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EXPERIMENTAL STUDY OF HOURLY PARAMETERS TECHNOLOGICAL ROUTES
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Timing of time parameters of technological routes of the transport-technological system of the
quarry of the metallurgical enterprise is carried out. Statistical characteristics and distribution laws
of the above parameters are determined.
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Ilposedene xpoHomempysanus 4acogux napamempis mexHoI0SIYHUX Mapuipymie mpaHcnop-
MHO-MEXHONIO2IYHOI cucmemu Kap €py Memanypeitino2o nionpuememea. Busnaueni cmamucmuyni xa-
Ppakmepucmuxyu ma 3aKOHU po3nooiny GUe3a3HAYeHUX napamempis.

Knwuoei cnosa: xponomempagic, 3aKk0H po3noOiLy, 4ac 3A6aHMANCEHHS, YAC PO3BAHMAINCEH-
H5l, MEXHON02IYHI NPOCMOL, MEXHOAOSIUHT MAPWPYMU, PYXOMUL CKIA0, BAHMANCONRIOUOMHICTD.

Problem’s Formulation

Quarry dump trucks are an important element of the transport and technological system of
mining quarries. In this regard, the task of solving the problem of improving the efficiency of the sys-
tem as a whole by choosing a rational fleet of rolling stock, taking into account changes in traffic con-
ditions and the random nature of the time parameters of the transport process. Solving the task requires
obtaining characteristics of the time parameters of the transportation process for further performance
of the task.

Analysis of recent research and publications

The transport network in the quarry is a complex system consisting of a large number of active
elements — dump trucks and excavators of individual types. This system is characterized by relatively
rapid changes in the parameters of traffic flow in space and time, as well as random values of the time
of individual processes, such as maneuvering vehicles, loading and unloading, traffic on the route. Op-
timal operational planning and management of quarry transport can increase its productivity by more
than 20% by reducing downtime and queues [1]. As a result, the process of transportation of technolo-
gical raw materials by dump trucks in mining conditions does not meet the requirements of the modern
transportation process due to inefficiency of existing methods of managing fleets of heavy trucks,
which are insufficiently adapted to operating conditions in technological cycles of metallurgical and
mining production [2].

Analysis of works [3—12] on aspects of selection and approaches to the selection of rolling
stock shows that sufficient research has been done on the selection, formation, calculation, economic
feasibility of using a particular type of rolling stock on technological routes of industrial enterprises.
Thus, in [3] it is argued that the choice of vehicles requires a comprehensive approach, the essence of
which is, above all, that the issues of transportation, unloading, loading and warehousing are consi-
dered simultaneously and in conjunction with other issues of technology and organization production.
The choice of vehicles is based on the generally accepted method of assessing the economic efficiency
of new equipment and investments. The initial data required for the selection of the most economical
vehicles include: characteristics of the goods transported; route information; data on the volume of
cargo transportation by the consumer, etc. In [4] the existing approaches to the definition and under-
standing of the term "choice of rolling stock™ in transport logistics are considered. The paper [5—®6]
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highlights the issues of existing and modern methods of calculating the rolling stock and their short-
comings.
Formulation of research purpose

Given the peculiarities of the fleet of heavy-duty dump trucks on technological routes, it is ne-
cessary to obtain time characteristics, namely — loading time, unloading time, downtime, travel time
with cargo, travel time without cargo, which will solve the problem of choosing a rational fleet.

Presenting main material

Timing of time parameters of technological routes of the transport-technological system was
carried out on the technological routes of the quarry of the metallurgical enterprise. The motor trans-
port subdivision serves the technological routes of the slag processing subdivisions and carries out
transportation of technological wastes and products of processing of the main production to ensure a
continuous production process of the main production of the metallurgical enterprise. The research
was carried out on the technological routes of the open-hearth slag processing area of the slag
processing plant. Timing was carried out during four working days in two shifts (from 08.00 to 20.00
and from 20.00 to 08.00).

Timing was carried out according to the following values: time of zero mileage (t,,.p.), load-
ing time (t55), Unloading time (t,035), time of driving with cargo (tis,, saur.), driving time without
Cargo (tis, ces sant)- Also recorded downtime (t,,) of technological and physiological nature.

Timing was carried out according to the following values: zero mileage time, loading time, un-
loading time, driving time with cargo, driving time without cargo. Also recorded downtime of tech-
nological and physiological nature. The study was conducted using the Wialon software package.

The results of statistical data processing are summarized by the timing of time parameters of
technological routes are summarized in tabl. 1.

Table 1. Basic statistical characteristics of time parameters of technological routes

Parameters of

: . Standard Minimum, Maximum,
technological Mean Variance . .
error min min
routes
tisy. san. 7,561 17,153 0,128 1,1 18,933
tisn 6es pant 5,507 16,226 0,124 0,1 17,567
taas. 6,654 40,118 0,195 1,1 69,52
tposs. 3,603 35,237 0,183 0,667 114,75
Downtime for one 5,354 220,451 0,458 0 191,083
ride, min
Number of riders 19,811 17,618 0,577 4 29

Values in the first six lines were obtained from 1056 riders. Values in the latter were obtained
for 53 changes in the operation of cars.

The results of the experiment showed that the number of rides of each car during the shift is not
a constant value. According to the received data it is clear. That the average time of one ride for each car
is 19,811 minutes. The histogram of the distribution of the number of riders is presented in Fig. 1.

The parameter number of rides is subject to the normal distribution law with x = 19,811 and
y = 0,577, the probability density f (x) of which is as follows

1 (x—19,811)2

— ¢ 2(0577)%
0577v2p

Fig. 2 presents a histogram of the distribution of downtime on routes. This parameter is sub-
ject to the normal distribution law with X = 5,354 and y = 0,458, the probability density f(x) of which
is as follows

f&) =
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Fig. 1. Characteristic of the parameters of the number of riders
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Fig. 2. Characteristic of the idle time parameter

This characteristic is mostly related to the "human factor”, which is quite difficult to analyze.
According to the obtained data, the unloading time has a histogram shown in Fig. 3. This pa-
rameter is subject to the normal distribution law with X = 3,603 and y = 0,183, the probability density
f (x) of which is as follows
1 _ (x—3,603)2
N =—"_ ¢ 2(0183)%
1(2) 0,183v2p
The load time, the distribution diagram of which is shown in Fig. 4 is also subject to the nor-
mal distribution law with X = 6,654 and y = 0,195, the probability density f(x) of which is as follows
1 (x—6,654)>

x)=—— o 2(0195)2
f@x) 0,195V2p
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Fig. 5 and 6 show histograms of the distribution of driving time with and without cargo. These
parameters are subject to the normal distribution law with x = 7,561, with X = 5,507 with y = 0,128,
y = 0,124, the probability density f(x) of which is as follows

1 _(x—=7,561)%
x)=—— o 2(0128)?
fx) 0,128V2p
1 _(x—5,507)2
)= ——" ¢ 2(0124)2
f@x) 0,124+/2p
Conclusions

Analyzing the results, we can conclude that downtime before loading (unloading) of cargo can
occur on any ride during the work shift. This is due to the fact that during the movement of the car on
the route, the value of the time parameters may be such that there are conditions of downtime. In this
regard, it can be concluded that the occurrence of downtime on technological routes is probabilistic.

Histogram: Var3
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Fig. 3. Characteristics of the unloading time parameter
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Fig. 4. Characteristics of the feed time parameter
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Fig. 5. Characteristics of the parameter of driving with cargo
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Fig. 6. Characteristics of the parameter of driving without cargo
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EKCIIEPUMEHTAJIBHE JOCIIIKEHHA YACOBUX ITAPAMETPIB
TEXHOJIOTTYHUX MAPIIPYTIB ABTOMBIJIIBHOI'O TPAHCIIOPTY
MPAIIOIOYOI'O B KAP'€PI METAJIYPITMHOI'O MIJIIIPUEMCTBA

Cepena B.I1., MykoBcbka JI.51., Cepena /1.b.

Po3BUTOK ramysell BITYUM3HSHOIO BUPOOHUITBA B 0araThOX acleKTax 3ajieXHTh Bil edeKkTHB-
HOCT1 (PyHKIIOHYBaHHS BaHTaXHOTO aBTOMOOUITFHOIO TPAHCIIOPTY, OCHOBHA 3a/1a4a SIKOTO IMOJISTae B
opraHizalii CBOEYaCHOI JOCTaBKH BaHTaXiB 3 MiHIMAaJIbHUMU BUTpaTaMu. He BUHATKOM € 1 mianpuem-
CTBa TipHUY0-BUI00YBHOTO KOMIUIEKCY, Ha SIKMX OpraHi3allis BaHTA)XKHUX MEPEBE3CHb, SKa XapaKTepu-
3Y€THCS CKIIAJHUMH YMOBaMHU €KCIUTyaTalil Ta 3a0e3neuye oOCIyroByBaHHsS BUPOOHUYMX Kap €piB, a
came, TIepeMilleHHs BiAXOIB METaIypriiHOro BUPOOHMITBA Ta BUAOOYBHOI CHPOBMHHU Ha TIPHUYMX
MiAMPUEMCTBAX.

3aBAsgKU CBOIM MepeBaraM aBTOMOOUIBHUN TPAHCIIOPT IIMPOKO 3aCTOCOBYETHCS PI3HUX TipHH-
YOTEXHIYHMX YMOBAX MPaKTUYHO HA OUIBIIOCTI MiAMPUEMCTB TipHHUOA00YBHUX rany3eil Ykpainu, Ha
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3aITi30pyIHUX Kap'epaX YKpaiHH aBTOTPaHCHOPT HaOyB HAHOLIBIIOTO MONIUPEHHS: HUM TEPEBO3STH
o6mu3bko 60...70 % yciel ripunyoi macu. OOcAT IUX NepeBe3eHb Ha BETUKUX TpHHY0-30aradqyBajgbHUX
koMmOiHaTtax Ykpainu Ta Pocii mopoky cranoButh 30...130 mumH.T. 30kpeMa B YKpaiHi Ha 3ai30pya-
HUX Kap’epax MIOPOKY MepeBo3saTh aBToMo0uIssMu 50...125 MiTH. T BaHTaxiB.

B nmanuii yac Ha kap’epax MPOMUCIOBUX IMiIPUEMCTB HAOLTBIIIOr0 MOMIUPEHHS OTPUMAaB aB-
TOMOOUTEHUI TPAHCIIOPT, @ CaMe, BETUKOBAHTAXHI Kap €pPHI CAMOCKUIM ISl IKOTO XapaKTepHi MOOi-
JIBHICTH 1 BIHOCHO HEBUCOKI IMOYATKOBI KaIliTAJIOBKIAACHHS. Jliama3oH TEXHIYHMX 1 KIIIMATUYHUX
YMOB, B SIKUX 3aCTOCOBYIOTHCS Kap'€pHi aBTOCAMOCKH/IH, HaJ[3BUYAHO IIMPOKUH, TOMY JliHilTKka MoJIe-
Jiei 1 MomuGikaiiid y KOXKHOTO BUPOOHUKA BETbMU pi3HOMaHITHA. [lepeBe3eHHsI CHPOBUHU Ha BITYM3-
HSHUX BUPOOHHYUX MailaHYMKaX Kap €piB TIPHUYO-BUI00YBHUX MiAMPUEMCTB MEPEBAXKHO 3/IiHCHIO-
€THhCS Kap €PHUMH caMOCKHIaMU Mapk bemA3, siki Bipi3HSIOTHCS BUCOKOIO MIIHICTIO, 3HAYHOK Ba-
HTa)KOIMITHOMHICTIO H BEJTMKOIO EMHICTIO Ky30Ba.

Ha croromnimHiil 1eHs Iepe aBTOTPAHCIIOPTHUMH MiIPO3IUTAMH TIOCTAE 3a/1aya 30UThIICHHS
MpUOYTKY 1 MiABUIICHHS e()EeKTUBHOCTI CUCTEMH YIIPABIIHHS IIEPEBI3HUM IIpOIIecOM. Y Kap’epax Tip-
HUYO0-BUAOOYBHUX IMIIIPUEMCTB MEPEBE3CHHS BAHTAXKIB 3/IHCHIOETHCS B MIHJIMBHX YMOBaX 30BHIII-
HBOTO CEPEIOBHINA Ta TMOB’I3aHA i3 BUMAKOBUMH TporiecaMu (BUXi 3 Ay PyXOMOTO CKIaay, HaBa-
HTa)XYBaJIbHO-PO3BAHTAKYBAJILHUX MEXaHI3MiB, BUPOOHHUYOro OOJIaJHAHHS,KIIMAaTHYHI yMOBH). SIK
HACJIJIOK, 116 3YMOBIIIOETHCS TIOSIBOIO OJIHI€T 3 OCHOBHHX IPOOJIEM MU MEPEBE3CHHI CUPOBUHU — TI&
HasIBHICTh IPOCTOIB TPaHCIIOPTY MPHU OYiKyBaHHI HAaBaHTAXKEHHS 1 PO3BaHTAXCHHsI, 1, K HACHIJOK,
HEIOCTaTHS e()EKTUBHICTh BUKOPUCTAHHS HaBaHTAXXyBaJIBHUX 3ac00iB i camockuiB. lle mos's3aHo, B
TOMY YHCIi, 1 3 TUIAHYBaHHSIM MEPEBE3CHb 0€3 ypaxyBaHHS JISIKUX IMapaMeTpiB, MO BILUIUBAIOTH HA
e EKTUBHICTH MEPEBI3HOTO MPOIIECY.

JlocmimpkeHHs MPOBOIMIIOCH HA JIUISIHIN MTepepoOKH MUTAKY METATYPriifHOTO MiANPUEMCTBA Ti-
BIHS YKpaiHu. XpOHOMETPaX MPOBOAMBCS TMPOTATOM YOTHPHOX pobounx nib y aBi 3minu (3 08.00 1o
20.00 Ta 3 20.00 mo 08.00).

XpoHOMeTpaxk 3/iHCHIOBABCS 32 HACTYITHUMU BEITMYMHAMU: 4ac HYJIBOBOT'O MPOOIry, Jac 3a-
BaHTAXXCHHS, YaCc PO3BaHTaXXCHHS, Yac I37KM 3 BaHTaXeM, Jac i3nku 0e3 BaHTaxXy. Takox ¢ikcyBaiu-
CsI IPOCTOI TEXHOJIOTTYHOro Ta (i3ioJaoriyHoro xapakrepy. JocnimKeHHs TPpOBOANIOCH 3a JOIOMOTOI0
nporpamuoro nakery Wialon.

AHaNi3yroun OTpUMaHi Pe3ylIbTaTH MOXKHA 3pDOOMTH BUCHOBKH, IO TIPOCTOI aBTOTPAHCIIOPTY
nepesl HABAHTAKEHHSIM (PO3BAHTAXKCHHAM) BAHTAXY MOXYTh BUHHKATH Ha Oyb sKii {3111 mpoTarom
pobouoi 3MiHu. Lle moB’s13aHO 3 TUM, IO 33 Yac MPSIMYBaHHS aBTOMOOLIS Ha MapIIpyTi 3HAUCHHS 4Ya-
COBHUX IMapaMeTpiB MOKe OyTH TaKuM, [0 BUHUKAIOTh YMOBH IPOCTOI0 aBTOTPAHCIIOPTY. Y 3B’S3KY 3
UM MOXHa 3pOOUTH BHCHOBOK, [0 BUHUKHEHHS MPOCTOI0 aBTOTPAHCIIOPTY HA TEXHOJIOTIYHUX Map-
HmIpyTax Ma€ iMOBIpHICHHI XapakTep.
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