3a BMSHUETO Ha KOHCTPYKTUBHUTE NapameTpy BbpXy
TEXHOMOIMYHUTE, HO NOOTAENHO. Hanpumep, npu onpeaensHe Ha NPOV3BOAUTENHOCTTa Ha YEMIOCTHUTE TPOLLAYKN CbC CRIOXHO TIONEeHe Ha NOABIKHATA YENniocT
KaTo OCHOBEH MapameTbp, Oka3Ball BAMSHME, € MOCOYEeHa LUMPOYMHATA Ha W3nyckaTenHWs OTBOp Ha Tpollaykata. He e ficHo obaye KakBO e BMMAHWETO Ha
3bPHOMETPUYHUS CbCTAB HA NOCTHNBALYMS 33 TPOLUEHE MPOAYKT BbPXy NMPOM3BOAMTENHOCTTA HA MaluuHaTa. ToBa € Moka3aHO YacTUYHO B 3bPHOMETPUYHUTE
XapaKTepUCTVKA Ha TPOLLAYKUTE, HO HE € Bb3MOXHO Aa Ce Ompeaeny aHanuTyHo. B HacToswaTa paspaboTka e HanpaBeH onuT fja ce Onpeaent eAHOBPEMEHHOTO
BMNSHWE Ha Te3n ABa napameTbpa BbpXy NPOV3BOAUTENHOCTTA HA YEMoCTHa TPOLLAYKa ChbC CRIOXKHO MIoNeeHe Ha NofBIKHATA YeMHCT, 3nonasaHa Hail-4ecTo 3a
e/po TpolleHe. 3a LienTa € HanpaBeH ekcnepuMeHT ¢ nabopaTopHa YeniocTHa TPoLLayka CbC CNIOKHO MioNneeHe Ha MoABMXKHATa YENCT C pasmMepy Ha MpUeMHUs
otBop 0,7 x 1,05m. Cnep obpaboTka Ha pe3ynTaTuTe OT eKCepUMEHTa Ca MOMy4eHN HAKOMKO MaTeMaTYecky MogLena, ONuUCBaLLW BIIUSHUETO Ha LIMpOYMHATa Ha
13nyckaTenHns 0TBOP W 3bPHOMETPUYHNS CbCTaB Ha MOCTHNBALLMSA 3@ TPOLUEHE MaTepuan BbpXy MPOWN3BOANTENHOCTTA HA MalunHaTa. /3bpaH e MofensT ¢ Hail-
BMCOKY CTOMHOCTM Ha AOCTOBEPHOCT M Ca HanpaBeH| CbOTBETHUTE M3BOAN OT MONYYEHUs pesynTar.

Kniouosu AYMU: YeNKCTHa TpoLlaYka, aHannTUYHO onpeaensHe, NPOAYKTUBHOCT, CTENEH Ha TPOLLEHE

Introduction Q, is the volumetric efficiency of the crusher;
b,m is the maximum width of the discharge port;

In the analytical determination of the performance of jaw k, is a coefficient that depends on the type of the crusher. For

crushers, the width of the sizing gap for discharge (or: the

discharge port) and the movement of the jaw are indicated as crushers with a complex swinging of the jaw, it is in the range
main parameters of influence (Ligetkos, 1976; MukuH, 2012). of > 1 because the jaw moves downwards, thus increasing the
This is determined according to the following formula: productivity of the machine.
k ,is a coefficient of ore bulking;
2b+s).s.L s,m is the movement of the jaw;
0 = 60.k1.kp.ng,m3 I s (1) I , .
21tga n,min"" are the RPMs of the eccentric shaft of the crusher;

a’ is the angle between the jaws;
where: L,m is the length of the inlet gap.
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The mass performance is calculated by the formula:

QO=p0,thh 2)

where p,t/m® is the density of the ore to be crushed.

From the formulae shown, it is not clear how the fraction size
of the product to be crushed affects the productivity of the
machine. This can be roughly defined by the fraction size
characteristics of crushers, but it is not possible to be
determined analytically. With the present study, an attempt is
made to determine the simultaneous impact of two parameters
(the width of the sizing gap for discharge and the fraction size
of the feeding product) on the performance of a laboratory-
scaled complex pendulum jaw crusher used for coarse
crushing through an experiment with a laboratory-scaled jaw
crusher (Fig. 1) with a complex swinging of the movable jaw
with the size of the feeding gap of 0.7 x 1.05m.

Fig.1. A schematic view of the laboratory-scaled crusher

Results from the experiment on a laboratory -
scaled crusher with a complex swinging of the
movable jaw

In the study, the following possible parameters were
identified as driving factors:

1. An average diameter of the fractions that are fed into the
crusher. This size is the average of the appropriate class of
selected and pre-cut material. The experiments were made
with the materials of dimensions shown in Table 1. They are
consistent with the width of the inlet gap of the laboratory-
scaled crusher.

Table 1.
Class D Class D
+45-55 50 +35-45 40
+25-35 30 +15-25 20

2. The width discharge port of the crusher. This parameter
has also been selected according to the dimensions and
capabilities of the laboratory machine and with values of 6, 8,
12, 16, and 20 mm.

Measurements of the productivity were performed. The

productivity was obtained after measuring the crushing time of
a certain quantity of material, pre-weighed with a digital
balance.

The performance of the machine can be calculated using
the formula:

M
CtyM' g/s (3)

q:

where:

g is the productivity of the machine;
My, g s the total amount of the crushed material. This

parameter is measured by an electronic balance.
t, s is the time for ore crushing.

The obtained results and calculations are given in Table 2:

Table 2.

D, mm b, mm q,9/s
50 20 364.9969
50 16 235.9133
50 12 171.9044
50 8 166.18
50 6 101.1798
40 20 334.7136
40 16 263.2581
40 12 191.3529
40 8 147.937
40 6 115.9501
30 20 421.9943
30 16 312.0862
30 12 245.5491
30 8 158.1779
30 6 111.9926
30 20 334.3384
20 16 386.9281
20 12 346.6667
20 8 134.9
20 6 127.2314
20 6 107.1524

As a result of the experiment, the parameters were

transformed into a Fisher matrix shown in Table 3:

Table 3.
X 1 Xz Y2

Ne | D,mm | b,mm q,9/s

1 50 20 364.9969
2 50 16 235.9133
3 50 12 171.9044
4 50 8 166.18

5 50 6 101.1798
6 40 20 334.7136
7 40 16 263.2581
8 40 12 191.3529
9 40 8 147.937
10 40 6 115.9501
1 30 20 421.9943
12 30 16 312.0862
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13 30 12 245.5491
14 30 8 158.1779
15 30 6 111.9926
16 30 20 334.3384
17 20 16 386.9281
18 20 12 346.6667
19 20 8 134.9

20 20 6 127.2314
21 20 6 107.1524

For the purpose of the practical study of the performance
process, models and regression coefficients were sought
which can be assumed with confidence levels of 95%. It is
expected that acceptable engineering error margins of 5% are
normal for technical devices such as jaw crushers. The method
of operation (boxaHos,1979) is illustrated at Figure 2.

Lleneeu dyHiumt — g

|

[ 3anaBaHe Ha peaa Ha MoAENUTE

1

K=60p Ha ynpasnABalk hakTopK

1

HopmMupare (CTaHAApTUSMpaHe) Ha QaKTOpHTE ]

T He

¥

ChCTaBAHE HE NbpBOHAYANEH MOREN

{
[

CBCTABAHE HA MOAEN OT NO-BHCOKS CTENEH

(MuHuH, 2012). In the program, this procedure is known to
evaluate the expectancy of significance of the regression
coefficients. If this probability is

P-value < a (4),

the coefficient of regression is significant (a-confidence
probability).

Similarly, the adequacy of the equation is evaluated by
means of the significance of the Fisher criterion (Significance
of F). If the significance of the criterion is < q, the equation is
adequate.

Model Ne 8 is the best-performing of all obtained models
(Table 4) and it can be evaluated as a high-performance
model. The multiple correlation coefficient is 98.36% and the
corrected multi-correlation factor is over 98%. This model has
the best performance among all others. The confidence
probability index (P-criterion) for the model is below the critical
value of 0.05, i.e. it can be assumed that the model is
adequate with a confidence probability of over 98%. The
parameters of Model Ne 8 are shown in Table 5.

|
v He Aa

MPEMEXEAHE HA HESHAUMMN (AKTOPM W
KOBHMLHEHTH Ha PErPRCHA

MNposepka
p=0,10

Gl
\"—Hpnatpxaﬁ

PaanevaTeaHe, aHan4s W CPABHABAHE Ha
MOZENHTE

Fig. 2. A flow-chart of the operation mode

The results of the conducted experiment were statically
processed with the STATGRAPHICS program, because it is
appropriate for this study.

As a result of the experiment, 10 mathematical models with
the parameters were obtained and they are shown in Table 4:

Table 4,
Model | P-value | Significance | ¥ *(ad)) R2
Ne criterion of F %
%
1 >(.05 0 88.9 88
2 >0.05 0 97.1 97
3 >0.05 <0.05 334 36
4 0 0 84 84
5 0 0 55 57
6 0 0 429 43
7 >0.05 0 89.2 90
8 0 0 98.3 98
9 >0.05 0 84.6 85
10 >0.05 0 96.6 97

The assessment of the significance of the coefficients of
regression is performed according to the Student's t-test
criterion at a level of significance and 8 degrees of freedom

Table 5.
npmi Parameters Value Standard error Pjvallue
p=0,10 criterion
b 26.4465 2.05081 0.0000
D*b -0.215449 0.0548965 0.0009
s(i:gpe:fo f Degrees of F-_val_ue Slgntl)fflc;?nce
freedom criterion
the model
Model 1.288986 2 570.57 0.0000
Residual 21461 19
Total 1.310446 21
Multiple correlation coefficient 98.3623%
Adjusted coefficient of multiple correlation 98.2761%
Standard error 33.6085
Average absolute error 24.2421
Statistics of Durbin - Watson 2.04736

Then, the equation of the model with natural variables is
logically chosen to be:

q=26,446b-0,215D.b ,g/s (5)

The model is presented graphically in Figure 3.
20 bm

15
10

40

30
20 Dmm

Fig.3. The productivity of the crusher depending on the width of the
sizing discharge gap and the fraction size of the feeding product
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Conclusions

1. The performance of the jaw crusher is significantly
affected by two parameters: the size of the feeding fractions
and the width of the discharging port.

2. An increase of the width of the outlet gap leads to an
increase in the productivity of the machine, possibly due to the
fact that it reduces the discharging time of the crushing
chamber.

3. An increase of the size of the ore fractions feeding the
machine results in a reduction in the productivity, possibly due
to the fact that the time of discharging the crush chamber is
increased.
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CHARACTERISTICS OF THE FRACTION SIZE DISTRIBUTION AND THE RATE OF
CRUSHING FOR A LABORATORY-SCALED COMPLEX PENDULUM JAW CRUSHER

Ivan Minin? Valerya Kovacheva-Ninova?, Dimitar Dimitrov3

TUniversity of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, minin_ivan@abv.bg
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, valeria.kovacheva@mgu.bg,
SUniversity of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, dimitardim61@gmail.com

ABSTRACT. Some of the paramount technological parameters of jaw crushers are the fraction size characteristics of the crushed product and the rate of crushing (J).
The manual of every machine outlines those but very often it does not specify the width of the discharge gap (b) of the crusher and how this affects the fraction size
characteristics of the crushing process and the achieved rate of crushing. All these factors aggravate the choice of crusher purchase and result in errors. For this
reason, an experiment has been carried out with a laboratory-scaled complex pendulum jaw crusher with the size of the feeding gap of 100 x 155 mm. The sieve
analyses performed have helped construct fraction size characteristics for the crushing products and define the degree of crushing of the mineral at varying widths of
the jaw crusher’s outlet gap and at varying lump or grain sizes of the input material to be crushed. The results obtained have been analysed and conclusions have
been drawn regarding the technological parameters of the jaw crusher under the specified working conditions.

Keywords: jaw crushers, discharge gap, fraction size distribution characteristics, rate of crushing

3bPHOMETPU4YHU XAPAKTEPUCTUKU U CTENEH HA TPOLLEHE HA NABOPATOPHA YENIOCTHA TPOLLUAYKA CbC
CNOXHO NIONEEHE HA NOABWUXHATA YENIOCT

UeaH MuHuH', Banepus Kosavesa-Hunosa?, Qumumsbp Jumumpoe?

"MurHo-2eonoxku yHusepcumem ,Ce. Mean Puncku”, 1700 Cogbusi, minin_ivan@abv.bg

2MuHHo-2eonoxku yHugepcumem ,Cs. MeaH Puncku”, 1700 Cocpus, valeria.kovacheva@mgu.bg

3MunHo-2eonoxku yHugepcumem ,Ce. Mear Puncku”, 1700 Cogpus, dimitardim61@gmail.com

PE3IOME. EfHU OT OCHOBHUTE TEXHOMOTMYHI NapaMeTpy Ha YemioCTHUTE TPOLLAYKY Ca 3bPHOMETPUYHATA XapaKTepUCTUKa Ha HaTPOLLEHNS MPOAYKT U CTeneHTa Ha
TpolLeHe (i). Te ce AaBaT B MPOCNEKTa Ha BCsika MalliHa, HO MHOTO YECTO HE e YTOYHEHO 3a KakBa LUMPOYMHA Ha pasToBapBalyws 0TBOp (D) Ha TpolaykaTa ce
OTHACST M KakBO € BIUSHUETO Ha b BbpXy 3bPHOMETPUYHATA XapaKTEpUCTWKA HA MPOAyKTa OT TPOLUEHETO M MOCTUraHaTa CTEMeH Ha TpolleHe. Beuuko ToBa
3aTpyaHsiBa u3bopa Ha TpoLLayka npu 3akynyBaHe Ha HOBa MallMHa M BOAM A0 rpeluku. 3a LenTa e HanpaBeH ekcriepuMeHT ¢ nabopaTopHa YentocTHa TpoLuayka
CbC CINOXHO NloNeeHe Ha NOABKKHATA YENHOCT 1 pasmepu Ha npuemHus oTeop 100 x 155 mm. OT U3BBPLUEHM CUTOBM aHaNM3N ca NOCTPOEHI 3bPHOMETPUYHM KPUBM
Ha NpOyKTUTE OT TPOLUEHETO W € OMpefeneHa CTeNeHTa Ha TPOLLEHE Ha MUHepanHa CypoBMHa MU Pa3iinyHy LWMPOUMHY Ha b Ha YemtocTHaTa TpoLLaYka v eapuHm
Ha MOCTBMBALLMS 3@ TPOLLEHe MaTepuan. Criefl aHanusa Ha MoMyyYeHUTe PesynTaTit ca 0GOBLLEHN COTBETHUTE M3BOOM OTHOCHO TEXHOMOTMYHUTE MapaMeTpu Ha
YeniocTHaTa TpoLuayka, Npu 3afjafieHn pasMep Ha pasToBapBalLl, 0TBOP M eApuHa Ha U3XOLHWUS MaTepuan.

KniouoBu AYMU: YENOCTHa TPoLlayka, pa3ToBapsall 0TBOP, 3bPHOMETPUYHU XapaKTePUCTUKK, CTENEH Ha TPOLLUEHe

Introduction conditions, the most important being the rate of crushing and
the fraction size characteristic of the crushed product. The
The jaw crushers are widely used for crushing of a variety of establishment of the fraction size of the crushed material and

raw materials. The advantages of complex pendulum jaw the crushing rate are essential conditions for good
crushers are their small dimensions and weight and their management of the crushing process and its optimisation.
simple construction. These crushers provide a higher rate of The purpose of the present study is to determine the fraction
crushing and 15-20% less energy demand than the jaw g6 and crushing rate of a laboratory-scaled complex
crushers with a simple swinging of the movable jaw. The pendulum jaw crusher at different widths of the discharge port
choice of the dimension-type of the crusher is related to the and fraction grain sizes of the feeding material.

following conditions: the feeding gap has to be at least 10-15%
wider than the maximum particle size of the feeding product
and the size of the sizing gap for discharge has to be suitable
for achieving the required fraction size of the crushed product,

Materials and methods

the rate of crushing, and the productivity. The grain size distribution, or the grain size characteristics,
. . shows the quantitative distribution of the grains/fractions in a

A number of technological parameters characterising the certain material according to their size. The grain size
operation of the jaw crusher are determined under laboratory distribution is determined by the methods of the grain size
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analysis. The grain size analysis of the grain materials is
unified and is performed by the method of the sieve analysis.
For this purpose, average samples are collected from
representative samples of the crushed products and they are
sieved through a set of sieves of different mesh sizes (16.0,
12.5, 8.0, 4.0, 2.5, and 1.0 mm). Thus, average samples of the
crushed products are sieved by size, obtaining the following
classes: +16 mm, -16 + 12.5 mm, -12.5+ 8 mm, -8 + 4 mm, -4
+2.5mm,-2.5+1 mm, and -1 + 0 mm.

The results of the sieve analyses are presented in a
graphical form. To determine the total sum production of the
resulting classes, their private productions (yi) are calculated
using the formula:

M;
y; = —L.100, % (1)
) 0

where:
Miis the mass of the respective class, kg;
Q is the total mass of the sample, kg.

The total sum grain size curves of the material passed
through the meshes (by “-"in Fig. 2, 3, 4, 5, and 6)) represents
the regularity of grain size distribution in the crushed products
obtained after the crushing of the feeding material of different
sizes and at different widths of the discharge port of the
crusher.

The achieved rate of crushing (i) under the set test conditions
(size of b and size of the input material) is determined by the
formula:

Doy
d

av

i:

2)
where:
Dav, dav are the average diameters of the material, respectively
before and after the crushing, mm.
The average diameters of the crushed material are defined
with the following formula:

Z?:ﬂ/i

d. =

av

3)
where:
d

av
material, mm;

d; is the arithmetic mean diameter of the grains in the

different classes, mm;
7; is the production of a class with a diameter d; %.

is the average diameter of the grains of the whole

The experiment sets the following parameter that defines the
test conditions: average diameter of the material to be crushed
(Dav, mm).

The material is pre-selected and sieved until the relevant
crushed class is obtained. The dimensions of the prepared
classes are shown in Table 1.

10

Table 1.
Dimensions of the feeding material for crushing.
Class, mm Day, mm
-55+45 50
-45+35 40
-35+25 30
-25+15 20

The sizing gap for discharge is selected and compliant to the
dimensions and capabilities of the laboratory-scaled facility.
The experiments were performed at widths of the sizing gap for
discharge of 6, 8, 12, 16, and 20 mm.

For the experiment, a laboratory-scaled complex pendulum
jaw crusher and a feeding gap of 100 x 155 mm was used. Fig.
1 presents the longitudinal section of a jaw crusher with a
complex swinging.

«//
L
Fig. 1. Complex pendulum jaw crusher

»  Width of the discharge port of the crusher (b, mm).

Results and discussions

The total sum of grain size curves (drawn by “’) of the
crushed products at different widths of the discharge port and
fraction sizes of the feeding material are shown in Figures 2, 3,
4,5, and 6.

The characteristics of the grain sizes in Figures 2, 3, and 4
(at b = 20, 16 and 12 mm) show that the larger classes at all
sizes of the feeding material (Dav = 50, 40, 30 and 20 mm)
predominate in the crushed products. This is less prominent in
the products obtained by crushing the material with a fraction
size Day = 50 mm. The dominance of larger classes increases
with the reduction of the size of the material to be crushed. By
decreasing the size of the discharge port from 20 mm to 12
mm, the content of the class +16 mm is reduced in the crushed
products, respectively for;

v Day50 mm: from 41,5% to 5,2%;

v" Dav 40 mm: from 47,2% to 0%;

v Day 30 mm: from 46,5% to 0%;

v Day 20 mm (at b=16 and 12 mm): 0%.

The grain size curves in Figure 5 show that for a discharging
gap of the crusher b = 8 mm, a steady distribution of classes in
the crushed products for all fraction sizes of the feeding
material is achieved. This is most evident in the crushed
product obtained from the material with Dav = 50 mm. All the
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crushed products are with fraction sizes less than 12.5 mm.
The resulting contents of the +8 mm class in the crushed
products are respectively:

v' for Day 50 mm: 30.0%;

V' for Day 40 mm: 26.6%;

v for Dav 30 mm: 23.2%;

v’ for Day 20 mm: 20.6%.

The grain size characteristics in Figure 6 (at b = 6 mm) show
the predominance of the fine classes in the crushed products
for all fraction sizes of the input material. With this size of the
discharging port, the content of the +8 mm class in the
products from the crushing of the relevant in sizes material is:

v' for Day 50 mm: 9.6%;
V' for Dav 40 mm: 9.4%;
V' for Dav 30 mm: 6.7%;
v' for Dav 20 mm: 5.0%.

At the same sizing gap for discharge (b = 6 mm) of the jaw
crusher, the content of the class -1,0 + 0 mm in the crushed
products is similar for all fraction sizes of the feeding material.
The content of the class -1,0 + 0 mm in the crushed products is
respectively:

v’ for Day 50 mm: 19.0%;
v’ for Day 40 mm: 20.4%;
v' for Day 30 mm: 20.4%;
v’ for Day 20 mm: 19.5%.
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Table 2 shows thethe results of the calculations performed
through formulae (2) and (3) regarding the crushing rates (i)
and average diameters (day) of the crushed products at the
different fraction sizes of the feeding material and the widths of
the discharge port of the jaw crusher. Also, the table shows the
fraction sizes dso in the crushed products obtained under
different test conditions. The fraction size dso (mm) is a grain
size corresponding to a 50% total sum production by minus,
reported at the grain size curves represented in figures 2 - 6.
The data in the table shows that the dav and dso of the crushed
products obtained at the relevant widths of the discharging port
have similar values that do not depend on the Da, of the
feeding material. The rate of crushing decreases with a
reduction in the size of the material to be crushed for each one
of the chosen widths of the discharge port of the crusher.
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Table 2.

Obtained values of i, €, and dso for the crushed products under the certain conditions for the experiments (Dav and b, mm).
D b=20 mm b=16 mm b=12 mm b=8 mm b=6 mm
mar; Dav d50 / Dav d50 / dav d50 / Dav d50 / Dav d50 /

mm mm mm mm mm mm mm

mm mm mm mm mm mm mm mm

50 130 | 143 | 38 | 105 | 118 | 48 | 88

93 | 57 | 57 | 55 | 88 | 43 | 40 | 116

40 135 | 155 | 3.0 | 10.7 | 120 | 3.7 | 89

96 | 45 | 53 | 50 | 75 | 42 | 40 | 95

30 138 | 155 | 22 | 112 | 128 | 2.7 | 84

88 | 36 | 53 | 63 | 67 | 40 | 37 | 75

20 - - - 102 | 110 | 20 | 86

86 | 23 | 53 | 52 | 38 | 40 | 39 | 50

For all fraction sizes of the feeding material, the crushing
rate is increased by the reduction of the width of the
discharging port. The highest rate of crushing is achieved by
crushing the raw material with Day = 50 mm, at all widths of
the discharge port.

Conclusions

1. By the adjustment of the width of the sizing gap for
discharge of the jaw crusher (b), the crushing process is
controlled in order to obtain products of different fraction
size composition. The total sum grain size characteristics
of the crushed products indicate that they are
characterised by:

e adominance of the larger classes at b > 12 mm;
e adominance of the finer classes at b = 6 mm;
e asteady distribution of grain fractions at b = 8 mm.

2. For the studied widths of the discharging port of the
crusher, a similar value of dav and dso is obtained for the
crushed material and it does not depend on the Day of the
feeding material. The values of dav and dso vary within the
range, respectively
e at b=20 mm — da from 13.0 to 13.8 mm; dso from
14.3t0 15.5 mm;

e at b=16 mm - da from 10.2 to 11.2 mm; dso from
11.0t0 12.8 mm;

e atb=12 mm - da from 8.4 to 8.9 mm; dso from 8.6 to

3.For all the investigated fraction sizes of the feeding
material, the rate of crushing increases with the
reduction of the width of the discharge port.

It is known that the rate of crushing, as well as the
frequency of rotation of the eccentric shaft (swing frequency
of the movable jaw), exert influence on the performance of
the crusher and the consumed power. In order to determine
these dependencies, it is necessary to continue the
experiments for the actual crusher.
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DETERMINING THE RELATIVE ENERGY CONSUMPTON OF A JAW CRUSHER
DEPENDING ON THE WIDTH OF THE DISCHARGE PORT AND ON THE PARTICLE SIZE
DISTRIBUTION OF THE CRUSHING PRODUCT
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ABSTRACT. The article discusses the topic of the specific energy consumption of a complex pendulum jaw crusher. It is driven by an induction motor with a squirrel-
cage rotor. The purpose of the study is to determine the effect of two basic parameters on the relative energy consumption of the crusher: the width of the discharge
port and the particle size distribution of the product to be crushed. In order to determine the energy performance, some basic parameters have been measured, such
as the average diameter of the fragments fed into the crusher, the width of the crusher discharge port, the weight of the crushed material, the average power of the
engine phase, the crushing time of the sample, etc. In accordance with the selected target function, energy consumption patterns have been synthesized depending
on the width of the discharge port and the particle size distribution of the crushing product. The models obtained have been evaluated using statistical criteria to
determine their adequacy in relation to the selected target function. Data processing has been performed through the STATGRAPHICS computer program. It has
been found that the relative energy consumption is affected by the two control parameters - the size of the incoming pieces and the width of the crusher discharge
port. Relevant conclusions have been made.

Keywords: jaw crusher, asynchronous engine, energy consumption, particle size distribution, discharge port

ONPEAENAHE HA OTHOCUTENEH EHEPTOPA3XO[ HA YENKOCTHA TPOLLAYKA B 3ABUCUMOCT OT LUMPOYUHATA HA
W3NYCKATENHNA U OTBOP N 3IbPHOMETPUYHUA CbCTAB HA NMPOAYKTA 3A TPOLLEHE
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PE3IOME. B cratusita e m3cnefpaH CneumdUYHNST pasxof Ha eNeKTPOEHEpru sl Ha YemioCTHa TpoLayka CbC CIIOXHO FONeeHe Ha NoABWKHaTa YemiocT. Ta e
3a[]BKBAHA OT aCUHXPOHEH ABUraTeN ¢ HakbCo ChbeAMHeH poTop. Llen Ha uacneaBaHeTo € Aa ce onpeaent BMSHUETO Ha [Ba OCHOBHW NapamMeTbpa — WMpoYmMHa
Ha U3nyckaTeNHWs OTBOP M 3bPHOMETPUYEH CbCTAB HA MPOAYKTa 3a pasTpoluaBaHe BbpXy OTHOCUTENHUS eHepropasxof Ha Tpoladkata. 3a onpepensHe Ha
€Hepropasxofa ca M3MEpeHN OCHOBHW MapaMeTpu KaTo CPefeH AMamMeTbp Ha MOCTbMBALMTE B TpoOLUaykaTa KbCOBE, LUMPOYMHA Ha U3MyCKATENHUS OTBOP Ha
TpoLLayKkaTta, TErno Ha pasTpOLIABAHOTO KOMMYECTBO MaTepuar, CpeHa MOLLHOCT Ha efHaTa (hasa Ha ABuraTens, Bpeme 3a pasTpollaBaHe Ha npobata u ap.
Cnopep n3bpaHaTta LeneBa (byHKUMS Ca CMHTE3VpaHW MOAENM Ha eHepropasxofa B 3aBMCUMOCT OT LUMPOYWHATA Ha M3MyCKaTENHUS OTBOP W 3bPHOMETPUYHMS
CbCTaB Ha NpopykTa 3a TpoLueHe. [MonyyeHnTe Mogenu ca OLEHEHU NOCPEACTBOM CTaTUCTUYECKU KPUTEPUN 33 OMpeJensiHe Ha afekBaTHOCTTa UM KbM u3bpaHaTta
Lenesa ¢yHkumus. ObpaboTkata Ha AaHHUTE € M3BBPLLEH Ype3 kommioTbpHa nporpamata STATGRAPHICS. YcTaHOBEHO €, Ye OTHOCUTENHUAT eHepropasxogd ce
BNMsie OT ABaTa ynpaBnsBallM napameTbpa - eApuHaTa Ha MOCTbMBALLMTE KbCOBE W LUMPOYMHATA Ha W3MyCKaTENHWsS OTBOP HA TpoLlaykaTa 4 ca HanpaBeHu
CbOTBETHUTE M3BOAM.

KntouoBw gymu: Tpoluayka, aCUHXPOHEH ABUraTeN, eHEPropasxos, 3bPHOMETPUHEH CbCTaB, U3NyCKaTENEH OTBOP

Introduction Determining the target function and the control
factors
Increased demand for production, reduced machine
dOWntime, increased prOdUCtiVity, and the |0wering of costs are The choice of machine mode of operation is made according
of all of major importance to the mining indUStry. To maintain to various criteria. In this case, a Comp|ex pendu|um jaW
these priorities, the crushing process can be managed in crusher is considered. It is necessary to choose an operating
accordance with various goals: minimum costs, high mode for a laboratory jaw crusher in accordance with a
productivity, product quality, high efficiency, energy efficiency, specified criterion. To automate the process, the crusher must
and many more. The task is complicated due to the multitude be considered as a control object. In terms of technological
of factors of the object. In such a case, it is appropriate to mode, the jaw crusher is classified as an uneven load
select a target that can be estimated from the pOint of view of mechanism. The performance of such mechanisms depends
real measured values which affect the production process. on a number of random factors such as: the particle size

distribution, the physical properties of the ore, the mutual
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arrangement of the individual ore fragments in the feed
opening of the crusher, the wear of the lining of the moving and
fixed jaws (Irinkov, 1971).

Typically, the objective of automatic control is the
stabilisation of: the productivity, the active power of the electric
drive or the ore level in the feed opening of the crusher
(Radulov et al., 2009). Classical theory recommends that the
crusher be automated for maximum productivity (Irinkov,
1971).

The output parameters of the crushing process are:
- the productivity of the jaw crusher in terms of crushed product
-q;
- the active power of the crusher's electric drive - P;
- the particle size distribution of the crushed product C,,.

The managed parameters are the ore level in the feed
opening and the active power. They are changed through the
control parameters: the change of the quantity of feed ore Q, g,
the width of the discharge opening - b, mm, and the jaw
movement frequency n, s (Radulov et al., 2009).

Consequently, the control criteria can be defined according
to the power, according to the ore level in the feed opening, as
well as according to the particle size distribution. Since a
laboratory crusher with a small feed opening is considered, the
second criterion hasn’t been accepted. The appropriate criteria
are the pproductivity and the low energy consumption.

As a criterion, productivity is obtained after measuring the
crushing time of a certain quantity of weighed material. Based
on performance, the energy consumption E, kWh/t can be
calculated as the ratio of the measured crush engine power to
the crusher productivity per finished product per unit of time. In
this case, for the object under examination, the energy
consumption is considered to be the appropriate target
function. The energy consumption E is calculated using the
formula:

E == KWhit (1)
Q.t

where:

- E is the power consumed by the crusher's engine;

- Q s the productivity of the crushed product.

For the laboratory crusher tested, there are no energy
consumption characteristics specified in relation to the change
in the particle size distribution and to the variation in the width

of the discharge port. This is the object of the present study.

Experiment Description

The choice of factors in accordance with which the specific
energy consumption will be determined is subject to the
following requirements:

+ each factor must have a certain limit of change i.e. be
controllable;
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+ each factor must be manageable, i.e. to determine the levels
in the definition area;

+ the parameters of each factor must be measured with
accuracy;

+ the parameters must be independent i.e. not to be
functionally linked;

+ the parameters must be compatible so that the joint
relationships could be defined.

The following possible parameters have been identified as
the managing factors in the study:

1. D, mm - Average diameter of the fragments entering the
crusher. This size is average for the respective fraction class of
the selected and pre-sieved material. The experiments were
performed with materials of the sizes shown in Table 1. They
are consistent with the width of the feed opening of the
laboratory crusher.

Table 1

The average diameter of the Fraction class
Fraction class D Fraction class D
+45-55 50 +35-45 40
Fraction class D Fraction class D
+25-35 30 +15-25 20

2. b,mm - Width of the discharge port of the crusher. This
parameter has also been selected in accordance with the
dimensions and capabilities of the laboratory machine. The
width of the discharge port has the following values: 6, 8, 12,
16, and 20 mm.

The relative energy consumption as a target function is
obtained as the ratio of the average crusher engine power
measured by means of the measuring and recording device to
the performance per unit of time - E, Ws/g. The three-phase
digital multi-function AC powermeter of SATEC PM130EH is
used as a measuring instrument.

A parameter such as the angular rotation speed of the
eccentric shaft cannot be changed, so it does not participate as
a control factor.

Due to the uniqueness requirement, the interconnected
factors are eliminated, e.g. the crusher's degree of crushing
which is related to the average diameter of the fragments
entering the crusher and the width of the discharge port
(Ackermann et al., 1982).

When determining the energy consumption, the disturbing
effects that affect the performance and the size of the crushed
product are as follows: the particle size distribution of the ore;
the ore hardness; the uneven material feed. To neutralise the
influence of the above disturbing factors, material of the same
hardness was examined and parameter measurements were
made under the conditions of continuous feed of material.

The following parameters were measured during the
experiment:
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- D,mm the average diameter of the pieces entering the
crusher;

- b, mm - the discharge port width of the crusher;

- Mcywm, g - the weight of the crushed material;

- P,, W -the average power of one phase of the engine;

--t, s - the time taken to crush the sample.

Results

To determine the energy consumption, a mathematical
model needs to be created that will take into account the real
statistical properties of the dependencies in the object. Since
there is a change in a number of factors, such as the power,
the engine load, and the different shape of the crushed
product, it is appropriate to make a non-deterministic rather
than a statistical model (Bozhanov, 1971). The first step of the
modeling is converting the results obtained through the
experimental measurements with a laboratory crusher into a
Fischer matrix. The matrix is visualised in Table 2.

model. Among those are the Student's t-criterion, the P-
criterion, the F-criterion, the multiple correlation criterion, the
corrected multi-correlation coefficient, and the mean absolute
error.

Using these statistical means, an interval known as the
confidence interval is defined in which the highly probable true
value of the parameter evaluated is determined. The P-
criterion gives us the confidence probability and it must be less
than 0.05.

In addition to the confidence interval, the significance of each
factor is checked. The significance of the coefficients is
determined according to the Student's t-criterion for certain
degrees of freedom, which, in this case, must be more than 8.

The F-criterion shows the influence of the controllable
(managed) factors on the output parameter. Its value is aimed
to be high, i.e. the energy consumption is manageable.

The Multiple Correlation Criterion and the Multiple

Table 2 Correlation Factor provide information on the extent of the
Fischer matrix relationship between the output parameter and the functions
included in the model, as well as on the adequacy of the
X, X, Y, resulting model.
Ne D, mm b, mm EWsig Various models have been obtained from the statistical
1 50 20 0.006 surveys, most of which have a low multiple correlation factor
2 50 16 0.009 R? (for example, 85.38% for the M3 model, or 41.5% for the
3 50 12 0.011 M7 model) and an adjusted multiple correlation factor
4 50 8 0.01 R?,4j)(for example, 83.75% for M3 or 38.45% for M7).
5 50 6 0.020
6 40 20 0.006 The value of the confidence probability indicator (P-criterion
7 40 16 0.008 =0 or P = 0.0016) for the cited models is below the critical, i.e.
8 40 12 0.010 these models are assumed as inadequate. The basic values of
9 40 8 0.014 the parameters of all models are given in Table 3. Based on
10 40 6 0.015 the values in the table, it can be determined that the M6 model
1 30 20 0.006 has the best parameter and it is the only adequate one for the
12 30 16 0.007 selected control function of energy consumption.
e e T R
15 30 6 0.016 Values of model parameters
16 30 20 0.006 model | R*, % | RZ,4;), % | P-criterion | F-criterion
17 20 16 0.006 M1 | 8564 | 84.04 0.0302 | 46.96
18 20 12 0.006 M2 8286 |81.96 0.0807 | 45.96
19 20 8 0.014 M3 | 415 [3845 0.0016 | 13.48
20 20 6 0.014 M4 | 4766 | 47,66 0.0004 [ 18,22
21 20 6 0.016 M5 [6891 |[67.28 0.0027 4213
M6 9292 ]92.92 0.0000 262.46
The processing of the data from Table 2 is performed M7 85.38 83.75 0.0000 52.56
through a statistical analysis (Bozhanov, 1979; Nalimov, 1965) M8 93.01 92.85 0.6081 126.59
by the STATGRAPHICS program which is suitable for scientific M9 | 8866 |87.40 00029 | 7042
research. Energy consumption patterns have been synthesised M10 | 93.72 | 93.39 0.1344 141.93

by means of the program, and various criteria have been
calculated for determining the reliability and adequacy of the
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Table 4
M6 model parameters
Standard T-statistics P
Farametens Valie efror of Student criterion
,2 0.00283042 | 1.747*1074 16.2005 0.0000
o
Amount of ¥ Average on
of the model mode! .
Model 2554*1073 1 0.00255424 26246 0.0000
residue 19467107 2 9.73210"%
Total 0.00274888 21
MuRiple correlation coefficient 929193%
Corrected Multiple Comelation Factor 92.9193%
Standard error 0.00311962
Average Absolute Error 0.00230522
Stats Darban- Otsan 0.654328

Among the examined models, M 7 and M 8 have excellent
parameters of the correlation coefficients, but in model M 8 the
value of the confidence probability index (P-criterion = 0.6081)
for the model is above the critical, i.e. it can be assumed that
the model is inadequate for the selected target function.

Analysing the parameters of this model, it can be seen that
the multi-correlation coefficient R? is 92.92% and the adjusted
multi-correlation coefficient R7, 4y is over 92.92%. The value of
the confidence probability index (P-criterion = 0.0000) for the
model is below the critical one, i.e. it can be assumed that the
model is adequate.

Of all obtained models, the best-performing is the M 6 model
(Table 4) and it can be considered as a model of great
adequacy. This model has the best performance indicators
among all others.

Then we choose the equation of the model with natural

variables to be as follows:
E = 28310732, KWh/t 2)

Table 5 shows the basic parameters along with the obtained
values for each examined model.

Table 5
Basic parameters of model study
MODEL Ne D b D.b constant %
1. 8.2937+ 1075 -7.69796*10~* - 0.0170376 -
2. -3.8988+ 10~* -3.39282x 10~* - -
3. - 1.1457*107° 0.0155199 -
4, - 1,6125*107> - -
5. - - 0.00399301 -1.1457*1075
6. - - - 2.83042*1073
7. -7.69796*10~* - 0.00847669 1.84803*107*
8. 2.437*107* - - - 2.622*1073
9. - -5.193*10~* - 3.413*1073 8.959*10~*
10. - 1.063*10~* - - 2.587*1073
Conclusions - increasing the width of the discharge port of the crusher

The results obtained from the measurements and the
statistical analysis of the relative energy consumption of the
crusher show the following:

- the relative energy consumption is influenced to a large
extent by two parameters, namely the size of the
incoming pieces and the width of the discharge port of
the crusher;

- when increasing the size of the input fragments, the
relative energy consumption of the machine is
increased, which is most probably due to the fact that
the larger of size of the material increases the degree of
crushing, which in turn increases the power required for
the material to be crushed;
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reduces the relative energy consumption which is due
to the fact that a larger-sized material at the discharge
port of the machine means a low rate of crushing and a
higher productivity that is the denominator of the energy
consumption.

The aim of a future study of the team is to determine the
effect of the swing frequency of the pendulum jaw on the
energy consumption. For this purpose, an induction motor
needs to be driven by an inverter. When adjusting the swing
frequency of the jaw by means of a frequency inverter, it
distorts the sine curve of the supply current. This state is
described as the "presence of harmonics”. Thus, in productivity
management by means of the motion frequency of the jaw, it is
likely to have harmonic constituents in excess of the standard
allowances.
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COMPARISON OF THE METHODOLOGIES FOR DETERMINING THE CROSS SECTION
OF THE MATERIAL ON A MOVING CONVEYOR BELT

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski” Sofia, sheiretov@abv.bg

ABSTRACT. Three methodologies for determining the cross section of the transported material are discussed: the first one - based on the DIN German standard for
the calculation of belt conveyors used by the Dunlop company; the second one - based on the ISO and CEMA American standards for calculation used by the
Sandvik company; and the third one - based on the GOST Russian standard. The second methodology assumes that the form of the material is a segment of a circle,
whereas the first and the third methodologies consider the form as an isosceles triangle. Calculations are accomplished with the three methodologies for a concrete
solved example - a belt conveyor with three roll idlers with assigned length of the rollers, angle of inclination of the side rollers, and type of the transported material. In
the calculations, the recommended values of the material surcharge angle are taken for the corresponding methodology.

The following conclusions are drawn: 1. When the recommended values of the material surcharge angle are used for the area of the material cross section,
approximately equal values are received by the three methodologies; 2. In order to obtain an equal cross section area of the transported material, the value of the
surcharge angle in the first and the third methodologies must be taken smaller than that in the second methodology.

Keywords: cross section of the material, surcharge angle, methodology

CPABHABAHE HA METOOWKWUTE 3A ONMPEOENAHE HA CEMEHUETO HA MATEPUAIIA BbPXY ABUXELLA CE
TPAHCMOPTHA NIEHTA

Xpucmo Llleiipemos

MurHo-eeonoxku yHusepcumem ,,Ce.Mear Puncku”, 1700 Cocbus, sheiretov@abv.bg

PE3IOME. Pa3srnegaHn ca Tpu METOAMKM 33 ONpedensiHe Ha CEYEHWETO Ha TPaHCMOPTUPaHUs MaTtepuan: mbpsaTa - N0 HEMCKUS CTaH4apT 3a M34ncnsBaHe Ha
nexToBn TpaHcnopthopi DIN, uanonasaHa ot cupma Dunlop; BTopaTa - no amepukaHckute cTaHaapti 3a uauucnsisade ISO n CEMA, uanonssaHa oT ¢upma
Sandvik; n TpeTata - no pyckus ctaHgapt 3a usuucnssaHe FOCT. INpu BTopaTa MeToauka ce npuema, Ye dopmaTta Ha Matepuana € CerMeHT OT OKPBXKHOCT, a npu
nbpBaTa M TpeTata MeTofuka — popmarta e paBHoOeapeH TPUBMbIHWK. HanpaBeHn ca M34YMCREHMs MO TpUTe METOAMKM 33 KOHKPETHO peluaBaH npumep -
TPaHCMOPTLOP C TPMPOIKOBM OMOPK CbC 3aAafeHN ObIKMHA Ha POMKUTE, BrbNl HA HAKMOH Ha CTPaHWYHUTE POSKM M BUA Ha TpaHCmopTupaHus matepwan. Mpu
134uCrEHMsITa Ca B3ETU NPENOPBUMTENHUTE 32 CbOTBETHUTE METOAMKM CTOMHOCTW Ha brbfa Ha 0TKOCA Ha MaTepuarna npy ABUXKeHNE.

Hanpaseru ca cnegrute u3soau: 1. Mpu 13non3BaHe Ha NPenopbYMTENHUTE CTOMHOCTY HA brbila Ha 0TKOCa Ha MaTepuana npu LBIKEHVE 3a MNOLLTa HA CEYEHUETO
Ce normyyaBat npubnmuauTenHo eaHakByM CTOMHOCTY MO TPUTE METOAMKM; 2. 3a ja Ce MONyYN efHaKBa Mol Ha CEYEHVETO Ha TPaHCMOPTMPaHUs MaTepuan, Tpstea
BrBITLT HA OTKOCA HA MaTepuarna npy ABWKeHWe Mo MbpBaTa M TpeTata MeToavka Aa ce npruema no-Mambk OT TO3W Mo BTopaTa MeToauka.

Knio4oBm aymu: ceyetue Ha Matepuana, brbi Ha 0TKOC My ABIKEHIE, METOAMKA

Introduction Table 1.
Surcharge angle of the material

On a moving conveyor belt, the cross section of the Angle of repose of the material 6, [*]
transported material can be divided into two parts: lower part 0-19 ] 20-29 | 30-34 | 35-39 | 40-50
with the form of an isosceles trapezium with an area Sz, and Flow ability of the material
upper part with the form of a segment from a circle with an Veryhigh | High | Medium | Low
area S1 (Fig.2). The angle 6, between the tangent to the circle Surcharge angle of the material 6 [°]
in the point of intersection of the circle with the belt, and the 5 | 10 [ 20 | 25 | 30
horizontal line, is called surcharge angle. This angle is used for
determining the area of the cross section of the material in the In the methodology of the German DIN 22101 standard

methodology of the American standards ISO and CEMA, which (Phoenix conveyor belt design fundamentals, 2004), used by
is used by the Swedish company Sandvik (HA 200 Idlers the Netherlands company Dunlop (Conveyor belt design and

design manual, Sandvik, 2008). calculation, Dunlop, 2009), an equivalent angle of surcharge B
(Fig.1) is introduced for determining the area of the cross

The surcharge angle (dynamic angle) 6 is usually with 5° to section of the transported material. It is assumed that the area
15° smaller than the angle of repose (static angle) 6o, but in of the upper part of the cross section A1 is equal to the area of
some materials it can be by 20° smaller. It is recommended an isosceles triangle with base angle . The equivalent angle

that the surcharge angle 6 be chosen from Table 1.
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of surcharge B is smaller than the angle of surcharge 6, used in
the first methodology.

The values of the angle 8 for the various materials are given
in tables. At medium flow ability of the material (these are the
majority of the materials), the angle 8 is recommended to be
assumed as 15°, at low flow ability - to be $=20°, and at high
flow ability - to be =5° or 10°.

In the methodology of the Russian GOST standard (Vasiliev,
1991), it is assumed that the area of the upper part of the
material's cross section A1 (Fig.3) is equal to the area of an
isosceles friangle with base angle ¢ (this is the angle of
surcharge of the material). The area of the lower part of the
cross section A2 which is an isosceles trapezium is equal to the
area of an isosceles triangle with base angle a' For
determining the area of the whole cross section, empirical
coefficients are introduced.

The aim of the present study is the calculation of the area of
the cross section using the three methodologies and the
comparison of the results. A concrete example is solved - a
belt conveyor with three roll idlers with a given length of the
rollers, an angle of inclination of the side rollers, and the type
of the transported material. In the calculations, the
recommended values of the angle of surcharge for the
corresponding methodology are taken.

Another aim of the study is to determine the ratio of the
angles of surcharge of the material which must be accepted in
the calculations in the different methodologies.

Determining the area of the cross section of the
transported material in the different
methodologies

Determining the area of the cross section in the
methodology of the DIN 22101 standard

The area of the cross section of the material A is a sum of
the areas of the cross sections A1 and A2 (Conveyor belt
design and calculation, Dunlop, 2009) (Fig.1):

R

Ag

Al

Fig.1. Scheme for determining the area of the cross section of the
transported material according to DIN 22101

A=A +A, 1)

The area of the section A+ which is an isosceles triangle is
equal to:

x.h

Allezg, 19/ = 0,259 .x2, (2)

N | X

where 8 is an equivalent angle of surcharge of the material.

The length of the base of the triangle x is equal to:

x:I+2.[%.cosﬂjzl+(b—|).cosﬂ,m, 3)

where:
lis the length if the rollers;
b is the working width of the belt;
Ais the angle of inclination of the side rollers.
When substituting equation (3) in equation (2), it is received:

A, =0,251g 31 +(b—|).COS/1:|2 (4)

The area of the section Az which is an isosceles trapezium is
equal to:

X+ X+ .

After substitution of equation (3) in equation (5), it is received:
| + 2.(E.cos/i) +1
2

A2:

lq.sind =

142 (l.cos2)+1

di.sind =1,.sinA(l +1,.cos 1), (6)
S ysing = lysin (1 +1,.cos )

where 1 is the working length of the side rollers and is
determined by equation (7):

=2t M

For the working length of the belt, it is assumed:
b=09.B-0,05,m, (8)
where B [m] is the width of the belt.

The length of the rollers for three roll idlers is assumed from
Table 2.

Table 2.
Recommended length of the rollers | [mm]
Width of the belt 500 | 650 | 800 | 1000
B[mm]
Three roll idlers /[mm] 200 | 250 | 315 | 380

1200 | 1400 | 1600 | 1800 | 2000 | 2200 | 2400
465 | 530 | 600 | 670 | 750 800 900

When $=15° (the recommended value when a composite of
sand and gravel is transported), A=30°, and B=1.2m, it is
received: /=0.465m (from Table 2); h=1.03m (from equation
(8)); A1=0.061m2 (from equation (4)); h=0.2825m (from
equation (7)); A2=0.1m2 (from equation (6)); and A=0.161m2
(from equation (1)).

In Table 3 (Conveyor belt design and calculation, Dunlop,
2009), the volume capacities of the conveyors Q. [m3h] are
given at belt velocity v=1m/s, according to the methodology of
the DIN 22101 standard used by the company Dunlop.
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Table 3.

Volume capacities of the conveyor Qv [m3/h] for three roll idlers

at belt velocity v=1m/s according to DIN 22101

B | B Qv[m3h] atA[°]

mm] | [°] 20 30 35 40 45
0 21 30 34 - -

400 | 10 35 43 47 -
15 42 5 53 -

20 50 57 60 -

0 3% 51 58 -

500 | 10 59 73 79 -
15 72 84 90 -

20 85 97 102 - -

0 67 95 108 118 127

650 | 10 109 134 145 153 159
15 131 155 165 176 176

20 155 176 184 190 193

0 105 149 168 185 198

800 | 10 171 210 227 240 249
15 | 206 243 257 268 276

20 | 243 276 289 299 303

0 173 246 278 304 326

1000 | 10 | 280 344 370 391 407
15 | 336 396 419 436 448

20 | 394 449 469 484 492

0 253 360 406 445 477

1200 | 10 | 411 505 543 573 596
15 | 493 580 614 640 658

20 | 578 659 688 709 722

0 355 504 567 622 666

1400 | 10 | 572 703 755 797 828
15 | 685 806 852 888 912

20 | 803 915 954 964 1001

0 472 669 753 825 883

1600 | 10 758 931 1000 1055 1096
15 | 906 1067 1128 1175 1207

20 | 1062 1209 1263 1301 1323

0 605 858 965 1057 1131

1800 | 10 | 969 1194 1279 1350 1402
15 | 1159 1364 1443 1502 1543

20 | 1357 1546 1614 1662 1690

0 | 750 1064 1197 1311 1404

2000 | 10 | 1204 1478 1588 1675 1741
15 | 1439 1694 1791 1865 1916

20 | 1685 1919 2003 2064 2099

0 948 1343 1509 1650 1765

2200 | 10 | 1509 1855 1990 2099 2178
15 | 1801 2121 2241 2332 2393

20 | 2107 2399 2503 2576 2618

B - width of the bel,

B [°] - angle of surcharge of the material,
Qv [m3h] - volume capacity,

A[°] - angle of inclination of the side rollers.

The area of the cross section of the transported material is
received by the formula:

- e 9)
3600

20

For the concrete example, when 8=15°, A=30° and B=1.2m,
from Table 3 it is checked that Q,=580m?/h and for the area of
the cross section from formula (9), it is received A=0.161mz2.
Consequently, for the areas of the cross section determined by
formula (1) and Table 3, equal values are received.

Determining the area of the cross section in the
methodology of the ISO (CEMA) standard

The area of the cross section of the material S is a sum of
the areas of the cross sections S1 u Sz (Hrabovsky, 2011)
(Fig.2):

Fig. 2. Scheme for determining the area of the cross section of the
transported material according to ISO (CEMA)

S=S,+S, (10)
The area of the section St which is the segment AED is the

substitution of the area of the sector FAEDF and the areas of

the triangles FAO and FDO.

(1)

S1 = SAED = SFAEDF - SFAO - SFDO

The area of the sector FAEDF is:

SEAEDF - zR2.2% g2y (12)

2.
where:
R is the radius of the arc AED;
6 [rad] is half of the central angle of the arc AED.

After the substitution of the angle 6 in [°], formula (12) is
transformed to:
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7.0 _2
SrAEDF =750

(13)

The areas of the triangles FAQ u FDO are equal to:

Sea0 = Skpo = %.R.sinH.R.cose = %.Rz.sine.cosé’ (14)

After substituting equations (13) and (14) in equation (11), it
is received:

= 70 g2 _5 1R2 Ginpcoso -
180 2

_1R2(270 o
2 0

The radius of the arc AED is equal to:

I3
ZCOSA+- 27.c05A+1, (16)
~ sine  2.sing
where:
z is the working width of the side rollers;

Iz is the length of the rollers.
After the substitution of equation (16) in equation (15), the
area of the cross section S1 is finally obtained:

2.2z.cosA +1
81:1,{ * 3].[2'”'0—sin29],

(17)
2 2.sin@ 180

where:

_b-13 18
2=~ (18)

The working width of the belt b is determined by formula (8).

The area of the section S: is determined by a formula
analogous to formula (6):
(19)

S, =zsinA.(I3 +2z.cos 1)

When 6=25° (the recommended value when a composite of
sand and gravel is transported, or it is accepted from Table 1
at 60=38°), A=30°, and B=1.2m, it is received: s=0.465m (from
Table.2); b=1.03m (from formula (8)); z=0.2825m (from formula
(18)); S1=0.069m2 (from formula (17)); Sz=0.1m2 (from formula
(19)); S=0.169m? (from formula (10)).

In Table 4 (HA 200 Idlers design manual, Sandvik, 2008), the
areas of the cross section of the transported material are given
according to the methodology of the ISO (CEMA) standard,
used by the company Sandvik. For the concrete example,
when 6=15°, A=30°, and B=1.2m, it is checked that
S=0.169m2. Consequently, equal values are received for the
areas of the cross section determined by formula (10) and
Table 4.

21

In order to receive equal areas of the cross section in the two
examined methodologies (DIN and ISO), it must be assumed
that 5=16.5° and then A=S=0.169m2. Consequently, the ratio
/6=16.5°/25°=0.67.

Determining the area of the cross section in the
methodology of the GOST standard

The area of the cross section of the material F is a sum of
the areas of the sections A+ and Az (Vasiliev, 1991) (Fig.3):

A=A +A, (20)

Table 4.

Area of the cross section of the transported material for three

roll idlers S [m?] according to ISO (CEMA)

A B 6[°]

[°] | [mm] 20
0.020

500
650 0.035
800 0.055
1000 0.088
1200 0.130
650 0.042
800 0.066
1000 0.105
1200 0.155
1400 0.213
1600 0.281
1800 0.358
2000 0.445
800 0.070
1000 0.112
1200 0.164
1400 0.226
1600 0.298
1800 0.380
2000 0472
0.075

800

1000 0.121

1200 0.177

1400 0.244

1600 0.322
0.410

1800
0.510

2000

2250 0.620

2500 0.804
1.166

3000

10
0.015

0.027
0.042
0.068
0.100
0.035
0.054
0.087
0.128
0.176
0.232
0.296
0.368
0.059
0.095
0.139
0.191
0.252
0.322
0.400
0.066
0.106
0.155
0.214
0.282
0.360
0.447
0.543
0.705
1.023

15
0.017

0.031
0.049
0.078
0.115
0.038
0.060
0.096
0.141
0.94
0.256
0.327
0.406
0.064
0.103
0.151
0.209
0.275
0.351
0.436
0.071
0.113
0.166
0.229
0.302
0.385
0478
0.581
0.754
1.094

25
0.022

0.039
0.062
0.099
0.145
0.046
0.072
0.115
0.169
0.232
0.306
0.390
0.485
0.075
0.121
0177
0.245
0.322
0.411
0.510
0.080
0.129
0.189
0.260
0.343
0.437
0.542
0.659
0.856
1.240

30
0.026

0.047
0.078
0.133
0.206
0.052
0.081
0.144
0.208
0.289
0.383
0.489
0.544
0.083
0.135
0.197
0.272
0.358
0.456
0.566
0.088
0.142
0.207
0.285
0.376
0.479
0.594
0.670
0.883
1.262

20

30

35

45

B - width of the belt,
6 [°] - angle of surcharge of the material,
A[°] - angle of inclination of the side rollers.

The area of the section A+ which is isosceles triangle is equal

to:

2
R

= (21)

gy
=p%.=22,
(o7 7

where:
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b is determined by formula (8),
@ is the angle of surcharge of the material.

Poaia1 P
T, | %P
l4]
g

Fig. 3. Scheme for determining the area of the cross section of the
material according to GOST

The area of the section A2 which is isosceles trapezium is
assumed to be equal to the area of an isosceles triangle with
base b and base angle a'. Then it is received:

2 '

L p2 9*

1g

n n (22)

When equations (21) and (22) are substituted in equation (20),
it is received:

A2 [ 182,90 e, @3)

The following values for the coefficient C are recommended
for ap=30° (Vasiliev, 1991): C=0.153 at ¢ =15° and C=0.174 at
¢ =20°. When ¢ =15°, a,=30°, and B=1.2m it is received:
b=1.03m (from formula (8)), C=0.153, and A=0.162m? (from
formula (23)).

Conclusions

From the calculations using the three methodologies, the
following conclusions are drawn:

22

1. For the area of the cross section of the transported
material, close values are received for the concrete example
solved: A=0.161m? using the DIN 22101 methodology,
S$=0.167m? using the 1SO (CEMA) methodology, and
A=0.162m? using the GOST methodology.

2. If the methodologies of DIN and GOST are used, a
smaller value for the angle of surcharge of the material must
be accepted, in comparison with the methodology of 1SO
(CEMA). For the concrete example solved, for the ratio of the
angles of surcharge it is received 0.67, i.e. $=0,67.6. This is
why, when a certain methodology is used, the surcharge angle
for the given material must be taken according the
recommendations and tables of this methodology.
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CHECKING THE STABILITY OF A TRUCK MOUNTED CRANE AND DETERMINING THE
REACTION FORCES IN THE SUPPORTS

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski” Sofia, sheiretov@abv.bg

ABSTRACT. A methodology for the calculation of the mechanism for side movement and stretching of the supports of truck mounted cranes is developed. Checks
are made for the stability of a truck mounted crane with load (at maximum range) and without load (at minimum range). The paper determines the turnover and
establishes moments of the gravity and wind forces upon the boom, the platform, the load, the counterweight, and the truck, as well as the inertial and centrifugal
forces upon the load. Two cases are considered - at maximum and at minimum length of the boom. The reaction forces in the left and the right hydraulic supports of
the crane in the four end positions of the load are determined, which are obtained at minimum and maximum angle of inclination of the boom and at maximum and
minimum length of the boom.

A concrete example for the KC-45717 crane mounted on the chassis of a KamAZ truck is solved.

Keywords: hydraulic support, load stability, own stability, reaction force

MPOBEPKA HA YCTOWYMBOCTTA HA ABTOMOEWNEH KPAH W OMPELENAHE HA PEAKLIMUTE B OMOPUTE
Xpucmo Lllelipemos
MurHo-eeonoxku yHusepcumem ,,Ce.Mear Puncku”, 1700 Cocbus, sheiretov@abv.bg

PE3IOME. Pa3paboTeHa e MeToamKa 3a M34MCnsiBaHe Ha MexaHu3Ma 3a U3HacsiHe W pa3nbBaHe Ha CTPaHUYHUTE OMopu Ha aBTOKpaHoBe. B HacToswwaTa cTatus ca
HanpaBeHu MPOBEpkW Ha ToBapHaTa (Mpu MakcumaneH obcer) u cobcTBeHaTa (MpU MWHMManeH obcer) YCTOMYMBOCT Ha aBTomobuneH kpaH. Onpegenewn ca
00pbLUaLLUTE W YCTaHOBSABALLMTE MOMEHTYM OT CUIUTE Ha TEXECTTa U BATbpa BbPXY CTpenata, nnarcopmara, ToBapa, NpOTMBOTEXeCTTa 1 XOA0BaTa YacT Ha kpaHa
11 OT MHEepLMOHHaTa U LigHTpobexHaTa cuna BbpXy ToBapa. Pasrneaanu ca ABa cryyas - Npy Makcumanha 1 Npu MUHAManHa AbmkiHa Ha ctpenata. Onpepenenm
Ca OMOpHUTE peakLv B NEBUTE W AECHUTE W3HECEHW XUAPABMMYHM ONOPY NPU YETUPUTE KPailH NOMOXEHWS Ha TOBapa, KOWTO Ce MonyyasaT Npu MUHUManeH
MaKcumaneH brbi Ha HakMoH Ha cTpenaTa v Npu MakcumanHa v MUHUManHa AbikvHa Ha cTpenata.

PeLueH koHkpeTeH npumep 3a kpaH KC-45717, MOHTMpaH Ha aBToMOBUNHO Lwack KamA3.

KniouoBu gymu: xugpasnuyHa onopa, ToBapHa yCTOMYMBOCT, COBCTBEHA YCTOMYMBOCT, OMOPHA peakLys

Introduction In order to choose hydraulic supports, it is necessary to
determine the reaction forces in the supports when the crane is

The mobile cranes are automotive boom S|ewing cranes in work pOSitiOﬂ. On the other hand, in order to determine the

which move on railless tracks. They are used for assembly and reaction forces, it is necessary to determine in advance the

load handling operations in the construction, industrial, and mass of the counterweight and the distance between the left

mining enterprises. The mobile cranes are mounted on and right supports.

standard trucks or on special truck or crawler chassis. They

have great maneuverability and travelling speed and quickly Therefore, when the mass of the counterweight and the

change over from working- to transport position. In order to distance between the supports are given, checks for the crane

assure enough stability during operation, additional side load and own stability are performed; after that the reaction

supports are let down. forces in the supports are determined.

The aim of the present work is to determine the coefficients of Input data
load stability and the reaction forces in the supports at various
lengths and angles of inclination of the boom. A concrete The input data for the check of the crane stability and for
example for a truck mounted crane is solved. determining  the  support  reaction  forces  are
(http://www.uks76.ru/upload/docs/Rukovodstvo_po_ekspluatat
As a result of the accomplished study, a methodology for the sii_KS-45717K-2.pdf):

calculation of the mechanism for side shifting and stretching of - length of the boom L=9+21 m;

the supports of mobile cranes is developed (choice of hydraulic - angle of inclination of the boom $=5+75°;

supports and hydraulic cylinders for their side movement, time - maximum lifting capacity of the crane at L=9 m and $=75°
for the stretching and shifting of the supports, work liquid Q1=251;

consumption). - liting capacity of the crane at L=9 m and $=5° Q:=6.35;

- lifting capacity of the crane at L=21 m and f=75° Q:=6.35 ;

23
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- lifting capacity of the crane at L=21 m and 8=5° Qs=0.9t;

- mass of the boom m¢=1990 kg;

- mass of the slewing platfom m»=5100 kg;

- mass of the hook block mps=306 kg;

- mass of the counterweight m»=357 kg;

- mass of the unslewing part of the crane my=14.27 t;

- slope angle of the ground when the supports are not shifted
aside 6=0+3° (Fig.1 and 2);

- slope angle of the ground when the supports are shifted aside
6=0+1.5°%;

- distance between the axis of the side shifted hydraulic
support and the slewing axis of the crane a=2.8 m (Fig.1);

- distance between the axis of symmetry of the front wheel and
the slewing axis of the platform a=1.013 m (Fig.2);

- speed of load hoisting v=6.1 m/min;

- slewing speed of the platform n=0+2.4 min-".

Check of the crane load stability

The crane load stability (Fig.1) is checked at maximum
working radius of the crane (minimum angle of inclination of
the boom fB=5°) in a working position with stretched side
supports and maximum permissible slope angle of the ground
6=1.5°. The turnover and stabilise moments of all forces are
determined toward point B in which the right hydraulic supports
contact with the ground.

Two cases are considered: at maximum boom length L=21m
and lifting capacity Q=Q4=0.9t; and at boom length L=9m and
lifting capacity Q=Q2=6.35t.

Turnover moment from the normal components of the
gravity forces of the load, the hook block, and the boom
(perpendicular to the ground plane)

Mogp1 = (Gm +Gp5).(lm -a).cos0+G,.(I, —a).cos6 (1)
Mogp1 =(8,8+3).(20-2,8).cos15° +
+19,5.(9,31-2,8).c0s1,5° = 329 kN.m

where:

Gm, Gps, and G¢ [kN] are the gravity forces of the load, the
hook block, and the boom (Fig.1) (they are determined by
formulae 2+4);

Im and I [m] are the distances between the applied points of
the gravity forces of the load and the boom and slewing axis of
the crane (Fig.1) (they are determined by formulae 5 and 6);

G, =Q.9 =0,9.9,81=88 kN 2)

(3)

Gp6 = 0,00l.mpﬁg =0,001.306.9,81= 3 kN

G, =0,001.m,g =0,001.1990.9,81=19,5 kN (4)
l,=Lcosp-e+0,3=21.cos5°-115+0,3=20m (5)

I, =05.Lcos B—e=0,5.21.c0os5°-115=9,31 m (6)
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where e [m] is the distance between the crane slewing axis
and the boom suspension axis (Fig.1) (it is checked from the
drawing of the slewing platform, e=1.15m).

Turnover moment from the tangential components of the
gravity forces of the boom, the slewing platform, the
unslewing part of the crane, and the counterweight
(parallel to the ground plane)

Moygp2 = (Gg-he +Gy-hy +G,p.h,, + G, ., ).sing (7)

Mogp2 = (19,5.3,9 +50.2,7+140.15 + 3,5.2,1).Sinl5° =11 kN.m,

where:

Go, Gu, and Gn [kN] are the gravity forces of the slewing
platiorm, the unslewing part of the crane, and the
counterweight;

he, ho, hs, and hn [m] are the distances between the applied
points of the gravity forces of the boom, the slewing platform,
the unslewing part of the crane, and the counterweight and the
ground plane (Fig.1) (hc is determined by formula (11), ho, hu
and hn are checked from the scheme given in Fig.1,
proportionally to the boom length L=21m: ho=2.7m; h,=1.5m;
and h;=2.1m);

G, =0,001.m,.g =0,001.5100.9,81=50 kN 8)

G, =m,.g =14,27.9,81=140 kN 9)

G, =0,001m,,.g = 0,001.357.9,81=3,5 kN (10)

h, =0,5.L.sinB+h,, =0,5.21.sin5° +3,05=3.9m, (11)
where: hoc [m] - distance between the axle of suspension of the

boom and the ground plane (it is checked by the scheme given
on Fig.1, hoc=3,05 m).

Turnover moment from the wind forces on the load, the
boom and the slewing platform
Mogpz = P + s + Py b, (12)
Mygpz =0,3.3,3+0,1.3,9+0,2.27 =1kN.m

where:

Pm, Pe, and P, [kN] are the wind forces on the load, the boom,
and the slewing platform (Fig.1) (they are determined by
formulae 13+15);

hm [m] is the distance between the applied point of the gravity
force and the ground plane (Fig.1) (it is determined by formula
16);

P, = Apqk,c=25.0,09.1.12=0,3kN (13)

P, = A,.qk,.c =0,78.0,09.1.14 = 0,1kN (14)
P, = A,-qk,.c =21.0,09.1.14 = 0,2 kN (15)

h,, =Lsing+h,, —15=21.sin5° +3,05-15=3,3 m (16)
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where:

Am [m?] is the wind-beaten area of the load (it is taken from
Table1 according to the lifting capacity of the crane). At Q=0.9t
An=2,5 mz

q [kPa] is the wind pressure at normal loading in work position
(=0.09 kPa);

ks is the filling coefficient of the crane construction (for loads
and whole wall constructions ks;=1; for rod constructions
ks=0.2+0.6). For the calculated crane ks=1;

¢ is an aerodynamic coefficient (c=1.4 for the boom and the
platform; ¢=1.2 for the load);

11

L
P,
B
G,

ho

Fig.1. Scheme for determining the load stability and the reaction forces in
the side supports of the crane

In, I, Ie,and I are the distances between the applied points of
the gravity forces of the counterweight, the platform, the boom,
and the load and the slewing axis;

e is the distance between the axis of boom suspension and the
slewing axis;

a is the distance between the slewing axis and the side shifted
support;

hn, ho, hu, he, and hm are the distances between the applies
points of the gravity forces of the counterweight, the platform,
the unslewing part of the crane, and the boom and the load
and the ground plane;

hec is the distance between the axis of boom suspension and
the ground plane;

h is the distance between the top of the boom and the ground
plane;

y is the distance between the gravity center of the load and the
top of the boom;

L, B are the length and the angle of inclination of the boom;

B is the ground slope angle;

Gn, Go, Gy, Ge, Gm, and Gps are the gravity forces of the
counterweight, the platform, the unslewing part of the crane,
the boom, the load, and the hook block;

Po, Pc, and Pr are the wind forces on the platform, the boom,
and the load;

Fy, Fu - centrifugal force and force of inertia on the load;

Ra, Rs - reaction forces in the side shifted supports.

Ac [m?] is the wind-beaten area of the boom (it is determined by
formula 17);

Table 1.
Wind-beaten area of the load Am according to the lifting
capacity of the crane Q

QI 108 1 [125]16[2]|25[32| 4
An[m? | 25|28 32 |36 4] 5 |56 ] 63

QIt] 5 |63 8] 10 | 125 |16 | 20 | 25
An[m? | 71| 8 | 9] 10 12 | 14 | 16 | 18

A, =Lb,.sinf =21.0,43.sin5° = 0,78 m?, (17)

where bc [m] is the width of the boom (b:=430mm=0.43m - it is
checked from the drawing of the boom).

Turnover moment from the force of inertia and the
centrifugal force on the load

Mogos =Fy (I —a)+F,:h=0,09,(20-2.8) +11,1.48=54 kN.m, (18)

where:

Fu [kN] is the force of inertia from the load hoisting (Fig.1), (it is
determined by formula 19);

Fy [kN] is the centrifugal force from the crane slewing (Fig.1), (it
is determined by formula 20);

h [m] is the distance between the applied point of the
centrifugal force and the ground plane (Fig.1) (it is determined
by formula 21);

v -0,9.%1 _ 009 kN (19)
601, 60.1

FU:Q4
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F_ Qu9.0* I, _0,9.9,81.0,25%20
g-o’y  9,81-0,25225

u =111kN

h=Lsing+h,, =21.sin5° +3,05=4,8m,

where:

tr [s] is the starting time of the hoisting mechanism (it is
assumed as the minimum permissible time, i.e. t=1s);

w [rad/s] is the angular speed of the platform (it is determined
by formula 22);

y [m] is the distance between the gravity center of the load and
the top of the boom (Fig.1) (it is assumed y=2.5m according to
the scheme in Fig.1).

z.n 3,14.2,4
@ = -

=== 22
30 30 )

=0,25rad/s

Total turnover moment

Mag, =Mige +Mygop +Moggzg + Mgy =329+11:+1+54 =395kNm (23)

Stabilise moment from the gravity forces of the
counterweight, the slewing platform, and the unslewing
part of the crane

=G, (I, +a).cos6+G,.(I, +a).cosf +G,.a.cos 6
=3,5(2,2+2,8).c0s1,5°+50.(1,3+2,8).cos15°+
(24)

M yem

Mycm
+140.2,8.c051,5° = 614 kN.m,

where:

I» [m] is the distance between the gravity center of the
counterweight and the slewing axis of the crane (Fig.1) (it is
assumed from the drawing of the platform, l=2.2m);

lo [m] is the distance between the gravity center of the platform
and the slewing axis (Fig.1) (it is assumed from the drawing of
the crane, 1=1.3m).

Check of the coefficient of load stability

k =Myﬂ:
i M06p

614
——=155>115
395 . L

(25)

For the second case of loading at L=9m, f=5°, Q=Q.=6.35t
and Am=8m2, it is received: Mosp1=356kN.m; Mosp2=10kN.m;
Mosp3=2kN.m; Mospa=124kN.m; Mo6p=492kN.m; Mycm=606KN.m;
kmy=1.23. Consequently, the condition (25) is also satisfied.

Check of the crane own stability

The crane own stability (Fig.2) is checked at minimum
working radius of the crane (minimum boom length L=9m and
maximum angle of inclination of the boom =75°), load free
position with unstretched side support, maximum permissible
slope angle of the ground 6=3°, and wind pressure g=0.7kN/m2
(the wind pressure is assumed for maximum loading in load
free position). The turnover and stabilise moments of all forces
are determined toward point A in which the left front wheel of
the truck contacts with the ground.
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Turnover moment from the normal components of the

gravity forces of the slewing platform and the
counterweight (perpendicular to the ground plane)
o6p1 = Go-(lp —@').c080 +G,.(I, -a').cos 6 (26)

Mpgp =50.(13-1013).c0s3°+3,5(2,2-1013).cos3° = 18KN.m

Turnover moment from the tangential components of the
gravity forces of the boom, the slewing platform, the
unslewing part of the crane and the counterweight
(parallel to the ground plane)

b6p2 = (Go-e +Gy-hy + Gy, + Gy hy ).sing (27)
Myep2 =(195.7,3+50.2,7+140.15+3.2,1).sin3° = 25KN.m,
where:

h, =05.Lsinp+h,, =05.9.5in75°+3,05=7,3m, (28)

Turnover moment from the wind forces on the boom
28and the slewing platform

b6ps = Pop + Py =37.7,3+227=32kNm  (29)
where:
P, = A,.qks.c =373.0,7.1.1.4 = 3,7 kN (30)
P, = A,qky.c=21.0,7.1.1.4 = 2 kN (31)
A, =Lb,.sinf=9.0,43.5in75° =373 m? (32)

Total turnover moment

Mpgp = Mpgp +Mpgps + Mygps =18+25+32 =75 kN.m (33)

[¢]

Stabilise moment from the gravity forces of the boom and
the unslewing part of the crane

Mo = G,.(I, +&).cos0+G,a.cos6 (34)
M}’,Cm = 19,5.(0,01+1013).cos3° +140.10.13.cos3’ =161kN.m
where:
I,=05.Lcosf3-e=05.9.c0s75°~115=0,015m (35)
Check of the coefficient of own stability
M!
ky =2 1681 514s115 (36)
Moﬁp = 67
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Reaction forces in the side shifted hydraulic supports

Reaction forces in the left hydraulic supports

lc
\
\
\
'1_
\ P
L
G,
\
\
\
\
!
|
h d
P ]
!
GH
h{)c ho h” G" hn
——
L GH'
0 '
7 d |
T.A o I,
I, |
!
N

Fig. 2. Scheme for determining the own stability of the crane

hs, ho, hy, and hc are the distances between the applies points of the gravity forces of the counterweight, the platform, the unslewing
part of the crane, and the boom and the ground plane;

hec is the distance between the axis of boom suspension and the ground plane;

I, lo,, and I are the distances between the applied points of the gravity forces of the counterweight, the platform, and the boom and
the slewing axis;

e is the distance between the axis of boom suspension and the slewing axis;

a'is the distance between the axis of symmetry of the front wheel and the axis of rotation of the platform;

L and B are the length and the angle of inclination of the boom;

Gn, Go, Gy, and Gc are the gravity forces of the counterweight, the platform, the unslewing part of the crane, and the boom;
P, and P are the wind forces on the platform and the boom;

@ is the ground slope angle.

27
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M, . —M _
R _ ycem 06p _ 614 395 :19 kN (37)
4a 428
Reaction forces in the right hydraulic supports
G,.,—2R _
_ Span A _ 224-2.18 —93KN, (38)

B~ 2 2

where Gipan [KN] is the gravity force of the crane with the load
(it is determined by formula 39);
(39)

GKpaH =GH+GO+GC+G,,+GPG+Gm

G =140+50+19,5+3,5+3+8,8 =224 kN

KpaH

The results from the calculation of the reaction forces Ra and
Rs (Fig.1) for the forth end positions of the load are given in
Table 2.

Table 2a.
Reaction forces in the side supports for the forth end positions
of the load

Load L B Q Mycm
position [m] [°] [f] | [kN.m]
1 9 75 25 614
2 9 5 6.35 | 614
3 21 75 6.35 | 614
4 21 5 0.9 614
Table2b.
Load Mo6p GKpaH Ra Rs
position | [kN.m] | [kN] | [kN] | [kN]
1 -114 461 65 165
2 492 278 10 129
3 552 278 4 135
4 395 222 19 93
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From Tables 2a and 2b, it is clear that the maximum reaction
force is received in the right support B at load condition 1
which is Rs=165kN. The value of this reaction must be used for
determining the piston diameter of the hydraulic supports.

Conclusions

1. In the calculations made for determining the coefficient of
load stability of the crane for the two considered cases
(maximum working radius of the crane with maximum boom
length and maximum working radius with minimum boom
length), it is received that, in the second case, the coefficient of
load stability is smaller. But in both cases, the coefficient of
load stability is greater than the minimum permissible
coefficient.

2. In the calculations made for the forth end positions of the
load, the maximum reaction forces are received in the right
hydraulic supports (situated on the side of load lifting) at
minimum boom length, maximum angle of inclination of the
boom, and maximum lifting capacity.

3. For the calculated truck mounted crane, the permissible
liting capacities and the counterweight mass are chosen
correctly, since as the checks of the load and own stability are
satisfied.
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DETERMINING THE DIAGRAMS OF INTERNAL FORCES IN A KNIFE ON AN
EXCAVATOR BUCKET

Raina Vucheva!, Violeta Trifonova-Genova?

" University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, r.wutschewa@abv.bg,
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, violeta.trifonova@yahoo.com

ABSTRACT. The article examines the internal forces in a specific knife on the bucket of an excavator. The knife is modelled as a broken planar and spatial frame.
The load on the teeth of the knife is asymmetric. It is located on the local axes of the sections of the frame. The case studied here is of loading that is composed of
concentrated forces and moments. The former are transverse to the frame, the latter lie in its plane. The two ends of the frame are cramped. Furthermore, it is
supported by four-point rods. To determine the internal forces in the undefined frame, a method of forces is used.

For a particular knife, the basic frame is selected. It consists of fifteen sections. The basic frame is then loaded both with concentrated single forces and moments
applied in the places of redundancy, as well as with a load from the teeth of the knife. The torsions and the bending moments at the border points of each section are
obtained. The coefficients of unknown reactions in the equations of the selected method are calculated through the energy methods of the resistance of the materials.
The results obtained are only part of the developed methodology by which the internal forces in a bucket knife are determined.

Keywords: bucket knife, internal forces, spatial frame.

ONPEOENAHE HA OWATPAMUTE HA BbLTPELLHW CUITU B HOX HA KO®A HA BATEP
Patina Byyesa’, Buonema Tpu¢poHosa — eHoga?

! MunHo-2e0moxku yHugepcumem "Ce. Mear Punicku”, 1700 Cogpus, r.wutschewa@abv.bg,

2 MurHo-2eonoxku yHusepcumem “Ce. Mean Puncku “, 1700 Cogpus, violeta.trifonova@yahoo.com

PE3IOME. B cratusita ce u3cneABaT BbTPELLHUTE CUMW B KOHKPETEH HOX Ha Koda Ha barep. HoxbT e MofenupaH kato HauyneHa paBHWUHHO-NPOCTPaHCTBEHA
pamka. HatoBapBaHeTo BbpXy 3b0UTe Ha HOXa e HECUMETPUYHO. TO e pasnonoXeHo BbpXy MOKAMHUTE OCK Ha yYacTbLWTe Ha pamkaTa. Tyk ce pasrnexpaa crydai
Ha HaToBapBaHe, CbCTOALLO Ce OT CbCPEAOTOYEHU CUMM 1 MOMEHTW. [TbpBUTE Ca HanmpeyHu Ha pamkara, BTOpUTE NnexaT B HellHaTa paBHuHa. [lBata kpas Ha
pamkaTa ca 3ambHaTi. OcBeH TOBa B YETUpW TOUKW TA € MOANPAHA C HanpeyHW npbToBe. 3a OnpefensHe Ha BbTPELUHUTE CUMK B HeompeaeneHata pamka ce
13non3Ba c1noB MeToA.

3a KOHKpeTeH HOX e 130paHa OCHOBHA CUCTEMA, KOSITO Ce CbCTOW OT MeTHafeceT yyacTbka. Cuctemata ce HaToBapBa NOCNEA0BATENHO KAaKTO CbC CbCPEAOTOYEHN
€[VHNYHM CUMIN 1 MOMEHTU, MIPUNOKEHN B MecTaTa Ha U3NULIHUTE BPb3KK, Taka U C HaTOBapBaHe OT 3bOWTE Ha HOXa. B rpaHNyHUTE TOYKM Ha BCEKW y4acTbk ca
MONYYeHN CTORHOCTUTE Ha OrbBALYMTE W YCyKBALLMTE MOMEHTH. C eHepreTMyHUTE METOAM Ha ChNIPOTUBMEHNE Ha MaTepuanuTe ca u34ncneHn KoednuneHTUTe npea
HEN3BECTHUTE OMOPHW peakuun B ypaBHeHWsTa Ha u3bpaHus MeTod. Tean pesynTaTh ca camo 4acT OT eTanuTe Ha pa3paboTeHa MeTopuka, Ypes KosTo ca
OornpefieneHy BbTPELLHNTE CUMK B HOXa.

Kniouosu AYMU: HOX Ha kodpa, BBTPELUHM CUAK, MPOCTPAHCTBEHA pamKa.

Introduction Methods
The model of a knife of the bucket of the SRS 4000 1. Application of the problem
of the concrete computational scheme and the load on the ) )
teeth for this model are obtained in the same article. A possible supported by four vertical rods at points K, /', 45, and C
case of loading of a knife is considered in (Vucheva et al., (Fig.1). On the one hand, the load includes the forces (Pi*)

2017). It includes concentrated forces transverse to the plane ' _

of the frame and moments lying in its plane. The algorithm for ~ Parallel fo the axis and, on the other hand, the bending and
determining the internal force at the border points of each torsion moments (A ., M ), which lie in the y.z. plane.
section of the frame is described in detail. It includes the
figures and analytical expressions of the internal forces. The
purpose of this work is to obtain and analyse the numerical
values of the internal moments at indicated points in the frame.

yi?
These concentrated forces and moments are applied at points
A4 (i=1+4).

29
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Fig. 1. Computational scheme

The frame is undetermined. For determining the reactions in
the connections, a force method is used. According to it, the

reactions at points B., K, I, A4;, and C are extracted

and then the basic frame is obtained. It is tilted to point A..
The reactions in the supports are determined by two sets of
equations: for equilibrium and for deformations (Kisyov, 1978).
The former equations are written for an undetermined frame.
The latter set of equations has two kinds of coefficients. The
first are obtained through moments as a result of the actions of
the concentrated forces and the moments of magnitude one in
basic frame. The other kind of coefficients is determined by
using the values of moments by an external load in the same
frame.

2. Diagrams of the moments
2.1. Diagrams of unit forces

The methods of the resistance of the materials are used here
(Valkov, 2011; Trifonova-Genova et al., 2017). Each of the
diagrams results from the consistent application of forces,

equal tolkN , applied at points B., K, I, A;,and C of
the basic frame. The moments A ; and M ){ are projections
of the moment M ,j (Fig.2). The latter is equal to the distance
d;/ between point k of a given section and the applied point
of force j (Valkov, 2004; Valkov et al., 2013). The angle 5k
is calculated by the slope /3, of the distance ] and the
slope «; of section i by axis y. (Vuchevaetal., 2017).

The local moments in section AA. are obtained by

expressions (Fig.3):

M, =M cosf; M.=M_sinf. 1)

30

The moment Mx, lies in the y.z. plane, but axis X is

parallel to z...

Fig. 2. Basic frame

Fig. 3. Local moments in section AA.

2.2. Diagrams of unit moments
The moments with a volume of 1kNm are successfully

applied to the direction of reactions M , _, and M The

By *

local moments M _,, M 5, M and M , are

»2
expressed by the trigonometric function of the slope ¢, of
each section in the chosen coordinate system.

2.3. Diagrams by external load
The basic frame is loaded by forces parallel to axis x.., and

by bending and torsion moments (Fig.4). To obtain the values
of the moments, and consequently the operation of forces, the
approach described in 2.1 is applied. The concentrated
moments are projected to the local axis of the section. Finally,
the values of the two types of moments are summed up.
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Fig. 4. External load on the basic frame

3. Numerical example

The frames in Figures 1, 2, and 4 have the dimensions taken
by (Dinev et al., 2016). The load in Figure 4 can be seen in the
same article.

The basic frame is loaded with three kinds of load: forces
equal to1kN , moments equal to 1kNm , and external load.
The results of the first load are given in Tables 1, 2, and 3.

These forces are loaded at points B.., K, I, 4;,and C.

The results of the second kind of load are given in Table 4.
These values correspond to the group of points which are
explicated in Table 5. For Table 4, it is typical that some values

are negative. These are the values of M ; from point K to

point F* and the values of M, , from point £ to point 4 .

The third kind of load is taken from Tables 3 and 4 of the
work of (Dinev et al., 2016). Thus, the values in Table 6 are
obtained.

4. Key findings

The described algorithm for determining the values of the
internal moments is applied to a concrete broken planar and
spatial frame. It is the generalisation of a known solution for a
rectangular plane-space frame (Kisyov, 1978). It can easily be
adapted for other form of a frame. The values in the tables will
be used to calculate the coefficients in the equations of
deformation (Vucheva et al., 2017).

Al values in the tables will be used for calculating
coefficients 5,1 and A, . Their formulae can be seen in the

work by (Vucheva et al., 2017). They are part of a system of
equations whose solution is the subject of a future work.
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Table 1.
Bending moments by units of force at points B.., K ,and [
point ]\/[y’1 My,4 My,s
B. 0
B 18.6
B 17.11
K 53.61
K 53.63 0
I 68.13 14.4
i 68.34 144 0
H 80.31 26.5 12.0
H 74.80 25.33 11.42
G 93.84 4443 30.58
G 64.06 33.63 24.03
F 80.40 49.98 45.57
F 41.48 35.58 37.46
Al 121.42 107.09 101.48
A 121.39 107.09 101.48
E 129.13 114.84 109.20
E 90.90 94.23 93.20
A, 107.25 110.58 109.50
A, 20.69 52.05 58.81
D 39.80 7117 86.90
D 1.92 29.26 50.20
A3 2.05 41.32 51.63
A3 2.16 4471 54.80
C 16.6 59.14 69.22
C 14.55 57.50 67.70
A, 29.12 72.08 82.26
A, 34.67 75.71 85.39
A 55.57 97.61 107.58
A 18.600 33.59 46.90
A, 0 52.20 65.50
Table 2.
Moments by units of force applied at points A, and C
pOint Mx,6 Mx,7 My,G My,?
A, 0 0
C 0 141
C 0.17 14.4 0
A4 0.17 29.0 14.6
A4 0.06 0.37 29.0 14.6
A 0.58 0.58 51.0 36.5
A 18.34 13.16 46.95 33.58
A, 18.33 13.16 65.54 52.18
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Table 3.
Torsions moments by units of force at points B., K , and I .
pomt Mx,l Mx,4 Mx,5
B. 0
B 0
B 7.28
K 7.28
K 5.99 0
I 7.08 0
I 5.43 0.35 0
H 5.43 0.35 0
H 29.75 7.78 3.67
G 29.93 7.77 3.68
G 74.82 30.05 19.27
F 74.74 30.02 17.47
F 101.66 44 .57 31.27
A 96.81 44 .59 31.29
A 97.45 4459 31.30
E 96.82 44,61 31.30
E 133.36 79.37 64.95
A, 133.32 79.34 64.95
A, 169.85 125.76 113.01
D 169.89 125.76 106.30
D 174.48 141.51 127.79
A, 173.88 140.46 131.42
A, 173.88 140.46 130.13
C 173.91 140.46 130.13
C 174.09 141.14 130.93
A, 174.08 141.16 130.89
A, 173.27 139.27 128.40
A 173.30 139.19 128.77
A 166.66 1534 148.30
A, 166.61 153.46 148.29
Table 4.
Moments by units of concentrated moments at point B.
Group of
pOinF;S Mx,Z MX,3 My,Z My,3
I 1 0 0 1
Il 0.95 0.32 0.32 0.95
1] 0.63 0.77 0.77 0.63
IV 0.37 0.93 0.93 0.37
V 0.39 0.91 0.91 0.39
Vi 0.38 0.93 0.93 0.38
VI 0.40 0.92 0.93 0.40
VIl 0 0.92 1 0
IX 0.39 -0.92 0.92 0.39
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Table 5.
Explication of Table 4
Group of points points
| A4, E
I G, F, E, 4,
U G,H, A4, D
v H,I,D,A,
v I, K, 4 C
Vi C, 4,
Vil A,, A
Vil B, B., A, A
IX B, K
Table 6.
Moments by external load
pomt MP,M MP,M MPM
x ¥y z
A, -4.13 -0.61
E 107.60 -0.61
E 324.88 115.35
A, 339.39 39.79
A, 459.10 374.71
D 1374.93 224.98
D 1533.06 726.06
A, 1949.20 635.56
4, 2119.73 706.74
C 3324.14 595.40
C 3498.67 712.04
A, 4703.08 634.28
A, 5009.25 651.64
A 7600.77 563.59
A 6 940.19 3359.75 1430.27
A, 9230.73 3 560.33 1511.16

Conclusion

The values of the internal moments at points on a plane-
space frame are presented in this article. They are the result of
two types of load. The first type of load is by forces and
moments with value one. The second type is external load.

These loads are applied on the basic frame.

The results will allow to calculate the coefficients of basic
system of equations with the method of the forces, as well as

to determine the unknown reactions.
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EXPERIMENTAL DETERMINATION OF A CURRENT OF GROUND CONNECTION
IN THE MIDDLE VOLTAGE NETWORK IN AN OPENCAST MINE

Kiril Dzhustrov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, justrov@mgu.bg

ABSTRACT. To determine the settings of relay protection from single-phase ground connection, an experiment was conducted in which the ground fault current was
recorded on a conductor grounded on a rock mass and on soil. To determine the full current of a ground connection, the current of a metal ground connection was
also recorded. The experiment was carried out in real conditions in an opencast mine and the results were compared with the theoretical ones. An assessment has
been made of the possibility of setting relay protection from single-phase ground connection in opencast mines with high specific soil resistance.

Keywords: relay protection, single-phase ground connection

EKCNEPUMEHTANHO ONPEQENAHE HA TOKA HA 3EMHO CbEAWHEHWE B MPEXWUTE 3A CPEAIHO HAMPEXEHUE HA

OTKPWUT PYOHUK
Kupun Oxycmpose

MurHo-eeonoxku yHusepcumem ,Ca. Mear Puncku”, 1700 Cogbus, justrov@mgu.bg

PE3IOME. 3a onpefensiHe Ha HAaCTPOKMTE Ha PENenHn 3aluTyh OT eaHOtasH! 3eMHU CbeMHEHUS € MPOBEAEH EKCIEPUMEHT, MPU KOMTO € PerucTpupaH ToKbT Ha
3EMHO CbEAMHEHWE NPU NagHan Ha 3eMsiTa MPOBOAHUK BbPXY CKafHa Maca 1 Bbpxy NoyBa. 3a OnpeaenisiHe Ha MbJIHUS TOK HA 3eMHO CbeAMHEHME € PErMCTPUPaH 1
TOKbT Ha METaNHO 3eMHO CbefuHeHue. EKCnepuMeHTLT e W3BbpLUEH B peanHu yCrioBUS Ha OTKPUT PYAHWK, KaTo pes3ynTaTuTe Ca CpaBHEHW C TEOPETUYHO
nony4yeHuTe. HanpaBeHa e OLEHKa Ha Bb3MOXHOCTTA 33 HACTpOWBaHe Ha peneifiHi 3aluuTh OT eAHOMa3HN 3eMHU CbeAVHEHUS MU OTKPUTU PYOHULM C BUCOKO

CcreymdUYHoO CbNPOTUBIEHWE Ha NoYBaTa.

KHIOHOBVI AyMU: peﬂeVIHVI 3aluTn, eD,HO(t)aSHVI 3eMHU CbeMHEHNA
Introduction

Single-phase ground current in medium voltage grids in
opencast mines are the most common failures. The reasons
for this are the specifics of the operation of the electrical
installations in the open mine - the supply of flexible cables for
excavators and other electrical equipment, frequent transfer of
the distribution line networks along with the movement of the
mining operations, the influence of the environment on the
condition of the cable insulation, conducting controlled blasts,
etc. The consequences of the ground connections are
manifested in prolonged periods of mechanisation downtime
and in the development of contact and percolation stresses
that are dangerous to the personnel.

Therefore, it is necessary to install relay protections against the
single-phase ground current in medium voltage networks to
quickly and selectively disconnect the damaged exit.

Problems with earth ground connections in the
medium voltage electrical networks with an
isolated neutral

In the event of ground connection, voltage and currents with
zero sequence occur. The zero-sequence voltage is the same

34

for the entire electrically connected network. Figure 1 shows
the distribution of zero-sequence currents upon Earth-phase
coupling of phase A from exit 1. In n, k, and m, current filters
are provided with zero sequence. The filter at point n will show
current 3l,; (Exit 3), the filter at point k will show current 3loz
(exit 2), and the one at point m will show current: lom=lo2+os.

Hence, follows the rule that the zero sequence current
measured at the beginning of the damaged exit is equal to the
sum of the zero sequence currents determined by the
capacities relative to the ground of the entire network without
the zero sequence current through the capacitance conduction
of the damaged electrical exit.

]Om = Z 3]0)1 - 3[0}’1()6p uze (1 )
1

When the network has multiple branches, this rule can be
used to detect the power line with the ground connection. In
the branch with the ground connection, the largest zero-
sequence current flows and this acts as the principle of action
of the non-current current-earth protections. The zero
sequence currents in the non-damaged phases (terminals) are
small, determined only by the capacity of these branches
relative to the ground.
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Fig. 1. Distribution of currents in a metallic ground connection

Experimental research

The occurrence of ground connections in networks with
isolated star center is often followed by large values of the
transient resistance at the fault site. The current of the ground
connection may decrease below the cost of ground protection -
it becomes ineffective. Another reason for lowering the current
of the ground connection made mainly from distribution lines is
that their capacity, compared to the ground, is 30 times lower
than the cable line with the same length. The 6kV networks of
Asarel-Medet JSC and the Elatzite Mine Complex can serve as
an example.

The total length of the stationary cable network to the
winding 1 of the transformer of Asarel-Medet JSC determines
the capacitance current 1c=30.67A. The ratio of the common
lines of the cable to the airline is 1.85. The air of the grid
creates here a capacity current below 1A (Mepnenuues u ap.,
2013). In the Elatzite Mine Complex, the ratio of the common
lines of the cable to the air is 3.05. The total capacity current
Ic=33.25A was determined mainly by the cable network, with
only 0.18A of it being due to the air power lines (Ctounos n
ap., 2013)

In practice, in the normal mode of operation, not all power
lines are included, and the earthing current is lower. For
example, for the Elatzite Mine Complex, a working regime
regarding the capacity earth current is considered that
excludes the whole the second feeder from the CRP to KET1,
KET3, GTL, and MKTP. Under these conditions, the minimum
capacity current Ic is:
min Z lc = 22,07 A.

It should be noted that the above mentioned currents are in a
"metal” ground connection. In an opencast mine, ground
connections are most often due to mechanical failure in the
distribution and cable lines. The heaviest case is the breaking
of a distribution line and its fall to the ground, whereby the
ground connection will be a function of the length of the free-
laid conductor on the ground and the transient resistance at
the site of the damage.

To explain the phenomenon, an experiment was carried out
in which the ground connection was a conductor grounded on
a rock mass and on soil. The measurements were carried out
at the end of "Open Pit 4" of the Elatzite Mine Complex.
Experimentally, the ground connection the current at two points
of stationary power line "Open Pit 4" was shot:

- point Ne1 was at a distance of 1800 m from CRP.
- point Ne2 was at a distance of 1000 m from CRP.

The current of the ground connection was determined in 2
cases: a AC-25 conductor laid on the ground with a length of
50m; and direct connection of one of the phases with the
stationary electric current (AC-95) with lighting protection cable
(AC-50)

At measurement point 1 (Figure 2), a 6 / 0.23 kV transformer
was connected to the power line to power the camcorder.
Therefore, the current of the transformer was also recorded in
the ground connection circuit. In this measurement, the
conductor was laid on a rock mass. Upon completion of the
transient process with the transformer currents, the earthed
current oscillated within the range of 1.9 + 2.3A due to the
occurrence of electric arcs between the free-lying conductor
and the ground.

MpexoaHo semHo cheautenme 1 (k. Tp-p 30KVA)

' I — Ieff
I — rze
3 VU\ 3eff
25 1— ﬂ
R P
WA ettt g g
RAAAITTT ‘V\N\:\,\,menﬂ
15 i
1
0° “ VWMMW\’W‘"’VWWMV\M%

0 500 1000 1500 2000

Fig. 2. Electric currents when turning on transformation with transient
ground connection at point 1

When measuring at point 2 (fig. 3,) the conductor was laid in
a rock mass and soil. The larger part of the conductor lay on
soil.

Mpexnan 3emio Cueurenve 3 (A06pa NOYBa W 3AASRCTINE HA JalwTa)

00 400 800 0 1000 1200 400 1800

Fig. 3. Current in a transient ground connection at point 2

In figures 4 and 5, the metal ground connection is shown at
point 1 and point 2, respectively.
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Fig. 5. Current in metal connection at point 2

Table 1.

Point of measurement

Ground connection laid on
the ground

Ground connection
connected with lightning
protection cable

Ground connection laid on
the ground

Ground connection
connected with lightning
protection cable

i A
10.2

I"A | BBA

2.3

Ne 1

103.4 | 19.1 | 165

18.1 9.3

Ne 2

524 | 214 | 1738

Definition of Table 1 as follows:
i, - peak value of the current in ground connection;
I” - superconducting component of ground connection current;
I3, - determined current of the ground connection.

During the experiments, all the conclusions of the CRP were
included, which implies the registration of the maximum
capacity current for the 6 kV network of the mine. It should be
noted that this value is less than the value calculated by cable
capacity data due to:

- the resistance of the lightning protection conductor;
- the transient resistance at the connection point of the phase
conductor with the lightning protection cable;

- the resistance of the grounded installation in the CRP;
- the possibility that some cables were not under voltage during
measurement.

For the calculation of the current Isp of unspecified earth-fault
protection, it is necessary to reset the own capacity current of
the exit |. with the impact coefficient Ky taking into account the
following:

36

Ly= Ko Ky I 2

The impact coefficient depends on the type of network and is
theoretically in the range between 1 and 2. From the studies
conducted for the particular mine, K, =1,2.

Inevitably, powerful motors and transformers generate zero
sequence currents, which can lead to a malfunction of the relay
protection. It is necessary to de-energise from these currents
by introducing a certain time lag of output t 3p:

t,,=(0,1+0,5)s (3)

In a study by Stoilov and Dzhustrov (Ctounos u ap., 2013), it
was found that engines with a continuous start-up process
generate zero-sequence currents and voltages only in the
start-up phase, and that at 0.1 second from the start, lo does
not exceed 10A.

The start-up processes in transformers are characterised by
longer zero-sequence current generation and are presented in
Table 2 (Ctounos u gp., 2013):

Table 2.
Power, Te, lo, A
WA | e [ eogs | S
1000 22.0 2.0 111 8.3 2.0
630 26.3 1.8 35 1.6 1.4
400 27.2 1.4 38 1.3 1.3
250 32.3 15 35 0.5 1.4

When a metal ground connection occurs, a transient process
(Figure 6) defined by the capacitive conduction of the power
line to the ground is clearly visible. After about 10 ms, a
sustained current, also containing higher harmonics, is
established.

MeTanko 3emHo Cheaunenue 6 7.2

524

|
™
ROV

20 A

-sb0

0 10 20 30 40 50 60
t'ms

Fig. 6. Momentary values of the current in metal ground compound in
point 2

The development of the transition process is similar at point
1 (see Figure 7):

The duration of this process is also about 10 ms, and the
maximum amplitude of the shock current depends on the
amplitude of the voltage at the moment of the ground
connection.
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Fig. 7. Momentary values of the current in metal ground compound at
point 1

Conclusions

1. In opencast mines, the earth's compounds usually occur
through a significant transient resistance

2. The established ground connection is commensurate
with the magnitude of the current with zero sequence when
switching on transformers after 0.5 s

3. For open pit conditions, it is necessary to introduce at
least two steps of protection from earth compounds, if the latter
is unspecified.

4. The sensitivity of the protection is determined by (2),
with the minimum protection delay time being 0.5+1.0 s.
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5. The setting of the gross level of ground connection
protection is made by providing a sensitivity coefficient for a
metal earth connection 2, which is

1

M3cmin
I 3ap2 < P

when lusc min is the minimum current of a metal ground
connection determined by the minimum working configuration
of the power grid. The time delay of this degree is determined
by the transition process when a ground connection occurs
(Figure 6) and can be considered from 0.02 to 0.04 s.
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EXPERIMENTAL FILTER TESTS FOR AN INSULATION MONITORING DEVICE FOR IT

SYSTEMS

Radi Tenev

Kardzhali Branch of the University of Mining and Geology ,St. Ivan Rilski” - Sofia, raditenev@abv.bg

ABSTRACT. IT systems only work effectively with the availability of an insulation monitoring device in real time. The device is connected between the electrical
network and the ground. The device's function is to disconnect the network when the insulation resistance drops bellow a preset value. This article discusses the topic
of the explorations an insulation monitoring device where an active filter is attempted instead of a choke which attenuate the industrial frequency of 50 Hz. It has been
measured and applied a diagram of the filter and the attached features illustrate its operation.

Keywords: insulation resistance, Sallen-Key filter

EKCMEPUMEHTANHN U3CNEABAHUA HA ®UNTHP 3A ANAPAT 3A KOHTPOJ1 HA U3ONALIMATA 3A MPEXNW C

WU30NNPAH 3BE3JEH LIEHTBP
Padu TeHes

OQunuan Kvpdxanu Ha MuHHo-eeonoxku yHugepcumem,Ce. NeaH Puncku - Copus, raditenev@abv.bg

PE3IOME. MpexuTe C u30nmpaH 3ee3aeH LieHTbp paboTaT eeKkTMBHO Camo NMpU HaNMMYMETO Ha CUIypHO YCTPOWCTBO 3a HEMPEKbCHAT KOHTPON Ha M3onauusiTa B
peanHo BpeMme, BKIKOYEHO MEXOy Mpexa M 3eMs. YCTPOWCTBOTO M3KMIOYBAa Mpexarta Mpu MOHWXaBaHe Ha M30MaLMOHHOTO CbMPOTUBIIEHWE NOA NMpeaBapuUTENHO
3adageHa CTOMHOCT. Hactoswarta cratus pasrnexga anapat 3a KOHTPON Ha W3onauusaTa, KbAeTo € HanpaBeH OnuT BMECTO Apocen Aa Ce M3nonssa akTvBeH
unTBP, KOMTO He Nponycka npomuLLneHata Yectota ot 50 Hz. [laneHa e cxema Ha hunTbpa, a NPUNOXEHUTE XapaKTePUCTUKM Noka3BaT HerosaTa paboTa.

Knto4yoBu aymu: 13onaLmoHHo cbnpoTvBnerme, huntsp Ha Canex u Keit

Introduction:

One of the types of insulation control devices that are used in
our mining industry is the AZUR apparatus that is highly
reliable and meets the requirements of standard 10880-83.

The principle of insulation monitoring is by passing a direct
current from a voltage source and the circuit is closed over the
ground and the insulation resistance Rr. The magnitude of this
constant current is constantly monitored in the process as this

on between the network that monitors and the ground, it should
have a high resistance to the alternating current and a low
resistance to the constant current carrying the information. This
high resistance at the AZUR is achieved thanks to a choke-
transformer connected to the three-phase network. The choke
has high AC resistance and low for the direct current and filters
the industrial frequency 50 Hz. If an insulation monitoring.
device is implemented without an inductive filter, it will produce
a significantly light and compact apparatus,which is significant
advantage. The purpose of the study is to select a filter and to

is the parameter that informs about the state of Rr insulation examine the parameters of the apparatus at work.
resistance. Since the insulation monitoring device is switched
Indicator
Input . - Executive
device — Filter —— Amplifier Comparator device
I
Trigger

Fig. 1. Block diagram of the insulation control device
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Input device:

Fig. 2. Input device

The input device is powered by an operating voltage source
of 40 V. The voltage source is connected to a 200 KQ resistor
to the mains and even to a ground resistance of 10 KQ. The
parameter which is monitored is taken from the resistor Rm.
On the occurrence of an insulation fault the measuring circuit
between system and earth closes via the insulation fault Rr, so
that a DC measuring current Im proportionate to the insulation
resistance results, in accordance with the following equation:

_ Um
Ri+Rm+RF

(1)

I,

where:

Im - DC measuring current,

Um - DC measuring voltage,

Ri - Internal resistance of the insulation monitoring device,

Rm - Measuring resistance of the insulation monitoring device,
R - Total insulation resistance of the system.

The resistor Rm has two components, constant voltage and
alternating voltage. In this case, the variable voltage is a
harmful component that needs to be removed. An example:
Rr=40000Q). There are the following voltages on the Rm:

_220..10.10%
Un~ = (200+10+40)103 8,8V (2)
And for Um-is:
40.10.10° =16V 3)

m- T (200410+40)103

In this case Um~ should be filtered. This problem may be
solved by using a suitable capacitor connected in parallel to
Rm. As capacity increases, capacity resistance Xc decreases
in accordance with the following equation:

1

Xe = 2nfC 4)
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The time constant o also increases:

oc=R.C ()

According to the BDS 10800-83, the trigger time must be
0,1s.[2]. But the increase in capacity reduces the speed of the
apparatus, which is a requirement of BDS.

An active filter with operational amplifiers is used to filter the
industrial frequency.

When the insulation resistance decreases, the current
through Rm increases. If a graph is built, it is in the fourth
quadrant. It is more convenient if the graph is in the first
quadrant, when the insulation resistance decreases and the
current or the voltage will also decrease. To achieve this, a
divider of a resistor and a potentiometer is included parallel to
the voltage source and the signal is taken from the divider. In
this case, when Ri decreases, the measured current
decreases. The potentiometer acts as a regulator for adjusting
the level of the measured magnitude. Fig. 3 shows the input
device finished.

AC

L 220V
Y Y Y

10k
1000v ‘ Y Re
1
ng

TESTH
[J200k

100K

+
DC 40v(®D Um

10K

-——

|
L j1OK
C T [ Rm

L——

GND

Fig. 3. The input device is complete

It performs the following functions:
1. Provides a high input impedance for the apparatus.
2. Changes the level of the characteristic for a more
comfortable Rr measurement.
3. Equipped with a test button according to BDS.

Device filter:
Sallen-Key Law-Pass Filter

To find the circuit solution for this generalized circuit Fig.4,
find the mathematical relationships between Ui, Uo, Up and
Un, and construct a block diagram. KCL (Kirchhoff's current
law) at Uf:

U (Gt gt ) = Vi) + U () + U0 ()

(6)
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Fig. 4. GeneralizedSallen-Key Circuit

KCL at Up:

(7)

Ur (5 +75) = U (7) = U =V (1+2)

Substitute Equation (7) into Equation (6) and solve for Up:

Z2Z3Z4 )
Z2Z3ZA+Z122Z4+Z1Z223+2222Z4+Z22271

Up = Uy (

+U0(

Z1Z27Z3 )
Z2Z3ZA+Z1Z2ZA+Z1Z2Z3+Z222Z4+Z222Z1

KCL at Un:

U, (% + é) =U, (R_14) = Un="U, (R3R+3R4)

Gain Block Diagram Fig.4.:
By letting: a(f)= the open-loop gain of the amplifier,

o ()
“\R3+R4
727374

€= Z2Z3Z4 + Z1Z27Z4 + Z1Z27Z3 + Z2Z274 + 227271

d= Z1Z2Z3
T 727374 + Z1Z274 + Z1Z273 + 727274 + 727271

And Ue=Up-Un, the generalized Sallen- Key filter circuit is
represented in gain-block form as shown in fig.5.

Fig. 5.Gain-Block Diagram of the Generalized Sallen-Key filter

From the gain block diagram the transfer function can be
solved easily by observing, Uy, = a(f)U, andU, = cU; +
dU, — bU, .Solving for the generalized transfer function on
from gain block analysis gives:

0] et

a(Hb b

(10)
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Ideal Transfer function

Assuming a(f)b is very large over the frequency of operation,
~ 0, the ideal transfer function from gain block analysis

a(f)b
becomes:

Yo _ (€)1
o=
By letting % =K,c= % ,and d = % ,where N1,N2 and D

are the numerators and denominators shown above. The ideal
equation can be rewritten as:

Up

(11)

= [ﬁ . Plugging in the generalized impedance terms

Ui
N1 N1
gives the ideal transfer function with impedance terms.

Uy _ K
U Z1Zz Z1 Z2 Z1(A-K) 1 (12)
Z3Z4'Z3 Z3' Z4

Low —Pass Circuit Fig.5

The standard frequency domain equation for a second order
low-pass filter is:

(13)

Where fc is the corner frequency and Q is the quality factor.
When f<< fc Ecuation (10) reduces to K, and the circuits
passes signals multiplied by a gain factor K. When f=fc,
Ecuation (13) reduces to —jKQ, and signals are enhanced by
the factor Q. When f>> fc, ecuation (13) reduces to

2
—K (%) and signals are attenuated by the square of the

frequency ratio. With attenuation at higher frequencies
increasing by a power of 2, the formula describes a second
order low-pass filter. Fig.6 shows the Sallen-Key circuit
configuration for low-pass:

Z1=R1, Z2=R2, 73 =— , Z4 =
sC1

andK =1+22
R3

Fig. 6. Low-Pass Sallen-Key Circuit

From Equation (12), the ideal low-pass Sallen-Key transfer
function is;
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Uy _ K
U; (Ip) "~ s2(R1R2€1€2)+s(R1C1+R2C1+R1C2(1-K))+1 (14)
. . 1
By Iettlng S —]27Tf, fc = m,
VR1R2C1C2
and Q = .
R1C1+R2C1+R1C2(1-K)

Equation (14) follows the same form as Equation (13). With
some simplifications, these equations can be dealt with
efficiently: the following paragraphs discuss commonly used
simplification methods.

Simplification 1:Set Filter Components as Ratios.

Letting R1=mR,R2=R,C1=C, and (C2 = nC,
. 1 Y, .
results in: fc = W and Q = ﬁ:ﬂ_m . This

simplifies things somewhat, but there is interaction between fc
and Q. Design should start by setting the gain and Q based on
m, n, and K, and then selecting C and calculating R to set fc.

Notice that K =1 +% results in Q = . With larger

values, Q becomes negative, that is, the poles move into the
right half of the s-plane and the circuit oscillates. Most filters
require low Q values so this should rarely be a design issue.

Simplification 2:Set Filter Components as Ratios and Gain=1.

Letting R1=mR, R2=R, C1=C, C2=nC, and K=1 results in:
fe = m and Q = % This keeps gain=1 the pass
band, but again there is interaction between fc and Q. Design
should start by choosing the ratios m and n to set Q, and then
selecting C and calculating R to set fc.

Simplification 3: Set Resistors as Ratios and Capacitors Equal.
Letting R1 =mR, R2=R, and C1 =C2 = C, results
. 1 Vm
in: fe = 2nRCVm and Q = 1+2m-mk’
the capacitors equal is the limited selection of values in
comparison with resistors. There is interaction between setting
fc and Q. Design should start with choosing m and K to set the
gain and Q of the circuit and then choosing C calculating R to
set fc.

The reason for setting

Simplification 4: Set Filter Components Equal. Letting
R1=R2=R, and C1=C2=C, results in: f, = —— and = — .
2mRC 3-K
Now fc and Q are independent of one another, the design is
greatly simplified although limited. The gain of the circuit now

determines Q. RC sets fc- the capacitor chosen and the

controls the Q of the circuit, further gain or attenuation may be
necessary to achieve the desired signal gain in the pass band.

Values of K very close to 3 result in high Qs that are
sensitive to variations in the values of R3 and R4. For instance,
setting K=2,9 results in a nominal Q of 10. Worst case analysis
with 1% resistors results in Q=16. Whereas, setting K=2 for a
Q of 1, worst case analysis with 1% resistors results in Q=1,02.
Resistor values where K=3 leads to Q=«, and with larger
values, Q becomes negative, the poles move into the right half
of the s-plane, and the circuit oscillates. The most frequently
designed filters require low Q values and this should rarely be
a design issue.

Of the frequency characteristics, a Butterworth filter is
selected whose characteristic in the bandwidth is too close to
the uniform one, called the maximum flat. The slope of the
transition section of the filter characteristic of Butterworth is
equal to 6Db / oct per pole. There is a non-linear phase-
frequency characteristic. The Butterworth filter is used in cases
where it is desirable to have the same gain factor for all
frequencies in the pass-band. Of the commonly used
simplification methods, the forth is selected.

A filter unit is made with the following components.Fig.7.

C1 1uf
||

U Ri[ R, I

oo FH+{ H

10k 10k

Cor
1uf

Fig. 7. Low-Pass Filter

With  the components so
characteristics are obtained.

selected, the

following

G(s) = — 10000,4 ,
52+199,9965+10000

fc=15,9154943 Hz;

Q=10,5000100002;

Transfer function

Cut of frequency
Quiality factor

resistor calculated. One minor drawback is that since the gain Damping ratio ¢=0,99998.
Magni tudeCdB]
30 L] [ L]
0 : = ; 1
=30 T T T =i v T T
-60 : P =
-%0 L ! o T e
-120 0.1E0 1ED 10E0 100ED 1E3 -

FrequencylHz]

Fig. 8. Frequency response of the Low-Pass Filter

A second-order filter decreases at -12 dB per octave. Fig.8.
shows the frequency response of the first filter. Each
subsequent filter makes the slope of the frequency response
steeper. The filter of the isolation monitoring device is three-
stage. The IC LM 324 is used which consists of four

operational amplifiers. The first two work as Low-Pass Filter.
After the second OA follows a first order Low-Pass Filter. The
third OA works as an amplifier and the fourth is a comparator.
The potentiometer regulates the amplification of the DC signal.
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1uF

Fig. 9. Filter of the insulation control device. The measuring points are indicated

Experimental studies:

lllustrating the operation of the filter with appropriate
oscillograms. A digital oscilloscope SIGLENT is used. The filter
is made up of three units, see Fig.9. One unit is not enough to
filter the variable component of 50 Hz. Channel 1 of the
oscilloscope is connected to the input and channel 2 to the
output of the unit. These are points 1and 2. of fig.9.Fig.10.is
the oscillograme of the first filter unit. The second oscillogram
shows the work of the first two units. Channel 1 is at point 1
and channel 2 at point 3.Fig.11. The next oscillogram, Fig.12
shows the operation of the filter and the amplifier. The ratio
between input and output signal is 100 times which means that
the AC signal is reduced 100 times. From the above example
where U~=8,8V, U~ will be 0,088V at the output. Channel 1 is
at point 1 and channel 2 at point 4, which is the output of the
amplifier, and hence the signal goes once to the indicator and
a second time to the comparator of the device. In addition,
another oscillogram for the second unit, point 2 input and 3
output. Fig.13. It is clear that the phase shift between the input
and the output signal is approximately 158°.

Fig. 13. Input and output signal of the second unit. The phase shift is158°

Conclusion

The experiments were carried out with a real-made insulation
monitoring device for voltage of 220 V. The results obtained
show that the any inductive filter, such as a throttle, can be
replaced by an active filter. Implementing active filters into
Insulation Monitoring Devices will significantly reduce their
mass and volume.
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MEASUREMENT AND CALCULATION OF THE DENSITY OF THE CHARGE OF
ELECTRIFIED OIL PRODUCTS USING THE SAMPLING METHOD
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ABSTRACT. To assess the static electricity hazard in technological operations and fuel stations, it is necessary to know the specific density of the liquid charge. The
method discussed in this work is the measuring and calculating of the static charge density of a sample of a petroleum product which is pumped along a turbulent flow
pipeline based on the use of the known Faraday cylinder.

Keywords: static electricity, electrification, charge density

W3MEPBAHE N U34YNCNABAHE HA NMbTHOCTTA HA 3APA0A HA HAENEKTPU3UPAHU HE®TOMPOOYKTU NO METOOA
HA B3EMAHE HA NPOBA
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PE3IOME. 3a oueHka Ha OnacHOCTTa OT CTAaTU4YHO €NEKTPUYECTBO MPU TEXHONMOTUYHMTE Onepawuy W aBTo3apexaaluTe CTaHuuu e HeobxoguMo Aa ce 3Hae
cneyvdmyHaTa NbTHOCT Ha 3apsda Ha TeyHocTTa. B foknaja ce pasrnexga MeTod 3a M3MepBaHe M M3YMCNIsiBaHe Ha MITbTHOCTTa Ha 3apsfa OT CTaTU4HO
eMneKTPUYeCTBO Ha Npoba OT HedhTONPOAYKT, U3NOMNBAH Mo TPBLBONPOBO/ OT TYPBONEHTEH NOTOK, Ha 6a3aTa Ha U3MON3BaHeTOo Ha U3BECTHUS LMNMHABLD HA Papazei.

KniouoBu AYMU: CTAaTUYHO €NEKTPUYECTBO, eNneKTpu3aluna, NMbTHOCT Ha 3apsaaa

Introduction samples in the course of the filling of the tank. The sample is
directly inlet into the Faraday cylinder (Fig. 1) which, in this
In the process of filling reservoirs with flammable dielectric case, is transformed into two coaxially placed vessels isolated
liquids, fires and blasts may occur as a result of static from each other.
electricity discharge. Certain permissible minimum ranges of 80 1

the electrifying current and of the specific density of the charge
of liquid are known within which static electricity does not pose I
a threat. However, the control of the current and density of the I
product that is being transported within a reservoir along metal |
pipes is very difficult. Special measuring equipment in industry |
is not manufactured and the use of dynamic electrometers :
mounted directly on the pipelines with gauges placed in the |
liquid flow is currently still within the field of the laboratory I V
|
|
|
|
|
|
|
|
|

2 3 4
/

practice only (CtedpaHoB u gp., 2013).

300

Exposition

1. Measuring the charge density of electrified dielectric
liquid using the sampling method

A method is considered for measuring and calculating the
static electricity charge density of a sample from an oil product
that is pumped along a turbulent flow pipeline. The method is
based on the use of the famous Faraday cylinder. ® 126 6

s

In order to implement this method, a special cock is installed -

on the pipeline, in the immediate vicinity of the tank where the Fig. 1. Diagram of a stand for measuring the charge density of oil
product is injected. This cock makes it possible to take products
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In Figure1:
1 is the inner cylinder;
2 is the outer cylinder;
3 is an extra volume;
4 is the voltmeter of the electrostatic system;
5 is the connecting wire;
6 is the insulation.

The outer vessel is earthed. The inner vessel is connected to
the measuring device by means of a wire with sound
insulation. The measuring device could be an ordinary
voltmeter from the electrostatic system with a varied
measurement range (30, 150, 300V) depending on the
required sensitivity and precision of the method. However, any
other electrometer with great input resistance could be used as
well.

The cylinders are placed one into the other, thus forming the
capacitor of the Faraday cylinder with a capacity of C . If a

sample of electrified liquid is poured into the inner cylinder,
then voltage U will be registered after the capacity C., of the
whole system. The system capacity is a sum total of: the

capacity of the Faraday cylinder, of the connecting wires, and
of the measuring device. If the product charge is great, an

additional capacitor C, ~ can be inserted. Thus:

odon

(1)

don

C.=C,+C,+C, +C

Taking into consideration the known capacity and the voltage
measured after it, the charge of the selected liquid sample is
determined:

Q=C.U. @)

Dividing the charge into the volume of the liquid sample, we
obtain the specific density of the charge of the product that
flows along the pipeline:

P:%: %13

where V, m? is the volume of the selected sample.

()

The practical application of the suggested method of
determining the specific density of the electrified liquid charge
is possible under certain conditions: the flow of the oil product
moving along the pipeline should be turbulent. In this case, it is
assumed that the static electricity charge of the liquid is evenly
distributed along the entire section. Consequently, the charge
density of the selected liquid sample will correspond to the
charge density of the flow in the pipeline. Besides, the
time 7" for filling the Faraday cylinder with the sample has to be
much shorter than the time constant of the capacity of the
measuring system, i.e. the following condition needs to be met:

T<<rt=C.R (4)
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where R is the resistance of the insulation of the system
comprising the Faraday cylinder, the connecting wires, and the
measuring device.

Otherwise, in the course of the filling of the Faraday cylinder
with the sample, the success of discharge of the system will be
partial and the final result will be higher. If the time constant of

the system is102.7 , then for the time necessary to fill the
vessel with the sample 7 = 20 s, the time constant of the

system needs to be 3000 s. Therefore, at the level of

insulation R =10% Q, which is practically feasible, the
capacity of the system should be for instance:

r 3000

T F.

=3 p (5)

The method sensitivity to the charge measured is directly
related to the capacity of the system. The less the system
capacity, the greater the sensitivity, i.e. the lower charge value
can be registered. In turn, the lower capacity results in the
decrease of 7. Consequently, in order to maintain the
measurement error within constant levels, the system
insulation needs to be raised.

2. Example

The isolation material between the cylinders - fluoroplastics;
Insulation of the connecting wires - fluoroplastics;
capacity of the Faraday cylinder - with the connecting

wires:50 pF .

An additional capacity of C, =2300 pF'is included

parallel to the cylinder. Its purpose is to lower the voltage
measured and to raise the time constant of the system
discharge.

don

The insulation of the whole system (including the Faraday
cylinder and the connecting wires of the static voltmeter) is no

less than10? €. Thus, the time constant of the system
discharge is 7 = 2380.10'2.10" = 2380 5.

The volume of the cylinder is 1 liter, for example. The time
taken for its filling is in the range of 20 s . Therefore, the

condition for 7 = 10%.7" is fulfilled.

The sensitivity of the system at a deviation of the arrow of the
voltmeter C' 50 at the scale of 30 1 will be as follows:

o -12 108 — mC
p.. =5.2330.10210° =11,7 41 ;.
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Conclusion

Itis necessary to take into account that the static electricity in
a liquid with a density of 15 m%3 does not pose a risk of

ignition of the filling air and vapor mixtures by electrical
discharges. Therefore, the obtained sensitivity is sufficient for
making a practical assessment of the risk of liquid
electrification.
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MEASUREMENT AND CALCULATION OF THE ELECTRIFYING CURRENT OF
ELECTRIFIED OIL PRODUCTS USING THE SAMPLING METHOD
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ABSTRACT. To assess the static electricity hazard in the case of the technological operations and at the fuel stations, it is necessary to know the strength of the
electrification current. Hereby is presented the problem of measuring and calculating the electrifying current in the process of filling a reservoir with electrifying liquids.
A labor stand and the the sampling method are used.

Keywords: static electricity, electrification
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PE3IOME. 3a oLeHKa Ha 0MacHOCTTa OT CTaTU4HO ENIEKTPUYECTBO NPU TEXHOMOTMYHUTE ONepaLy ¥ aBTo3apexaaluMTe CTaHLumM e HeoBX0AMMO fAa ce 3Hae cunara
Ha TOKa Ha enekTpu3auus. B HacTosiwara paGoTta ce pasrexsa npobnembT 3a M3MepBaHe U U3UMCNIABaHe Ha TOka Ha eNekTpu3aLums B NpoLeca Ha 3ambnsaHe Ha
pe3epBoap C HAeNeKTPUaMpaLLM ce TeYHOCTU. ManonasaH e naGopaTopeH CTEHA U METOABT Ha B3gMaHe Ha npoba.

Kniouosu AYMU: CTATUYHO €NEKTPUYECTBO, eNneKkTpusauna

Introduction according to the Koszman and Gavis equation (Koszman et al.,
1962; Monos u gp., 1977; Makcumos u ap., 1978):

In the process of filling reservoirs with flammable dielectric

liquids, fires and blasts may occur as a result of static 1.6 & RT.9 C b
electricity discharge. Certain permissible minimum ranges of 1 ZL.NH. 1-—=|1-e % | (1),
the electrifying current and of the specific density of the charge 2.n.F 0

of liquid are known within which static electricity does not pose

a threat. However, the control of the current and density of the where:

produc_:t that is _bging transported with[n a res‘?”"’" a!ong metal 1 is the electrification current in the pipeline;
pipes is very difficult. Special measuring equipment in industry , o . .
is not manufactured and the use of dynamic electrometers €,-& is the permittivity of the oil product;
mounted directly on the pipelines with gauges placed in the R is a universal gas constant;

liquid flow is currently still within the field of the laboratory T is the temperature of the oil product in the pipeline;

practice only (CtedpaHoB u gp., 2013). N is the Nusselt parameter:

n is the number of transferred ions;

Exposition
C,,C, is the concentration of ions within the liquid volume
1. Method of determining the strength of the electrifying and on the walls, respectively;
current. F is the Faraday constant;
In order to assess static electricity risks during technological r= &% is the relaxation time.
operations and at auto-charging stations, it is necessary to V4

know the strength of the electrifying current

When calculating the electrification current according to

The strength of the electrifying current during the motion of  equation (1), it is difficult to determine some parameters that
the oil product along the pipeline can analytically be calculated are part of the equation, such as the concentration of ions
within the volume of the oil product and on the walls of the
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pipeline (C,,C,), the number of ions transferred, the
diffusion coefficient, etc.

Measuring the electrification current in an operating pipeline
is difficult due to the large volume that is pumped, the lack of
the necessary equipment, and the complexity of the necessary
measurement requirements to be observed. The suggested
method makes it possible to calculate the electrification in the
actual pipeline based on data from laboratory tests on the
electrifiability of the pumped products.

To measure the electrification of oil products in laboratory
conditions, a simple stand can be used whose diagram is
illustrated in Fig. 1.

/4
L
I

3/

]

VW

7
Fig.1. Diagram of a stand for measuring the electrification of oil products

The diagram comprises:
1 — upper tank;
2 — metal earthed pipe;
3 — lower tank isolated from the ground;
4 - shielding;
5 - electrostatic voltmeter;
6 — additional capacitor;

7 —insulators (R >10%Q)).

The tank capacity is 1 to 2 liters and the tanks are isolated
one from another. An earthed pipe with a diameter of 5-10 mm
and a length of 0.5-1m is attached to the bottom of the upper
tank. The lower tank is isolated from the ground and an
electrostatic voltmeter is connected via a shielded cable.

Electrification of the oil product is generated by means of
pouring the oil product from the upper tank to the lower one.
The data of the lower reservoir potential is measured and then
the charge initiated by the electrification is calculated.
Therefore, the capacity of the system reservoir-voltmeter
needs to be known and constant.

The electric capacity of the tank is measured using a
microfarad meter.

The amount of the charge accumulated in the lower tank is
calculated after the following equation:
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q=CU ()

The average electrification current is determined by the ratio:

I, =% @)

where ¢ is the time of the pouring of the oil product from the
upper tank into the lower, s .

The charge formation and accumulation in the pipe of the
measuring equipment and of the pipeline that operates on the
premises of the oil base are subject to the same law.

The analytical expression obtained from the data generated
by the laboratory equipment for the assessment of the
electrification current in the pipe is as follows:

h

C, =
N, [1-—||1-e "7 |
2.n.F

n.&,.&.RT.H
l=—"——

(4)

To calculate the strength of the electrification current in the
pipeline of the oil bases or the fuel stations, a sample of the
pumped product should be taken and tested by means of the
stand under consideration. Besides, the concentration and the
amount of ions transferred, the molecular diffusion coefficient,
and all other parameters need to be the same in the calculation
equations for the laboratory stand and for the operating
pipeline

Dividing expression (1) by expression (4) and taking into
consideration that C, = C, and C = C_ , the following

expression is obtained of the assessment of the electrification
current in the operating pipeline with a length of /:

!
I T8N, l-ps

_ u_ e —. (5)
Il 71!91 uy 1_8_'91'T1

h

For the long pipes with e AT 50 , expression (5) is as
follows:

T.9.N
I=1, oN, 1 - (6)
L,.9.N, - gin

The Nusselt parameter can be expressed through
the R,and S parameters in the form of an involution
dependency of the type of (Koszman, 1962):

N, =CR"S". %)
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where:

R - 8.2.a
V

is the Reynolds parameter;

e

D s the diffusion coefficient;
a is the pipe radius;
C is the concentration of charge carriers.

For the turbulent liquid mode, we assume that m2 = 0.8 [4];
then the ratio of the Nusselt parameters in expression (5) will
be:

0,8
N, [ Sa
N, Sa, )’

Uy

(8)

Taking into account equation (8), the ultimate expression for
calculating the strength of electrification current in oil base
pipelines is written as follows:

/
1—87E (ﬁ]l,s (ijoﬁ
o) s

2. Example

I=1,.

When testing petrol (¥ =10, Q7 m™; £=3) by
means of a test laboratory installation, the time for pouring the
petrol out of the upper tank into the lower one is t = 26 s,

the capacity of the lower tank is U =650 V', and the

capacity of the system lower tank - static voltmeter is
C=20 pF.

The same petroleum product is transported along an
operating pipeline with a length of / =1000 m at the flow

of O =0.08 m%

The task is to calculate the strength of electrification current
in the pipeline at:
I=T;
[, =500 mm;
a =100 mm;
a, =3 mm.

Taking into consideration
electrification current is:

(2) and (3), the average
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_CU _ 20.102.650

t 26
the time for charge relaxation is:

I, =5.10" 4;

-12
. £,6 _ 3.8,85.15)12 .650 _07 s
t 10
the speed in the operating pipeline is:
0 0,08
9= = =25 "/ .
r.a®  314.100%.10°* A

the outflow rate in the laboratory system is:
1,6.107°
g =" =02 M/
s

tr.a,

By substituting these data in expression (9), the strength of
the electrification current in the operating pipeline is obtained:

—w 1,8 0,8
] = 5.10—10_1_ei{éj | (ij -
025 1 22 0,003
1_8 22 !
=9.8.10" 4.
Conclusion

The methodology presented makes it possible to calculate
the strength of the electrification current in a pipeline by using
data measured in a laboratory stand and also without
measuring and determining the diffusion coefficient, the
viscosity of the liquid, the ion ratio, and other parameters.
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SIGNATURE ANALYSIS METHODS TO DETECT FAILURES IN ELECTRIC MOTORS

Yasen Gorbunov 1, Tihomir Dzhikov ?
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ABSTRACT. The monitoring and diagnosis of electric motors are a serious challenge for engineers and researchers in the industry where minimising maintenance
costs and adherence to production lead times are of utmost importance. Numerous methods exist to solve these tasks, such as monitoring of the mechanical
vibrations, thermal inspection, acoustic monitoring, etc. They are based on the fact that for a healthy machine, the shape of the observed signal has some typical
profile, also referred to as a signature. The changes in load and the various types of damages lead to the occurrence of additional and atypical harmonics in the
spectrum of the signal that have a noticeable impact on the profile of that signal. The choice of a suitable signature analysis method allows for early detection of
failures, such as the emergence of a short circuit, a winding disruption, eccentricity or vibrations due to damages of a bearing or to an atypical load. In this way it is
possible to perform a planned repair instead of an emergency one, which can be of a considerable economic effect. This paper provides an overview of some basic
methods for signature analysis. A particularly promising amongst them is the Motor Current Signature Analysis (MCSA), which is a sensorless and a non-invasive
method, and at the same time it allows for remote site-based investigation.

Keywords: motor faults, signature analysis, vibration analysis, health monitoring, Motor Current Signature Analysis (MCSA)

METOAW 3A CATHATYPEH AHAITU3 3A OTKPUBAHE HA NOBPEQMW B ENEKTPUYECKUTE MOTOPHU
SceH opbyHos!, Tuxomup [xukoe?

" MurHo-2eonoxku yHugepcumem "Ce. Mean Puncku”, 1700 Cocgbus, y.gorbounov@mgu.bg

2 MunHo-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cocpus, tihomir.dzhikov@gmail.com

PE3IOME. KoHTponmbT M aMarHocTukaTa Ha enekTpoaBuraTeninTe ca Cepuo3HO NpeAn3BMKaTeNCTBO 3a WHXEHepUTe W U3cnefoBaTenuTe B MHAYCTPUSTA, KbAETO
MUHMMU3NPAHETO Ha pa3xoauTe 3a NOAAPBXKA W CNa3BaHETO Ha CPOKOBETE MPW MPOM3BOACTBO Ca OT KIKOYOBO 3HauyeHMe. CblUecTBYBaT MHOXECTBO METOAN 33
peluaBaHe Ha Te3u 3a/jauu, TakvBa KaTo CrefeHe Ha MexaHuyHuTe Bubpaun, TepMuiHo obcneaBaHe, akycTUieH MOHUTOPWHT W Ap. Te Cce OCHOBaBaT Ha hakTa, ye
3a efHa 3[paBa MawwHa dopmata Ha HabrniofaBaHWs CurHan npuTexaBa XapakTepeH npodun, HapuyaH olle curHatypa. [pomsHaTa Ha HaToBapBaHETO U
pa3nUyH1TE BIAOBE NOBPEAN BOAAT A0 Bb3HUKBAHE HA AOMBIHUTENHW U HETUMNYHI XaPMOHMULM B CNEKTPanHIUA CbCTaB, KOUTO OKa3BaT 0CE3aeMo BMNSHIE BbPXY
npocuna Ha To3n curkan. MabopbT Ha NoAXoAsly MeTO 3a CUrHaTypeH aHanu3 Mo3BonsiBa PaHHO OTKPWUBAHE Ha MOBpeAM OT TUMa Ha: Bb3HWKBAHE Ha KbCO
CbeaVHEHWe, NPEKbCBaHE Ha HaMOTKa, Bb3HMKBAHE HA EKCLIEHTPULMTET WiW BUOpaLMK BCEACTBUE HA MOBPEJEH narep unk HeTUNUYHO HaToBapBaHe. Mo TakbB
HauMH € Bb3MOXHO peann3npaHeTo Ha NnaHoB BMECTO aBapueH PEMOHT, KOETO MOXe Aa MMa CbLUECTBEHO MKOHOMMYECKO 3HadyeHue. B HacToswwarta cratus e
HanpaBeH 0L npernea Ha HAKOM OCHOBHM METOAM 3a CurHaTypeH aHanus. Kato ocoBeHo nepcnekTMBeH Cpef TAX Ce O4epTaBa aHanuabT Ha dopmara Ha Toka
(Motor current signature analysis-MCSA), koitTo ce siBfBa 6e3ceH30peH M HeuHBA3MBEH METOA, a OCBEH TOBa [aBa Bb3MOXHOCT 3a OT4aneyeHo oT obekTa
u3cnesgaHe.

Kniouosu AYMU: noBpean B ENEKTPUHECKUTE MOTOPK, CUTHATYPEH aHanwus, BVI6paLtVIOHeH aHanus, aHanus Ha npouna Ha Toka

Introduction failures are encountered the less are the material and financial
losses. Every retardment in obtaining the information of
possible faults may affect the whole motor operation, or
deteriorate, or even stop the entire manufacturing process.
Consequently, large revenue losses and maintenance costs

In a global aspect, electric drives are amongst the main
consumers of electricity as they are involved in all areas of
modern life - industry, medicine, and everyday life. According

to various sources, electric drives nowadays consume between may oceur.

50% and 70% of all of the produced electricity. This reserves Contemporary achievements in physics and material science
them a very special place in automation control systems in lead to the invention and production of fast and accurate
both manufacturing plants and household appliances. That is sensors such as resistive and semiconductor-based strain
why the requirements imposed on their effective use are gauges, piezo transducers, accelerometers, Hall sensors,
constantly growing which means deployment of faster and Rogowski coils, etc. The dramatic development of
more complex control algorithms. At the same time, the high microelectronics and the increasing computational capability
speed of continuous production requires very high reliability. make it possible not only to perform fast data logging but also
Unfortunately, even the most sophisticated technologies to implement complex mathematical algorithms into digital
cannot avoid the possibility of failures. On the one hand, motor hardware that is able to make calculations in real time.

faults can emerge due to mechanical problems and on the

other hand, they can be electrical in nature. The earlier the In this paper, some common faults in electrical motors are

briefly introduced. Prospective methods adopted for analysis of
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motor faults are also discussed such as signature analysis
techniques. Some common instrumentation apparatus is also
mentioned in the paper.

Faults in electric motors

Faults in electric motors are mainly classified as electric or
mechanical. Common failure types include bearing problems
(including gearbox), rotor or stator windings, breakage of rotor
bar, brushes or slip ring, static or dynamic air-gap irregularities,
rotor imbalance, etc. According to a survey held by the Institute
of Electrical and Electronics Engineers (IEEE) and the Electric
Power Research Institute (EPRI) (IEEE Std. 493-1997;
Allbrecht et al., 1986) the percentage of fault occurrence is
distributed as shown in Table 1. It can be seen that the bearing
faults (mechanical) are prevalent in frequency of emergence
followed by stator faults.

Table 1.
Study Bearing Stator Rotor | Others [%)]
faults [%] | faults [%] [ faults [%]
I[EEE 42 28 8 22
EPRI 41 36 9 14

According to (Karmakar et al., 2016), major faults in
induction motors can be categorised as:

e mechanical faults - broken rotor bars, load
imbalance, air gap eccentricity, bearing damage,
rotor and stator windings failure;

e electrical faults - imbalance of the supply
voltage/current, single phasing, under/over voltage,
reverse phase sequence, earth fault, overload, inter-
turn short-circuit fault, crawling;

o faults related to the environment - ambient
temperature, external moisture, vibrations due to
working in harsh environments.

A non-exhaustive summary of these typical failures is given
in Fig. 1 (Siddiqui et al., 2014). A thorough discussion on the
causes of AC motor failure analysis that completes the overall
picture can be found in (Bonnett, 2000).

Motor faults
Mechanical faults

L] ] L]

’Eccentricity‘ ’ Bearing ‘ ’ Load ‘ ’ Stator ‘ ’ Rotor ‘

- ?rofen bar
Windings or end-ring

Fig. 1. General classification of motor faults (Siddiqui et al., 2014)

Electrical faults

l

More than 66% of the failures are detected during operation
and about 28% are detected during maintenance procedures
(IEEE Report, 1985). Rotor faults can be observed either
through monitoring the rotor currents, if there are any windings
on the rotor at all, or more frequently, by monitoring stator
currents. Having said all of the above, the importance of the
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predictive analysis and the need of preferably non-invasive
measurement tools are obvious.

Digital signal processing

Both vibration and current monitoring techniques require
conversion of the measured quantity into voltage and
subsequent fast data acquisition. This process imposes signal
conditioning and filtering in order to limit the spectrum of the
signal, subsequent transformation and scaling/normalization,
data reduction, and sampling. With properly selected digital
filter bandwidths and adequate sampling rates, sigma-delta
ADCs allow for supply frequency rejection, which means that
no additional signal is introduced during processing.
Nowadays, converters available on the market have high
dynamic range (up to 24-bit) and high sampling rate in the
order of a few hundred MHz. Their capabilities often exceed
the performance requirements and provide effective current
signature analysis.

The steps involved in digital signal processing are depicted
in Fig. 2:

Visualization

- Processing —(Classification

Filtering
Conditioning '< ADC

Decision

Automated

Expert
knowledge

Fig. 2. Digital signal processing and data analysis

As it is shown in the figure the steps of data analysis can
also be done digitally concluded with automated visualization,
failure classification and decision making. Each of these steps
represents a highly sophisticated algorithm although the
decision making often requires an expert knowledge.

Primary sensors

The information about the health condition of a machine is
obtained by measuring a wide range of signals. These signals
include vibration, current or voltage (stator and/or rotor),
magnetic flux, torque, acoustic noise, temperature, etc. Some
of these quantities can be easily obtained while others are
virtually impossible to be read or require constructive
modifications, or are simply too expensive. That is why the
main sensing components used in motor failure analysis
include resistive temperature devices (RTD), accelerometers,
Hall sensors, Rogowski coils, and current transformers. The
two latter are most widely used for signature analysis
(mechanical - vibrations or current related - MCSA).
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Analysis methods

Health condition monitoring and analysis methods can be
derived in the following general categories (Mehala, 2012, with
additions):

1. Thermal model based on:

« Finite Element Analysis (FEA)

o Thermal network analysis
Root Mean Squared (RMS)

Frequency domain

o Fast Fourier Transform (FFT)
Time-Frequency techniques

o Short Time Fourier Transform (STFT)

o Gabor Transform (GT)

o Cohen class distribution

- Wigner -Ville distribution (WVD)
- Choi-Williams distribution
- Cone shaped distribution
o Wavelet Transform (WT)
5. Time series methods
o Spectral estimation through ARMA models
o Welch method
e MUSIC method
e Periodogram
Cepstrum analysis
Park vector approach

wmn

e

N o

The first two categories are discussed in (Siddiqui et al.,
2014). The FEA method is based on differential equations and
thus it is compute intensive and time consuming, but very
precise. The thermal network (Lumped parameter based
model) is much simpler, but less accurate than the FEA and
can be slow. The RMS method represents a simple statistical
calculation but it is much less informative and is mainly used
for a rough indication of the motor loading.

The frequency domain analysis uses the Fast Fourier
Transform (FFT) and it is the most common signal processing
method used for online condition monitoring. This is due to the
fact that many mechanical and electrical failures generate
signals whose frequencies can be determined by knowledge of
motor parameters. These fault signals appear in various
sensing signals, including vibration, current, and flux. The FFT
analysis is based on the fact that each periodic signal can be
decomposed into a sum of sinusoids, thus converting the
signal from the time domain into the frequency domain. The
vice versa conversion is also possible. In their work, (Marcelo
et al.,, 2012) use FFT to detect real-time asynchronous motor
damage — broken rotor rod, bearing failure, eccentricity and
short circuit.

The time-frequency techniques include several algorithms
amongst which the STFT and WT are the most common. The
STFT method provides strong capabilities to diagnose faults in
the transient conditions. It has good time resolution but has
poor frequency resolution. In contrast with the FFT, the wavelet
transform decomposes the signal into a set of non-sinusoidal
waves. It is usually applied to impulse waveforms that are not
convenient to be represented as a sum of sinusoidal
components. This transform is being initially used for seismic
analysis. It provides capabilities to extract local parameters of
the signal with very good precision. (Siddiqui et al., 2012) use
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the WT method for broken rotor bar fault detection in induction
motors.

The cepstrum analysis is a result of taking the inverse
Fourier transform (IFT) of the logarithm of the estimated
spectrum of a signal. The word "cepstrum" is derived by
exchanging the two halves of the word "spectrum". (Bogert et
al., 1963) describe it as “the power spectrum of the logarithm
of the power spectrum”. As with the WT, the original
application of this method is the detection of echoes in seismic
signals. Operations on cepstra are labelled quefrency analysis,
liftering, or cepstral analysis.

The Park vector method is a relatively new technique, which
is applied in the diagnosis of rotor faults, inter turn stator faults,
and unbalanced supply voltage (Ourici et al., 2012). An
undamaged machine theoretically shows a perfect circle when
plotting the two axes, namely the active stator current and the
reactive stator current (d, q), obtained from the Park transform.
An unbalance due to turn faults may result in a more elliptic
representation of the plot giving a clear indication of a motor
fault.

After the analysis stage of the digital signal processing, a
decision making algorithms take place. The most common
ones include the category of statistical classification algorithms
which solve the problem of identifying to which of a set of
categories some new set belongs, and the category of
intelligent methods like artificial neural networks (ANN) (Ourici
et al., 2012) and fuzzy logic (Benbouzid et al., 2001; Siddique
et al., 2003). These methods will not be discussed in this paper
as the topic is too broad.

Instrumentation apparatus

Numerous tools exist regarding the signature analysis both
in terms of the vibration and of the MCSA measurements.
Some commercial tools exist for vibration measurement, such
as the portable Fluke 810 Vibration Tester (worth 9000 EUR),
Fluke 805 Vibration Meter (2000 EUR), MIDE Shock &
Vibration Accelerometer Loggers (about 850 — 1700 EUR), and
for current signature, power quality and motor analysis, such
as IRIS Power MDSP3 that detects rotor cage winding faults
including broken rotor bars, cracked shorting rings and unequal
air gaps (5000 EUR), Fluke 438-I1 (8500 EUR) or SEMAPI
Test-I-Go (12000 EUR). All mentioned tools are very high-
quality, powerful, portable, and versatile solutions but for some
users and cases they are quite pricey. On the other hand, very
low-cost and even open-source solutions exist, such as the
Arduino  microcontroller  platform  equipped with  the
corresponding accelerometer, Hall effect or current probes
whose price can be as low as 50 EUR, or the TI MSP432 ARM
MCU that is powerful enough to do calculations in real time.
The high-end of low-cost solutions includes single board
computers (SBC), such as the Raspberry Pi and Tl Beagle
Bone. Beside the proprietary software solutions, the common
software used for offline analysis or plotting the results and
taking a decision is based on mathematical packages, such as
Matlab, Scilab or Octave, and some popular programming
languages as Python and its libraries Numpy, Scipy and
Matplotlib.
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Since the data processing path can be too long and thus
significantly slow, nowadays, programmable logic devices
become more and more common, such as the Field
Programmable Gate Arrays (FPGAs). Because these
integrated circuits don’'t have hard logic architecture (ALU,
registers, etc.) but only logic gates and memory, they are
capable of implementing parallel running algorithms. It makes it
possible to embed the signal conditioning, analog to digital
conversion, signal decomposition (FFT or WT), and an artificial
neural network onto a single device. This way, a true real time
data processing and decision making can be done.

Conclusions

A number of diagnostic methods exist for identifying different
failure modes of electric motors, such as mechanical vibration
control, thermal imaging, acoustic monitoring, etc., but most of
these methods require expensive sensors or interference in the
design of electric motors. It is well known that the various types
of damage affect the shape of the current. This allows it to be
analysed in a sensorless and non-invasive way which is mainly
done by performing Motor current signature analysis (MCSA)
or Wavelet Transform (WT) technique. The analysis of the
current profile is done by observing its harmonic spectrum and
searching for typical frequencies (artifacts), as is the case with
the mechanical vibration analysis. If there is a fault, harmonics
emerge that are not typical for the healthy machine. This
method allows early detection of failures such as increased risk
of short circuit, winding disconnection, eccentricity or vibrations
due to damaged bearing or load abnormalities. The discussed
techniques make it possible to transform the maintenance
process from reactive to preventive to predictive one. In this
way, it is possible to implement a planned instead of an
emergency repair, which is of utmost importance in the
production. This makes the topics discussed in the research
paper relevant, practical, and with a good potential economic
impact.
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INFORMATION MODEL FOR CITY MONITORING BY SMART LIGHTING

Mila llieva-Obretenova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, milailieva@abv.bg

ABSTRACT. City monitoring includes a variety of services like informing for parking places, pedestrian planning, situational awareness (access to photos, audio,
video), environmental planning, traffic planning. This could be achieved by improving the Smart Lighting technology. Smart Lighting was designed for energy
efficiency. The new aim is safety for the citizens. It is reached by embedding different sensors and cameras in street lighting.

This paper offers an information model for city monitoring through Smart Lighting. The model is designed for user interface developers, city authorities, and citizens.
The hypothesis is as follows: the description of the objects containing the data should be represented as a software model. It is sufficient that the software of each
component be detailed with elements up to the level of service logic. The model should possess the following features: The components containing the data are
represented as physical entities. For each component, software is represented as a set of functions. Functions are grouped according to the areas of open system
interconnection (OSl): configuration, security, maintenance, accounting, and performance. The focus is on the configuration area because it contains the data on the
execution of the service logic. Software components in the configuration area are detailed up to attributes and operations that direct the logic to the next element of its
execution. Design methodology for the information model includes defining of classes of managed objects for service components. The result is an information model
design for city monitoring by Smart Lighting. This is a model of management services and their components. The object-oriented method is used. The classes of
managed Objects are defined according to managed units. The Guidelines for the Definition of Managed Objects (GDMO) from the Network Management Standards
are followed. The UML (Unified Modeling Language) is used for the model description. On this stage, objects are represented with names, “Part of*- relationships,
associations, attributes, and operations. On the next stage, new attributes and operations will be added to the objects managed. With this level of defining, the model
is a good base for the development of user interface. The model is also applicable for monitoring the processes in an underground mine. Lighting with sensors and
cameras could be applied there and the same services could be provided: employee planning, collecting information for a specific location, environmental planning,
retrieving event information.

Keywords: Information model, city monitoring, Smart Lighting, safety for the citizens

WH®OPMALIMOHEH MOAEN 3A HABJNIOOEHUE HA TPAL YPE3 YMHO YNUYHO OCBETNEHUE (SMART LIGHTING)
Muna Unueea-O6pemeHoea
MunHo-eeonoxku yHusepcumem "Ce. UgaH Puncku", 1700 Cogpus, milailieva@abv.bg

PE3IOME. HabntopeHneTo Ha eauH rpaj BKMKOYBa pa3HOobpasae OT yCryri kaTo MHGhopMUpaHe 3a cBOBOAHN NapKkoMeCTa, HaCoYBaHE Ha NMeLIexoaLm, MHdopmaums
3a [JafileHo MSCTO (BOCTBN A0 CHUMKW, BUAEO), HabnioaeHWe Ha mMapameTpuTe Ha OKomHaTa cpefa, UH(opMupaHe 3a Tpadmka. ToBa MOXe fia ce MoCTUrHe 4pe3
YCbBBbPLUEHCTBaHE Ha TexHomorusiTa Smart Lighting. MbpeoHavanHata yen Ha Smart Lighting e nocturaHe Ha eHepruitHa eektuHocT. HoBarta Lien e curypHocT 3a
rpaxaanuTe. Tsi ce NOCTUra Ypes BrpaxaaHe Ha pasnuyHu CEH30PM U Kamepy B YIIMYHITE Namnu.

CratvgTa npeanara uHopmaLyoHeH Moaen 3a HabntofeHve Ha rpap upes Smart Lighting. MogensT e npeaguaeH 3a paspabotunuy Ha notpebuTtenckm nHTepdeic,
opraHuTe Ha pefa U rpaxpaHuTe. XunotesaTa e crefHaTa: onucaHueTo Ha obektute ¢ aaHHuTe TpsibBa Aa npeAcTaBs Mogen Ha codryep. CothTyepbT Ha Bceku
KOMMOHEHT e AO0CTaTbyHO fa Ce eTalnu3upa ¢ eneMeHT 40 HUBO foruka Ha ycnyra. MopenbT TpsibBa Aa npuTexasa criefHuTe kayectBa: KomnoHeHTuTe ¢
[aHHUTE Ce MpeACTaBAT KaTo (M3NYECKU eauHULN. 33 BCEKM KOMMOHEHT ce MpefcTaBs COTyep kaTo MHOXECTBO OT (pyHKUMW. OyHKuMuTE Cce rpynupat B
CbOTBETCTBUE C 0OnacTuTe 3a B3auMopelcTane Ha oTBopenm cuctemn (OSI): koHdurypaums, 3almTa, NoALbpXaHe, TakCyBaHE M TEXHUYECKN XapaKTEepUCTUKN.
®okycupame Bbpxy obmact KOHUrypaums, 3alloTo TS CbAbPXa AaHHUTE 3a M3MbIHEHWETO Ha norukata Ha ycnyrute. CodTyepHUTe KOMMOHEHTW B obnacT
KOHGUrypauusi ce feTannuaupat Ao atpubyTu M onepauumi, KOUTO HAaco4BaT NorukaTta KbM CrieABaluusi eneMeHT Npu HeHOTO M3mbiHeHue. MeTogonorusTa 3a
NpoekTMpaHe Ha WH(OPMALMOHHWS MOZEN BKMoYBa AedUHUPAHE HA KnacoBe YrpaBnsiBaHU OBEKTU 3a KOMMOHEHTUTE Ha ycryrute. PesynTarbT € MpoekT Ha
MHhopMaLmoHeH moaen 3a HabnogeHne Ha rpag ype3 Smart Lighting. ToBa e Moaen Ha ycnyrute 3a ynpaBrneHue 1 TEXHUTE KOMMOHEHTU. M3nonasaH e 0BekTHo-
opueHTVpaH mMeTod. KnacoseTe ynpaensBaHu obekTv ca AedmHUpaHi B CbOTBETCTBUE C ynpaBnsBaHuTe egunuun. Cnepsanu ca Mpenopbku 3a AedmHnpaqe Ha
ynpaensaHu obekt (GDMO) oT cTaHaapTuTe 3a ynpaBneHue Ha Mpexu. 3a onucaHve Ha Mogena e usnonasaH UML (YHudmumpaH esuk 3a mogenvpaHe). Ha Tosu
€Tan KOMMOHEHTUTE Ha YCNyruTe 3a ynpaBreHue ca NpeAcTaBeHn Ype3 UMeHa, OTHOLLEHUS YacT oT*, acouumaumu, atpubyTu u onepauuu. Ha cneggaiums etan wwe
ce nobaBsAT HoBM aTpubyTn M OnepaLumn KbM ynpaensBanuTe obektu. C ToBa HUBO Ha AednHMpaHe MOAEMbT NpefcTaBnsBa Aobpa OCHOBa 3a paspaboTBaHe Ha
notpebutencku uHTepdeic. MogensT e Npunoxum u 3a HabniogeHue Ha npouecuTe B NOA3EMHA MUHA, KbETO MoraT Aa Ce MpUMoXar Nlamnu CbC CEH3opH W
kamepu, U MoOraT [a Ce NMpeanoxaT aHaroruyHu YCryru Kkato HacouBaHe Ha CryxuTenute, cbOMpaHe Ha MHGOpMauus 3a JafeHO MSCTO, HabnioaeHue Ha
napameTpuTe Ha cpeaarta, HopMUpaHe 3a crbuTus.

Knto4yoBu gymu: nHcopmaLmoHeH Moaen, Habniogerue Ha rpag, Smart Lighting, curypHoct 3a rpaxpaquTe

Introduction Smart Lighting was designed for energy efficiency. The new
aim is safety for the citizens. It is achieved by embedding

City monitoring includes a variety of services, like informing different sensors and cameras in street lighting (Velinov,
for parking places, pedestrian planning, situational awareness 2018). Nowadays, a few cameras are located in big cities in
(access to photos, audio, video, and other media), Bulgaria: Sofia “Orlov most’, Sofia “Serdika” Underground
environmental planning, traffic planning, etc. This could be station, Plovdiv “International Fair’, Vama ‘Hristo Botev
achieved by improving Smart Lighting technology. Initially, Boulevard”, Bourgas “Stefan Stambolov Boulevard”, Berkovitsa
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“City center Berkovitsa”, Pamporovo “Ski track Snezhanka”,
Pamporovo “Ski track Studenets”, and Chepelare “Mechi chal”
(https://nova.bg/camera , 2018). Smart Lighting services offer a
lot of details for the users
(https://developer.currentbyge.com/cityiq , 2018).

The Parking Planning service provides parking metadata that
is collected from intelligent nodes installed on all street lights
along public roadways or in parking lots. Each time a vehicle
enters or leaves a parking space, a timestamped event is
created and stored in the cloud. This data can be obtained
from a single sensor or a group of sensors and can provide
valuable insights about parking activity in a given region. The
data can also be used to improve ftraffic and parking
convenience.

The Pedestrian Planning service provides pedestrian
metadata that is collected from intelligent nodes installed on all
street lights along public roadways or in parking lots. As
pedestrians pass by these sensors, the service creates and
stores a timestamped event, counting each event. This data
can be obtained from a single sensor or a group of sensors, to
provide insights to city officials and local businesses about
pedestrian movement in a given region. The data can also be
used to enhance safety and convenience.

The Situational Awareness service provides access to
images, video, and other media collected from intelligent nodes
installed on all street lights along public roadways. You can
retrieve media on demand (streaming data) or historical media
data. Examples of use cases for these images and videos
include enhancing situational awareness, improving traffic flow,
and verifying where vehicles are parked. The media can be
requested using a date range beginning with near real-time
and ending based upon data availability. This data can be
obtained on-demand directly from a single sensor or node, as
needed, to provide insights to city officials that enhance
awareness. This service can be used in concern with other
“Intelligent Cities” services to address a variety of use cases.

The Environmental Planning service provides environmental
sensor data collected from intelligent nodes installed on all
street lights along public roadways. This data can be obtained
from a single sensor or a group of sensors, as needed, to
provide timely environmental information to city officials that
directly affect urban dwellers and their activities.

The Traffic Planning service provides vehicle metadata
collected from intelligent nodes installed on all street lights
along public roadways. As vehicles pass by these sensors,
information such as speed, direction lane use, and volume
(counts) are collected and stored with a time-stamp in the
cloud. The data can be viewed from any number of nodes in a
given region and can present both historical and near real-time
information. The density, range, and flexibility of this sensor
data can provide insights into traffic patterns at different
intervals. Along with facilitating the planning for future safety
and convenience enhancements, the data can reveal
opportunities to optimise traffic flows.
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Scope

The paper aims to offer an information model for city
monitoring by Smart Lighting. The model is designed for user
interface developers, city authorities, and citizens.

Thesis
The model should include descriptions of management
services in Smart Lighting and their components.

Hypothesis

The description of the management services in Smart
Lighting and their components should include software
definitions. Each component's software is sufficiently defined
with elements of the level of managed object. The model
should possess the following features: management service
components are represented as physical entities; software as a
set of functions is represented for each component; functions
are grouped according to OSI (ISO/IEC/IS, 1989) areas:
configuration, security, maintenance, accounting, and
performance; focusing on a configuration area because it
contains the data for service logic execution; software
components in a configuration area are detailed up to
attributes and operations that direct the logic to the next
element of its execution.

Methodology

The methodology for the design of an information model for
city monitoring by Smart Lighting includes definitions of
managed objects classes for services provided to subscribers
and providers. Definitions are represented verbally and by
UML (Unified Modelling Language) diagrams (Fowler, 2004;
Gentleware, 2018). UML diagrams are classified into two
types: behavior diagrams and structure diagrams. Class
diagrams, a type of structure diagrams, are appropriate for the
description of city monitoring management. A class diagram
describes types of objects in the system and the different kind
of static relationships between them. Diagrams also show “Part
of"-relationships, features, and operations of classes and the
limits of the way in which the objects are connected. The “Part
of"-relationship is shown with a rhombus and a line. Features
are one term, but they are represented with two quite different
notations: attributes and associations. The notation for an
attribute describes a distinct feature like a text (second row) in
a rectangle, envisaged for a class. The association is a
directed line between two classes and its direction is from
class-source to class aim. A feature’s name is set on the aimed
end of the association with its majority. The end-aim of the
association is connected to the class which is the feature’s
type. The majority of a feature is a note for how many objects
could complete the feature. Operations are actions which a
class could realise. Obviously, they correspond to the methods
of a class. There is a distinction between Operation and
Method, however. The operation is the name used for a
method — a declaration of a procedure. The method is a code
which the procedure consists of. Operation and Method are
different by polymorphism. The model has the impact of a
similar  model for telecommunications management
(Magedanz, 1994).
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Results

In this section, the designed model for management in Smart
Lighting is represented: a model of management services and
their components. The object-oriented method is used. The
classes of managed objects are defined according to managed
units. The Guidelines for the Definition of Managed Objects
(GDMO) (ISO/IEC/IS, 1989) from the Network Management
Standards are followed. The UML is used for model
description. At this stage, objects are represented with names,
“Part of-relationships, associations, attributes, and operations.

Managed Objects classes for service configuration in
Smart Lighting

Managed Object (MO) SConfiguration represents a service
configuration needed for the provider or tailored on special
order for a subscriber. MO SComponent contains all parts of a
service which must be distributed on the network infrastructure.
MO Template represents the description of the entry format for
each service in a Smart Lighting network. MO Resource
represents the description of a specialised resource (camera,
sensor) used by a specific service. MO Program represents
the description of a program with service logic. MO
Triggerinfo represents the description of a trigger needed for
service execution direction. MO SDFData (Service Data
Function Data) represents an entry for a specific service
subscriber. MO  SubsConfiguration represents the
subscriber’s requirements for the configuration of the provided
services. MO ParkPlanning contains the description of the
Parking Planning service. MO PedPlanning contains the
description of the Pedestrian Planning service. MO GetMedia
contains the description of the Situational Awareness service.
MO EnvPlanning contains the description of the
Environmental Planning service. MO TrafficPlanning contains
the description of the Traffic Planning service. Fig. 1 shows the
UML diagram of Managed Objects classes for service
configuration in Smart Lighting.

- ]' |
= | 1
ParkPlanning
[ Template || Mesource | | Program | [Triggerinfo] [ SbFData > |
i 1 {l H i | [PedPlanning.
= I
[ Getnedia
EnvPlanning |

]'n-.'i'rk'ﬁlﬁﬁﬁi

Fig. 1: UML diagram of Managed Objects classes for service
configuration in Smart Lighting

Attributes and operations of Managed Objects classes for
service configuration in Smart Lighting

MO Resource has the following attributes:
Attribute Camera describes the unique Identifier for each
camera. Attribute Sensor describes the unique Identifier for
each sensor.

MO Program has the following attributes:
Attribute AssetUID describes the Identifier for a unique asset.
This is a key attribute by which information query for a specific
asset is performed. Attribute LocationUID describes the
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|dentifier for the unique location in an observed area. This is a
key attribute by which an event query in a specific area is
performed. Attribute EventType describes the Identifier of type
events. This is a key attribute by which a pedestrian query by
number, direction, and speed is performed. Attribute
TimeStamp describes the actual data and time when the event
occurs. Attribute  GeoCoordinates describes the GPS
coordinates of the four angles of the parked vehicle. Attribute
ObjectID describes the unique Identifier (plate number) of a
specific vehicle. Attribute VehicleType describes the type of
specific vehicle i.e. vehicle, truck, bus, building machine,
agricultural machine. Attribute DirectionUnit describes the
measurement unit for pedestrian direction, i.e. degree.
Attribute SpeedUnit describes the measurement unit for
pedestrian speed, i.e. m/s. Attribute Unit describes the unit, by
which specific magnitude is measured, i.e. K, HPa, south-
southwest, %. Attribute PowerOf10 describes the factor of 10,
i.e. -1 (10-"). The measure in K multiplies with 101, i. e. 2700 x
101 K=270 K, 270 K-273 15=- 3,15° C. Attribute
ImagePollUrl describes the link which shows photos captured
from a specific device. Attribute VideoPollUrl describes the
link which shows video captured from a specific device.
Attribute Status describes the status in response to a request
for video or photos. The status could be INPROGRESS when
the request is in process or SUCCESS when the request is
completed. Attribute MedialD describes the Identifier used for
a specific type media or the Identifier for a specific node.

Attribute MediaType describes a specific media type: IMAGE
provides a list of images in JPG, PNG, and GIF formats.
Depending on the position of the camera, it will return the best
resolution image available: either 320x240 for black and white
or 1920x1080 for color; VIDEO provides a list of videos in
H.264 format. Attribute MediaLogID describes the Identifier for
each entry in the list. Attribute MediaFileName describes the
file name of the captured media. Attribute MediaTimeStamp
describes the time when the media was captured from the
node. Attribute ExternalRefID describes the Identifier of an
external pointer. Attribute EntryTimeStamp describes the time
when the captured media was entered in the database.
Attribute Size describes the maximum number of records to
return per page; if none specified, the default value of 2 is used
automatically. Attribute Number indicates the page number,
the default is 0.

MO Program has the following operations:
Operation Counter_direction calls the procedure for
computing of a pedestrian’s direction in interval west,
northwest, north, northeast or east direction (270° - 0° - 90).
Operation Counter_dir_pedCount calls the procedure for
counting the serial number of a pedestrian who moved in a
specific direction (the same as in Counter_direction). Operation
Counter_dir_speed calls the procedure for computing the
average speed of a pedestrian in a specific direction (the same
as in Counter_direction). Operation Direction calls the
procedure for computing a pedestrian’s direction in interval
west, southwest, south, southeast, and east direction (270° -
180° -90° ). The procedure calculates the direction opposite
the one in Counter_direction. Operation PedCount calls the
procedure for counting the serial number of a pedestrian who
moved in the direction opposite the one in Counter_direction.
Operation Speed calls the procedure for computing the
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average speed of a pedestrian opposite the one in
Counter_direction. Operation Counter_dir_vehicleCount calls
the procedure for counting the serial number of vehicles in a
specific direction. (As with the pedestrians, the movement is
calculated in two directions, the serial number of the vehicles in
a specific direction is counted, and the average speed in this
direction is calculated.) Operation VehicleCount calls the
procedure for counting the serial number of vehicles in the
direction opposite the one in Counter_dir_VehicleCount.
Operation Max calls the procedure for determining the
maximum value of a specific magnitude for a defined period,
i.e. humidity, wind direction, pressure, and temperature.
Operation Mean calls the procedure for computing the mean
value for a defined number of digits. Operation Median calls
the procedure for determining the median in a defined interval
of values. (The median is the value separating the higher half
of a data sample from the lower half.) Operation Min calls the
procedure for determining the minimum value of a specific
magnitude for a defined period. Operation Sort calls the
procedure for sorting values of attributes: Asset UID, Media
File Name, Media Time Stamp, Media Type. Operation
Duration calls the procedure for counting the duration of an
event. Operation SortDir calls the procedure for sorting in an
ascending or a descending order. Operation Ignore Case calls
the procedure for determining whether the request is
interrupted or not (for service Get Media). Operation
getAssetUIDrtd calls the procedure for capturing different
events registered by a unique device in real time. Operation
getLocationUIDrtd calls the procedure for capturing different
events for a unique location in real time. Operation
getAssetUIDhd calls the procedure for capturing different
events registered by a unique device as historical data.
Operation getLocationUIDhd calls the procedure for capturing
different events for a unique location as historical data.

MO Triggerinfo has the following attributes:

Attribute Pkin indicates the event of parking enter. Attribute
Pkout indicates the event of parking escape. Attribute Pedevt
indicates a pedestrian appearance. Attribute Tfevt indicates
the event of traffic appearance (vehicle). Attribute Humidity
indicates the event of humidity counting in an exact moment.
Attribute Orientation indicates the event wind orientation
counting in an exact moment. Attribute Pressure indicates the
event of pressure counting in exact moment. Attribute
Temperature indicates the event of temperature counting in an
exact moment. Attribute Click indicates the event of click on a
link.

MO SConfiguration, MO SComponent, MO Template, MO
SDFData, MO SubsConfiguration, MO ParkPlanning, MO
PedPlanning, MO TrafficPlanning, MO EnvPlanning, and
MO GetMedia are described only by name and number.

Table 1 shows theattributes of MO Resource. Table 2 shows
the attributes and operations of MO Program. Table 3 shows
the attributes of MO Triggerinfo.

Table 1.

Attributes of MO Resource
Resource

Camera[1] : String

Sensor{1] : String
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Table 2.
Attributes and operations of MO Program

Program

AssetUID[1] ; String
LocationUID[1] : String
EventType[8] : String
TimeStamp[1] : String
GeoCoordinates[4] : List
ObjectID[1] : String
VehicleType[5] : String
DirectionUnit[1] : String
SpeedUnit[1] : String
Unit[4] : String
PowerOf10[1] ; String
ImagePollUrl[1] : String
VideoPollUrl[1] : String
Status[2] : String
MedialD[1] : String
MediaType[2] : String
MediaLogID[1] : String
MediaFileName[1] : String
MediaTimeStamp[1] : String
Size[0..1] : int
Number[1] : int

Counter_direction(...): void
Counter_dir_pedCount(...): void
Counter_dir_speed(...): void
Direction(...): void

PedCount(...): void

Speed(...): void
Counter_dir_vehicleCount(...): void
VehicleCount(...): void

Max(...): void

Mean (...): void

Median(...): void

Min(...): void

Sort(...): void

Duration(...): void

SortDir(....): void

IgnoreCase(...): void
getAssetUIDrid(AssetUID, EventType):
EventType1, EventType2
getLocationUIDrtd(LocationUID, EventType):
EventType1, EventType2
getAssetUIDhd(AssetUID, EventType,
StartTime, EndTime): void
getLocationUIDhd(LocationUID, EventType,
StartTime, EndTime, size, page): void

Table 3.
Attributes of MO Triggerinfo

Triggerlnfo

Pkin[1] : String
Pkout[1] : String
Pedevt[1] : String
Tfevi[1] : String
Humidity[1] : String
Orientation[1] : String
Pressure[1] : String
Temperature[1] : String
Click[1] : String
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The chosen granularity for the description of the managed
objects gives an idea of the work volume which should be
completed in the development phase. The proposed model
represents an abstract description of service management in
Smart Lighting. Only the functional area Configuration is
considered here. In comparison with other models, i.e. for
telecommunications management, attributes and operations for
the managed objects are also listed here. The disadvantage
could be found in the limited number of details.

Conclusion

The paper represents the design of an information model for
city monitoring by Smart Lighting. The model corresponds to
the responsibilities of the Service Subscriber and Service
Provider actors. The classes of Managed Objects are defined
which represent the managed resources for the network
elements following the object-oriented method. The classes of
Managed Objects are organised in a hierarchy which shows
the correlation between them and relates to easier
implementation. At this stage, the software for management
services is detailed with elements up to the level service
components. The chosen classes of Managed Objects are
defined by name, “Part of’-relationships, associations,
attributes, and operations. At the next stage, new elements
could be added to the functional area Configuration and details
could be developed for other functional areas. Nevertheless,
the model is a good basis for prototype development of user
interface.
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The model is also applicable for monitoring the processes in
an underground mine where lighting with sensors and cameras
could be installed and where similar services could be
provided, like employee planning, information capturing for
specific location, environmental planning, events information,
etc.
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DETERMINING THE NATURAL FREQUENCY ON A STEPPED SHAFT WITH A
TRANSITIONAL CURVED SECTION
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ABSTRACT. The article discusses the topic of determining the natural frequency in a specific shaft. The shaft consists of three segments. The second one is fulfilled
with a rounded radius. In the process of operation, the shaft acts by its natural vibrations. An approximate method is applied for their determination. According to the
method, each segment of the shaft is divided into portions along its length. The computational scheme is a free beam, propped up with two camps at its ends. It is
loaded with concentrated forces whose values are equal to the weights of the individual portions. Their application points are in the middle of the width of the portions
selected by the package engineer. The displacements in the points of this simple beam are calculated by the differential equation of the elastic line. The solution to
this equation is realised through its numerical integration. For the curved segment, an algorithm is applied to determine the radii, weights and stiffness. For the entire
shaft, the reaction forces and bending moments in the application points of the forces are obtained. The inclines of the elastic line and the displacements in these
points are calculated by numerical integration. The presented solution to determining the natural frequency of shaft with a transitional section confirms the validity of
the analytical expressions of the above values.

Keywords: stepped shaft with a curved segment, natural frequency, approximated method, differential equation of the elastic line.

ONPEOENAHE HA YECTOTATA HA COECTBEHM TPENTEHUA HA CTBINAJIEH BAJ1 C MPEXOOEH YYACTBK
lepaaHa ToHkoea’, Buonnema TpughoHosa — eHoga?

T MunHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cogpus, g_pis @abv.bg

2 MurHo-2eonoxku yHusepcumem “Ce. Mean Puncku “, 1700 Cogpus, violeta.trifonova@yahoo.com

PE3IOME. B cTatusta ce pasrnexaa BbNpochbT 3a onpefensHe Ha coBCTBEHUTE TPENTEHWUs B KOHKpeTeH Ban. Toi ce CbCTOW OT TPW y4acTbka, kaTo BTOPUAT €
M3MbIHEH CbC 3aKpbITIEHMe C onpefeneH pagwyc. B mpoueca Ha pabota Bbpxy Bana gencTBaT COOCTBEHW TpenTeHus. 3a TAXHOTO onmpefensiHe e MpuroxeH
npubnusuTeneH metoA. Cropep Hero BCeky y4acThbk OT Bana Ce pasfens Ha CerMeHTU Mo Ab/hxuHaTa My. Mauncnutennara cxema e rpeaa, noanpsHa ¢ Aga narepa
B KpauLata . TR € HaToBapeHa CbC CbCPEAOTOYEHW CUMK, YMNTO CTOMHOCTM Ca PaBHU Ha Ternata Ha cermeHTuTe. [MPUNOXHUTE UM TOYKM Ca B CPeauTe Ha
130paHNTe OT KOHCTPYKTOPA LUIMPUHA Ha cermeHTuTe. MpemecTBaHWATa B TOYKM OT MpocTata rpefa ce OnpeaensT uype3 AUdepeHLManHoTo ypaBHeHWe Ha
enacTuyHaTa nuHms. PelueHneTo Ha TOBa ypaBHEHWE Ce peanuavupa NocpeacTBOM YMCIEHOTO My MHTErpupaHe. 3a NpexoaHus yyacTbk e NpUnoxXeH anroputbm 3a
onpepensHe Ha paguycuTe, Ternata 1 KopaBUHUTE Ha CerMeHTuTe. 3a Lienns Ban ca NomyyeHn ONopHUTE peakLyn 1 OrbBaLyyTe MOMEHTU B MPUMNOXHUTE TOYKU Ha
cunuTe. Ypes YncneHo MHTerpupaHe ca nonyyYeHn HakNoHUTe Ha enacTuyHaTa NMHUA 1 NpemMecTBaHUATa B CbLLMTE TOuKW. [PeACTaBeHOTOo peLLeHme 3a onpeaensHe
Ha YecToTaTa Ha COBCTBEHNTE TPENTEHUs BbB Ban C NPEXOAEeH Y4acTbk NOTBbPXK/AaBa BEPHOCTTA HA aHANMTUYHIUTE U3pa3u 3a ONUCaHUTE NO-Tope BENNYMHM.

KniouoBu AYMU: CTbNaneH ean, cobcTBeHn TPENTeHus, I'IpVI6ﬂI/I3VITel'IeH MeToq, ,Ell/l(?bepeHU,VlaJ'lHO YpaBHEHWE Ha enacTuyHa NNHNA.

Introduction Methods

The natural frequency of a stepped shaft is the object of 1. Formulation of the problem
investigation by specialists calculating the shafts. The
approximate method is well known. It applies numerical A stepped cylindrical shaft is presented at Figure 1 (Anchev
integration to resolve the differential equation of the elastic line et al, 2011). The lengths of three sections are: /, =12 cm,
(Feodosev, 1965). Refining this method, an algorithm for the .
transition section of the shaft is added (Trifonova-Genova et l,=05cm and [;=55cm. The radius of the

al., 2017). This algorithm consists of eleven steps. They transition zone is: 7 = 0.5 cm , the diameters of the first

mglude formulae by.Wh'Ch the .current d|ameter .an(.i the section and the beginning of the second and the third section
stiffness of each section are obtained. The main objective of

this article is to apply this algorithm to a concrete stepped shaft ~ Of the relevant shaft are, respectively, D; = 5.6 cm,
with a curvilinear transition. D,, = 5.0cm,and D; =4.0cm.
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2. Method for determining the of internal forces

To determine the natural frequency, the approximate method
is applied (Feodosev, 1965). According to it, the shaft is
divided into portions with sized widths in the first and the third

sections: Ax; = Ax; =1cm, and in the second section -
Ax, =0.1cm.

Jrl .!2 /‘;

o e : —

Fig.1. Stepped shaft with a curved segment

Current diameter D, , in the second segment (section)

For determining this diameter for each segment of this
section, the algorithm of (Trifonova-Genova et al., 2017) is
applied. For given values of arrows, the chords and the
diameters are calculated. The results are given in Table 1.

Table 1.
Diameters of a segment with a transitional curved section

Point

of f; ai DZ,o
segment mm mm mm

13 05 4.4 46

14 1.5 7.5 43

15 2.5 8.7 41

16 3.5 9.5 40

17 45 10.0 40

Stiffness of the segment of the shaft
The Young’s modulus of shafts is taken by (Kisiov, 1978)

(E =1.98.10*xg / cm®). With a known diameter of each

segment of the shaft, the moment of inertia is calculated. The
stiffness of the segments in the three sections are given in

Table 2.

Table 2.
Stiffness of the segments of the shaft
i i 6 2
Section points | g 7,10 |_kgcm J

1 1-12 95.536

2 13 43.516

2 14 33.227

2 15 27.464

2 16 24,881

2 17 24.881

3 18 24.869

3 19-23 24.869
Weight of the segments

The volumetric weight of the material of the shaft
isy =7.8.10kg [ cm®, but the weight of the segments
is given in Table 3.
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Table 3.
Forces
Section points P 1 [kg]

1 1-12 0.1921
2 13 0.0128
2 14 0.0111
2 15 0.0105
2 16 0.0100
2 17 0.0098
3 18 0.0480
3 19-23 0.0981

The segment with the principal point number 18 has a width
of 0.5 ¢m . This is the reason why the weight is half of the

weight of the segments to follow.

The reactions of a support

The computational scheme is a free beam loaded by
weights. The values of the first iteration are given in Table 3.
The reactions of support are calculated with the methods of
statics (Vulkov, 2004; Vulkov et al, 2013). Their values

are: A' =1.635 kg , B’ =1.262 kg .

Bending moment diagram

The moments in the individual points are determined with the
methods of the resistance of the materials (Vulkov, 2011). The
values of first iteration are given in Table 4.

Table 4.
Bending moments
point M,-I point Mil
[kgem] [kgem]

A 0 13 5.758
1 0.818 14 5.689
2 2.261 15 5.620
3 3.512 16 5.550
4 4571 17 5.478
5 5.437 18 5.275
6 6.112 19 4.696
7 6.595 20 3.827
8 6.885 21 2.860
9 6.984 22 1.794
10 6.890 23 0.631
1 6.604 B 0
12 6.126

3. Natural frequency

Natural frequency is obtained through the following relations.
In the beginning, the following proportion of the bending
moments for each point is calculated from Table 4 to the
stiffness from Table 2. This proportion is multiplied by the width
of each segment. With the method of numerical integration, the
slope of an elastic line is obtained (Feodosev, 1965).
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The displacements w;, are represented by an equation
which has two coefficients. They are obtained by the boundary
conditions: w, (0)=0, w, (Z)=0. For the concrete shaft,

C/ =-0.5827.10° and

C; = 0. The displacement for the concrete position X, of

these  coefficients  are:

point 7 in the computational scheme is determined.

Finally, two multiplications are composed. The first includes
the displacement and the force at each point. The second
involves the displacements elevated to the second degree and
the force. The values are given in Table 5.

The second iteration takes into account that, in process of
vibration, the shaft is loaded not only with the force of weight
but with the force of inertia as well. From the first
approximation, the values of displacements and the square of
the frequency are also used. For the second iteration, the force

B” is calculated according to the formula given in (Trifonova-

Genova et al., 2017). After that, the reactions of support, the
bending moments, the slope of the elastic line, and the
displacements of the points are determined in the
computational scheme, as well as both multiplications
analogically to the second iterations. The values are given in
Table 6.

Table 6.
Table 5. Results of the second iteration
Results of the first iteration X, Wi” })i[l })i” W,-” pll (w i )2
, ! P'w! 1(y1 ¥ L
xl Wl i i I)z (W[ ) 10—6 10—6 10—12
-6 -6 -12
10 10 10 [em] | [em] [kgem] | |kgem?
[cm] [cm] [kgcm] [kgcm 2 ] A 0 0 - 0 0
A 0 0 0 0 1 0.5 0.274 | 0.020 0.006 0.002
1 05 | 0283 0.054 0.015 2 | 15 | 0808 | 0060 | 0048 0.039
2 15 | 0833 0.160 0.133 3 | 25 [ 1311 ] 0097 | 0127 0.166
3 25 | 1347 0.259 0.348 4 | 35 [ 1771 | 0130 | 0230 0.408
4 35 | 1813 0.348 0.631 5 | 45 [ 2478 | 0159 | 0347 0.756
5 45 | 2222 0.427 0.948 6 | 55 | 2523 | 0.184 | 0465 1172
6 55 2.567 0.493 1.265 7 | 65 | 2801 | 0204 | 0571 1.600
7 6.5 2.843 0.546 1552 8 | 75 |3006 | 0219 | 0657 1.976
8 75 | 3.046 0.585 1783 9 | 85 3139 | 0228 | 0716 2.246
9 85 | 3177 0.610 1939 10 ] 95 | 3197 | 0232 | 0743 2.374
10 95 | 3236 0.622 2.011 1| 105 | 318 | 0231 | 0737 2.349
11 | 105 | 3225 | 0620 1998 12 ] 115 | 3109 | 0226 | 0.703 2.186
12 | 115 | 3151 | 0605 1907 13 | 1205 | 3.027 | 0015 | 0.044 0.134
13 | 1205 | 3070 | 0039 0.120 14 | 1215 | 3010 | 0013 | 0038 0.114
15 [ 1225 | 2.991 | 0012 | 0.036 0.106
522 s | oow | owe | |16 | 1235 |23 0ot oo | oion
45 [ 2047 | 0. 0.032 0.095
o e Do oo oo | o e o | om
' : ' : 19 [ 1350 | 2532 | 0094 | 0239 0.605
18 | 1275 | 2303 | 0139 0405 20 | 1450 | 1947 | 0073 | 0.142 0.276
19 | 1350 | 2577 0.253 0.652 21 11550 [ 1255 | 0047 | 0059 0,074
20 | 1450 | 1.989 0.195 0.388 22 11650 | 0498 | 0.019 | 0009 0.005
21 | 1550 | 1285 0.126 0.162 23 11750 T 0280 | 0011 | 0.003 0,001
2 | 1650 | 0510 0.050 0.025 5 11800 | 0 5 5 5
23 | 1750 | 0.291 0.029 0.008 3 1% 7210
B | 18.00 0 0 0
5 6.228 16.671

After summing the last two columns, the square of the
natural frequency is calculated:

1\? 6 -2 .
(a) ) =366,494.10" 5°. The natural frequency is

o' =19.144.10°s™" by the first iteration of the
approximate method (Kisyov, 1978).
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The calculation from the first iteration are repeated and the
natural frequency is obtained: @” =18,701.10° s™*. The
value is compared to the value of the first iteration and a
difference of 2.29% is obtained. This is sufficient for the

practice accuracy. Therefore, the iterations are terminated and
the value is finally chosen.
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4, Key Findings

In this article, the approximate method is applied for
calculating the value of natural frequency in a concrete shaft
with a transitional curvilinear section. The algorithm is applied
for this section and the values of diameters and weights are
obtained. The successive parameters, like the reactions of the
supports, the bending moments, the slopes, and the
displacements of points in the free beam are given here.
Finally, the natural frequency for two iterations is calculated.

Conclusion

The numerical results of this work confirm the formulae and
the algorithm for stiffness in the curvilinear section. They give a
more precise solution to the problem of determining the natural
frequency in a shaft with a curvilinear section. This is the
advantage of the proposed method. It can be extended to
shafts with more sections.

No matter how weak the curvature in a curvilinear section is,
it is desirable to take it into account in each real shaft.
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THE MOVEMENT OF A POINT SET IN CARTESIAN COORDINATES AND STUDIED IN
THE MATHCAD ENVIRONMENT

Asen Stoyanov

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia

ABSTRACT. The movement of a point M within the time interval to - tl (S) is specified by the law x = x(z‘) y= y(l‘) . The trajectory and the position

of point M on it are determined for the moment of time = f]_ (S) . The radial and transverse components of the velocity and acceleration of the point are
represented in a matrix form and all the kinematics characteristics of the movement are graphically depicted.

Keywords: transverse velocity, radial velocity, transverse acceleration, radial acceleration, MathCAD
OBWXEHWE HA TOYKA 3A0ALOEHO B OEKAPTOBW KOOPOUHATU U U3CNEABAHO B CPEQJA HA MATHCAD

AceH CmosiHos
MurHo-2eonoxku yHusepcumem "Cs. Uear Puncku", 1700 Cogpus

PE3IOME. [iBxeHueto Ha Touka M e 3ajageHo B MHTepBanma OT Bpeme fo - fl (S) CbC 3aKOHa X = x(l‘) ny= y(z‘). TpaekTopusita 1

NONOXEHMETO BbPXY HEA Ha ™M ca onpefeneHn 3a MomeHTa OT Bpema t = tl (S) . PaguanHute 1 TpaHcBep3anHUTE KOMMOHEHTU Ha CkopocTTa U

YCKOPEHWETO Ha TouKaTa ca NPEACTaBEHN B MaTpuiHa hopma, KaTo BCUYKM KUHEMATUYHI XapaKTePUCTUKI Hal ABVKEHUETO Ca rpachMuHO M306paseHm.

Knio4oBm gymu: TpaHcBep3anHa CKopoCT, paauasHa CKOPOCT, TPaHCBEP3asHO YCKopeHue, paauanHo yekopetue, MathCAD

Introduction e The position of point M on the trajectory — see
Fig.1.A);

The article examines a classical problem related to the e The velocity, the full, tangential, and normal
kinematics of a point. The movement of the point is set in a . . - - -
coordinate way. The trajectory formed by its movement within acceleration of point M - v, @, ar u an -
the examined interval of time is part of a hyperbola. see Fig.2.A);

When the motion of the point is set at polar coordinates, its e The ftransverse Vg and the radial Vyqd
velocity and acceleration are defined as the geometric sum of LT i _
the radial and transversal components — see Fig.2. B) and C) components of the velocity VA7 —see Fig.2.B);

The article shows how these operations are performed using

the MathCAD math package. e The transverse dyx and the radial drady

—

components of the acceleraton ajs - see

Solution to a problem with the MathCAD Fig.2.C) _
package e The radius of curvature p(t) of the trajectory at

moment 1 - see Fig.2.D).
The material point A moves within the time interval

. . -3 The calculations and graphical visualisation have to be
- t th | =" =
fo 12 according fo the law = 1207 31+6 performed using the MathCAD package.

(Yablonsky, 1978) — see Figure 1.
For the moment £ = f1, it is necessary to determine:
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o

A)

y(t)

¥(
o

¥(
L

2
.Y(t' )' 10

-3
y X(t)i=——y(t)=3t+6t0:=0¢tl:=1.6t12:=2
t+2

t0) 20
LN

t1)
L I N

-15 - 10 -5 0
x(t),x(t0),x(tl),x(t2)
B)

Fig.1. The trajectory of point M and its positions for moments 7, 0 t]_, and 2, interpreted with: A) Excel n AutoCAD; B) MathCAD;

The problem is solved within MathCAD environments using
the following algorithm:

The output data is entered — see Fig.1.B);
In the studied section, the trajectory of point M is

visualised graphically for the time interval £y =

- see Fig.1.B);

The law of the change of the velocity of point A/ is
determined analytically and graphically;

The law of the change of the acceleration of point
M is determined analytically and graphically;

The laws of the change of the tangential and normal
acceleration of point A/ are determined analytically
and graphically;

65

—  The law of the change of the radius-vector I”(t) of

point M is determined analytically;

— The law of the change of the transverse and radial
component of the velocity of point A is determined
analytically and graphically;

— The law of the change of the transversal and radial
component of the acceleration of point A is
determined analytically and graphically;

— The law of the change of the radius of curvature of

the trajectory ,0(¢) is determined.
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\

— Vx \
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ar  Mq %
— ay r

_I:(h)
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Fig. 2. Kinematics characteristics of point M for the moment tl

vx(t) == j—x(l) vy(t) == j—y(t) v(t) == \} vx(t)2 + vy(t)2 ax(t) := j—vx(l) ay(t) = :—vy(t)
t L L t

2
a(t) = [ax(t)2+ ay(t)z ar(t) = vx(t)-ax(t) + vy(t)-ay(t) S {a(t)z_ am)z o(t) = v(t)

v(t) an(t)

n(t) := \‘ )((t)2 + y(t)2 vradx(t) := x(t)- YR(D-3(L) +2vy(t)-y(t) vrady(t) := y(t)- OHY +2vy(t)‘y(t)
r(t) r(t)

X(0)y() V() + (1) vx(D)

vrad(t) := Jvradx(t)2 + wady(t)2 virx(t) ==
(1)’

2
viry(t) := U ek Ui UAZD) vir(t) = \/\ftrx{t)2 + \m‘y(t)2 v(t) == \I(lvtl‘(t}l)2 + vrad(l}2

()

]

e |
v(tl) = 0231 vy(tl) =3  w(tl)=3.009 p(tl) =70.61 an(tl) = 0.128 2T(tD)=-9:893x10

a(tl) = 0.129 virx(tl) = 0.46 viry(tl) = 0.036  vradx(tl) = -0.229 vrady(tl) = 2.964

vrad(tl) = 2.973  vir(tl) = 0.462 aradx(t) := x(t)- ax(t)-x(t) + ay(t) y(t)

2
r(t)
Fig.3. Analytical expressions for determining the kinematics characteristics of point A/ and their values at moment { = fl (S) (BepTses, 2005;
Brent Maxfield, 2009; floeB u ap., 2016).
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ax(t)-x(t) + ay(t)-y(t)

r(t)2

arady(t) := y(t)- arad(t) = Jaradx(t)2 - arady(t)2

2 2
i) = —X(t)-y(t)-ay(t)2+ y(t)"-ax(t) e x(t)"-ay(t) — x;t)-y(t) ax(t)
r(t) r(t)

atr(t) 1= atr(t)? + atry(®)?  a(t) = y (Jatr()])? + arad(®  a(t1) = 0.129

Fig.3. Analytical expressions for determining the kinematics characteristics of point A/ and their values at moment t= tl (S) (BepTses, 2005;
Brent Maxfield, 2009; loeB u ap., 2016).
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w— 304
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\ 3
— 0 | 2
0 | 2 t
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0.3
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a’r(t)o'2 -
0 s eee 0.1
1 2 1 1.5 2
i i
3 - - T ah a» @ 4 1.5
o o = =
vradx{t)2 virx(t) 1
dy(t) 1 viry(t
Jradid Y065
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0 "‘.‘
/1 3 e T TR
0 1 2 0 1 2
t t

Fig. 4. Graphs expressing the dependence of the kinematic characteristics of point M ontime t (S ) (Brent Maxfield, 2009; loes u ap., 2016)
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Fig. 4. Graphs expressing the dependence of the kinematic characteristics of point M on time [ (S) (Brent Maxfield, 2009; loes u ap., 2016)

Conclusion

An idea for a short solution is given by using the MathCAD
package. The example complements the kinematics teaching
aids in Bulgaria.

A similar problem has been solved by Doev and Doronin
(Qoes un gp., 2016).

This article makes the solution more complete and detailed.
The kinematics characteristics of the point are clearly detailed
in Fig. 2. In addition to the graphical changes of the velocity
and acceleration, Fig. 4. shows the changes in their
components as well.
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Finally, the task can be solved by hand as well. The partially
automated solution overcomes the occurrence of mathematical
difficulties and makes it possible to frack the changes in
kinematics magnitudes. It is compact and adaptable to the
changes in the input data of the problem.
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MODELS IN DESIGNING DOCUMENT MANAGEMENT SYSTEMS

Kremena Arsova - Borisova', Veselin Christov?

T University of mining and geology “St. Ivan Rilski”, 1700 Sofia, kremena.arsova@mgu.bg
2 University of mining and geology “St. Ivan Rilski”, 1700 Sofia, veso@mgu.bg

ABSTRACT. In all organizations, they use and accumulate large quantities of various documents - contracts, annexes, minutes, invoices, bank statements, mission
statements and reports, advance reports, offers, customs declarations, bills of lading, references, proposals, orders, requests, applications, drawings, sketches, plans,
decisions, notary deeds and others. Documents can be both paper and electronic. Typically, document management systems are used to handle a large quantity of
documents. The article examines the different models in the design of these systems: information, functional, structural, the database system, etc. An experimental
document management system is presented to test the models under consideration.

Keywords: document management system, DMS, design model

MOQENKX NPU KOHCTPYUPAHE HA CUCTEMMW 3A YNPABNEHWUE HA [IOKYMEHTH

Kpemerna Apcosa — bopucoea’, Becenun Xpucmoe?

" MunHo 2eonoxku yHusepcumem ,Ce. UeaH Puncku®, 1700 Cogpusi, kremena.arsova@mgu.bg
2 MunHo eeonoxku yHugepcumem ,Cs. MeaH Puncku®, 1700 Cocpus, veso@mgu.bg

PE3IOME. BbB BCMYKM OpraHM3aLuu CM W3NON3BaT M HATPynBaT ronemu KOMM4ecTBa OT pas3HoobpasHu LOKYMEHTU — [OrOBOPW, aHEKCH, MpOTOKOMMW, (hakTypu,
6aHKOBM W3BNEYEHWs!, KOMaHAMPOBbYHM 3aroBEAM M OTYEeTU, aBaHCOBM OTYETW, OCDEPTM, MUTHUYECKN AeKnapauuu, TOBApUTENHWLM, CNPaBKM, NPEANOXEHUs,
3anoBeau, Monbu, 3asBMEHWs, YepTexw, CKULM, NNaHOBe, PELIEHWs, HOTapuanHu aktose W apyru. [loKyMeHTUTE MOxe Aa Ca KaKTo Ha XapTueH, Taka W Ha
€enekTpoHeH Hocuten. OBUKHOBEHO Npy paboTa C rofeMm KONMYecTBa AOKYMEHTH CE U3NON3BaT CUCTEMM 3a YNIpaBMeHUe Ha JOKYMEHTU. B cTatusTa ce pasrnexaar
pasnuyHUTE MOAENY NPY KOHCTPYMPAHETO Ha Te3n CUCTEMM: MH(hOPMALMOHEH, (hYHKLMOHANEH, CTPYKTYPEH, Ha cucTemata oT 6asu oT gaHHu 1 ap. MpeactaBeHa e
€eKcrepuMeHTanHa cucTema 3a ynpasneHue Ha JOKYMEHTU, NP KOSTO ce u3npobBeat pasrnefaHnTe MOAENM.

KniouoBu gymu: cuctema 3a ynpasnenue Ha JokymeHTn, CY/, KOHCTPYKTUBEH MOAEN

Introduction

Each organization has a real need for a document
management system (DMS). DMS exist to organize, store and
retrieve information accurately and effectively. They are
designed to organize files and recordings in electronic form.
They are a mean of providing more compact storage, universal
access for retrieval, a higher level of data security and privacy.
Its base features include [Bjérk, Bo-Christer, 2001]: acquisition,
storage, classification, indexing, version editing, maintenance,
use, document security. When documents are in a structured
system, more complex processing procedures, such as
tracking the life cycle of each document, are possible. They are
designed to provide the data warehouse where documents are
created, managed and stored for easier access by different
users and departments within an organization [Lownertz, K.,
1998].

When designing such a system, it is necessary to plan
carefully the various models that define its design and
operation so that it is as efficient, easy and safe as possible.
[Ralph H. Sprague, Jr, 1995].
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An experimental document management system has been
designed and developed, in which such design models have
been implemented.

Design Models in DMS

In the process of planning and building a DMS it is necessary
to consider and clarify a number of issues related to its
functioning. The solutions found determine the design models
embedded in the future EMS. Properly selected models should
provide system evolution and scalability. Such models are:

System architecture. It determines whether the system will
function as a separate local application for a single user or will
serve a team of users.

The operating system file system is generally used as a local
DMS, but in this case, the structuring of document storage and
searching does not particularly support users. There is no
further description of the documents, they cannot be grouped
by additional signs, the life cycle and the movement of the
documents cannot be traced. In some word-processing
systems, for example, Microsoft Word has built-in local DMS
components, but it is limited to documents created with this



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part lll, Mechanization, Electrification and Automation in Mines, 2018

word-processing system. In general, local DMSs are rarely
created and used.

Collective DMSs can be organized in two major ways:
distributed processing and client-server technology.

In distributed processing, a single user's work is stored on
his computer and a system for searching, accessing, and
moving documents between users is organized. This way of
working is closer to the thinking of traditional users. On the
other hand, it is very complex for implementation and
maintenance, and creates a number of problems with the
security of storage and authorized access to documents. The
number of users is limited.

Client-server technology is a network architecture type. The
administration is centralized. The server is a computer running
dedicated server software and a network operating system that
makes its resources available to other computers on the
network. On the other hand, the client is a computer that
accesses the server resources. The term client may also mean
software programs accessing server programs. Access to
resources is controlled through authentication and access
rights. User accounts are created and stored on the server.
The client is the active partner in the communication, and the
server is a passive partner, waiting for requests, processing
and returning a response. Each server can receive queries
from a large number of clients simultaneously. The connection
between the client and the server is accomplished through a
specific protocol (a set of rules of the dialogue between the two
partners).

Most DMSs are based on this architecture. Various variations
are possible: the databases (DBs) for the documents are on
the server and the documents themselves are on the client
computers or the documents and the DBs are on the server. It
is possible that most of the DMS is in the form of a client
module of the user computers. This is a good solution for a
document system limited within an organization. The
disadvantage is that access to the DMS can only be done by
computers where this module is installed. If access is needed
from anywhere, then the solution is a Web based DMS, where
itis all deployed on a server and accessed via a web browser.

Functional model. It describes the functions that the DMS
implements. Depending on what documents the system is
intended for, it may be specialized or general purpose. For
example, a specialized DMS is the one that organizes the
design documentation of a building organization. Such systems
have some specific functions related to special operations with
documentation such as selection of tender documents. The
main functions of the general purpose DMSs include
acquisition, storage, classification, indexing, version editing,
searching, using, printing, sending to specific destinations,
electronic signature stamping, security, document lifecycle;
creation and maintenance of user accounts and user groups,
user profiles, specific user access rights, personalized user
interface, etc. A separate aspect of the functional model is the
administration of the system.

Structural model. It defines the modules and subroutines of
the software and DMS hardware requirements. This model is in
direct connection with the chosen architecture and functional
model. It also depends on the database system, the security
model, the user and the information models of the system. In
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server DMSs, the technical characteristics and positioning of
the server or servers, their connection to the computer
network, the operating systems, the organization of the data
warehouse, etc. are of particular importance. The choice of the
programming language and database management system
(DBMS) depend on the architecture, the structural and the
functional model.

Structure of databases. Mostly, relational databases are
used in the DMS. It is important to properly build the individual
bases and their system organization: there must be no data
excesses, the system has to be properly normalized and it is
possibly to add new bases. It is necessary to maintain the
appropriate data for the documents and the users and for who
and when they used the documents.

To these design models can be added:

e An information model describing the movement of
documents and user data inside the system;

e A security model covering all issues related to
secure document storage, recovery from user errors
and system crash and malfunctions, user accounts
and profiles, organizing users in groups, access
rights, user tracking, etc.;

e An user model of the system that defines the user
interface, user personalizing, organizing collaborative
work on the same document, etc.

Experimental DMS description

The Experimental DMS is implemented as a desktop
application through a client - server architecture. Resources
from Microsoft are selected to the realization. The Visual Basic
programming language for Visual Studio 2010 and the .NET
Framework 4.0 platform are used to implement the client part.
For the implementation of the server side of the application,
MS SQL Server 2014 Express and Transact-SQL are used.
The Inno Setup compiler (installation software written on
Delphi) is used to create the application's installation system.

For system implementation about the server 6 tables, 11
procedures, 4 functions and 326 rows of program code are
made. With respect to the client part - 7 forms and 1490 rows
of program code are produced. The main activities of the
system are:

- Add a document to the system and allocate it to a specific
directory - To add a document to the system, the user first
describes the document by adding additional information about
it - chooses its type; the directory in which it will be recorded;
comments and labels, then indicates the required document
and adds it;

- Use of function keyboard keys - The user is given the
opportunity unless provided by the interface controls to use
relevant function keys: INSERT function key - pressing its
trigger event “click” on the Add button; Function key F2 -
Pressing the button activates the event “click” on the Edit
button; with the DELL function key - when it clicks, the event
triggers the click of the Delete button; Function key ENTER -
when pressed (in a text box) this triggers the radio button click
event (if there is one above the text box);
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- Searching and retrieving electronic documents (records) - In
the submenu “Entering and correcting” of the menu “Data
entry”, in the tab “Main data”, the user has the possibility to
search and retrieve records according to the following criteria:
Code - search is performed in whole or in part in the text field
code; Document type - searching by document type selected
from combo box; Folder - searching by folder name selected
by the combo box; Document name - searches are made in
whole or in part; Comment - search is made on a wholly or
partially entered comment; Labels - searching based on user-
tagged labels;

- Sorting - The system allows sorting of data;

- Generate sequential document type numbers - The system
automatically generates a sequential number and adds it to the
code corresponding to each document type. For example, the
user adds a document type Archive (the code is ARH), and if
no documents of this type are added to the system, then its ID
will be ARH1. If there are already 10 documents of this type in
the system, the newly added will be code ARH11;

- Link between documents - The system allows the user to add
additional documents to one master document. For example,
we have a document that contains a contract and several other
documents that are annexes to this contract;

- Revisions (versions) - Allows you to store and manage
various document revisions. This feature is useful for
documents that require frequent updates. When adding a

document, the system checks by its name if it exists in the
system and if not, then by default add rev0 to its name. If a
document with the same name exists when it is added to the
system, its Rev + revision number for this document is added
to its name;

- Opening a document - In “Correction and Input” submenu the
system allows the user to open a marked from him document
by clicking on “Path”;

- Show the size of the document and its file extension - The
system provides information about the size and file extension
of each document;

- System Administration and Security - Different levels of
access may be required for different users (when correcting
and deleting documents). The system allows a user to be
restricted in their access to correct and delete data. In addition,
a user with a lower access level cannot correct or delete a
document added by a higher-level user. Access levels are set
in menu “Users”;

- Remembering the last user who used the program - The
system keeps information about the last user who used it and
when it was rebooted, In this case it is not necessary to fill in
the User field, but only its password.

Figure 1 shows a schematic diagram of the structural model
of the experimental system client part, and Figure 2 illustrates
the scheme of the database system.

Module Authorization
Entrance
Main System Module
v v
Module Module Module Input and Module .
Folders Labels correction Document Module Users Exi
Type
Module Main data Module Additional

files

Fig. 1. Structural model of the experimental system client part
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Fig. 2. Database System of the experimental system

Users
Column Name Data Type Allow Mulls
? i char(10) r
Name char(13) r
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pass char{10) r
=
Folders
Column Name Data Type Allow Nulls
g d int r
name char(50) r
coB char{10) r
CDATE datetime r
CTIME datetime -
MpB char(10) -
MDATE datetime r
MTIME datetime r
-
Docs
Column Name Data Type Allow Nulls
T H int .-
Kod char13) r
TipDoc char(3) r
idTag char(500) r
Pat char{500) r
Mote char{500) .
Rev int r
Name char(30) "
Ed char(3) r
idFolder int r
Size char(20) "
CDB char{10) r
CDATE datetime r
CTIME datetime r
MDB char(10) r
MDATE datetime "
MTIME datetime r
-
TipDoc
Column Name Data Type Allow Nulls
g id char(3) -
name char(50) r
coB char(10) e
CDATE datetime r
CTIME datetime r
MDE char(10) "
MDATE datetime r
MTIME datetime r
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Tag
Column Name Data Type Allow Nulls
g id int r
name char(30) r
coe char{10) -
CDATE datetime r
CTIME datetime r
MDB char(10) r
MDATE datetime "
MTIME datetime r
-
__ DopDocs
Column Name Data Type Allow Nulls

g id int "
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et char(5) r
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size char(20) r
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CDB char(10) r
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MDB char(10) r

MDATE datetime r

MTIME datetime r
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Conclusion

Document management systems are an important part of the
software of any organization that works with documents. Their
quality largely determines the effective work of these
organizations. Planning and developing such a system
requires careful consideration and selection of the various
design models that will be built into it. Such models are system
architecture, functional model, structural model, database
system, information model, system security model, user model,
etc.

To illustrate this model approach, an initial version of an
experimental document management system is being
developed. It could be evaluated by:

e adding a metadata classification function;

e adding a feature that will prevent specific users from
accessing certain menus and features;

e adding a search function using metadata;

e adding a keyword search feature;

e adding a semantic analysis function to determine a
search connection;

e adding web functionality so that it can be accessed
via mobile phones, tablets, etc.;

e giving an ability to upload multiple documents
simultaneously.
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