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TECHNICAL SCIENCES

COMBINED PERMEATION GROUTING TECHNOLOGIES USING ULTRA MICROFINE CEMENT

Alekseev V.
Head oflaboratory of Department of technology of binder and concrete,
National research Moscow state university of civil engineering"

(NRU MGSU)

Abstract

In geotechnical construction, it is often necessary to improve the basement soils. One of the effestive way
of ground improvement is grouting, which is a variety of technologies in which cement grouts are injected into the
soil, that increases the physical and mechanical properties of the soil. Ultra microfine cement (especially fine
binder, microcement) used the technology of solidification or strengthening soils allows to expand the scope of
application of ground improvement.

Keywords: grouting, ground improvement, permeation grouting, ultra microfine cement, especially fine
binder, microcement, sedemer.

In the context of new underground constructiorior soil stabilization [2, 3]. At the moment, 5 main
and the development of the underground space in citiggputing modes can be distinguished for ground im-
the use of gentle methods and technologies is requirgalovement that are applicable in almost all soil types:
Grouting for soil stabilization is the most effective - ground improvement with jegrouting technol-
method when itd necessary to solidify soft soils. Theogy including theisgle fluid system, double fluid sys-
advantages of grouting over other methods are the fleblem and triple fluid system (3&t Jet2, Jet3) - jet
ibility of the technology that allows to use of variousgrouting [4];
methods with various materials and equipment, the du- - fracturing (compressive) grouting of soils [1, 4];
rability and manufacturability of the cement stabitize - consolidation grouting of soils (ta#oid grout-
soil mass (soitement). ing) [1, 4].

Soils are usually characterized by a high degree of - permeation grouting (penetratirigjection) of
heterogeneity, which requires different approachesoil pore filling by an injected grout of finely dispersed
when working when performing procedures to improveinders (OTDV, or also called ultra microfine binders
them [1]. The development of science and technology ultra microfine cement or microcement) using the
has led to the appea@of new materials for grouting cuff technology or advanced injection method [2];

Table 1.
Parameters of various technologies for cementation fixing of soils.
U J - dzts dgtg dizfl dlzls Gl didledbalogy of grouting of soil
Parameters of cement{ Jetgroutingl| Jetgrouting2|  Fracturing Consolidation | Penetrating
tion fixing of soils grouting of | grouting of soils| injection
soils
Typeof soil Sand, sandy Sand, sandy Heavy sandy| Technogenic soil Sand, light
loam, loam,| loam, loam,| loams, loams rock soils sandy loam
clay clay clays
Maximum  compressi
strength of the soitemer 14 5 11 Up to 18’5 (for. 27
technogenic soil

array(MPa)
The_rr_]aX|mum radius 0.45 0.9 05 08 08
the fixing (m)
MaX|m_um intensity of sg 190 520 15 50 9
consolidation (I/min)
Volume of sludge (pul
output per 210 310 0 0 0
ing (1)
Consumption of bind| Up 0950 for| ;1,680 | Upto195 Up 10350 Up 0350
per 1 mj of| replacing

Each of the abovementioned methods has its own Innovative achievements in modern materials sci-
sphere of application and is necessary for ground inrence have atributed to the appearance and implemen-
provement forconstruction projects with a weakenedation of finely dispersed binders (OTDV, or also
bearing ground foundation, when protecting buildingknown as ultra microfine binders or ultra microfine ce-
from the effects of new construction (including underment) with the degree of dispersion of up to 25000
ground), when installing grout cutoff certains [ 5]. 30000 cm] / g which are used
lization instead of standard cements according to
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GOST 101785. New technologies and higlch au- ing of soils takes place, and at the second stage, the per-
tomated equipment made it possible to carry out pemeation grouting of zones of the soil to be stabilized,
meation grouting without hydraulic fracturing, even inand grouting of the first stage ensures fixation of the
fine and sandy loam soils [6]. The particle sizes of suahicrocemengrout in the injection zone of the second
ultra microfine cements are characterized by indicatostage.

up to d95 = 3.5.5 microns, i.e. at least 95% of the vol- The analysis of the work and theoretical research
ume particles have nominal diameters of at leas6®5 allows us to draw the following conclusions:
microns. 1. When choosing a method of ground improve-

After analyzing table. 1 the advantages of usingient in dense urban areas, the possibility of combining
permeation grouting of ultnaicrofine cement for con- a grouting tehnology with the most effective safe
struction projects requiring minimal impact on the surworking method should be taken into account.
rounding buildings become obvious because in this 2. Adaptation in a single technological process of
case, the greatest strength of the pillars of thecsosil the Jet2 technology with the permeation grouting of
ment is achieved (up to 27 MPa), and low injectiomltra microfine cement allows the formation of fixed
pressures have a niinal effect on the soil mass andvolumes of soilwith higher strength and water re-
significant dimensions of the saiement mass and a sistance.
high degree of uniformity of the fixed soil are achieved 3. To stabilize mamade heterogeneous soils, a
[1, 6]. method of symbiosis of consolidation of an array by

The analysis of technologies and comparison gfermeation grouting of ultra microfine cement with the
parameters shows that the combination of individugrevious consolidation grouting process is effective.
technological parameters of the stages of grouting,
taken according to the optimal characteristics, allows References
you to most effectively realize the advantages of 1. Katia Boschi, Claudio Giulio di Prisco, Matteo
adapted ground improvement methods by grouting [Qryem Ciantia. Micromechanical investigation of
2, 8]. grouting in soils /Anternational Journal of Solids and

Based on the experience of work on gnegtand Structures Volume 187 15 March 2020, Pages 121
the analysis of work of other sources, it is obvious thdt32.DOI: 10.1016/j.ijsolstr.2019.06.013.

a combination of grouting technologies using ultra mi- 2. Bazhenova O.Yu., Bazhenova S.I. To the
crofine cements in the following variations has a cleassue of improving the quality of cements // Successes
positive effect: in modern scienc&017.Vol. 6. No. 3. Pages -&B.

1) The symbiosis of the jefrouting with double 3. Ibragimov M.N., Semkin V.V., Shaposhnikov
fluid system (Je2) with the permeation grouting of ul- A.V. Some problems of soil fixation with solutions of
tra microfine cement. The process can be describedragrocements  //  Academia. Architecture and
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pleted, a ultra microfine cement grout is pumped into it 4. Moiseeva Yu.A., Tokareva Yu.A., Kaloshina
at a low pressure and flow rates. In this caséhenrii- S.V. Comparative characteristics of jet cementing
tially formed array, filling of open capillaries of the po-systems Jet, Jet2, J¢-3 // Modern technologies in
rous space occurs, including larger injection channet®nstruction.Theory and practice. 2018. Volume 1.
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Abstract
The article reflects the need to improve the flame retardant properties of portiere fabrics to ensure their fire
safey. Research results of flammability indexes of portiere fabrics with different fibrous composition before and
after processing with a flame retardant are shown.
The aim of the research is to study flammability indexes of portiere fabrics before andeafiierretardant
processing.
Tests on portiere fabrics flammability before fietardant processing showed their nonconformity with the
specified requirements and confirmed the need for fire protection.
On the basis of the conducted research it is pexpos use the new flame retardant Flame Stop for the
processing of portiere fabrics of different fibrous composition. It will improve their fireproof properties due to the
high content of phosphorus and nitrogen in aminotrimethylenphosphonic acid, nedtvéth ammonia with the
addition of a foaming agent. There has been found out the optimal concentration of the active substance in the
retardant Flame Stop to make portiere fabrics of different fibrous composition hardly flammable.
It is shown that thendicators of tensile strength of portiere fabrics processed by Flame Stop almost do not
differ from the corresponding indexes determined before processing and correspond to the specified requirements.
There has been proved the possibility of using chernleahing to care about portiere fabrics processed by
Flame Stop, preserving their flame retardant properties.
sdzs yjor j isck®ec®B j L stf Ofdzetsils! , §tels! jtoder | IsCOded, BcedzjlL
f zOd3j dzv j d3tsflsd .
Keywords: fire safety, portieréabrics, flame retardants, flammability indexes.
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Abstract

According to tke results of the analysis of the system of optimal software control of the phlegm drainage
process in lowtemperature evaporators of the technological complex of secondary condensation of ammonia pro-
duction, the main goal and criterion of control quality @stablished, namely economic efficiency and static error.
The process of modeling the control system in the MatLab package with the definition of the algorithm and pa-
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Yylsts fsLotsdzddts dO2isd 4 §Otr dtser s MoyjlOodd?2, ddjshdna
Miislste dgdz" » S @BY L dlsder 7§ lis MUAG HED Plsd fazlsza® Mish) @ dzif dedivc s4) v
MtcOodzj dzedt M COdesdzgd yd MEts2 §tsmdzj Hise Olsj dz' desmis! 8 sy il M
fitedHOyd dqdWtsttdsOydd 1 [1y. ltedojH]jdO BiSHdCO ftsdmEO
Cotetej dzw ydsdegzB 2 S bBhREKOY By ils Brlsy dmMitsd Lo OdzO HddzW {1
MlstezC yd?2 Hdzv Htekzecdr SCBBISLdld = fsMdzj HBo Olsj dzt dzsilsj 2 4
Abstract
Issues.The demand for the noidi&ke signals (NLS) these days are set by the qualities that they innate, which
allow to provide high interference protection of the broadband communication systems (BCS) while transferring
confidential information within the open channel, especially for the emergency situations. Despite the NLS theo-
ries are already widely used aneélitknown within these networks, the wireless communication networks are in
constant demand for the clarification in terms of the new data on the Barker code sequences building, that are used
in the wireless networks for the wider span using the DireateSeg Spread Spectrum (DSSS).
Target. This research targets for finding the analytical expressions of the Autocorrelation function (Serial
Correlation, ACF) of the composite Barker codes and compliance check of the ACF with the new code construc-
tions of the composite Barker codes using theaarrelation method of the source composite codes modeling.
Methods. The analytical calculation methods implementation, and simulation using the MatLab software.
Results. The analytical expressions for the autocorrelation funaifahe composite Barkezodes are ob-
tained. Modelled simulation, which confirmed the ability of the quantity of the composite sequences increase from
12 to 48. New composite Barker codes are derived; the receipt methodology is provided.
Conclusion.Analytical expression for theutocorrelation function of the composite Barker codes is provided.
Shown that ACF of the composite Barker codes, same as the ACF of the canonical Barker sequences, from which
they are derived, have the same inner product and autocorrelation functianerisies, that allowed the known
composite sequences increase from 12 to 48. Similar ACF code construction combination pairs pattern is found,
that allowed to find 4 new combination pairs binding the same ACF. Calculations show that for the obtained
commsite sequences the growth of the NLS strengthening coefficient may draw up from 3.01dB to 10.41dB within
the 1MHz speed of information transmission. Presented, is the methodology for the new composite codes with the
same autocorrelation function searclhieln can be used for the new code construction combinations search as
well as other composite Barker sequences.
sdzs yjor j Cfipaetso @ OtcC jtc®O, CsBYtSLdlsdz §j SCtsHT 1 Ot jtcO, Ol
Keywords: Barker codes, composite Barker codes, autocdioaléunction.
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Abstract

Since our independence and the restructuring of our country, there have been serious structural changes in
construction, new technologies have appearedymaethods and rules have changed. The introduction of com-
puter technology in construction is explained by the fact that these technologies significantly reduce the design
and construction time, reduce costs, simplify and facilitate the work of engineers.

Goals.Integrated research and implementation of computer technology in our country. Search and develop-
ment of a qualitatively new development strategy that will serve our country.
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Keywords: construction, design, new technologies, design programs, future.

sO¢ " Ld&ZOj i3 I sdavIsd) dnbizsdtdtmMBo sORRm@&B@L G- §dh ks,
Qodzdrm otcj d3j dz. Clss HBECOBJ &zOflso @G O twE Hj O hddi)lsstste diwfiteO B H T,
Cdd dmissyded ¢ d, Hdzj o dzd ¢ dv "tafals def ~dzjd Mdgpzzet dzef iPisj Tdj 2 ffdzd BT
dtsedj Htkzedj HEBCOL Olsj dzehbzdzOn mideticlstyds,| dif Intsp fsdzjSd@z” 7 ¢ dz
e Bts MtststelzyjddY¥ dJddd Lwmodkds, cdp sl ] s Ytbdds dids] L iPajpdiej o3
L BB - Oded L dBStsasc Plizg dzyy ge' PN defiglsdgizlssHT , &Bj - OdedL &3 S tstster |
j dzZstse . [ fdzd it ls! JEfhestdee j. f JeOBdHE mj -

O ftetsddzd jhj Hts 3 Isr fwry jodtg jlsogvd txsO hojtdj dijtelzd., ) tcOL o d
j BBGEHO Htejoddj fMlistetsd Isfjtirde dfdmfififyj dalztealr je Ols gzh getsdgise  d, ¢
d CodmbtezSydd. 1 MmOty daso 5t dods H tsls O sEBfdzd Is j todzr R
sdiW dzlzlsT, yYlts BdzsSd B Mpftcd dazdzr Misg jo,j o€ OWE i3t 's5 Is j todzr o
Hdzoyg dgdej @ dzO 3, frtsyj Mzl Gt @B e’ Ig OCH Qjls o 5L @Y dzs:

SNGNSGO NG T
— 0

a3
T



The scientific heritagBlo 48 (2020) 23

Stej Hj Ozj dedzz ® OB GSIE o ¢ 50 I8 yaRdevddg d) tadsEadis Is Erds) s GsHpi e &5 @) dz0
Gsdscdd f§swe dddi:! dzj MieaLGA, Y jf) MO dadjlsdd jHglzvy i @eusde = € 5 BB
d StdRf ' shjted o kjrdskscdi sy iy G oz 6 S @B cOPO L O-
fesctOdd’ , Jdmstekzdj ds' , Msf8@LH B Pdzy k d otc Grffsugisf - d3tsy dzts
Isj dz' flse j . 1 o’ j IsEE defsdzig @&dgdt (Hryfte ("1 Bdedf,3 € .

B dzd B L qetseo Odzd L OlsteOls’ twOBBHJEOBAI -~ Odefi ¢t BEo J 1 @ f 3¢ M
KOS g, bt Ykt MOBs] -c¢ @O tzgPls dL drddsoOybigsie ks oBfs H j dzd 15 ¢
Mt d. Mlsj2, ©OMUjkO GBI jd&se &jyHE

d
Yj ez OB ISk o d3j fijls ™ "lsdizfoQijClsO . d fi} njttaodz 22 itdsjadf j W . 1 Is
CGlsse dlIsj dz' dzlsOitfl l9stO ft; tc thdidgsHgits? B8 ' Is Mzs?2 e jtendshlsd
ded § d dey-d dz) ig@aBls § dz! dz" = tc OBCsiss Az, FHH FRE O; fsdzj L desets d M
sted Isd 2 fids@ft Isdtetso Odzd § L HEOAIYd Is j Wl [sEsjctsls F iddzsvy, ©OL OB SIs
SHdzs dL o Oy ddjReB & H jsddf js azj HS@RBAsH;d d3B MiIsd § s Mw ydese s EZud
HOdz hj dHil MHOYO o 1 ¢ fMtezkvOldn@ydsti. &30 HOj s otsL disy dzatsfls!
10" tOLeBotste BRZHjIs dHled ttHitdis djy JetOlayjjtslgr i lg@3fso . ClIlsts |

ltedo jHl ftoddjte dzj MSsdzdzdn C PlzpdziceOtgdg, 7 CssBY S 59 HIESB T
6r j] foiscOsl ftod tOMy] SORY, (idsgsdslsjtads od® dad dizOds j s d O dzts o
Mistetsdlsj dz' Misej Rissted® jalddgh j EMistwOdA d cwoO¥Vduimcédn ®KOIJte
L dzO j off ldnjlsdz tsh) Is afzy B SO L D dzd 2 Isfaidy H®iFelzlstse, B jiMfjudoaOjls o
Ndded?2 MmMemstsdls dL dzj MS 5 dsSdRzsmME0 ] ttaihayg sgekdtas g LOs sis.
1 sOf ®sydts §SHBBEOK! € Ry § i3 d dair® § of deds'e jolOiRBlz to d  dzO dzd y
d dzd dhistezd3j dzls Csltstes) fBEHI S WwWOGHEWDES dzdgs Hj €AY Mise |
9 e

f tsH

TotsLojH] ] [LHOEZE ¢ OC Mugkdr@lds: defju eldr IsOlIsT Hdzw dnr BYyJ o
B0y dzz¥ wOBlsE d ofMj tokydsGls jtc AOGsESy tis BEOD it C j j Gstztsdz = 3O
f'5bj©e0 d fLEcEeodd. | O @bkyGHDU® joHdsdidris: e i (ted
9" j d Mbotjd3gjdedzr j Isjrdzsgz€éddh o JUBSIE ZOFGT 2 =0 tOMyd Is
otsLO jHjdedW LHOdzdw. v jtfjteROMmf & jlQOY dets jeisit ) o3 diz@fj BOIs- tcOB 5
tdoOls! (e tcOdd’ HEA c) 5 jdgjdadvdadt dzO de@ Muzj sz dz' & BOMM st
dzd W f dzsh OH S d Hdzw Mmls tc 5 Isisdz!, ) lsfaddg ¢ o O] disy @ LdzpHRESlc OL dzf § dzO
gL MCOIsjdz dz" = t©OBKSIE dZOyYJdOjIshmw L jdBgdzvdz § tOBtSIsT
Benomoctn 06 vpeMons 3eMNAHLIX PaboT € PaINOXMEHHEeM NO NEoNOrMYecKkMM CNOAM
Vivn obnexra
| Rara 28 9 2011
Cnoél neresas Ne IFD Ofsess mueMOs CNOA NENes] W
Baaue aaseaax OFM 0
MOCUIHG-T DABHIHER CMACH 1 L5943
UleGenn 2 2301
Cynecu, C BXpannenaMK NecKa 3 55780
MMt MO HMHLG 4 M7
ITaCon KDy amh 5 354186
Mecox Cpewnh 6a 22358
Hroro | 490926

tdfm. 1. lteddkjtt ojHBBEMIS SBI jBse LjdkdYd & OBk

1 sdzy fsHmMyud sO B! j d3tsg MUy Gzd @A G J tc Geastsle L ¢ st Hfifs,d dzd ¢ OC
tej H BjIstsdzdzr d3d tcOB tsls Od3d Baumgnis Cdnfgiisltc €dlufn IsRals, Dtki, OFiedler,
dzzB € d . s0O¢ L dz0J o3 fitclistsHadgale) thuienndbeck, Hrseifain@, d19chebeck, Kern,
yd i, d tsdz0 MtmisOs dzv j Is Malhus, Mdyg, Noep Quinerdzd2ort; PatcBas Bdsi,
rdzw Emstets2 Mmise s Odzke 8¢ RiogiakztPletfalr) f Reter, L RingdD, Is Stande © Stdidle,
LOtelzB j ydzgr j { tEmraSchalfizdsts f O d&zi@etsdigr, FavoriteDak, Monolitbuild, Hipro, Oprus.

dz' § MmdmbBokaz" ftsls [ees?2 dL dedm (ddzd dzj MStsd C5
EuroSchald dzd 1OS¢ 3 Jj ftesccOBZB@OMMOTl td OFOMYJIlsy Hdzv wOMY J Uy
"[J[o(o[lq)IUqu)", ftoj HdzOL @ 22D, Hgw s CtzOQ My ydpslsBOS G 5 tOL t6j L C

w@h’$$jizdzdw fjtej Ster Isd2, N didsssd dyts fiddipls, © daf telar S dadatell - H dzd dz@ Mls j
B dzZstse Y Od&zBSCd @O € tdf o] iz fpmttgEd. d ) dgdssBld R Htekd
CLOBBO wodvwjlkMmw bkddsjtehmOdips22)]. fsLotdyjl toOM-
MudlsOk! MsMsOodvshd) CtdRfdjSkO dstct fosdLos-
Hdlsj dzv s Odzkze ¢ d. dtocjHd ftojHEZOCO] 5" = { dzj di3j delsts o



24 The scientific heritaghlo 48 (2020)
BEE

|I™ EuroSchal® 2004 Copyright by Schewe
|D P~ = a uiepre:nen
i__On ceepxy
|8+ =<
¥ paxpes
‘ Onanyfa nepespuimst
‘ MNoKasaTe cHMBOmS!

MOKA3ATE MEIO HIABHT 2N
NokasaTs CTPOKY COCTOAME

1250 Cm

250

i 330 1330 Cm

| 10 [ | Ainger Master (AL Master)

[ dm. 2.cofyidi@® 5§ OkkeCdEmMBBRA Lz » §GsdttOdd]

yissB" ©OMMyYdlsOls: s Odzlze G jdzjssiedeOs H dedss o0 dfdids -f sd 6 O My,
Mssdz ttj HOCIste] f tetsc tcOBAY tc sdz@OdEDo (QEd§' dz' T IdzjHdEB dzdv fyd fyls § |
EMmlsOdztso dIs! dzOdBtsdzj j Y Isdeddorjds’jj Hdz"s HIJQE) diitc Jedzf dp@o g
EmsOodasth@afze S d. s ftcOo ddz@dyy d3tsy jds JV st ez diedisi®©ls' o tOmyj Is
sOCdd S0O0¢: dimf sdz L tso Odzd gzt eOdE" & H 5 15 dats 3 def3di ) df [ -Edepls
dMmMfsdz' L soe Odzdj N dlstse H tsiyiadjde fifls QeGEzMiClczOR $ B 5 Mt Hdz's-Bs S Ols §
L9 Odzadj EZSCOLOdzdz' 7 | Odzd M™ddy s de,0 Mtfutg ] digOdzg je JOfASH- Hdzv 9 O
BOdz dese s MftsMsB O ff sHBtsStc@ thts Isixfo |, o0 tdzjfiplyj Qs o CCOs P HJAs sdgj IStsH T
ssdzt €5 9] telsd S Odzfndigy M Oeadafzs dfsP drB dzty /3O d M sdz! L 2 d3Fr 7 dBOIs §
fsdz L 50 Ols! hdlsr stsdz: €5 At jsH p dzjj digdetdd] &  Bslsn O, w  d dzfpls
sCtsdzts Mtssdd fteOoddz Hdzv afrdygtsQy detsh)dgisdzf detfy C B d tktse Ols: fls

pCd&ZOHT M j2, MlswyjC, CodiigeaObsctsda, Ot sGEs H oY O4 j o] C 6
Cier sdw boyse, LOStlkcd) GEdp doOHsddH | Dz fzh uf by ©dzj dzls
fMisjdz, YijttifOHtse o Misls MsPiphyudEsaEPIls s OB K Id didst] dn¢ s
COMMydis® o @f Bz SO § i) C &' IstfOS fpldeDsitpigd s HiPo j ¥ j 65 B j I
1@y 0 ( e By.



25

The scientific heritagBlo 48 (2020)

;i“-

BIICICICIONE

» O

» eononm

» OTAEMSHO CTORLNE
¥ JlenTounsie
ENENEY
heF3

» Yronxoesie n, c,

» Eyposue n. c.

» Nogsan

% Peaxinp. noc samn.

» MpoeKTMposaLMe

|
Deckenstarke: 30 cm

" | resultierende Gesamtlast: 9.16 kN/m?
| Deckenniveau oben: 3 m

Doka empfiehit folgenden Eurex-
Stiitzentyp:
Top 30 - 300 - SR oben

Die Berechnung erfolgte auf Basis des
folgenden Eurex-Stiitzentyps:
Top 30 - 300 - SR oben

Tragfahigkeit: 41.2 kN

Quertragerabstand: 0,50 m
Jochtragerabstand: 2 m
Stiitzenabstand: 1.86 m

GemaB EN 12812 ist eine Verkehrslast von 0,75 kN/m?
und eine variable Last von 10% einer massiven
Betondecke, mindestens 0,75 kN/m?, jedoch nicht mehr
als 1,75 k/m? berticksichtigt (bei Frischb [
2500 kg/m3). Die Durchbiegung in Feldmitte wurde mit
1500 beschrankt. Bei Hohlraum-Flachdecken treten
wesentlich geringere Deckenlasten auf.
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USE OF 6DIMENSIONAL SPACE FOR DESCRIPTION OF GEOMETRIC CONFIGURATION OF
MACHINE PARTS

Prudence Musoko
Far Eastern Federal University,
Vladivostok Russia
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Abstract
In the production of parts, the outcome of the manufacture is not as ideal as it is geometrically represented
during its modellingSurface shape errors and location ergsrsrs are encountered and hence resulting in non
ideal objects which if not considered whilst going through the modelling procedure will result in a lot of rejects
being produced and hence losses to the manufacturing company. An investigation isatdiféetent geometric
spaces on the presentation of fid@al geometric parts, and the tools proposed for solving geometric problems in
6-dimensional space.
sdzsk Wjor jofpig By Mits] fesMisteOdhiseots, ¢jtkjlstedud M dd
sOdgPph ddz, Isjrdesdzbed™w dGBOM JdesMmistetsy ded W .
Keywords: geometric space, geometric objects,-id@al objects, machine parts, engineering technology

Introduction structure whichcharacterizes the relative location of
Manufacturing technology, grouped into addicthe surfaces
tive, molding and subtractive, serase common pur- In this article, we will look through the traditional

pose in all these groups, thus ensuring an intended ggometrics spaces that are in use to this day, which are

ometric configuration (within the permissible errors)the Euclidean 3D geometric space, Lobachevski geo-

[6]. A geometric configuration is regarded as areprenet r i ¢ space and t teginlihti | bert 6
sentation of a combinatorial configuration into a geowith the problems afore mentioned. We will also look

metric space andlso idetified as a set of points in a at the sixdimensional space proposed by Leluykhin

geometric space that is used to represent a geometiitd Kolesnikov, on how it addresses the 2 problems.
object[1]. These geometric objects consist of a poinRrecise presentation of geometric objects helps to im-
segment, line, curve, polygon, polyhedron of a giveprove the efficiency in solving emggering problems,

dimension [2]. The geometric objects play an importargs well as in other fields.

role inthe modelling of machine parts using CAD sys-  Brief history on the development of different

tem before the actual manufacturing process$i[8 e o geometric spaces

metrical modelling is a general term applied to three  The use of diagrams in geometry has a long history
dimensional computesiided design techniques. Therewhich dates to around 1700 B.C Babylonian clay tab-

are three main types of geometrical modelling usetkts found by archeological investigatioog ancient

namely: line or wireframe modelling, surface modelMesopotamian city mounds at the end of the nineteenth

ling and solid modelling. Each have their own applicse ent ury [ 4, 5] . One of the fir
tions in the design of engineering components which Elements written by Euclid around 300 B.C which in-
dependent on the ability of the method to model certagorporated most of the preexisting mathematics. Euclid
geometric structures effectively and genertihe cor- set 5 axioms and gave exp#ions to prove geomet-

rect dat a f ©his can ordylbg achieveu richl fafts. In this book, first notions of mathematical

provided, the conditions of the geometric space suppgmoof and the logical development of a subject encoun-

it. However, with the traditional geometric spacesered in Greek mathematics. There was a misunder-

there are 2 unsolved problerie first of these is that standing with the Baxiom (known as parallel axiom).

modern geometry tools caot operate with noideal This led to the disaery of norEuclidean geometry.

shapes and configurations of material objects. The sec- In the 1820s, Gauss, Lobachevsky, and Bolyai in-

ond problem is the absence of the methods and tooldividually discovered the neBuclidean geometries as

for describing generation circuits geometric objectd, hey wer e unconvinced with EU
from the manufacturing lines and the ending of the
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Bernard Riemann a student of Gauss who further stud- Euclidean geometry
i ed Gaus s 6 sEudideankgeometriesnaso Euclidean geometry is a mathematical system at-
developed his own alternate to the Parallel Postulateibuted to Alexandrian Greek mathematician Euclid,
Ri emannds Al ternat e -edigt-v evhiah hexlescribetl ia his tekébak om Heometryn The
ents of parallel lines geometries. The +i€urclidean ge- ElementsThe parallel axiom occupies a special place
ometry developed by Riemann could be modeled onim the axiomatics of Euclidean geometry as it is what
sphere hence referred to as a spherical geometry ordistinguishes it from ncifuclidean geometry [4
liptical geometry. 5].The space of Euclidean geometry is usually de-

David Hilbertos F o u n d scribédas ia set of@bjects@iehoemiands; called "poihtss,
first version of which was written in 1899 [8]. Hilbert "lines" and "planes”; the relations between them are in-
developed axioms Howevat turned out that the goal cidence, order ("lying between"), congruence (or the
of finding a finite set of axioms from which all of math-concept of a motion), and continuity.
ematics could be derived was impossible to achieve. Euclid defines a solid as that which has length,
and showed that there was a unique geometry that dateadh, and depth and the face of a solid is a surface in
isfies his axioms, so that any fact that is true in that geis first and second definitions. He further describes
ometry B a logical consequence of his axioms. He thesther geometric solids such as cube, sphere, cylinder,
developed Hilbert space. The mathematicians such @sne and many other§]|
Archimedes, Descartes, Fermat, Leibniz, Gauss, Loba- The properties of Euclidean spare described by
chevsky, and Boole played a role in the discovery & finite-dimensonal real vector space, which is an inner
non-Euclidean geometry, the arithmetic mathematicgroduct space over the real numbétaclidean 2di-
and the formalization of logic; the logic diagrams; upmensional space is composed of 3 orthogonal planes
to the recent developments in the theory of reasonikgown as X, y and z planes. A point P in thdirden-
with diagrams[7]. sional space is represented byastp hx  where eao

of the x, y and z values represent the position of the
point in each plané-ig. 1).

'Y L 4
c [~ e
“~. Pla,b,c)
* yz-plane
M b ¥ xz-plane ¥
= : . /JJ L] =
0"~ N 0
Bf S ommn=e w zy-plane
F X & xr
a) o)

Fig. 1. 3dimensional Euclidean geometric space
a) point P in Euclidean space b)-ptaner planes in Euclidean space

In the Euclidean -8limensional space geometryEuclidean geometriegareferred to as hyperbolic ge-
for parts modelling in engineering, the CAD systenometry which is the geometry that was established by
uses various methods such as Exhaustive enumeratibobachevskyBolyai-Gauss geometry) and elliptic ge-
cell decomposition, constructive solid geometry andmetry by Riemannian.
boundary representation, among others. 2.2. Lobachevski space

Now consideringhese applications, it show that Nikolai Ivanovich Lobachevsky was a Russian
the Euclidean geometry cannot be used to illustrate theathematician and geometer, wiheented hyperbolic
generating loops on how the parts can be produced gesometry, otherwise known as Lobachevskian geome-
the elements applied are already finished parts for etty. Lobachevskii space is a n&uclidean hyperbolic
ample, a sphere is just defined by the center and radigpace whose definition relates to concepts of the geom-
without any attempt to does not just automatically apetry of a pseudduclidean space defined by the axioms

pear but one has to carry out some processes to obtafr_obachevskii geometryy n Lobachevskyo6s

it. try, instead of the fifth Euclidean postulate, the follow-
Non-Euclidean geometry ing axiom is accepted: at least two straight lines lying
Euclidean geometry refers to "flat" geometryon the same line and not intersecting it pass through a
which is also known as parabolic geometry, while-norpoint not lying on a given lind={g. 2).

g
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Fig. 2. Lobachevski geometric space
a) 5-axiom interpretation in Lobachevsky space b) Lobachevsky plane surface

Lobachevsky geometry can be distinguished from Euclidean geometry by considering thiatrasena
triangle Fig. 3).

EUCLIDEAM HYFPERBOLIC
Fig. 3. Difference in triangle presentation, in Euclidean space and in Lobachevski space

I n Lobachevskyds geomet Mbstofthepbasic mperties of Hitbértgsates dré n e s
in a plane either intersect, are parallel, or are divergingelatively straightforward generalizations of the prop-
I'n Lobachevskyds geometreytiabkl of h édimersiogndl bpgades tiat wea mi b e
proved without using the parallelism axiom are prehave already encountered. We can distinguish Hilbert
served. space by considering the following:

2.3. Hilbert geometric space - a point in ndimensional space ruples,

David Hilbert (18521943), a German mathemati- (¢ Fo fio Foo Fesdty ), whereas a point in Hilbert spaces
cian and physicist initiated many of the most commo(infinite dimensional space) a point is represented by an
infinite-dimensimal spaces which are today classifiednfinite sequence of numbe,f fi Foo FeB.
as Hilbert spaces , which are a natural extension of the Now having these points as shown above, to fur-
concept of a finitedimensional vector space with a scather describéHilbert space, we will use the theory of
lar product (i.e. a finitelimensional Euclidean space orcalculation the distance of the points from the origin.
a finite-dimensional unitary space). In factafscalar Firstly, we consider finitelimensional spaces:

product is specified in a finitdimensional vector space For an ndimensional space using the same princi-
(over the field of real or complex numbers), then propple, distance from the origin to poidt is
erty 6), which is called the completeness of the Hilbert & " & G T O T
space, is automatically satisfied. 8 » T
David Hilbert was motivated the need to under- d No & o 8 O

stand sets of functions to create and study infidite For a pointd in an infinitedimensional space
mensional spaces which is known as functional analyse distance from the origin is
sis (study of abstract sets of functions). Hilbert refined P — P P
axioms (1) and (5) as follows: o T 8

- For any two different points, (a) there exists a

line containing these two points, and (b) this line is a .M @ (‘) @ ® 8
unique (1) 9 P (®) Now using the distance formula above from the

- For any line L and point p not on L, (a) thereorigi”' the sum underneath the square root sign can ei-

exists a line through p not meeting L, and (b) this lind"e"
is unique (5).
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i. idiverges, 0 that i s, t6-timenspnaigpadee comes | ar ger
than any number that we can imagine provided we add The 6dimensional space was proposed by 2 Rus-
enough terms in the series or sian professionals in the field of mathematics and engi-

i. Aiconver ge o ;hatnd matter how ahaesing, Lelyuhin \E. and Kolesnikova v. [3, 4].
many terms in the sum we add together, our answer re- The 6dimensional geometric space is established
mains smaller than s ome bésedxos tthe pnincipidof the degrelesuos freedbneusddli n f i -
nite sumd under t he s quwheemachmiogtparts.iThe degrees ¢f freedorm use the s o me
number. theory of transformation, 3 rotational (angular) and 3
If the sum inside the square root sign convergetranslational/ (along the plane) giving a resultant of 6,
then the pointd f Foo Fro FB8. belongs to the Hilbert hence 6 degrees of freedom. Just he other geomet-
space. If, however, the sum diverges, then we conclude spaces discussed above, a set of postulates are set
the corresponding infinite sequence of numbers doesd in this case the following are the proposed:
not represent a point in Hilbert space. For example,a - AConsi der i ng -adimgnsionali cul ar
pointd  (2,2,2,2) does not cler space psohe goinivef pbrigin &hd the existence of real
bert space geometric objects whose propest match the proper-
The geometric theories described above hawees of the surrounding material objects in the aggregate
helped in the manufacturing field to: state of the rigid body with
1. Create, draw parts in various shapesandforms - fiTo form objects, it is poc
2. Visualize and adjusting the parts that are to beetric configuration of an object is formed by a finite
constructed number of complex cgugate or intersecting surfaces
However as perfect objects, which does notapply(r? 1) t hat form a cl osed space
in the actual manufacturing process. In summary,thes3u b st ance wi th th3 specified

different approaches do not solve the problems afore - Geometric space is defined by 2 types of vec-
mentioned so now we will look at thedémensional tors,linear and angular vectors as shown in the figure
space that was proposed below, where the angar vector is the value (angle) be-

tween the two linear vectors lying in one plane indicat-
ing of the direction of rotatiorHg. 4) [3]

a
a
P
6)

a)

Fig. 4. Two types of vectors: a) linear; b) angular

Having defined the main assumptions used in thgystem. The @limensional space consist of 2 orthonor-
6-dimensional space, we can then look at the coordinateal coordination system with the same origin.

— —
€z (,j_{f'cz

To

e D(y
a) b)

Fig. 5. Coordination spazin 6dimensional space a) coordination systems consisting of three linear vectors
b) coordination system consisting of three angular vectors
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The 2 coordination systems are then supper i mposed
this is shown in the Fig. 6.

-
eZ
L?cz
0 ~ Cx
N Y —
- ocy x
€y

Fig. 6. Forming the basis of a sdimensional space

As shown in Fig. 6, base vectogi@ @ and lines which are: straight linéscorresponds with linear
o [Pp Pp known as basic vectors and the angular vedector. The first derivatives in all its points coincide
tors® P b are arranged in mutually perpendiculaf@re constant) and circla) i corresponds with angular

planes, which in turn are perpendicular to the respecti\\/gqor' Circle is a line at which th? first derivat of
linear vector< Fé fie the increment between any two pairs of equally spaced

The elements that make up basic geometrical coﬂ(-)tS are equal.
P 9 - Surface an endless, smooth tabmensional

figurations in the &imensional space are points, lines . . . ;
and surfaces and are thefd as: space formed by an inseparable plurality of lines in the

icinity of each of which there are not more than two

- Pointfi s the original gd[a&er?t,ibtﬂ no c%tgﬂhgu% %ger?llltsgt of SUrflc& &

more complex _ellem_ents. This eilem_ent. has Z€ro dlme@'Iimited by any various forms acceptable for the ex-
sions. The position in space ethi point is determined

by only three linear coordinates kiR ) istence in the above stimensional space. Three sur-
y only three e ! e faces are considered elementary surfaces: plane, cylin-
- LineT an infinite onedimensional pace rep-

resented by an inseparable set of points. Characteris(,]lle—r and a sphere

v in the vicinity of int belonaing to the li Plane, cylinder, sphere is elementary (FiQ,
cally, in the vicinity of any point belonging to the N€.since the fact that only the surface kinematically may
are not more than two adjacent points that are not

contact with each other. It may be noted that each Iir%cjot[]n;i?r;zng two elementary lines produdirigie

is continuous, smooth dninfinite. There are 2 basic

de
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Fig. 7. Example of the basic object configurationidiBiensional space using elementary lines
Conclusion the past. However, most of these contributions only ad-

This article analysis 4 geometric space modeldress the general geometry without focusing on the ap-
mainly focusing on their application in the configuraplication of these spaces in the mechanical engimge
tion of geometric objects and their relevancy in pafield especially on when modelling of parts. Good
modelling during machinery production. From the hisenough, Lelyuhin VE, Kolesnikova OV, propose a ge-
tory given in tle text, it is evident that a lot of attemptsometric configuration system that addresses 2 main
have been made in enhancing the geometric field over
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problems related to the configuration of geometric otef dimensional ties / Bulletin of the Engineering School
jects, applying some engineering principles. @bthor of the Far Eastern Federal University. 2015. No. 4. P.
analyses 4 geometric spaces so as to in an attemp8id2.

resolve the abovmentioned problems. A conclusion 3. Lelyukhin V.E., Kolesnikova O.V. Geometry
was then made that applying theli@hensional geo- of real objects in shipbuilding and ship repair. Vestnik
metric space model due to the following listed adef Astrakhan State Technical University. Series: Ma-

vantages rine Engineering and Technologies. 2020;1431 (In
- unlike all the other 3 that only sebn linear Russ.) DOI: 10.24143/20785742020-1-31-44.
properties to define an entity, thedBnensional geo- 4. VE. Ld yukhi n, . V. Kol esni k-

metric model gives a more specific position through theonkratova Formation Automation of Geometric Con-
angular coordinates. This is essential in the modellinfgguration of Real Machine Parts. A.A. Radionov et al.
of the parts as it can assist in determining the fixatiofeds.). Proceedings of the 5th International Conference
of a geometric object on Industrial Engineering (ICIE 2019), Lecture Notes

- The model clearly outlines how the solids arén Mecharcal Engineering, pp. 12119.
constructed using the points and lines, not as boundary 5. A HISTORICAL INTRODUCTION TO
determiners but as generated by the basic componeisEMENTARY GEOMETRY
This makes it possible to present real objects other thhatip://mypages.iit.edu/~maslanka/119notes1.pdf
the other systems that are only resticto ideal objects 6. V.E. Lelyukhin, O.V. Kolesnikova and T.A.
which are not applicable in real engineering situation&uzminova, "Classificabn of Methods for Forming

- The solid generation method proposed in alSurfaces When Machining Parts on Machine
lows for the presentation of naedeal geometric objects Tools," 2019 International Science and Technology
as the lines are not bound to be of the same size. ®onf er ence " Eastwdaonf", VI a
example a cylinder gendeal from lines Ic (circles)can 1-5. doi : 10. 1109/ Eastuagonf .
be of different radius giving an imperfect profile thus 7. Pisanski, Tomaz & Servatius, Brigitte. (3)1
nonrideal parts profile (real parts). Geometric Configurations. 10.1007/9081768364

The work is done under the supervision of Candit_6.
date of Technical Sciences, Associate Professor Liettps://www.researchgate.net/publication/315543117_
lyukhin Vladimir Egorovich at thEEFU Engineering Geometric_Configurations
School. 8. FranzErich Wolter, Martin Rater Geometric

Modelling for Engineering Applications Book August
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Abstract

At present, the use of autonomous asynchronous generators as alteauaties ef power supply to enter-
prises, as well as for personal needs, has rather great prospects. Their operation encounters difficulties due to the
need to identify damage in the windings of the generator, as well as the development of its protecdiditid he
discusses the developed devices for protecting the generator from damage in the stator winding.
sdzt Yyjor J cdag sc@Ilsstc, B ERsSISEO MIsOstcO, ftsotejyHjddw, L
Keywords: generator, stator winding, damage, protection
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Abstract

The article discusses the fages of calculating the asymmetric steady state of a-fiirase induction heater
of aluminum ingots, according to the results of which a correction of the inductor circuit is proposed. By means
of a special circuit solution, it is possible to ensurerétpiired uneven distribution of currents and power over
three sections of a thrg@ase inductor with symmetric phastate power consumption of the induction complex.
The proposed circuit for switching on sections of the inductor, provided that locabntésnodes are created,
avoids the use of boost boost transformers. The results achieved by the correction of operational characteristics
are presented on the vector diagrams of currents and voltages.
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Keywords: asymmetric thre@hase load, induction heating, steady state, vector diagram of currents, asym-
metry coefficient, hybrid analysis.

Introduction . Threephase inductors of a longitu- of electricity, which may require recansction of the
dinal magnetic field of industrial frequency are widelypower supply system.
used for heating cylindrical aluminum ingots in the  To quantify the asymmetry of currents and volt-
press industry [1]. Under conditions of ssaproduc- ages, measurements are used, the results of which de-
tion, the thregohase switching on of induction unitsvelop measures to overcome the inappropriate condi-
provides the resulting efficiency of converting electriction of the power supply systems of induction equip-
ity to heat, since unit capacities of inductors can reachent [7]. In additio to measurements, mathematical
values of 1 MW or more [2]. The operating modes ofnodeling is used as a modern means of studying elec-
inductors and technologicatéquirements are diverse. tromagnetic modes, which is highly efficient and safe
The greatest power, as a rule, is concentrated in the owhen creating extreme equipment operating conditions
put section of the induction heater. Therefore, despif8]. Conducting a numerical experiment as an alterna-
the threephase nature, the consumption currents itive to the plysical one, for numerous reasons, seems
phases are not the same, and the load is asymmetric f3{tremely beneficial [9]. However, for its implementa-
A certan contribution to the resulting asymmetry oftion, it is necessary to equip the hardware and software
power consumption is made by the drift of the paramenodeling tools with adequate mathematical models that
ters of the induction system during heating [4]. Changzan reliably calculate the magnetohydrodynamic, elec-
ing the parameters of some installations can reath 1&ical, electrothermal and electromagnetic modes of
20% [5]. Such modes can cause an increase in losse®dern equipment [10].
as well as a deterioration in the operation of electrical Formulation of the problem. From the condition
machines and workshop equipment, up to the emef uneven distribution of power among sections of a
gency state [6]. With limited power of the distributionthreephase inductor, the result inevitably follows
network, phase asymmetry sharply worsens the qualiéd@gymmetric power consumptian phases. To create



The scientific heritagBlo 48 (2020) 37

extreme currents in the sections of the inductors, reso- Solution. Given the complexity of calculating the
nant modes are applied, which are tuned by regulatimgymmetric modes of thrg#hase installations, when
powerful capacitor banks. In addition to capacitosolving the problem of modifying the circuitry of in-
banks, typical schemes of induction plants often comtuction equipment, machineriented automated tools
tain transformer volige regulators, so the power supplyshould be used that allow you to quickly monitor the
circuit of the device is complicated. At the same timegesult of changing the connection circuit of windings
the circuitry of induction equipment can be modified irand compensating devices [12]. The choice of a model-
order to create symmetrical power consumption whileg system can be crucial to obtain a simple aneceff
observing the given inequality of the winding currentsive result [13]. In addition, it is necessary to have a
ard the extreme current of the output section [11]. Toomplete understanding of the circuitry, operating and
achieve this, a combined connection of sections shouiechnological parameters of the entire complex of
be applied, redistributing the local resonant modes beguipment of the induction installation to be modern-
tween the power windings. The power factor of a threézed [14].

phase induction device (ID), in the cearof improve- A general view of a threphase induction heater
ment, should be provided with the greatest possible cdor the extrusion of cylindrical aluminum ingots is
rent resonance conditions. shown in Fig. 1.

a
Fig. 1.General view of a threphase induction heater

The presented thresection inductor has water inductor is designed for thrgghase connection and is
coolingand is intended for heating largzed cylindri- used to heat large ingots before pressing [15]. It is dis-
cal aluminum ingots. As part of the technologicatinguished by a very significant power consumption,
equipment, the inductor is equipped with an automatibout 100 kW. Using voltage boosting, the total power
control system (ACS), which provides a rhythmic anaf the induction installation can reach 0.3 MW.
uninterrupted mode of operation of a complex of mec A typical scheme for amecting a thresection
anisms and devices involved in the methodical heatirtreephase induction heater (Inductor 1, Inductor 2, In-
and operation of the press. The duration of the heatigctor 3) to the distribution network of an industrial en-
cycle of the aluminum load with one inductor is 200 terprise is shown in Fig. 2.

250 seconds and is built into the cycle of the press. The

Fig. 2. Simplified connection diagram of a thiglease inducto

The size of a computer model can be quite largénear problems is limited only by common sense, as
so itds very conveni ent welbas bythelpassibiity dne soaveniepce of iewing s i n g
to individual modules declared as macro models. Thhe circuit image, and does not affect the calculation
circuit designs declared in the description are read intine, even when the optimization module is connected
the buffer h the order of their mention in the control[1].
module and added to the global description generated The circuit model of the induat for the analysis
in the main memory [11]. The description of nonlineaof the electromagnetic mode is shown in Fig. 3. The
models has features, and their iterative calculation camodel description is generated in the header file in
be lengthy. The order of the systems of equatimn ASCII code.



