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Jucepramiiiie JOCHIPKEHHSI CIPSIMOBaHE Ha BHUPIIIEHHS AaKTyaJbHOI
HAyKOBO-TEXHIYHOI 3a/ladi 31 3HIKEHHS E€HEPrOBUTpAT y MpPOLECi MPUTOTYBAHHS
HI3PIOBATUX OETOHIB y 3MillyBayax MPUMYCOBOi [Ii MIJISXOM BHU3HAUYEHHS
reOMETPUYHUX MapaMeTpiB poOOYOro opraHy Ta OOIpYHTYBAaHHS palliOHaJIbHHUX
KOHCTPYKTUBHUX 1 KIHEMAaTUYHUX M[apaMeTpiB 3MINIYBAJIbHOI YCTAHOBKU 3
ypaxyBaHHSIM CHJIOBOi B3a€MOJIl pOOOUMX OpPTraHiB 13 PO3YMHHOIO CYMINIIIIO Ta
YMOB (OpMyBaHHS OJHOPIAHOI CTPYKTypu Marepiany. Ha ocHOBI oTpumaHux
pe3yabpTaTiB Po3po0JIEHO Ta BUIPOOYBAHO 3MIIIYBajJbHY YCTAaHOBKY IPHMYCOBOIT
Jii, BU3HAYEHO 11 TEXHIKO-€KOHOMIYHY €(EeKTHUBHICTh 1 MPAKTUYHY AOLLIBHICTH
BIIPOBAXKEHHS y Oy/liBeJIbHE BUPOOHHUIITBO.

VY nepmioMy po3aili BAKOHAHO OMJISLJT CYYaCHOTO CTaHy HAyKOBO-TEXHIYHUX
pillieHb JUIsl IPUTOTYBaHHS OyJIBENbHUX CyMIIICH, a caMe Hi3AproBaTUX OETOHIB.
Po3misiHyTO posib mpouecy 3MilllyBaHHA Y (OpMyBaHHI CTPYKTYpU Ta (I3UKO-
MEXaHIYHHUX BJIACTUBOCTEH OCETOHHMX 1 PO3YMHHUX cyMimei. I[IpoBeneHo
Kiacu(ikamiio 3MIIIyBaylB 3a [PUHUUIOM [ii, PEKUMOM poOOTH Ta
KOHCTPYKTUBHUMH  O3HaKaMH, T[POAHAi30BaHO TEpeBard ¥  HEHONIKH
3MIINIyBaJbHUX YCTAaHOBOK. [lpuiimeHo yBary 3millyBadaMm MPUMYCOBOI il SIK
HaWOUIbII MEPCHEKTUBHUM Il MPUTOTYBAaHHS HI3APIOBATHX OETOHIB B YMOBax
Majoro BUPOOHHMITBA Ta Ha OyaiBedbHOMY Maiinanuuky. IIpoananizoBaHO
HAyKOBMI BHECOK IPOBIJHUX HAyKOBIIB Yy rajy3l 3MIIIyBaHHS Ta YCTaHOBOK JUIf
BUpOOHMIITBA OyaiBesnbHUX MaTepiamiB. ChopMynbOBaHO METy Ta OCHOBHI
3aBlIaHHS JUCEPTAIliiiHOT poOOTH, OOTPYHTOBAHO 1i AKTyaJbHICTh 1 JOIUIBHICTH

nogaJibnuX TCOPECTUIHUX Ta CKCIICPUMCHTAJIbHUX ,Z[OC.HiI[)KCHB.



Y napyroMy po3auli HaBEACHO TEOPETUYHE OOIPYHTYBaHHS poOOUHX
MIPOIIECIB 1 PEKUMIB POOOTH YCTAHOBKH JUIsI IPUTOTYBAaHHS HI3APIOBATUX OETOHIB 3
BEPTUKAJIHO PO3MIilIeHNM BajioM. Ha 0CHOBI aHamnizy KOHCTPYKIIi 3MilIyBaJIbHOT
YCTAaHOBKH Ta MPUHIUNY Aii cPOPMOBAHO KIHEMATUYHY CXEMY Ta BHU3HAYCHO
OCHOBH1 €JIEMEHTH, $SIKI BXOIATH JO CKJIaay YCTAaHOBKHU. BuKoHaHO aHami3
B32€EMOJIiT POOOYNX OPTAHIB 13 PO3UMHHOIO CyMIIIIII0. BCTaHOBIEHO [1iF0 OCHOBHHX
CWJI, [0 BUHUKAIOTh Yy Tpoiieci 3MinryBaHHs . OOTrpyHTOBaHO BIUIMB I'€OMETPUUHOT
dbopmu JomaTei Ha BEIUYUHY OMOPY PyXYy B PO3UMHHIN CyMiIIl Ta 3alIpOMIOHOBAHO
KpUTeplli i1 TOPIBHSAJIBHOI OLIHKK PIi3HUX MNpoQiIiB  poOOYMX OpraHiB.
Po3pobneHo MareMaTHuHy 3aJ€KHICTh JJIs BU3HAUEHHS IOTYXXHOCTi, IO
BUTPAYAETbCAd Ha MEpPEMIIIYyBaHHS YacTUHOK Yy poOOYOoMy 00’eMi 3MilIyBaya.
OTprMaHO MaTeMaTH4HI 3aJE€KHOCTI, KOTpPl BpPaxOBYIOTh BHUTpaTH €HEprii Ha
HIATPUMKY IIBUJIKICHOTO PEXHUMY CYMIIIl y 30HI BHUXPOBOTO IMOTOKY Ta Ha
MIOJI0JIAHHS CHJI OTIOPY MPH B3a€MOIT JIONATEH 13 MaTepiaioM.

Y TpeTrbOoMy poO3aUII  TMPEACTaBIeHI EKCIEePUMEHTAIbHI  JOCIIIKCHHS
poOoUMX MPOLECIB YCTAaHOBKHM JUJIi NPUIOTYBaHHS HI3AproBaTuX OeToHIB. Jlis
MIPOBEACHHS EKCIIEPUMEHTAIBHUX JIOCTIKeHh OyJI0 CTBOPEHO YCTaHOBKY MJIst
MPUTOTYBAaHHS HI3/IPIOBATUX OETOHIB 3 BEPTHUKAJIHLHO PO3MIIIEHUM BajoM, SIKa Mae
B KOMIUIEKTI 3MIHHI poOoul jomari pi3Hoi KoH(irypamii. Ha nepmomy etami
NPUAUIGHO YBary BIUIUBY TE€OMETPUYHUX TMMapaMeTpiB poOOYOro opraHy Ha
7000BUH OIIp JIONATi yCTaHOBKUA. BUKOHAHO psii AOCIIIB ISl KOKHOTO poO0YO0ro
oprany, SKui Mae pizHy Gopmy sonati (y ¢opMi OpsIMOKYTHOTO niepepisy, y (hopmi
YMOBHO TPHUKYTHOTO Tiepepidy, Y ¢opMi Kpymioro mepepizy) 3MillyBajibHOT
YCTAHOBKM JJI BU3HAYEHHS BUTpAT eJieKTpuuHoi eHeprii. IlpoBemeHo tpu-
(bakTOpHHUI EKCIIEpUMEHT 3 BUBEICHHSAM (YHKIIOHATBHOT 3aJIeKHOCTI IS
KO’KHOTO po0OO0dYOro oprany, SKui Mae pi3Hy (opmy Jjomari, 1m0 OMUCY€E BIUIMB
napameTpiB (4acy mepeMillyBaHHS, 4acTOTH 0OepTaHHsS poOOYOro opraHy Ta
PYXJHBICTh CyMIllll) Ha EHEPrOBUTPATH YCTAHOBKH 11  TPHUTOTYyBaHHS

Hi31proBatux OeToHiB. [IpoBeaeHO aHaNi3 eHepreTHYHOI e(PEeKTUBHOCTI YCTAHOBKHU



Ha OCHOBI €KCIEPUMEHTAJbHO OTPUMAHHUX JaHHX Ta BHU3HAUEHO 3aKOHOMIPHOCTI
3MIHM CHJI ONOPY Ta CIOKHBAHOI MOTY>KHOCTI 3aJIeKHO Bif ¢opMu Jionmareil Ta
pexumiB  pobOotu. I[IpoBeneHO ekcrepuUMEHTadbHI JOCIKEHHS 3 METOIO
NEPEeBIPKY MIITHOCTI TOTOBUX OETOHHHX BHUPOOIB ‘‘3pa3KiB-KyOiB”’ BHUTOTOBJICHHX
YCTaHOBKOIO JIJI MPUTOTYBaHHs Hi3proBaTux OeToHiB BianoBigHocTi 10 JCTY b
B.2.7-45:2010.

VY yeTBepTOMY PO3MLII HABEICHO PE3YJbTaTH BIIPOBAKEHHS PO3pPOOICHOI
YCTaHOBKHM [JIsl TPUTOTyBaHHS HizaproBatux OetoHiB YnlIHB-100 B ymoBax
BUPOOHMIITBA 1 NPOBEJCHO OIIHKY 1i TEXHIKO-€KOHOMIYHOI €(EeKTUBHOCTI.
JleTalbHO ONUCAHO KOHCTPYKTUBHI OCOOJMBOCTI YCTaHOBKH, IMPUHLUI ii poOOTH
Ta HaBEJEHI OCHOBHI TEXHIYHI XapaKTEPUCTHKH, IO HIATBEPIKYIOTh
BIJIMOBIJIHICTh YCTaTKyBaHHS BUMOTaM Cy4YacHOTO Oy/iBEILHOTO BUPOOHUIITBA.
HaBenena metoamka po3paxyHKy KOHCTPYKTHBHHMX IapaMETpiB 3MillyBaJbHOT
YCTAaHOBKHM, 10 0a3yeTbcsi HA  TEOPETUYHMX Ta  EKCIEPHUMEHTAIbHUX
nociipkeHHax. HaBeneHi pesynbraTd BUPOOHUYMX BUIPOOYBaHbL JOCHIIHOTO
3pa3ka B peallbHUX YMOBax OyAiBEbHOIO MaijaHYMKa Ha MiANPUEMCTBI
TOB «ACOEP I'PYIl» Ta TOB «IIPIMYM AKTUB», sxi  maTBepanIv
mpare3 aTHiCTh, HAIIMHICTh Ta YHIBEPCAJIbHICTh YCTAaHOBKH TPHU TMPUTOTYBaHHI
HI3[poBaTuX OeToHIB Ta (iOpoOETOHIB. 3ampONOHOBAaHI PEKOMEHMAL] 1100
NOJANBIIOTO BIOCKOHAJIECHHS KOHCTPYKIIT YCTAHOBKU 3 YPaxXyBaHHSM IT1JIBUILICHHS
MPOAYKTUBHOCTI, 3MEHILIEHHSI MaTePiaJIOEMHOCT] 1 pO3IIMPEHHS (PYHKIIIOHATBHUX
MO>KJIMBOCTEH.

KuouoBi cijioBa: OeToHO3MIITyBay 3 BEPTUKAIBHUM BaJiOM, TOTY>KHICTh
MPUBOJY, MAaTEMaTUYHE MOJICIIIOBAHHS 3MilllyBaya, eHEProe(eKTUBHICTh, pOOOUNI
Opras, Jionarb, 3MIIIyBaHHS, 3MIIIyBad MPUMYCOBOi [ii, €Hepris pyxy CyMilii,
HI3pIOBaTUil OETOH, KIHEMAaTHKa PyXy YaCTUHOK, JIOOOBUH omip, OETOHHA CyMill,
OyIiBeIbHUN  PO34YMH, 3MIllyBaJIbHE OOJaJHAHHS, TEXHOJOTIUYHI PEKUMHU
MPUTOTYBAaHHS, MAaJora0apuTHICTh, OJHOPIAHICTH CyMillll, TPOXYKTUBHICTS,

aKTUBHMM poOOYMII OpraH, KyT aTaku JIONaTi.



ABSTRACT

Kulai V. P. Justification of working processes of equipment for the
preparation of cellular concrete. - On the rights of the manuscript.
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The dissertation research is aimed at solving the actual scientific and
technical problem of reducing energy consumption in the process of preparing
cellular concrete in forced action mixers by determining the geometric parameters
of the working body and substantiating the rational structural and kinematic
parameters of the mixing plant, taking into account the force interaction of the
working bodies with the soluble mixture and the conditions of formation of a
homogeneous structure of the material. On the basis of the obtained results, a
mixing plant of forced action was developed and tested, its technical and economic
efficiency and practical feasibility of implementation in construction production
were determined.

In the first chapter, an overview of the current state of scientific and
technical solutions for the preparation of construction mixtures, namely cellular
concrete, was carried out. The role of the mixing process in the formation of the
structure and physical and mechanical properties of concrete and soluble mixtures
1s considered. The classification of mixers according to the principle of operation,
mode of operation and design features was carried out, the advantages and
disadvantages of mixing plants were analyzed. Attention is paid to forced action
mixers as the most promising for the preparation of cellular concrete in conditions
of small production and on the construction site. The scientific contribution of
leading scientists in the field of mixing and installations for the production of
building materials was analyzed. The purpose and main tasks of the dissertation
work are formulated, its relevance and expediency of further theoretical and

experimental research are substantiated.



The second chapter provides a theoretical justification of the working
processes and operating modes of the installation for the preparation of cellular
concrete with a vertically placed shaft. Based on the analysis of the design of the
mixing plant and the principle of operation, a kinematic scheme was formed and
the main elements that are part of the plant were determined. An analysis of the
interaction of working bodies with the soluble mixture was performed. The action
of the main forces arising in the mixing process has been established. The
influence of the geometric shape of the blades on the amount of resistance to
movement in the soluble mixture is substantiated, and criteria for the comparative
assessment of different profiles of working bodies are proposed. A mathematical
relationship has been developed to determine the power used to mix particles in the
working volume of the mixer. Mathematical dependences were obtained that take
into account energy costs for maintaining the speed regime of the mixture in the
zone of vortex flow and for overcoming resistance forces during the interaction of
the blades with the material.

The third section presents experimental studies of the working processes of
the unit for preparing cellular concrete. For experimental studies, a unit for
preparing cellular concrete with a vertically placed shaft was created, which is
equipped with replaceable working blades of various configurations. At the first
stage, attention was paid to the influence of the geometric parameters of the
working body on the frontal resistance of the blade of the unit. A number of
experiments were performed for each working body that has a different blade
shape (in the form of a rectangular section, in the form of a conditionally triangular
section, in the form of a circular section) of the mixing unit to determine the
electrical energy consumption. A three-factor experiment was conducted with the
derivation of a functional dependence for each working body that has a different
blade shape, which describes the influence of parameters (mixing time, working
body rotation frequency and mixture mobility) on the energy consumption of the

unit for preparing cellular concrete. An analysis of the energy efficiency of the



installation was carried out based on experimentally obtained data and the patterns
of changes in resistance forces and power consumption were determined
depending on the shape of the blades and operating modes. Experimental studies
were carried out to check the strength of finished concrete products "cube samples"
manufactured by the installation for the preparation of cellular concrete in
accordance with DSTU B V.2.7-45:2010.

The fourth section presents the results of the implementation of the
developed installation for the preparation of cellular concrete UdPNB-100 in
production conditions and an assessment of its technical and economic efficiency.
The design features of the installation, the principle of its operation are described
in detail and the main technical characteristics are given, confirming the
compliance of the equipment with the requirements of modern construction
production. The methodology for calculating the design parameters of the mixing
installation, based on theoretical and experimental studies, is presented. The results
of production tests of the prototype in real conditions of the construction site at the
enterprises of TOV «ASFER HRUP» and TOV «PRIMUM AKTYV», which
confirmed the operability, reliability and versatility of the installation in the
preparation of cellular concrete and fiber concrete, are presented.
Recommendations are proposed for further improvement of the installation design
taking into account increased productivity, reduced material consumption and
expanded functionality.

Keywords: concrete mixer with vertical shaft, drive power, mathematical
modeling of the mixer, energy efficiency, working body, blade, mixing, forced
action mixer, energy of movement of the mixture, cellular concrete, kinematics of
movement of particles, frontal resistance, concrete mixture, mortar, mixing
equipment, technological modes of preparation, small size, homogeneity of the

mixture, productivity, active working body, blade angle of attack.



