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Solar Synchronous Orbits. Predicting the Mean Local Time of
the Ascending Node
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Abstract- Based on the orbital data of the Meteor M1 spacecraft, the possible causes of the
deviations of the mean local time of the ascending node (MLTAN) from the initial value are
considered. It has been established that the main cause of deviations is the change in inclination.
This occurs as a result of solar gravitational disturbances and leads to a change in the MLTAN
under the law, which at intervals of up to 7 years is close to parabola. In general, these variations
are long-period with the period of 28 years. The simplified system of differential equations
describing the evolution of inclination and MLTAN has been proposed. The results of the
integration of this system of equations are well consistent with the real data on the evolution of
the parameters of the orbit of the Meteor M1 spacecraft.
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Solar Synchronous Orbits. Predicting the Mean
Local Time of the Ascending Node

ConHeyHO cHHXpOHHBIE OpOUTHI. [IpOorHO3HpOBaHNE MECTHOTO COJTHEYHOTO BPEMEHH
BOCXOJSILIETO y3JI1a

Andrey Nazarenko

Absiract- Based on the orbital data of the Meteor M1 spacecraft, the possible causes of the deviations of the mean local time of
the ascending node (MLTAN) from the initial value are considered. It has been established that the main cause of deviations is
the change in inclination. This occurs as a result of solar gravitational disturbances and leads to a change in the MLTAN under
the law, which at intervals of up 1o 7 years is close to parabola. In general, these variations are long-period with the period of 28
years. The simplified system of differential equations describing the evolution of inclination and MLTAN has been proposed. The
results of the integration of this system of equations are well consistent with the real data on the evolution of the parameters of
the orbit of the Meteor M1 spacecraft.

Keywords: local time, ascending node, inclination, evolution equations.

Annomayus- Ha ocHoBe opouTtaibHbix AaHHbIX KA METEOP M1 paccMoTpeHBI BO3MOKHBIE NPUYUHBI OTKJIOHEHHiT MECTHOIO
coHeuHOro Bpemenu Bocxoasimero y3ia (MCB BY) or HauaiabHOro 3HaYeHdsi. YCTAHOBJIEHO, YTO OCHOBHOW NPHUYMHOI
OTKJIOHEHHMil fBJsieTC M3MCHEHHE HAKJIOHEHHUS. JTO IPOHCXOJUT B pe3yJbTaTe JACCTBHA COJHEYHBIX IPABUTAUOHHBIX
BO3MYIIEeHHH U mpuBoauT K m3MeHennio MCB BY 1o 3akoHy, KOTOpbIi Ha HHTepBaje A0 7 JeT 0.1M30k Kk mapadoiae. B o6mem
clyyae 3TH BapHALMU SIBJISIIOTCS /0JITONEPUHOAMYECKHMH ¢ mnepuoaoM =28 uer. IlpensoikeHa ynpouleHHasi cHcTeMa
auddepeHuHATBHBIX YPABHEHHUH, ONMUCHLIBAIOIIUX JBOJIONNI0 HakioHeHus u MCB BY. Pe3yabraTbl MHTErpHpoBaHMsI 3TOM
CHCTeMBbI YPABHEHHII XOPOILIO COIJIACYIOTCS ¢ peajbHbIMHU JJAHHBIMH 00 3BosIOLUH napameTpos opoutel KA METEOP M.

Kntouessle cnosa: MecmHoe epems, doszoma BOCXOOFILL{EZO Y3714, HOK/I0HeHuUe, 380710UUA, UHMezpuposaHue prIBHeHUlj.

[. Bgenenue
CnyTHUKM AMCTAHIIMOHHOTO 30HAMpoBaHus 3emun ([33) mupoko mpuMeHsoTCS
JUIsL ONITUYECKUX HAOMI0eHui 00BeKTOB Ha nmoBepXxHOCcTH 3emiu [1]. Ilapamerpsr
CIyTHUKOB Ha COJIHEYHO CHHXpPOHHBIX opOutax (CCO) BbIOMparoTcs Tak, 4TOObI
yCIIOBUSA HaOMIoAeHus: ObulM HamOoJiee ONaronpuUsTHBIMU M CTaOMJIbHBIMU. ITO
JOCTUTAETCS TAKKUM BBIOOPOM JOJTOTHI BOCXOASIIETO y3/1a U HAKIIOHEHUSI OPOUTHI,
4TOOBI MOBEPXHOCTh 3emiin Bcerna Owuia ocBerieHa ComHieM. OcHOBOM BeIOOpa
napamMeTpoB OpOUTHI ABIISETCS U3BECTHOE COOTHOIICHHUE JJISi U3MEHEHHUSI 10T OThI

Bocxosmiero y3na (JABY) monm nelictBueM rpaBUTAllMOHHBIX BO3MYIIEHHM 3a
BUTOK [2, 3, 4]

3 (RY
5_Q=27r-5-020 2 -cosi+0(c%0)
p

(1)

31ech:
€20- mapamerp rpaBuTanmonHoro mois 3emun (=-0.001), XapakTe3yromuii ee
cKaTue,
R

9 - CpeIHMI YKBAaTOPUAIBHBIN paanyc 3eMJlH,
p — mapameTp OpOUTHI,
1 — HaKJIOHEHHE OPOUTHI.
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3aBucumocts (1) WMeeT morpemHOCTh TopAmka 20, koTopas oOycIIOBIeHA
BIMSTHUEM ApyTuX (6oJee ciadbix) BOZMYIIAIONUX (PaKTOPOB.

Jlns oGecrieueHusi 0JarONPUATHBIX YCIOBHM HAOIIOMCHHS JTOJTOTa BOCXOISIIETO
y3na (JABY, Q) BeiOupaeTcs Tak, 4ToOBI IpsiMoe BocxoxkaeHue CoJIHIIa B MOMEHT

IIpOJIETa CIIyTHUKA Yepe3 BOCXOIALINMN y3el (a(tQ )) obu10 MeHbie J[BY B aToT
MOMEHT Ha 3aJJaHHYIO BEJIMUHUHY

nt,)=Qt,)—olt,)+m = const ' )
OTa BeNMYMHA HA3bIBAETCS MECTHBIM COJHEYHBIM BPEMEHEM BOCXOJSAIIETO y3Ja U

00b1yHO 0003Hauaercs kak MCB BY.

Jlns obecnedeHuss CTaOMIBHOCTH YCJIOBUM HAOJMIONCHHUS TapaMeTpbl OpOUTHI
BBIOMPAIOTCS TaK, YTOOBI BHITIOJIHSIOCH yciaoBue nocrosinctea MCB BY:

ntg +Tdr):7](tQ), 3)
rae Tar JpaKOHUYECKUH nepuo]i cnyTHuka. Jletanuzanus ycioBus (3):
a(tQ+Tdr)_a(tQ):Q(t.Q +T‘dr)_‘Q(tQ). 4)

3nech MpU pacyere JIEBOM Pa3HOCTH MOXHO IPUHATH MPOU3BOJHYKO MPSMOTO
BOCXOKJICHUS II0 BPEMEHU IMOCTOSSHHON U paBHOM

a=2m/365.25 pan/cytkn=0.9856°/cyTku. (%)
C yuderoMm storo oocroarenbcTa U popmyisl (1) yciaoBue (4) npuHUMaeT B
a-T, =060 6)

Brinmonnenne ycnoBusi (6) Ha BceM MHTEpBaje IoJieTa CIyTHUKAa OOecreyrBaeT
noctosiHcTBo MCB BY. Opnnako npu mojere peansHoro cnytauka MCB BY
MEHSIETCS BO BpEeMEHU. AKTYaJbHOM 3a71aueil sSiBJsieTCs BhIsIBIIEHUE BCeX (DaKTOPOB,
KOTOpBIE SBISAIOTCA NpuurHOM HeroctossHcTBa MCB BY, u pa3zpaboTka mpocrtoit
WHXEHEPHON METOAMKH JJIs1 POTHO3UPOBAHUS 3TON XapaKTEPUCTUKHU.

OcCHOBOIf TPOBEIEHHOTO aHalu3a SBJISIOTCA TMapaMeTpbl OpPOUTHI CITyTHUKA
METEOP M1, xotopsiii 17.09.2009 Obin BBIBEIEH Ha KPYrOBYIO OpOHUTY C
napaMmeTpaMu: BbicoTa 832 kM, HakioHeHue 98.77°. PaccMoTpeH HHTEpBal
BPEMEHHU C MOMEHTa 3amycka J0 utoHsA 2017 r (maHHbIE aMEpUKAHCKOIO KaTajiora
([5]). B m3BectHpix myOnukamusax [6, 7, 8] anamu3 spomonmun MCB BY mo
peaNbHBIM JAHHBIM PACCMOTPEH HEJIOCTATOYHO MOJTHO.

Author: Retired Professor, Russian Academy of Sciences Russia, Russia. e-mail: anazarenko32@mail.ru
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[I. DBomrouus mapamerpos opoutsl criyrarnka METEOP M1

Ha pucynkax 1, 2, 3 u 4 npeacraBieHbl rpauku 3HaAYCHUN 3JEMEHTOB OpOUTHI
CyTHUKa B (YHKIUM BpeMeHU. M3 MaHHBIX ATOTO pHUCYHKA BHJIHO, 4YTO
3aKOHOMEPHOCTH HW3MEHEHUSI pacCMaTPUBAEMbIX JJIEMEHTOB OpPOUT HMEIOT
BEKOBOU XapakTep U SBJSIOTCS OYeHBb MMOXO0KUMH, a UMEHHO:

- HaOII0JaeTCsl UX YMEHBIICHUE BO BPEMEHU 110 3aKOHY, OJIM3KOMY K mapabore;

- 3a BECh MEPUO/]I MOJYyOCh YMEHbIIWIACh HA 1 kM, a mepuoa — Ha 0. 021 muH;

- YMEHBIIIEHHUE MapaMeTPOB MPOUCXOANIO HauboJee UHTEHCUBHO HA UHTEpBAse
BpeMenn ¢ Mas 2014 r mo cenrsOpp 2015 r. DTOoT mnepuoa XapaKTepeH
JOCTH)KEHUEM MaKCHUMyMa COJHEYHOW aKTMBHOCTHU, YTO MPHUBEIO K YBEIMUYEHUIO
TJIOTHOCTH aTMOC(Ephl U YCUIICHUIO TOPMO>KEHHUS CITyTHUKA.

= 72035
101,334 &=
— Yo T(L) 72034
Tt} 72033
101,330
72032
101,328 METEQP M1
= 72031 3z
= 101326 4
o 72030 o
2 101,324 3
2 72029 C
101,322
72028
101,320
72027
101318 } T=101,3346+2 3226E-6"%.3,5903E.9"x"2
a=7203,4821+2 7T46E-5"%-1 5055E-7*x"2 72026
101,316
72025
0 350 700 1050 1400 1750 2100 2450 2800

[Hun

PucyHok 1: 9Bontouma nepmoga u 601bLwoN noayocu

Takum oOpa3zoMm Hambosee BEpOATHON MPUUMHON BEKOBBIX M3MEHEHUH mepuoaa u
MOJIyOCH sIBIIsieTCsl BiusiHue Topmoxkenust KA B armocdepe 3emiu.
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OHW
PucyHok 2: 9BontoumnA HaKNOHEHMA OpOuTbl

[IpencraBrieHHbIE 3/1eCh TaHHBIE 00 IBOJIOIMH HAKJIOHEHHS OPOUTHI XapaKTEPHBI
HaJINYUEM MOHOTOHHOW COCTaBIIAIOLIEe. Ha paccMOTpeHHOM MHTEpBAJIE BPEMEHU
HaKJIOHEHHE yMeHblnioch Ha 0.37°. M3BecTHO, YTO MpHU IBUXEHUU CIYTHUKA B
IPaBUTAMOHHOM I0J€ 3€MJIM BEKOBBIX BO3MYILEHUI HAKIIOHEHHS] HE BO3HUKAET.
ATMoc(hepHbIe BO3MYIICHHUS] BHOCSAT B HAaKJIOHCHHE HUYTOXHBIN BKIaj. [loaTtomy
Ha0JII0JJaeMO€ HW3MEHEHHUE HAKJIOHEHHS OOBSACHSIETCS KaKUMU-TO JAPYTHUMU
BO3MYIIAIONIMMU (PaKTOpaMHu.

B OoTKIOHEHHMSAX OIEHOK HAKJIOHEHMS OT PE3yJIbTAaTOB CriIaKMBaHUs (TIOJIMHOMA)
BHUJHA MIEPUOIMYECKas COCTaBysitomas ¢ aMmmmmTyaou ~0.004° u nepuogom <1 rog.

2
OHH HUMEKT BTOPOW MOPSAOK MAIOCTH (020:10'6). Takue BO3MYILIEHUS YETKO
BHJIHBI HAa UHTEpBaje BpeMeHu 10 2100-ro gus. PaBeHCTBO mepuoia OqHOMY TOay
MO3BOJISIET TPEIINOJI0KNUTh, YTO BO3HUKHOBEHHME STHUX BO3MYILICHUH CBS3aHO C
BJIUSTHUEM COJIHEYHOMW IPaBUTALIWH.

Ha wuntepBane Bpemenu mnocie 2100-ro aHS HaOMIOIAIOTCS CYIIECTBEHHbIS
OTKJIOHEHUS OLIEHOK HAaKJIOHEHHUS OT JIMHEWMHOUW 3aBUCUMOCTH, KOTOPBIE JOCTUTAIOT
3HaueHus 0.022°. IIpoucxoxIeHue 3TUX CYIIECTBEHHBIX OTKJIOHEHUW HAa JAHHOM
JTane HEW3BECTHO. BO3MOKHAasi MpUYMHA aHOMAJIbHBIX OTKJIIOHEHHH B SBOJIOIUU
HAKJIOHEHUs Ha uHTepBaje BpemeHu mnocie 2100-ro gHs Oyaer paccMoTpeHa
HIDKE.

[IpencraBieHHble HA PUCYHKE 3 JaHHBIE 00 SBOJIOIUHU JIOJTOTHI BOCXOSIIETO
y3Jla XapakTepHbl HAJIMYMEM CYIIECTBEHHOW BEKOBOW cocTaBisonien. B
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cooTBeTCTBHH C (hopmyiioi (1) oHa uMeeT MopSIA0K €2, 3a CYTKH 3TO BO3MYIICHUE
MPUBOJUT K TEPEMEIICHUI0 BocXomdmero ys3ma Ha =<1°. IHMeHHO 3TO
00CTOATENBCTBO JOJIKHO 00€CIIEUNBATh BBINIOTHEHUE YCIOBUS (6), HEOOXOIUMOTO
JUIsT HOpMaJIbHOTO (yHKUHOHHpPOBaHUS KA Ha COJNHEYHO CHUHXPOHHBIX OpOUTaX.
3a mporieaiiee BpeMs BOCXOSIINN y3eJl COBEPIIMI 7 MOJHBIX 000pOoTOB. B 3THX
YCIOBUSIX 3aTPYJHUTEIIBHO TOCTPOUTH OTKJIOHEHHUSI peajbHbIX OolleHOK JIBY oT ux
CTJIAKEHHBIX 3HAUYEHUH, KaK 3TO ObUIO CIIEJIaHO BbIIIE ISl JAHHBIX 00 3BOIOLUH

nepuojaa, 1mojryoCru 1 HaKJIOHCHHUS.
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PucyHok 3: 9BontoumnA 4ONTOTbl BOCXOAALLEro y3na

Jlnst 6onee petanbHOro aHanusa 3Bosonuu JIBY Obu1o BeIOpaHO J1Ba TOAMYHBIX
MHTEpBaJa, Ha KOTOPBIX JNAHHBIM mapameTrp opouTsl u3mensuics ot 0° mo 360°.
CooTBeTCTBYIOIINE OLEHKH MPEICTABIECHbI HA PUCYHKE 4.

360 0,10 360 05
METEQP M1 Oru e momekTa aanycka: 53 - 410 L METEQP M1 |
330 +10,09 330 ¥ 104
. Ok e momenTa 3anycka: 1144 - 1508 I

300 TonuHoM: =008 o 300 . ;03 T
570 | node = 4,3726+0 9961 %7, 3548E-6'%2 o7 & mb ™ 8
Co T E fo2 g
240 : 008 E 24D o IBY, rpan(l) o | 3
g 210 . 005 & 5210 ' + Hesrau(R) LN T, 101 z
a R 5 & . - K | [
. 180 - 004 & - 180 L . EU‘D ]
g 150 e 0,03 E & 150 g v a1 E
120 . 002 E 120 v s =
E TMonmHom: {02 2
90+ o, node(L) . 001 90 : ! z
g0l . + dnode(R) . o T 5 .| DIBY,man =2,7948:0 9692t 1 2799E 512 {03 £
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a) gamusle 3a 2009 — 2010 rT. 0) manmnsre 3a 2012 - 2013 T.

PucyHok 4: leTanbHble AaHHble 06 3BONOLUN AONTOTbI BOCXOAALLETO Y3/1a
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Ha »stux PUCYHKaX NPUBCACHLI MCXOJHBIC OLCHKH, PC3YJIbTAThl AIIIIPOKCUMAIINH

. . . Q=a,+a,-t+a, -t
BEKOBOHM COCTABJISIONICH MOJIMHOMOM BTOPOM CTemeHH ( 0 2%, a
TaK)K€ OCTATOYHBIC HEBS3KM MEXKIY HWCXOJHBIMH JaHHBIMU U TOJUHOMOM.

CoOTBETCTBYIOIIUE PE3YIbTAThI allIPOKCUMAIINHU MTPUBEICHBI B TabuIe 1.

Tabauya 1: Pe3ynbTaTbl anNPOKCMMALMM 3HAYEHUI A0TOTbl BOCXOAALLEro y3/a

~

4, rpap/cytku | %2, rpag/cytku?® | HeBs3ku (2—C2 | rpan
2009 — 2010 rr. 0.9961 -0.00000735 ot -0.02 10 0.10
2012 - 2013 rr. 0.9692 +0.00001279 ot -0.5 10 0.4

HuTepBan BpeMeHH

Ot PE3YIIbTATHI ABJIAIOTCA BECCbMd HHTCPCCHBIMMU.

- Ha mepBoM uHTepBane koddourment % Heckonbko GOBIIE «HIEaTBLHOTO

3HaueHus 0.9856 rpan/cyTku, a Ha BTOpOM MHTEPBAJIC — HECKOJIBKO MEHBIIIE.

- Koopduuuentsl %2 umeror passele 3Haku. VX Bknaj B ssomonuio JIBY Ha
TOJIMYHOM HMHTEpBAJIC SIBISETCS OTHOCUTEIBHO HeOOIbIIuM. B mepBoMm ciydae oH
coctapiser -0.95°, a Bo BTopoMm +1.65°.

- Ha mepBoM HHTEpBajse OCTaTOYHBIE HEBSI3KM HAMHOI'O MEHBIIE, YEM Ha BTOPOM
WHTEpBaJe, IJ€ OHHU COMNOCTAaBUMBI C BKJIAJOM KBaJAPATUYHOM COCTABISIOLICH
IIOJIMHOMA.

- Ha mepBoM mHTEpBaie OCTaTOYHBIE HEBSA3KU MEHSIOTCS IUIABHO, @ HA BTOPOM —
HUMEIOT pa3pblB B OKPECTHOCTH TOUYKH «60-i neHb». CMelieHne OlleHOK B MOMEHT
paspeiBa coctaBisgeT ~1°. JlaHHBIA (paKT TO3BOJSET CHEaTh BBIBOJ, YTO Ha

BTOPOM HHTepBajde oOlEeHKa Koddpguuuenta <2

JIOCTOBEpHOU. IIpuumHbI pa3pbiBa — HEU3BECTHBI.

ABJICTCA  HCEAOCTATOYHO

Takum o6pazoMm, oTkinoHeHHs (akTuyekckux 3HadueHuit [IBY oT «umeanbHBIX»
MOYKHO OIEHHUTH CIEIYIOIIUM 00pa3om.

8Q ~ (0.9961—09856) - —0.00000735-£> . ®)
8~ (0.9692 - 09856) ©)

- Ha mepBoM unTepBane:

- Ha BTOpOM HHTEpBaAIIE:

Ha pucynke 5 mpencraBnensl pe3ynbrarel pacieta MCB BY mo dopmyne (2).
[TocTpoena annpokcumarus oneHok MCB BY (monnHom)

7(t)=20.93+0.0007 £ ~0.000000513 £ wacs]. (10)

B cooTBeTCTBUU C JaHHBIMU PUCYHKA M 3TOM anmnpokcumanuu ouenku MCB BY
CHayana yBeIuuuBaroTcs oT 3HaueHus 20.89" no 21.24%, a 3arem ymeHbInaercs 10
3HadeHus 19.07" na 2775-i1 nens. Jnanazon usmenenus oneHok MCB BY Ha sTom
MHTepBaie cocTasiuser 2,171,

© €0202G|dBlikautoatsals



© 2019 Global Journals

HNmeercss xopomiee cornacue ouneHok MCB BY no manHbeM pucyHkKa 5 C
pe3yibTaTamu a”anusa 3Bomounu JBY, npencraBneHHsix Ha pucyHke 4. Ha
PUCYHKE 5 JBa MPOAHAIU3UPOBAHHBIX T'OJIMYHBIX WHTEPBAja BBIACICHBI CBETIO
3eneHbIMA  JuHHSAMH. OBodonua MCB BY Ha 3TUX ydyacTkax IOJHOCTBIO
corjacyetcsi ¢ popMoi MPUBEIEHHBIX BbIIIE MOTMHOMOB (8) 1 (9).

: 0.08
213 o
- 0.06
21.0 [ geo® o
P 3
{opoa =@
207 =
£
5 o | o MCB (NeB) 1002 =
£ el « Hesssku (Mp) 2
> 000 E
20.1 ;;,- -t i ©
[Hw] P00 TR
S e :‘ % 5
= \\/- * 002 8
198 2};-:,/_ S
e o
"'\“'.:’.'.. |-004 &
19.5 | 2
MonuHom \ / 7 _0.06
1921 MCB= 20.9275+0.0007*x-5.1333E-7*x2 )
2 -0.08
0 365 730 1095 1460 1825 2190 2555
OHM

Pucynox 5: DBOIIOLNS MECTHOTO COJIHEYHOTO BPEMEHHU BOCXOJIALIETO Y3J1a

[II. BimstHue mOrpentHOCTEN HaYaIbHBIX YCIOBHIA

Beime B pazgene 1 oTMeuanoch, UYTO COJIHEUHO CHHXPOHHBIE OOWTHI
npoekTupytores Tak, 4ro0bl MCB BY Obuio mocrosHabiM. IlocTpoenHass B
npenbayemM paszaene 3aBUcUMOCTh (10) onmuckiBaeT peaqbHOE M3MEHEHHE ATOU
xapaktepuctuku cnytHuka MKTEOP M1 Ha 7-mu JieTHEM MHTEpBaJjE €ro mnoJjera.
Juana3zon usmenenns MCB BY na Bcem nnrtepsane coctasuia 2.1 Bo3MoxHbIMU
npuunHamu u3MeHeHuss MCB BY saBnstorcs nmorpemHoctu BbiBeAeHus KA, T.e.
OTJIMYME PEaTbHBIX MapaMETPOB OPOUTHI OT «HACATBHBIX». OLEHUM UX BIHSHHE.

B cootBeTcTBHM ¢ maHHBIMH TaOuHIBI 1 cKOpocTh n3MeHeHus JIBY Ha HauaapHOM
JTare ero moJjera OblIa paHa

)= dQ( =0)=a, =0.9961

Qt=0
dt Ipaji/CyTKH.

OTiuumre 3TOU OLIEHKHU OT «uaeaTbHoroy 3HaueHusd 0.9856 cocrasnger

82 =0.9961-0.9856 = 0.0105 rpaj/CyTKu. (11)
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OLeHUM BJIMSHHE TIOTPEIHOCTEN nonyocH (84 ) u naknonenus (9i) ma sBomonuo

JIBY. Bocnonb3yemcs Gpopmynamu (1) u (6) my1s pacuera Benuuunsbl 2. CoxpaHss
YPOBEHb IorpemHocreii mopsaka 10 u  yumTeIBasg GIM30CTE  COIHEYHO
CHUHXPOHHBIX OPOUT K KPYTOBBIM, MOKEM 3aIUCATh
. 8Q 8 RY
Q=8—=8—=2n~§-czo~[—j -cosz'-ﬂ-a_y2 =§~c20-R2 Ju-cosi-a’? +O(10_6)
Tdr T a 2n 2 (12)

Ha ocHoBe 3T0i1 (opMyIIbl TETKO MOCTPOUTH YaCTHBIE TPOU3BOIHBIE:

/) _o [ T
6a_Q( 2aj

, (13)

. (14)
DT IPOU3BOJHBIE MMEIOT OTHOCHTENHHYIO IOrPemIHOCTh mopsaka 10° nu
cripaBeIuBbl s Jro0oro MoMeHTa BpemeHu. s KA METEOP M1 atm

0 —.(=0.0005kn!) Y —(2.(6.45
IIPOMU3BOJAHBIC PABHBHI: Oa ( ) U 41 ( ) Oco0eHHOCTBIO
MPOM3BOJIHBIX SIBISIETCA TO, YTO OHUM HMEKOT pas3Hble 3HAkW. [Ipu M3BECTHBIX

aQai:Q'(_tgi)

OTKJIOHEHHAX 94 n 8i oT «uIeanbHBIX» 3HaYEeHHH OTKIOHEHHE 92 Gyner paBHO

80 = (a%a)' 8a+(a%i)' 81'. (15)

JI1s1 OpUEHTUPOBOYHBIX PAcCUE€TOB MPUMEM, YTO TpH BhIBOAEe KA morpemHocT mno
pagmycy M OMHOpPMamu Ha mpeBplmarT 1 kM. B srom ciaywae 8¢=1 kM mu

8i = dafa = 0‘00014paz[HaH. N3 naHHbIX pUCYHKOB | M 2 BHIIHO, YTO 3TH OLICHKH
MOTPEIIHOCTEM  MOXHO  CUMTATh TapaHTUPOBaHHBIMU. (COOTBETCTBYIOIIHE
OTKJIOHEHUSI IPUMYT 3HAYCHHS ;

(ﬁ%a)- 8a=-00005 (8%1.)- 5=0.0009 - eyma. (16)

OTU OTKJIIOHEHHSI HAMHOT'O MEHBIIIE PUBEIEHHOro BhImIe oTianuus (11) peanbHO
CKOpOCTH OT «uaeanbHoro» 3nauenus (0.0105 rpag/cytkn).

Taxkum o6pazom, Habmogaembie u3MeHneHuss MCB JIY He sBIAOTCS CleACTBUEM
TIOTPEIIHOCTEH BBIBEJCHUS CITyTHHUKA HAa OpOUTY.

IV Bausane n3Menenus MOJIyOoCH 1o Z[CﬁCTBHCM aTMOC(])CpHOTO TOPMOKCHUSA

Jlanubie 00 3BOMIONUHU OOJIBIION MOJNYyOCH a OBbUIM MPEACTAaBICHbI Ha pUCYHKE 1.
OTKJIOHEHUE TEKYIIEro 3HAaueHHUs TOJYyOCH OT HAYaIbHOTO alMpOKCUMHUPOBAHO
TIOJTMHOMOM TI0 BPEeMEHH ¢ (B CyTKax):

da(t)=a,-t+a,-t* ~2.77-10° -t =1.5-107 £ [ ]. (17)

Brnusaue otkionenuss monyocu Ha JIBY xapakrepusyercs ¢opmynoit (13),
KOTOpasi MpUMEHUMa IS JIF000T0 MOMEHTa BpeMeHH. [109ToMy MOXKeEM 3armcath:
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50(0)= 06, } sale) (18)

t

Ha stoi ocHoBe cymMmapHoe oTkiioHeHue [IBY Ha BceM uHTEepBasie “* mosera
KA moeT ObITh BBIUHCIIEHO 10 hopMyIie
. 5> . 1 1
s~} foato a3} a2+ haoi) "

[Tpu BBIYUCIEHUAX MO ATON (HOpPMYIie UCTIOIB3YIOTCS 3HAUCHUS: Q=1rpa)1/cyTKH,
a=7203 xm, Iy =775 JTHEH.

B pesynbrare mosydeHa OIEHKA: AQ(r,)=-0.133, OTOMYy  OTKJIOHEHHIO
cooTBETCTBYET ymenbvutenue MCB BY na 0.5 munym.

Takum oGpazom, Habmomaemoe uamMeHenue oospiioi moiryocu KA METEOP M1

1oJ1 IEUCTBUEM TOPMOXKEHUS B aTMOC(epe HE OKA3bIBAET CYIIECTBEHHOT'O BIUSHHUS
Ha BeninunHny MCB BY.

V. BimsiHue u3MeHeHns HakIoHeHHs1 opouTel Ha MCB BY

JlanHple 00 DSBOJIIOIMK HAKJIOHEHHUS 1 OBUIM TpeACTaBICHBI Ha pPHUCYHKE 2.
OTKJIOHEHHE TEKYIIETO 3HAYCHUSI HAKIIOHEHUSI OT HA4aJIbHOTO allPOKCUMHUPOBAHO
JMHEWHOW 3aBUCHUMOCTBIO OT BPEMEHH f (B CYTKaX):

()= . ~
8i(t)=a) 1 ~—-0.00013¢ )09 20)

Bnusinue oTtknonenust Hakinonenus Ha JIBY xapaxrtepusyetcs ¢opmynoin (14),
KOTOpas MpuMeHnMa Jyist Jito0oro MomeHTa BpemeHu. [loaTtomy MokeM 3anucarh:

Q) L
sol =97} i) 180, [rpa]. 1)

t

Ha stoii ocHoBe cymmapHoe oTkiioneHue [IBY Ha Bcem unTepBasie "t mojera KA

MOXET OBITh BBIUUCIICHO 110 hopMyJie

: E 1 T
Oz :(GQ ) S'Z‘-dl‘-lz (8(2 ) a2 =
2 é’ '([ ) 180 ai) 3 180 (22)
TIpn BBIYUCIEHHUAX IO TOH (QOpMyIIe HCIONB3YIOTCA 3HadeHus: =lrpan/cyTkw,
tgi=-6.45, 'y =2775 nueit. B pe3yJibTaTe NOJIyuYeHa OLCHKA: AQ(t;)=-56.30 OToMy

OTKJIOHEHUIO COOTBETCTBYET ymenvuienue MCB BY na 225 mun.

Takum oOpa3oM, B pe3ylbTare JIHWHEHHOTO HW3MEHEHHS HAKIOHEHUS OPOUTHI
otkiaoHenne MCB BY or 3agaHHOM BeIWYMHBI M3MEHATCS 110 Tapaboje Hu
IOCTHUTACT 3HadYeHud 3uaca 45 MuH.
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(o))
Koadpumment 4, =4, MIpY KBajJpate BpeMeHu B popmyiie (22) paBeH

@ _ (60 ).l H T
a = (e, L

180=.7.31%x10° rpazn/ cyTknZ, (23)

OTa OLEHKa Ccorjlacyercs CO 3HAYEHHMEM COOTBETCTBYIOIIETO Kod(duireHTa
annpokcuMupytomero nonuHoMa 11 JIBY, npusenennsiM B Tabnuie 1 (-7.35%10°
6), 4TO CBUIETENBCTBYET O KOPPEKTHOCTH M3JI0/KEHHOM BBIIIE METOIUKH.

[Tonyuennas onenka m3meHenns MCB BY B pe3ynbrate 3BONIOUMHA HAKIIOHEHHUS
opbuThl Ha uHTepBaie nojera KA npencrapnsercs BecbMa BaXKHOU U HYKJIae€TCs B
JOITOJTHUTEIIBHBIX KOMMEHTApUsX.

a) M3menenne MCB BY Ha 3 uvaca 45 MHHYT OPHUBOJUT K CYLUIECTBEHHOMY
YXYALICHUIO YCJIOBHM HAOJIIONEHHS] MOBEPXHOCTU 3eMJIM U, Kak CIEJICTBHE, K
CHIDKEeHHIO 3P (eKTUBHOCTH padoThl KA.

0) Pazpabotka pexoMeHmanuii mo obOecnedeHuto crabunuzaimuun MCB BY
ABJIAETCA aKTyaJIbHOU 3aaUYeH.

B) 13 popmyn (13) u (14), a Takxke U3T0KEHHBIX BBIIIIE MATEPUAJIOB CIEAYET, UTO
yIOpaBlICHHE HAKJIOHEHHUEM sBJseTcss HaubOosee dS(PPEKTUBHBIM CIIOCOOOM
obecrnieuenus crabunpHoctt MCB BY.

r) Ilpocreiimum crnocobom ymenbiieHusi otkioHeHndt MCB BY ot 6a3oBoit

BCJIIMUMHBI SBJISICTCIA BHCCCHHC HOHpaBKI/I B HAYAJIbHOC 3HAUCHUEC HAKJIIOHCHUSI [6,
7.

DT0 MOJIOKEHHE WLTIOCTpUpPYeT pucyHok 6. 3nech kpusble “dMST METEOR M1~
u “dMST Polynom” coBmagaroTr ¢ TeMH, YTO ObLIM MPUBEEHBI BBIIIIE HA PUCYHKE

a,=a"”

5. 3uauenue  kod(dduiuenta I B O9TOM  clydae  paBHO

0.0007-360/24=0.0105 rpan/cyrkn.

Kpusas “Parabola” — ato rpadudeckoe npencrapienue GpyHkuu (22), y KOTOpOi

koddpunuent %2 mpu kBamparte Bpemenn mMeer 3Hauenue (23). OHa mocTpoeHa
JUIS YCJIOBHH, KOTJa B MOMEHT BBIBOJIa CITyTHHKAa Ha OpOHTY ycioBue (6) cTporo

—,(©)
BBITIONHsAETCS. 1109TOMY B 3TOM ciydae kodddument 4 ~4 1=0.
®ynxims “Correction” IOCTpoeHa Ha OCHOBE ydeTa Takoro koddoummenta 41 B
JUHEWHON COCTaBIISIIONICH ITOJMHOMA, KOTOPHIM O0ECIEYMBAET PaBEHCTBO IO
MOJYJII0 MakCUMalbHbIX OTKIOHeHMH MOCB BY pasneix 3nakoB. HerpynnHo
MOKa3aTh, YTO 3TO ONTUMAIIBHOE 3HAYEHUE PABHO

a® =2.(V2-1)-a,-t, =0.01685

Lopt

, [rpan/cytku]. (24)
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OTnuune JaHHOTO ONTHMaIbHOTO (24) 3HavyeHws KodpdUIMEeHTa OT TOro,
(@)

KOTOPBIH HCIIONB30BaNCsA Npu noctpoernn ¢pyHkmmn “dMST Polynom” (% =4
=0.0105) coctaBusieT
(@ _ _ —
da,’ =0.01685—-0.0105 —0.00635, [rpas/ cyTKH]. (25)
10 - . —
5 I 2 : _h +0.6 rpag
9.6 rDﬂ]:l. N

T T . C P T . O . R .
o |
S 15}
w20 Ta
=] _255_ -+ Parabola a,-=0731E-5, a;=0 W]
- 30 --- dMST Polynom al1=0.0105 %
& | — Correction a,=0.0168 " ]

351 ¢ dMST METEORM1

-40 | -

45 | OTHNOHEHWA JONTOTHl BOCXOAALLHIO Yana ! -

E0 ! OT "MaeanbHeX' 3HAYEHWUA ..

55 | "

0 350 700 1050 1400 1750 2100 2450 2800

e

Pucynox 6. Otknonenns JIBY ¢ ydeTtom u 6e3 ydeTa KOppeKIIUU HAaKJIOHCHUS

Ouenky (25) MOXHO MPUMEHUTH IJIsl OIpejeNieHHs MONPAaBKU B HAKJIOHEHHE,
KoTopasi oOecrneurnBaeT MuUHMMM3aLUI0 OTkIoHeHME MCB BY or 6a3o0Boii
BeaM4MHbL. {7151 aToro ucnonwszyercs opmyna (21). C yuerom popmynst (14) u
cBs3u Bapuauuii JIBY ¥ HakJIOHEHUS TOJY4YUM TMOMPABKY K (PaKTUYECKOMY
HAKJIOHEHUIO B MOMEHT BBIBEJICHUS

@)
81'(0): (8611 180  0.00635 130 0056

o/ ) = 1645 =
éi) TpaaycoB. (26)

DTO Kak pa3 Ta NONpPAaBKA K HAKIOHEHUIO CIYTHHUKA B MOMEHT €r0 BBIBEJCHUS,
KOTOPYIO HaJl0 ObLIO OBl yuecTh /it ontuMuzanuu MBC BY na unTepBase nonera
B 2775 nHeil. EcTeCTBEHHO, YTO BO3MOXHOCTh pPEANIM3allMM TaKOM IONpPaBKU
3aBHCHUT OT TOYHOCTH BhIBeieHUsI KA Ha opOuTy.

()
[IpuBenenHoe BbIlIe 3HaueHUE KOIPDUITMEHTA ~% =0.0105 rpam/cyTku,

cootBercTBytomiee kpuBbiM “‘dMST METEOR MI1” u “dMST Polynom”,
MO3BOJISIET ONMPEAETUTh OTIINUME (PAKTUYECKOTO HAKJIOHEHHS] B MOMEHT BBIBOJA OT
«UJeaNbHOr0», MPU KOTOPOM CTPOTro BhINOJHSAETCA ycinoBue (6). Ilpumenss s
3TUX ycIoBHM Gopmyity (26), moxyyum:

a,
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(@)
8i(0)0=(a1 180 _0.0105 180 _ .

a%i)' 1645 =

NMeHHO Ha 3Ty BEIMYMHY OTJIMYAIOCh HAKJIOHEHWE MPH BBIBOJE OT TOTO, MPHU
KOTOPOM CTPOTO BBIMOJIHAETCS ycioBue (6). M3 maHHBIX pucyHka 6 BHIHO, 4YTO
pu (paKTUUECKOM HAKJIOHEHUU B MOMEHT BBIBOJIa 0OecTieurBaIacCh MUHUMHU3AIUS
orkionenuit MCB BY (ne 6osee 16 MmuH) Ha 5-TH JIETHEM WHTEpBaJie €ro moJjera.

rpaaycoB. (27)

B 3axirouenue paszena 3aMeTuM, YTO Ha JaHHOM 3Tale He pacCMOTpPEHA NpUpoaa
CYILIECTBEHHOTO OTKJIOHEeHUs1, HaOmogaemoro MCB BY ot 6a3o0Boif BenWYuHBI,
KOTOPOE€ U3MEHSTCS MO mapadosie U JOCTUraeT 3HaueHus 3uaca 45 MUH Ha 7-MH
JIETHEM WHTEPBAJIE BPEMEHU.

VI Bnusnue llOI‘pelllHOC'l‘eﬁ MOJCIIN I'PaBUTAIIMOHHOI'O ITOJIA 3eMiH

B pasgene 1 otmewanoch, uro Qopmyna (1), mojoxkeHHas B OCHOBY
NPOSKTUPOBaHUs TapameTpoB KA Ha COJHEYHO CHHXPOHHBIX OpOUTaX, MMEET
norpemHocTh mopsaaka 10 npu mpornose npuxenus Ha 1 BUTOK. EcTecTBeHHO,
YTO C YBEJIWYCHHUEM HWHTEpBaJIa MPOTHO3a MOTPEITHOCTH pacTyT. [loaTomy suis
O0oree TOYHOTO W HAAEKHOrO BbIOOpa mapamerpoB KA  wmcmonb3yroTcs
COBPEMCHHBIC MOJICIIH JIBM)KCHHSI CITyTHHKOB. Takoro poja MOJETH SBISIOTCS
YHUKAJIbHBIMH KOMITbIOTEPHBIMHU porpaMMamH, YYUTHIBAIOIIUMH
MHOTOIIaPAMETPUUYCCKUE MOJCIH TPAaBUTAIIMOHHOTO MO 3eMJd W JIpyrHe
BO3MYyIIaromue (akTopel. Ilpu ITONTOBpEMEHHBIX MPOTHO3aX OHU TPEOYIOT
CYIIECTBCHHBIX 3aTpaT MAIIMHHOIO BpeMEHH. TeM He MeHee, COBPEMCHHBIC
MOJICITH JBW)KCHUS CITyTHUKOB HE SIBIISIFOTCS a0COTIOTHO TOYHBIMU. [lorpenrHocTu
BO3HUKAIOT B CBSI3M C OTCYTCTBHEM TIOJMHOHW WH(GOpPMAIMd O peabHBIX
BO3MYIIAIONINX (haKTOpax.

B monorpadun [9] uznokeHa MeToMKa OIEHKH MOTPEITHOCTESH MPOTrHO3UPOBAHMS
JBUKEHUS CITyTHHKOB B TPaBUTAIMOHHOM T0Jie 3emiin. B pe3ynbrare mpuMeHeHus
OTIOPHON OpOWTHI W JMHEAPU3AINH HCXOMHBIX AUG(EpeHITMaTbHBIX ypaBHEHUN
JIBUKEHUS  CIYTHHKA TOCTPOCHbl  aAu(depeHIuaNbHble  ypaBHEHHUS IS
OTKJIOHEHHUH OT OMIOPHOTO BEKTOPA COCTOSIHUS (MIOTPEUTHOCTEM )

doc

o A(t)- &+ B(r)-q(¢) (28)

2
PaccmarpuBaroTcsi Bo3Mymaronme yCKOpeHus ¢ (), KOTOpble He YYUTBHIBAIOTCS MPU
WHTETPUPOBAHUM HCXOJHBIX YpaBHEHUH (IIIyM cUCTeMbl). BaxHBIM sBiseTCS TO,

YTO O3TOT WIYM CYIIECTBEHHO OTJIMYAeTCsl OT Oeloro Imyma, T.e. HMEeTcs
KOppeJIAlMs 3HAYEeHWW IIymMa B pa3Hble MOMEHThl BpeMeHHU. llocTpoeHsl
CTaTUCTUYECKUE XapAKTEPUCTUKHU CIY4aHOTO Ipolecca
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Mq(l)'(]T(T) :Kq(t’f)' (29)

Pacuer KOppenAlMOHHON MaTpUIbl TOTrPEIIHOCTE BEKTOpa COCTOSHUS IPHU
MPOTHO3UPOBAHUM JIBUIKEHUS TIPOU3BOJUTCS 1O opMyJie

K.(0)=[ [U(.8) BE) K, (& n)- B -Uln) - dg-dn
ol , (30)

Marpuna U(t’t()) Ha3bIBaeTCs QyHAAMEHTAJILHONW MaTpHUIEH PEIICHUN ypaBHEHU I
(28), a Taxxke MepexoJHON MaTPHULICH.

0,10
METEOP M1
MorpewHocTd NPOrHO33a B MPEaBUTALMOHHOM None 3emMmM
0,08
(= §
[3+]
=3
=
S 0,06
=
&
2 0,04t
a
g - di*1000, grad
= o dNODE*1000, grad
0,02 ]
[ "‘""M.M
0,00 k==
] 15 30 45 B0 75 90

Brtem

Pucynox 7: CKO norpemHocTeit mporao3upoBanus JIBY u HakIoOHEHHS

[IpoBenenue BbrumcieHudt mno dopmyne (30) sBIsIETCS BecbMa TPYIOEMKOM
onepanueid. OHa BBIMOJHSAETCS C HCMOJb30BaHHEeM mnporpammbl “Prilog C.pas”,
JI0OCTaTOYHO MOAPOOHOE OMUCaHUE KOTOpOW H3JIoKeHO B MoHorpaduum [9]. Ha
pucyHke 7 mpexacTtaBieHbl pe3ynbTaThl  pacyeta CKO  morpemHocrei
nporHosupoBanus [ABY u naknonenus KA MOHHUTOP M1 nHa HeaenbHOM
UHTEpBAJIC BPEMEHU. DTH OLIEHKU MOCTPOEHBI JJISI MOJEIIH JIBHXKEHUS, B KOTOPOH
YUUTHIBAIOTCS KOY(PQOUIMEHTHI Pa3ioKEHUN TPAaBUTAIIMOHHOTO MOTEHIMAa [0
100-ro nopsiaka.

Paccmorpum pesynwsratel ans IBY (NODE). Ha nemensHom unTepBane CKO
NOTPEIIHOCTH UMEET MOHOTOHHO HapacTaIOUIM XapaKTep U JOCTUraeT 3HAUCHUS
0.09x107 °. IIpu oneHKe MOrPeNIHOCTEM Mporuo3a Ha 7 et (2775 mHei) MOXKHO
UCIIOJIb30BaTh JIONYIIEHWE O COXpPAaHEHWU TOJYYeHHOM 3aKOoHOMepHocTH. B
pe3yNbTaTe MOIyYuM

5Q(2775)~ o€X(7)-2775/7=0.09-10-396 =3.5-107 = 0.033 0. 31)
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DTOH OIIEHKE COOTBETCTBYET MOTpeHOCTh TporHo3a JIBY ue Gozee 0.1°. lanHoe
3HaUYEHWE HAMHOI'0 MEHBIIE OILIEHOK MOrPEIIHOCTEH, OO0YCIOBICHHBIX IPYTMMHU
ucTOuHMKaMHu.  [lorpemHocTM  NPOTHO3UPOBAHWS  HAKIOHEHHUS MBI HE
paccMaTpuBaeM IMOTOMY, YTO OHM HAaMHOI'0O MEHBbUIE U B IPaBUTALIMOHHOM IOJIE
3eMJIM HE UMEIOT BEKOBOM COCTABIISIOIIEH.

Taxum oOpa3oM, MOTPENTHOCTH HCIIOIB3YEMOM MOJIENA TPABUTAIIMOHHOTO OIS
3eMiin HE SBISIOTCI WCTOYHMKOM HaOmromaeMbix oTkioHeHnidn MCB BY ot
3aJITaHHOM BEJINYUHBI.

VII. BausHue 1yHHO-CONHEYHBIX BO3MYIICHUH

st ananuza sBomroruu opoutel KA METEOP M1 ucnonbs3oBaniack cOBpeMeHHast
KOMIIBIOTEpHAsE MOJIeNb JBWIKEHUS CIIYTHUKOB. Ee 1goctatoyHo moapoOHoe

onucaHue u3noxeHo B ctaThiax [10-12]. Huxe Ha pucyHnkax 8 — 10 nmpeacraBiieHbl
OCHOBHBIE PE3YyJIbTAThI PACYETOB.

Ha pucynkax 8 u 9 mpencraBieHsl JaHHbIE 00 3BOJIOIMHU TEPUOJA: peajbHbIE
3HAYEHUS U PEe3yJIbTAThl MPOTrHO3a (Ha3am).

EcTecTBEHHO, 4YTO OLIEHKM peEalbHbIX W3MEHEHHM IepuoJa COBIANAIOT C
COOTBETCTBYIOIIMMH JIaHHBIMM pHUCYHKa |. PacueTHoe 3HaueHue nepuoaa Ipu
nporHo3e ¢ yderoMm Bo3MylieHud ot Jlynel u ComHua usmenwioch Ha 0.023
MUHYTHI, a TIpH MPOTrHO3e 0e3 ydyeTa 3TuX Bo3mylieHud — Ha 0.026 muH. Pa3nura
coctapmwia 0.003 muH. B cooTBeTcTBUM C MaTepuajamu paszjena 4 Takue
M3MEHEHHUs] Nepuosa (M COOTBETCTBYIOUIME M3MEHEHUS IMOJYOCH) HE OKa3bIBAIOT
CYIIIECTBEHHOT0 BIUAHUS Ha BennuuHy MCB BY.

Hisocacape s acwserrpo oz mepres HO AT IM0R S (MB0R 1 SETTOMLY

Thigeig cdmw i Mg g aried

Bpawa c aupapa 2070 1 no vicems 20171

Pucynok 8. llepuon. Ilporros 6e3 yuera JIynsr u Conaia
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Pucynox 10: PeanbHble U IPOTHO3HBIE JaHHBIE O HAKIIOHEHUH

3nech MpeACTaBICHBI JaHHBIE OO0 HBOJIOIMHM HAKJIOHEHHS OpPOUTHI: peajbHbIC
3HAQYEHUS] M Pe3ynbTaThl MpOrHo3a (Ha3aJ) C YYETOM TIPaBUTALHUOHHBIX
Bo3myiieHnit ot JIynel u Connua. M3 3TUX pe3ynbTaTOB YETKO BUAHO, YTO y4eT
JYHHO-COJTHEYHBIX BO3MYILIEHHI MPUBOJUT K JOCTATOYHO XOPOIIEMY COTJIACHUIO
pacyeTHbIX M O3KCIEPUMEHTAJIBHBIX JAHHbIX. B HW3MEHEHHM HaKJIOHEHUs
npeo0aaeT BeKOBasi CocTapistomas. MIMeroTcst Takke OTHOCUTENHHO HEOOIbImast
cocTapistomas ¢ nepuogom 1 roa. CyMMapHOe WU3MEHEHHs] HAKJIOHEHUS 3a BpeMs
nosnera KA cocraBuiio: 0.36° nmo manHeiM u3mepeHuid u 0.33° mo pesynbratam
IIPOTHO3A.
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Takum o0pa3oM, OCHOBHOW mpuunMHOW HaOmogaeMmbix Bapuanuii MCB BY
SABJSIETCS W3MEHeHue HakiaoHeHuss KA mom JAeiicTBUEM JIYHHO-COJHEYHBIX
IPaBUTAIMOHHBIX BO3MYILICHUN. YKa3aHHOE M3MEHEHUE HAKJIOHEHUS MPUBOAUT B
CBOI0 oOuepellb K OTKIOHEeHUI0 Bo3MyuleHuit JIBY mnepBoro mopsinka (1) ot

2
o c
3aIaHHOTO 3HAYEHUS. JTU OTKJIIOHEHUSI UMEIOT BTOPOM MOPSAI0K MaidocTh (- 20), HO
OHM Ha WHTepBajie nosieta KA HakariMBaroTcs, 4TO U MPUBOAUT K HAOJ0/1aEMbIM
otkiioHeHuaM MCB BY ot 3aganHoro 3saueHus.

VIII. TIpornosuposanue nakimonenus u MCB BY

Brimie B pasgene 7 BoisiBaeHue npuuuH oTkioHeHnd MCB BY ot 3amanHOro
3Ha4eHUs! ObUIO BBIMOJIHEHO JABYMSI CIOCOOAaMH: HA OCHOBE aHajlu3a M3BECTHBIX
OpOUTaNbHBIX JAHHBIX U HA OCHOBE NMPUMEHEHUS COBPEMEHHON MOJIENN IBUKEHUS
CIIyTHHKOB. BaXHbIM pe3yJapTaTOM 3TOrO aHAIW3a SBIAECTCA MOJATBEPKICHUE
¢dakTa, YTO OCHOBHOM MPUUYUHOW BOSHUKHOBEHUS KBaJAPATUUYHOU COCTABIISIONICH B
spomormi MCB BV  aBnsercs usmenenue HakioHeHns KA B pesynbraTte
JNEUCTBUS JYHHO-COJHEYHBIX TPAaBUTALlMOHHBIX BO3MYIIEHUH. OUEHKH BEKOBOWU
COCTABJISIIONICH B HBOJIOIMU HAKJIOHEHUS, HaWJIEHHbIE JIByMs CIOCOOaMH,
MPAaKTUYECKU COBIMAJIA, @ UMEHHO, B COOTBETCTBUHM C BhIpakeHueM (20) 3HaueHHe
Kod(puireHTa npu BEKOBOM COCTABIISIIONIEH paBHO

() ~ _
a,” ~—=0.00013 IpaaycoB B CYTKH. (32)

[Ipy TPOEKTUPOBAHMM COJHEYHO-CUHXPOHHBIX OPOUT HAAEKHBIM CIIOCOOOM
ONpENEIICHUs] BEKOBOM KOMIIOHEHTBl B DBOJIOLMU HAKIOHEHUS SBISAETCS
IIPUMEHEHHE COBPEMEHHOW KOMIIBIOTEPHOW MOJENH JBHKEHHS, YUUTHIBAOIIEH
BJIMSIHUE JIYHHO-COJIHEUHOW T'PABUTALUU U APYTHE CYIIECTBEHHBIE BO3MYILAKOLINE
¢daktopsl. Takoro poma KOMIBIOTEPHBIE MOJIETH SIBJISIOTCS YHHUKaIbHBIMH. KX
npUMeHeHHe TpeOyeT CYIIECTBEHHBIX 3aTpaT MAIMHHOTO BPEMEHHU, OCOOEHHO TPH
pPacCMOTPEHNH Psifia MPOEKTHBIX BApUAHTOB.

B cratbe [7] uBNOXKEH NPOCTOM aHAJUTUYECKUH CIOCOO pacdeTa BEKOBOU

COCTaBJ'I}II-OHIGI\/Jl B 3BOJIIOIMHM HAKJIOHCHU:. Huxe IMPpUBCACH (bpaI‘MeHT TEKCTa ATOM
CTaTbu.
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B paborte |3] IpUBEACHBI (POPMYJIBI [JIs1 pacyeTa
BCJIMYMHBI Of Ul OOLIEro ciaydyasi opOMUT, OAHAKO,
yunTbiBasi ocobeHHocT CCO, nnsg aHanusa yn1o0HoO
COOTHOLLIEHHUE /IS Oi B 3aBUCMMOCTH OT yruia y. Ta-
KO€ COOTHOIIEHUE MOJIYyYeHO HaMu B pabore [6]:

_4u Sr3 sin 2y sini,
1Py

[II€ Mg, | — PaBUTALIMOHHbBIE MOCTOSTHHbIE CoMHIIa
u 3emiu, p, — cpenHee paccrosuue 3emist — Coi-
HLIE.

Kak cineayer u3 BeipaxeHus (4), 3HaK 6ig onpe-
nensiercst 3HakoMm (yHkuuu sin2y. Ha puc. 4 npu-
BEIEHbI U3MEHEHUSI HAKJIOHEHUS Alg3a TIATh JIET B

3aBUCUMOCTU OT HoMUHaabHoro MCB BY msa pa3s-
HBIX BBICOT.

i , 4)

371€ech: O _ BO3MYILIEHUE 3a BUTOK (B pajauaHax), Y - pasHoctsh JIBY u mpsmoro
BocxoxJieHust Conuua. [Ipu BeluKcCleHUsIX MO JaHHOU (popMyJsie MCIOIB30BAIUCH
CJIEAYIOIINE 3HAYEHHNSI ApTyMEHTOB:

Hs—1.327x10" km3/c,
r=7210 xm,

y=315°,

io - 9877 o
H=3.986x10° km’/c?,
Po=150x10° k.

B pesynbTare nonyueHa omeHka
i, =-1.464x10"7 paauaH.
ITpu nepuone KA 101.33 MuH. 3TOM OLIEHKE COOTBETCTBYET BEKOBOE BO3MYIIICHUE
5] o

a;” ~=0.000119 IPajaycoB B CYTKH. (33)
Jlannas onieHka Ha 9% meHblIe OUeHKH (32), YTO CBUIETEIBCTBYET O MPUEMIIEMOM
COTJIaCUU YHUCJEHHOTrOo (00Jie€ TOYHOTO) M AHAJIUTUUYECKOro (MpHUOJIMKEHHOTO)
pemieHnii. 10T (akT sABIseTcss BaXKHbIM. OH MOATBEPKIAAET BO3MOXKHOCTh
npUMEHEHHUs] 000MX CIOcO00B ISl pacyeTa BEKOBOM COCTABIISIOLIEH HAKIIOHEHUS.

[IpuMeHnM pe3ynbTaThl, U3JI0KEHHBIE B CTaThe [7], Ay ananusa 3Bomtounu MCB
BY KA METEOP M1. U3 onpenenenus (2) MCB BY cnenyer, uro

sin(2y)=sin(2n) (34)
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C ucnons3zoBanueM obo3HaueHuil popmynsl (20) nuddepeHunanbHoe ypaBHEHHE
JUTS. OTKJIOHEHUH HAKIIOHEHHSI MOXKET OBITh 3alMCaHO TaK
di 4. sin(2n)

df_ 1 sin(2110) (35)

Hwuxe Ha pucynke 11 npencraBieHbl 3HaU€HUS OTHOIIEHUS sin(Zn)/ sin(2n0)- Onu
MOCTPOEHHI 110 JaHHBIM pucyHKka 5 mst MCB 1Y ().

1,0 [ ——
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Pucynox 17 DBontonusi OTHOIIEHUS CHHYCOB

N3 paHHBIX 3TOr0 pUCYHKA BHJIHO, YTO OTHOIIEHUE CHHYCOB CTaj0 CHUJIBHO
ymeHblatbes nocne <1700 gus u nocturno 3HadeHus 0.53. B cooTBeTCTBHUH C
ypaBHEHUEM (35) 3TO MPUBEIIO K YMEHBIIEHUIO MOJYJIsl OTPULIATEIbHOW CKOPOCTHU
U3MEHEHUS HAKJIIOHEHUS U, B UTOTE, - K YBEJIMUCHUIO HAKJIOHEHUS MO0 CPABHEHUIO C
3aKOHOMEPHOCTHIO €ro M3MEHEHHUs Ha MPEAIIECTBYIOIIEM WHTEpPBAJIE BPEMEHHU.
Cymmapublii  3pQPeKT H3MEHEHHS OTHOILIEHUS CHUHYCOB XapaKTepHU3yeTCs
IJIOIAJIbI0, KOTOpasl BbIJEIEHA HAa PUCYHKE pPO30BbIM IBeTOM. [lnmomaab 3Toit
obmactu paBHa S=180 gnueit. CoOTBETCTByIOIEE W3MEHEHHWE HAKJIOHCHHUS
COCTaBUJIO

R () B =
oi =—a," -5 =0.00013-180=0.023 o (36)

OTa BenuMYMHA (PAKTUYECKH COBIIAJACT C OIEHKOM OTKJIOHCHUN HAKJIOHEHUS OT
MOJIMHOMA, KOTopas Oblla MpUBEJEHAa B KOMMEHTapusiX K pucyHky 2 (0.022°).

Takum o0pa3om, HaljeHa NPUYMHA OTKIOHEHUN 3HAYCHWH HAKJIOHEHHS OT
JMHEWHON 3aBHUCHUMOCTH, KOTOpbI€ ObLIM BBIABICHBI MO JIAHHBIM PUCYHKA 2. JTa
NpUYMHaA 3aKioudaeTcss BO BiusHUKM wu3MeHeHus MCB BY Ha 3Bosmonuio
HAKJIOHEHHsI, KOTOpas XapakTepusyercs AuddepeHuanbHpiM ypaBHeHHeM (35).
N3 3TOoro pesynprata cireayeT BaXKHBIM BBIBOJ, YTO B M3MEHEHUHM HAKIOHECHUS
MMEETCS CYILIECTBEHHAsl HEJNWHEWHas cocrasisomas. [Ipu nauTenbHbBIX cpokax
cymectBoBaHus KA ee Ha10 y4yuThIBaTh.
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Hmeercss BO3MOXKHOCTH JOMONHUTH ypaBHeHue (35) mauddepeHmaibHbIM

ypaBHeHueM s otkioHeHnit MCB BY or 06a3oBoro 3HaueHus (5’7 =),
KOTOpPOE€ CTPOUTCS HA OCHOBE cOOTHOIIEeHUS (21). C UCIOIb30BaHUEM BBIPAXKEHUS
(14) nna yacTHOM MPOU3BOJIHON 3TO YpaBHEHUE MPUHUMAET BUJT

ddn  ddQ (68(2 ) di . N\di
v J—==Q-t -
A di % di gy, _ 37)

3necs Q=1°8 CYTKH.

Takum ob6pazom, ana HakiaoHenus opobutsl 1 MCB BY mnocrpoena cucrema u3s
nByx nuddepennnanbaeix ypaBHenuit (35) u (37). Ee pemenue mnosBossier
crporuozuposars 3HaueHnss MCB BY. Ora cucrema ypaBHEHHH sBIsSETCA
UCKJIIOYUTENBHO MpocToid. OHa MOCTpoeHa C YYEeTOM OOOCHOBAaHHOTO BBIIIE
BBIBOJIA, YTO JApyrue (akTopbl HE OKa3bIBAIOT CYIECTBEHHOro BiusHUS Ha MCB
BY. Huxe npuBeneH (parMeHT NOpOrpaMMbl, KOTOpas BBIMOJHSET pELICHUE
NOCTPOEHHOW CHCTEMBI YPAaBHEHUM.

CONST
al=-0.000141;
10=98.77%pi/180;

eta0=20.93;

di0=0.108*pi/180; { radian }
di:=dio0;
eta:=etal0*360/24; { degree }

for t:=1 to tmax do begin
sin2eta:=sin (2*eta*pi/180);

di:=di-al*sin2eta*pi/180; { radian }

it:=104+di;

eta:=eta-tan (it) *di; { degree }
end;

HNcxonHbIMM  JAaHHBIMU Ul PELIEHUs YIPOLIEHHOW CHUCTEMBI YpaBHEHUMU
SIBJIIFOTCS :

(1) . .

| BEKOBOM COCTaBIIAIOIICH HAKIIOHCHMUS,

!
ba3oBoe HakiIOHEHUE OPOUTHI 0 ;

a

Ouenka ko3 puimenTa

bazoBoe 3Haucune MCB BY 770;

5i,

HonpaBKa K 6a30130My 3HAYCHUIO HAKJIOHCHUS ITPU 3aITyCKE
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Pucynok 12: Tlporno3 MCB BY u HakioHeHUS!.

Ha pucynke 12 mnpencraBneH npumep nporHoza MCB BY u Haknonenwus,
MOJYYEHHOT'O C MCIIOJIB30BAaHUEM YIPOUICHHOM CUCTEMBI ypaBHEHMU. M3 nmaHHBIX
ATOTO PHUCYHKa BUJIHO, YTO PE3yJbTaThl UHTETPUPOBAHUS YNPOUIEHHON CUCTEMBI
YpaBHEHHUI XOPOIIO COTJIACYIOTCS C PEATbHBIMU JAHHBIMH OO0 JBOJIOIHH 3THUX
napameTpoB, KOTOPbIE OBLIN MPECTABICHBI BBIIIIE HA pUCYHKAX 2 1 5.
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Pucynok 13: Jlonrocpounslii mporuo3 HakinoHenus 1 MCB BY

HNHTepecHBIM SBIIIETCS OTBET HAa BOIPOC O 3aKOHOMEPHOCTSAX W3MEHECHMS
HakioHennss 1 MCB BY Ha Oonblinx HHTEpBajdax BpeMeHHU. Pe3ynbrarsbl
WHTETPUPOBAHUS YIPOILIEHHON CUCTEMBl YPaBHEHUM HA 45-TH JIETHEM WHTEpBAJIC
IpEACTaBIeHbl Ha pucyHke 13. M3 3TMX  JaHHBIX YETKO  BUJIEH
JOJITONEPUOIUUECKUIN XapaKTep OTKJIOHeHMM HakinoHeHus u MCB BY. Ilepuon
cocTaBiseT ~28 JeT, a aMIIIMTyAbl paBHbL: ~(0.3° y HakIOHeHUs U <3 yaca y MCB
BY. Otor BBIBOA corjmacyercs ¢ pe3ysbTaTaMd NOPUMEHEHHsS COBPEMEHHOU
KOMIIBIOTEPHOM MOJENIN JBWKEHHSI CIyTHUKOB, KOTOpBIE NPEACTABIEHBI Ha
pucyHke 14.
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Bpema

BO3MYIIEHUMN.

371ech OLICHKM IMEepUoJa W AaMIUIMTYAbl Bapualuid COIVIACYIOTCS C JaHHBIMH
Npeablaylero pucyHka. Kpome TOro, BHAHO, YTO €IWMHCTBEHHOW MPUYUHON
JIOJTONIEPUOINIECKUX BapUalui HAKJIOHEHHUS SIBJISTIOTCS COJTHCUHBIE
TPaBUTALMOHHBIE BO3MYIIIECHUS.

BriBogrbl

1. Ha ocHoBe opbOutanbHbix gaHHbIXx KA METEOP MI1 paccmorpeno 5

BO3MOKHBIX TPHYMH OTKJIOHEHHH MECTHOIO COJHEYHOIO BpPEMEHHU
Bocxomsmiero y3na (MCB BY) Ha uHTepBane mojeTra OT HayajabHOIO
3HAYCHHMS:

- IOTPEUTHOCTH HAYaTbHBIX YCIOBU;

- I3MEHEHUE OOJIBIION MOJIYOCH OPOUTHI;

- I3MCHCHHUE HAKIIOHCHHS,

- BIIUSIHUE TTOTPEITHOCTEH MOJIEIN TPaBUTAIIMOHHOTO OIS 3eMIIH;

- BIMSIHHUC JTYHHO-COJIHCYHBIX BO3MYITICHUH.

VY CTaHOBIIEHO, YTO OCHOBHOM mpuuMHON oTkKiIoHeHH MCB BY sBisercs
n3MeHeHne HakinoHeHuss KA. VYkazaHHoe W3MEHEHUE NPUBOAUT B CBOIO
ouepesb K OTKIOHEHHIO BO3MyLeHni JIBY nepBoro nopsaka or 3a1laHHOTO
3HAYECHUS. JTU OTKJIOHEHUS MMEIOT BTOPOU MOPSAOK MajJOCTH, HO OHM Ha
uHTepBasie noneta KA HakarmmBaroTCs, 4YTO U MPUBOJUT K CYIIECTBEHHBIM
otkiioHeHUsIM MCB BY 0T 3aganHoro 3HaueHus.

3. U3menenue Haknonenus opOutbl KA mpoucxonut B pe3ynbrare JEHCTBUS

COJIHEYHBIX TPABUTAILIMOHHBIX BO3MYILIEHUWU. ITO MPUBOAUT K TOMY, UTO
otkinoHenne MCB BY or 3amanHol BEeIWYMHBI U3MEHACTCS HEJIWHENHO II0
BpemeHu u 1jisi KA METEOP M1 nocturaer 3HayeHust 3yaca 45 MuH Ha 7-
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MU JIETHEM HHTEpPBAJIIE BPEMEHU. OJTO 3HAYEHUE 3aBUCUT OT BEIUYHUHBI
. . g
kor¢ uLMeHTa Npu KBaJApaTUUHON cocTaBisitoment (2 ).
4. TlpocreiimuM criocodbom yMenbllieHus oTkiaonennit MCB BY ot 3amannoro
3HAYEHMsI SIBJIIETCS BHECEHUE MONPABKU B HayaJbHOE HAKJIOHEHUE OPOUTHI

npu BeiBoge KA Ha opOuty. [lpuBeaena dopmyna st pacuera 3ToM
(@)
TIOTIPAaBKH, KOTOPAs 3aBHCUT TONBKO OT Kodddurmenta %2 . TIpuMeHerue

nannou momnpaBku i KA METEOP M1 mnpuBeno Ob K YMEHBIICHHUIO

otkiaoHeHnit MCB BY ot 3aianHoro 3Hauenus B 5-6 pas.

(@)

5. Pacuer xonddummenta “2 Ha OCHOBE KOPPEKTHOTO y4yeTa COJHEYHBIX
BO3MYIIICHUH SIBISETCS HEOOXOAMMBIM 3TAllOM MPOEKTUPOBAHUS COJHEYHO-
CUHXPOHHBIX OPOUT.

a

6. BbimonHEHO cpaBHEHHE peE3yIbTAaTOB aHaIM3a HBOMIOIMU opOouThl KA
METEOP M1 ¢ COOTBETCTBYIOUIMMH MaTepHaliaMd  CTaTbu [7]
«O0ecreyeHne MaKCUMAaJIbHOW CTaOWIIBHOCTH YCIOBUHM JAMCTAHIIMOHHOTO
30HAUPOBAHUS 3eMIIH 0€3 KOPPEKIIMU OPOUTHI». Y CTAaHOBIICHO MPUEMIIEMOE
COTrjlach€ COOTBETCTBYIOIIUX PE3YJIbTATOB.

7. OnyOnuKoBaHHAS B CTAaThe [7] 3aBUCUMOCTD JIJII BO3MYIICHHN HAKIIOHCHUS
MpUMEHEHa JJIA COCTaBJIEHUS YMPOIICHHOW cucTeMbl AuddepeHnnaIbHbIX
YpaBHEHUM, OMNHUCHIBAIOIIMX HBOJIONUIO HakioHeHus u MCB BY.
Pe3ynpTarel MHTETpUPOBaHUS 3TOM CHUCTEMBI YPaBHEHUM  XOPOIIO
COTJIaCyIOTCSl C pEalbHBIMU JAaHHBIMM M PE3yJbTaTaMU JOJITOCPOYHOIO
nporHo3upoBanus napamerpo opoutet KA METEOP M. Tloka3ano, 4to
BapuallMi HaKJIOHEHUS UMEIOT JOJTONEPUOANUYECKUN XapaKTep ¢ MEPHOIOM
~28 net u ammuTynou ~0.3°.
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Research of Airplane Waste Disposal System
Tank Characteristics by Method of Numerical
Simulation

S.V. Medvediev

Abstract- The modern design enhances the role of preliminary
research in aircraft development. Reducing iterations in the
process of making conceptual decisions, along with the
requirements for the project, and obtaining the most reliable
models of the future system is one of the important tasks
facing a design engineer. The article considers one of the life
support systems designed to satisfy the physiological needs
of the human body - a vacuum-type waste disposal system.
One of the critical elements of the system is a waste storage
tank. An important stage in the design of a tank is the
determination of its weight and size characteristics in the early
stages of development. The tank filing process has a
significant influence on these characteristics which is crucial
for the placement of equipment in it. The aim of the work
presented in the article is to study the process of filling the
tank with the help of numerical simulation methods. The
results obtained in the process of numerical modeling make it
possible, at the preliminary design stage, to evaluate the
required air gap, to determine the total volume of the waste
tank.

Keywords: vacuum, waste tank, waste disposal system,
numerical methods, free surface model.

. INTRODUCTION

he modern design of any system on board an
aircraft is a complex, multifactorial, ramified task

consisting in finding the optimal ratio of
parameters.
Continuous  complication and, as a

consequence, higher cost of aviation equipment entails
a significant increase in costs from errors made at the
design stage and, therefore, requires a sharp increase
in the quality of design and development work.

Strengthening the systemic principle in the
general approach to the creation of aviation technology
has increased the role of external design in the
development of aircraft, and raised the importance of
the stages of preliminary and conceptual design. The
role of pre-design studies related to the substantiation of
the general concept and the technical appearance of
the new aircraft planned to be created has also
significantly increased [1].

In this regard, obtaining reliable results at these
stages becomes an urgent task that the design engineer
has to solve when developing the system.

Author: Life Support Systems Department, Antonov Design Bureau,
Kyiv, Ukraine. e-mail: s.medvedev.v@gmail.com

To implement the requirements for ensuring
safety and comfort, various life support systems are
installed on board a modern aircraft, one of which is a
waste disposal system designed to ensure the
physiological needs of the human body. On board the
aircraft, different types of action systems are used, but
preference is given to a vacuum-type action system due
to a number of factors (economy, environmental
friendliness, comfort).

The development of vacuum-type systems on
civilian aircraft begins its history in the mid-70s of the
twentieth century. So, in 1975, inventor James Kemper
patented a vacuum waste disposal system, the principle
of which is used today in modern passenger aircraft [2].
The first vacuum toilet was installed on Boeing aircraft in
1982.

The principle of the system is that rarefied air is
the driving force for moving waste from the toilet to the
tank. When flying at low altitudes and on the ground, a
vacuum generator is used that provides the pressure
differential; at high altitude flight, a natural differential is
used between the cabin and the atmosphere. The waste
tank is connected to the atmosphere and in the system
is present atmospheric pressure till the flush valve on
the toilet, Fig. 1. Pressing the pushbutton opens the
flush valve, and waste from the toilet bowl moves to the
tank. The waste enters the tank and is stored there
during the flight and does not enter the atmosphere.
Tank service takes place on the ground.

Vacuum \

Generator

Vacuumization
Line

Toilet

-

Cabin

Atmosphere

Fig. 1: Simplified waste disposal system

One of the important requirements for
developing a waste disposal system is the requirement
for tightness. The tightness of the system is determined
not only by the tightness of the joints of the pipeline
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network, but also by the requirement that the waste be
stored in the tank without further movement along the
vacuumization subsystem. If the developed system
design does not comply with this requirement, the
following negative consequences may occur:

e The formation of significant ice formation on the
outer surface of the aircraft at the exit point of the
vacuumization pipelines, which after separation can
damage the structure of the aircraft;

* Waste getting onto the vacuum generator;

* Waste getting onto the surface of the airfield during
parking, which entails the imposition of significant
fines by the airport administration.

One of the system elements is a waste storage

p=pa+l-a)p,

p=pa+l-a)p,

= pa+1-p)p,
According to [4], taking into account [5] and
using the SST turbulence model, the equations
describing non-stationary gas-dynamic processes in

two-dimensional formulation with the available free
surface are as follows:

@_}_%J’_ﬁ:@_}_é_{_'\ﬂi
ot ox oy ox oy

tank. When designing a tank, you must determine:

Maximum amount of waste that will be stored in the
tank;

Configuration of the waste braking device (at the
entrance to the tank);

* Tank configuration acceptable for placement on an
airplane;

* Filling capacity of the waste tank (gas-dynamic
calculation);

* Strength calculation of the tank.

The total tank volume consists of the waste
volume and the air gap volume above the waste.

At the stage of research work, when conducting
full-scale tests is extremely difficult and requires
significant costs, the urgent task is to determine the
volume of the tank that is needed to store a given
amount of waste, as well as its configuration, taking into
account the zonal distribution of equipment in the
aircraft compartments. The required volume of the tank
largely depends on the process of its filling, the study of
which is presented below.

1. RESEARCH

The study of the tank filing process is
performed by numerical methods. Non-stationary
hydraulic processes are considered in the interaction of
a two-phase waste-air environment, which are separated
by a free surface.

a) Mathematical model  of
processes with a free surface
An article [3] presents an analysis of existing
mathematical models for free-flow flow modeling, which
shows that the most widely used method is the Volume
of Fluid method. This method uses the fluid volume
fraction function a. This function takes a value of 0 if the
medium is filled with gas and 1 if it is filled with liquid. At
the boundary of the phase section, the value of the
function lies in the range 0 < a <1. The density,
pressure and viscosity of the media under consideration
are from the following equations:

unsteady  hydraulic

© 2020 Global Journals
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where the coefficient / - number of the medium, p -
density, u and v - projections of the velocity vector at the
coordinates x and y, respectively, p - pressure, V = (U,
v)" - velocity vector, F = (f fy)T - density distribution of
bulk forces, t - elements of the viscous stress tensor, k -
kinetic energy of turbulence, w - turbulence specific
dissipation rate, P, - the generation of kinetic energy of
turbulence.

The first equation is the continuity equation, the
second and third equation is the momentum
conservation equation by x and y coordinates, the fourth
equation is the energy conservation equation, the fifth
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and sixth equation is the SST turbulence model, and the
seventh is the transfer equation for the function a.

These equations completing the equation of
state, as well as the equation of the condition of
dynamic equilibrium at the interface:

R
p=—pT
m
(z-72)e=(p—pp+oK)e
U =Uy, V1=V3

where,
e - single normal vector, K - surface curvature,
and ¢ - surface tension coefficient.

The elements of the stress tensor are as follows:

ou 2 (ou ov
Ty = 2He———— Me| —+——

ox 3 ox oy
pu v 2, (ou oy
vy ,Ueay 3,Ue ox oy

v = He oy Ox
Where g, - effective coefficient of viscosity:
He = H+ L4

u - dynamic viscosity coefficient, g, - turbulent viscosity
coefficient.

k2
Hi = pc/l ;
For turbulence model equations:

ok ok
D>|§ =(H+O'kﬂt)a DI; =(#+0'k/1t)_

o’ oy
Dy = (u+agm)g—i)’ Dy =(u+o.m, )%)
A =21~ Fl)p%z%f—;;%

A detailed description of the coefficients
included in the turbulence equation is given in [6 - 7].

Preparing and solving equation systems (1) is
carried out with the help of software package numerical
modeling Ansys CFX [8].

This software package is capable of solving
complex problems with many effects. Two-phase flow

studies using the numerical simulation method are
considered in [9-11].

b) Investigation of the storage tank filling processes
with numerical simulation

Since the design of aircraft systems is
conducted in a confined space, the tanks of the waste
disposal system can take many forms. The object of
research is a conditional tank for storage of waste,
cylindrical shape, Fig. 2. For research was proposed
and developed tanks with a diameter of 0.5 to 10 m.
The three-dimensional tank model is made using NX 8.5
software.

Fig. 2: Waste tank 3D model

Construction of the estimated grid made using
ICEM software package. The tank volume is broken by
an unstructured tetrahedral grid using the Robust
(octree) method, Fig. 3. The maximum height of the grid
element is 20 mm for the inlet and 7 mm for the outlet.

A two-phase air-water environment separated
by a free surface is considered. The air is presented as
perfect gas. Model of turbulence is SST.

5

{rs
Wf, fan

Fig. 3: Waste tank design grid

Flow simulation was performed in a non-

stationary setting (Transient). The simulation time of the
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tank filling process is 2 sec., and includes the following
stages of the system units operation: operation of the
vacuum generator from 0 to 1 s, opening of the waste
receiver flap from 1 to 2 s, getting water to the tank.

Fig. 4: The state of the mid-fracture surface after the end
of the evacuation process

At the initial time in the tank there is a certain
level of water (waste), the height of which is equal to
yn [12].

The purpose of the study is to determine the
dependence of the amount of water in the outlet pipe on
the amount of air gap between the water and the upper
wall of the tank.

The initial values of the velocity vector are
0 m/s. The initial pressure value is given by the P
function:

P Pv_at_y=<V
TP at y>
in_at_yz=2Yy

where,
P, = 1,0332 kg / cm? - air pressure;
P,, - water pressure, which is determined by the function:

Py =Pn +(yn - y)-1000- g

The initial temperature value of the two phases
ist = 22 ° C. The volume ratio of each phase in the
calculation region is determined by the WVF function:

WVE.. = O_at_y=<y,
a1 _at_y>y,

WVFE, 4o =1-WVE,,

The results showed that the stability of the
calculation is ensured at time step values of 0.001 sec.
and less.

Fig. 5 presents the dependence of the volume
of water in the outlet pipeline (maximum possible is 1)
on the size of the gap between the waste surface and
the upper wall of the tank (H) at different diameters of
the waste tank (free surface area).

0.0009 J
0.0008
0.0007
0.0006 B @ Tank d=0,5m
w 0.0005 B Tank d=0,75m
E K ATankd=1m
0.0004 A
X Tankd=2m
0.0003 }
1 - ¢ X Tank d=4 m
0.0002 A ®Tankd=10m
Y X an
0.0001 ——Q—Q—‘ + Tank d=10m
‘; ¥ | e@
3 Ly ;
0 50 100 150 200 250 300
H, mm

Fig. 5: Dependence of the volume amount of water in the outlet on the size of the air gap at
different diameters of the waste tank

The study of the process of vacuumization of
the system has made it possible to establish that with

© 2020 Global Journals

the reduction of the thickness of the air gap there is a
significant intensification of the separation of water



particles (waste) from the surface due to the higher
velocities of air flows in the gap, which occur during the
process of vacuumization of the system. Further
reduction of the thickness of the air gap leads to the
formation of waves on the free surface, resulting in
significant splashing of water and which can increase
even when a new portion of waste enters the tank.

The results of numerical simulation of the
process of filling the tank made it possible to determine
the dependence of the coefficient of bulk water content
in the outlet pipeline on different values of the initial
water level in the tank.

If the concentration of the water particle is
exceeded, we take 5 grams of fluid per drain (volume of
water not more than 0.0001), in which the presence of
water in the outlet channel becomes visually noticeable.
The obtained numerical simulation data for tanks of
different diameters made it possible to deduce the
allowable minimum height of the air gap between the
waste surface to the upper wall of the tank from the tank
diameter, which is presented in Fig. 6, 7.

200 +

175

150

The first approximation dependency allows for
the required tank dimensions (which are determined by
taking into account the maximum amount of waste and
the place of installation of the tank) to estimate the
required additional volume of air gap, which will ensure
no waste in the outlet.

The study of the process of vacuumization of
the system has made it possible to establish that with
the reduction of the thickness of the air gap there is a
significant intensification of the separation of water
particles (waste) from the surface due to the higher
velocities of air flows in the gap, which occur during the
process of vacuumization of the system. Further
reduction of the thickness of the air gap leads to the
formation of waves on the free surface, resulting in
significant splashing of water and which can increase
even when a new portion of waste enters the tank.

For a real aircraft, the range of tank diameters
ranges from 0.5 mto 2 m, Fig. 6.

50 1
500

1000 Diank, mm 1500

2000

Fig. 6: Dependence of the volume amount of water in the outlet on the size of the air gap for
diameters 0.5 mto2m
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Fig. 7: Dependence of the volume amount of water in the outlet on the size of the air gap at different
diameters of the waste tank

[1I. CONCLUSION

The study of the processes of evacuation and
filling of the storage tank used of waste disposal system
showed that the entry of waste into the vacuumization
line is due to a significant intensification of the process
of waste separation particles at a decrease in the
thickness of the air gap during the process
vacuumization.

According to the results of numerical studies,
the minimum permissible value of the air gap thickness
between the waste surface and the tank is determined
for different tank diameters, at which the waste
concentration in the vacuum line will not exceed critical
values.
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Application of Numerical Methods for New
Estimate of Rheology Constants in the 2D
Computer Model of the Mantle Wedge Thermal
Convection as a Possible Physical Mechanism
of Hydrocarbons Transport

S.V.Gavrilov* & A.L.Kharitonov®

Abstract- For both Newtonian and non-Newtonian mantle
rheology laws, the numerical model of the 2D dissipation-
driven mantle wedge thermal convection is constructed for the
case of subduction of the Black sea micro-plate under the
Crimea peninsula with the account taken of the phase
transitions in the mantle. The horizontal extent of the positive
2D heat flux anomaly zone localized in the rear of the Crimea
mountains is shown to correspond to the model subduction
velocity =10 mm per year for the water content of one weight
%. For Newtonian rheology upwelling convective flow
transporting heat to the Earth's surface is formed at the
subduction velocity of ~10? mm per year, which appears too
excessive and probably evidence of that the non-Newtonian
rheology dominates in the mantle wedge. In the case of non-
Newtonian rheology, the velocity in convective vortices in the
mantle wedge exceeds [J10 m per year. The subduction
velocity may be less than 10 mm a year for the water content
in the mantle wedge over ~1 weight %. The upwelling
convective flow is shown to transport mantle hydrocarbons to
the Earth’s surface since the zone of oil and gas accumulation
coincides with the 2D one of heat flux anomaly.

Keywords: 2D thermal convection, Newtonian and non-
Newtonian rheology constants, phase transitions,
hydrocarbons transport.

[ INTRODUCTION

nteraction of the lithospheric plates in the Crimea-

Caucasus region leads to the thrusting of the Black

Sea micro-plate under the Crimea peninsula (under
the Scythian plate) [Nimetulayeva, 2004]. As a
consequence, the seismic focal plane is formed along
which the Crimea ascends as the result of seismic jerks.
The velocities of vertical uplift of the Crimea mountains
and sinking of the near-Crimean area of the Black Sea
micro-plate equal to ~4 mm per year and ~10 mm per
year, respectively. Mountainous Crimea is a folded fault
region being a part of the Alps-Himalaya-Indonesia belt
[Yudin, 2001].

Author a: Schmidt Institute of Physics of the Earth, Russian Academy of
Sciences, RAS, Troitsk, RF.

Author o: Pushkov Institute of Terrestrial Magnetism, lonosphere and
Radlio Wave Propagation, RAS, Troitsk, RF. e-mail: ahariton@izmiran.ru

In [Ushakov et al., 1977] the subduction velocity
of the Black Sea micro-plate under the Crimea peninsula
is estimated of ~1 mm per year as the best fit to the
observed sedimentary layer distribution.  Other
estimations are unknown to the knowledge of the
authors. However the obtained estimate of ~1 mm per
year appears to be an underestimate, being not
correspondent to the vertical velocities of ~4 and ~10
mm per year of Mountainous Crimea and the Black Sea
micro-plate.

According to [Gavrilov, 2014; Gerya, 2011,
Gerya et al., 2006] two types of dissipation driven small-
scale thermal convection in the mantle wedge are
possible, viz. 3D finger-like convective jets, raising to
volcanic chain, and 2D transversal Karig vortices,
aligned perpendicularly to subduction. These two types
of convection are shown to be spatially separated due
to the pressure and temperature dependence of mantle
effective viscosity, the Karig vortices, if any of them
formed, being located behind the volcanic arc [Gavrilov,
2014]. Despite the firmly established localization of the
seismic focal plane there is just a single definite
conclusion concerning the velocity of subduction of the
Black Sea micro-plate [Ushakov et al., 1977]. It is not
completely clear if volcanism played a substantial role in
forming Mountainous Crimea, or the mountains are of a
purely thrust-and-fold origin. [Nimetulayeva, 2004]
indicates the contradictory statements on the Crimean
volcanism to have been published, however in Fig.2.4 in
[Nimetulayeva, 2004], the volcanic eruption in the
Mountainous Crimea is depicted. The abovementioned
picture is reproduced here in Fig.1 with the convective
vortices drawn additionally. It is worth assuming the two
heat flux anomaly maxima observed in the south of the
Crimea peninsula [Smirnov, 1980; Nimetulayaeva, 2004,
Fig.2.4] owe their origin to respectively 3D and 2D
upward convective heat transfer from the mantle wedge
to the Earth’s surface (see Fig.1 of this paper). The latter
2D maximum located in the rear of the Mountainous
Crimea is much greater as compared to the former 3D
maximum located in the Mountainous Crimea. The 2D
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heat flux anomaly maximum is associated with the 2D
upward convective flow in the mantle wedge. Numerical
modeling of 2D mantle wedge thermal convection
occurring in the form of the Karig vortices and
presumably transporting heat to the Earth’'s surface in
the rear of the Mountainous Crimea allows judging
about the mean velocity of subduction of the Black Sea
micro-plate under the Crimea peninsula as well as about
the rheological mantle parameters. The horizontal extent
of the 2D heat flux anomaly in the rear of the
Mountainous Crimea is shown to correspond to the
mean subduction velocity >10 mm per year for the
observed subduction angle []15°. Numerical convection
models accounting for the effects of phase transitions
as well as the pressure, temperature, and viscous
stresses viscosity dependence fit in well with the heat

flux observational data in the case of non-Newtonian
mantle rheology at the mean concentration of water in
the mantle wedge of ~1 wt. %.

[I. ALGORITHM AND COMPUTATION
COMPLEXITY

Thermo-mechanical model of the mantle wedge
between the base of the overlying Scythian plate and the
upper surface of the Black Sea micro-plate subducting

under the Scythian one with a velocity V atan angle p
is obtained for the infinite Prandtl number fluid as the
solution  of non-dimensional 2D  hydrodynamic
equations in the Boussinesq approximation for the

stream-function ¥ and temperature T.

2 2 2 2 2 2 410)~(410 660)~(660
(077 = 0xx N0z — Oxx )W + 405 N0%,v = RaT, — Ra( )F)(c ) - Ra( )F)(c ) ) (1)
Di T-Z
atT:AT_\VZTx""VxTZ"'_XZ_k"'Q' )
Ra 2n

Here M is dynamic viscosity, 0 and indices
denote partial derivatives with respect to coordinates *
(horizontal), Z (vertical) and time I Ais the Laplace

operator, 1“(410) and F(660) are volume ratios of the

heavy phase at the 410 km and 660 km phase

boundaries, the velocity components Vy and Vz are
expressed through V as

Vi=Vz Vy==VYyx, 3)

while non-dimensional Rayleigh number Ra , phase numbers Ra(410) , Ra(660) and dissipative number DI are

3 (410) 3
Ra=2P80 1 555,908 Ra410) 007 84" (o 108
i 04
660) 3
Ra(660):59( gd _35%x108 pi=2 _ 165 @
iy ' | “p |

where ® =310° K'is the thermal expansion coefficient,
P33 gcm?® is the density, g is gravity acceleration,
Cp=12x10° J kg'K' is specific heat capacity at
constant pressure, T, = 1950 K is the temperature at the
base of the mantle transition zone (MTZ) at depth 660
km regarded the lower boundary of the model domain,
Q= 6.2510" mWm?* is the volumetric heat generation in
the crust, Tik is the viscous stress tensor, d=660 km is
the vertical dimension of the modeled domain, T = 10
Pa ‘s is the viscosity scaling factor, X =1 mm?2-s™ is

thermal diffusivity, 8p<410) =0.07p and
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6p(660) =0.09p are the density changes at the 410
km and 660 km phase boundaries respectively. In (1),

(2) the scaling factors for time t, coordinates ¥ and Z ,
1

’

stresses Tik , and the stream-function ¥ are d? X

d, ﬁx-d_z, and X respectively. Assuming rheology
be linear for the diffusion creep deformation mechanism
dominating in the mantle at depths over ~200 km [Billen
& Hirth, 2005], we accept the temperature- and
lithostatic pressure p dependent viscosity as [Zharkov,
2019]



_u(nY"
iy

Where for “wet” olivine A=5.3x10'° s', m=2.5, the grain
size h =10" = 10 mm, b"=5x10% cm is the Burgers
vector [Zharkov, 2003], E'=240 kJmol' is activation

energy, V'=5x10° mm®mol” is activation volume, M
=300 GPa is the shear modulus normalizing factor, R is

n= 5.0x1077 exp

Where T is non-dimensional temperature, non-
dimensional z normalized by d is pointing upwards from
the MTZ base and x is pointing against subduction
along the MTZ base. The aspect ratio of the model
domain is 1:3.7 thus the subduction angle being

B = 159 it subduction is assumed to take place along

the model domain diagonal. Non-dimensional trial

subduction velocity V=45 mma" normalized by x-d_l

. 1 (h
24c” "1y
w

Where according to [Trubitsyn, 2012] for “wet” olivine

23\1/2
n=3, r=1.2, m=0,| T= (Tik) ‘ E"=480 kJmol”,

V'=11x10® mm*mol’, A=10% ¢'x(MPa)”, C, >1072 for
‘wet” olivine is the weight water concentration (in %%).

Tl-zk = 4112 [(y,— \Vxx)2 /2+ 2W)2CZ]

non-dimensional viscosity is

1.00

% *
E +pV

RT ©

the gas constant. At the chosen constants and the grain
size h=1.6 mm, non-dimensional viscosity also denoted
M is

14.8+6.72(1 - z)

*

T : ©)

equals V=0.93810° i.e. non-dimensional velocity
components of subducting Black Sea micro-plate are

Vx = ~0.89810° and Vz = -0.26810°

To check as to how the estimate of the velocity
of subduction of the Black Sea micro-plate is sensitive
to the accepted linear rheological law here we make
extra computations for non-Newtonian rheology, in
which case the viscosity formulae (5)-

(7)

m E* n V*
RT

It should be noted the constants in (7) vary considerably
in the papers referred to by [Trubitsyn, 2012] and
heretofore, we gave averaged values of constants.

At C,, =107 on accounting for

100+5.0x(1-z2)

T

XeX
(\sz - \Vxx)z 2+ 2‘%2(2]1 P

Following [Trubitsyn & Trubitsyn, 2014] we assume the phase functions F(Z) as

rd Ly
2 NG

where the signs are changed as z-axis is pointing

upwards, Z(I)(T) is the depth of the /-th phase

transition /=410, 660), Z(()I ) Té')

depth and temperature of the /-th phase transition,

and are the averaged

7220 (T)

T )
()

ADay= 0 Y1), (10)
pPg

Y(410) — 3 MPaxK' and Y(660) = -3 MPaxK"' are

the slopes of the phase equilibrium curves, W(I) is the
characteristic thickness of the /-th phase transition,

410 0
T{410 )

66
=1800 K, TO( =1950 K are the mean

© 2020 Global Journals

(1) Volume XX Issue I Version I E Year 2020

o
=]

S

Global Journal of Researches in Engineerin



Global Journal of Researches in Engineering (1) Volume XX Issue I Version I E Year 2020

mean phase transition temperatures. The heats of
phase transitions are neglected in (2) as insignificant in

()

- Z(()l) + y(l) (T - Tél))/pg

the case of developed convection as in [Trubitsyn &
Trubitsyn, 2014]. From (10) it follows

z
NOJ L

2pgu!!

xTy (11)
N0 x

Where from it is clear the phase transition with y(l) > Ofacilitates convection (at /=410), while the phase transition

(41

with y(l) < 0 hinders convection (at /=660). In non-dimensional form ZO 0 =0.38, 26660) =0 W(I) =0.05,
v o510, ¥ 80 _ o 5100 T(§410)= T(gGGO):1,and in (1).
50D
o o 10 1)
O __0p" v -2 . (12)
5 =— C XTX
oRa®D 25D W(l)

Equations (1)—(2) are solved for the isothermal
horizontal and insolated vertical boundaries regarded
no-slip impenetrable ones except for the “windows” for
in- and outgoing subducting plate, where the plate
velocity is specified. Vertical boundary distant from
subduction zone is assumed penetrable at right angle,
the latter boundary condition appears not too imposing
in the case of very flat subduction. Q in (2) is non-zero in
the continental and oceanic crust 40 and 7 km thick.
Initial vertical boundaries temperature is calculated for
the half-space cooling model for 10° yr and 108 yr for

Scythian (continental) and Black Sea (oceanic) plates
respectively.

I1I.  RESULTS AND DiscuUssiON

Assuming the second (more remote from the
trench) heat flux g maximum in Fig.1 appears above the
convective flow, ascending to C, point in Fig.1, and the
convection cell dimension is equal to the two adjacent g
minima separation (i.e. the g minima are located above
the descending convective flows) we can estimate the
convection cell dimension as ~250 km.

84
w ____________________________ ! patany Ao e et B 018 e
42 i
(2) i
: X km
o 250 500 750

Mountainous Crimea |

Black Sea depression (micro plate)

60 ¥ H, km

'\ Seismic focal plate

Fig. 1: Schematic cross section of the region of subduction of the Black Sea micro-plate under the Crimea peninsula
(Scythian plate) C, and C, are the zones of 3D and 2D convective flows ascending to the heat flux g maxima, the

whirls under C, are the 2D Karig convective flows. (2)

[Nimetulayeva, 2006]).
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— Heat flux g in the south of Crimea. (3)
plate subducting under the Crimea peninsula and the seismic focal plane shown by the dotted line.

— The Black Sea micro-
(After



To preliminarily access the mean velocity of
subduction of the Black Sea micro-plate the coordinate

X dependence of the growth rate Y 1 X) of
transversal convective rolls for the constant viscosity
fluid model can be allowed for. In such the model the
averaged temperature and  pressure  VisCosity
dependence is accounted for in an averaged manner,
the factor describing the temperature- and pressure

A R
20" Y,s

viscosity dependence being equal to its mean value
[Gavrilov, 2014].

Analytical formulae in [Gavrilov, 2014] yield Y n

(X) shown in Fig.2 for the subduction angle P ~15°
convection cell dimension ~250 km and subduction
velocities V given in Fig.2 in mm per year.

0

-16 _ | V=41,0
148 V=40,5
V=40,0
V=395
V=390

-0 i I I | 11 I >
250 300 350 400 450 500 550 600 Xkm

Xy X,

Fig. 2. Growth rate Y L(X) of convective instability vs. horizontal distance X for subduction velocities V in mm per

year. In the zone X1 < X< X2 approximately 250 km long single 2D convection cell with ¥ | (X)>0 is aroused at

V=40.5 mmxyr" in the zone of heat flux maximum.

It should be noted the growth rates Y L(X) are
viscosity independent as convection is driven by viscous
heat release (which is directly proportional to viscosity),
while, on the other hand, the greater is the viscosity the
more difficult is to arouse the convection. Fig.2 clearly

demonstrates the convective zone with [ 1 X )>0

amounts to Xz = Xy 250 km (i.e. the single convective
cell of ~250 size is actually aroused) at V=40.5 mm per
year, the latter value being a preliminary estimate of the

mean subduction velocity. The Y 1 X) maximum is
~320 km distant from the trench which is very close to
the distance from the trench to the observed 2D heat
flux anomaly (~400 km, see Fig.1).

To compute more accurate consistent model of
small-scale convection in the mantle wedge between the
overriding Scythian plate and subducting Black Sea
micro-plate it is necessary from the computational point

of view first to specify vanishing non-dimensional

numbers R& 0, Di =0 in (1)-2), ie. to ignore
convection and viscous dissipation. This approach is

applied as convection with Ra ang Di (4) passes
through very vigorous stages, and the time steps in
integrating (1)-(2) become too small thus making it
difficult to model the thermal structure of the plates.
Solving (1)-(2) by the finite element method in space on
the grid 104x104 and the 3-rd order Runge-Kutta

method in time one obtains for Ra —0, Di =0 and

V=45 mm a year non-dimensional quasi steady-state v
and T shown in Figs.3, where the streamlines are
depicted with step 0.25 and the isotherms with an
interval of 0.05.
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Fig. 3: Quasi steady-state non-dimensional stream-function and temperature distributions in the zone of subduction

of the Black Sea micro-plate under the Scythian plate wit
account for non-Newtonian rheology: (a, b) for the water

h no effects of dissipative heating and convection taken into
content C,,=10°weight %% and (c, d) for the water content

C,,=3[]10" weight %%. Parallel equidistant streamlines represent subducting Black Sea micro-plate, the streamlines
above correspond to the mantle wedge flow induced by subduction.

Subducting plate was considered rigid, while
the viscosity at the zone of plates friction (at
temperatures below 1200 K) was reduced by 2 orders of
magnitude as compared to (5). The latter viscosity
reduction at the plates contact zone accounts for
lubrication effected by deposits partially entrained by the
subducting plate. Such a lubrication prevents the
overriding Scythian plate from gluing to the subducting

© 2020 Global Journals

one [Gerya, 2011]. It is worth noting the isotherm
T=0.15 in Fig.3a,c approximately corresponding to the
Earth’s surface is depressed at subduction zone by~7
km which is of the order of a typical trench depth. Fig.3
shows the results of computation for formulae (7) — (9)
for non-Newtonian rheology case for the water content
C,=10% weight %% (Fig.3a, b) and C,=3x10" weight
%% (Fig.3c, d). The velocity V=45 mm per year is



chosen as resulting in the best convective zone size
fitting in with the observed heat flux (positive and
negative) anomaly size at the point C, in Fig.1, i.e. in the
rear of the Mountainous Crimea. The Black Sea micro-
plate subducting with a given velocity V is considered
rigid and is shown in Fig.3b,d by the equidistant
diagonal streamlines. The induced mantle wedge flow
above the subducting plate is seen to occur in the form
of a single vortex at C,=10" weight %% (Fig.3b) and in
the form of the 2 vortices (located one above another) at
C,=3x10" weight %% (Fig.3d), the latter 2 vortices
being considerably compressed in the vertical direction

and the upper one (with ‘//>0) revolves clockwise

while the lower one (ith ¥ <0 ) revolves

counterclockwise (Fig.3b,d). Micro-whirls [J10? km great
are formed between the counter-flows inside the upper
induced flow obviously due to the tangential
discontinuity instability (Kelvin-Helmholtz instability).

Assuming Ra =5.55x10° and Di=0.165
i.e. switching dissipation and convection on, and taking
into account the effects of phase transitions, from (1)-
(2) the convection is found not to arouse in the non-
Newtonian rheology case at C,=10° weight %%. At
C,,=3x10" weight %% the 2 induced mantle flows in the
mantle wedge are destroyed during the time interval
~0.6x10° (in dimensional form ~0.1 Myr) by the
convective vortices shown in Fig.4 with the streamlines
depicted with the interval of 4[J10*.

Distance, km

0 3%0

6?0

9?0

13120 1(350 19|80 23|10 Y/

-0.5
C=310" %%
660 « T T T T T T T 0.0
X 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Fig. 4: Quasi steady-state stream-function in the mantle wedge with the effects of dissipative heating and convective
instability for the case of non-Newtonian rheology and the water content C,,=3x10" weight %%. Arrow (c) shows
ascending convective flow transporting mantle hydrocarbons to the Earth’s surface at the point C, in Fig.1.

These convective vortices are seen actually to
correspond to a single convection cell aroused at
subduction velocity V=45 mm per year. The latter
convection cell dimension is of the order of ~300 km,
i.e., is very close to the observed minima q separation
under the G, point in Fig.1.

Thus the for the non-Newtonian mantle wedge
rheology case with the viscosity reduced by 3 orders of
magnitude as compared to (7)- 9) the computation
shows the convection in the mantle wedge to occur at
C,,=3x10" weight %% in the form of two micro vortices
at V=45 mm per year. Convection of this type can
provide abnormal 2D heat flux g observed in the rear of
the Mountainous Crimea and the upwelling of the mantle
hydrocarbons to the Earth’s surface along the arrow “c”
[Yudin, 2003]. Considerable velocity in convective
vortices in Fig.4 is due to the local viscous stresses
increase resulting in the drop in viscosity in convective
zone. In the case of Newtonian rheology the convection
is aroused at the subduction velocity of over 102 mmxa
' which appears unrealistic.

According to [Zharkov, 2019, p.143], the water
content in the mantle transition zone in the mantle
wedge may amount to ~3 wt. %. To investigate the role
of water infused into the mantle wedge from the

subducting slab the above computations were carried
out for the mean water content of 1 wt. % and
subduction velocity of 30, 20, and 10 mm per year. The
results of the convection computation are shown in
Figs.5a and 5b for V=30 and 20 mm per vyear
respectively, where the streamlines corresponding to
subducting Black Sea micro-plate are shown with the
interval of 10, and the streamlines, corresponding to
convective vortices with the interval of 10%. The mean
non-dimensional velocity in the left micro-vortex are
~15.2x107, ~7.1x10” and ~0.05x107 for the velocity
of subduction of V = 30, 20, and 10 mm per year
respectively. Thus, the convection may be considered to
arise at the subduction velocity over ~10 mm per year
for the mean water content C,~1 wt.%. Since the meant
water content in the mantle wedge could hardly exceed
~1 wt.% even at the water content in the mantle
transition zone of 3 wi%, the obtained subduction
velocity of ~10 mm per year may be regarded the
minimum estimate of that of subduction of the Black Sea
micro-plate.

It is worth noting, that in the case of Newtonian
rheology, the mantle wedge dissipation-driven
convection in the form of transversal rolls, as in Fig.4, is
characteristic of very small subduction angles, the
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convection of this type being absent already at
subduction angle B=30° [Gavrilov & Abbott, 1999]. At

above the boundaries of the oppositely revolving
convective vortices in Figs.4, 5 indicate a possible

the subduction angle under consideration here, B=15°, direction of transport of non-organic mantle
the convective transversal rolls do not appear at V<10  hydrocarbons to the Earth’s surface.
cmxyr' for the Newtonian rheology case. Arrow ()
Distance, km
0 330 660 990 1320 1650 1980 2310 , Z
0.0 | | | 1 | | | | | i | 1.0
=
-~
330 -+ - 0.5
£ (A)
Q
8 V=3 cm/a, C,= 1 wt.%
660 < T T T T T -0.0
X 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Distance, km
0 330 660 990 1320 1650 1980 2310 , Z
0.0 1 1 | | 1 | 1 | 1 | 1 | 1.0
£ \
x 0.
330 - ) - 0.5
_c 20
p—
Q
8 V=2cm/a, C, = 1 wt.%
660 < T T T T T T T 0.0
X 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Fig. 5: Quasi steady-state stream-function in the mantle wedge with the effects of dissipative heating and convective
instability for the case of non-Newtonian rheology and the water content C,=1wt. % at the subduction velocity of (a)
— 30 mm per year and (b) — 20 mm per year. Arrow (c) shows ascending convective flow transporting mantle

hydrocarbons to the Earth’s surface at the point C, in Fig.1.

Computations for Newtonian mantle rheology
with the viscosity (5)-(6) shows the transversal rolls to be
aroused at far greater distance from the trench than the
observed 2D heat flux anomaly. Thus the model
constructed here favors the non-Newtonian mantle
wedge rheology as better fitting in with the observed
heat flux anomaly localization. It should be noted that
numerous thermo-mechanical mantle models in the
zones of subduction (see, e.g. [Gerya et al., 2006;
Gerya, 2011] and the vast number of references there)
showed convection in the form of transversal rolls never
to occur as the models with extremely small subduction
angle and sufficiently great subduction velocity were not
investigated.

© 2020 Global Journals

IV. CONCLUSIONS

The size of the cell of 2D mantle wedge
dissipation-driven convection in the case of the realistic
non-Newtonian rheology equals ~300 km at the
subduction velocity 10 mmxyr' and the mean water
content of ~1 wt.%, in which case a single convection
cell is aroused. This explains the formation and
horizontal extent (~250 km) of the only 2D heat flux
anomaly observed in the rear of the Mountainous
Crimea. The water content sufficient for the 2D
convection to be aroused is ~1wt. % at the velocity of a
subduction of ~10 mm per year. The non-Newtonian
model convection cell locates twice further from the



trench than the observed 2D heat flux anomaly. The
velocity in convective vortices in the non-Newtonian
rheology case is ~10 m per year which may be sufficient

to

provide upward transport of mantle wedge

hydrocarbons to the Earth’s surface.

10.
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Modeling Filters of Six Symmetrical
Components of Controlled Self-compensating
Power Transmission Lines

Turturica Natalya

Absiract-This article discusses the implementation of filters for
six symmetrical components of currents (voltages) of a self-
compensating power line (SCPL) and a controlled self-
compensating power line with closely placed phases (CSCPL)
Mathematical descriptions of these filters are provided. The
principle of implementation of relay protection based on the
allocation of six symmetrical components of currents
(voltages) is proposed, which allows to increase its sensitivity
and ensure the "survivability" of the SCPL (CSCPL) for various
asymmetric short circuits. For this purpose, a structural model
of the filter scheme of six symmetrical components is
reproduced in the MATLAB & Simulink dynamic modeling
environment.

Results: The proposed mathematical MATLAB model of filters
of six symmetrical components allows their mathematical
implementation in the development of relay protection of SCPL
(CSCPL).

Keywords: ¢unbmp wecmu CUMMeEMPUYHbIX
cocmasesisarwux, caMoKoMeHcupyrowelcs  UuHUU
anekmponepedayu (CBJI).

L. BBEJEHUE

AVH 13 CcnocoboB MOBLIWEHNSA MPOMYCKHON

crnocobHocTtu IO, senaetca BHegpeHue J1OM

CO CONMMKEHHBIMN OOHOUMEHHBIMU ha3amMm Tak
Ha3blBaemble camokomneHcupytowwmecsa J1OIM (CBJT)
unu ynpaensieMble camMokoMneHcupytowmeca J13M1
(YCBI), wuccnepoBaHWe KOTOpbIX Obinu HayeTbl B
MockoBckom OHepreTudyeckom UHCTuTyTe 1 NHCTUTYTE
OHepretukn Akagemun Hayk Mongosbl.  [1-3].
OTtnuumTensHas 0COBEHHOCTb oT OObIYHbIX
ABYXUEMHbIX IMHWUIA 3TUX SIMHWIA CBOAUTLCS K TOMY, YTO
CaMOKOMMEHCHPYIOLLAACA FWHUA  3neKTponepeaayu
npeacTasnseT cobon ABYXUENHYK MMHWIO, Y KOTOPOW
cOnuxkeHbl pasHOMMEHHble asbl pasHbIX Lenen.
Bnarogaps aTtomy, ycunuBaeTcs 9neKTpOMarHUTHoe
BMMSHWE  Mexay  COnMkKeHHbiMM  pasamm U
obecneunBaeTcsa ectecTBeHHbIn 120 rpagyCHbIA yron
cABUra HanpshkeHun conuxeHHbix ¢as. BHepgpenune
yka3aHHbIx J13I TpebyeT pelleHus uenoro komnnekca
BOMPOCOB, B TOM 4uUCrne pacyéta TOKOB KOPOTKMX
3amblkaHui (K.3.) U penenHon 3awmnTel. [MpoBeaeHHbIe
nccnegoBaHWa Mokasanu, 4TO pacyeT  pasfvyHbIX
HECMMMETPUYHBIX PEXXMMOB 1 KOPOTKUX 3aMbIKaHWU.

Author: Turturica Natalya, Pridnestrovian State University.
e-mail: natalya_siti@mail.ru

Hanbonee uernecoobpasHo BbINOMHUTD,
ncnonb3ays wecTtudasHole CUMMETpPUYHbIE
cocTtaBnsitowine. Kpome TOro  BbISIBMEHO, 4TO
onpeaeneHHbIM BUOam K.3. COOTBETCTBYET
«nosiBrneHmne» onpeneneHHbIX CUMMETPUYHbIX
COCTaBnAOLWMX, yTO MOXeT NOCNYXUTb

OTNNYNTENBHLIM MPU3HAKOM [aHHbLIX BMAOB K.3. ANS
penevHon 3awmntbl [4,5]. [Ons BbIABNEHUS AaHHbIX

CUMMETPUYHbIX COCTaBnALWNX HeobxoanMbI
cooTBeTCTBYHOLWME (*)VIJ'I bTPbI. o HacTodLlero
BpeMeHn npoBeaeHHble uccnenoBaHnda KacalimCb

TOJIbKO d)VI3VI‘-IeCKOFO BbIMOJIHEHUNA 3TUX (*)VIJ'IprOB,
YTO BMOJIHE npuemMnemMo AOnA TpaguuuOHHbIX 3allunT.

[6-9]. Ons COBPEMEHHbIX LMdpOoBbIX "
MMWKPOMPOLIECCOPHbIX 3awmT Hanbornee
uenecoobpasHo  MaTtemMaTMyeckoe  «BblAerneHue»

AaHHbIX CUMMETPUYHbIX COCTaBNAKLWNX NPU K.3

Llenbto gaHHom paboTbl ABMASAMNOCH U3yyYeHue
paboTocnocobHOCTU PUNBTPOB LUECTU CUMMETPUYHBIX
COCTaBMsloOWKNX M BblbOp Hambonee oONTUManbHOro
anropMtMa ux NporpaMMHOro UcrnonHeHus. Onsa atoro
npegnaraeTtcs peanu3aumsi  HWKe NpuBEOEHHOro
anropytMa  pacyeta  KO3(pPULMEHTOB  AaHHbIX
uUnbLTPOB, a B KOMNbOTEPHOM nakeTe Matlab/Simulink
[10,11] ocywecTBrneHa UWMUTAUUOHHAA MoAeNb C
Uenblo MomnydeHust Tex WM WHbIX CUMMETPUYHbIX
coctaBnstowux YCBI1 (CBJ1) ana penenHon 3awuTsl n
aBTomatuki. B uenom ata mogen MoOXeT ObiTb
pacnpocTpaHeHa M NpMMEHeHa B MpUHUMNE K NoObiM
MHorogpasHbiM JIOIN B 4YacTHOCTM [OBYX LEMHbIM,
paccmaTtpuBas Ux Kak WwecTtudasHbie NMMHUN.

[I. METOJAUKA MCCJEJOBAHUS

PaccmatpuBas YCBIN(CBI) Kak
wecTtudasHele JIOM ana pacyeta HECCUMETPUYHbBIX K3
N CMOXHbIX BMAOB MOBPEXAEHWI, BKMNOYasi 0OpbIBbI
da3, MOXHO WUCNoNb3oBaTb METO4 CUMMETPUYHBIX
COCTaBnAKWMNX. TeopeTnyeckne OCHOBbI [JaHHOro
mMeToza Obinu nsnoxeHsl B pabortax C.L. Fortescue, a
3atem R. Evans u C. Wagner un petansHo
paccmoTpeHbl B pabotax [12,13]. MeToa ocHOBaH Ha
pasnoXeHWn  HEeCUMMETPUYHbLIX  CUCTEM  TOKOB
(HanpskeHWn) NpyU  pasnUyHbIX MOBPEXOEeHUNn Ha
WecTb CUMMETPUYHbLIX coctaBnaowmnx 0,1,2,3,4,5
nocrnegoBaTenbHOCTEN.
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B cooTtBeTCTBMM C pasnoxeHnem dasHble
HanpsbkeHus (Toku) B pasax A, A' B, B', C n C', moryt
ObITb BblpaXXe€Hbl CUMMETPUYHBIMM COCTaBMSIOLMMUY U
HaobopoT crneaywowmm obpasom
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KBagpaTHble MaTtpuubl npeobpasoBaHus U3
cuMMeTpuYHbIX coctasnsowmx 0,1,2,3,4,5 B dasHble
n obpaTHasa matpuua Se

BekTopHble anarpammbl PUCYHOK 1,
UNIIOCTPUPYIOT no dasHoe reomMeTpuyeckoe
pasnoxeHue HECMMMETPUYHON wecTtndasHom
CUCTEMbI Ha LIECTb CMMMETPUYHBIX COCTaBISIOLLMX

CUCTEeMbl BEKTOPOB TOKOB (HanpsbkeHwus) YCBJI 0'<6<-
120, roe 6 31O yron caBura Mexay Ccuctemamu
BEKTOPOB (pasHbIX HanpshkeHui, B obLuem, criyyam oT
0°mo 360°

™\

BEKTOpa

cMMMeETpUYHbIX cocTaensatowmnx 0,1,2,3,4 n 5 nocnepoBaTtenbHOCTEN; B) NO hasHOE CrOXeHWe BEKTOpOB

CUMMETPUYHbIX COCTaBNAKLLNX.

Mpu cnoxHbix Bugax nospexgeHun YCBII
(CBJ1) cBssaHHble Cc  oOpbiBOM a3z  unu
OLHOBPEMEHHbIN 06pbIBOM n K3 npucylie
onpeaenéHHble CUMMETPUYHbIE cocTasnsawowme 0, 1,
2, 3, 4 n 5 nocnegoBatenbHoCcTU. Hanpumep
rpaHu4Hble ycrnosusa npu obpbiee a3 A n A' YCBII
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CornacHo (1) nepexoa OT dasHbiX KoopauHaT K
KOOpAMHaTaM LUECTU CUMMETPUYHBIX COCTaBMISOLLNX
YCBIJ1 1 Hao60opOoT rpaHUYHLIE YCIOBUSA NPUMYT BUA;

l1+13+15=0;

Ul:U3=U5=%(ULA—ULA');

. . 1. .
U0:U2=U4=€(ULA+ULA') 3)
AHanornyHo MOXHO HanTn
nocrneaoBaTenbHOCTH TOKOB n HanpshKeHun
BO3HMKAOLWNX MpU  pasnMyHon HecummeTpun. Kak

ObITO OTMEYeHO Bblle, penenHast 3awmta YCBIJI

(CBIl) moxeT ObITb peannaoBaHa Ha OCHOBE
OBGHapyXeHUs1 Tex WM WHbIX COOTBETCTBYOLLMX
CYMMETPUYHBIX COCTaBNSIOLLNX. Ons aToro
HeobxoaMMbI PuUnbTpbI CUMMETPUYHbBIX
COCTaBMAOLLMX LLIECTUGA3HOIO PasnoXeHusl.

PunbTp  CUMMETPUYHBLIX  COCTaBMSIHOLLNX

HanpspkeHus (Toka) MOAKMYEH CBOMMWU BbIXOL4HbIMU
3akumamm kK YCBIJ1 1 BblgensieT Ha CBOMX BbIXOAHbLIX
3aXMMax HanpsbkeHue (TOK), MpOnopLUNOHArbHbIN
ofHOWN nnm HECKOMbKUM CUMMETPUYHBIM
COCTaBMSAOWMM, NOABEAEHHbIX K BXOAHLIM 3a)XumMam
dunbTpa pUCYHOK 2.

3Ny 3Ny

G

=

Harpyska

3Ny 3Ny

b e

dunbTp
[ ]

pene

Puc.2. YcnoBHasa cxema nogkntoyeHne unbtpa k
YCBI

Mpn paspaboTke penerHOn 3awuTbl 4acTo
nosiBNsieTcA 3ajada BblOeNeHNss CUMMETPUYHBIX
COCTaBMAOWMX He u3 dasHbiX BeENWYUH, a u3
JNINHEWHbIX, HanNpuMep, W3 JIMHEWHbIX HanNpPsSKEHUMN.
PaccmoTpuMm, Kak paccumtaTb HanpsXeHue BTOPOWN
nocnegosatenbHocT U,, Npu UKCMPOBaHHOM yrrie

perynmpoBaHust 6, U3 NWHENHbIX  HamnpshKeHWiA

Uug.Uge,U, U, - JIMHElHble HanpshkeHns cBA3aHb
¢ hasHbLIMM MO CreayoLLMM BbIPaXKEHUSIM:
UAB =UA _UB’
Uae =Us ~Ue, )
UA’B’ :UA/ _UB”
UB’C’ :UB’ _Uc’
Pacuér HanpsKeHus BTOPOM

nocnegoBaTenbHOCTU cornacHo (1):

UZ:E(UA+aUC,+a2UB+UA,+aUC+a2UB,)=
1 . . S . :
=8(U+aUC,+(—1—a)UB+UA/+aUc+(—1—a)UB,)=

:E(UA+aUc/ -Ug-aUg+U, +aU.-U_ -aU_ )= (5)

1

:E(U'AB—aU'BC +U,, —aly)=

AB

:%(UAB +Up® U, +Ue®)

Takum  obpasom, 3agada  MOCTPOEHMS
dunbTpa HanpsKeHUs BTOPOW MOCNeAoBaTeNbHOCTH
CBOAMTCS K WCMONb30BaHWIO YETbIPEX HanpsiKeHui
(BMecTO WwecTn pasHbIX), KOTOpble OOIMKHbI ObiTh
NMOBEPHYTbI Ha COOTBETCTBYWOLLME Yrfbl, a 3aTem
reomMeTpUYECKN CroXeHbI.

AHanornyHeIMu npeobpasoBaHNaMHU n3
NIMHENHBIX HaMpPsXKEHUA MOXHO NonyvnTb OUbTPbI
1,2,4 n 5 cocTaBnALLLNX:

U, e®);

AB g/c/

U, =%(UAB +Ugee @ —

1 je0’ \ =
B’+UB’C/eJ ),

. 1 . L
U2=E(UAB+UBCG‘6° +U,

.1 C e e e
u, :E(UAB+UBCe U, tU €77 (6)
1
6

HyneByto 1 TpeTblo COCTaBnsoOWME BbIAENUTD
U3 NUHENHBIX HaNPSKEHUN HEb3s:

Us =2 (Upp +Unee™ ~U,, ~U__e)

AB

U, =E(UA+UC, +Ug+U, +Uc+U,)

U3:g(UA—UC,+UB—UA,+UC—UB,) 7)

OpueHTauusi BEKTOPOB TOKOB HyNeBOW MU
TpeTben nocnepoBaTenbHOCTEN He 3aBUCUT OT yrna 6
cABUra Mexgy cuctemMamm  BeKTOpoB  dhasHbIX
HanpsbKeHUN Lenen, n noatomy yron 6 He BXoAWUT B
ypaBHEeHUs Ans 3TUX nocrneaoBaTeNlbHOCTEN.

HanpskeHne  dwmnbTpa Ha  BTOPUYHbIX
3aXMMax HaxoauTcsa B onpeaenéHHon 3aBUCMMOCTH OT
noaBeAEHHbIX HanpsXXeHn 3To ogHO M3 TpeboBaHWi K
PUNLTPY CUMMETPUYHBIX cocTaBnsowmux. [omkHO
BbINOSMHATLCS yCroBue

Fp:kOF0+k1F1+k2F2+k3F3+k4F4+k5F5 (8)

roe
k. F.F,, F, F,, F -cummeTpuiHble cocTtasnswoLine
TOKOB (HanNpsbKeHWI);

Koadhdumumentol  dunbtpa Ky, kK, k; K, K,
3afaHHble KOMMMEKCHbIMX  UNu  AENCTBUTENbHBLIMM

3HaA4YEeHNAMMN.
kspz S677 9)
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M- KO3 PULINEHTHI, xapaktepusyowime  Matlab/Simulink. OpHoii 1“3 cocTaBHbIX 4acTeW
aMnnuTyaHble M basHble  M3MeHeHusi Toko — ovbrmotekn SimPowerSystem nakerta Matlab/Simulink

COOEPXKUT  PYHKUMOHAmMbHble ©Onoku BGonbLUMHCTBA
[1l.  PEAIM3ALMA METOJMKY B MATLAB & MaTemMaTudecknx npeobpasoBaHuin. Obina cosgaHa
SIMULINK Matlab-mogenb wecTtmndasHoro dunbTpa,

PeweHune ypaBHeHui " MaTpU4YHOM NPEACTaBNEHHan Ha PUCYHOK 3.
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Puc. 3: BekTopHble Auarpammbl. a) HeCUMMETpUYHasl wecTudasHas cuctema BeKTOpoB 6) BekTopa
CUMMETpUYHbIX cocTaBnstowmux 0,1,2,3,4 un 5 nocnepoBaTenbHOCTEW; B) MO (pasHOe CINOXEHWe BEKTOPOB
CYMMETPUYHBIX COCTaBNSAOLLNX.
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[Ona peanusauun metoguku mogenu dunetpa
B Oubnmoteke  MathOperations  ncnonb3oBaHbl
cnegywowme 6nokM ¢ MX  PYHKLMOHAIbHLIMU
BO3MOXXHOCTSIMU:

» Bnok Constant — 3agaHne 3Ha4YeHUN NOCTOSIHHbIX,
Hanpumep, onepaTtop cuctemsl a=ej120;

e Onok Math- o6wue matemaTuyeckme yHKLNI;

e Onok Product - BbIBOOUT pe3ynbTaT YMHOXEHWS
OBYX BXOAHbIX OaHHbIX, Hanpuwmep,
a’F;-a’F;aF;—aF unT.A.

* bBnok Sum - cnoxenve nnu BblYMTaHWE Ha CBOUX
BXOdax.

e brnok Gain -ymMHOXaeT BXOA4 Ha MNOCTOSIHHOE
3HadeHue (1/6).

Mogcuctembl 1,2,3,4 wn 5 oTtBevyawT 3a
00paboTky uamepuTenbHon uHdopmauun. [Mpumep

BTOPOWN NOACUCTEMbI NPeaCTaBNeH Ha PUCYHOK 4.
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Puc.4. ToacmucTema pacvéta COCTaBMSAOLWMNX .

Mogynb Simulink (pnc3.) BbluMCNSET, ucxoas
M3  3agaHHbIx  3Havenwii  F,,F,.F, F,. F. F.,
cuMMeTpuuHble cocTasnswowve F,F,F,,F,,F,,F, no
dopmyne (1). Matlab-mogenb MoxeT Ucnonb3oBaTbLCS

ana  avanmsa YCBJI(CBJ1) npu nogknioveHun K
¢unbTpa B N0BOM 13 BO3MOXHbIX pexnmax poboTsl.

IV.

BEIBOIBI

Jlobylo  HECUMMETPUYHYIO CUCTEMY TOKOB
(HanpsbKeHNn)  MOXHO  pasnoXuTb  Ha  LWIeCTb
CMMMETPUYHBIX  cocTaBnsowmx.  OnpegenéHHbIM
HECUMMETPUAM  MPUCYLLM  CBOW  CUMMETPUYHbIE
cocTaBnsoLme yTO, MOoXeT NOCNYyXUTb
OTNNYMTENBHLIM NpU3HaKOM onpenenéHHomn
HECMMETPUN. MpencTtaBneHHbIe dopmynbl
COOTHOLLUEHUI MeXOy HanpsbkeHWsiMu, MNo3BoNseT

nonyy4ntb uUnbTPbl WecTUdasHblX CUMMETPUYHBIX
coctasnaowmx 0,1,2,3,4 n 5 n 0BHapykunTb Ha ux

OCHOBe nobbIX  KOMOUHAUMAX HECUMMETPUYHbIX
KOPOTKUX 3aMblKaHWIA 1 0OpbLIBOB (has.

WccnegoBaHne  B3auMOCBS3WM  PasHbIX U
CUMMETPUYHbBIX COCTaBIAOLLNX, No3BONIIO

NoCTPOUTb B Cpede WUMUTALUMOHHOIO OUHAMUYECKOro
mogenupoBaHua MATLAB & Simulink unx pacyeTHyto
3aBMCMMOCTb B Buae (WUIbTPOB COOTBETCTBYHOLLMX

CYMMETPUYHBIX COCTaBNSAOLLNX. PeanusoBaHa
BO3MOXHOCTb aBTOMATM3MPOBAHHOIO pacyeTa, u4To
bonee 4yemM Ha NOPAOOK YMEHbLLUMITO BpeMs paboTbl ¢
MOZENbIO NpU UCCNeaoBaHUN pexMMmoB paboTtel YCBII
(CBn).

PaspaboTtaHa 0600LLEHHas MeToauka
MOAEeNMPOBaHMs Ha KOMMbloTepe UbTPOB LUECTU
CUMMETPUYHbIX COCTaBndLWUX, 4yTo no3pondeT

paccuuTatb U OMpefenuTb 3NEKTPUYECKME BENMYUHDI
He TOMbKO MPOCTbIX, HO WU CIOXHbIX BWOOB
noBpeXxaeHnn ansa cosgaHmsa agdeKTUBHON penenHon
3aWmThl HeobxoaMmMon YYBCTBUTENBLHOCTH,
pearvpyollass He Ha pasHble BenuYUuHbL, a Ha uX
CUMMETPUYHbIE COCTaBNAOLLME.
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Finite and Numerical Simulations Applied in
Tailor Welded Blank

Wellington Augusto dos Santos “, Etiene Pereira de Andrade °, Guilherme Souza Assuncao®
& Gilmar Cordeiro da Silva®

Absiracl- The increase in economic and technological
competitiveness means that the automobile industry seeks
constant innovation in its production methods and processes,
in order to produce lighter, safer and more efficient vehicles.
Products with greater mechanical resistance, better
conformability, thickness combinations of plates / materials
are sought with a focus on reducing mass and increasing the
rigidity of the vehicle body. In this scenario, Tailor Welded
Blank (TWB), which is a top welding technique (by
unconventional processes) of sheets of different specifications
(materials, thicknesses and / or coatings), appears as a
solution, as it allows localized distribution of mechanical
properties, mass, optimizing the relationship between
structural rigidity and the total weight of the vehicle body. The
great challenge of this technique is to combine two processes
with completely different demands, welding and mechanical
forming. Due to the complexity of forming TWBs, the use of
simulations has been widely adopted. In this review, different

results of the numerical simulation methods used for a Tailor
Welded Blank are compared, focusing on the details and the
influence of the parameters used.

Keywords: numerical simulation; tailor welded blank.

I. [NTRODUCTION

ailor Welded Blank (TWB) is the combination of two
Tor more metal sheets joined through the welding

process, as shown in FIG. 1.There is possible to
get a part with different materials, thicknesses,
mechanical properties and coatings. This process
leverages the global market in several sectors and
especially the automotive market, due to the advantage
of reducing production costs, weight and improving the
structural performance of the vehicle. [1,2,3,8].

Distinct
Sheats

Joining by
Welding

Forming

Source: (Adapted from ZHANG et al, 2016.)

Figure 1: Tailor Welded Blank principle

The patent this technique happened in 1964,
been utilized on a large scale only in the late 1980s. In
1992, their application in the automotive industry stood
out rightly, for its versatility [2,3,8]. The development of
TWB technique shown in figure 2, enabled application in
several parts in the car body, what that made possible
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the increment of resistance and mechanical rigidity
according to the need of the vehicle and the behavior of
the added part [1,2,3,8].
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Figure 2: Parts of a Car body with the application of Tailor Welded Blank

However, despite the advantages conferred by
the use of TWB, their application can be considered
complex, involving several variables and some
complications. The most common problems are splits in
the weld region, injurious levels of residual stresses,
reduced formability in and displacement of the weld line
during forming [2,3,8].

To avoid the occurrence of failures, some
adjustments are made to the dies and recently was
worked finite element analysis simulations in computer.
However, given the complexities of modeling
conventional of TWBs, the levels of correlation are not
always the best. Numerical modeling of TWBs is more
complicated than the modeling of conventional sheet
metal forming processes. The great difficulty in
performing the numerical modeling in the TWBs
conformation is due to the mechanical properties
caused by the welding process, and the non-uniformity
of the base materials. [3,4,5].

This paper aims to provide an overview of the
use of numerical modeling techniques for different
simulations in TWBS, listing the advantages and
disadvantages in industrial application, as well as the
challenges and research activities.

[I.  NUMERICAL SIMULATION METHODS IN
SHEET FORMING

The appearance of the finite element methods
(FEM) occurred in the aerospace industry in the early
1950s, as a powerful numerical tool for solving
mathematical engineering and physics problems,
improvement the numerical resolution of a system of
partial differential equations. One of the reasons why the
FEM has been successful since the beginning of its
formulation is its basic concept of discretization that

© 2020 Global Journals

produces many simultaneous algebraic equations that
are generated and solved with the help of computers
[6,7,8].

Due to the complexity of the sheet forming
process, mainly in the deep-drawing operation, a fact,
which led the engineers and designers, incorporate the
FEM to development, seen the need to reduce the time
and costs in the modeling of a new project.
[6,8,55,62,63].

The representations of the effects of the
contours of the elements in the sheets forming must be
considered for permanent deformations and major
changes in the geometry of the product. For this, it is
necessary to use interpolation functions, which are
curves built from known values, which in this case are
the degrees of freedom of the element nodes.
[6,7,9,55,62].

During the stamping of a product, the blank is
subjected to a complex historical deformation and
varied boundary conditions. Because of this loading
history, the theory should describe the deformation of
the blank that can be discretized as bi or three-
dimensional. Three different classes of elements can be
used in the printing simulation: MEMBRANE, SHELL and
SOLID [6,9].

The membrane elements have three degrees of
freedom of translation per node, in the direction that two
nodes are tangent and a force is normal to knot. The
orientation of the normal force at the node is determined
by averaging the normal forces adjacent to the element.
The geometry of the sheet is adjusted through the
contact of the tools. However, this method is not
recommended for calculating elastic return (spring
back), as it does not accurately represent the simulated
values [7,9].



The shell elements have a knot with five
degrees of freedom: three of translation for the two
tangent vectors and the normal vector, and two rotations
with the tangent vectors on the axis of rotation. The shell
element is an element capable of calculating bending
and has membrane characteristics. Loading in flat and
perpendicular directions is allowed. All shell element
formulations have an arbitrary number of integration
points along the thickness of the sheet. It s
recommended for all stamping operations, but it does
not express accuracy for sheets of high thickness
[6,7,9].

The 3D or solid elements represent all degrees
of freedom and the results of a simulation with this
element allow an accurate visualization of stresses and
strains through the thickness and with precise spring
back data. Results of a simulation with solid elements
help to visualize the material's behavior in problematic
regions. The disadvantage of this method is the
processing time, as there are solid elements in the
thickness that generate a model with many more
elements, which does not happen when we use the shell
elements [7,9].

[1I. NUMERICAL MODELING METHODS IN
TAaiLOR WELDED BLANKS

Numerical modeling in TWBs is more
complicated than modeling of conventional sheet metal
forming processes, mainly due to the change in
mechanical and elastoplastic properties caused by the
welding process and the difference in thickness
between the base materials [5,10,11,12,61].

The modeling of TWBs by finite elements there
are two methods: the first takes into account the weld
line (TAZ - Thermally Affected Zone and WZ - Weld
Zone), with a much more refined and precise mesh. The
second neglects the effects of welding [13]. The first
applies only in situations in which there is no localized
strain of great intensity in the weld [5,11,14,61,62].

The simplification of the first method may cause
a relative discrepancy between the practical and the
simulated results. This is because in these models the
Tailor Welded Blank Forming Limit Diagram (FLD) is not
taken into account, but only the base materials. There is
then another challenge to be overcome: prediction of
the FLD of a TWB considering the local and global
effects of the weld [15,59].

The conventional methods, using stamping
software (such as PAMSTAMP®, for example), there is a
level of accuracy higher than 94%, which is considered
excellent. When working with the stamping of TWBs, this
correlation is reduced to 78%, which explains the
difficulty in predicting failures [16].

There are several parameters that directly
influence the numerical modeling of TWBs. Welding
processes can significantly change the mechanical

properties of materials in weld zone (WZ) and Heat
Affected Zone (HZA). However, materials should not be
considered as uniform. To survey the parameters to be
adopted in the numerical simulation, the results of
experimental tests are necessary, revealing the localized
mechanical behavior, such as the flow limit and the
plasticity parameters of the regions affected by the
welding process [10,11, 5].

The Plasticity is the area of mechanics that
relates the calculation of stresses and strains in a body,
which needs to be relatively ductile, permanently
deformed by a set of applied forces. The theory is
based on experimental observations on the
macroscopic behavior of metals in uniform states of
combined stresses. The results obtained are then
idealized in mathematical equations that describe the
behavior of metals under complex tensions
[17,18,19,5,59].

However, it is necessary to develop more
techniques that are experimental and analytical methods
to quantitatively assess the mechanical characteristics
of the welded metal and the formability of TWBs. Effects
such as strain hardening during shaping and anisotropy
of welded metal, for example, must be taken into
account [20].

For mechanical characterization of Tailor
Welded Blanks, tensile tests have been adopted, with
specimens of different configurations, to feed numerical
simulations and to be confronted with the so-called
Mixture Rule [21,22]. In this case, we work with the
ASTM E-8M standard [3].

The Mixtures Rule is used to extract properties
from the weld, aiming to verify its influence on the
mechanical properties and the elongation of the TWB.
Thus, the load proportions supported by the weld and
the base metal are calculated, assuming homogeneous
deformation uniformity for the three materials [3,8].

Than those referred to mechanical effects, we
also deal with micro structural issues related to welding
in the Weld Zone. The changes, depending on the
materials used, can be considerable. It is generated
from a local softening of marten site to complex phase
transformations in conditions imbalance, depending on
the welded materials, the process and the welding
parameters [21,23].

The two most used criteria in the numerical
modeling of TWBs are based on the Theory of Plasticity:
Yield and isotropic hardening. Different models of
isotropic hardening in which the plastic deformation
largely exceeds the yield, can be used in the modeling
of Tailor Welded Blanks [10,11,7]. However, Holloman’s
equation is the simplest and most widely used model,
and can be expressed as:

G =Kep (1)
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Where:

» o= is the true stress
» K = is the resistance coefficient

> g, =isthetrue strain

» n = is the strain hardening coefficient

After the linearization of the Holloman equation,
the strain-hardening coefficient can be determined,
which is a key parameter to obtain the maximum deep
drawing limit in the inlay operations. The higher the
strain hardening coefficient, the greater the capacity of
the material to strain, without the occurrence of necking
down.

If there is a quantitative relationship between
strain rate and yield stress, the Ludwik model can be
used, which is a modification of the Holloman equation.
In cold work, the yield stress is high at each strain level,
mainly due to the strain-hardening phenomenon, so the
yield stress is added to the equation [10,11,5]. Ludwik's
law can be expressed as:

G =0, Kep @)

» o= isthetrue stress

> o, =istheyield stress

» K = is the resistance coefficient
>

>

£, = isthe true strain
n = is the strain hardening coefficient

The equations can be used so much to forming
the TWBs how much for the base metal of the weld. If
there is a need to consider the pre-strained material, the
Ludwik model can also be maodified [10,11,5]. Ludwik's
law is modified and can be expressed as the Swift
Equation:

5=0, K(,4%) 3)

» o= isthe true stress

> o, = istheyield stress

» K = is the resistance coefficient
>

>

>

is the true strain

)
Il

€0 is the true strain rate
n= is the strain hardening coefficient
A model widely used in the literature to describe

the behavior of metals, such as aluminum, is the Voce
equation, which takes into account the three
parameters: initial yield stress, maximum stress and
relaxation strain in the dynamic recovery regime. Such
equation is described as:

6 = A—Bexp(—Ce}) 4)
Where:
» o= isthe true stress
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» A= is the steady-state flow stress voltage reached
at high deformations

p = isthe true strain

> €
» C =isnon-dimensional

For metals such as aluminum and ferritic
stainless steels, once recovery is established, its effect
is sufficiently efficient to contain hardening strain and the
forming stress curve follows a horizontal line. Strains
rates for both are omitted in FEM analysis of TWBs.
However, one can simply take into account the effect of
the strain rate, by multiplying the hardening strain law by
aterm like €™[10,18,24].

Steel sheets, due to the rolling process, have a
very significant anisotropy. This can influence data entry
for numerical simulation, so it is extremely important to
analyze the best vyield criterion to be used in
experimental tests [24,10,25,26].

However, the importance of anisotropy in the
process of forming TWBs, the isotropic criterion of Von
Mises and Gurson - Tvergaard - Needleman (GTN) are
still frequently used. Von Mises formulated a flow
criterion suggesting that this phenomenon occurs when
the second invariant of the deviation stresses reaches a
critical value. [10,12,26,27]. The Von Mises model can
be expressed as:

VI, 5@ )
Where:

» @= depends on the hardening strain parameter
» «a=is the radius of the yield surface
The second invariable tensor is given as:

7= ﬁz =3/25:5S=/3/25,;S; = Sj =0 —
Um5ij (6)
Where:

» o= is the equivalent stress
» 6; = Is the Kronecker delta,
corresponds to the identity matrix
Hill's model is proposed for the yield of an
anisotropic material and is assumed to be a quadratic

function of the stress space. This is can be expressed
as:

in matrix form,

F(022-023)* + G(033_011)* + H(01,-05,)* + 2Loy3% +
2MO'312 + 2NO'122 =1 (7)

Where:
» F,GHLMN =
coefficients

The vyield surface is defined using the three
values r (ryms199,) and the initial yield stress in the
rolling direction [10,11,12,25,59]. If the biaxial factor is
equal to 1 it is the classic Hill-48 model. Applied to flat
tension the criterion can be used as:

are experimentally determined
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how the experimentally
extracted anisotropy parameters are related. The RD
and TD are the directions in which the test samples of
the steel plate are removed. With these parameters, the

simulation of the TWBs are

2 4 Ro(+Ro0) 2 2Ro -5 .2 Figure 3 shows
91 Ro(1+Re) 02— 1+R, %192 = Oya (8) 9
Where:
> 0,1%= is the uniaxial yield stress © St _
> Rye Ryo= are the coefficients of Lankford criteriafor - numerical
modeled.
B RD __ e - A
= W“ e
Source: (Adapted from Theory of Plasticity, p.11)
Figure 3. Orientations of the samples plans
The material constants present in the Hill

criterion (F, G, H) are related to the parameters
experimentally determined RD and TD. forR,we have:

debp _ deby, _ Fop+H(op—01) _ H

= - 9
dsg3 dsg3 Fop+Goq G ( )

RBZO = RO =

In case the mode is stretched in the second
direction TD, we have the value 0fRgg:
debp ﬁ

RB=90 =Rgg =—5~

Goi+(Ho1—Hop) _ H
P — 5P peac. %
dega dega

Fop+Goy F

(10)

In the case of normal anisotropy, the flat stress
version of Hill's 1948 yield criterion can be written as:

2 2 _ 2R 2 _ _
01° 03" =1 20102=0y1% Rgg = Rg = Rys

(11)

In 1979, Hill proposed a generalized non-
quadratic criterion to explain an “anomalous”
observation in some aluminum alloys, where the yield
forces in biaxial stress were superior to the yield forces
in uniaxial stress (which is not allowed by Hill's test
1948) [7,10,12,28]. The proposed model:

F|02 + O'3|m + G |O'3 - 0'1|m + H|0'1 - 0'2|m + L|20'1 -
o, — o3|™ + M|20, — 03 — 01| + N |203 — 0y — 03| =
oy (12)
Where:
> F,GHLMN =
coefficients
» m = can be calculated from the non-linear
relationship
> o,™=is the uniaxial yield stress

are experimentally determined

Other vyield criteria can be derived from this
model assuming combinations of experimental
parameters [10]. Hosford elaborated his generalized
criterion for Hill's yield and can be obtained considering
L = N = 0. [10,28]. So for a flat isotropic material we
get:

1 R
R o™ +loz|™) + —loy = 0" =0, "

Where:
> o0,™=is the uniaxial yield stress
» R = is the coefficient of Lankford

For a non-isotropic material,
criterion is treated by:

the Hosford

Gloy — 03] + Gloz — 01|™ + H|o; — 05| =1 (14)

Where:

» F,G,H = are the coefficients of Lankford

> m can be calculated from the non-linear
relationship

The Barlat model is formulated in the stress
space. The yield surface is defined using the Lankford
coefficients (rp 145,790,) and the exponent m. he Barlat
model was specially developed for the description of
aluminum alloys. [10.19.28]. It is also a generalization of
the Hosford criterion for the case where the directions of
the orthotropic axes:

¢ = (312)%{|2cos (266%) " + |2cos (@) "
|2cos (@) m} =25" (15)
Where:

> 0 = arccos(12/13%?) with the second and third
stress determining invariant (I,I3) re used using
Bishop-Hill notation.

» m = represents the number of experimental r values

The vyield model of Gurson Tvergaard
Needleman (GTN) are generalizations of two models are
the isotropic of Von Mises and Hil 1948
[10,19,26,27,28]. For the isotropic model, we have:

2
¢ = <G;q) +2q,¢ cosh (—qz ZGTH> —(1+q3¢%) =0
y y
(16)
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Where:

oeq = Is the equivalent stress of Von Mises
o, = isthe yield stress of material
oy = is the Hydrostatic stress of material
41,492,931 = are material parameters determined
experimentally

For the modified criterion presenting
anisotropy parameters, we have:

2
_ (%eq _ 14+2R 30‘_H _
o = (Gy) + 2q1¢ cosh( q; /6(1+R) Gy)

VYV VY

the

(1+q39?) =0 (17)
Where:
> 0.4 = is the equivalent stress of Von Mises
> o, =Iistheyield stress of material
» oy= is the Hydrostatic stress of material
> q1,92431 = are material parameters determined

experimentally

» R = are the coefficients of Lankford

The numerical simulations used with this
criterion are performed to describe the damage to the
materials, which involves the triaxiality of the stress, that
is, the law is based on the physical ductile fracture
mechanism, that is, empty nucleation, growth and
coalescence [5,7,10,19,26, 28].

V. FINITE ELEMENTS METHOD FOR

MODELING OF TWBs

One of the main objectives in applying a virtual
analysis (figure 4) is to calculate the movement of the
weld line and provide an ideal force balance between
the punch and blankholder. The results of this
combination aim to control the flow of the blank to be
forming, avoiding the movement of the weld line and
thus reducing the high tensile stresses perpendicular to
the weld line [29,61,62,55].

@ Espessurade Imm

O Espessura modificada

(@)

(c) (d)

Source: (Adapted from FAZLI, 2016).

a) initial blank b) thicknesses of 0.85mm and 1mm c) thicknesses of 0.75mm and 1Tmm
d) thicknesses of 0.5mm and 1Tmm.

Figure 4: Initial blank and three samples stamping with different thickness combinations

As the weld line moves to critical deep areas of
inlay, the forming of the blank decreases. In some
studies developed to control this situation, several tests
have been carried out to decrease the strain in the
thicker material, from increasing the flow of the thicker
material and even reducing the stamping force on the
thinner material. For that, the concept of draw beads
was worked and pressure points were controlled in
isolated quadrants of the blank holder [1,61,62].

Adony and Chen cited by Gautam found a
strong correlation between the ductility of the weld and
the limiting dome height for longitudinally welded TWBSs,
doing flat stretch, with original materials of similar
thickness and different materials and coating
combinations. The Limiting Drawing Ratio (LDR) for a
TWB is between the values of the thinnest and thickest
sheet if the thickness ratio is different from the unit
[30,31].

According to research carried out by R.
Safdarian and M. J. Torkamany, he describes that after
the experimental tests carried out, the different
thicknesses of the TWBs were modeled in the
ABAQUS® program. The Finite Elements Method (FEM)
was used to construct Forming Limit Diagram (FLD)

© 2020 Global Journals

based on the Hecker principle. In the physical cupping
tests, the Limit Dome Height parameter was used, as
shown in figure 5 [25].

For simulation, the following data were collected
from the materials that make up the TWB: Yield Strength
(YS), Ultimate Tensile Strength (UTS), hardening
exponent (n), hardening coefficient (K) , total elongation
and anisotropy coefficient (Ry, Rus, Rgo) [25].

In the modeling, the Punch, Die and
blankholder were considered as rigid items. The TWBs
were modeled as a shell element with S4R elements,
maintaining the left and right side weld line inclination
between 20 ° and 45 °. The calculation of stresses and
strains was based on the Hill criterion (1948) and a flat
state of strain was sought. To perform the tests, the use
of a 20-ton hydraulic press is suggested [25].

The experimental results show that the greater
the difference in thickness and mechanical strength
between the materials that make up the TWB, the
greater the movement of the weld line. As a
consequence, the lower the stamping of the TWB will
be, which is reflected in a lower Limit Dome Height
(LDH), as shown in figure 5 [25].



FINITE AND NUMERICAL SIMULATIONS APPLIED IN TAILOR WELDED BLANK

Source: Safdarian; Torkamany, 2016

Figure 5: Limit Dome Height for different thickness ratios (A) 1.25 (B) 1.7 and (C) 2.13

Figure 6 shows the movement of the weld line in mm, due to the reason for different thicknesses after the

experiments.

Movimentagiio da linha de solda [mm]|

-80 -60 -40 -20

8 -

Distiincia em relag¢do ao centro do blank [mm]

—8—TWB 047-1
=—t—TWB 0.47-0.8
—ar—TWB 0.3-1

20 40 60 80 100

Source: Safdarian; Torkamany, 2016

Figure 6: Movement of the weld line for different thickness ratios of the plates that make up the TWB

In general, the greater the difference in
thickness and mechanical strength between the
materials that make up the TWB, the greater the
movement of the weld line. Consequently, less tends to
be its conformability [25].

According to  research by  Masumi,
Nakajimacupping tests, tensile tests and simulations
were performed to correlate the values obtained
experimentally. In the simulations, the effects of welding
on WZ and HAZ were not considered. The weld line was
referred to only as the dividing point between the two
materials that made up the TWB. For a better
correlation, it was necessary to use the anisotropy
criteria and parameters [5,32].

In the work developed by Gautam, for the TWB,
the simulation was performed on half the blank, being
obtained for a complete blank using the principle of
symmetry on the X-Y plane, this is technique was
applied to reduce the size of the problem and the time
of the simulation. The FEM analysis of the base material
sheet was also performed to compare the LDH values
obtained in each case [30,31].

Hill's plasticity model, also known as Hill's yield
potential, which is an extension of the Von Mises
function for anisotropic materials, was used in finite
element modeling to incorporate sheets anisotropy.

Figure 7 shows the mesh and elements used for
simulation in Gautam's work.

Chapa 1

Linha de solda

Pungio
hemisférico

Prensa chapas

Chapa 2

Source: Adapted from Gautam et al (2019).
Figure 7: Mesh and elements used for simulating a TWB
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Gautam's experimental results showed that LDH
is higher in the thicker sheet than in the less thick sheet,
indicating greater formability of the thicker sheet. Similar
results were observed in the simulations, although
higher LDH values were obtained in a simulated manner
[30,31].

The refinement of simulations through
experimental tests is of fundamental importance. The
failure points predicted for the FLD were captured in the
DYNAFORM® software. These points were plotted as
major and minor strains for a comparison with the actual
stress data obtained from the LDH experiments [30,31].

Gautam's results showed that the simulation
predicts a maximum displacement value of the weld line
of 2.45mm, which is lower than the experimental values
of 2.57mm. This deviation in the results of the
displacement of the weld line obtained by experiments
and the numerical results can be attributed to the friction
between the punch and the blank [30,31].

In another study, developed by Korouyeh in
interstitial free steel sheets (IF - Interstitial Free) were
used to compose a TWB. The numerical investigation of
the TWBs forming was done using a commercially
available finite element code ABAQUS 6.10® [60].

The model consisted of a hemispherical punch,
blankholder, die and blank. This model was based on
the Hecker Forming Limit Diagram (FLD) test. Eight
specimens of size 25mmx200mm to 200mmx200mm
were cut from the laser-welded sample, so that the weld
line was perpendicular to the stretch direction (cross-
sectional samples) [33].

In the standard cupping tests, the check also
took place on the thinner side of the TWB and parallel to
the weld line. Figure 8 shows the FLD of the TWB made.
It is noticed that the numerical criteria cannot predict the
right side of the FLD, being suitable only for the left side,
under condition of plane strain.

dadeira (g,)

a0 ver

Maior deformag

0.7 -‘

06 1

Experiment
- = TG
NADDRG

03 0.2 0.1

Menor deformagio verdadeira (g,)

0.1 0.2 03

Source: Korouyeh et al, 2012.

Figure 8: Different FLDs from the same TWB, obtained from different methods

Figure 9 shows the results for samples of
different widths, showing that there are different heights

of LDH. For experiments and numerical criteria, the LDH

height was smaller for the 125mm wide sample.

45

Altura Limite do Domo — LDH [mm|

0 25 S0 75 100 125

Largura das amostras [mm]|

—+— Experiment
- ® - NADDRG
TG
SDT
----- TSR

+— ESR
MSR

150 175 200 22

]
‘JI

Source: Korouyeh et al, 2012.

Figure 9: Results of the LDH test, for samples of different widths, working with different evaluation criteria

© 2020 Global Journals



TWB samples with different widths produce
different LDH values, so the dispersion of the LDH test
depends on the variation of the stress path at the
fracture site. For experiments and numerical criteria, the
LDH value is minimum for a 125mm wide sample that is
in the plane stress condition [33].

The comparison of the fracture position of the
FEM and the experiment shows that there is good
agreement for the fracture position predicted by the SDT
criterion and experiment. The results show that, due to
the increase of the sample width or in the condition of
biaxial elongation, the fracture occurs closer to the weld
line.

In research carried out by Andrade and Santos,
the conditions found to be optimal in the tensile test

(relative inclination of the 30° and 60° weld line) were
simulated. In this work, it was evidenced that the total
relative elongation of the weld line would support a
maximum strain for an angle of 30 ° in relation to the
rolling direction of the base materials. The AutoForm®
forming software, from the AutoForm ®Company with
triangular meshes, Shell model, friction coefficient 0.15
was used. The materials considered were FEE 210 with
1.10mm and FeP05 0.65mm, both IF. The yield criterion
used was based on the Hill 1948 and the Hollomon
model [2,3,8,34].

Figure 10 Represents the maximum elongation
graph extracted in the tensile test for an angle of 30 °

Relationship between elongation and relative angle of the

weld line

Total elongation [¥]

weld line relative inclinztion angle [*]

Source: Andrade, Etiene Pereira de; Santos, Wellington Augusto dos, 2019.
Figure 10: Relationship between the total elongation and the relative inclination angle of the weld line

After the experimental test, the Door Inner was
simulated as shown in figure 10. That product always
presented several stamping problems, such for example
as localized splits in deep-drawn part.

Figure 11 Result of the stamping simulation, showing
strain deviation curve as a function of the relative
inclination angle of the weld line

Source: Andrade, Etiene Pereira de Santos, Wellington Augusto dos, 2019.

Figure 11: Result of the stamping simulation
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According to the highlighted strain curve, it
turns out that the maximum stress peak tends to
decrease, indicating that the purely tensile stresses are
attenuated. Even that happen the weld line fractures,
efforts will are reduced. This indicates the relative
improvement in mechanical behavior when tilting the
weld line. However, the simulation does not take into
account the weld (HAZ and WZ), nor their mechanical
properties [2,3,5,8,34].

In summary, there is then a lack of methods and
processes that more accurately determine the effects of
the forming about the TWB. It is therefore necessary to
develop more experimental techniques and analytical
methods to quantitatively evaluate the mechanical
characteristics of the welded metal and the formability of
TWBs. Effects such as hardening strain during shaping
and anisotropy of welded metal, for example, must be
taken into account. In this respect, the use of
simulations is will growing and aims to overcome the
challenges mentioned above.

V. CONCLUSIONS

A review of the TWBs was elaborate and in most
of the work done, researchers always adopt a numerical
model in their studies that disregards the WZ and the
HAZ. This parameter is often adopted due to the
limitations of the software’s used, due to the high
computational cost or the lack of experimental data for
the mechanical and micro structural behavior of the
weld.

Usually the elements of numerical analysis used
are the shell, due to its speed of data processing and
good precision. However, the inclusion of the Heat-
Affected Zone (modeled also by the shell element) does
not represent an improvement in the results forming and
the localized Springback\ effect. The reason is that due
greater resistance to yield and Heat-Affected Zone
modulus of the weld has an opposite effect to the elastic
return.

An alternative likely would be to model the weld
in 3D solid elements and the base materials by the shell
element. Where the movements of the dependent nodes
will be interpolated from the movement of independent
nodes in the base metal mesh. The solid formulation in
the region is the case where the elastic portion of the
deformation is not neglected.

However, to that, there is a good approximation
for numerical modeling, some conclusions are
recommended:

v" Previous qualification and analysis of the weld, by
means of microscopy, either optical or electron
beam scanning;

v' The weld line must not be worked entirely parallel to
the rolling direction (relative inclination of 0°), nor
entirely perpendicular (relative inclination of 90°), as
it tends to facilitate the propagation of cracks, splits
and worsen the mechanical behavior of the TWB;

© 2020 Global Journals

v' It is necessary that the base materials work in a
balance of forces (FA = FB) and, to satisfy these
conditions, disregarding the metallurgical effects.
This thickness ratio, the greater than the unit (1.0),
the worse the forming, the threshold can be
obtained by the equation: LSR = (Gﬁ) = (to—“)m 8)

OTA

toB
v' The tensile tests, once the weld is qualified, proved

to be useful for surveying the mechanical properties
of the TWB and the influence of the relative
inclination of the weld line on its performance during
forming;

v' Determination of an optimized curve (FLD) for the
three materials, including here the weld region ,
which is extremely important for the development of
TWBs, because with the obtaining of the curve it is
possible to previously identify conditions that would
lead to plastic instability or even to material failure.

The validation of the numerical model requires
constant comparison with experimental results, in order
to identify possible deviations in the simulation results.
Thus, the validation of numerical simulation has a
fundamental role in this field of investigation.
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Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.

. © Copyright by Global Journals | Guidelines Handbook

Xl



FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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