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BBEJAIEHUE

Ha cerogusmuuii 1eHs IpU pa3pabOTKe TEXHOJIOTHYECKHUX CHCTEM H IPO-
[IECCOB BCE Yallle UCIIOIb3YETCS METOAMKA MHHOBAIIMOHHOTO TTPOCKTUPOBAHUSI.
DTO CBsI3aHO B MEPBYIO OYEpelb C TE€M, UYTO HJET POCT (PYHKIIMOHAIBHOCTU
CAD/CAE-uHCTpYMEHTOB, a Tak)Ke ¢ UX JOCTYIHOCThIO. JlaHHbIE CpeacTBa pe-
ATM3YIOT aHAIM3 W3JENUs HE 4epe3 YepTeX, a C IMOMOIIBI0 TapaMeTPUICCKON
TPEXMEPHOU MOJIeNH, paboTy KOTOpOor cuMynupytoT ¢ nomonibio CAE-nakera.
[To pe3ynpTaTaM MpPOBEICHHOTO aHAIW3a OCYIIECTBIISETCS ONTUMMU3AIUS KOH-
CTPYKIHMH mmyTeM KoppektupoBku ucxognoit CAD-monenu. [lostomy mpu ot-
paboTKe BUPTyaIbHON MOJIEIHU MEPBbBIN XK€ CO3/IaHHbIN pabouunii oOpazer OyaeT
paboTOCIOCOOEH U Ha/ICHKEH.

[enb maHHOTO MpaKTUKyMa — IMOMOYb CTyJIeHTaM MPUOOPECTH HABBIKU IS
NPOBEACHUS aHAM3a OOBEKTOB C KOHTPOJIUPYEMOM MHKPOCTPYKTYpPOH KOMIIO-
3UTHBIX KOHCTPYKIITMOHHBIX MaTepuaioB ¢ npumeHeHnem CAE-makeToB Ha mpu-
Mepe ANSYS MpH BBITOJIHEHUH CaMOCTOSTEIBHON pabOThI, KypCOBOTO M JHILIOM-
HOTO TIPOEKTHPOBAHUSI.

Bropas gacTs ydueOHOTO mMocoOusi HalpaBjieHa Ha yIIyOJICHHOE M3y4YeHUe
MIPOIIECCOB MHXKEHEPHOTO aHalln3a OOBEKTOB C KOHTPOJIUPYEMON MUKPOCTPYK-
TypOld KOMMO3UTHBIX KOHCTPYKIITMOHHBIX MATE€pUAJIOB C MPUMEHEHHEM TaKHX
monyneit, kak ANSYS Workbench, ANSYS Material Designer, ANSYS Com-
posite PrepPost, ANSYS Static Structural, Transient Structural, Steady-State
Thermal u unyctpymenta Parameters.

[IpnobOperenre u 3akperyieHue 3HaHui B 00JIaCTH MOJIETUPOBAHUS 00BEK-
TOB C KOHTPOJIUPYEMOH MHUKPOCTPYKTYpOH KOMIIO3UTHBIX KOHCTPYKIIMOHHBIX
MaTepHaoOB Yy CTYJCHTOB MPOWUCXOJHUT B IMPOIECCE BHITTOJHCHUS CIICTYOIINX
1a60paTOpHBIX padoOT:

1. Cratuyeckuii NPOYHOCTHOW aHANW3 IUIACTUHBI M3 KOMIIO3UIIMOHHBIX

MaTepHuaoB.



2. JluHaMAYeCKU MPOYHOCTHOW aHajau3 OOOJIOYKH U3 KOMIIO3UITMOHHBIX
MaTepHUaJIoB.

3. TertoBoit aHaM3 000I0UYKH U3 KOMITO3UITMOHHBIX MaTEpHAJIOB.

4. TlpoBeneHne KOMOMHUPOBAHHOTO aHaan3a OOOJIOUKM M3 KOMITO3UIMOH-
HBIX MaTepHUAaJIOB.

5. Ucnonw3oBanue uHCTpyMeHTa Parameters npu moaenupoBaHuu aedop-

Malun 000JIOUKH U3 KOMITIO3MIIMOHHBIX MAaTCPHUAJIOB.



INPOBEAEHUE YUCJIEHHOI'O AHAJ/IU3A B ANSYS

ANSYS — yHuBepcanbHas mporpamMmHasl CUCTeMa KOHEYHO-3JIEMEHTHOTO
(KD) ananuza, siBiseTcs AOBOJBHO MOMYJISIPHOM y CIEHHUAIMCTOB B 00JACTU
xomnbioTepHoro umxkuHupunra (CAE, Computer-Aided Engineering) u KD
pEIICHNS JTUHEHHBIX U HEeTWHEHWHBIX, CTAIIMOHAPHBIX U HECTAIIMOHAPHBIX TPO-
CTPaHCTBEHHBIX 3314 MEXaHUKHU JIePOpMUPYEMOTro TBEPIOTO TeJla U MEXaHUKHU
KOHCTPYKIUU (BKJIIOUYas HECTAI[MOHAPHBIE TEOMETPUYECKH U (PU3UUYECKU HEIIH-
HEWHbIC 33/1a4l KOHTAKTHOTO B3aUMOJICHCTBUSI 3JIEMEHTOB KOHCTPYKIIMI), 3a-
Jla4 MEXaHHUKH KUJAKOCTH U Tasza, TeIUIONepeaaun U TEIIo00MeHa, dJIeKTPOIu-
HAMUKH, aKyCTHUKH, & TAK)K€ MEXaHUKH CBS3aHHBIX MOJICH.

Hauwnnas ¢ 10-i Bepcun, B KOMIUIEKT MPOrpaMMHBIX MPOAyKTOB ANSY'S
nobasineHa mporpamMuas cpeaa Workbench — ynuBepcanbHBI HHCTpYMEHT
JUIs CTPYKTYPUPOBAHUSI U KOHTPOJISI pellieHus 3aja4d. B ee coctaB BXOJIUT He-
CKOJIKO YJOOHBIX M MPOCTHIX B OCBOCHUH MHCTPYMEHTOB JJISI CO3JIaHUS T'€0-
METpHUHU JTFOO0U CIOKHOCTH, & TAK)KE CETKH KOHEUHBIX 3JIEMEHTOB, OPUEHTHUPO-
BaHHOW Ha KOHKpeTHBIM Tumn aHaim3a. Workbench 6e3 Tpyma mosBossieT co-
3/1aTh T€OMETPHUI0 OOBEKTA (B TOM UHKCIIE C MOMOIIBIO TApaMETPUUECKUX (PyHK-
uuii), cetky KD u cBs3arh, Hanmpumep, TEIMIOBOM U CTPYKTYPHBIA aHaIU3
B paMKax OJHOTO MPOEKTa ¢ BO3MOXHOCTBIO MOCIEAYIOLIEr0 PeAaKTUPOBAHUS
napamMeTpoB Ha Jro0oi craguu. Kpome Toro, sta mporpammHas cpena AacT
BO3MOKHOCTh 9KOHOMHTH BPEMS MyTEeM HCKIIOYCHHS PydHOU mepenadu Qaii-
JIOB U TiepepacyeTa.

ANSYS Workbench mpenocraBiseT MOIIHBIE METOIbI JIJIS B3aMMO/ICH-
cTBUsA ¢ cemeiicTBoM pemareneid ANSYS, oOecrieunBaer yHUKaIbHYIO WHTE-
rpamuio ¢ CAD-cuctemMamu B Mpoiiecce mpoeKTUPOBAHMS.

Pa6ouee okHo Workbench mpezacrasieno na puc. 1.

Cxema mpoeKTa COJEPKUT HEOOXOJMMBIC JTallbl BBIMIOJHEHUS aHaIM3a
(puc. 2). [IpoekT MOXKET coAepKaTh HECKOJIBKO TaKUX OJIOKOB JJIS Pa3IMYHBIX
TUTIOB MH)XCHEPHBIX PACUYE€TOB, MEXIY KOTOPHIMU MOTYT YCTaHABINBATHCS CBSI-

31 (puc. 3).
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Puc. 1. Pabouee okno Workbench:
1 — rmaBHOE MEHIO; 2 — MaHEIb UHCTPYMEHTOB IIPOEKTA; 3 — OCHOBHOE OKHO ITPOEKTA;
4 — OKHO COOOUIEHMI1; 5 — OKHO CBOMCTB BBIOPAHHOTO 0OBEKTA

-
1 Static Structural
2 @ Engineering Data +" 1
3 o Geometry P d 2
4 @ mocel 2, 3
3 ﬁ Setup F 4 4
& Solution F 4 5
7 @ Results F . 6

| |

Puc. 2. bnok npoexra:
1 — 3aaHme CBOWCTB MaTepUaIOB; 2 — CO3JJaHNE T€OMETPUIECKON MOJIEeIH;
3 — re”epanys ceTku; 4 — 3ajjaHue NapaMeTpOB CUMYIISIIINY;
5 — pemrenue 3a1aun; 6 — IpegOCTaBICHUE PE3yIbTaTOB AHAIN3A

Ci— . -
Pyl Material Designer 1 I8 | Static Structural
7@ Engineering Data  +" /,w—i?@ Engineering Data  + rl?ﬁ Model v
|® Material Designer " — 3 BB Geometry v ., 3 | @ setp v 4
Material Designar 1 4§ Model v Y. 4 Solution v 4
5 [ setup N 5| @ Results .

ACP {Pre) 2 Static Structural

Puc. 3. Hactpoiika cBsizei:
1 — noGaBieHne KOMIIO3UTHOTO MaTepUaa;
2 — no0aBJieHHE MOJATOTOBICHHON CETOYHOM MOJIEIH B pacyeT
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B cpeny ANSYS Workbench BxoauT HeckobKkO pa3imHuHbIX MTPHITOKCHHINA:

Material Designer — mpuioxeHue IS CO3JaHUS KOMIIO3UTHBIX Mare-
pHAJIOB.

ANSYS Composite PrepPost (ACP) — npuiioskeHne, KOTOPOE MO3BOJISICT
IIPOCTO M yJA00HO MOJICITUPOBATH CIOXKHBIC CTPYKTYPBI U3JICTHN M3 KOMIIO3HUT-
HBIX MaTepHUaJIoB. JJaHHBIN HHCTPYMEHT YCKOPSET MPOIECC pacYETOB, MPU ITOM
BBIJICPKUBACTCS BBICOKASI TOYHOCTH TIOJTy4aeMbIX PE3yJIbTATOB.

Mechanical — mpuosxenue sl BHIOJHEHHUS CTPYKTYPHOTO M TEILIIOBOTO
aHanu3a c ucnoib3oBanueM pematens ANSYS. Hanoxxenue ceTku Ha 001acTh
pacyeTa Takxe BKiIroueHo B Mechanical.

Fluid Flow (CFX) — npuitoxeHue Ui BRIIOJHEHUS aHAIM3a C MCIIOJIb30-
Banuem CFD CFX.

Fluid Flow (FLUENT) — npuioskeHue IS BBIIOJHEHUS aHallM3a C UC-
nons3oBanueM CFD FLUENT.

DesignModeler (reomerpusi) — npuioKeHUe JUIsl CO3AaHHUS U PEIAKTHPO-
BaHusi CAD-reoMeTpuu U MOATOTOBKH TBEPAOTEIBHOW MOJENIU JJISl UCIOJIb30-
BaHUS B JAJIBHEHUIIINX pacyeTax.

Engineering Data — npuiosxeHue [1st ONpe/Ie/ICHUs] CBOWCTB MaTepHaia.

Meshing Application — npuioxenue s TeHepaluu 00JacTH pacyeTa
CFD u renepupoBaHusi CETKHU.

Design Exploration — npuioskeHue 1j1st IPOBEACHUS MPOSKTHBIX HCCIICIO0-
BaHUI U ONTHMHU3AIMH aHAJIU30B.

Finite Element Modeler (FE Modeler) — nmpunoxenue s aganTaiuu
cetku, noaydeHHoi B NASTRAN u ABAQUS, npu ucnosb3zoBanuu B ANSY S.

[Taker ANSYS Material Designer sBisercs KIOUYeBBIM HHCTPYMEHTOM
P U3YYCHUH KOMIIO3UTHBIX MaTepHAIOB.

Wurepdeiic Material Designer npeacrasien Ha puc. 4.
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Puc. 4. Oxno Material Designer:
1 — naHenp UHCTPYMEHTOB; 2 — JIEPEBO MPOEKTA;

3- HaCTpOﬁKH QJICMCHTOB IIPOCKTA, 4 — oxHO IIpOCMOTpPa MOACIIN

B Material Designer moryt ObITh CO3aHBI CJIECIYIOIIME THIBI 00bEMHBIX

3JIEMEHTOB MOJAU(PUIUPOBAHHBIX MUKPOCTPYKTYD:
?’y — IIPOCTPAHCTBEHHO-CTPYKTYypHasi KOHCTPYKIMS;
) — KOMIIO3MTBI, QpMUPOBAHHLIE PETYIAPHBIMU OJHOHANPABICHHBIMU
BOJIOKHAMMU;

!;‘i' — KOMITIO3UTBI, apMUPOBAHHBIE HEPETYJISIPHBIMUA OJHOHANIPABIICHHBI-

MU BOJIOKHAMH,

;‘!% — KOPOTKOBOJIOKHUCTBIM KOMITO3HT;
Y . — IUIETEHBIA KOMIIO3UT;
—-— ’

) — chepurueckue 4acTUIIbI;

i.
& — JUCICPCHO-YIIPOYHCHHBIN KOMIIO3HMT,

| ' — TOJIL30BATEJIbCKAS SUeliKa.



Hurepdeiic ANSYS Composite PrepPost (ACP) nipeacrasien Ha puc. 5.
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In [1]: db.material data.open('F:\\Program
; " Files\\ANS5YS
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B«.Q P1_ModelingPly.1
i ‘/C P1L1_ModelingPly.1
b= P1L2__ModelingPly.1

= P2_ModelingPly.1

db.material data.update()

g7 P2L1_ModelingPly.1 In [5]: db.models['ACP
‘/c: P2L2_ModelingPly.1 Model'].active_ scene=db.models(['ACP
& Field Definitions Eese gL scenss looeas n gl
....... 8§ sampling Points I}
....... Section Cuts
R X © In [6]: =

Finished execution of C\Users\OmGTU_M\AppData\Local\Temph01.tmph01_files\dpOMACP- MPA (mm,t,5,M,C,USD)

Puc. 5. Oxno ACP:
1 — rmaBHOE MEHIO; 2 — IEPEBO MPOCKTa;

3 — HaCTPOMKU AJIEMEHTOB IPOEKTA; 4 — OKHO MPOCMOTpa MOJEIN

[Taker ANSYS Mechanical mo3Bosser pemmTh NpakTHYECKH JIIOOYIO 3a-
Iady MEXaHMKH AeHOPMHUPYEMOT0 TBEPIOTO Teja WX MOJYYUTh CONPSKEHHOE
pelieHne 3ajlaud MEXaHWKH C PEeIICHHEM 3ajad JApyrux oodsacted (Qpu3ukH,
HanmpuMep THUIPOra30IMHAMHUKH, TEIJIONEPEHOCa WM BJICKTPOMArHeTU3Ma.
JlaHHBIN MMaKeT MpeayiaracT BO3MOKHOCTh CO3/IaHMS €AUHON (PyHIaMEHTAIBHOM
MAaTpHIIbl B3aUMOJCUCTBUS MOJEH C MOIJACPKKOM aKyCTHUECKOTO, MbE303JICK-
TPUYECKOT0, TEPMOIPOYHOCTHOTO U TEPMOIJIEKTPUUECKOTO THUIIOB AaHAJIN3A.
[Ipn Hanmuuum npoaykra ANSYS CFD wnmu ANSYS Emag takxe MOXHO mpo-
BECTH aHAJIN3 B3aUMOJEHUCTBUSI KOHCTPYKIIUM C PA3IUYHBIMU TEKYUYUMU CpEJia-

MKW HJIX JJICKTPOMAIHUTHBIMHU IIOJIIMH COOTBCTCTBCHHO. HOI[O6HBI€ PacCuCThI



MIOMOTYT OyIyllIeMy MHXEHEPY Jydlle OLICHUTh PEaKLUI0 UX MOJENEH Ha BCe-
BO3MO>KHbIE KOMOMHAIIUU SIBJICHUH.

ANSYS Mechanical cnocoOeH pemiarh clieyIonue TUIIbI 3aa4:

— MPOYHOCTHOM aHaIU3 — CTATUYECKUU;

— JINHEWHAs U HEJIMHENHAS YyCTOMYMBOCTb;

— KOHTAaKTHBIE 3aJ1a4U;

— TEMJIOBOM aHAJIU3 U T. [I.

JlaHHBIN TaKeT BKJIIOYACT. MOJHBIM HAOOp JTUHEWHBIX U HEJIMHEHHBIX dJIe-
MEHTOB, yJI00HYIO JUIsl UCTIONIb30BAaHUS U PEIAKTUPOBAHUS 0a3y MaTepHUaIOB OT
KOHCTPYKLIMOHHOM CTaju O PE3UHBI, a TaKKe HIMPOKUI HabOp METOJIOB pele-
Husl (pemiaTesneit). DTo MO3BOJISET JIErKO pelllaTh CaMble CJIIOKHbBIE U KOMIIEKC-
HBIE 3aJa4M, JaKE €CJIM OHU BKJIIOYAIOT HEJIMHECHMHBIM KOHTAKT.

PaGouee okno Mechanical mpencrasieno Ha puc. 6.
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... B Total Neformation |
N

ki
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- | Definition f:|, e X
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Type ACP 200,00
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Display Style Body ... Text Association
Bounding Box rror Mo criterion is activated in Composite Failure Tool. Project> Model= Static Structurd|
Properties Varning| Mot all Named Selections were successfully written because one or more names are not| Project> Model= Static Structurf|
st One or more objects may have lost some scoping attachments during the geometry up | Project

Update Options “

Details | Section Planes

g'33 Messages Mo Selection 4 Metric (mm, kg, N, s, mV, mA&) Degrees rad/s Celsius .

Puc. 6. Oxno Mechanical:
1 — rmaBHOE MEHIO; 2 — TTaHeIb UHCTPYMEHTOB;
3 — AepeBo MpoeKTa; 4 — HACTPOUKH AIIEMEHTOB MTPOCKTA;

5 — OKHO TPOCMOTpa MOAEIH; 6 — COOOIICHUST CHUCTEMBI
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Ianenv uncmpymenmoe nMeeT MUPOKYIO QYHKIIMOHAIBHOCTh U MPETHA-
3HAYCHA Il HACTPOUKH OTOOpakKeHUS IIPOEKTA M TIPOBEICHUSI €T0 aHAIH3a.

Jlepeso npoexma oTOOpaKaeT pas/ieiibl MPOCKTA, HCIIOIb3YEeMbIC JIJIS IPO-
BEJCHMS aHaAJIA3a.

Hacmpoiiku snemenmoe npoekma MEHSIOTCS B 3aBUCUMOCTH OT BBIOpaH-
HOTO pasjiena JiepeBa MPOeKTa W IMPETHA3HAYCHBI TSI KOHTPOJISA IapaMeTpOB
IIPOECKTA.

Coobwenusn cucmemsvt OTOOpaKarOT COOOIICHUST 00 OMMOKAaX CHCTEMBI

Y JJAIOT PEKOMEHIAIMU ISl UX YCTPaHCHMUS.

11



JlabopaTopHas pa6ora N2 1
CTATHYECKHH MPOYHOCTHOMN AHAJIU3 IJIACTUHBI
U3 KOMIIO3ULIMOHHbIX MATEPHUAJIOB

eab padoTbl

M3ydeHre OCHOBHBIX 3TaroB MPOBEACHHS CTATUUSCKOTO MPOYHOCTHOTO aHa-
mm3a B cpeae ANSYS Workbench. Ilpuobperenne cTyaeHTaMH HaBBIKOB B HC-
nosip30BaHuK nmporpamMmmuoro uacrpymenta ANSYS Workbench — Static Struc-
tural mpu npoBeeHUK MPOYHOCTHOTO aHAJIN3a TTACTHHBI U3 KOMITO3UIIMOHHBIX

MaTepuayioB, co3aaHHbIX ¢ moMorbio Material Designer u ACP (Pre).

Onncanne padoThl

Hcnonw3ys moxyaun Material Designer, ACP (Pre) u Static Structural,
HeoOxo0IMMO paccunTaTh mojiHoe nepemernienue (Total Deformation) u sxBu-
BayieHTHbIe HamnpspkeHus (Equivalent Stress) mist rutacTUHBI M3 KOMITO3HIIM-
OHHBIX MarepuasioB (puc. 1-3). M3BecTHbI Marepuai BOJOKHA W HAMOJHHU-
TeNsl, TUIT 00BEMHOrO 3JIEMEHTa, y4acToK xkecTkou 3amenku (Fixed Support)
W HamnpaBJiCHWE NIEHCTBUS BeKTOopa namicHus P (Pressure), mpuioxeHHOTro

K MOBEpPXHOCTH (Tabi. 1).

Puc. 1. Cxema No 1:

1 — >xecTKas 3a1eiKa; 2 — naBjaeHue P
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Puc. 2. Cxema No 2:

1 — xecTKkas 3amenka; 2 — nasiieHue P

(M

{ )
()
\L_

(
LU

W
)

Puc. 3. Cxema Ne 3:

1 — xecTKkas 3ajenka; 2 — naBjieHue P

Tabnuya 1
Hcxoanbie 1aHHBIE
Homep Matepuan BosmokoH (1) / Tun o6semuoro | JlaBnenue P,
Bapuant
CXEMBI HarnoxHuTeNs (2) 3JIEMEHTA klla
1) Carbon Fiber (230 GPa) Peryspras
1 1 2) Epoxy Carbon UD 1
(230 GPa) Prepreg OJIHOHAIpaBIICHHAS
1) Carbon Fiber (290 GPa)
2 2 2) Epoxy Carbon UD [Tnerenas 0,5
(230 GPa) Prepreg
3 3 1) Carbon Fiber (230 GPa) Perynspuas 14
2) Epoxy E-Glass UD OJIHOHATIPABJICHHAS ’
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IIpooonicenue maon. 1

T Howmep Martepuan BosokoH (1) / Tun o6bemuoro | JlaBnenue P,
P CXEMBI HaroJHUTEINS (2) 3JIEMEHTA klla
1) Carbon Fiber (290 GPa)
4 1 C -1
2) Epoxy E-Glass UD depirieckas
1) Carbon Fiber (395 GPa)
5 2 2) Epoxy Carbon UD [Inerenas 0,4
(230 GPa) Prepreg
1) Carbon Fiber (290 GPa)
6 3 2) Epoxy Carbon UD Cdepuueckas 0.2
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
7 1 IT -0,5
2) Epoxy E-Glass UD HeTeHa ’
1) Carbon Fiber (395 GPa)
8 2 IT -0,4
2) Epoxy E-Glass UD Aetenad ’
1) Carbon Fiber (230 GPa) PervisDHAS
9 3 2) Epoxy Carbon UD yp -1
(230 GPa) Prepreg OAHOHAaIIpaBJICHHAA
1) Carbon Fiber (290 GPa) PervisDHAS
10 1 | 2) Epoxy Carbon UD ) HT)H:; N 1
(230 GPa) Prepreg AHOHATIpABT
1) Carbon Fiber (230 GPa)
11 2 IT 1,2
2) Epoxy E-Glass UD AeTenat ’
1) Carbon Fiber (290 GPa)
12 1
3 2) Epoxy E-Glass UD Cbeprriecicas
1) Carbon Fiber (395 GPa)
13 1 2) Epoxy Carbon UD Cdepuueckas 0,5
(230 GPa) Prepreg
1) Carbon Fiber (290 GPa) PervisibHas
14 2 2) Epoxy Carbon UD (230 Y ap . . -1,4
GPa) Prepreg OIHOHAaIIpaBJICHHAA
1) Carbon Fiber (230 GPa)
15 3 C 1
2) Epoxy E-Glass UD depiricckas
1) Carbon Fiber (395 GPa) PervisbHas
16 1 2) Epoxy Carbon UD P -1
OQHOHAaIIpaBJICHHAA

(230 GPa) Prepreg
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Oxonuanue maban. 1

BapyanT Homep Martepuan BosiokoH (1) / Tumn oobemaoro | /laBnenue P,
P CXEMBI HarmoJHATeIs (2) 3JIEMEHTA klla
1) Carbon Fiber (290 GPa)
17 2 2) Epoxy Carbon UD [Tnerenas 0,5
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
18 3 IT -0,4
2) Epoxy E-Glass UD AeTeHa
1) Carbon Fiber (395 GPa)
19 1 C -1
2) Epoxy E-Glass UD depiriccras
1) Carbon Fiber (230 GPa) PervisbHas
20 2 2) Epoxy Carbon UD o H};Hai ABITCHHAS 1
(230 GPa) Prepreg A pas
1) Carbon Fiber (290 GPa) PervisbHas
21 3 | 2) Epoxy Carbon UD ] HzHal; _— 1,2
(230 GPa) Prepreg A pas
1) Carbon Fiber (230 GPa)
22 1 IT
2) Epoxy E-Glass UD Fetenat 08
93 5 1) Carbon Fiber (290 GPa) Perynsipuas 05
2) Epoxy E-Glass UD OJIHOHATIPABJICHHAS ’
1) Carbon Fiber (290 GPa)
24 3 2) Epoxy Carbon UD Coepuueckas -0,7
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
25 1 -1
2) Epoxy E-Glass UD Cheprriccra
1) Carbon Fiber (395 GPa)
26 2 IT -1,2
2) Epoxy E-Glass UD Aetena ’
1) Carbon Fiber (290 GPa)
27 3 2) Epoxy Carbon UD Cdepuueckas -0,4
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
28 1 IT 0,8
2) Epoxy E-Glass UD Fetenat
29 5 1) Carbon Fiber (395 GPa) Perynspuas 1
2) Epoxy E-Glass UD OJTHOHATIpaBIICHHAS
30 3 1) Carbon Fiber (290 GPa) [ieremas 05

2) Epoxy E-Glass UD
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IMopsiioK BHINOJTHEHUSA JTA00PATOPHOM PAadOTHI
1. 3amyckaem ANSYS Workbench u moGaBisiem Heckonbko MOyIIeH:
Material Designer, ACP (Pre) u Static Structural (puc. 4).

. Unsaved Project - Workbench — O x

FEle View Tools Units Extensions Jobs  Help

== S Project

4 Rigid Dynamic ~
[ staticAcoustis

[ Static Structural
9 steady-State Thermal bl ' Material Designer Y ace fre)
Thermal-Electric 2 @& EngneeringData 2 @ EngineeringData v

- B - C A4
1
2
= Throughflow 3 @ Materizl Designer & 3 @ Geometry 7. 3
4
5
6
7

b)
= StaticStructural

m
=
3
g
&
AN

- Thruu‘ghﬂuv.'(BladeGm) Material Designer 4 @ Model T,
Topology Optimization

[E2) Topology Opf 5 M setwn

fd Transient Structural

8 Transient Thermal ACP (Pre)

=
g3
£ &
g

g
5
&
g
E]
]
[N

& Turbomachinery Fluid Flow G
El Component Systems Static Structural

B Acr (Post)

@ ACP (Pre)

B Autodyn

[ BladeGen

B o

@ CFX (Beta)

& Engineering Data

o
&

2
Iz
i

€ Ensight (Forte)

External Data

@ External Model

B Fluent

B Fluent (with CFD-Post) (Beta)
Bl Fluent (with Fluent Meshing)
Forte

@ Geometry

ICEM CFD v

‘ T view All { Customize... | | ¢ >

o Ready ¥ 3ob Monitor... [ No DPS Connection (Beta) | 7 Show Progress | (%1 Show 0 Messages

Puc. 4. Jlo6aBnenne Mmomyieit

2. JIBaxkibl HaskMMaeM JieBor kHomkoi Mbliku (JIKM) Ha 6ok Engineer-
ing Data (1), mocne gero skmem Ha Engineering Data Sources (2). Beibupaem
oubanoreky Composite Materials (3) u nmoxakitouaeM MaTepHalibl COTJIACHO

ceoemy BapuaHty (4). ITocime storo moxHo 3akpbiTh Engineering Data (5)
(puc. 5).

- B - C b D
b8 ) Material Designer 1 1
2 & Engineering Data 1 2 & Engineering Data " 2 @ Engineering Data  +"
3 | @@ Material Designer 3 @ Geometry 2, 3 @ Geometry 2,
Material Designer 4 ﬁ Model F . 4 @ Model F .
5 B setup 7 5 @@ sewp 7 .
ACP (Pre) & Solution T .
7 Q Results F .

Static Structural
a

Puc. 5. Boibop matepuaia BOJIOKHA U HAIOJHHUTEIIS (HAYalo)
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|7 Unsaved Project - Workbench - [u] X
Fle Edit Vew Tools Units FExtensions Jobs Help
0| |E & | [ rroiect / @ a2:Engineering Data 5

¥ Filter Engineering Datafl i Engineering Data Sources

Toolbox. SEIEY Enaineering Data Sources RIEREY] able of Properties Row - rx

~
Viscoelastic ~ A 8 c o A
Shape Memory Alloy 1 Data Source /| Location Destription 1 | Density kgm”-3) =
Geomechanical General use material samples for use with 2 | 2
— s E Matenids - S| Geomecharical models.
G 7 I (@ composite Materials & | Material samples spedific for composite structures.
s
Fracture Criteria & | @ GeneralNon-inear Materials Bl [E! " g:;@’;‘s“sa material samples for use i non-inear
Crack GrowithLL
(3 Crock Grovth Lavs s @ S & | Material samples for use in an explidtanalysis.
Thermal
= 10 |@ ryperelastic Materials |m] &0 | Material stress-strain data samples for curve fitting,
ermopoueer
B-H Curve samples spedfic for use in a magnetic

Linear "Soft" Magnetic Material 11 | @ MegneticBH Curves (=] W | e
Linear "Hard" Magnetic Material
Nonlinear "Soft” Magnetic Materia A B |c 0 E o
Nonlinear "Hard" Magnetic Materia == Y i

1 Contents of Composite Ma > | Add Source S=EE Chart: No data Tax
el 3 % Carbon Fiber (230 G7a) i Composite_{ Fibers orly
Brittle/Granul
LR (S 4 @ Carbon Fiber (230 G7a) L | =|e Composite_M| Fibers orly
Equations of State

5 U carbon Fber (395 GPa) o Composite_M; Fibers anly
Porosty
= 6 W Edass ) Composite_M; Fibers anly
@ Failure
—— 7 s Epoxy Carbon UD (230 GPa) Prepreg ar = Composite_M
Flasto-Plastic Behavior 8 % Epoxy Carban UD (230 GPa) Wet & @ Compositz_M
Perforated Media ] % Epoxy Carbon UD (395 GPa) Prepreg ' Composite_M
Composite 10 % Epoxy Carbon Woven (230 GPa) Prepreg HH Composite_Mk
Forming Plastidty 1 xy Carbon Woven (230 GPa) Wet Composite_M,

2 posite_}
Foams 12 W Epoxy Carbon Woven (395 GPa) Prepreg Composite_M:
Sdeizg 13 % Epoxy E-Glass UD T @ [= composice m
v

Conarete —

Custom Material Modds Al Properties of Outine Row 13: Epoxy E-Glass UD -
A ‘ B c &
T View All [ Customize... ’—'— v

Ir T = B T X T e 1
o Ready J¥ 30b Monitor... | [ No DPS Connection (Beta) | ) Show Progress | % Show 0 Messages | .:

o

Puc. 5. Bei6op maTepuaia BOJIOKHA U HAITOJHHUTENS (OKOHYAHHE)

3. B nepBom moayite nBakasl HaskumaeM JIKM na Material Designer, mo-

CJI€ Yero OTKPOETCs OKHO, IPEICTABICHHOE Ha pHC. O.

ner - Design1 - SpaceClaim - Material Designer

s % 3 e O® ® ©° o o o o
Select Lattice UD Composite RandomUD Chopped Fiber \Woven  Parficle Random UserDefined  RVE Solve  Update  Di

. ' Composite  Composite  Composite Pasticle Model - - Isfm 352 S
Edit RVE Type MD Made
Outline !
[ RVE Model

Hotenss ANSYS

Geometry
Mesh

Settings
Anabyres

Struct_ Laye_ Seleci_ Grau_ Views |Outi
Opticns - Selection }

G Sketch
Snap to grid

Snap 1o angle ¥ %
Create layout curves

Properties ?

| Properties [ Appearance

Puc. 6. Oxno Material Designer

4. B BepxHel maHeau UHCTPYMEHTOB (pucC. /) BbIOMpaeM THUIl 0OBEMHOTO

AJIeMEeHTa MOJIU(DUIIMPOBAHHOW MUKPOCTPYKTYPHI COTJIACHO CBOEMY BapUaHTy
(Tadm. 1).

17



Lattice UD Composite Random UD Chopped Fiber  Woven  Particle Random User Defined
Composite Composite  Composite Farticle

RWVE Type

Puc. 7. Bei6op 00beMHOT0 371eMeHTa MOIU(DUITIPOBAHHON MHUKPOCTPYKTYPBI

5. B mosBuBmIElics ciieBa TaHENW NPUCBAWBaeM MaTepuanl MaTpUIlbl/
HanojHuTeNs (1) 1 yacTuipl/BoiokoH (2) (puc. 8), mocie 4ero mpuMeHseM H3-

MeHeHus (3).

w |G W90 s A:Material Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer

T n 1 %] s o~
R S8 @ & b g .. @ B
Ecicctigpincac Cﬂ;:nt;ﬂ Geometry Mesh Update Open  Exit
Edit = | RVEType RVE Model Salve Update Display | Help | MD Mode

Outline
. Change the options and click on complete to finalise the matenal assignment
B~ RVE Model (Particle)

i b/ Materials

[ Geometry |‘£| ANSYS
- Mesh 3
- Seftings
Analyses

Struct. Laye . Select . Grou \ﬁews|DutI\|

Opticns - Materials ¥
I Matrix Epox/ E-Glass UD I f T
=Ipaﬁlce Carbon riber !Eq 2 V. T X
: z

Properties

Y

t

-

- x
z
10pm

‘Propemes | Appearance A Deesign1®* x 4 x

Change the options and dick on complete to finalise the matenial assi

Puc. 8. IIpucBoenune marepuaios

6. it co3maHus reoMeTpur OOBEMHOTO 3yeMeHTa (puc. 9) HaxumaeM
JIKM na Geometry (1). Ilocne sToro B J€BOM MaHEIW HACTPOEK OTOOPA3ATCS
HACTPOWKHK T€OMETprUU 00BEMHOTO djeMeHTa (2) (B 3aBUCHUMOCTH OT THIA, BBI-
OpaHHOr0 0OBEMHOTr0 JIEMEHTA HACTPOMKHU MOTYT ObITh pa3iuuHbl). Haxuma-
eM Ha rajnodky (3) u Ha pabodeM MPOCTPAHCTBE MOSIBUTCSI TPEXMEPHASI MOJIEIb

CT€HEpPUPOBAHHOTO OOBEMHOTO dJIeMeHTa (4).
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w9

File Additive Material Designer

] = P
R % O & O "2 W~
Select | Consfituent Geomelry Mesh Analysis =~ Change ] Exit
- | Materials Setings |~ pen !
Edit RVE Mode! RVE Type Solve Update Display | Help  MD Mode
Outl o
e Change the options and click on complete to finalise the RVE.
- RVE Model (Paticie)
/ Matenials
[ ANSYS
0=
Settings 3
Analyses

Sivotu. Layers Seloct Groups Views [Duind

Opions - Particle

General

7

Geomelry Type | Simple cubic *
Particle Volume Fraction: | 0.5

Particle Diameter
[ Hollow Particles

Particle Wall Thickness: 05 um

[10pm

Mdvanced

Repeat count [1

Froperiies

[ p—

Change the options and dlick on complete to finalise the RVE.

Puc. 9. COSIIaHI/Ie IreoOMCTPUHU 00BEMHOTI0 DJIEMEHTA

7. CreHepupyeM CETOYHYIO MOelb 00beMHOro sjaemeHTa (puc. 10).
Haxxumaem JIKM na Mesh (1) u 3amaeM MakcCHMajbHBIH pa3Mep CETOYHOIO
00bemMHOro 31eMeHTa (2). Haxumaem Ha rasouky (3) ¥ BUAUMM Ha DKpPAHE Cre-

HEPUPOBAHHYIO CETKY (4) 00bEMHOTO dJIEMEHTA.

wlw W 9-¢

File LW Material Designer

Rk ® D @E®s ° =
- — 74 Eeren &
Select | Constituent Geometry | Mesh | Analysis ~ Change Update Orientation  Open Exit
- Materizls Settings - -
Edit = RVE Model RVE Type Solve Update Display ~ Help  MD Mode
q
@rio Change the options and click on complete to create the mesh.
£ RVE Model (Particle)
=/ Matenials
o ANSYS
B g 4
Analyses
Structy Layers Select Groups Views ‘Duﬂm4
Dptions - Mesh m |
iGeneral
Maximum size: o5 |F

[ Adapt towards edges
[ Use Black Meshing

Use Conformal Meshing
Use Periodic Meshing

Properties

[ pr—

ick on complete to cr

Puc. 10. Co3manue cetku 00bEMHOI0 DJIEMEHTA
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8. Haxxumaem JIKM Ha Settings (1). Ha manenu ciieBa (2) MOKHO BBICTaBHTD
MHTEPECYIOIINE HACTPOMKHN aHaIn3a 00beMHOro 3yieMeHTa (puc. 11), Ho B Halem
Cily4ae OHM OCTaroTcCsl 0e3 m3MeHeHus. Haxxumaem ranouky (3) ¥ BUIUM CHUCTEM-

HOE€ OKHO, IPEAYTIPEKIAIONIEE O pe3yJibTaTaX MPOBEACHHOTO aHau3a (4).

Material Designer

= a~
% )@:gﬁg% "/‘-ﬂEler‘rtM\’@

Select  Constitent Geometry Mesh | Anal Change = Constant Variable Orientat
- Mataring o ometny Mes Sm’,; - Materid Materid | OP9et® L = B
Edit RVE Model RVE Type Solve Update Display Help  MD Mode
1
Eris Change the options and click on complete to finalise the analysis settings
£ RVE Model (Paticle)
< Materials
| e [ ANSYS
-/ Mesh
2
Analyses

Structu . Layers Seleci. Groups Views ‘Dumm{

pfiogs. Seti 2

General

Type of anisotropy: | Orthotrapic *
Compute linear slasticity
Compute coefiicients of thermal expansion
Compute thermal conducivty
Use periodic boundary conditions

TSR,
VRS

Use material symmetry in XY
Use material symmelry in XZ
Use material symmetry in YZ

Properties

¥
4 Analysis Settings:
- i Type of anisotrapy=Crthotropic
I Use periodic boundary

conditions=True
Use material symmetry in
Use material symmetry
Use material symmetry

[ —

Puc. 11. Be160op XxapakTepuCTHK YaCTHIIbI

9. [lpucBanBaeM Ha3BaHHUE CO3JAHHOMY 00BEMHOMY 3JIeMEHTY (puc. 12).

A:Material Designer - Design1 - SpaceClaim - Material Designer

[T aterial Designer

7 CaN , [ PN
R % O HH o e ew 9 B
Sel Change | Constant Variable ) e
lect | Constituent Geometry Mesh Anst nge i Ot
- Vateriah o M otinge - Mobesicd | Moierid | P4 e G B
RVE bodel RVE Type Solve Updste Displyy | Help | MDMode

Change the options and click on complete to solve

ANSYS

43' Variable Material
Structu Lays

Options - Constant material solve 7

General

waarairans: [[mat 1] 3

Properiies

‘Pmpema ‘ Appesrance N\ Designt x

Puc. 12. Co3nanne ceTku 00bEMHOIO dJIEMEHTA
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Jliis aToro HaxkuMaeM npaByro kHonky Mbimu (ITKM) wa Analyses (1) —
Constant Material (2), BBoguM Ha3Banue marepuana (3) U HaKMMaeM Ha ra-
no4dky (4). 3akpeiBaeM okHo Material Designer.

10. Co3magum cBsI3b MEKIY IEpBBIM M BTOpbIM Moayismu Material De-
Signer s MPUCBOCHUS CO3JITaHHOIO HAaMH KOMITO3UTHOTO MaTepualia K aHaJIH-
3UPYyEMOI T€OMETPHH Yepe3 BTOpoii 0110k (puc. 13):

10.1. B oxkae ANSYS Workbench naxxumaem ITKM na Material Designer
(1) u BetOupaem Update # Update | st OOHOBJICHHS IIPOEKTa KOMIIO3MTHOIO
MaTepuarna.

10.2. 3axxumaem JIKM Material Designer (1) u neperackuBaem ero k En-
gineering Data (2).

10.3. Haxxumaem I[TKM nHa Engineering Data (2) u Beioupaem Update.

esh Project & Update Project | BB ACT Start Page

Project Schematic

- A - B

1 1 %Z| Static Structural
2 |@ Engineering Data  +" & EngneeringData ' 5 2 2 |@ EngineeringData + 4
r@ Materizl Designer  +" /.3 |Q Geometry 2 4 3 |E; Geometry o4 P
Material Designer 1 4 |@ Model F oy 4 |@ Model F oy
5 |@ Setup 7 5 |@. Setup =
ACF {Fre) 6 | Solution F oy
7 |@ Results 7 4

Static Structural

Puc. 13. Co3nanue cBs3nu

11. ImnopTupyem reoMeTpuio:

11.1. JIBaxxael HaxkumaeMm JIKM Ha 610k Geometry y moayns ACP (Pre).

11.2. B nosBuBIIEeMCs OKHE HaxkumaeM File — Open.

11.3. Jlns Toro 4yToObl HANTH CO3IaHHYIO TE€OMETPHIO, IEPEXOIUM B MAIKY
¢ Hell u BhIOMpaeM oToOpaxenue Bcex hopmaros — All Files (*.*). Haxumaem
Ha CO3/IaHHYIO0 TEOMETPHUIO C paCHIUPEHUEM «.X_1» U ®KMeM KHONIKY OmKpbimb.

NMnopTupoBaHHasi TeOMeTpus MoKa3aHa Ha puc. 14.
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T T T = s G
& ~ Select, Pull  Move  Fill Combine N, Track = Equstion
B QZDDm D e Z X Z |3 = % E%Pru]em . L’: EEE ﬂﬁM\rrﬂr 2
Qrient Sketch Mode Edit Intersect Create Features
2
Click to set a secondary selection to be used within other tools
Y
ion Groups Views A
» :
7 z : I
—
i 2 Qk
¥
4
-
- o x
z L

Puc. 14. ImriopT reoMeTpuu

11.4. Ilocne 3TOro OKHO TEOMETPUU MOMKHO 3aKPBITh.

12. IlpuctynaemM K CO34aHUIO CETKHU:

12.1. JIBaxxael HaxkumaeMm JIKM na 6110k Model y monyns ACP (Pre).

12.2. B oTKkpsIBIIEMCSl OKHE packpbiBaeMm BKIagaky Geometry (1), Beiaens-

eMm reometpuro (2) u 3aaaém Tommuny (3) 0,5 MM (puc. 15).

D % i} %% %rlamedsalecﬁan [ Commands (@images~ @ @ ﬁ ia If__'I'D @ @ @

ordinate System [JComment [@Section Plane

Duplicate Solve Analysis vy Replace Point Distributed Thermal = Transform Surface  Element Virtual
S Q = +  PoRemote Point il Chart [ Annotation Geometry™ Point Part  Coating Qrientation ody
Outline Solvers Insert Geometry Mass Modify Virtual
Joutling s w L X | # @ Q “ @0 O Q@ @ @ St " Mode~ @ i) e B
% Name = | Search Qutline |V |

T Project*

B 5 Model (B4)

2

i
35 Coordinate Systems
@ Mesh
Details of "ACP-Pre\Surfacel" s w L X
k| Graphics Properties ~
| Definition
Suppressed No
1D (Beta) 19
Dimension 3D
Stiffness Behavior Flexible
Coordinate System Default Coordinate System

Reference Temperature | By Environment
Thickness Z Jlo, hm

Thickness Mode efresh on Update
Offset Type Middle
Treatment None
Reference Frame Lagrangian Messages
b Material | Text | Association
Assignment structural Steel ‘

Puc. 15. 3aganue TOMIIUHBI IIACTUHBI
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12.3. 3amaem HACTPOUKHN CETOUYHON MOJICIIH:

— xmeM [IKM na Mesh — Insert — Method, Beinensiem reomerputo (1) u
BeIOMpaeM meTof (2) — Multizone Quad/Tri (puc. 16);

Duplicate Q Solve Insert Update Generate | Surface Source/Target | Method Sizing Face Mesh  Match — e
= = o Mesh Meshing Copy Control @ Pinch %'
Qutline Solvery Mesh Preview Controk

Outline : ~iox| i Q@ .., &0y o-4 Q@ @ @ Select T Mode-

©  Mame | Search Qutline | v _

MultiZone QUEEFTT e GO
16.11.2021 134

. MultiZonefuad,/ Tri

5 Coordinate Systems

E--/90 Mesh
i MultiZone Quad/Tri Method ¥

Details of "MultiZone Quad/Tri Method" - Method = » Il O X
]| Scope

Scoping Method ion

Geometry 1 Body
=l| Definition

Suppressed |No

Method MultiZone Quad/Tri hd 2

Surface Mesh Method Quadrilateral Dominant
Element Order SLlanLs
Free Face Mesh Type

=l| Advanced
Preserve Boundaries Protected
Mesh Based Defeaturing | On 1
Defeature 5ize Default(1,6591e-002 mm)
Sheet Loop Removal Mo
Minimum Edge Length | 1,5708 mm
‘Write ICEM CFD Files Mo

20,00

Puc. 16. 3aganne HacCTPOEK CETKH

—xmem [TKM na Mesh — Insert — Sizing, BeiaenseM Bcro reomeTpuro (1) u

3ajaeM BeuunHy siueek 1 mm (2) (puc. 17).

Qutline Solvery Mesh Preview
:QQ v & Oy
Mame w | Search Qutline | » _
r - Body Sizing
[ Project 16112021 13:44

B (8 Medel (B4)

@ Geometry B .
ady Sizin

‘/ Materials . ¥ 3

5 Coordinate Systems

= MultiZone Quad,Tri Method

WY cc <o

Details of "Body Sizing" - Sizing

Lontroks

S Q@ @ @ Select N

=l| Scope
Scoping Method [ Geometry Selection
Geometry 1 Body I 1
=l| Definition
Suppressed Mo
Type Element Size 1
Element Size I 1, mm I 7
=l| Advanced
Defeature Size | Default (1,65912-002 mm)
Behavior Soft
Growth Rate Default (1,2)
Capture Curvature | No

Puc. 17. 3aganue HacTpOEK CETKU
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12.4. Haxxumaem [TKM na Mesh u Betoupaem Generate mesh. I'otoast ce-

TOYHAs MOJIEIh TIpesicTaBlieHa Ha puc. 18. 3akpsiBaem okHo O6;oka Model.

Puc. 18. I'eneparusi ceTOYHON MOJCIH

12.5. IlpucBanBaeM MMEHaA MOBEPXHOCTAM, K KOTOPHIM OYAyT MPHKJIAIbI-
BaThCs CcWIIBl. Beimensem kaxmyro obmacte JIKM, mociie dero HaxmmaeM Ha
e ITKM (1) u Beioupaem Create Named Selection... (2) (puc. 19). B urore

JIBE TIOBEPXHOCTH OyAyT UMETh MepCOHANTbHOE Ha3BaHue (3).

ikl e ST #y Remote Point i Chart 2} Annotation

Outline Solvery Insert

e AOX | @ Q8w &% - Q@ @ @ Select % Mode~

rch Qutline | v

MName

- fix
] Project
3. B Model (B4) 17.11.2021 14415 et N
-, @ Geometry . fix
+ Materials 1 GoTo b
Q' Hide Body Fo
@ Filter Tree Based On Visible Bodies
‘@ Suppress Body
Q' Hide Face(s) F8
@ Isometric View
s set
,i'_ Restore Default H
- @ ZoomTo Fit F7
PeToal UnF sensssnsissmsmssassssres o 1) () 53
@ ZoomTo Selection z
1| Scope A
Scoping Method |Geometry Selection Image To Clipboard Ctrl=C
Geometry [1Face Cursor Made »
1| Definition .
Send to Solver fes = 4
Protected Program Controlled 40 Look At
Visible Yes 3¢ Create Coordinate System 20,00
Program Controlled Inflation | Exclude z —
. — &8 Create Named Selection... I il
=3
Trpe [Manual ) S Ct{“‘?"’te"a“"’"
EPr—— o =——r Messages i g . JBON Crea

Puc. 19. TlpucBoeHne UMeH U1 TOBEPXHOCTEH
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12.6. Haxxumaem [TKM na Mesh, eioupaem Update B u mocnie atoro ok-
Ho Mechanical MmoxHO 3aKkpHITS.

13. Teneps MOYKHO HACTPOUTH CJIOU CO3/IAHHBIX KOMITO3UTHBIX MAaTCPHAIOB:

13.1. B oxne Workbench neaxxnpr naxkumaem Ha Setup B 61oke ACP (Pre).

[Tocne sToro nepen HaMu MOSIBUTCSI OKHO, TpeicTaBieHHoe Ha puc. 20.

[ ACP-Pre.acphs - ANSYS Compasite PrepPost - o X
File View Tools Units Help

'Q sesrcn g“@l b Scened

B A e E9FFOATRARAQIFF TS LLL LLILLLING=|HR=

Shell View | Logger | History View

In [€]: db.models[u'ACP Model'].active scene=db.models[u'ACP Model'].scenes['Scene.l']

In [1]:
In [7]:

Finiched saving ACP Model ACP Model to acph5 file after 0.2235. MKS (m,kg,sN,CUSD)

Puc. 20. Oxno ANSYS Composite PrepPost

13.2. Cpasy u3MeHsieM eIUHUIBI U3MEPEHUS Ha MM. {71 3TOT0 Ha)KMMaeM
Ha Units (1) u Betounpaem MPA (mm,t,s,N,C,USD) (2) (puc. 21).

B ACP-Preacphs - AN5YS Composite PrepPost

File WView ToolsIUniIs I—|e|p

Q Search 1 BFT (ft,slug,s,Ibf,F,USD)
@ ACP-Pre EIN (in,in*(-1) Ibf s#2,5,Ibf,F,USD) I
S @4 Models CG5 (em,g,s,dyn,C,USD)
- £¥ ACP MKS (m kq,s,N.C USD!
g. MPA (mm,t,s,N,C,USD) I 2
Sl (m kg, N, K,USD)
- g UMKS (urn,kg,s,uN,C,USD)
o .& Undefined
-ﬁ Look-Up Tables 1l

Puc. 21. I3meHeHue eTUHAL] U3MEPEHUS
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13.3. Co3maem croii BOJIOKOH KOMITO3UTHOTO MaTepuaina (puc. 22):

— g 3Toro packpbeiBaeM pazzaen Material Data (1), maxxumaem [TIKM Ha
Fabrics (2) u Betoupaem Create Fabric... (3);

— BeIOMpaeM matepua (4), 3agaeM Tommmay 0.5 MM (5) u sxmem Apply (6).
Ecnu Ha skpaHe MOSBUTCS OKHO C MPERyNpPexICHUEM, TO €r0 MOKHO 3aKPbITh.

[Tocne 3Toro OKHO MOKHO 3aKpHITh (7).

%4 3EAFCH ¥ | BCENE. |
W = 7 i
& ACP-Pre ¥ G E
[ \ﬂ Models
I_'i'] ..... ACP Model
=l B & Material Data
----- Materials
2 3
"""" ﬂ Stack Paste...
b O Sub L
[ ﬂ Element 5¢ Sort
....... Edge Set
& EdgeSets Export to ESAComp XML ...
[ g Geometry
[ @ Rosettes 0,66667
------- ] Look-Up Tables 055556
....... o Selection Rules 0Aasss
....... .*” Mrnented Selertinn Setc 0'33333
a
&3 Fabric Properties — O Ed
Name: |Fabric.1
|D: Fabric.1
General | Analysis | Solid Model Opt. | Draping |
General
Material:l mat_1 I 4 V|

Thickness: I'E'-5 I 5 |

Price/Area: "E'.'I]l |

Weight/Area: -1.0

Post-Processing

Ignore for Post-Processing: Ll

7 6

I OK I I Apply I Cancel

o

Puc. 22. Co3nanue cia0s1 BOJIOKOH
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13.4. Co3naem och koopauHat (puc. 23). Haxxumaem IIKM Ha Rosettes (1),
BeIOMpaem Create Rosette... (2) u xmem Apply (3). I[Tocie 3TOro OKHO MOXKHO

3aKpBITH (4).

....... .‘-‘l;—jj' Edge SEtS. ‘ fv

..... I

= - ".z"x
T 2

....... .ﬁ Look- Paste

....... g ;El.ECt - -

....... rIEnt i

....... = Mode Show All Shell View | Logge

....... 5 Field [ Sort

....... & Samplirgrorrmes

[ 0 =T

[lIn [22]: db.

a
&3 Rosette Properties — O >
Narme: [T
ID: Rosette.]
Type: | Parallel w
Definition
Origin: | (0.0000,0.0000,0.0000]
1 Direction: |(1.0000,0.0000,0.0000) Flip
2 Direction: |(0.0000,1.0000,0.0000) Flip
Shuffle Axes Swap 1 and 2 Direction
I oK I I Apply I Cancel
o

Puc. 23. Co3nanue ocu KoOpAHHAT

13.5. Co3naem opueHTHUPOBaHHBIH 010K (puc. 24):

— naxxumaeM I[TKM na Rosettes (1) u BeiOupaem Create Rosette... (2);

— BBIOMpAaEM DJIEMEHT/TEOMETPHUIO (BBIOMpacM €ro B JIepeBE IMOCTPOCHUS
B pasaene Element Sets) (3), HactpanBaeM opueHTaiuio (4), BEIOUpaeM CO3/aH-

HYI0 0cbh KoopauHar (5) u sxkmeM Apply (6). [Tocie 3Toro OKHO MOYKHO 3aKpBITH (7).
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L

-5
- ¥ 3_. Rosette. 1
& Look-Up Tables

Selection Rules

g Medeling Groups
5 Field Definitions

ﬁ Sampling Points

Eh Section Cuts

# Solid Models

Global Coordinate System

1 % B Oriented Selection S

a

| Create Oriented Selection Set .. | 20—
Paste ger |
Sort db .

a

ﬂ Models
£ £¥ ACP Model
E| & Material Data
i 4 Materials
- & Fabrics
Fabric.1
s d Stackups
-------- % Sub Laminates
m 3 E Oriented Selection Set Properties
5 i —
. B pressure (OrientedSelectionSet. 1
....... @ Edge Sets |D: OrientedSelectionSet.1
E_; % sz:ef:::sr_‘u‘ General | Rules | Draping
------- Global Coordinate System ( Extension
....... ﬁ Looki?:i:ill; : Element Sets:l['AII_E\ementS']I 3
------- @ Selection Rules 8| - Orientation
= a Oriented Selection Sets 0
e, v g OrientedSelectionSet.1 a Point: |(0-0000.O-0000.O-0000] |
[ a Medeling Groups |
....... & Field Definitions Direction: |11-0000.0-0000.0-0000] I ﬁ | Flip |
------- Fy Sampling Points
Eb Section Cuts Reference Direction
[ ﬂ Solid Models Selection Method: | Minimum Angle ~
------- w Sensors - -
B g Layup Plots Rosettes: ' Rosette.1'] I 5
- ﬁ Scenes Reference Direction Field: w
....... & Views Z E
....... # Ply Book nw —
------- @ Parameters Shell Vig I Apply I Cancel
s Material Data In [25]: db.models["ACP Model'].selection.set ([db.models['ACP

o

Puc. 24. Co3nanue opueHTHPOBAHHOTO OJI0Ka

13.6. Cozmaem MonenbHyO rpyIiry (00beaMHEHNE OPUEHTHPOBAHHOTO dJIe-
MEHTa M MmakeTta cioes) (puc. 25):

— Haxkumaem [TKM na Modeling Groups (1) u Beioupaem Create Modeling
Group... (2). B nosBusiiemcs okue xmem Ok (3);

— HaxxumaeMm [TKM na ModelingGroups.1 (4) u Betoupaem Create Ply... (5);

— BbIOMpaeM IMepBbId OPUEHTUPOBAHHBIN OJOK (6) M €0l KOMIO3UTHOTO

matepuaia u sxkmeM Apply (8). TTociae 3Toro 0KHO MOKHO 3aKpHITH (9).
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- 4 bdge bets

[ g Geometry
=- @ Rosettes
: 5}—» Global Coordinate System

‘,‘I-; Rosette.1
- 8] Look-Up Tables
- i} Selection Rules
= ﬂ Oriented Selection Sets
. W OrientedSelectionSet.1

a Field Definit
- 3 Sampling P

Export to C5V file ..
Import from CSV file ..

& Modeling Group Pra... — O x

Narme: |ModelingGroup.'I |
ID: ModelingGroup.1

oK ||

Apply | |

2

- P8 Section Cuts
- &% Solid Models

w Sensors
[ & Layup Plots
[ 5 Scenes

e ] Views

. @ PlyBook
@ Parameters
H Material Data

i, W

Shell View | Logger | History View

In [75]: db.models[u'ACP Model'].selection.set{[db.models[u'.

Tr 781 Akl meadalele Il ATD Mad=111 salamtdian oo+ (T4

ﬂ' tdge Sets
[ Q Geometry
= ﬂ Rosettes

,,I—» Rozette. ]
- 5] Look-Up Tables
ﬂi Selection Rules

a Sampling Points
- B Section Cuts
- ) Solid Models
@ Sensors
[ ﬁ Layup Plots
[ S8 Scenes
e ] Views
% Ply Book
%] Parameters
r Material Data

5.}" Global Coordinate Systemn

=y a Criented Selection Sets
«;ﬂ OrientedSelection5et. 1

odeling Groups:

5

Update

Create Interface Layer ...
Create Butt Joint Sequence ...
Paste

Delete

Export to CSV file ...
Import from CSV file ...
Export Plies ...

a

History View

I [ 791 :

Tr

r7T1-.

els[u'ACP Model'].selection.set ([]1)

Al meadaTa Ml ArD MAadas111T galacmstrdimn oat (I TAR ™

o

Puc. 25. Co3ganuie MOJIeIbHOM TpyMIIbI (HA4aso)
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Izl T IVIdLEnNdl Lidld

sub aminates % Modeling Ply Properties - O X
= ﬂ Element Sets
: a All_Elements Name: |ModelingPIy.1
i ID: ModelingPly.1
pressure
....... @ Edge Sets General | Draping | Rules | Thickness |

B g Rosettes Oriented Selection Sm{ ['OrientedSelectionset.'] || 6
Lock-Up Tables

....... Ply Material:| Fabric.1 7 ~
Ply Angle: 0.0

MNumber of Layers: |1

Global Properties

----- =7 P1_ModelingPly.1 Active [
....... & Field Definitions Globl Ply N |
....... By sampling Points
....... {ﬁ Section Cuts
- & Solid Models
....... 4 Sensors
[ @ Layup Plots

----- ﬁ Scenes

- 7§ Views A
. % PlyBook E 9 8
....... @ Parameters s['AC
s Material Data I 0K II Apply I | Cancel ingPl

In I231: db.modelsl'ACP Model'l.selection.set(ldb.modelsl"AC

6

Puc. 25. Co3zganne MoaenbHOM rpynmbl (OKOHYAHKE)

13.7. Bxmtouaem otoOpakenune cetku (1) u HampaBieHHWE BOJIOKOH (2)
B BepxHeil manenu (puc. 26). BeiOpaB MomenbpHyto rpymnmny (3), BUAUM 3e/ICHbIC

CTPEJIOYKH, TTOKA3bIBAIOIINE HAIIPABIICHUE BOJIOKOH (4).

wiew ool unis  pep

sarch @G | scenen 1 2
\CP- Pre | PEIEIIATER @

&3 Models
B ¥ ACP Model
# Material Data
- ¥ Materials
- # Fabrics
3 Fabric.1
4 Stackups
% Sub Laminates
2 Element Sets.
B4 Al Elements
B ofx
5 pressure
& EdgeSets
1 Geometry
23 Rosettes
5 Look-Up Tables
& Selection Rules
2§ Oriented Selection Sets
¥ OrientedSelectionset.1
= Modeling Groups
- 2 ModelingGroup.1
E1y<7 ModelingPly.1
SR
3 oy P gPl
5§ Field DefinitTam
5§ Sampling Points
HE Section Cuts
& solid Models
4 Sensors
) Layup Plots
4 Scenes N 4

& Views ‘Shell View | Logger | History View

# PlyBook In [23]: db.models['ACP Model'].selection.set ([db.models['ACP

& Parameters Model'] .oriented selection sets['CrientedSelectionSec.1']])
= Material Data = =

Puc. 26. OtobpakeHne HarmpaBiIeHUs BOJIOKOH

30



13.8. Co3naem TBepOTEIBHYIO MOJIEH (pHUC. 27):

— naxkxumaem ITKM na Solid Models (1) u Beioupaem Create Solid Mod-
el... (2);

— BBIOMpaeM 3JIEMEHT (HaKMMaeM Ha 00JIacThb 3JIEMEHTa U BBIOMpAEM €ro
B nepeBe noctpoenus) (3) u xmem Apply (4). ITocime 3TOro OKHO MOXHO 3a-

KPBITH (5).

Sl ModehngHly.2
..... <7 P1_ModelingPly.2
- {3 Field Definitions
a Sampling Points

Section Cuts s

Shell View | Lugg

In [107]: d

reate Solid Model ... |

Paste
[ @ LE)"LIP
G- <4 Scene Hide All
o Views Show All o E

e %) Parameters

[ R i W

Tr

rnGi-

[
3 ¥ ACP Model
== & Material Data
A Materials
e Fabrics
i ‘# Fabric.1
- Stackups
i 4 Sub Laminates
= d Element Sets

@ Solid Model Properties

Narme: [SolidModel. |u

AL Elements 3 1D: SolidModel.1
; fixx General | Drop-Offs | Export
L. pressure
- £ Edge Sets Active:
[ El Geometry Extrusion Properties J;
[ @ Rosettes

Element Sets: ['AII,EIement;']I 3

Analysis Ply Wise v

- ] Look-Up Tables

- &5} Selection Rules

=5 a Oriented Selection Sets
b\ OrientedSelectionSet.]
(=] S Meodeling Groups

Extrusion Method:

Max, Element Thickness: 1.0
1

Start Ply Groups at:

= g ModelingGroup.1 Offset Direction: |Shell Normal "|
El-<7 ModelingPly.1
<7 P1_ModelingPly.1 Materials
. ¥ PILT_MadelingPly Global Drop-Off Material: >
5 Field Definitions
. By Sampling Points Global Cut-Off Material: >

o P48 Section Cuts
& ¢4 Solid Models

=0 B

@ Extrusion Guides

Element Quality
Delete Bad Elements:
Warping Limit: [04 |

o

& Snap To Geometries b W E——
&4 Cut Off Geometries Shell
[ 95 Analysis Plies 5 4
Mo

o 14 Sensors I OK “ ‘Apply || Cancel |
[ @ Layup Plots
i S_CE"ES In [25]: db.models['ACP Model'].selection.set ([db.models['ACP
e O Views Model'] .modeling_groups['ModelingGroup.1'].plies['ModelingPly.1'].productio
- @ Ply Book 1 ModelingPlv.1'11)

Puc. 27. Co3znanue TBepA0TEIbHON MOJETH
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13.9. 3akpriBaem okHO ANSYS Composite PrepPost.

14. 3axxumaem JIKM 6ok Setup (1) 8 moayine ACP (Pre) u neperackupa-
em ero Ha 0ok Model (2) B moxyne Static Structural. ITocne sToro mosBiseT-
Csl OKHO ¢ JByMs BapuaHTaMu (puc. 28): mepBbIi MepEeMECTUT TBEPIAOTEIBHYIO
MOJIeTb (€CTh BO3MOXXKHOCTh aHAJIM3UPOBATh KaXIbIH CIOW BBIOPAHHOIO Cer-
MEHTa, HO MOXET IOHAJI00UTCS IMOBTOPHO CO3/1aTh KOHTAKTHBIE OOJIACTH),
a BTOPOM IMEPEMECTUT TOHKOCTCHHYIO 000JIOUKY (HET BO3MOXKHOCTH aHAJIM3H-
pOBaTh KaX/Iblid CJIOM OTAENbHO). [Tocie BbIOOpa nepBoro BapraHTa HAXKMMaeM
ITKM Hna Setup (1) B moaysie ACP (Pre) u Betoupaem Update.

S C
1 7| Static Structural
ta a2 |@ Engineering Data v z |0 Engineering Data v
er — 3 |E Geometry v 4 3 |@ Geometr ? .,
her 4| Model v 4 Model 2 =
5 E% Setup F IM 5 %'_I Transfer Solid Composite Data
1 ACP (Pre) 5 | Solution Transfer Shell Composite Data
7 |@ Results = 3
Static Structural

Puc. 28. Ummnopt nanubix B Static Structural

15. Tenepb MOXHO MPUCTYIUTH K MOJATOTOBKE M MPOBEICHUIO MPOYHOCT-

HOTO pacyeTa:
15.1. B oxkue Workbench nsax el naxxumaem sa Model B 6:1oke Static Struc-

tural. TTocne aToro nepen HaMu MOSIBUTCS OKHO, MIPEACTaBICHHOE Ha puc. 29.

o E- Context € Static Structural - Mechanical [ANSYS Mechanical Enterprise] - o x
Home | Mesh | Display  Selection  Automation Quick Launch ~92 @

Ox 2|4+ BE1% % ¢& -« =

Duplicste Q| Solve | Insert | Update Generate | Surface &/Target | Contrals| Mesh | Metrics
= Wesh + | Edit™ | Display~

QOutline Snv\ve:. " Mesh
Outine ~4ox QEve % -+QAa @ stk REERERE T I

Name | search outiine |~ |

{0 Project* A
[E] Model (€2)
Import Summary
/B Geometry
5

Display Style [ Use Geometry Setting
Quality

)| Model Assembly
Read Only | Yes

000 40,00¢mm) Z,/L «

20,00

Details | Section Planes <
No Selection Metric (mm, kg, N, 5, mY, mA) Degrees rad/s

Puc. 29. Oxkao Mechanical
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15.2. 3agaem rpaHUYHbBIE YCTIOBUS:

— 4TOOBI 3apUKCHUPOBATh TCOMETPUIO B TpocTpaHcTBe, Haxkmem [TKM Ha
Static Structural (1) u BeiOepem Insert (2) — Fixed Support (3) (puc. 30, a). [To-
CJIe Yero YKaXKeM HYKHYFO TOBepXHOCTH (4) u HaxkmeM Apply (5) (puc. 30, 6);

- {&) Model (C2} Tirne: 1,5

E Import Summary
BT Geometry

G- Materials

B3 Coordinate Systems
‘/ Connections
.(% Mesh

B8 Imported Plies

[e=ed 2 .
f} Solve

B8} Solution (

bz Solut
@: Expart Mastran File
tails of "Static Structural (C3 0 i
Definition [0 Duplicate

& Clear Generated Data
b

E Group All Similar Children

“hysics Type

Analysis Type

Rename F2

saolver Target

Opfions
_| Environment Temperature &' Open Solver Files Directary
aenerate Input Only

? Filter Based on Environment [Beta)
£%  Export CAERep Files (Beta)
23 pbandon RSM Jobs (Beta)

Y LY

tails | Section Planes Messages | Graph

a

g 8 Geometry
- L5 Materials
]334 Coordinate Systems

- /& Connections
-5 Mesh
w5 Imported Plies
- 88 Named Selections
-9 Static Structural (C3)
Jﬂ Analysis Settings
‘,ﬁ” Fixed Support
E--2f& Solution (C4)

_//E Solution Information

etails of “Ficed Support™ =

Scope

Scoping Method | Geometry Selection
Geometry Cancel
Definition C

ID (Beta) 50 e

Type Fixed Support

Suppressed Mo

o

Acceleration

Standard Earth Gravity
Ratational Velocity
Rotational Acceleration
Pressure

Hydraostatic Pressure
Force

Remote Force

Bearing Load

Bolt Pretension
Moment

Line Pressure

LT 40,00 (1
A Joint Load

3
B Displacement
&, Remote Displacel Fixed Support

e Frictionless Supp Ei

Thermal Condition
0,00

Tabular Data

Insert a Fixed Support boundar
to prevent a selected geometri

PETSTR

17112021 1446

. Fixed Support

Puc. 30. dukcanus reoMeTpuH B MPOCTPAHCTBE

33



— yToOBI 3a/1aTh AaBiieHne, HaxkmeM IIKM na Static Structural (1) u BeiOe-
pem Insert (2) — Pressure (3) (puc. 31, a@). Ilocne 4yero ykaxem HYXHYIO
noBepxHocTh (4), Haxkmem Apply (5) m 3amagum 3Hadenue naBicHus (6)
(puc. 31, 6). Ilpumevanue: HEOOXOAUMO OOpPaTUTh BHUMAaHHWE HA BhIOPAHHBIC
CAVHUIBI U3MEPEHUS.

¥ | Search Qutline | ™

-

Model (C2} ~
-@ Impart Surnmary

C: Static Structural
Static Structural
Time: 1, 5
17.11.2021 14:58

+ ;
,/}'ﬁ Coordinate Systems . Fixed Support @ Acceleration

1] Connections % Standard Earth Gravity
‘/&MESh Rotati | Veloci
5 Imported Plies 1 G Rotational Velocity

@, Rotational Acceleration

.
ﬁl Pressure I 3
Insert 2 ]

@, Hydrostatic Pressure

v

v d =
-8, Fixed Support

Pressure
H = - Solve
- Solut (o) ﬁ'
= ?..,E“ 5m|“ﬁ( I}ﬁ: 5 ) @ Force Insert a pressure load that
& olution Infe B Export Nastran File @, Remote Force TRy
= = 2 ¥, Y, Of Z) to one or more !
ails of "Static Structural (C3)" -+ [0 Duplicate # Bearing Load (x, y, orz)

efinition &P  Clear Generated Data wi  Bolt Pretension
nysics Type Stru (@ Press F1 for help.
: - b Rename F2 @, Moment
nalysis Type Stati ® _
olver Target Mec 5 Group All Similar Children SJlincics e
i ®] Thermal Condition 40,00 {mm)
Ptlons ﬁﬂ' Open Solver Files Directory i’ —
| Environment Temperature |22, ¥ f:,h Joint Load
enerate Input Only No ? Filter Based on Environment [Bata) Ol Erc =
ixed Suppo
£ Export CAERep Files (Beta) N Gl lar Data
a
P T B | il B L @ e e T B T T it Tttt W
& Name w | Search Qutling | ™

B .( D ModelingGroup. 1{ACP A
Bl ModelingPly, 1(AC
=53 P1_Modeli
- = PIL1_

%1 Named Selections

0 Static Structural (C3)

‘/Hﬂ Analysis Settings

@, Fixed Support

i@, Pressure

El-of&) Solution (C4)

_//E Solution Information
/%@ Total Deformation
@@ Equivalent Elastic Strain

0,00 40,00 {rrr
20,00

ID (Beta) 72 Tabular Data == i3
Type Pressure 1. Steps | Time [s] ||7_
Define By Mormal To he3 e i 11 0, =0,

Applied By 1, E 1 1, 1,e-0

Magnitude 1,e-003 MPa (famped)

Suppressed _

Puc. 31. dukcanus reoMeTpu B IPOCTPAHCTBE
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15.3. BeiOupaem mnapaMeTpsl, KOTOpPbIE OYIyT PacCUUTHIBATHCS CIEIYIO-
UM 00pa3oM:

— Haxkumaem [TIKM na Solution (1), Beioupaem Insert (2) — Deformation
(3) — Total (4) (puc. 32, a);

— naxxumaeM [IKM na Solution (1), Betoupaem Insert (2) — Stress (3) —
Equivalent (von-Mises) (4) (puc. 32, 6). [Tociie yero HaXxMMaeM Ha KEITYIO 00-
nacthb HanipoTHB Ply (5) 1 yka3zpiBaeM HEOOXOIMMYIO MOJICIIbHYIO Ipymiry (6).

’ ET---,,D P1_ Modeli
ey PALL

B Named Selections
Static Structural (C3)
,IEEH Analysis Settings

.~ Fixed Support
=12 »

L Dre -
Solve

Deformation

strain 3

£ Evaluate All Results Stress »

3ilz of "Solution (C4)

Energy ]

slution 4 Clear Generated Data o
—_— Linearized Stress ]
umber Of Cores to Use (Bet .. Rename F2
daptive Mesh Refi t Stress Tool ]
daptive Wiesh Relinement == Group All Similar Children
lax Refinement Loops Fati
e e e ) . gue >
efinement Depth 3 Open Solver Files Directory

- Contact Tool b
iformation E% Worksheet: Result Summary
atus FUTR R Eolt Tool L3

MAFPDL El dTi 5,
apsed Time L5 e , 15,00
IAPDL Memory Used 287, MB
IAPDL Result File Size 3,875 MB v | Graph = Prabe » » I X TabularC
ails | Section Planes Messages  Gi Coordinate Systems  » Time [
a
Outline MAEE  Q Q[@]w &% O~ Q@ @ @ Select  Mode-
Mame = | Search Qutline | ™
- Inpored s n  GStaticStucurl
N R 17112021 15:26

=h-,{7 SolidModel. 1.hS{ACP (Pre))
B- ‘/D ModelingGroup. 1{ACP (Pre})
== ModelingPly. 1(ACP (Pre))

[ & Named Selections
-1 Static Structural (€3) 6
‘/EH Analysis Settings
-/, Fixed Support
- g@_Pressure

£, Selution (C4
=] Solution ] 2 » Deformation

% TotalDef 3 5o Strain

3
ki
< £ Evaluate Al Results Lstress 0| 3 4 Equivalent (von-Mises)
x Ener, 3 i i
Details of "Equivalent Stress” === ‘@ Suppress b | Maiimum Principal 4
=l| Scope |0 Duplicate Without Results Hnearized Stress 2 |S) Com Gy
Scoping Me... | Geometry Selecti Stress Tool [3 ﬁ Minimum Principal
c f Al Bodi -I: Rename Based on Definition
cametry les Fatigue y | Maximum Shear
Sub Scope By | Ply = |0 Duplicate —
———— B Intensity
Ply 1 ontact Too »
B Copy ®  Normal (D) Press F1
Position Top/Bottom Bolt Tool »
- % Cut
/| Definition = @ Shear
—|7 Compaosites L Rt
Type Equivalent (von-! (B Copy To Clipboard (Beta) q Vector Principal
Details | Section Planes - o Probe N

o
Puc. 32. Beibop pe3ynbTaToB

35



15.4. 3anyckaem pacuer, HaxkaB kHonky Solve (1) (puc. 33). [Ipumeuanue:
IIPH 3aITyCKe pacueTa MOXET MOSBUTHCS MPEIYNPSKICHUE O TOM, YTO MOJICIIb-

Has rpyInia UuMeCT CIIMIIKOM IJIMHHOC UM ITYTH, HO Ha paCdCT 3TO HC ITOBJIMACT.

Home Solution Display Selection Automation Quick Launch
- [ =
D % My Computer é[} + & @ % E B g
I— v Distributed USER —
Juplicate Q Solve Insert | Results| User Defined Probe | Toolbox = Tools | Views | Direction
o Cores |2 o - Result S - > > -
Qutline Solve [F] Ply
Wl oot ot ot ~1ox QaQ “ & oy _:_ Q @ @ @ | Select " Mode~ BERE
Mame « | Search Qutline |~

=] wSE Imported Plies
§ B0 ACP fPre)
B+, SolidModel. LhS(ACP (Fre))
E‘““"E ModelingGroup. 1{ACP {Pre))

C: Static Structural
Equivalent Stress
17.11.2021 15:34

[ P1L1_ModelingPly. 1(ACP (Pre))

-] ModelingPly. 1(ACP (Pre))
B P1_ModelingPly. 1)
<7 PL1_ Modelin
B~ % Named Selections
B[ Static Structural (€3)
- Hl] Analysis Settings
-1, Fixed Support
i B, Pressure
= Solution (C4)
b 5] Solution Information
{78 Total Deformation
'@ Equivalent Stress ©

Puc. 33. 3anyck pacuera

15.5. CoxpansieM pe3yJibTaThl pacueTa. J[Jist 3TOro nepexoanuM BO BKJIIAJIKU
pe3yJIbTaTOB W JeiiaeM MX cKpuHIIOTH (puc. 34). Tenepp okHo Mechanical

MOJKHO 3aKpPbIThb.

C: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Tirne: 1

17.11.2021 15:38

3,3972 Max
3,0197
26423
2,2648
1,8473
1,5039
1,1324
0,75493
0.37747

0 Min

0.00 40,00 (rrr)
20,00

a

Puc. 34. Pe3ynbTaThl pacyera:
a — TIOJIHOE MEPEMEILICHHE; O — YKBUBAJIEHTHOE HANIPSIKEHUE
(Hagao)
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C: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress (Bnalysis Ply=PT1L1_ModelingPhe 1EACP (Pred)) - TopfBottom
Unit: bAPa

Tirne: 1

17.11.2021 15:40

143,25 Max
127,34

111,42

95,503

79,557

63,671

47,755

31,839

15,923

0,00 70949 Min

0,00 40,00 (mrm)
)
20,00 X

o

Puc. 34. Pe3ynbratsl pacuera:
a — noyHas AedopManus; 6 — SKBUBAICHTHOE HANPSDKCHUE

(OKOHYAHHE)

16. B urore AOJDKEH MOTYYUTHCSA MPOEKT, UMEIOIINAN CIEIYIOIIYIO [EN0Y-

Ky Mojyiel (puc. 35).

Fefresh Project < Update Project ‘ B ACT Start Page

.k
- A hd B - C
2 @ Engineering Data  +" 4 /,——-2 @ Engineering Data  +" 4 /--2 @ Model v 4
Iﬂov.') 3 @ Material Designer "+ — 3 E Geometry v o4 f 3 @' Setup v 4
) Material Designer 4| § Model v 4 ,f'! 4 Solution v 4
5 m Setup v 5 @ Results v 4
ACP (Pre) Static Structural

Puc. 35. 'oTOBBII IPOEKT

17. CoxpaHsieM IPOEKT B IAIKy, paHee CO3MaHHYIO CTYyAE€HTOM (Ha3BaHUS
HarKy U IPOEKTa JOUKHBI OBITh Ha aHTJIHHCKOM sI3bIKe). [ 9TOr0 HakuMaem
File — Save As... — Coxpanums. ]I TOro 4To0bI IPOSKT MOYKHO OBLIO KOIIH-
poBaTh 0e3 onaceHuit COUTh MpOIUCcaHHbIe MyTH (HaiIoB, HEOOXOAMMO CO3/aTh

ero apxuB. J{is atoro Haxxumaem File — Archive... — Coxpanums — Archive.
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Conep:xkanue or4yera

1. TUTYNbHBIN JHCT.

2. llenb paboTHI.

3. Onucanne paboThl (C UCXOAHOM CXEMOM W TaOJIUIIeH JIJIT CBOETO BapH-
aHTa).

4. DTanbl MOCTPOCHUS (CO CKPUHIIIOTAMU 3TAIOB).

5. PesyabTarel pabothl ((uHagbHBIe CKpUHIIOTHI OkoH ANSYS Work-
bench, Material Designer, ACP (Pre) — Geometry, ACP (Pre) — Model, ACP
(Pre) — Setup; Mechanical — rpanuunsie ycmosusi, Mechanical — pesynbrarsr).

6. BeiBos.

KoHTpoJIbHBIE BONPOCHI

Yrto Takoe ceTouHass MOAENb?

Kparkas xapakrepuctuka CAE-cucrem. [Ipumepsi.

Jlns gero ny>xen Material Designer?

Kak umnoptupoBath reomeTputo B IpoekT ANSYS?

B xakoM 0110Ke MPOMCXOAUT HACTPOITKA CETOYHOU MOJEH?
Kak co3maBath CBsI3b MEXKIYy MOAYJIAMU?

Jlns yero Hy>kHa onepanus Fixed Support?

© N o O s~ wDbdhPE

OCHOBHBIE ATaITbl BHITTOJTHEHUS pa6OTI>I.
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JlabopaTopHas pa6ora Ne 2
JTUHAMHUYECKHUY MIPOYHOCTHOM AHAJIU3 OBOJIOYKU
U3 KOMIIO3ULIMOHHBIX MATEPHUAJIOB

Leab padoThl

M3yueHre OCHOBHBIX 3TAOB MPOBEACHUS IMHAMUYECKOTO MPOYHOCTHOTO
anam3a B cpene ANSYS Workbench. TlpuoOperenne ctyneHTamMu HaBBIKOB
B UCTIONIb30BaHuK TiporpamMHoro nHctpyMeHTa ANSYS Workbench — Transient
Structural mpu npoBeAeHUN MPOYHOCTHOTO aHAIN3a OOOJIOYKH U3 KOMITO3HUIIH-

OHHBIX MaTepHaJIOB, co3MaHHBIX ¢ ToMolpio Material Designer u ACP (Pre).

Onucanune padoTsl

Hcnoas3ys momymu Material Designer, ACP (Pre) u Transient Structural,
HEOOXOAMMO paccuuTaTh nojHoe nepemernenue (Total Deformation) u sxBuBa-
JeHTHBIe HanpsbkeHus (Equivalent Stress) mis 000109Kky B3 KOMITO3UIIMOHHBIX
MaTepuaiioB (puc. 1-2) Bo BpeMEHHOM MHTepBajie B 3 ceKyH bl M3BeCTHBI Ma-
TepHuaa BOJOKHA M HANOJHUTENS, TUI OOBEMHOTO AJIEMEHTa, YIaCTOK JKECTKOM
sanenku (Fixed Support) u manpapienue aercTBus BekTopa cuibl F (Force),

MPUII0KEHHOTO K TOBEpXHOCTH (Taods. 1).

Puc. 1. Cxema Ne 1:

1 — >xecTkas 3agenka; 2 — cuia F
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Puc. 2. Cxema Ne 2:

1 —>xecTkas 3amenka; 2 — cuna F

Tabnuya 1
HcxonHbie 1aHHBIE
Howmep Marepuan BosnokoH (1) / Tun o6beMHOTO
Bapuant Cuna F, H
CXEMBI HanoJHuTens (2) JJIEMEHTA
1) Carbon Fiber (290 GPa)
1 1 50
2) Epoxy E-Glass UD Cbepiiecicas
1) Carbon Fiber (290 GPa)
2 2 2) Epoxy Carbon UD [Tnerenas —60
(230 GPa) Prepreg
3 1 1) Carbon Fiber (230 GPa) Perynsipuas 20
2) Epoxy E-Glass UD OJTHOHAITpaBJICHHAS
4 1 1) Carbon Fiber (290 GPa) Perynspuas 100
2) Epoxy E-Glass UD OJTHOHAITpaBIICHHAS
1) Carbon Fiber (395 GPa)
5 2 2) Epoxy Carbon UD [Tnerenas —45
(230 GPa) Prepreg
1) Carbon Fiber (290 GPa)
6 2 2) Epoxy Carbon UD Cdepuueckas 65
(230 GPa) Prepreg
7 1 1) Carbon Fiber (230 GPa) Perynspuas 100
2) Epoxy E-Glass UD OJTHOHAITPaBJICHHAS
1 Fi P
3 5 ) Carbon Fiber (395 GPa) Inereras 50

2) Epoxy E-Glass UD
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IIpooonocenue maon. 1

Homep Marepuan BosiokoH (1) / Tun 06beMHOTO
Bapuant Cuna F, H
CXEMBI HaroJHUTEINS (2) 3JIEMEHTA
1) Carbon Fiber (230 GPa) PervisanHas
9 2 | 2) Epoxy Carbon UD ) -‘g ap N 50
HOHAIIPaBJICHHAA
(230 GPa) Prepreg AHOHATIpAsT
10 1 1) Carbon Fiber (290 GPa) Perynsipuas 75
2) Epoxy E-Glass UD OJTHOHATIPABIICHHAS
1) Carbon Fiber (290 GPa)
11 2 2) Epoxy Carbon UD [Tnerenas 45
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
12 1 70
2) Epoxy E-Glass UD Cbepiiecicas
1) Carbon Fiber (395 GPa)
13 1 80
2) Epoxy E-Glass UD Chepiiecicas
1) Carbon Fiber (290 GPa) Pe 25 OO
TYJIAPpHAas HO-
14 2 | 2) Epoxy Carbon UD - yz pe aﬂ 100
HalITpaBJICHHAsA
(230 GPa) Prepreg pasi
1) Carbon Fiber (230 GPa)
15 1 —-60
2) Epoxy E-Glass UD Cbepiiecicas
1) Carbon Fiber (290 GPa)
16 1 IT 70
2) Epoxy E-Glass UD Aietenad
17 ) 1) Carbon Fiber (290 GPa) Perynspnas 30
2) Epoxy E-Glass UD OJIHOHATIPaBIICHHAS
1) Carbon Fiber (230 GPa)
18 2 -90
2) Epoxy E-Glass UD Cbepiiecicas
1) Carbon Fiber (395 GPa)
19 1 IT 95
2) Epoxy E-Glass UD fiererat
1) Carbon Fiber (230 GPa) Pe
TYJIAPpHAsA
20 2 2) Epoxy Carbon UD yUipHa -85
(230 GPa) Prepreg OQHOHAIIpaBJICHHAA
1) Carbon Fiber (290 GPa)
21 2 2) Epoxy Carbon UD [Inerenas 70
(230 GPa) Prepreg
1) Carbon Fiber (230 GPa)
22 1 IT -
2) Epoxy E-Glass UD Fetenat >0
23 5 1) Carbon Fiber (290 GPa) Perymnsipuas 65
2) Epoxy E-Glass UD OJTHOHATIPaBIICHHAS
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Oxonuanue maban. 1

Homep Marepuan BosiokoH (1) / Tun 06beMHOTO
Bapuant Cuna F, H
CXCMBI HaIMoJTHUTEIS (2) 3JIEMEHTa
1) Carbon Fiber (290 GPa)
24 1 C 100
2) Epoxy E-Glass UD depiriccras
1) Carbon Fiber (230 GPa)
25 1 C ~75
2) Epoxy E-Glass UD depiriccras
1) Carbon Fiber (395 GPa)
26 2 I1 85
2) Epoxy E-Glass UD Hietena
1) Carbon Fiber (290 GPa) Pervisbias
27 2 | 2) Epoxy Carbon UD ) HZ)H;; — 05
(230 GPa) Prepreg A P
1) Carbon Fiber (230 GPa)
28 1 I1 -50
2) Epoxy E-Glass UD Fetenat
29 ) 1) Carbon Fiber (395 GPa) Perynsapnas 50
2) Epoxy E-Glass UD OJTHOHATIPaBJICHHAS
1) Carbon Fiber (290 GPa
30 2 ) Iber ( ) Cdepuueckas 70

2) Epoxy E-Glass UD

IHopsinok BHINOJITHEHHS JIA00PATOPHOH PadOThI

1. 3anyckaem ANSYS Workbench u noGamisieMm HeckoJIbKO
Material Designer, ACP (Pre) u Static Structural (puc. 3).

[ (R 2 - Workbench

£5 1c Engine (Forte)
Magnetostatic

Modal

B2 Static Structural

B steady-State Thermal

Thermal-Electric

= Throughflow

—J Throughflow (BladeGen)

=) Topology Optimiztion
T

ACP (Post)
[ Acr (Pre)

incering Data
@ Ensight (Forte)
) External Data

v

(T

view Al { Customize.... | | ¢

o Ready

[ A [~] 8 [+] c
ﬂ@ Engineeriny glata v 4 [2|@ EngeeringData v 2| engreerngDam v 4
3 | @ Material Designer & 3 [@ Geometry 2, 3@ Geometry 2,
Material Designer 4§ model 2, 4@ Model P
[5] B8 setup 7 5 | setwp ? .
ACP (Pre) 6 [§F) Soluti .,
|7 |® Results 2.

Transient Structural

Ejnh Monitor... ”mNn DPS Connection (Beta) H@ Show Progress ”l;‘bshnw OMessages | .:

>

Puc. 3. JlobaBrnenne Momymnei
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2. Isaxxael HaxkumaeM JIKM wHa 610k Engineering Data (1), mocie gero
*kmeM Ha Engineering Data Sources (2). Beibupaem 6ubimorexky Composite
Materials (3) u moakIr04aeM MaTepHalbl COIIaCHO cBoeMy BapuaHTy (4). Ilo-

clie 3TOr0 MOXHO 3akpbITh ENgineering Data (5) (puc. 4).

Refresh Project # Update Project | B ACT Start Page
> oX ic > n
A
- A - B - &
. N . — ;
Material Designer bW AP ACP (Pre) b =7 Transient Structural
& EngineeringData  +" 2 @ Engineering Data  + 2 @ Engineering Data v 4
3 & Material Designer & 3 O Geometry . 3 O Geometry P
X . = =
Material Designer 4 @ Model P 4 ﬁ Model F o4
= =
5 Setup g 5 @ Setup B
N =
ACP (Pre) & |§F solution ? .
=
7 9 Results T o4
Transient Structural
[, Unsaved Project - Workbench - | X
Fle Edt Vew Tools Unts Extensions Jobs Hep
== NS Froject / @ A2:Engineering Data 5
‘I Filter Engineering Dataf| (@ Engineering Data Sources 2
Toolbox SIEBEQ Encineering Data Sources LAEREY Toble of Properties -7 x
-
Viscoelastic ~ A B c o A
Shape Memory Alloy 1 Data Source i Location Description 1 Density (kgm~-3) =
Geomechanical General use material samples for use with 2 | 2000
6 |[@ Geomechanical Materials [ (" geomachanical models.
Damage S
—_— 7 IE Composite Materials [ | Material samples specific for composite structures,
Fracture Criteria 8 | GeneralNondnear Materizls 3@ ® ::Qﬁr:;s“se material samles for use I nondinezr
oSt L 9 |l Expict Materials [] & | Material samples for use in an expliit analysis.
Thermal
10 |@ Hyperelastic Materials B & | Material stress-strain data samples for curve fitting
Thermopower e h e for 5
urve samples specific for use in @ magnetic
Linear "Soft" Magnetic Material 11| @ MagneticB-H Curves ] B | e, v
Linear "Hard" Magnetic Material
Nonlinear "Soft" Magnetic Material
Nonlinear "Hard" Magnetic Materil 1 Gontents of Composite MabTits 2| add Source Description rope— > o
SRS 3 Carbon Fiber (230 GPa) i = Composite_M{ Fibers only
ELEL T 4 % Carbon Fiber (290 GPa) A < |® | = composite_M| Fibers only
Equations of State = =
5 Carbon Fiber (395 GPa) ar = Composite_M{ Fibers only
Porosity
== 6 W EGlass R = Composite_M{ Fibers only
Q =)
Nonlinear 7 Epoxy Carbon UD (230 GPa) Prepreg 2= = Composite_M
e 3 % Epoxy Carbon UD (230 GPa) Wet Er = Composite_M
Perforated Media 9 Epoxy Carbon UD (395 GPa) Prepreg ar = composite_M
Composie 10 % Epoxy Carbon Woven (230 GPa) Prepreg Er = Composite_M
Forming Plasticty 1 Epoxy Carbon Woven (230 GPa) Wet AR 2 Composite_M
Foams 12 @ Epoxy Carbon Waven (395 GPa) Prepreg = Composite_M,
Bl 13 % Epoxy E-Glass UD L@ | ® composiem
Conerete = = v
Custom Material Modds Wl Propertis of Outine Row 13: Epoxy E-Gless LD 3 x
A ‘ B | c ~
T View All / Custor ‘ I T = - T — T = v
o Ready ¥ 30b Monitor... | ENo DPS Connection (Beta) | =)Show Progress | %) Show 0 Messages | :

o

Puc. 4. Beibop matepuana BOJOKHA ¥ HATIOJTHUTEIS

3. B nmepBom moayie aBaxkabl HaxkuMmaeM JIKM na Material Designer.
4. B BepXHel MMaHEIX HHCTPYMEHTOB BBIOUpAaeM THUIT 00BEMHOTO 3JICMEHTA

MOIU(PHUIIMPOBAHHON MUKPOCTPYKTYPBI COTTIACHO CBOEMY BapuaHTy (Tadu. 1).
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5. B mosiBuBmIClics ciieBa TaHEIW TIPUCBAWBaeM MaTepual MaTpPHIlbl/

HanoHuTeNs (1) 1 gacTuIpl/BoiokoH (2) (puc. 5), mocie 4ero npuMeHseM H3-
MeHeHus (3).

w fw |l 92-0¢- < A:Material Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer

R SIS BEG « ey, T Q@

Select | Change | |Constituent Geometry Mesh A
- Materials 5

- o | Update Orientation | Open | Exit
Edit '+ RVE Type RVE Model : Salve Update Display Help = MD Mode

Outl o
e Change the options and click on complete to finalise the material assignment
=] RVE Model (Particle}

v ANSYS
S Mesh 3
Settings

Analyses

Siruct. Laye.. Select.. Grou. Views Oui.|

Options - Materials

Properties o

[ Properties | Appearance I\ Designi’ x 4 x

Change he aptions and diick on complete to finalise the material assi

Puc. 5. IlpucBoenue maTepuasos

6. nst co3maHusi TeOMETpUM OOBEMHOTO 3JieMeHTa (puc. 6) HaxkuMaeM
JIKM na Geometry (1).

w g WD e AiMaterial Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer

R E

Select ~Constituent | Geometry Mesh Change
- Materizls Seftings - sterid  Materid s
Edit & RVE Model RVE Type Solve Update Display | Help | MD Mode
Outli 7
e Change the options and click on complete to finalise the RVE.
E~  RVE Model (UD) h
Wat=izle
L= [] NSYS
Mes
H Settings 3
- Analyses
Structu_Lavers Selecti_Groups Views Uu(lmé
Options - UD composite a
General
Geometry type: | Hexagenal +
Fiber volume fraction: | 0.5 P
Fiber diameter |5um P
Advanced 4
Repeat count: 1 |
Length ratio X7 (2 P
v
Properties a
4
a
Y ‘}!‘-; X
z
um

[ Properties | Appearance I\ Designt® x apx

Change the options and dlick on complee to finalise the RVE.

Puc. 6. Coznanue reomeTpun 00bEMHOTO JIEMEHTA
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[Tocne 3Toro B JIeBOM MaHeNId HACTPOEK OTOOPA3SITCS HACTPOUKU T€OMET-
puu 00beMHOTO 3JieMeHTa (2) (B 3aBUCUMOCTH OT THUIA, BRLIOPAaHHOTO 00OBEMHO-
ro dJIEMEHTa HACTPOMKM MOTYT ObITh pasznuuHbl). Haxumaem Ha ranouky (3)
¥ Ha paboueM MPOCTPAHCTBE MOSBUTCS TPEXMEPHAsi MOJIeTb CTEHEPUPOBAHHOTO
00BbEMHOTO d7IeMeHTa (4).

7. CreHepupyeM CETOUYHYIO MOJIENIb 00beMHOr0 3emeHTa (puc. 7). Haxu-
maeMm JIKM na Mesh (1) u 3amaeM MakCHUMabHBIA pa3Mep CETOYHOTO 00BhEM-
HoTrO emenTa (2). Haxxumaem Ha ramouky (3) 1 BUAMM Ha dKpaHE CreHepUpo-

BaHHYIO CETKY (4) OOBEMHOTI0O 3JIE€MEHTA.

w w9 -0- = A:Material Designer - Design1 - SpaceClaim - Material Designer
File Additive Material Designer
Q‘E‘) 7 e , ﬂﬁ:' o~
@ @ o j a0 @ B
Select  Constituent G Mesh | Anal Ch e
ect cnstituent Geometry | Mes alysis \ange Orientat
- Materials Settings - Update r\en- 1o | Open Bt
Edit ™~ RVE Model RVE Type Solve Update Display Help | MD Mode
Ouhne Change the options and click on complete to create the mesh
=+ RVE Model {UD)
i/ Matere D 3 ANSYS
ettings
Analyses
Structu.. Layers Select.. Groups Views ‘Dullir4
Hohions -blesh
General
Maximum size: 05 P
Adapt towards edges
Use Block Meshing
Use Conformal Meshing
Use Periodic Meshing
Properties Y 4
4
L)
. x
z
pm

|Propemes|>"«ppearanoe A[Je:igﬂ' x 4P %

Change the options and dlick on complete to create the mesh_

Puc. 7. Co3nanne ceTk 00bEMHOI0 DJIEMEHTA

8. Haxxumaem JIKM na Settings (1). Ha nmanenu cneBa (2) MOKHO BbICTa-
BUTHh MHTEPECYIOINE HACTPOWKH aHanmm3a 00beMHOro ayeMmeHTa (puc. 8), HO
B HAIlleM cliydyae OHHM ocraiorcs 0e3 m3meHeHus. Haxxumaem Ha ranouky (3)
¥ BUJIUM CHCTEMHOE€ OKHO, MpEAYINpeKIaloliee O pe3yibTarax MpOBEACHHOTO

aHanuza (4).
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w | G 9-0- = A:Material Designer - Design1 - SpaceClaim - Material Designer

File LTV Material Designer

A Y SEH@ S ey, 0 E

Select Constituent Geometry Mesh |Analysis| Change = Constant Variable Oriontation
-~ Materials Setings, - Materid Materid | UPER® G T E=
Edit s RVE Model RVE Type Solve Updste Display |~ Help  MD Mode

Outline 0
=] RVE Model (UD)

e [] ANSYS

[ setres] 1 3

alyses

Change the options and click on complete to finalise the analysis settings.

Structu. Layers Select.. Groups Views [Outing

Options - Settings i

General

Type of anisotropy: | Ortholropic *
Compute linear elasticity
"] Compute coefiicients of thermal expansion
(] Compute thermal conductivity
Use periodic boundary conditions

Use material symmetry in XY
metry in XZ

Use material symmetry in YZ

Use material

e

: Information
Properties

=

Y

} Analysis Settings:

‘. é Type of anisotropy=Orthatropic
. % Use periodic boundary
z conditions=True
Use material symmetry in Xy=False -
Use material symmetry in XZ=False 4m

Use material symmetry in YZ=True
‘Frcpemes ‘ Appearance I\ Design1~ x 4k x

Change the options and dick on complete to finalise the analysis seftings

Puc. 8. BbiOop xapakTepuCTUK YaCTHUIIbI

9. IlpucBanBaeM Ha3BaHHE CO3JJAHHOMY 00bEMHOMY dJieMeHTY (puc. 9). s
storo Haxumaem [IKM na Analyses (1) — Constant Material (2), BBOgUM

Ha3BaHMe MmaTepuana (3) U HaxuMaeM Ha rajgoudky (4). 3akpblBaéM OKHO
Material Designer.

A:Material Designer - Design1 - SpaceClaim - Material Designer

R & s @3g o (e ;T @ F

Select | Constituent Geometry Mesh Analysis | Change | Constant| Variable Orientati

= Materias Setings | - | Malerid Materid UPSe fEp|| Em | B
Edit M« RVE Model RVE Type Salve Update Display Help = MD Mode
O:ﬂim Change the options and click on complete to solve.
i / Geometry a

# Mesh
2 4 ANSYS

L —

S| | Constant Material |

Variable Material

Structu. Layers Seleck. Groups Views [Duting

Optiens - Censtant material solve 3
General

3

Properties o

[Properties | Appearance I\ Desion-x 4%

Change the options and click on complete to solve.

Puc. 9. Co3manne cetku 00bEMHOI0 dJIEMEHTA
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10. Co3zmaem cBsI3b MeXay NepBbIM B BTOphiM Momyismu Material De-
signer juIst MPUCBOCHMS CO3JJaHHOTO HAMH KOMITO3UTHOTO MaTepuaia K aHaju-

3UPYyEMOI TeOMETPHH Yepe3 BTopoit 0710k (puc. 10):
10.1. B oxkae ANSYS Workbench naxxumaem ITKM na Material Designer

(1) n BetOMpaem Update # Update | mist 0OOHOBJICHHS TIPOEKTa KOMITO3UTHOTO
MaTepuaa.

10.2. 3axxumaem JIKM Material Designer (1) u neperackuBaem ero k En-
gineering Data (2).

10.3. Haxxumaem ITKM nHa Engineering Data (2) u >xmem Update.

esh Project +# Update Project | g ACT Start Page

- A - B hd C

1 E‘EI Material Designer I8 “CP o ACP (Pre) 1 ?ﬁ Transient Structural
2 Engineering Data  +" — 2 @ Engineering Data  +" 4 2 2 @ Engineering Data v 4
) ilﬁ Material Designer  + 3 @ Geometry 7. 3 @@ Geometry ? .
Material Designer 1 4 @ Model F . 4 @ Model F .
5 B setup 7 5 @ setup 2,
ACP (Pre) G Solution P,
7 @ Results F .

Transient Structural

Puc. 10. Co3ganue cBsi3u

11. Umnoptupyem reoMeTpHro:

11.1. ABaxnpr HaxxumaeM JIKM Ha 6ok Geometry y momysst ACP (Pre).

11.2. B nosiBuBmIeMcs okHe HaxkumaeMm File — Open.

11.3. Jlsis Toro 4ro0bl HAWTH CO3/IaHHYIO T€OMETPHIO, IEPEXOIUM B TANKY
c Hell u BbIOMpaeM otoOpaxenue Bcex hopmaros — All Files (*.*). Haxumaem
Ha CO3/IaHHYIO0 T€OMETPHUIO C PACHIMPEHUEM «.X_D» U ®MeM KHONIKY OmKpbins.

NMnopTupoBaHHasi TeOMeTpus Moka3aHa Ha puc. 11.
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= ~ el = =0 T Ol LEe= T OO j c &gt
o@D ZxZ @ - E €& Project e
Sketch Mode Edit Intersect E
7
Click an object. Double-click to select an edge loop. Triple-click to select a solid.
ups Views
7
S
I

Puc. 11. UmnopT reomeTpun

11.4. ITocne 3TOro OKHO r€OMETPUUA MOKHO 3aKPBITh.

12. Ilpuctynaem K CO3JaHUIO CETKHU:

12.1. dsaxnapl Haskumaem JIKM na 6mox Model y moayns ACP (Pre).

12.2. B oTkpeIBIIEMCs OKHE pacKpbiBaeM Bkiianky Geometry (1), Boiens-

eMm reometpuro (2) u 3aaaém Tomuny (3) 0,5 mm (puc. 12).

| =+ Context B: ACP [Pre) - Mechanical [ANSYS Mechanical Enterprise]
Home | Geometry = Display  Selection  Automation

D x %} BBl Snzmed selection [ Commands ®Images™
Bl m [IComment [BSection Plane

D“‘]E"a" Q 5'3" e ||t @, Remote Point il Chart [ Annotation
Outline Solvers Insert
Outline vA0X| i QQ[@we % O Qa @@ st kMder RREEERE TP :
Name | Search Outline |V
([ Project*
E--_{5) Model (84)
1 = > % scancs
2

L)
3 Coordinate Systems
/@D Mesh

70.00 ()

Flexible
Default Coordinate Sy...

B onment
0, mm

Refresh on Update
Middle

Message Pane Mo Selection 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc. 12. 3aganne TOIIIUHBI 000JI0UYKHU
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12.3. 3ataem HaCTPOMKHN CETOYHOU MOJIEIIH:
— xmem IIKM nHa Mesh — Insert — Method, Beinensem reomerpuro (1)
u BeIOMpaem meto (2) — Multizone Quad/Tri (puc. 13);

UL UIVEL s VIEsn Freview LUMUIUE
Outline = 30OX| @@ @. @ O Q@ @ @ Select %
MName v | Search Outline |
T Project* MultiZone Quad{Tri Method

ol Model (B4) 30.11.202113:30

By ‘35:]“1:2:4) urfacet [l MultiZone Quad/Tri Method 1
3 re\osurrace

5 Materials
+- 3 Coordinate Systems

f ™ MultiZone Quad,Tri Method

Details of "MultiZone Quad,/Tri Method" « 1 O X
-|| Scope

Scoping Method - -%Iecﬁon
Geometry I I 1 Body

=I| Definition
Suppressed
Method
Surface Mesh Method
Element Order

MultiZone Quad/Tri -
QL_JadrlIateraI Dominant 0,00

50,00

| MuktiZone Quad/tri

Free Face Mesh Type
=I| Advanced

Preserve Boundaries Protected L=
IMesh Based Defeaturing | On flex

Puc. 13. 3aganne HaCTPOEK CETKU

—xmeM [TKM na Mesh — Insert — Sizing, Beinensiem Bcto reometputo (1)

¥ 3a/1aeM BeIMUUHY sueek 2 MM (2) (puc. 14).

Outline = @ Q IEIU @G o406 e
© Name v | Search Qutline | ™
M roject Body Sizing
H *
é‘.P Model (B4) 30112021 13:35
EI ----- T Geometry Body Sizi
i, 1] ACP-Pre\Surfacel . oy =zing 1

----- 5 Materials
- 542 Coordinate Systems

%P Mesh
ey MultiZone Quad)Tri Method
- 163 Body Sizing

Details of "Body Sizing" - Sizing ot w B O X
-l Scope

Scoping Method lection

Geometry 1 Body I 1
|| Definition

Suppressed |No
Type -
M Element Size

2mm § D 000

=1| Advanced
Defeature Size |Default (3,4149e-002 mm)
Behavior Soft o
Growth Rate Default (1,2) =

Puc. 14. 3aganue HacCTPOEK CETKU
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12.4. Haxxumaem [TKM na Mesh u Betoupaem Generate mesh. I'otoast ce-

TOYHAs MOJIEJb Ipe/icTaBiicHa Ha puc. 15. 3akpriBaeM okHO Os1oka Model.

Puc. 15. I'enepanus cEeTOUHON MOCIH

12.5. TlpucBamBaeM mMeHa pedpaM, K KOTOPBIM OYyIyT MPUKIAABIBATHCS
cuibl. Beigensem kaxayro obnacte JIKM, nocne yero HaxxumaeM Ha Heé [IKM
(1) u Betoupaem Create Named Selection... (2) (puc. 16). B utore nanusie peo-

pa OyayT UMETh MepCcOoHaIbHbIC Ha3BaHus (3).

~ e RETINEMeENT

Insert  Update Generate Sizing Match Mesh
Q - Contral @Pinch % Edit™
Outline Solvers Mesh Preview Controk
tline *1Oox QaQ & % O Q@ @ @ Select " Moder
Mame - -
| Project®
& Model (B4)
|- /B Geometry
o B ACP-Prelsurfacel
A% Materizls
5 Coordinate Systems »
% Mesh

.+ MultiZone QuadTri Method Show

GoTo »

& Hide Body F9
Q Filter Tree Based On Visible Bodies

@ Suppress Body

tails of "Mesh" > ioOx @ Suppress Edge (Beta)
Jisplay
I tric Vi
Jisplay Style Use Geometry Setting J sametic view
Yefaults 5
*hysics Preference | Mechanical 0.00 i, Restore Default H
‘lement Order Program Contralled J_ @ ZzoomToFit F7
Element Size Default (6,8297 mm) 1 @ Zoom To Selection 7
Wzing
quality MEEEEQE‘E Image To Clipboard Ctri=C
- Text
nflation Cursor Mode »
tatch Connections View »
\dvanced
statistics 43 Look At
2 & Create Named Selectio N
tails | Section Planes elect A Create Nam
jate a Named Selection for the selected geometry enti 8% No Messag) 8 Edges Selected: Lengtl Select Mesh by ID... (& C
— A Cho

Puc. 16. IlpucBoenue umeH 1yist pedep
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12.6. Haxxumaem ITKM na Mesh, Betoupaem Update Y TIOCJIE 3TOTO OK-
Ho Mechanical MmoxHO 3aKkpHITS.

13. HactpanBaeMm 10 CO3JJTaHHBIX KOMIIO3UTHBIX MaTEPUAIIOB:

13.1. B okae Workbench aaxxnel Haxxumaem Ha Setup B 6ioxke ACP (Pre).

[locne 3Toro nepen Hamu MOSIBUTCS] OKHO, MIPEICTaBICHHOE Ha puc. 17,

B ACP-Preacphs - ANSYS Compasite PrepPast - ] X
Eile View Tools Units Help
‘Q Search °| @ i Scene.l |

& AcP-Fre B PEHISHTFER=d F FI8g| LLI | LLILLLIEG=|]

B & Models
= ¥ ACP Model
4 Material Data
- % Element Sets
£ Edge Sets
- 1] Geometry
&3 Rosettes
-~ {5 Look-Up Tables
@ Selection Rules
- & Oriented Selection Sets
= Modeling Groups
- & Field Definitions
By sampling Points
o B4 Section Cuts
4} Solid Models
o 4] Sensors
- ¥ Layup Plots
. S Scenes oy
e ) Views (’X
& PlyBook =
o & Parameters
& Material Data

5 4

Shell View | Logger | History View

In [S]:
db.run_script(path=u'G:\\KalashnikovAM\\Ansys\\2022_nano\\LR_2\\LR_2_files\\dpO\\ACP-Pre\\A
CPA\runACP.py', locals=locals ()}

Puc. 17. Oxno ANSYS Composite PrepPost

13.2. Cpasy u3MeHsieM eIUHUIBI U3MEPEHUST Ha MM. J[J1s 3TOT0 HaXKMMaeM
Ha Units (1) u Betounpaem MPA (mm,t,s,N,C,USD) (2) (puc. 18).

& ACP-Pre.acphs - ANSYS Composite PrepPost

File View ToolsIUniIs I—(elp

Q_ search 1  BFT(ft,slug,sIbf,F,USD)
§ AT P BIN (in,in™({-1) Ibf 2,5, Ibf,F,USD) &
EI _____ ﬂ Maodels CG5 (cm,g,s,dyn, C,USD)
S £B ACP MKS (rm,kq,s,N.C,USD

----- z

""" i 51 (m, kg,s,N, K, USD)

g UMKS (urm,kg,s,ul,C,USD)

..... @ Undefined

b ) Look-Up Tables (1]

Puc. 18. I3meHneHue equHAL] U3MEPEHUS
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13.3. Co3maeM cIioit BOJIOKOH KOMIIO3UTHOTO MaTepuaia (puc. 19):

— g 3Toro packpbeiBaeM paszzaen Material Data (1), maxxumaem [TIKM Ha
Fabrics (2) u Beioupaem Create Fabric... (3);

— BeIOMpaeM matepuai (4), 3agaeM Tommmay 0.5 MM (5) u sxmem Apply (6).
Ecnu Ha skpaHe MOSBUTCS OKHO C MPERyNpPexIeHUEM, TO €r0 MOKHO 3aKPBITh.

[Tocne 3Toro OKHO MOKHO 3aKpHITH (7).

'lul'\ Sedrcn “ E_IJ F| »Cene.l
™ —
E ACP - Pre | X | (7 &
= ﬂ Models
qi; ..... ACP Model

. & Material Data

Materials
- 3
- Stack Paste...
(- ﬁ Sub L
[ ﬂ Elernent Se Sort
....... T Edge Set
& Edge Sets Export to ESAComp XML ..
[ g Geometry
- 2 Rosettes 066667
....... ﬁ Logk-UpTames 0,55556
....... o Selection Rules El e
....... A8 Nriented Selertinn Sefo 0.33333
a
&3 Fabric Properties — O >
Mame: ‘Fabricj
ID: Fabric.1
General | Analysis | Solid Model Opt. | Draping |
General
Material:w 4 v|

Thickness: I'E'.S I 5 |
Price/Area: |'E'-'E' |
Weight/Area: -1.0

Post-Processing

Ignore for Post-Processing: O

7 6

I oK I I Apply I Cancel

o

Puc. 19. Co3nanue cia0s1 BOJIOKOH
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13.4. Cozmaem ocwk koopamHaT. Haxkumaem TIKM na Rosettes, BeiOupaem
Create Rosette... u xxmem Apply. ITociie 3T0ro OKHO MOKHO 3aKPBITh.

13.5. Co3naem opueHTHpOBaHHBIH 010K (puc. 20):

— naxxumaem [IKM Ha Rosettes (1) u Beioupaem Create Rosette... (2);

— BBIOMpAaEeM 3JIEMEHT/TEOMETpPHUIO (BBIOMpaeM €ro B JepeBe MOCTPOCHUS
B pazaene Element Sets) (3), HacrpauBaem opueHTauio (4), BRIOUpaeM co-
3MaHHy0 och KoopauHaTt (5) u xxmem Apply (6). ITocae 3TOro OKHO MOKHO 3a-

KpBITH (7).

oy e e ar

3 Global Coordinate System [

(J" Rosette. 1 H_—‘.r"(
....... & Look-Up Tables
Sff Selection Rules
1 y B Oriented Selection S = N 2

. ICraate Oriented Selection Set .. I ——

....... ﬁ Modeling Groups
....... 24 Field Definitions Paste E
....... a Sam.plmg Points Sort db .
....... % Section Cuts T
....... ) Solid Models | H

. ﬂ Models

E- ¥ ACP Model

=0 & Material Data
- 4 Materials & Oriented Selection Set Properties - O x
B Structural St

Name: |0riented5election5et.1
ID: OrientedSelectionSet. 1

General | Rules | Draping

B Fabric.1

& Stackups

Thi
o
0 Extension
0
lU Element Sets) | ['All_Elements'] 3 |
0
0 Orientation
04
lg- Point: | (0.0000,0.0000,0.0000) |
—
| T e
------- ] Look-Up Tables
....... &l Selection Rules Reference Direction
= Oriented Selection Sets
& (5 nen e. Siection A Selection Method: | Minimum Angle S
i W§ OrientedSelectior H‘;
[ G Modeling Groups Rosetted| [['Rosette.1'] 5
"""" £§ Field Definitions - /__ Reference Direction Field: B
....... @ Sampling Points Shell Vi 7 6
------- i Section Cuts 1 P
....... A Solid Models I Apply I Cancel
''''' w Sensors In [tz oo moacIsT =or TIoUcr [ -STITCGIONSTC I [TT
[ @ Layup Plots
- 28§ Scenes
------- 7 Views In [72]: db.models['ACP Model'] .selection.set ([db.models|['ACP

Puc. 20. Co3znanue opueHTHPOBAHHOTO OJI0Ka
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13.6. Cozmaem wmonenbHyo Tpynmy (oObeAMHEHHE OPUEHTHPOBAHHOTO
9JIEMEHTA U TlaKeTa cioes) (puc. 21):

— Haxkumaem [TKM wa Modeling Groups (1) u Beioupaem Create Modeling
Group... (2). B nosBusmemcs okue xmem OK (3);

— HaxkumaeM [TKM na ModelingGroups.1 (4) u Beioupaem Create Ply... (5);

— BBIOMpaeM MepBbI OPUEHTUPOBAHHBIN OJOK (6) U CIOM KOMIIO3UTHOTO

matepuana u sxmeM Apply (8). TTocite 3TOro 0KHO MOYKHO 3aKpHITH (9).

2 ¥ ACP Model
- & Material Data
Bl ¥ Materials
LB Structural Steel
. B mat 1
e S Fabrics
o Al Fabric.]
4 Stackups
- #% Sub Laminates
- Element Sets

0.77778
060667

055556
Edge Set:
& Edge Sets 0.44444 &8 Modeling Group Pro...  — O

{7l Geometry 033333
5. & Rosettes 022222 Name: |ModelingGroup‘1

gllﬂ glo::tl C:ordmata Sy g,'l'l'\'l'\ ID: ModelingGroup.1
» osette.

@ Lock-Up Tables I oK I 5 Apply

- & Selection Rules

E Y

t
— Oriented Selection Sets X,
I Create Modeling Group ... I 2
Modelingt
5 Field Definition Export to CSV file ...
- & Sampling Point Import from CSV file ..
FE Section Cuts T T View
¥ Solid Models
W Sensors
@ Layup Plots In [60]: db.models['ACP Model'].selection.set([]}
“§ Scenes
8 Views

. Db Dnnl Tr TE11: Al mead=Tal IACD Mad21 11 salamerdan sar @ TAR madelel IRED MadaT 17

a

....... B Structural Steel
[T — B mat_1
B M Fabrics
[ Fabric.1

i ) Stackups
i @ Sub Laminates

[ d Element Sets

077778
066667

[ g] Geometry

0.33530
..... Edge Sets
a- & Edg 044444
0.33333
(= @ Rosettes 022222
.8 1. Global Coordinate 5y 011111
i g v Rosette,] o
....... @ Look-Up Tables
....... & Selection Rules w
------- Oriented Selection Sets X
s | j ~a

Properties ...
Update 5

....... {ﬁ Section Cuts View

"""" 4l Solid Models Create Interface Layer ...
------- Sensors
W Create Butt Joint Sequence ...
23 @ Layup Plots 'ACP Model'].selection.set ([db.mode
[ ﬁ Scenes Paste

....... & Views Delete

o

Puc. 21. Co3panue MoieNIbHOU pyIIbI (HAYaio)
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13.7. Bxitouaem otoOpakeHue ceTku (1) u HampaBiieHHE BOJIOKOH (2) B

BepxHel manenu (puc. 22). BeiOpaB MoaenpHy0 rpymy (3), BUIUM 3€JCHBIC

ACP - Pre &

ﬂ Models

B £X ACP Model

S M Material Data
B o Materials
B4 Structural 5t
B mat 1
= Fabrics
- ) Stackups
4 SubLaminates
2 & Element Sets
B Al_Elements
. £F Edge Sets
a] Geometry
= @ Rosettes
-8 1. Global Coordinat:
s Rosette]
- 5 Look-Up Tables
& Selection Rules

= /g OrientedSelectior

- 2 ModelingGroup.1
i = ModelingPh,
. % Field Definitions
e 38y Sampling Points
- 8 Section Cuts
2] Solid Models

- w Sensors

022222
lO,]'I'H'I
o

5 d

Shell View | U

In [&81]:

E Modeling Ply Properties

¥ PP ER@RA| T FYE Y LLI

Name: |M0dEI|ngPIy.1

ID: ModelingPly.1

General | Draping | Rules | Thickness

Oriented Selection Sets] [['OrientedSelectionSet.1' 6
Ply Materi ~

Ply Angle: 0.0

MNumber of Layers: |1

Global Properties
Active:

Global Ply Nr: [1

0K

9 8

I Apply I Cancel

| <

@ Layup Plots
=g

6

Puc. 21. Co3nanue MoAeNbHOM rpymnibl (OKOHYAHUE)

CTPEJIOUKH, TTOKA3bIBAIOIIME HAIIPABJICHUE BOJIOKOH (4).

. Search @| @ ~| Scene.d

N —
| ACP-Pre A |
| ﬂ Models

- §¥ ACP Model

PHFIFOIFER @

- M Material Data

E A Materials

| L8P Structural St
LB g mat_1

= & Fabrics

o b8 Fabric

& Stackups

% Sub Laminates

= d Element Sets

L8 Al Elements

[ &4 Edge Sets

@ Geometry

@ Rosettes

: B 1. Global Coordinat

gy dr Rosette.l

- 8] Look-Up Tables

- & Selection Rules

a Oriented Selection Sets

[ -\ OrientedSelectior

& Modeling Groups

- 2 ModelingGroup.1

Aarrors

- & Field Definitions
o 2 Sampling Points
- B Section Cuts

058889
0.77778
006607

055556
l 0,44444

0.33333

022222
l o111
o]

e

.—LT

o d

Shell View | Logger | History View

In [9€6]:

In [97]:

& Solid Models
W Sensors
[ @ Layup Plots
- S8 Scenes

ionPly']])

db.models['ACP Model'].selection.set([db.models['ACP
Model'] .modeling groups['ModelingGroup.l'].plies['ModelingPly.1']1])

db.models['ACP Model'].selection.set ([db.models['ACP
Model'] .modeling groups['ModelingGroup.l'].plies['ModelingPly.1l'].production_plies

Puc. 22. OtobpakeHre HanpaBIeHUs BOJIOKOH
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13.8. Co3maeM TBepAOTEIbHYIO MOAEIb (puc. 23):
— naxxumaem ITKM na Solid Models (1) u Beioupaem Create Solid Mod-

el... (2);

— BBI6I/Ipa€M OJICMCHT (Ha)KI/IMaCM Ha 00J1aCTh DJIEMEHTA U BBI6I/IpaCM Cro B

nepese nocrpoenus) (3) u sxmem Apply (4). ITocne 3TOro OKHO MOXXHO 3aKPBITh

(5).

[ ModelngPly.2
..... <% P1_ModelingPly.2
4 Field Definitions
a Sampling Points

Section Cuts

W

"""" reate Solid Model ... 2
------- Im [107]: d
Paste
- ¥ Layup
- &4 Scene Hide Al
....... ﬁ Views Show All In [108]: d
....... # PlyBo.
....... @' Parameters
R PR I S Tm F1OGT-
a

[
5o ¥ ACP Model
S M Mterial Data
4 Materials
i & Fabrics
oL Al Fabric
i M Stackups
i ] Sub Laminates
o ) Element Sets
fize
L8 pressure
o &4 Edge Sets
- [ Geometry
- 33 Rosettes
& Look-Up Tables
@ Selection Rules
a Oriented Selection Sets
{g OrientedSelectionSet.]
G Medeling Groups
£ 2 ModelingGroup.1
iy ModelingPly.1
@ P1_ModelingPly.1
L= PILT_MaodelingPhy
... 3 Field Definitions
a Sampling Points
ﬁ Section Cuts
= & Solid Models
5.0
@ Extrusion Guides
& Snap To Geometries
o 85 Cut Off Geometries
2= Analysis Plies
w Sensors
@ Layup Plots
- 5§ Scenes
- i Views

% PlyBock

& 5olid Model Properties

Name: [SclidModel.

ID: SelidModel.1

General | Drop-Offs | Export

Active:

Extrusion Properties

Elernent Sets:

LAl Elements1]| %

Extrusion Method:

Analysis Ply Wise v

1.0
]

Mas. Element Thickness:

Start Ply Groups at:

Offset Direction: | Shell Mormal

Materials

Global Drop-Off Material:

Global Cut-0Off Material:

Element Quality
Delete Bad Elements:

Warping Limit: |0‘4

> v|
Shell g A
Mo — -
| o “ Apply || Cancel |
In [25]: db.models['ACP Model'].selection.set([db.models['ACP

Model'] .modeling_ groups['ModelingGroup.l'].plies['ModelingPly.1"].production

1 ModelingPly.1'11)

o

Puc. 23. Co3nanue TBepAOTEIbHON MOJCIH
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13.9. 3akpriBaem okHo ANSYS Composite PrepPost.

14. 3axxumaem JIKM 6ok Setup (1) B moayine ACP (Pre) u neperackuBa-
em ero Ha 6ok Model (2) B moayne Static Structural. ITocie sToro mosBiseT-
Csl OKHO C JIByMs BapuaHTaMu (puc. 24): epBblii IEPEMECTUT TBEPAOTEIBHYIO
MOJIeNTb (€CTh BO3MOYKHOCTh AQHAJM3MPOBATh KaXKIBIM CJIOW BBIOPAHHOTO CET-
MEHTa, HO MOXKET IIOHaJOOUTCS IMOBTOPHO CO3/1aTh KOHTAKTHBIE O0O0JIACTH),
a BTOPOM MEPEMECTUT TOHKOCTCHHYIO 000JI0UKY (HET BO3MOXKHOCTH aHAIU3U-
pOBaTh KaXK/bli CI0M OTAENBbHO). [Toce BriOOpa nmepBoro BapruaHTa HAXKMMaeM
ITKM Hna Setup (1) B moaysie ACP (Pre) u Betoupaem Update.

Project +# Update Project | @ ACT Start Page

R roject Schematic v B X
]A
- A - B - c
2 | @ EngneeringData v #2 & EngneeringData v 2 | @ EngneeringData v 4
3 | @ Material Designer + 3 B Geometry v 4 3 @ Geometry ? . 3
Material Designer i 4 2

Transfer Sold Composite Data
5 @ setwp I—DI

-
AP o) 6 | Solution
1 7 |@ Results P .

Transient Structural

Puc. 24. Umnopt nanubix B Static Structural

15. [Tpuctynaem Kk NOArOTOBKE U MPOBEJICHHUIO pacyeTa:
15.1. B oxne Workbench asaxner maxumaem va Model B 6ioke Transient

Structural. ITocie 3Toro nmepea HaMu MOSIBUTCS OKHO, TIPEICTABICHHOE Ha puc. 25.

|« QI Context C: Transient Structural - Mechanical [ANSYS Mechanical Enterprise] - o x
Home Model Display Selection Automation ()~ 4
D X % MiNamed Selection [ (& Images ™ EID iﬁi Blj & @ 5]
= [ACommen t [ Section Plane == =
Solve | Analysis Part  Symmetry Construction  Define  Mesh  Results
Q > TR 8, Remate Point it Chart [ annotation Transform Geometry - " - -
Outline Salvers Insert Prepare
dripe TiOX - @Q(@edfC-rQaQaa s kve BREREDE TP S
Name ~ .

Model

—
([ Project 02.12.2021 11:27

- (&) Model (€2)

& Imported Plies
B S Named Selections
B0 Transient (C:

3)
-~/ Initial Conditions
n

0,00 90,00 (rrirvt) Z.J\ %
L S—

45,00

Details Section Planes < >

8% No Messages Mo Selection & Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius -

Puc. 25. Oxkao Mechanical
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15.2. 3amaem rpaHUYHBIE YCIOBHUSL:

— JUIsl TPOBEJICHUSI BPEMEHHOTO padyéTa yKa3bIBaeM HCCIIEAyEeMbIil BpeMeH-
HOM TIpoMeXyTOK (3 ¢), KOTOpbIi OyaeT pa3OUT Ha TPH MHTEpPBaJia, KaXKIbIi U3
KOTOPBIX OyJeT MMETh CBOM BpeMEHHOW mar (puc. 26). s 3Toro ykaspiBaeM
KoJn4uecTBO uHTEepBasioB — 3 (1) U, m3MeHss uncio ot 1 g0 3 (2), MmoxkeM nepe-
KJII0YaThCsl MeXAy HUMHU. Ha KakioM MHTepBaje OTKII0YaeM aBTOMAaTHYECKUIl
BpemeHHou miar — Off (3).

Jlaiee Ha TNEpPBOM HMHTEpPBAJIC BBICTABIIAEM 3HAUEHUE MPOMEKYTOUHBIX
BpeMeHHbIX maros — 0,1 ¢, a Ha Bropom u TpetbeM — 0,5 c. [Ipumeuanue: uro-
OBl YBHJIETh HACTPONKHU BTOPOTO U TPETHEr0 WHTEPBAIOB, HEOOXOIUMO BBECTH

ux Homep HarpotuB Current Step Number (2);

= NN WP W W (| H| T TET RN RO | JTITU M WIUUC T ]SS O O
Mame -

[ Project* is Setti

T 'E' Model (C2) %::Ie}ﬁf sSEttInEls
- [) tmport Summary 02.12.2021 13:05
----- T8 Geometry
..... 3 Materials

----- 3% Coordinate Systems

- {5 Connections

i E0 Mesh

----- VB Imported Plies

----- & Named Selections

B 2[id Transient (C3)

‘/ﬂ Initial Conditions

il

&) Solution (C4)

C: Transient Structural

etails of "Analysis Settings" 01 Ox

Step Controls 1 ~ 5
Mumber Of Steps ]
Current Step Mumbef |1, | 2 Graph » I X Tabular Data

Step End Time 5 1, Steps | End Time [s]
Auto Time Stepping 3 1|1 1,
Define By Time 2|2 2,
Time Step 4 33 E
Time Integration on *
Solver Controls

Solver Type Program Controlled 1, 2, 3,
Weak Springs Off

larae Neflection Oin 2 3

Puc. 26. Hactpoiika napaMeTpoB BpeMEHHU

— 4T00BI 3a(UKCHPOBATH TEOMETPHUIO B IIPOCTPaHCTBE, HasknuMaeMm ITKM Ha
Transient (1) u Beioupaem Insert (2) — Fixed Support (3) (puc. 27, a). Ilocne

4ero ykasslBacM HyKHbIe peOpa (4) u Haxkumaem Apply (5) (puc. 27, 6).
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iaQ(ees

Transient
Tirme: 1, 5
02.12,2021 11:39

Model (C2)

@ Import Summary
@ Geometry

& Materials

C: Transient Structural

Cre+Qaae

Select ™ Mode~ @ . @ H

i Coordinate Systems @ Acceleration
(3 Connections »  Standard Earth Gravi
B Mesh & i
& Imported Plies @, Rotational Velocity
. : . Rotational Acceleration
Tra nsient (C3}
iz Ininial Con 2 y @ Pressure
2] Analysis 5 £ Some @ Hydrostatic Pressure
=] Solution
) @ Force
{5 solu |0 Duplicate
@, Remote Force
& Clear Generated Data )
= = E = ¢y Bearing Load
Deetails of "Transient (C3)" = n E2 o
|| Definition i W Bolt Pretension
Physics Type 59 Group All Similar Children 6, Moment
Analysis Type £  Open Solver Files Directory @ Line Pressure 90,00 (rrm)
Solver Target - 45,00
— g Y Filter Based on Environment [Beta) ®§ Thermal Condition
= optons 7 Joint Load
Environment Temperatul 5 Export CAERep Files (Beta) ki ot oa ¥ Tabular Data
Generate Input Only 5 Abandon R5M Jobs (Beta) Iﬁu Fixed Support I 3 R
@ Displacement Fixed Support
@, Remote Displacement Insert a Fixed Suppert boundary condit
. i to prevent a selected geometric or mes
@ Velocity A7 entity from moving or deforming.
a

YILENT L LUNINENL  Lm s Fane
Duplicate Q Sovl\re Anavlysis e, int i Chart @ Annotation Inevrtial Struftural Thevrmal Tovols Visws
Qutline Solvers Insert

Outline =

L Q @vi“? C-4 Q@& @ Select ®Moder BIRIE @& !
Mame w | Search Qutline | »
Project® 4

5 (5} Model (C2)

] Import Summary

T8 Geometry

/@ Materials

=i Coordinate Systems

'/@ Connections

/T8 Mesh

w5 Imported Plies

% Named Selections

Transient (C3)

Initial Conditions

T Analysis Settings

2@ Fixed Support

Solution (C4)

#{5) Solution Information

Details of "Fixed Support" =
-l|Scope
Scoping Method

e / Cancel
=l| Definition m
ID [Beta) 61 5

Graph wow [L X Tabular Data
Suppressed Mo 1,

cw 1 OX

0,00 70,00 {mim)
I
35,00

Type Fixed Support

o

Puc. 27. ®ukcamusi reOMETpUH B TPOCTPAHCTBE

— yTOOBI 3a/1aTh cuity, HaxkumaeM [TKM wHa Transient (1) u Beioupaem Insert
(2) — Force (3) (puc. 28, a). ITocne vero ykaspiBaeM HyXHbIC peOpa (4), HaXH-
maem Apply (5), mamensiem crnoco6 3amanus Harpy3ku Ha Components (6)
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Luthne Solvers

MName -5 Outline
| project*
- {8 Model (C2)

@ Import Summary

B Geometry

B Materials

-, 23 Coordinate Systems
- {5 Connections
(ﬁ Mesh

-5 Imported Plies

m-E-H
U

E?E sol [0 Duplicate

LIl
4e & Clear Generated Data

2 | B

W yKa3bIBaeM 3Ha4YeHHe cHitbl Ha 2 ¢ 1o ocu Y (7) (puc. 28, 6). [Ipumevanue: Oy-

ACT 3HAYCHUC CUJIBI ITOJIOKUTCIIbHBIM HUJIM OTPULATCIILHBIM, 3aBUCHUT OT BaApHUAHTA.

Insert

@ Q @uiﬁ?o-{-@@z@@ Select ™ Mods

C: Transient Structural
Transient
Tirme: 1, 3
021220411220

[ Fixed Sy
@ Acceleration
% Standard Earth Gravity
&, Rotational Velocity
@,  Rotational Acceleration

Pressure

. Hydrostatic Pressure

Remote Force

4  Bearing Load

tails of "Transient (€2 T, pename 2 o pretensi Insert a Force loa
Definition o . - retension distributes a foro
Bhysics Type D Group All imilar Children @, Moment A~ across one or mo
Analysis Type D"' Open Solver Files Directory @ Line Pressure

solver Target
Dptions
Environment Temp

Senerate Input Only £ Abandon RSM Jabs (Beta) @

Y Filter Based on Environment (Beta)
£ Export CAERep Files [Beta) $

(1) Press F1 for help.

®j Thermal Condition

Joint Load ~w I X TabularDa

Fixed Support

o

Outline * e 1 OX

Mame M

T Project*
= Model (C2)

Import Summary
@ Geometry
J@ Materials
i Coordinate Systems
Connections
Ep Mesh
& Imported Plies
E- 8 Named Selections
B[ Transient (C3)
Initial Conditions

i Analysis Settings

(&) Solution (C4)

etails of "Force”
-I| Scope

Scoping Method

Geometry

D (Beta) 74

Type Force

Define By

Com onentsl b

Coordinate System | Global Coordinate System

X Component |0, M (step applied)

¥ Component Tabular Data

ZComponent |0, N (step applied)

Suppressed No

A T ——

al

@ Displacement

a

e Ruv@[EC -+ QA Q@ s kMder REEEEEE

C: Transient Structural
Force

Time: 2,5

02122021 13:13

. Force: 0, M

Components: 0:0,0, M

80,00 {rrm)

Graph Tabular Data = vl
Steps | Time [s] |[¥ X INLbe el llv 2t
50, 11 0, =0, 0, - 0,
a1 1 0, 50,
3|2 2, =0, 0 o
0. a3 |3 -0 o )
0, T '
1 2, 3,
2
[ — p— -

Puc. 28. 3aganue naBiicHUsA
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15.3. BoibupaeM nmapameTpsl, KOTOpble OyAyT pacCUUTHIBATHCSA B CIEAYIO-
Ie MOCIeq0BaTENBHOCTH

— naxkumaem [1IKM Ha Solution (1), etoupaem Insert (2) — Deformation
(3) — Total (4) (puc. 29, a);

— "Haxxumaem [IKM na Solution (1), Beioupaem Insert (2) — Stress (3) —
Equivalent (von-Mises) (4) (puc. 29, 6). ITociie yero HaXxMMaeM Ha KEITYIO 00-

nacthb HanipoTHB Ply (5) 1 yka3piBaeM HEOOXOAMMYIO MOICIBHYO Tpymy (6).

- o W (W w e[t U T Q@ @ @ Select X Mode” (H || W@ U
Search Outline |
“ C: Transient Structural
2| Solution
- 9] Import Summary Tirne: 0,64888 5
/@ Geometry 02.12.202113:38

5 Materials
3 Coordinate Systems

- Connections

- /%D Mesh

5 Imported Plies

% Named Selections
Transient (C3)
Initial Conditions
[ Analysis Settings
@, Fixed Support

et | 2 » [odemmen] 3

E - Solve Strain
tails of "Solution (C4)" == #
Solution #  Evaluate All Results Stress b W Total Velodty Total
Number Of Cores to Use | @ Clear Generated Data Energy » 93 Directional Velocity !I".‘h;i:rrt:s:—ltzt;:;
Adaptive Mesh Refineme| I o = Linearized Stress » G; Total Acceleration U of displaceme
e ——— R L E T 1
Max Refinement Loops Stress Tool » T8 Directional Acceleratio
Refinement Depth D Group All Similar Children ® Press F1 for help.
i Fatigue »
_nformallon 6 Open Solver Files Directory
Status Contact Tool b
MAPDL Elapsed Time E ‘Worksheet: Result Summary
VIAPDL Memory Used [307, MB Cuee 4
MAPDL Result File Size ‘ 57,938 MB 0, Compaosites » 2, 24
Post Processing Probe »
Dictributad Pact Praceccing (Retal | Proaram Co...
(jutline Solve . ] . . . . . Ply
HLE MRl  cQ[8v & [ O-+ Qa @ @ st R B[E

Name - 1 Outline | ™ o
B SolidModel. 1.h5(ACP (Pre}) -~
B, ModelingGroup. 1(ACP (Pre))
E---‘,—D ModelingPly. 1{ACP (Pre))
E‘/ inall

C: Transient Structural
Equivalent Stress
02,12,2027 12:39

% Named Selections
- Transient (C3)
Initial Conditions
ﬂ Analysis Settings
@ Fixed Support
B -

Solution (C4] 2
- Solution | 4 Deformation

£ !
#8 TowlDel g 0 Strain >
B

£ Evaluate All Results 3 * @ Equivalent (von-Mises)

% Energy 4 Maximum Principa| gy i
stails of "Equivalent Stress’ +-: @ SUPpress = P3 Equivalent (von-Mise:
- Linearized Stress ]

Scope IO Duplicate Without Results s ddiEnaral @ Ins_ert an Equ
Scoping Method Geomet. Stress Tool » @ Minimum Principa object to def
—_—— . I Rename Based on Definition O clementbas
Geometry All Bodi Fatigue y @ Maximum Shear

Sub Scope By IO Duplicate )

Py Contact Toal » | Intensity (@ Press F1 for help.

B Copy % Normal
Pasition Top/Bot £ cut EBolt Tool »

Definition = c . , % shear
—_— T Omposites
Type Equivali (B Copy Ta Clipboard (Beta) " % Vector Principal
By Time Probe »
. . & Clear Generated Data ®  Membrane Stress

Display Time Last % GO Coordinate Systems ~ » :
Calculate Time History | Yes aEE . ﬁ Bending Stress
|dentifier T Rename F2 4 e ) Bottom Peak Stress (Beta)

o
Puc. 29. Beibop pe3ynbTaToB
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15.4. 3anyckaem pacuer, HaxkaB kHonky Solve (1) (puc. 30). [Ipumeuanue:
IIPH 3aITyCKe pacueTa MOXET MOSBUTHCS MPEIYNPSKICHUE O TOM, YTO MOJICIIb-

Has rpyInia UuMeCT CIIMIIKOM IJIMHHOC UM ITYTH, HO Ha paCdCT 3TO HC ITOBJIMACT.

My Computer - é} + & @ % a & B g
¥ | Distributed USER .
Solve 1Ir|sert Results| User Defined Probe Toolbox | Tools | Views Direction

= - Result - - - - -
Solwe ) Ply

e [@w& 5o+ Qaa @@ sedet % Mod

Coras 2

= v 59 solidModel, 1hS(ACP (Pre)) - C: Transient Structural

Equivalent Stress

B {5 ModelingGroup. 1{ACP (Pre)) 02.42.2021 13:39

B, i I:' ModelingPly. 1{ACP (Pre))
By3 P1L_ModelingPly. LAC I p1L1_MadelingPly. 1(5CP (Pre))
b p#7r PIL1__ModelingF
Named Selections
Transient (C3)
- Initial Conditions
I Analysis Settings
-/, Fixed Support
/B Force
(&) Solution (C4)
-5 Solution Information
&3 Total Deformation

'
>

Puc. 30. 3anyck pacuera

15.5. YUToObl MPOCMOTPETH, KAK CO BPEMEHEM H3MEHSIOTCS MepeMelleHre
U HanpspKeHHE Ha 000JI0UKe, BHIOMpPAeM HMHTEPECYIOLIYI0 XapakTepucTtuky (1)

u HaxxuMmaeM Ha kHonky Play (2) (puc. 31). Jlns npekpaiieHusi BOCIIPOU3BEIe-

HHA aHUMallu HAKUMACM KHOIIKY Stop

5/ soidvecel LnS(acp (Pre) A Towlbetommaton
B+, ModelingGroup. 1{ACP (Pre)) Type: Tatal Def

B delngPly. 1(ACP (re]) yge. otal Deformation

Bl Modelingply. Unitz mrm

S5 P1_ModelingPly, 1(AC Tirne: 0,8

w47 PIL1_ModelingF 02.12.202113:47
[ (% Named Selections
1l Transient (C3) 2,215 Max
/i Initial Conditions 1,968
Hﬂ Analysis Settings 1,728
Fixed Support 14787
o JB. Force 1,2306
B {& Solution (C4) 0,986
T - i 0.73834
|8 Total Deformation 1 049223
-4,/%0 Equivalent Stress © UJ2461T
> 0 Min
stails of "Total Deformation® s w IO X ), U 70,00{rmmj
Scope ~
Scoping Method Geometry Selection
Geometry All Bodies Graph i :::::2:::: saaas4senackesessaseenusassassasassassanasat > 1L 13 ||| o e Dl wesasasessss
Definition . Animation | EE‘ 1 ﬂ:ﬂ 20 Frames - Time [s] [[+ Minimw
Type Total Deformation 05 0,
By Time — 24784 o8 = 0,
Display Time 08s E - j/w/ll :
Calculate Time History | Yes —_— ) 0.
- . 0,
Identifier 0 04 08 12 16 2 24 3 0’
Suppressed No (5] D’
Results = .
Minimam o mm 2 3 o
) v 0,

Puc. 31. 3anyck aHuManum
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15.6. Ilepen coxpaHeHueM pe3ysibTaTOB pacyeTa OTKIII0YaeM OTOOpaKeHUs
cetku (puc. 32). s aroro B pasaene Display (1) seioupaem Edges (2) — Show
Underformed WireFrame (3). ITociie 3T0ro Mbl yBUAMM MOJICIB O€3 CETKH.

3 Display Selection Automation O
B &named selection  [F: Commands (@ images™ D @ = = B
s C tem [JComment EESection Plane 1
ilysis 5 - . Displa Show Reduced Vector Capped Views
[ #, Remote Po il Chart B annotation odel [Beta Display~  lsosurface™ -
Insert Beta
> 1Ox Q Q w g (33 (Auto Scale] - N E [EProbe mE
v
Scoped Bodies - [B28 Masimum
C: Transient Structural | | Large Vertex Contours Coo o Contour [ Minimum
odel. 1.h5(ACP {Pre)) A N - -
lodelingG 1ACP Pre)) Total Deformation Display )
ogelingGroup. e Type: Total Deformation

rl:ﬁ ModelingPly., I(A(;P (Pre)) Uniks rm
=5 E} Pl_ModeIlngPIy.l.(AC Tirne: 0.8
oy PALL_ Modeling? 02,12.2021 13:53

@ Show Undeformed WireFrame
Wy Show Undeformed Model

@ Show Elements

2,215 Max
tions 1,9689
tings 1,7228
rt 14767
1,2306
) 0,98446
n Information 073534

Jeformation 049223
lent Streas e

Puc. 32. CxpobiTHE ceTKH

15.7. CoxpansieM pe3ynbTathl pacuera i [loaabix nepemernienuit (Total
Deformation) u DxBuBaneHTHBIX Hanpsbkenui (Equivalent Stress) yepes 1 u 2 c.
Jns 3TOro mepexoAuM BO BKJIAAKY HUHTEpecyromiell xapakrepuctuku (1),
HaxuMaeMm [IKM Ha uHTepecyrommii Hac uHTepBan «1» (2) u BeiOMpaecm Re-

trieve This Result (3) (puc. 33), mociie yero nenaeM CKPUHIIOT.

T AL IO g s Ay 02122047 1481
8 Named Selections
I Transient (C3) 0,0044517 Max
- - Initial Conditions 0,002057
i /11 Analysis Settings 0,0034624
@, Fixed Support 0,0029678
Force 0,0024732
El-& Selution (C4) 0,0019785
£ Solutinn Infarmation o,004630
: /8B Total Deformation 1 0.00000026
- @ Equivalent Stress = 0’00049463
g > 0 Min
Jetails of "Total Deformation” ~ 1 Ox 80100(mm)
Scope ~ 40,00
Scoping Method Geometry Selection
Geometry All Bodies Graph A Tabular Data
Definition ¥ Ti [s] |[¥ Minim.
Animation | 1 [ 20 Frames - = —M- —_—
Type Total Defarmation @ 5 |05 0,
By Time — 1. E'_ 06 0,

Display Time 1,8 E Z4784 ;" | ; 167 0,
Calculate Time History | Yes _— 0 i— gg g
Identifier 0, 04 08 12 16 2, 24 3, 0] 1’ 0’
Suppressed Mo = :

2 [s] 11,5 0,
Results 12 7 0
- | 1 3 12 )
M K
nimon____[0 me v 3 Bl2s o
Jetails | Section Planes Messages | Graph <

Select All

Metric (mm, kg, N, s, mV, mA) Degrees

Puc. 33. BeiBoJ pe3ynbTaToB pacueTa
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15.8. [lynkr 15.7 moBTOpsieM miisi oOeWx XapakTepucTuk deped 1 um 2
¢ (puc. 34). Ilpumeuanue: oOpaTuTe BHUMAaHUE Ha YUCIIOBBIC 3HAYCHUS B BEPX-
HeM npaBoM yrity. [Ipu pa3HbIX BpEMEHHBIX MHTEpBajax Jjsd OJHOWU U TOM XKe
XapAaKTEPUCTUKH OHU OTIMYAOTCSA. ITO TOBOPUT O TOM, YTO OJAVHAKOBBIN IIBET

Ha TIOBEPXHOCTU 000J0YKH OyJET UMETh pa3Hble 3HAUYCHUS MEPEMEIICHUN HIN

HaIPSIKEHUS.

C: Transient Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1,

02.12.2021 1435

2,4784 Max
2,20

1,9277
1,6523
1,3769
1,1015
0,82614
0,55076
0,27538

0 Min

80,00 {rmrm)
40,00

C: Transient Structural
Total Deformation
Type: Total Deformation
Unit: mim

Tirne: 2

02122021 1440

0,0044517 Max
0003857
00034624
00020673
00024732
0,001 9755
0.0014939
000035926
000049463
0 Min

0.00 80,00 {Frirri)

L E—
40,00

o

Puc. 34. Pe3ynbpTaThl pacuera:
a — TOJIHOE IIepeMeIeHue uepe3 1 cexyHay;
6 — IOJIHOE NIEpEeMELIeHNE Yepe3 2 CeKyH/Ibl;
6 — DKBUBAJICHTHOE HAIIpsDKEHUE Yyepe3 | cexyHny;
2 — SKBUBAJIEHTHOE HAIIPSKEHUE Yepe3 2 CeKyH/Ibl (Hayalio)
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C: Transient Structural
Equivalent Stress

Type: Equivalent fvon-Misesy Stress (Analysis Ply=P1L1_Maodeli
Unit: MPa
Tirne: 1,
02.12.2021 14:40

CP (Prej)) - TopfBottarm

362,57 Max
322,34
282,11
241,38
201,65
161,41
121,18
80,952
40,721
0,48945 Min

0,00 80,00 (rmrm)
40,00

C: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress (Bnalysis Ply=P1L1_Modeli P (Pred) - TopfBottom
Unit: MPa
Tirme: 2
02.12.2021 1443

0,43491 Max
0,366

0.33628
0,25006
02464
019333

0.14501

0,09669
0,04a372
5,4571e-5 Min

0,00 50,00 (rrrm)
40,00

(]

2

Puc. 34. PesynbraThl pacuera:
a — TIOJIHOE TIepeMelIeHHe uepes3 | cekyHny;
O — MOJIHOE NepEeMELIEHNE Yepe3 2 CeKyH/bI;
6 — DKBUBAJICHTHOE HAIIPSKEHHE uepe3 1 cekyHay;

2 — DKBUBAJIEHTHOE HAIPSKEHUE Yepe3 2 CEKyH bl (OKOHYaHUE)

15.9. Teneps okao Mechanical MmoxxHO 3aKpbITh.
16. B utore goJKeH MOMYUYUTHCS MPOEKT, UMEIOIIUNA CIECAYIOUIYIO 1IEM0Y-

Ky Mojyiel (puc. 35).
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7 Update Project | mm ACT Start Page

oject Schematic

Rd A Rd B Ad <
?I@ EngineeringData v ‘—/—02 & EngineeringData v 4 ?@ Model v o4
3 |® Material Designer v 3 E Geometry v ‘/ 3 @' Setup v 4
Material Designer 4 @ Model v 4 4 Solution v 4
5 | setup v 5 | Results v o4

ACP (Pre) Transient Structural

Puc. 35. T'oToBBIi1 TpOEKT

17. CoxpaHsieM NPOEKT B MaIKy, paHEe CO3JaHHYIO CTYJICHTOM (Ha3BaHUS
ManKy ¥ MPOEKTa TODKHBI OBITh Ha aHTJIMMCKOM fA3bIKE). [IJIst 7TOr0 HaXkuMaem
File — Save As... — Coxpanums. JInst Toro 4T00BI MPOEKT MOXHO OBUIO KOIIH-
poBaTh 0€3 omaceHuil COUTh MPOMUCAHHBIE TYTH (HaiIOB, HEOOXOIUMO CO3/1aTh

ero apxuB. Jlnist aToro Haxkumaem File — Archive... — Coxpanums — Archive.

Conep:xanue oTyeTa

. TuTynbHBIN JTUCT.

2. llens paboTHL.

3. Onmcanue paboThI (C HCXOTHOM CXEMOM M TaOJIHUIIEH JIJIs1 CBOETO BapUaHTA).

4. DTanel NOCTPOECHUS (CO CKPUHILIOTAMU 3TAIOB).

5. Pesynbratel padboThl (prHambHBIe ckpuHIIOTH 0koH ANSYS Workbench,
Material Designer, ACP (Pre) — Geometry, ACP (Pre) — Model, ACP (Pre) —
Setup; Mechanical — rpannunsie ycnorust, Mechanical — pesynbratsr).

6. BeiBo.

KoHTpoJsbHbIE BOIIPOCHI

Yro Takoe ceTouHasi MOJeIb?

Kparkas xapakrepuctuka CAE-cucrem. [Ipumepsi.

Jliis gero Hyxen Material Designer?

B xakoMm 0Ji0Ke MPOMCXOIUT HACTPOMKA CETOUYHON MoeIn?
Kak co3gaBath CBSI3b MEXKLy MOIYISIMU?

Kak npmioxuTh cuity K peOpy/moBEpXHOCTH?

Kaxk YCTAaHOBHUTDH BpCMCHHOﬁ mar ajad JMHaMH4YCCKOI'O pacqua?

O N o bk owd R

OcCHOBHBIE ATaNbl BHITIOJIHECHUS pa6OTI:-I.

66



JlabopaTopHas pa6ora Ne 3
TEIIVIOBOM AHAJIU3 OB0JIOYKHU
N3 KOMIIO3ULIMOHHbBIX MATEPUAJIOB

Leab padoThl

M3yueHre OCHOBHBIX JTANOB MPOBEJCHUS CTATUYECKOTO TEIIOBOTO aHAIH-
3a B cpene ANSYS Workbench. TIpuoGperenue cryneHTaMu HaBBIKOB B HC-
nonp30BaHuu nmporpaMmmuoro uHcrpymenta ANSYS Workbench — Steady-State
Thermal npu npoBeneHK TEIIOBOTO aHAIN3a 000JIOUKH M3 KOMITO3UIIMOHHBIX

MaTepHaJIoB, co3aHHbIX ¢ moMolbio Material Designer u ACP (Pre).

Onucanune padoTsl

Hcnons3ys moxynu Material Designer, ACP (Pre) u Steady-State Ther-
mal, HeoO0XOaUMO paccUMTaTh pacHpeleiICHHEe TEeMIIepaTyphl MO 000JI0YKe
(Thermal) u3 koMmo3uIMOHHBIX MaTepuanoB (puc. 1-2). M3BecTHbI: MaTepual
00BEMHOTO DJIEMEHTA, JBa THUIA 00BEMHBIX 3JICMCHTOB M YYacTKH C TeMIIepa-

Typoit T1 u T2 (Tadm. 1).

Puc. 1. Cxema Ne 1
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Puc. 2. Cxema No 2

Tabnuya 1
Hcxoanbie JaHHbIE
Howmep
BapuanTt Tun 00bEMHOTO dJIEMEHTA Ty, °C To, °C
CXEMBI

1 1 — Perynsipaast oqHOHanpaBiIeHHas 50 10
— Coepuueckas

) ) — Chepuueckas 55 20
— IInerenas

3 1 — IInereHas 65 40
— PerynsipHast oqHOHanpaBiIeHHas

4 1 — Cepuueckas 20 60
— PerynsapHast o qHOHanpaBIcHHAs

5 ) — PerynsapHast o qHOHanpaBIcHHAs 40 50
— IInerenas

6 ) — Chepuueckas 110 30
— PerynsapHast o qHOHanpaBIcHHAs

7 1 — Ilnerenas 45 20
— PerynsipHast oqHOHanpaBiIeHHAs

g ) — Cepuueckas 50 50
— IInerenas

9 1 — PerynspHast o qHOHaINpaBIcHHAsA 60 85
— Chepuueckas
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IIpooonocenue maon. 1

Howmep
Bapuant Tun 00bEMHOTO DIIEMEHTA Ti, °C To, °C
CXEMBI

10 1 — Cdepuueckas 55 40
— PerynsapHas ogHOoHanpaBiIeHHAs

11 5 — IInerenas 40 30
— PerymnsipHast ofHOHAIIpaBICHHAS

12 1 — Cdepuueckas 30 20
— IInerenas

13 1 — PerynsapHas ogHoHanpaBiIeHHAs 20 5
— Cepuueckas

1 ) — Cdepuueckas 50 50
— PerymsipHast ofHOHAIIpaBICHHAS
—1II

15 2 Aetena 70 45
— Coepuueckas

16 1 — Coepuueckas 30 35
— PerymnsipHast ofHOHAIIpaBICHHAS

17 ) — PerymnsipHast ofHOHAIIpaBICHHAS 90 55
— IInmerenas

18 ) — Cdepuueckas 65 20
— IInerenas
—1II

19 1 JeTeHas 75 65
— Cdepuueckas

20 ) — Cdepuueckas 30 30
— PerynspHas oqHOHaNpaBiIeHHAS

1 1 — PerynsapHas ogHOHanpaBiIeHHAS 60 20
— Cohepuueckas

99 1 — Cdepuueckas 50 10
— IInerenas
—1II

93 ) JeTeHas 40 o5
— PerynsipHast ofHOHATIpaBICHHAS

24 1 — Chepuueckas 55 45
— IInerenas

o5 ) — PerynsipHast oJHOHAIIpaBICHHAS 75 10
— Cdepuueckas

26 ) — Chepuueckas 35 65
— IInerenas

97 1 — IInerenas 45 80
— Cdepuueckas
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Oxonuanue maban. 1

Howmep
Bapuant Tumn 00bEMHOTO DIIEMEHTA Ti, °C To, °C
CXEMBI
08 ) — Cdepuueckas 30 30
— Ilnerenas
29 ) — PerynsapHas ogHoHanmpaBieHHas 90 35
— Cdepuueckas
30 1 — Cdepuueckas 55 40
— IInerenas

IHopsinok BbINOJITHEHHS J1A00PATOPHOH PadOThI

1. 3amyckaem ANSYS Workbench u no6aensiem Heckonmpko momyineit: Ma-

terial Designer, ACP (Pre) u Steady-State Thermal (puc. 3).

[ LR3.01 - Workbench - o X

zgu. Tools Units Extensions Jobs  Hep

_]|¢31_E\E|_ .”’EE Pru]ect\

@limport... | +'9 Reconnect Refresh Project  +# Update Project | B8 ACT Start Page

Toobox - ox e e

‘E Analysis Systams "‘
§A DesignAssessmatt

7} Eigenvalue Bucking — o -| E -| F

® oo B i oo [ e

& Fluid Flow- Elow Malding (Polyflon} 2|@ Engreerrgbets 1* Engreering Data_ v/ 4 2|9 Engimeerng Data

5 Fluid Flow- Extrusian(Polyflow) 3 @8 material Designer 3 @ ceometry 2z, 3 |§@ Geometry
@) Flud Flow(cng Material Designer 4 |G Modd 7 a4 ‘*:é Model
(&) Fluid Flow (Fluent) 5| senp o 5@ seww

Fluid Flow (Polyflow) 6| @ soton T .
) Harmonic Acoustis ACP(Pre) i@:ﬂswhmi.
[ Harmonic Response 7 |9 Results

[ HydrodynamicDiffraion Steady-State Thermal
&2 HydrodynamicResponsz

&4 1¢engine (Fluent)

ﬁ IC Engine (Forte)

Magnetostatic

£ Medal

&) ModalAcousic

il Random Vibraton

i} Response Spectrm

[ Rigid Dynamics

0 staticAcoustic

B3 Static Structural

) steady-State Thermal

Thermal-Electric

) Throughflom

—A Thenunhfinw(RladzGen) .
T View All f Customnize. ..

LUIEVIRN

o | o
[N

o

v

2 Ready I 30b Monitor.... |7 Show Progress || % Show 0 Messages | .1

Puc. 3. lobaBnenue Moaynei

2. HO)IFOTaBJ'II/IBaeM MaTcpual BOJIOKHA U HAITOJIHUTCIIA:

2.1. Isaxnasl HaxkumaeMm JIKM nHa 610k Engineering Data (1), mocie yero
xmeMm Ha Engineering Data Sources (2). Beibupaem 6utbimorexky Composite

Materials (3) u moaknrouaem Marepuaiibl BojiokHa — Carbon Fiber (290 GPa)

n Hanojautens — Epoxy E-Glass UD (4). Haxumaem na Engineering Data

Sources (2) eme pa3, 9TOOBI BEPHYTHCA K UCIIOIB3YEMBIM B IIPOCKTE MaTepHa-

nam (puc. 4, a, 6).
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2.2. Jlo6aBnsgeM KO3((PUIMEHT TEMIOBOTO PACIIUPEHUS M TEIUIOMPOBOJI-
HOCTH JTIsl HAITOJTHUTEIIS. M BOJIOKHA!

— s BosiokHa (5) koaddummeHt TemmoBoro pacmmpenus Isotropic
Secant Coefficient of Thermal Expansion (6) 6yxer pasen 1-10° 1/°C (8),
a xoddpdunuent TtermnonpoBoanoctu Isotropic Thermal Conductivity (7) —
0,03 Bt/(Mm-°C) (9);

— s HanoaauTens (10) koaddurmenT termooro pacmmpenus 1sotropic
Secant Coefficient of Thermal Expansion (11) 6yzer pasen 5-10° 1/°C (13),
a xoaddurment temionpoogaHoctu Isotropic Thermal Conductivity (12) —
0,2 Bt/(m-°C) (14).

- A - B - C

1 esi 1 i8 | Steady-State Thermal
2 Q Engineering Data 1 2 Q Engineering Data  +" 4 2 Q Engineering Data v 4
3 |[§# Material Designer il 3 @ Geometry . 3 @@ Geometry ? .
Material Designer 4@ Model T . 4@ Model F 4
5 |l sewn 7 5 @ setup F o4
ACP (Pre) ] Solution z 4
7 @ Results 7 4

Steady-State Thermal

a

7 Fe [@ Serces | 7
T T P —

'm Viscoelastc 2 A Bl € o B
| Supeemary Aloy i Outa source 21 twan | Desoosen

Eoeommul Gerral use material samples for Use W

6 | Bl Geomechanical Matenials o
otomechanical modsls.

m Damage . ! !

B CobesiveZone 7 l B Composte Materils ] B | Material samples speac for composte stuctres,

m Fracture Critena 8 | Wl GenerslNondnea Matersls )| Geveral use material samples for use in non-dneer

4 analyses.
h T +
E;‘“(‘IM oo 5 | Ml Exictmatess B | Materal sarles fr use 1 an exciot analyss.
er=a) :
: — 10 | Bl ryperclastc Materials Wl | Material stress-stran data sampies for curve fiteng.
hermopower . !

| St Adrd — & B4 Curve samples speafic for use n & magnetic

| B Linear “Soft” Magnetic Material 11 | Bl MogresciH Curves )| ohon S,
| B Unear Yard" MagreticHatera ousneofcomonernenss L
s Nonlinear "Soft” Mageetic Materid A B |C o E 2
| B Nonlicea: Hare Magnetc atersd 1 Contents of Composte Matenss BETRERE Descroton | e
m Bectrc 3 T Carbon Fider (230 GPa) . & Componte M Fbers orly ;
|y s T Carbon e (30 GP2) L E}g B Camponte M Fbers oty

El Equations of tate S = 1

E noeuy s ® Carbon Fber (395 GPa) = Composite My Fbers ooly

m Failure LI | o £Gass | B Composite M Fbers only

m e 7 T Epoxy Carbon LD (230 GPs) Presreg & D Composite M

| B Basto-plastic Behavicr 8 T Epoxy Carbon UD (230 GPa) Wet > B Componte

Perforated Meds 9 % Epoxy Carbon UD (395 GPs) Prepreg = Compostte W

] ! pos |

|8 Composee 10 % Epoxy Carbon Woven (230 GPa) Prepreg v B Composte ) v.

m Forming Plasticty 1u 9 Epoxy Carbon Woven (230 GPa) Wet & Composite ) v.

|® Fosms 12 D Epoxy Carbon Woven (335 GP) Prepreg | & Composte. v.

L] E‘“’“" . s | % Epoxy EGlass LD i I’ = Composte ) ~.

El Concrete = =Y.
B Custom Matesial Modds v Properties of Ouine Row 13: Epoxy E-Glass LD v 9 x
g — ~
LY. View Al / Customize.. t A — » e {v
o Ready 8 30b Monitor... | (N0 DPS Connection (Beta) Show Progress | ® Show 0 Messages

o

Puc. 4. Beibop maTepuana BoJIOKHA U HAIOJHUTENS (HA4Yao)
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© T Filter

Engineering Data [l Engineering Data Sources

1en T
E Isotropic Instantaneous Coefficient o

°n

Contents of Engineering Data

T4 orthotropic Instantaneous Coefficien

T8 Melting Temperature
‘E Material Dependent Damping

% Carbon Fiber (290 GPa) - = ( Fibers only
Epoxy E-Glass LD - *®q
= Fatigue Data at zero mean stress comes from 1998
=)
& W stuctural steel = = G ASME 8PV Code, Secton 8, Div 2, Tabie 5-110.1

$4 Damping Factor (@)

Click here to add a new material

T4 Damping Factor ()

18 speedofSound

18 viscosty

T4 BulkViscosity

[ Linear Elastic

B Hyperelastic Experimental Data
B Hyperelastc

E Chaboche Test Data

@ Plasticity

@ Creep

arbon Fiber (290 GPa)
A

@ Life

Property

B Strength

@ Gasket

T2 Material Field variables

kgm~-3

@ ViscoelasticTest Data

=] I% Isotropic Secant Coefficent of Thermal I

=)=

[ Viscoelastic

L cosoenof ey ozreen ]

CA-1

@ Shape Memary Alloy

B Geomeachanical

E] E Orthotropic Elasticity

El[=]

Wma-10~-1

B Damage

B Cohesive Zone

B Fracture Criteria
B Crack Growth Laws
E Thermal

78 spedfic Heat, C;

: T Fiter Engineering

Toolbox

Data “Eng!ml]alasmn:s

Material

e Cljery 3
E lsutmp:lnslantaneuus Coefficiento % Carbor Tber (200 ? q Fhers only
72 orthotr Coefficien % Epoxy E-Glass LD g
Melting Temperature = F Data at zero mean stress comes from 1998
% Mater:IDgpzndenl Damping = W Sructraised Fa Agiuwcade, Section 8, Div 2, Table 5-110.1
E Damping Factor (a) = Chick here to add a new material
78 Dpamping Factor (8)
T8 Speed of Sound
8 viscosty
1A sulkviscosty
B Linear Elastic
E Hyperelastic Experimenta Data
H Hyperelastic
B Chaboche Test Data
M Plasticity tine Row 4: Epoxy E-Gla: - QX
M Creep A B c |D E
M Life 1 Proparty Vakie Unit K1
[ Strength 2 | Material Field Variables . & Table
B Gaskel 3 7| Density 1 2000 kgm~-3 ]
B Viscoelastic Test Data s |b T msovopicsecant Coeffcent of Thermal
B Viscoelastic 5 I_ 4 Coefficent of Thermal Expansion 05 113 [~ =l
B Shape Memory Allay & ] i ity [&]
B Geamechanical 1% |®@ TF orthotropic Stress Lmits [}
@ Damage 26 |® T4 orthotropic Strain Limits [}
B CohesiveZone % @ TA Tsai-WuConstants 12 [l
B Fraciure Criteria 2 | Sk Consins — &
B Crack GrowthLaws 45 Isotropic Thermal Conductivity | 0,2 | 14 |wmricm T [ ]
E Thermal 47 = Ply Type [&]
% |m T3 Additona Puck Constants ]

% 112
iotrepic Thermal Lendut

18 spedficHeat, C;
K d

w

View Al / Customize... |

2

Puc. 4. Beibop maTepuaia BOJIOKHA M HATIOJHUTENS (OKOHYAHHUE)
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3. B mepBom moxyie nBakasl HaxkumaeM JIKM na Material Designer, mo-
CJIe YeTr0 OTKPOCTCS OKHO, IPEJICTaBICHHOE Ha puC. .

Material Designer

A:Matenal Designer - Design - SpaceClaim - Material Designer

P a -
RN = = 2 €09 & O AR AR AR - |
Select, Lasice UD Composite Rendem UD ChoppedFiber  ‘Woven  Pamicle Randem UserDefined  RVE Soly Updat Display  Hel) i
= ! Composite  Compesite  Composite Pasticke Medel ~ .‘ m.l“ Is.pln -p =1
Edit &= RVE Type MD Mode
Outlie *
2 RVE Model
Matenaly
- Geomelry
Mesh
Sattings
Fnalpes

ANSYS

Struct_ Lays_ Seleci_ Gras_ Views |Outi_|
Opticns - Selection ?
G Sketch

Snap to grid

Snap to angle

/L\
] Create layout curves

Preperties

| Froperties [ Agpearance

Puc. 5. Oxkno Material Designer

4. B BepxHel maHeau UHCTPYMEHTOB (puc. 6) BrIOMpaeM TUIl 0OBEMHOTO

JIEeMEHTa MOIU(DHUIIMPOBAHHOW MHUKPOCTPYKTYPHI COTJIACHO CBOEMY BapHaHTY
(Tabu. 1).

A, - . o =
o s { 2 I % i‘m
5 = =3 R © D L0 [
Lattice UD Compesite Random UD  Chopped Fiber  ‘Woven  Particle FRandom  User Defined
Composite Composite  Composite Farticle
RWE Type

Puc. 6. Bei0op 06beMHOr0 351IeMEeHTa MOAUPUIIMIPOBAHHON MUKPOCTPYKTYPBI

5. B mosBuBIICHCS cieBa TaHEIW MPHCBaWMBaeM MaTeprall MaTpPHIIbI/

HanostauTens (1) u gactuipl/BosokoH (2) (puc. 7). Ilocne vero HeoOXoauMo
MPUMEHUTH U3MEHEeHUs (3).
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wlmw K 9-C -

File Additive

Materizl Designer

A:Material Designer - Design1 - SpaceClaim - Material Designer

Select | Change

R & %

Constituent| Geometry Mesh Ao

A= 3 f:';_’
Y& = _J P2 ] E\El;rerl @ @

Orientation | Qpen Exit

riable
Material  Materidl

Update

P Materials

# Geometry

~ Mesh

L Seftings
Analyses

i

3

Struct.. Laye... Selecti.. Grou.. Views ‘Dutll ‘

|Options - Materials

Matrix:

| E|
I'Pm;:_ﬂ?qu

E-Glass UD 1

<

Properties

Mzterials Eslll};a
Edit x| RVEType RVE Model Solve Update Display Help | MD Mode
Qutline B . . .
Change the options and click on complete to finalise the material assignment.
El RVE Model (Particle)

ANSYS

[ Properies | Appearance

A\ Designt™x

‘Change the options and dick on complete o finalise the material assi

6. st co3maHus TE€OMETpUHM OOBEMHOTO JJIeMeHTa (puc. 8) HaXuMaeM

Puc. 7. IlpucBoenue maTepuasoB

Cr€HEpUPOBAHHOTO 0OBEMHOTO AyIeMeHTa (4).

A:Material Designer - Design1 - SpaceClaim - Material Designer

JIKM na Geometry (1). Ilocne 3Toro B J€BOH MaHEIW HACTPOEK OTOOPa3ATCs
HaCTPOMKHU TE€OMETPUH OOBEMHOT0 yieMeHTa (2) (B 3aBUCUMOCTH OT THIIA, BbI-
OpaHHOr0 0OBEMHOr0 3JIEMEHTA HACTPOUKHU MOTYT ObITh pa3nuunbl). Haxuma-

eM Ha rajiouky (3) u Ha paboueM IPOCTPAHCTBE MOSIBUTCS TPEXMEPHAsI MO EIb

Material Designer

R 9|9

Select  Constituent | Geomelry
o Materials

Ba S

Mesh Analyss  Change
Setti G

e Al

Update

" Open

x|

Exit

Change the options and dlick on complete to finalise the RVE.

Edit 1% RVE Model RVE Type Solve. Update Display Help | MD Mode
utli
Outihe Change the options and click on complete to finalise the RVE
& RVE Model (Patticle) =
e D ANSYS
Geometry Type: | Simple cubic ¥
Particle Volume Fraction: | 0.5 P
Particle Diameter. [ 10pm [
[] Hollow Particles
Pariicle \Wall Thickness: 0.5 ym
anced
Repeat count. [
Properties 2%
Y
4
*4
L Lo x
z
3um
]vaemeslbwearance I\ Design1* x a4bx

Puc. 8. Co3nanue reomeTpun 00EMHOTO AJIEMEHTA

74



7. CrenepupyeM CETOYHYIO MOJENh 00beMHOTro daemenTa (puc. 9). Haxu-
maeMm JIKM Ha Mesh (1) u 3amaeM MaKkCHMabHBIA pa3Mep CETOYHOTO 00BhEM-
HoTro 2ieMmenTa (2). Haxxumaem Ha ranouky (3) ¥ BUAMM Ha SKpaHE CTE€HEPUPO-

BaHHYIO CETKY (4) 00bEMHOTI0 JIEMEHTA.

A:Material Designer - Design - SpaceClaim - Material Designer

File UGN  Material Designer

N {’é} L2 = Lol ©
@ Jd B | % 2 ) [Z]
Q} ; 7| 7 A Bemen &
Select | Constituent Geometry | Mesh | Analysis | Change | Constant 255 | Update Orientation | Open Exit
2 Materials Settings N tend el 44
Edit RVE Model RVE Type Solve Update Display | Help | MD Mode
Outine i Change the options and click on complete to create the mesh
=] RVE Model (Particle)
v Materials
o [] ANSYS
b Settings 3 4
Analyses

Structu_ Layers Select.. Groups Views utind

Dptions - Mesh k3
General

Maximum size: o5 |P
[ Adapt towards edges

[] Use Block Meshing

Use Conformal Meshing

Use Periodic Meshing

Properties 7

[Properties | Appearance I\ Design* x b x

Change the options and dick on complete to create the mesh.

Puc. 9. Co3ganue ceTku 00bEMHOTO DJIIEMEHTA

8. Haxxumaem JIKM na Settings (1). Ha nanenu cieBa (2) MOKHO BBICTa-
BUTh WHTEPECYIOIINE HACTPOWKHM aHamM3a 00beMHOro 3jemeHrta (puc. 10),
B HaieM citydae go6asiasiem Compute coefficients of thermal expansion (Bei-
qucauTh Kod(ddunumenTsl TeroBoro pacmmpenus) u Compute thermal con-
ductivity (Berauciuth TerionpoBoaHocTh). Haxxumaem Ha rayodky (3) u BH-
UM CUCTEMHOE€ OKHO, MPEIyNpekIaollee O pe3yjbTaTax MpoBEAESHHOIO aHa-
u3a (4).

9. lIpucBanBaeM Ha3BaHHE CO3JaHHOMY OOBEMHOMY 3jieMeHTYy (puc. 11).
Jlis aroro Haxkxumaem [TKM na Analyses (1) — Constant Material (2), BBogum
Ha3BaHWe Marepuana (3) W HaxuMaeM Ha Tanouky (4). 3akpblBaeM OKHO

Material Designer.
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w |Gl 9D-C- < A:Material Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer

“—~ [ Y @
RS % @ BE e e , &
Select | Change | Cor Analysis || Constant Variable S

nge | Constitvent G Mesh |Analysis | Constant Varial Orientati i
- - Vot cometry. Mesh foever]| Matend Materia | UPdete rieftation | Open | Exit
Edit I« | RVE Type RVE Model Solve Update Display Help | MD Mode

Outline g
RVE Model (Particle)

Change the options and click on complete to finalise the analysis settings.

[]3 ANSYS

Structu. Layers Select.. Groups Views [Outind
Options - Settings 2
General
2
Type of anisotropy: \ Orthulrogic v 4
Compute linear elasticity
Compute coefficients of thermal expansion
Compute thermal conductivity g
Use periodic boundary conditions I
Use material symmetry in XY
Use material symmetry in XZ
Use material symmetry in YZ
=
Properties 2 Information
Analysis Settings:
Type of anisotropy=O0rthotropic
Use periodic boundary 4
conditions=True
Use material symmetry in XY=True 2om
Use material symmetry in XZ=True #
Use material symmetry in YZ=True
| Properties | Appearance 183 4pbx

Change the options and dlick on complete to finalise the anal

Puc. 10. BriGop xapaKTepUCTUK YaCTHUIIbI

w i wE9-C- - A:Material Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer

X S OBe S EEe;, Q@

Select | Constituent Geometry Mesh Analysis =~ Change || Constant Variable Orientation i

© | Materials Setings | - Materid | Materia | UP92te k Open | Exit
Edit 1% RVE Model RVE Type Solve Update Display | Help | MD Mode
Outline

Change the options and click on complete to solve.

ANSYS

ﬂ Variable Material
Structu... Lay

Options - Constant material solve L

General

e

Material name:

& B
SR 3
AN ATy

%

i

v

s

Properties L

3um

[ Properties | Appearance I\ Desiont x apx

Puc. 11. Co3nanne ceTku 00bEMHOIO dJIEMEHTA
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10. Co3zmaem cBsI3b MeXay NepBbIM B BTOphiM Momyismu Material De-
signer juIst MPUCBOCHMS CO3JJaHHOTO HAMH KOMITO3UTHOTO MaTepuaia K aHaju-

3UPYEMOI T€OMETPHH Yepe3 BTOpoii 010K (puc. 12):
10.1. B oxkae ANSYS Workbench naxxumaem ITKM na Material Designer

(1) n BetOMpaem Update # Update | mist 0OOHOBJICHHS TIPOEKTa KOMITO3UTHOTO
MaTepuaa.

10.2. 3axxumaem JIKM Material Designer (1) u neperackuBaem ero k En-
gineering Data (2).

10.3. Haxxumaem ITKM nHa Engineering Data (2) u >xmem Update.

Ect *F Update Project | gm ACT Start Page

Project Schematic

- A hd B hd C
8 7! Material Designer 1 m 1
2 g Engineerinﬁ Data " 4 o @ Engineering Data + 2 2 @ Engineering Data v 4
@ Material Designer " 3 9 Geometry 2 d 3 Q Geometry 2 d
Material Designer 4 @ Model 7 . 4 @ Model T .
1 5 [ setup 7 5 @ setp =
ACP [Pre) ] Solution T .
7 @ Results 2 .

Steady-State Thermal

Puc. 12. Co3ganue cBsi3u

11. UMnoptupyem reoMeTpuro:

11.1. ABaxknpr HaskumaeM JIKM na 6ok Geometry y momynst ACP (Pre).

11.2. B nosiBuBmIemcs okue HaxxumaeMm File — Open.

11.3. [Inst Toro 4ToObl HAUTU CO3AAHHYIO T€OMETPUIO, IEPEXOIUM B MAIKY
c Hel u BeIOMpaeM otoOpaxenue Bcex hopmaroB — All Files (*.*). Haxxumaem
Ha CO3JIJaHHYIO0 TE€OMETPHIO C PAaCIIUPEHUEM «.X_1» B )KMEM KHONIKY OmKpbimb.

HMmiopTupoBaHHas TeoMeTpus MoKa3aH Ha puc. 13.

77



i N T Select Pul  Move Fil Combine e Track
Qiom- . ®@ DM 522 [@ 2 Grees KL EE [
ent Sketch Mode Edit Intersect Create Features
a
Click an object. Double-click to select an edge loop. Triple-click to select a solid.
1

Groups Views

Puc. 13. UmmopT reomeTpun

11.4. ITocne 3TOro OKHO rEOMETPUN MOYKHO 3aKPBITh.

12. Ilpuctymnaem K CO3AaHUIO CETKHU:

12.1. IBak bl HaxkumaeM JIKM na 610k Model y moayns ACP (Pre).

12.2. B oTkphIBIIEMCsI OKHE pacKkpbiBaeM BkJIaaky Geometry (1), Boiaens-

eM reomeTpuio (2) u 3agaém Tommmay (3) 0,5 MM (puc. 14).

| = Context B: ACP (Pre} - Mechanical [ANSYS Mechanical Enterprise] - o x
Home Geometry Display Selection Automation Quick Launch ~ D9
E - - Vad
D % =l i | [ commands (& images i) @ ﬁ iﬁl I @ = @
(=[] t [l section Plane = -
Duplicate Q) | Solve | Analysis s = Replace | Point Distributed Thermal | Transform Surf; Element firtual
. . - i Chart Annotation Geometry™ Point Part  Coating Orientation  Gocy
Outline Sohvers Insert 5 Mass Modify virtual
Qutline ~1oOx QQ[Rw& % C -4 QA Q@ Sdect & Moder B BERE B E ¢ P Hcipsoad- ¥
: Name | Search Outline | ™ _
[ Project*
glﬁ Model (B4)
N oz
ACP-Pre\Surface 1 2
=3

oort

-Pre!
Graphics Properties ~
=) Definition
Suppressed No
D (Bata) 19

Dimension D

n Update

nes
Offset Type Middle

Treatment None IVVESAEES 55 0 B S S S s s w X
Reference Frame Lagrangian
= Material
Assignment | structural Steel
Monlinear Effects Ves v

Details Section Planes

Puc. 14. 3aganne TOIIIHUHBI 000JI0UYKHU
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12.3. 3agaemM HACTPOMKH CETOYHOM MOICIIH:
— xmem IIKM nHa Mesh — Insert — Method, Beinensem reomerpuro (1)
u BeIOUpaem Meto (2) — Multizone Quad/Tri (puc. 15);

x

Ox %46 % ¢ =T @ % o

Duplicate Q Solve Insert Update Generate | Surface Source/Target | Method Sizing Face Mesh  Match pi
= = = Mesh Meshing Copy Control Pinch
CQutline Solvers Mesh Preview Controls
CrLs - ~iOX f@al@jve % O QA @ @) st R
Mame « | Search Outline |[» _
{_- Project® ?:)u:tglgg;f-]%l-lga?d”rl Method
=t Model (B4} e '

By Gi‘;m:z;p et [ MultiZone Qulld/Tri Method
....... y e\surface

/5 Materials
4 Coordinate Systems

E--E3 Mesh
™+ MultiZone Quad/Tri Method

Details of "MultiZone Quad/Tri Method" - Method + Il OO X

| Scope
Scoping Method mt‘tion
Geometry 1 Body I 1
=l| Definition 1

Mo
MultiZone Quad/Tri - 2
Quadrilateral Dominant

2 000

Suppressed

Surface Mesh Method
Element Crder

Free Face Mesh Type
| Advanced

Dracansa Ranindariac Toratartad

ango
lMultiZone Quad/Tri
a

25,00

Puc. 15. 3aganue HaCTPOEK CETKU

—xmeM [TKM na Mesh — Insert — Sizing, Beinensiem Bcto reometputo (1)

¥ 3a/1aeM BeMuuHy sueek 1 mm (2) (puc. 16).

[T — | ____

Qutline

o | e marre [PV _..“_......_,_.| e anen e e o

“Mesh Mé;ﬁi‘ng Copy Control @Pinch
Controks

Solvery Mesh Preview

iQQ@we % -+ Q@A @ @) st

Mame | Search Qutline | ™

. - Body Sizing
.
g Pe:ma - 20122001 16:28

Baody Sizin
- ] ACP-Pre\Surfacel . ¥ g

A Materials
¥ Coordinate Systems

% MultiZone Quad,Tri Method

WY cccy i)

Details of "Body Sizing" - Sizing =
| Scope

Scoping Method election
Geometry 1Bady || ]

| Definttion

Suppressed |No 1
Type | Element Size

W cenentsee— o W)

| Advanced

[7] Defeature Size |Default [2,1108e-002 mm)
Behavior Soft

[[] Growth Rate Default [1,2)

Capture Curvature | No Messages =

Puc. 16. 3aganne HaCTPOEK CETKU
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12.4. Haxxumaem [TKM na Mesh u Betoupaem Generate mesh. I'otoast ce-

TOYHAs MOJICJIb TIpe/ICTaBjIcHa Ha puc. 17. 3akpsiBaeM okHO Os10ka Model.

o
ety
S
- S
e e
oestr i)
patiey!

ety
A ety
e

Puc. 17. I'enepanus CETOYHON MOJCIH

12.5. Haxumaem ITKM Ha Mesh, Bei6upaem Update B u mocrne sToro ox-
Ho Mechanical moxHO 3akpHhITS.

13. HactpauBaem ciion CO3JaHHbIX KOMITO3UTHBIX MATEPUATIOB:

13.1. B okue Workbench aaxxaer Haxxumaem Ha Setup B 61oke ACP (Pre).

[locne aToro nepea HaMu MOSIBUTCSL OKHO, MIPEICTaBIIEHHOE HA puC. 18.

ACP-Pre.acph’ - ANSYS Composite PrepPost - O X
File View Tools Units Help
| Q Search Q| | scenen
: T ar ’ | 1
8 o he B OBREIIATE Rl g F@a LT LLILLLI[Eae(]
G- ¢ Models o5
B~ £¥ ACP Model
@ M Material Data
@ & Element Sets
& EdgeSets
@ B Geometry
@ & Rosettes Thickness.1
! 1
@ Look-Up Tables Enﬁaeaq
& Selection Rules 077778
. & Oriented Selection Sets 056667
055556
& Modeling Groups HU
& Field Definitions 0/a3333
. By Sampling Points 022222
e B Section Cuts g,ﬂm
&} Solid Models
4 Sensors o
@ E Layup Plots i
- 84 Scenes Z
o Views
$ Ply Book
e B Parameters ey
.- B Material Data Shell View | Lagger | History View
In [6]: db.models[u'ACP Model'].active_scene=db.models[u'ACP Model'].scenes['Scene.l'] ~
In [7]:
In [7]:
v
Finished saving ACP Model ACP Model to acphs file after 0.248s. MKS (mkg,s,N,C,USD)

Puc. 18. Oxno ANSYS Composite PrepPost
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13.2. Cpasy u3MeHsieM eIUHUIBI U3MEPEHUS Ha MM. {711 3TOTO HaXKMMaeM
Ha Units (1) u Betounpaem MPA (mm,t,s,N,C,USD) (2) (puc. 19).

ACP-Pre.acph3 - AMSYS Composite PrepPost

Fle View Took elp

Q) search 1 BFT(ftslug,s,Ibf,F,USD)

. iR - A

& ACP-Pre BIM (in,in"(-1) Ibf s*2,s5,Ibf,F,USD) &
B Cﬂ Medels CG5 (cm,g,s,dyn, C,USDY)

B Q ACP MES (. kg,s, M, C, USDY

----- g o MPA (mm,ts,NCUSD) | 2
I (mkg,s,N, K,USD)

% UMKS (um, kg,s,uN,C,USD)

..... @ Undefined

" Look-Up Tables TTICKrEss. 1
. P [T

—_—

Puc. 19. I3meHeHne eTMHAL] U3MEPCHUS

13.3. Co31aeM cIioit BOJIOKOH KOMIIO3UTHOTO Marepuaia (puc. 20):

— s 3TOr0 packpeiBaeM paszaen Material Data (1), naxxumaem ITKM Ha
Fabrics (2) u Betoupaem Create Fabric... (3);

— BeIOMpaeM marepuai (4), 3agaeM toammuy 0.5 MM (5) u sxmem Apply (6).
Ecnu Ha sKkpaHe MOSBUTCS OKHO C MPEIYNPEKIACHUEM, TO €r0 MOXKHO 3aKPBITh.

[Tociie 3TOro OKHO MOKHO 3aKpbITh (7).

'lu{. Sedrcn “ E_]J sCENE. |
B ACP-Pre | | 9 &
(= -ﬂ Models

? ACP Model
. & Material Data

..... Materials

218 3

- ) Stack Paste...

o @ Sub L
[ d Element Se Sort
"""" & Edge Sets Expert to ESAComp XML ...
. g Geormetry
[ @» Rosettes 066667
....... ] Look-Up Tables 055356
....... & Selection Rules IEI'fﬂ-ﬂﬂﬂ'ﬁ1
....... AT Nriented Selertinn Sete Lt

a

Puc. 20. Co3nanue cios BOJIOKOH
(Hagao)

81



& Fabric Properties — O et

Mame: |Fabric.'|
|D: Fabric.1

General Analysis | Solid Model Cpt. | Craping |

General

Material: 4 v|

Thickness: 5 |

Price/Area: |'|]'-'|3' |
Weight/Area: -1.0

Post-Processing

Ignore for Post-Processing: [

7 6

o

Puc. 20. Co3nanue cia0s1 BOJIOKOH

(okoHUaHMeE)
13.4. Co3naem och koopaunar (puc. 21). Haxxumaem ITKM nHa Rosettes (1),

BeiOMpaem Create Rosette... (2) u sxmem Apply (3). Tlocae 3TOro 0KHO MOXKHO
3aKPBITH (4).

....... &7 Edge Sets ‘H oy

B i 2
....... ﬁ Look- Paste
------- O Select Hide Al —
g r?ﬂr;zn; S Shell View | Logge

------- &4 Field [ et ‘

L S S S In [598]: db.

a

Puc. 21. Co3zganue ocu KOOpAUHAT

(Hagao)
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& Rosette Properties — O x

Mame: | Rosette. ]

|D: Rosette.l

Type: | Parallel ~

Definition

Origin: | (0.0000,0.0000,0.0000)

1 Direction: |(1.0000,0.0000,0.0000] Flip
2 Direction: | (0.0000,1.0000,0.0000] Flip
Shuffle Axes Swap 1 and 2 Direction
I OK I I Apply I Cancel
o

Puc. 21. Co3nanue ocu KOOpAUHAT

(oxoHYaHUE)

13.5. Co3naeM opueHTHPOBaHHBIHN 0J10K (puc. 22):

— naxxumaem [IKM Ha Rosettes (1) u Beioupaem Create Rosette... (2);

— BBIOMpAaEM DJIEMEHT/TEOMETPHIO (BBIOMpAaeM €ro B JepeBe MOCTPOSHUS B
paznene Element Sets) (3), HactpauBaem opueHTanuio (4), BBIOMpaeM CO3IaHHYFO

och koopauHar (5) u xxmem Apply (6). ITocie 3Toro OKHO MOKHO 3aKphITH (7).

(=] L A

....... & Global Coordinate System [

- 4 Rosette.1 H_‘z\:
....... ] Look-Up Tables
&l Selection Rules
] r B Oriented Selection S
....... = Modeling Groups
....... &4 Field Definitions rE &
....... & Sampling Points
....... EE Section Cuts ||'
....... 4} Solid Medels ‘

Madi -

Sort

a

Puc. 22. Co3nanne opueHTHPOBAHHOTO OJI0Ka
(Hagao)
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File View Tools Units Help

Q Search

B ACP-Pre
B <} Models
2 L¥ ACP Model
El & Material Data
B 4 Materials
i 5’ Structural Steel
D Legg mat ]
5 & Fabrics
C A Fabric
% Stackups
ﬂ Sub Laminates

[ Ea] Geometry

Rocette.
cok-Ug 1dible
@ Selection Rules
i 2§ Oriented Selection Sets

¥ OrientedSelectionSet.1
- 2B Modeling Groups
- % Field Definitions
& Sampling Points
- 4 Section Cuts
w55 Solid Models

w Sensors

@ Layup Plots

=
ey

Puc. 22. Co3nanue OpueHTUPOBAHHOTO OJI0KA

Q)

Scene,

H

&

& Oriented Selection Set Properties

Mame: |0riented5e|ection5et.1

|0 OrientedSelectionSet.

General | Rules | Draping

Extension
Element Sets:l['All_EIements'] I _5- |
Orientation

Point; (0.0000,0.0000,0.0000)

Directionl ;1-0@'0-0@'0-@5}' 4 | |

Flip

Reference Direction

Selection Method: | Minimum Angle

[Rosette] | 5

Rosettes:

Reference Direction Field:

BEFHIEFTFER+@ & F0aF L

Cancel

A

(okOHYaHMe)

13.6. Co3zgaem MoAeNbHYIO Tpymniy (00beIMHEHUE OPUEHTUPOBAHHOTO AJie-

MEHTa U makerta cioes) (puc. 23):

— Haxkumaem [TKM na Modeling Groups (1) u Beioupaem Create Modeling

Group... (2). B nossusmemcs okue sxmem OK (3);

— HaxxumaeM [TKM na ModelingGroups.1 (4) u Betoupaem Create Ply... (5);

— BBIOMpaeM TMEPBBIA OPUEHTUPOBAHHBIN 00K (6) M CIOW KOMITO3UTHOTO

matepuaina, sxkmeM Apply (8). TTocie 3TOro 0KHO MOKHO 3aKpHITH (9).

13.7. Bxmtodaem oroOpaxkeHue cetku (1) m HampaBieHHe BOJOKOH (2)

B BepxHel nanenu (puc. 24). BeiOpaB MoaenbpHyto TpyIiy (3), BUIUM 3€JICHbIC

CTPCJIIOYKH, ITOKA3bIBAOIIUEC HAIIPABJICHHUC BOJIOKOH (4)
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[l Y Matenals
: 5" Structural Steel
El ﬂ Fabrics
LA Fabric
- M Stackups 077778
qj Sub Laminates 056687
i % Element Sets ggj & Modeling Group Pro...  — O x
5@ All_Elernents 0,37
ﬂ Edge Sets 022 MName |MudelingGroup.1 |
- Ei] Geometry g'” ID: ModelingGroup.1
= -@ Rosettes
5 Global Coordinate System I oK I | Apply ‘ | Cancel |
JJ_. Rosette.d
e ] Look-Up Tables Z X 3
@ Selection Rules
(= ﬂ COriented Selection Sets
I entedSelectionSet, ] 'L'I

er | History View ‘

EI1 '-

. ae .models [u'ACP Model'].selection.sel
- 3 Field Definition Export to CSV file ... =ling groups['ModelingGroup.1']]}

- Sam_pllng Poind Import from CSV file ...
% Section Cuts
qﬂ Solid Models ‘ || | In [48]: db.models[u'ACP Model'].selection.sel
Maidl ~ oo Tt oo o
a

- ﬂ Element Sets gm

B35 Al_Elements 0,33333
....... @' Edge Sets 022222
G g] Geometry g,'l]'l'l'l
= @ Roszettes

.. 1. Global Coordinate System

- #,, J.‘.. Rosette. 1 "ﬂf
------- ] Look-Up Tables Z
....... @ Selection Rules
= ﬂ Criented Selection Sets

N 4

Shell View | Loaoer | History Vie

podels[u'l

....... b Section Cuts 5

------- ﬂ Solid Models Create Interface Layer ... podels[u'l
"""" Y Sensors Create Butt Joint Sequence ... LILE] FE=EI
& ¥ Layup Plots "
o

Puc. 23. Coznanue MOJIeJIbHOM TPYIIIIbI
(Havaso)
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=

- Pre
Models
. Q ACP Maodel
EI ..... & Material Data

E. d Materials
I B Structural Steel

B ﬂ Fabrics
’ | ## Fabric1 | 7/
< Stackups

% Sub Laminates
B ﬂ Element Sets
f.8 3 All_Elements

....... 4 Edge Sets

[ Eﬂ] Geometry

= cﬂ» Rosettes
.8 1. Glabal Caordinate System
b s die Rosette.

& Look-Up Tables
&l Selection Rules

g OrientedSelectionSet.

= ModelingGroup.1
L > ModelingPly.1
% Field Definitions

@ Sampling Points

ﬂ Section Cuts
s

ColaRA_ a0

Puc.

View Tools Units Help

Search

=
4
ACP - Pre L
- @3 Models
= £¥ ACP Model
= ﬂ Material Data
E| d Materials
[, B Structural Steel

E| & Fabrics
i Fabric.1
- M Stackups
d Sub Laminates
d Element Sets
L84 All_Elements
@ Edge Sets
g] Geometry
- &3 Rosettes
: 5 Global Coordinate System
‘/}-» Rosette.1
ﬂ Lock-Up Tables
@ Selection Rules
ﬂ Oriented Selection Sets
ﬂ OrientedSelectionSet.
a Modeling Groups
= = ModelingGroup.1
= Jr Modellngply1

3 =7 P1L1_Model

& Field Definitid
a Sampling Points
Bt Section Cuts

]

Puc. 24.

>

% Maodeling Ply Properties

Mame: |M0de|ingP|y.1
ID: ModelingPly.1

General | Draping | Rules | Thickness |

Oriented Selection Sets:l| ['OrientedSelection5et.1']

Ply Angle: (0.0

Ply Material:

MNumber of Layers: | 1

Glebal Properties
Active:
Global Ply N |1

model:

23. Co3anue MOJEIbHOM IPyIITbI
(okoHYaHME)

Scene.]

I FTPBIIFFER =@

IngPly. [L

4L1' Tie

AW

Shell View | Logger | History View

In [£9]: db.models[w'ACP Model'].scenes['Scene.l'].show transverse directiom:
False

In [70]: db.models[u'ACP Model'].selection.set ([db.models[u'ACP

Model'].modeling groups['ModelingGroup.l'].plies['ModelingPly.l'].production
ProductionPly'].analysis plies['P1L1 ModelingPly.1']])

OTtoOpakeHre HaNpaBICHUS BOJIOKOH
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13.8. Co3znaeM TBEpAOTEIBHYIO MOICIB (pHC. 25):
— naxkxumaem ITKM na Solid Models (1) u Beioupaem Create Solid Mod-

el... (2);

— BBI6I/IpaCM OJICMCHT (Ha)KI/IMaCM Ha 00JIacTh DJIEMEHTA M BBIGI/IpaCM cro

B nepeBe moctpocHus) (3) u xmem Apply (4). ITocme 3TOro OKHO MOXKHO 3aK-

pHITH (5).

----- =7 P1_ModelingPly.2
4 Field Definitions
a Sampling Points
Section Cuts

....... reate Solid Model .. | 2
"""" Paste
o ¥ Layup
G- &8 Scene Hide All
"""" ] Views Show All
....... % PyEBo
....... ] Parameters
Poraiooimea
a
5‘ Q"ACP Model
G- # Material Data
& & Materials
= & Fabrics
G ';tkia:;”cj & Solid Model Properties

- ® Sub Laminates
d Element Sets
- fie
-8 pressure
@ Edge Sets
- 1 Geometry
@ Rosettes
- ] Look-Up Tables
. &} Selection Rules
= a Oriented Selection Sets
-y \§ OrientedSelectionSet.1
=1 g Modeling Groups
- 2 ModelingGroup.1
B-/“_/ ModelingPly.1
By P1_ModelingPly.1
L= P1L1_ModelingPly
.. #% Field Definitions
o B Sampling Points
- [l Section Cuts
... & Solid Models
gy
[ @ Extrusion Guides
& Snap To Geometries
ﬁ_l Cut Off Geornetries
B Analysis Plies
o 14 Sensors
@ Layup Plots
.. B4 Scenes
.. @ PlyBook

W

!

In [107]: d

In [108]: d

Tr

rnat-

Name: [SolidModel1

ID; SolidModel.1

General | Drop-Offs | Export

Active:

Extrusion Properties

Element Sets: ['AH_E\ements']I 3

Extrusion Method: | Analysis Ply Wise ~
Max. Element Thickness: 1.0
Start Ply Groups at: []
Offset Direction: | Shell Normal ~ ‘
Materials
Global Drop-0ff Material: ~
Global Cut-Off Material: ~

Element Quality
Delete Bad Elements:

Warping Limit: |O.d

o | =
Shell £ a
Mo
| o “ Apply || Cancel |
In [25]: db.models['ACP Model'].selection.set ([db.models['ACP

HModel'] .modeling groups|'ModelingGroup.l'].plies['ModelingPly.1'].producti;

1 ModelingPly.l1l'11)

o

Puc. 25. Co3nanue TBepA0TEIbHONU MOJEIN
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13.9. 3akpeiBaem okHo ANSYS Composite PrepPost.

14. 3axumaem JIKM 6ok Setup (1) B moayne ACP (Pre) u neperackuBa-
em ero Ha 0ok Model (2) B monyne Steady-State Thermal. ITocie aToro nosie-
JSIETCSL OKHO C JIByMs BapuaHTaMu (pHcC. 26): MepBbIil IEPEMECTUT TBEPIOTEIb-
HYI0 MOJENb (€CTh BO3MOKHOCTh aHAIM3UPOBATh KAKIBIN CIIOH BBIOPAHHOTO
CEerMEeHTa, HO MOXKET MOHAJO0OMTCS TMOBTOPHO CO3/JaTh KOHTAaKTHBIE O0JIACTH),
a BTOPOW MEpPEMECTUT TOHKOCTCHHYIO 000JI0YKY (HET BO3MOYKHOCTH aHAJIN3H-
pOBaTh KaX/Iblid CJIOM OTAENbHO). [Tocie BbIOOpa nepBoro BapraHTa HAXKMMaeM
ITKM Hna Setup (1) B moaysie ACP (Pre) u Betoupaem Update.

v (o} v D
a v 4 e 2 @ EngneeringData v/ 2 |@ EngneeringData v/
er 3 B3 ceometry v 4 3 @ Geometry LAY
= s @ v 2 e ] 2 =

e e ey

1 ACP (Pre) 6 @ Solution Transfer Shell Composite Data
7 @ Results k) 3
Steady-State Thermal

Puc. 26. UmnopT nanubix B Steady-State Thermal

15. Ilpuctynaem K NOATOTOBKE M MPOBEACHUIO IPOUYHOCTHOTO pacyera:
15.1. B okne Workbench neax sl Haxxumaem Ha Model B 6moke Static Struc-

tural. TTocne aToro Mepen HaMu MOSIBUTCS OKHO, TIPEACTaBICHHOE Ha puc. 27.

o == Context C: Steady-State Thermal - ical [ANSVS ical Enterprise] - m X
Home  Model | Displayy  Selecion  Automation @2 o

D X %} SiNamed Selection  [£- (@ Images~ EID '&H\llll -: Blj T- E 5 @ 5
i [JComment t [ section Plane = - = =
Q | Sove | Analysis Fart  Symmetry Construction | Condensed AM | Mesh Results
= > il Chart 5 annotation Transform Geometry™ | Geometry Process | =
Outlin Solvery Insert Prepare Defi

Outline ~1oOx QQ[@we & -+ Qae @ s kM & B[EEE®E P | Edpboard- %
Name - .
Model

Jects
0 project 2012.2021 17:20

Bl {8 Model (C2)
Lo ] Import Summary
@@ Geometry
+1-- {8 Materials
< Coordinate Systems
ons

/% Tmported Plies

S Named Selections

=9 Steady-State Thermal (C3)
ture

gs
El-7/& Solution (C4)
+--5[5 Solution Information

Details of "Model (C2)" ~10Ox
= Fitter Options

Contral |Enabled
= Lighting

Ambient [0,1

etric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

Puc. 27. Oxkao Mechanical
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15.2. 3agaem rpanuyHble ycioBus. YToObl moaBecTu Temiepatypy Ti
K noBepxHocTH, HaxkuMaeM [IKM Ha Steady-State Thermal (1) u BeiOuUpaem
Insert (2) — Temperature (3) (puc. 28, a). [locne dero ykassiBaeM HY)KHOE peO-
po (4), niis storo Haxxumaem Apply (5) u ykaseiBaem 3Hauenue (6) (puc. 28, 0).

AHajoru4HBIM 00pa30B 3a7aeM Temiiepatypy T2 (puc. 28, 6).

— - =mE 2 Coordinate System L-IComment LJSection Plane ™ Convection - e T
]li(ateQ SO‘I“ Anavlys‘s P, Remote Point il Chart B Annotation /I Radiation H‘eat ”afw\;ﬂ'}"' Cond‘itions Y
Outline Solvers Insert Thermal

QA e @ % C-+QaQaa s ke
\ame w | Search Qutline | v

Project C: Steady-5tate Thermal

Steady-State Thermal
Time: 1, 5
Import Summary 20122001 19:23

Ternperature: 55, °C
w5 Coordinate Systems .

J Connections

&0 Mesh

5 Imported Plies 1
s

L Steadv-state Thermal (C 2 »

- perE
‘/Hﬂ Analysis Settings #  Solve

@ Temperature

|

Convection
Temperature - Temperature
ﬁl pe_ IO Duplicate Radiation pe!
Solution (C4) Insert a Temperature ok
{5 Solution Informatic &  Clear Generated Data Lieatblou uniform, time-depende
Perfectly Insulated warying temperature ov

;Ih Rename F2

ils of "Steady-5tate Thermal (C3)" - Heat Flux

“finition ﬂ Group All Similar Children A — @ Press F1 for help.
1ysics Type Thermal 5 Open Solver Files Directory ST,

1alysis Type Steady-State " .

er Target Mechanical APDL Y Filter Based on Environment (Beta) System Coupling Region

stions ¥ Export CAERep Files (Beta) Element Birth and Death 25,00
:nerate Input Dnly|No £ Abandon RSM Jobs (Beta)

Contact Step Control

T H OO MTOND>

Messages

=0 Couplin
Tt o .
Warning| Not all Name F,  Commands because one or more
Warninc | One or more odBjects may have Iost some scoping attachments during th

a

Bim  rome Environment uispiay seiecuon Automation QUILk Launen
D g EH =namedselection [ Commands @images~ @fTemperature sﬂ Kg (‘:., gj Er =
I + = =

n i Coordinate System LJComment E.Sect\on Plane 4 Convection =" L o
Heat Mass Flow  Conditions = Write Input
- Rate File..

. Export
. °! ®, Remate Paint i Chart Eannctation | /MRadistion ! BUL L astian Eile
Qutline Solvery Insert Thermal Took

“riO%x  Qa(@ed® % O -+ QA QA S kModer RERDBRER®

C: Steady-State Thermal

Juplicate Q Solve Analysis Work

MName w | Search Outline |
0 project= Temperature
1+ (@ Model (c2) T 1s
1] tmpart summary 20122021 1227
T8 Geometry
[ Materials [ Temperature: 55, °C
i1 Coordinate Systems
[ Connections
D Mesh
5 Imported Plies
8 Named Selections
=[] Steady-State Thermal (C3)
v son Initial Temperature
- /[ Analysis Settings
- /B Temperature
- /B Temperature 2
. Solution (C4)
{5} Selution Information

emperature”

Scoping Method | Geometry Selection 5
Appk Cancel
w poly 1 0,00 50,00 (mm)
L —)

Definition

ID [Beta) 71 25,00

Type

Magnitude |55, °C ramped) | () VSB35 S 0 s 10X || Tabular

Suppressed g | Text | Assoc |steps
‘Warning | Mot all Named Selections were successfully written because one or more names are not Proje I‘

R Pl e e cbiacbe mmne ki Lok cme ccomin e ~Hachoaonte dedom H acnm et e Reaie 311

o

Puc. 28. 3aganue TemmepaTypsl (Ha4aio)
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- Home Environment Display Selection Automation Quick Launch

x B S wamed Selection 5 Commands [@images™ B Temperature aﬂ |(g » I§J ) =
I T (, =] |_ :
w % Coordinate System [JComment E.Sectmn Plane & Convection = L3 «nas

Duplicat Sob Anal Heat Mass Flow Conditi Write | it Export Worksheel
“p"“ e Q n"’e "a'y“ @, Remote Paint il Chart 5 Annotation /M Radiation fa e | " fons [T prhes
Outline Solvers Insert Thermal Tools
Outline ieaQ@wd % -t QA @ S %Moder DRERE
© Mame = | Search Outline | ™
B Model (C2) "N C: Steady-State Thermal

Ternperature 2
Tirme: 1,5
20122021 1%:34

B Import Summary

«Ea- Coordinate Systems [ Ternperature 2: 15, °C
1] Connections

@ Mesh
5 Imported Plies
& Named Selections
[l steady-State Thermal (C3)
=0 Initial Temperature
HII Analysis Settings
- B Temperature
- /B Temperature 2
B & Solution (C4)
Solution Information

Scoping Method |Geometry Selection 5
w Apply | | Cancel
[=] Definition
D (Beta) = 0,00 50,00 (mirm) 4
Type 25,00
Magnitude 15, °C (ramped
Suppressed Ho Messages 2 ~ B X Tabular Data
Text |Assm Steps | Tim
‘Warning [ Mot all Mamed Selections were successfully written because one or more names are not | Proje 1|1 0,
‘Warning | One or more objects may have lost some scoping attachments during the geometry up | Proje 2 |1 1,
I ——— ~
<
Details | Section Planes Messaoes | Graoh

6

Puc. 28. 3aganue temriepaTypsl (OKOHUAHHUE)

15.3. Beibupaem mnapaMeTpsl, KOTOpPbIE€ OYIyT PacCUUTHIBATHCS CIEIYIO-
UM 00pa3oM:

— Haxxumaem [TIKM na Solution (1), Beioupaem Insert (2) — Thermal (3) —
Temperature (4) (puc. 29).

O e I=El  Q Q Bje & % O- Q@ @ @ Sdect K Moder B RBIRE @ A
~ | Search Outline | .
Model (C2) n g:o.‘?:;;:yfstate Thermal
@ Import Summary Tirne: 1, s
T8 Geometry 20,12,2021 19:04
[ Materials

5 Coordinate Systems
‘/ Connections
@D Mesh
w5 Imported Plies
Q Mamed Selections
Steady-State Thermal (C3)
w1=0 Initial Temperature

T Analysis Settings
»/P% Heat Flux

4\ Solution (ca)

> ﬂ Temperature

1=
499 Temperaty $ Solve Contact Tool » @ Total Heat FI S ——
Details of "Selution (C4)" = B Copy Probe » %@ Directional Insert a Temperature result object
=l Solution . to determine the temperature on
B Copy To Clipboard [Beta) Coordinate Systs » o P
Mumber Of Cores to Use (Beta) E oordinate Systems the selected entities.
=/| Adaptive Mesh Refinement Clear Generated Data & volume
Max Refinement Loops db Rename F2 User Defined Result (@ Press F1 for help.
Refinement Depth
El - D Group All Similar Children Commands
Status ﬁ Open Solver Files Directory “w B X TabularData -
MAPDL Elapsed Time
MAPDL Memary Used | |
MAPDL Result File Size
=l PostF il
- [ — . - T— - PR %
Netaile | Qartinn Dlanac Meccanee | Granh

Puc. 29. Bo16op pe3ynbTaToB
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15.4. 3anyckaem pacuer, HaxaB kHonky Solve (1) (puc. 30). I[Ipumeuanue:

IIPU 3aITyCKE pacyeTa MOKET MOSBUTHCS MIPEAYIPEKICHUE O TOM, YTO MOZEIIBHAS

I'pyIiiia UMECT CIIMIIKOM JJJIMHHOC UM IIYTH, HO Ha paCdCT 3TO HE ITOBJIMAACT.

ElE Context

ﬂ Home Solution Display Selection

D X My Computer - ﬁ
= =]

+| Distributed

C : Steady-State Thermal - Mechanical [ANSYS Mechanical Enterprise]

Automation

ction E: Commands @Images' ﬁ Q
v Fs

stem [ Comment E.Sed:ion Plane
Thermal Volume Coordini

licat: Sol Analysis 4 n

plicate Q Cores 2 o "2 B, Remote Point (il Chart [ Annotation Systems
Outline Solve [F] Insert Resulis
T

Name ¥ | Search Outline |
. @ Model (C2)
@ Import Summary

T Geometry
-, () Materials
54 Coordinate Systems

& Named Selections

E‘/E Steady-State Thermal (C3)
- y7=0 Initial Temperature

- o[ Analysis Settings

- Solution (C4)
[ Solution Information

o v

1ils of "Temperature" -

‘ope ~
:oping Method |Geometry Selection

eometry |AII Eodies

efinition

pe |Temperature

C: Steady-State Thermal
Temperature
2012.2021 1208

25,00

Puc. 30. 3anyck pacuera

15.5. Ilepen coxpaHeHrueM pe3yIbTaTOB pacyeTa OTKIIFOYaeM OTOOpaKEHUS

cetku (puc. 31). [{ns storo B pasaene Display (1) seibepem Edges (2) — Show

Underformed WireFrame (3). ITociie 3T0ro Mbl yBUAMM MOJICIH O€3 CETKH.

LonText L LR © S S T R I [ T e e

Result Display Selection Automation

7

olve

olvers

)

= @Ilamecl
T

=[] 3 c 7 [JComment [HSection Plane
®, Remote Point il Chart [ Annotation

Analysis

on [ commands (@)images~ =

Display| Show

| ® | B

d Vector Capped Views
Display ™  Isosurface™ - 2

Insert

e BEX @ a@e @ ]

t Summary Ternperature
Type: Temperature
etry Unit: *C
ials Tirne: 1
finate Systems 20122001 1933
=ctions
35 Max

ted Plies 52,142
d Selections 49286
dy-State Thermal (C3) 46420
Initial Temperature 43,571
Analysis Settings 40,714
Temperature 37,857
Temperature 2 35
Solution (C4) 32,143
{5 solution Information 29286
/% Temperature v 26,429

T 23,57
ture’ ~1o XA 0714

17,857
|Geometry Selection 15 Min
| Al Bodies

0, [Auto Scale - =
Scoped Bodies -

C: Steady-State Thermal v Large Vertex Contours

[E Maximum
& 5 Minimum

[EpProbe rw B @

Geometry Contours)

Display No WireFrame
Show Undeformed WireFrame 3
W, Show Undeformed Model

@ Show Elements

Show Undeforme
Display

6 wirefran
the und

(1) Press F1 forh

—

Puc. 31. CkpbiTHE CETKH
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15.6. CoxpansieM pe3ynbTaThl pacuera. /(s 9Toro mepexoanuM BO BKIIATKH
pe3yJIbTaTOB W JeiiaeM MX cKpuHIIOTH (puc. 32). Tenepp okHo Mechanical

MOJKHO 3aKPbITb.

C: Steady-State Thermal
Ternperature
Type: Termperature
Unit: *C

Tirne: 1

20,12, 20211235

55 Max
52,143
49,286
46,420
43,571
40,714
17,857
35
32,143
20286
26429
23,571
20,714
17,857
15 Min

0,00 50,00 {rrirn)
[ —
25,00

Puc. 32. PezynbTaThl pacyera

16. B urore n0JKEH MOJYYUTHCS MPOEKT, UMEIOIINAN CIECIYIOUIYIO LENOY-
Ky mMoxayiei (puc. 33). AHAIOTUYHBIN pacyeT BBIMOJHSASTCS ISl BTOPOTO THIIA

00BEMHOTO AJIEMEHTa COTIIACHO BAPHAHTY.

xtensions  Jobs  Help

Refresh Project # Update Project | g ACT Start Page

- A - B hd c

¢l Material Designer i il | steady-State Thermal
2 & Engineering Data  +" 4 /-—02 & Engineering Data v 4 '/-—IZ ﬁ Madel v 4
y)ﬂow) 3 | @@ Material Designer — 3 B Geometry v 4 3 | setup v 4
Material Designer 4@ Model v 4 4 |{{§ solution v .
5 | EE setup v 5 @ Results v .
ACF (Pre) Steady-State Thermal

Puc. 33. T'oTOBBII TPOEKT
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17. CoxpansieM NpOEKT B MKy, paHEE CO3/IaHHYIO CTYJEHTOM (Ha3BaHUS
MAIKW ¥ MPOEKTAa JTOJDKHBI OBITh Ha aHTJIMHCKOM s13bIKe). [[7151 3TOTO HAskumaem
File — Save As... — Coxpanums. UTOOBI MPOCSKT MOKHO OBLITO KOIMUPOBATH 0€3
omaceHui cCOUTh MPOTIMCAaHHbBIC ITyTH (PaiiIoB, HEOOXOIUMO CO3/1aTh €TI0 APXHUB.

Jlns atoro HaxkumaeM File — Archive... — Coxpanums — Archive.

Conep:kanue oTyera

1. TUTyIBHBIN JIUCT.

2. llens paboTHL.

3. Onmcanue padOThI (C UCXOTHOM CXEMOM M TaOJIUIIeH JIJIT CBOETO BapH-
aHTa).

4. Dranbl MOCTPOEHUS (CO CKPUHIIIOTAMU HTAIOB).

5. Pesynbrarel pabotThl ((puHanbHbIe CKpuHIIOTHI okoH ANSYS Work-
bench, Material Designer, ACP (Pre) — Geometry, ACP (Pre) — Model, ACP
(Pre) — Setup; Mechanical — rpannunsie yciousi, Mechanical — pe3ysbrathr).

6. BeiBog.

KoHTpoJibHBIE BOIPOCHI

Kaxoit ¢hopmaT Moien UMIIOPTHPOBAJICS B MPOESKT?
Kparkas xapakrepuctuka CAE-cucrem. [Ipumepsi.

Jlns gero ny>xen Material Designer?

B xakoM 0710Ke TPOUCXOAUT HACTPONKA CETOYHON MOJIEITH?
Kak co3maBath CBA3b MEXIY MOIYISIMU?

Kak mpmioxuTe TeMiepatypy K peopy/mmoBepXHOCTH?

N o gk 0w

OcHOBHBIE dTanbl BLITTOJIHECHHUS pa6OTBI.
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JlabopaTopHas pa6oTta N2 4
INPOBEAEHUE KOMBHMHUPOBAHHOI'O AHAJIU3A OB0OJIOYKH
U3 KOMIIO3ULIMOHHbIX MATEPHUAJIOB

eab padoTbl

M3yueHre OCHOBHBIX 3TallOB MPOBEICHHUS KOMOMHHUPOBAHHOTO aHAJIKM3a
B cpene ANSYS Workbench. IIpuoGperenne cryneHTaMu HaBBIKOB B HCIIOJNb-
3oBanuM mporpammuoro umHcTpymMeHta ANSYS Workbench — Steady-State
Thermal u Static Structural nmpu npoBeacHHE KOMOMHHPOBAHHOTO TEILIOBOTO
U MPOYHOCTHOTO aHaju3a OOOJIOYKH U3 KOMITO3HIIMOHHBIX MAaTEpUasiOB, CO-

3naHHbIX ¢ moMoribio Material Designer u ACP (Pre).

Onucanue padoThI

Hcnons3ys moayiu Material Designer, ACP (Pre), Steady-State Thermal
u Static Structural, HeoOXoarMO paccuuTaTh pacnpeeieHue TeMIEPaTyphl 0
obosouke (Thermal), monmnoe nepememenue (Total Deformation) u »xBuBa-
JaeHTHbIe Hanpspkenus (Equivalent Stress) n3 KOMIO3MIIMOHHBIX MaTepHUajiOB
(puc. 1-2). I3BecTHBI: THI 0OBEMHOTO JIEMEHTA, YYACTKH ¢ TeMiepatypou T1i,

T,, naBneraneM P u sxecTkoi 3aaenkoi (Tada. 1).

Puc. 1. Cxema Ne 1
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Puc. 2. Cxema No 2

Tabnuya 1
Hcxoanblie TaHHBIE
H T
Bapuant OMEP a Ty, °C To, °C P, xIla
CXEMBI 00BbEMHOT0 2JIEMEHTa

1 1 Cdeprueckas 50 10 10

2 2 [Tnerenas 55 20 20
P

3 1 eryIIpHa 65 40 30
OJTHOHAITPaBJICHHAS

4 1 Coeprueckas 70 60 15

5 2 [Tnerenas 40 50 10
P

6 2 eryipHad 110 30 25
OJTHOHAITpaBJICHHAS

7 1 [Tnerenas 45 70 55

8 2 Cdepuueckas 50 60 10

9 1 Coepuueckas 60 85 35
P

10 1 eryipHad 55 40 45
OJTHOHAITpaBJICHHAS

11 2 [Tnerenas 40 30 10
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Oxonyanue maon. 1

Howmep Tun
Bapuant Ty, °C To, °C P, xlla
CXEMBI 00BEMHOTO DJIEMEHTA

12 1 Coeprueckas 30 20 15

13 1 Coeprueckas 20 5 35
P

14 2 cryIpHai 60 50 60
OJTHOHAIIPABJICHHAS

15 2 ITnerenas 70 45 10

16 1 Coepuueckas 80 35 15

17 2 IInerenas 90 55 45

18 2 IInerenas 65 70 60

19 1 Coepuueckas 75 65 20
P

20 2 crypHas 80 30 25
OJTHOHAITPaBJICHHAS

21 1 Cdepuueckas 60 20 45

22 1 IInerenas 50 10 10

23 2 Perymipuas 40 25 15
OJTHOHAITPaBJICHHAS

24 1 Cdepuueckas 95 45 55
P

25 2 cryIpHaZ 75 10 50
OJTHOHATIPABJICHHASI

26 2 IInerenas 35 65 40

27 1 IInerenas 45 80 30

28 2 Coepuueckas 80 30 20
P

29 2 erYIpHaA 90 35 15
OJTHOHAITPABJICHHASI

30 1 ITnerenas 55 40 10
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I[Hopsiiok BHINOJIHEHUS J1A00PATOPHOU PAdOTHI
1. 3amyckaem ANSYS Workbench u no6asnsiem Heckonbko momyneit: Ma-
terial Designer, ACP (Pre), Steady-State Thermal u Static Structural (puc. 3).

[ Unsaved Project - Workbench - O X
Fle View Tools Units Extensions Jobs  Hep
=S Project
& Import... ‘ Reconnect Refresh Project # Update Project | B ACT Start Page
“wx
| B Analysis Systems ‘ ~
{4 DesignAssessment
Y Eigenvalue Buckling hd A hd B A C hd
(@) Electric 8l ) Material Designer il 1> ACP (Pre) 8 | Steady-State Thermal Wl = static Structural
Y Explicit Dynamics 2 | Engineerin aData + 2| & EngneeringData v 2 | Engneering Data v 2
2 3

Fluid Flovi- BlowMlding (Polyflov) 3 | @ Material Desigrer & 3 @ Geometry ? ., 3 | Geometry 7
Fluid Flow- Extrusion (Polyflow) - =
Fluid Flow (CFX) Material Designar 4 @ Model 4§ Model =

rl
a
4
€ Fluid Flow (Fluent) 5 [ setp 5 @ setup = 5 @@ setwp
4
rl

o)
N
-
®
=
&
)

)
oqf | o) | o) | o)
NN

@ Fluid Flow (Polyflow) ACP (Pre) 6 | g Solution 2

&
g
&
3

N

] HarmonicAcoustics 7 | @ Resuls £
¥ HarmonicResponse
Hydrodynamic Diffraction Steady-State Thermal Static Structural
&‘3 Hydrodynamic Respanse
B 1C Engine (Fluent)

5§ 1C Engine (Forte)

(i) Magnetostatic

fH Modal

| Modal Acoustis

[y Random Vibration

¥ Response Spectum
B2 Rigid Dynamic

el staticAcoustics

3 Static Structural

Y Steady-State Thermal

©
)
&
]

.

) Thermal-Electric

— Throughflow

— Throughflow (BladeGen)
[ Topology Optimization
[ Transient Structural

W Transient Thermal

\ T View All{ Customize. ..

v

o Ready ¥ Job Maritor... | B No DPS Connection (Beta) | @ Show Progress  |.%Show O Messages

Puc. 3. lob6aBneHune moaynei

2. IlogroraBnrBaemM Marepuai BOJIOKHA U HATTOJTHUTEIIS:

2.1. Isaxnpl HaskumaeMm JIKM na 010k Engineering Data (1), mocne gero
xmem Ha Engineering Data Sources (2). Beibupaem oubimoreky Composite
Materials (3) u moakmouaem Matepuaisl BosokHa — Carbon Fiber (290 GPa)
u "Hanonautens — Epoxy E-Glass UD (4). Haxumaem na Engineering Data
Sources (2) emie pa3, 9TOOBI BEPHYTHCSA K HCIOJIB3YEMBIM B MPOCKTE MaTepra-
nam (puc. 4, a, 0).

2.2. Jlo6aBnsieM KO3(h(HUIIMEHT TEMJIOBOTO PACIIUPEHUS U TETUIOMPOBOJI-
HOCTH JIJIsI HAITOJTHUTEJSI K BOJIOKHA:

— s BoJIokHA (5) ko3 dunmeHT TerioBoro pacmupenus 1sotropic Secant
Coefficient of Thermal Expansion (6) 6yner pasen 1:10° 1/°C (8), a ko3¢-
¢unment TtemronpoBoagHoctu  Isotropic  Thermal Conductivity (7) -
0,03 Bt/(M-°C) (9);
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— nns HanoaauTens (10) koaddurmenT termnooro pacmmpenus 1sotropic
Secant Coefficient of Thermal Expansion (11) 6yzner pasen 5-10°° 1/°C (13),
a koaddument temmonpooaHoctu Isotropic Thermal Conductivity (12) —
0,2 Bt/(M-°C) (14).

- B - C
r— T
2| & Engineering Data 1 2 & EngneeringData + 2 | @ Engineering Data v .
3 | @ Material Designer & 3 @ Geometry ? o, 3 @@ Geometry 7.
Material Designer 4 @ Model F 4 4§ Model F o4
5 B setwp 7 5 @ Setup 7 .
ACP (Pre) 6 @ Solution S
7 @ Results =

Steady-State Thermal
a

| B Unear “Soft” Magnetic Material
| @ Unear Hard" Magnetic Material

- Bl * b ¢ | o ~ e
B ShopeMemory Alloy | 1| /1 toatn | 1| Dersity Ggm~-3) >
B Geomechanical P $ Gerral use material sarpies for Use Wit 2 2000
B Damage | & - e o peomedchanical models,
= | N =d &
B Cobesive Zone | A Il- Composhe Materials | | B | Mazerial samples speci for composte stuctres.
@ Fractuce Critenia | 8 | B General Nondnex Matersis * & General use material samples for use n nondnes
e RN | ot somis o e o ke
= | 10 | B Myperelastc Materls W | Material stress-stran dats samples for curve fitang.
2 1 | | B4 Qurve samples speaific for use in a magnetic
| 11 |l Megresc B+ Curves ) |
|
d
|
d

@ Nonlinear "Soft” Mageetic Matend | A | 8 | e ° E ~
B Nonlinear Haed” Magnetic Materl 1 | Contents of Composte Matess 2| Add Seurce Descroton s -
{8, Becric 3 T Carbon Fiber (230 GP) Sl | = corposite M Fbers crly =
B ol [ 4] % cotomrbe oo I | 2@ | corposte | Pomsony
e — e ———— T
(@ paice U % eGas 5| | Composite pu Fbers only
B Nonlinexr J 7 T Epoxy Carbon LD (230 GPa) Presreg | | composte
8 Bsetn PowtcBobr ol [EAE]T ¥ oaycibais medy wi {BE] | conposte.ty
@ Pedorated Meds ‘ 9 \'o Epoxy Carbon UD {395 GPs) Prepreg > B Compoate M
| B Composee | 10 S Epoxy Carbon Woven (230 GPa) Presreg Wl |2 Composte My
}@_f?'“iﬂ_’!f!}j;ﬁ { 1§ 9 Epoxy Carbon Woven (230 GPo) et | 58] | composte
|8 foame | " O Epoxy Carbon Woven (95 o) Prepreg. L& | = composte M
| B Evlesan | I_Ss-u-a-w ’;EQ B Composite M i

. ~x

s | c 1:

2 t T i
o Ready 8 3ob Monitor... G0N0 S Connection (Beta) — Show Frogress | Show O Messages

Puc. 4. Beibop matepuana BOJIOKHA W HAITOJTHUTEIIS
(Hagao)
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e .- - -
T Fiter Engineering Data [ Engineering Data Sources

Toolbox

[B Prysicl Propedies
= E 1 Contents of Engineering Data
=] 2
orop! seneen T =
Fiber Fibers onl
§8 1sotropic Instantaneous Coefficient o £ % Caten (=) = oy
$8 orthotropic Instantaneous Coefficien 4 Epoxy E-Glass UD @4
‘E] Melting Temperature © 5 ol Steel &  Fatigue Data at 2ero mean stress comes from 1998
tructur: = q - .
§# material Dependent Damping ® = | ASME BPV Code, Section 8, Div 2, Table 5-110.1
§# pamping Factor(a) £ Click here to add a new material

92 Damping Factor (B)

T4 SpeedofSound

T8 viscosty

4 Bulkviscosty

[ Linear Elastic

B Hyperelastic Experimental Data
@ Hyperelastc

E Chaboche Test Data

B Plasticity

@ Creep A B c
@ Life Property Value: Unit
@ Strength
M Gasket =T 1800 kgm~-3

1

2

3
B Viscoelastic Test Data 46 2 | 1sotropic Secant Coefficent of Thermal
B Viscoelastic 5 {7 Cosfident of Thermal Expansion =0 | 8 [
@ ShapeMemory Alloy 6 i7] Orthotropic Elasticity
B Geomechanical 5 %mw | feos 19 e (5] [s]
B Damage
B CohesiveZone
B Fracture Criteria
A Crack Growth Laws
B Thermal

T8 spedficteat, ¢; ~

—_—— - — R

T Fiter Engineering Data il Engineering Data Sources

Toolbox

|E Physical Properties
o)
1 o Material
oroD! cemcen T
@ thrwicplnslantaneuus Coefficiento % Sarbon Pber (2900F2) @ q Fibers only
%4 orthotropic Instantaneous Coefficien ~ Epaxy E-Glass UD ? c
Melting Temperature Fatigue Data at zero mean stress comes from 1958
% Material Dependent Damsing s B stuctural steel 10 2 C ASME EPY Code, Section &, Div 2, Table 5-110.1
$8 Damping Factor (a) & Click here to add a new material
%8 Damping Factor (B)
%2 Speed of Sound
8 viscosty
8 Bulkviscosity
E Linear Elastic
@ Hyperelastic Experimental Data
H Hyperelastic
E Chaboche Test Data
B Plasticity
A Creep
@ Life 1 Froperty
[ Strength 2 IMaterial Field Variables .
@ Gasker 3 £l Density 11
[ Viscoelastic Test Data 4 1) Isotropic Secant Coefficent of Thermal
B viscoelaste 5 T Coefficient of Thermal Expansion
B ShapeMamary Alloy 6 ic
@ Geomachanical 16 |@ A Orthotropic Stress Limits [l
B Damage 2% |® T8 Orthotropic Strain Limits (]
B Cohesive Zone 3% |® A Tsai-Wu Constants 12 (]
B Fracture Criteria X — ]
M Crack Growth Laws 45 Isotropic Thermal Conductivity | 0,2 1 14 | wnricra =rEm
B Thermal 47 = Ply Type Ll
% |17 4 |@ § Additonal Puck Constants [&]
oUoRIC (ermal Longu
8 SspedficHeat, ¢ v
| T View Al { Customize. .. |

2

Puc. 4. Beibop maTepuana BoJIOKHA U HAIOJTHUTES

(oxoHYaHME)
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3. B nepBom mopyiie nBaxasl HaxkumaeM JIKM na Material Designer, mo-

CJIC 4CT'0 OTKPOCTCA OKHO, IIPCACTABJICHHOC HA pHUC. 5.

A:Material Designer - Design - SpaceClaim - Material Designer
ile Addditiv
w5 . il Pt i
R K 1 i (i e 0@ P ellelle & 2
Select |asice UD Composite Random UD Chopped Fiber  woven  Particle Random User Defined RVE Sclve Updaie Dhsplay Help Exit
d Composite  Composite  Composite Partick Modal ~ . - - -
Edit ™= RVE Type MD Mode:
Dwtlire
e SYS
Matenals ANSY
Geometry
Mesh
Settings
Aok
Struct_ Laye_Seleci_ Grou_ Views |Oulk
Opbions - Selection v
38 Sketch
Snap o grd
Snap to angle > T,
Create layout curves z
Properties
s
4
-
- x
z
10mm

|Frortr|.|ﬁ|ﬁamarm ﬂDcﬂ'm]" b x
- 3 a el r -

Puc. 5. Oxno Material Designer

4. B BepxHel MaHelu WHCTPYMEHTOB (puc. 6) BbIOMpaeM THI 00BEMHOTO
areMeHTa MOJIU(DHUITMPOBAHHON MHKPOCTPYKTYPBI COTJIACHO CBOEMY BAapUaHTY
(Tadm. 1).

N = = § © 09 @

Lattice LD Composite Random UD Chopped Fiber  Woven  Particle Random User Defined
Composite Compozite  Composite Particle
RVE Type

Puc. 6. Bei6op 00beMHOT0 351eMeHTa MOAU(DUIIPOBAHHOW MUKPOCTPYKTYPHI

5. B mosiBuBIIElCsA cieBa TaHENW MPUCBAWBaeM MaTepual MaTpHIlbl/
HanojHutens (1) u vactuisl/BoiaokoH (2) (puc. 7). Ilocie yero HEoOX0aUMO

MPUMEHUTDH U3MeHeHus (3).
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AiMaterial Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer
i S = ’ Lpn &>
R o[ o @T Y. @B
Select  Change | Constituent Geometry Mesh ‘nzlyss Consis ariable Orientatior
= = e e | Vimerd Materia | Updme Open  Exit
Edit 12| RVE Type RVE Model Solve Update Display |~ Help  MD Mode

Outline
- RVE Model (Paticle)

L o V4 ANSYS

Change the options and click on complete to finalise the material assignment

{7 Geomety
- Mesh 3

Settings
Analyses

Struct.. Laye.. Seleci.. Grau_ Views |Uun|. |

Options - Materials

| Geperl H
I Matri Epoxy E-Glass UD I L l.\
‘mﬁq 2 » “

>

Properties a

z —
10um

[ Properties | Appearance I\ Design1-x abx
. X

Change the opians and dick on complete to finalise the material assi

Puc. 7. IlpucBoenne maTepuanos

6. st co3maHus TEOMETpUHM OOBEMHOTO JJIeMeHTa (puc. 8) HaKHMaeM
JIKM na Geometry (1). Ilocne sToro B JieBOM MaHENIM HACTPOEK OTOOpa3siTCs
HACTPOUKHU re€OMETpUN 00BEMHOTO 3JieMeHTa (2) (B 3aBUCUMOCTH OT THUIIA, BBI-
OpaHHOTO 0OBEMHOTO JIEMEHTAa HACTPONKH MOTYT OBITh pa3nuyHbl). Haxxuma-
€M Ha rajiouky (3) u Ha paboueM NPOCTPAHCTBE MOSIBUTCA TPEXMEpPHas MOJEIIb

CT€HEpUPOBAHHOTO 0OBEMHOTO dJIeMEHTa (4).

A:Material Designer - Design1 - SpaceClaim - Material Designer
File Additive Materizl Designer
N N Ll a~
Y ER . @@
k (75 d o ¥ A e L 2 )
Select Constiuent | Geometry| Mesh Anzlyss — Change |~ Corsiani Variable Orientatior B
= Materiaks A 5 e ey | LB i &z | B
Edit [ RVE Model RVE Type Solve Update Display | Help | MD Mode
Outline .
Change the options and click on complete to finalise the RVE.
S~ RVE Model (UD) D h
=
Setings 3
Analyses
Structu_ Lavers Select_ Groups Views Dullmé
Options - UD compesite R
General
Geometry type Hexagenal «
Fiber volume fraction: | 0.5 4
Fiber diameter 5pm p
Advanced 4
Repeat count 1
Length ratio XZ: 2 P
Y
Properties 0
¥
-
- ‘d-; %
z
um

[ Properties | appearance I\ Design1x apx
N

Change the options and dick on complete to finalise the RVE

Puc. 8. Co3znanue reomeTprn 00EMHOTO 3JIEMEHTa
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7. CreHepupyeM CETOYHYIO MOJIEIb 0OOBEMHOT0 3ieMeHTa (puc. 9). Haxu-
maeMm JIKM na Mesh (1) u 3amaeM MakcHMajbHBIA pa3Mep CETOYHOTO 00bEM-
HOTO 251eMeHTa (2). Haxxumaem Ha ramouky (3) v BUIUM Ha SKpaHE CTE€HEPUPO-

BaHHYIO CETKY (4) 00bEeMHOTO dJIEMEHTA.

A:Material Designer - Design1 - SpaceClaim - Material Designer

File Additive Material Designer
R % = @S o ok @
s 4.2 @B
Select Constituent G h I Ch\j Lo EmE
lect onstituent Geometry  Mesh Analysis ange Orientati
v Materisks Sefings - Uriz= e @ B
Edit M RVE Model RVE Type Solve Update Display Help = MD Mode
Oiline Change the options and click on complete to create the mesh
- RVE Model (UD)
s Materds D 3 ANSYS
E ettings
Analyses
Structy. Layers Select . Groups Views [utind
etiene et
General
Maximum size: 05 P
Adapt towards edges
Use Block Meshing
Use Conformal Meshing
Use Periodic Meshing
Properties I 4
-
LI
z
pm

|Fropemes|Appearanoe A Designl” x 4 b x

Change the options and dick on complete to create the mesh.

Puc. 9. Co3znanne ceTku 00bEMHOI0 dJIEMEHTA

8. Haxxumaem JIKM na Settings (1). Ha manenu cieBa (2) MOKHO BBICTa-
BUTh WHTEPECYIOUIME HACTPOWKH aHain3a oO0beMHOro sinemeHta (puc. 10),
B HameM ciydae npooOasmsem Compute coefficients of thermal expansion
(Beruncnuth k03¢ duimeHTsl TemioBoro pacmupenus) 1 Compute thermal
conductivity (Berauciuth TemmonpoBoaHocTh). Hakummaem Ha ranouky (3)
U BUJUM CHCTEMHOE OKHO, MPEAyNpekIaroniee O pe3ysbrarax MpOBEACHHOTO
aHanu3a (4).

9. [IpucBanBaeM Ha3BaHHE CO3JaHHOMY O0OBEMHOMY 3JIeMeHTY (pmc. 11).
Jlnst aToro HaxknmaeM mpaByro kHonky Mblim (ITKM) na Analyses (1) — Constant
Material (2), BBomuM Ha3BaHume Matepuasia (3) M HaOKMMAaeM Ha Tajlouky (4).

3akpeiBacm okHO Material Designer.
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w wmh 9 AMaterial Designer - Design1 - Spi im - Material Designer

[RATVO  cterial Desioner

R S % = @G| en e " @5

<] | Eement &

Select  Change  Constitveni Geamery Mesh Analysis Constant Variable Oriontaf
- - Materiaks Seltings| Materal Materid P rege | Open | Bt
Edit 5 RVEType RVE odel Solve Upiste | Displyy | Help  MDMods

Outline
= RVE Modsl (UD)

LT
g HE S ANSYS
-
Z e e el
1 ST
e
SRS
e
L2
==

Change the options and click on complete to finalise the analysis settings

Struotu Layers Seloct - Groups Views [Dutlind
Options - Stings

Type of anisctropy: | Orthotrapic ~
Compute linear elasticity

Compute coeficients of thermal expansion
Compute thermal conductivity

Use periodic boundary conditions.

aterial symmetry in XY

Properties

Analysis Settings:

Type of anisotropy=Orthotropic
Use periadic boundary
conditions=Truz

Use material symmetry in XY=False
Use material symmetry in XZ=False
Use material symmetry in YZ=True

[Propertics | Appearance

wigy @90 = A:Material Designer - Design - Spac
[TV TR terial Designer

R 2% = O e e "2 W]

7 A teren &

Select  Change | Consttvent Geometry Mesh Anslysis |Constant Varisble Orientation
- - Materials Seltings | Materid | Materid P : Open | Bdt
Edit = RVE Type RVE Model Solve. Update Display | Help | MD Mode

| Lil = Change the options and click on complete to solve
& RVE Model (UD)

< Materials
HE

7 Mesh

ANSYS

onstant Material

Variable Material

Swuctu Layers Seleck Groups Views [Qutind

Options - Constant material solve:
General

Material name.

Properties

[Properties | Appearance A\ Designt* x

Change the options and click on complete o solve.

Puc. 11. Co3nanue ceTki 00beMHOI0 dJIEMEHTA

10. Co3naem cBsi3b MEXAY INepBbIM M BTOphIM Moayssimu Material De-
Signer st MPUCBOCHUS CO3JIJaHHOTO HAMH KOMITO3UTHOTO MaTepualia K aHaJIH-
3UPyeMOM reOMETPUH uepe3 BTOpoit 010k (puc. 12):

10.1. B okne ANSYS Workbench naxxumaem ITKM na Material Designer
(1) u BetOupaem Update # Update | st OOHOBJICHMS IIPOEKTa KOMIIO3UTHOIO
MaTepuarna.

10.2. 3axxumaem JIKM Material Designer (1) u neperackuBaem ero k En-
gineering Data (2).
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10.3. Haxxumaem [1KM Ha Engineering Data (2) u sxmem Update.

Ih Project # Update Project | @R ACT Start Page

- A - B - c
2 | @ EngireeringData | @ Engnecringata v | 2 2 | @ EngneeringData
@ Material Designer 3 @ Geometry 2 . 3 | @ Geometry 2,
Material Designer 4 @ Model = 4 @ Model T o
1 5 Bl setuw El 5 @ setwp F .
ACP (Pre) 6 |G Solution E
7 @ Results F o4

Steady-State Thermal

Puc. 12. Co3ganue CBA3U

11. Umnoptrpyem reoMeTpuio:

11.1. JIBax b1 Haxxumaem JIKM Ha 6110k Geometry y momyiiss ACP (Pre).

11.2. B nosiBuBmIeMcs okue HaxxumaeM File — Open.

11.3. Jlss Toro 4To0BI HAWTH CO3/ITAHHYIO T€OMETPHI0, IEPEXOAUM B MAIKy
¢ Hell M BeIOMpaeM otoOpaxenue Bcex popmaroB — All Files (*.*). Haxxumaem
Ha CO3JaHHYIO T€OMETPHIO C PACITUPEHHUEM «.X_1» 1 )KMeM KHONIKY OmKpbimb.

NMnopTupoBaHHasi reOMeTpus Moka3zaHa Ha puc. 13.

Sketch Mode Edit Intersect Features

Click to set a secondary selection to be used within other tools

bps \iews

Puc. 13. UmnopT reometpun

11.4. ITocyie 3TOr0 OKHO TEOMETPUHN MOXKHO 3aKPbITh.

12. Ilpuctymnaem K CO3/IaHUIO CETKHU:
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12.1. ABaxnpl HaxxumaeM JIKM na 6ok Model y moxyns ACP (Pre).
12.2. B oTkphIBIIEMCS OKHE pacKpbiBaeM Bkiaaky Geometry (1), Boiaens-

eM reomeTputo (2) u 3amaém Tommuny (3) 0,5 mm (puc. 14).

p— .
D x 42 H &u n B Commands (@Images~ @ é ﬁ % r*l Eﬁ e %
g [ Comment it [HBSection Plane L e
Dulicste Q | Solve | Analysis - T cnart B annotation splzce  Point Distributed Thermal | Transform ég;rt?:; lement | viual
Outline Solvers Insert Geametry Mass Madify virtual
s “Iox QAR % C -+ QAAQ we kv BEEEBEEE VR Y
© Name ~ | Search Outline [V .
1 Project*
= (5 Model (B4)
2
1=
3k Coordinate Systems
/@ Mesh
Details of "ACP-Pre\Surfacel" «:x:::cosoicion: > 1ox
Graphics Properties ~
=/ Definition
Suppressed Mo
D (Beta) 19
Dimension 3D
Stiffness Behavior Flexible
Coordinate System | Default Coordinate System
Reference Temperature | By Environment
Thickness 0,5 mm
Thickness Mode

Puc. 14. 3aganue TOIIIIUHBI 000JI0UYKHU

12.3. 3ajaem HaCTPOMKHU CETOYHOM MOJICIIH:
—xmMeMm IIKM na Mesh — Insert — Method, Beigensem reomerpuro (1)
u BeIOMpaem meton (2) — Multizone Quad/Tri (puc. 15);

Outline FaQ IE"@ I, O-+ QA Q@
' Name v | Search Outline | .
- MultiZone QuadiTri Method
] £
é!..PEle;:dd (B4) 25.01.2022 15:02

B ‘&G:]m:gp urfacet [ MuttiZone Quad/Tri Method
s re\surface

‘/@ Materials
w51 Coordinate Systems

i e MultiZone Quad)Tri Method

Details of "MultiZone Quad/Tri Method" - Met« B O X

[=I| Scope
Scoping Method Geometry Selection
Geometry 1 Bod! I 1
[=I| Definition -5
Suppressed Mo =
d MultiZone Quad/Tri -

Surface Mesh Method Quadrilateral Dominant

Element Order -

Free Face Mesh Type s
[-I| Advanced o)
Preserve Boundaries Protected =
Mesh Based Defeaturing | On
Defeature Size Default(2,8407e-002 mm]

Puc. 15. 3ananue HaCTPOEK CETKU
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— xmem IIKM Ha Mesh — Insert — Sizing, BeizensemM Bcto reomerpuio (1)

Y 3a/1a€M BeJIMUUHY siueek 1 mMm (2) (puc. 16).

[ETTIIaT.

- Body Sizin
T Project* ¥ g .
= @ Model (B4) 25.01.2022 15:04
EI lllll v tﬁ Geometry . Body Sizing

: e v 7y ACP-Pre'\Surfacel

- » @ Materials

- ----- i Coordinate Systems

B /ﬁﬁ Mesh
b e MultiZone QuadTri Method
[ @ Body Sizing

etails of "Body Sizing" - Sizing

| Scope
Scoping Method | Geametry Selection
Geometry “
-|| Definition
Suppressed
Type Element Size
2
-|| Advanced
Defeature Size | Default (2,8407e-002 mm)
Behaviar Soft

Growth Rate Default [1,2)
Capture Curvature | Mo

Capture Proximity | Mo

Puc. 16. 3anannie HaCTPOEK CETKU

12.4. Haxxumaem [TIKM na Mesh u Beioupaem Generate mesh. 'otoBast ce-

TOYHAs MOJICITb TIpeICTaBlieHa Ha puc. 17. 3akpsiBaeM okHO Osoka Model.

Puc. 17. I'enepanuisi cCeTOUHON MOAEIH
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12.5. [lpucBanBaeM MMEHA MOBEPXHOCTSIM, K KOTOPHIM OyAyT MPHUKIAIbI-
BaThCsl cUiibl. Brimensem kaxayro obnacte JIKM, mocnie yero HaxumaeM Ha
He€ ITIKM (1) u Betoupaem Create Named Selection... (2). B utore aBe nosepx-

HOCTH OyJyT UMETh MepcoHaIbHOE Ha3BaHue (3).

12.6. Haxxumaem ITIKM Ha Mesh, Boioupaem Update B u mocne storo
okHo Mechanical MmoxHO 3aKpHITS.

13. HactpanBaem cJiou CO37JaHHBIX KOMITO3UTHBIX MaTepPHajIOB:

13.1. B okae Workbench aaxxnel Haxxumaem Ha Setup B 6i1oxke ACP (Pre).

[lepen Hamu TIOSIBUTCSI OKHO, TIPEJICTaBICHHOE Ha puc. 18.

ACP-Pre.acphs - ANSYS Composite PrepPost - o X

File View Tools Units Help

Q sezrch | 2P Y| Scene.

s.’g‘-l‘re EIOFSISFTERR*G ¢ P LLT | LLILLLIMEG
Models

& £F ACP Model

- & Material Data
& Element Sets

Thickness.1
& Look-Up Tables 1
< &) Selection Rules 058889

2§ Oriented Selection Sets gﬂgﬁ
= Modeling Groups 055550
- & Field Definitions 0.44444

By Sampling Points SEED
Y Section Cuts 011111
) Solid Models 0

- Sensors
) Layup Plots W
5§ Scenes

ers
o # Material Data
Shell View | Logger | History View

In [6]: db.models[u'ACP Model'].active sceme=db.models[u'ACP Model'].scenes['Scene.1'] A

Finished saving ACP Model ACP Model to acphs file after 0.286s. MKS (m,kg,s,N,C,USD)

Puc. 18. Oxno ANSYS Composite PrepPost

13.2. Cpa3y u3MeHsIeM eIMHUIBI U3MEPEHUS Ha MM. JIJIs 3TOro HakuMaem
Ha Units (1) u Betoupaem MPA (mm,t,s,N,C,USD) (2) (puc. 19).

ACP-Pre.acph’ - ANSYS Composite PrepPost

File View Tools elp

Q Search 1 BFT (ft,slug,s, Ibf,F,USD}

I mnin®f- A

B AcP-Pre BIN (in,in"*(-1) Ibf 52,5, Ibf,F,USD) &
B #F Models CG5 (cm,g,s,dyn,C,USD)
. @ ¥ ACP MEKS (m ke, s N,C USD)

g e MPA (mm,tsN.CUSD) | 2

51 {m, kg,5,N,K,USD)

&
i % UMKS (um,kg,s,ulN,C, LUSD)
@ Undefined
i ] Look-Up Tables ITICEMEss. |
: p (17 S

Puc. 19. I3meHenne equHuI] U3MEPEHUS
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13.3. Co3maeM cIioit BOJIOKOH KOMIIO3UTHOTO MaTepuaia (puc. 20):

— g 3Toro packpbeiBaeM paszzaen Material Data (1), maxxumaem [TIKM Ha
Fabrics (2) u Beioupaem Create Fabric... (3);

— BeIOUpaeM matepuai (4), 3agaeM toammay 0.5 MM (5) u sxmem Apply (6).

Ecau na 9KPaHC MMOABUTCA OKHO C MPCAYHPCKACHUCM, TO €I'0 MOXKXHO 3dKPbIThb.

[Tocne 3Toro OKHO MOKHO 3aKpHITH (7).

"4, sedrcn W = i seenet |
& ACP-Pre | ¢ | (7 65
B #3 Models
l? ..... ACP Model
= «ﬁ Material Data
..... Materials
2 (18] 3
& Stack Paste...
ﬁ Sub L
- <% Element Se Sort
- & Edge Sets Export to ESAComp XML ...
[z Eﬁ] Geometry
G- 3 Rosettes 0,66667
ﬁ Look-Up Tables 055536
- £of} Selection Rules ID.44444
o M Nriented Selactinn Setc L
a
% Fabric Properties - O X

Marne: |Fabric.1
|D: Fabric.1

General | Analysis | Solid Model Opt. | Draping |

General

Material:m 4 V|
Thickrless: 5 |

Price/Area: |‘1'|] |

Weight/frea: -1.0

Post-Processing

Ignore for Post-Processing: |:|

7 6

I oK I I Apply I Cancel

o

Puc. 20. Co3ganue cia0s1 BOJIOKOH

108



13.4. Co3nmaem och koopauHat (puc. 21). Haxxumaem ITKM na Rosettes (1)

u BeIOMpaeMm Create Rosette... (2), mensem tun Ha Radial (3) u xmem Apply

(4). ITocne 3TOro OKHO MOKHO 3aKpHITH (5).

....... & Look- Paste
....... & Select Hide All
....... ﬂ' Orient

....... ﬁ Mode Show Al

....... 5 Field [ Sort

‘ e

Shell View Lugge

....... ﬁ Samplirgromrnes

MBh oo rio o oo

[l In [o81: db.

Rosette Properties
g &8 p

>

MName: |

|D: Rosette.l

Type: §Radial
Steel -

Definition

Origin: |(D.DDDD,D.DDDD,D.DDDD]

1 Direction: ‘(1.DDDD,D.DDDD,D.DDDD)

| Flip

2 Direction: ‘(D.DDDDJ.DDDD,D.DDDD]

| Flip

Shuffle Axes Swap 1and 2 Direction
ate System 5 4
I oK " Apply I Cancel
o

Puc. 21. Co3nanue ocu KOOpAUHAT

13.5. Co3zmaem opueHTUPOBAaHHBIN 010K (puc. 22):

— naxxumaeM I[TKM na Rosettes (1) u BeiOupaem Create Rosette... (2);

— BBIOMpAaEM DJIEMEHT/TEOMETPHIO (BhIOMpaeM €ro B JIEpeBE MOCTPOCHUS

B pasaene Element Sets) (3), HactpanBaem opueHTanuio (4), BRIOMpaeM CO37aH-

HYI0 0cbh KoopauHar (5) u sxkmeM Apply (6). I[Tocie 3Toro OKHO MOYKHO 3aKpBITH (7).
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s

"

-------- o }—» Rosette.
ﬁ Look-Up Tables

Selection Rules
5 "B Oriented Selection S
ﬂ Modeling Groups
5 Field Definitions

ﬁ Sampling Points

B Section Cuts

Global Coordinate System

&Y

ﬂ Solid Models

| Create Oriented Selection Set ... | 20—
Paste ger |
Sort dl . mw

a

3 ACP-Pre

5o % Models

E- ¥ ACP Model
EI ..... & Material Data

E| 4 Materials

13.6. Co3znaemM MoJenbHYIO Tpynny (00beIUHEHHE OPUEHTUPOBAHHOTO dJie-

— BbIOMpaeM IMepBbId OPUEHTUPOBAHHBIN OJOK (6) M CIOM KOMIIO3UTHOTO

- Modeling Groups
6 Field Definitions

a Sampling Points

Bl Section Cuts

ﬂ Solid Models

W Sensors

5 Lavup Plots

Structural Steel

In [3

B mat_1 & Oriented Selection 5et Properties — O =
& e - MName: |Oriented5election5et.1
A Fabric.1 1
M Stackups 0 ID: OrientedSelectionSet.1
i 0.7
% Sub Laminates 0:6d General | Rules | Draping
5 0.5 .
3 Ig Extension
: h g:gg Element Setsl|['A||_EIements'] I 3 |
@ Edge Sets
0 Orientation
.8 L Glohal Cao rdinate System Point: |(0.0000,0.0000,0.0000) |
7 CookUn Tobles 5 Direction | (10000,0.00000.0000) | 4] | Fiip |
& Selection Rules L
- 4§ Oriented Selection Sets Reference Direction
- N OrientedSelectionSet.1 —— Selection Method: | Minimum Angle -
Shell Viey

Rosettesf||['Rosette.1']

|5

Reference Direction Field:

N oessesTER e ¢ ¢8| LL |

In [3

Model

T-IOSETTES | "ROUSELTE. L I

o

Puc. 22. Co3zganue opueHTHPOBAHHOTO OJI0Ka

MEHTa M TakeTa cjioeB) (puc. 23):
— Haxkumaem [TKM na Modeling Groups (1) u Beioupaem Create Modeling

Group... (2). B nosBusmemcs okue xmem OK (3);
— naxxumaem [IKM na ModelingGroups.1 (4) u Beioupaem Create Ply...

110
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8 AcP-Pre
Bl ﬂ Models
.

E| ..... &

%

=
&

- a
ﬁ Edge

SRS ﬂ' COrien

e g Field

ﬂ Solid

-

3]

a Sampling Point:
- P Section Cuts

¥ ACP Model
= & Material Data

Materials

....... B4 Structural Steel
i 5 @ mat_1

Fabrics

e, /o Fabric.1

Stackups
Sub Laminates

(= c! Element Sets
....... BF Al_Elements

Pressure
Sets

- | Geometry
= @ Rosettes
....... 81, Glob, | Coordinate System

ook~ anles
8 Look-Up Tabi
- & Selection Rules

ted Selection Sets
OrientedSels

| E ST ER/rG & FITFIL L

& Modeling Group Pro...  — O x

0:2 Name: |ModelingGroup.1 |
o ID: ModelingGroup.1

I oK || Apply | Cancel

lzecs

Definitions

Export to CSV file ...
Import from CSV file ...

2

.models[u'ACP Model'].selection.set([])

Models

v 18 Sensors

i B Lavuo Plots

-ﬂ Edge Sets

B El] Geometry

@ Rosettes

------- 5 1+ Global Coordinate System

— I+ Rosette.1
& Look-Up Tables

@ Selection Rules

= -ﬂ Criented Selection Sets

-ﬂ Sampling Poir
B Section Cuts
&5 Solid Models

w Sensors

® Layup Plots

In [45]: db.models[u'ACP Model'].selection.set ([db.models[u'ACP
Model'] .modeling_groups])

022222
011111
0

i

4
Shell View | Loaaer

podels[u'l

History Vie

Properties ...

Update

Create Interface Layer ...
Create Butt Joint Sequence ...

podels[u'l
ing groug

o

Puc. 23. Co3ganue MOJEIBbHOM TPYIIIbI

(Hayaio)
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ACF - Pre

- ﬂ Models

G- F ACP Model
=0 & Material Data
E| d Materials

5’ mat_1
& Fabrics

) Stackups
@ Sub Laminates
- ﬂ Element Sets

[ E] Geometry

5}-. Global Coordinate
- v }_. Rosette.1

....... & Look-Up Tables

....... & Selection Rules

ft 27 ModelingPly.
....... & Field Definitions
....... a Sampling Points
....... {ﬁ Section Cuts
....... A Solid Models

------- w Sensors

[ V.

i 5’ Structural Steel

o] 7

E Modeling Ply Properties

Name: [ModelingPly.1 |
ID: ModelingPly.1

General | Draping | Rules | Thickness |

(o) ]

Oriented Selection Sets| I 'OrientedSelection5et. 1"
Ply Materialf | ZTITR] |

Ply Angle: |0.0
Number of Layers: |1

Global Properties
Active: []
Global Ply Nr: |1

System

1

9 8

I o< M Aepy | canca
Model'].material data.fabrics['Fabric.l']])

models [

6

Puc. 23. Co3ganne MoaenbHOM Tpynbl (OKOHYAHUE)

13.7. BximouaeM otoOpakeHue ceTku (1) m HampaBiieHHe BOJIOKOH (2) B Bep-

xHer manenu (puc. 24). BeiOpaB monensHyto rpymmy (3), BUIUM 3€lICHbIE CTpe-

JIOYKH, TTOKA3bIBAIOIIE HAMMPABJICHNE BOJIOKOH (4).

\ Search

§ AcP-

Pre

L3 ACP Model

EI & Material Data

. 4 Materials

@ Structural Steel
@ mat_1

. & Fabrics

o A Fabric.1

- ¢ Stackups

- &% Sub Laminates

- ‘/}.. Rosette.l
- & Look-Up Tables
o &} Selection Rules
a Oriented Selection Sets
iy NF OrientedSelectionSet.1
g Modeling Groups
[ BModelinaGroun
-y es PI_]

- ¢ Field Definitions
. &Y Sampling Points ‘
. B Qartinn Cite

3

Puc. 24

0|@ i Scene.l 1

AR B]
Pnt SRSt T dbe s py i e
setiensta g I

2 2 t i) H |

3
e
iy

e d

Shell View | Logger | History View

In [62]: db.models[u'ACP Model'].scenes['Scene.l'].show edges = True

. OToOpakeHue HampaBlIeHUs] BOJIOKOH
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13.8. CoznaeM TBepIOTENbHYIO MOAEIND (pUC. 25):

— naxxumaeMm ITKM na Solid Models (1) u Beioupaem Create Solid Mod-
el... (2);

— BBIOMpAeM dJIEMEHT (HaXMMaeM Ha 00J1acTh DJIEMEHTAa M BBIOMpAEM €ro
B nepeBe noctpoenus) (3) u xxmem Apply (4). Tlocie 3Toro oKHO MOXKHO 3a-

KPHBITH (5).

Ehye= ModelingHly.2
----- =7 P1_ModelingPly.2
. % Field Definitions

& Sampling Points

1 Section Cuts
Senso

Shell View | Loge

reate Solid Model ... 2
7] :
Paste In [1071: 4
- Y Layup
- 8§ Scene Hide All
I 08 H
7 Views Show All In [108]: d
.. ¥ PlyBo
- % Parameters
W I Iy . Tn F1NGT =
a
File View Tools Units Help
Q Search Q @ Scene.l
4 = - ———
= & Material Data & solid Model Properties — O bt | !
o < Materials
B Structural Steel MName: |SD|idMDdE|-1 | B~
B mat_1 ID: SolidModel.1 7
& Fabrics _lr
f# Fabric.1 General | Drop-Offs | Export {
) Stackups -
------- % Sub Laminates Active:
B a Elernent Sets Extrusion Properties
...... jg All_Elements Elerment setgn['All_Elements'] I.S
LB Pressure
______ @ Edge Sets Extrusion Method: | Analysis Ply Wise >
[ 4| Geometry Max. Elernent Thickness: 1.0
(=1 @ Rosettes
T Start Ply G t
i 1, Global Coordinate Syste art Ply Groups at: ]
H-. ‘/}_. Rosette.1 Offset Directicn: | Shell Mormal ~
...... ] Look-Up Tables -
------ i Selection Rules Materials
=58 ﬂ' Oriented Selection Sets Global Drop-Off Material: v
R - OrientedSelectionSet.1
¥ Orientedselection Global Cut-Off Material v
(=B g Medeling Groups
= 3 MadelingGroup. 1 Elernent Quality =
== ModelingPly.1
‘/q P1_Modeling Delete Bad Elements:
...... &5 Field Definitions Warping Limit: |04 [
------ a Sampling Points
...... 4 Section Cuts 5 4
(= \‘S‘ Solid Models ﬁ
= 1k SolidModel.1 OK I Apply I Cancel glu
- g Extrusion Guides T ——
-------- a Snap To Geometries | ||

o

Puc. 25. Co3nanue TBEpAOTEIBHON MOAETN

13.9. 3akpeiBaem okHO ANSYS Composite PrepPost.
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14. 3axxumaem JIKM omox Setup (1) B moxyne ACP (Pre) u neperackusa-
em ero Ha ook Model (2) B moayne Steady-State Thermal. ITocie 3Toro moss-
JISIETCSl OKHO C JIByMsl BapuaHTaMmu (puc. 26): NepBbIil IEPEMECTUT TBEPAOTEINb-
HYI0 MOJieNib (€CTh BO3MOXXHOCTh aHAJIM3UPOBATh KaXKIbIH CJIOM BBHIOPAHHOTO
CErMEHTa, HO MOXET MOHAJ00UTCS TOBTOPHO CO3/JaTh KOHTAKTHBIE 00JIaCTH),
a BTOPOU MEPEMECTHT TOHKOCTECHHYIO 000JI0UKY (HET BO3MOXXHOCTH aHAJIU3H-
pOBaTh KaX/blid CJIOM OT/AENBbHO). [Tocie BpIOOpa repBoro BapraHTa HAXKMMaEM
ITKM Ha Setup (1) B moxyie ACP (Pre) u Betonpaem Update.

v C v D
m  oes arew
ta v @2 @ EengneeringData v/ 2 |@ EngneeringData v/
er 3 B4 Geometry v . 3 |@ Geometry P
fer 4 @ Model v 4@ vodel | 2 o

5 5 @ Setup Transfer Solid Composite Data

1 ACP(Pre) § & Solution Transfer Shell Composite Data
7 @ Results ? 4 3
Steady-State Thermal

Puc. 26. imnopt nannbix B Steady-State Thermal

15. Ilpuctynaem K HOATOTOBKE UM MPOBEACHUIO TPOUYHOCTHOT'O pacyera:
15.1. B okne Workbench neax sl Haxxumaem Ha Model B 6moke Static Struc-

tural. TTocne aToro Mepen HaMu MOSIBUTCS OKHO, TIPEACTaBICHHOE Ha puc. 27.

[ PG Context C: Steady-State Thermal - Mechanical [ANSYS Mechanical Enterprise] - B X
Home = Model = Display  Selection  Automation @D o

O x é[} 4] %Namedielemun E Elimages ™ EID @ ga E I w5

E CJComment [Hsection Plane
Solve | Analysis Part  Symmet Construction | Define| Mesh  Results
= .y L il Chart & Annotation Transform v " Geometry ™ - - -

Outline Solvery Insert Prepare

Outine THOX | @O RvE P C-+ Q0 @@ Skt kMder RREEERE TP S
Name - v
Model!

ject*
T eroject 01.02.2022 13:08

B (& Model (C2)
£ Import Summary
T8 Geometry
(T Materials
35 Coordinate Systems
/&) Connections
/T Mesh
[,/ Imported Plies
(- % Named Selections v
Details of "Model (C2)" - 31Oox
=!| Filter Options
Control | Enabled
=| Lighting
Ambient | 0,1
Diffuse | 0,6
Specular | 1
Color

0,00 60,00 (rm) Z/L ¥
|

30,00

Messages -1 x
Text Association

Details  Section Planes < >

8% NoMessages NoSelection 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc. 27. Oxkao Mechanical
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15.2. 3agaem rpanuyHble ycinoBus. YToObl moaBecTu Temmeparypy Ti
K moBepxHocTH, HaxkumaeMm [IKM nHa Steady-State Thermal (1) u BriOupaem
Insert (2) — Temperature (3) (puc. 28, a). [locae dero ykassiBaeM HY>KHOE peO-
po (4), naxxumaem Apply (5) u yka3siBaem 3uauenue (6) (puc. 28, 6). AHajo-

I'MYHBIM 00pa30B 3aaaeM Temieparypy T2 (puc. 28, 6).

SLYIE | WErteX | EAQE | EXPIOOE| VIEWPOITS| SNOwW
@V\ews Angle 10 S Rotate =5z = Rotate -5z @Zaom\n @.Zoom Qut @Preferences r'y = _g p' ‘p

Orient Annotation Du;play
‘@ alelv@f -+ Qe @ @ s kMo DREE®

. C:Steady-State Thermal
1 Steady-State Thermal

2 Time: 1,5

01.02,2022 12:51
»

Mame - | Search

/B Mesh
wSE Imported Plies

»HH Analysis Settngs F sohe 4 Convection 3
B, Temperature '
G745 Solution (ca) ||0 Duplicate 4 Radiation
¢ SolutonInfe o Creqr Generated Data @, Heat Flow
@, Perfectly Insulated
Dmns?f"Staady-StataTharma\(ca Io Rename G2 P HeatFiux
[=l| Definition 3 Group Al Similar Children
Physics Type Thermal

. Internal Heat Generation
5 Open Solver Files Directory @

Analysis Type Steady-State 2 Fluid Solid Interface
Solver Target Mechanical 2 Y Filter Based on Environment (Beta) @ System Coupling Region
[=l| Options 5 Export CAERep Files (Beta)

Element Birth and Death

Generate Input Only | No £ abandon RSM Jobs (Beta)

Contact Step Control

Bl Coupling
Commands
0,00 50,00 (ki)
1
25,00
Graph ww I X | Tabular Data
1
1
{ Look At @ Next <I>Rotate =Sy <i>Rotate -5y =Pan Left =P PanRight | gRescale e | LoLol =
D views angle 10 (SRotate =5z & Rotate 5z @ Zoom In @ Zoom Out | T Preferences St‘er Ve:tex Ecige Explode \ﬂem:ports Sn'ow
Orient Annotation Display
itline s w 0 X EQQ"@ S Q@ @ @ Seect & Moder [ BE ®
Mame | Search Qutline [
T8 Mesh ~
g Imported Plies
- 1% Named Selections
Steady-State Thermal (C3)
w1=0 Initial Temperature
I Analysis Settings
<] Temperature
E--f& Solution (€4}
() Solution Information
v
tails of "Temperature” s nsasnnsnsns w ) O X
Scope - |
Scoping Method | Geametry Selection =+
Apply Cancel
Definition
1D (Beta) 48
Type
Magnitude I 22,°C (ramped) ~
Suppressed No Le]
000 50,00 (rmm)
25,00
Graph tw I X Tabular Dat
Steps |Ti
11 0,
2|1 1,
-

Puc. 28. 3aganune TemmnepaTypsl (Ha4aio)
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e crvironment Liapiay amecuun AuLumanun

Disometric ~ @ Previous {-Rotate +5x {~Rotate Sx § PanUp ¥ Pan Down | BRandom Iy D" o E DD
Qlockat  @inet  dbRotate <5y <bRotate Sy “=PanLeft =bPanRight | mRescale R
ﬁ\news Angle 10 {5 Rotate <5z {2 Rotate -5z @.Zoom In aZoom Out @Prefarences Stvy\e VE:tE}{ E(‘ige Explode V\evaorts Show

Crient Annotation
chich vA0X | faa(@w @[50 Qa @ ) s khMode B®v
MName | Searc utline | ™
: w5 Imported Plies A
&8 Mamed Selections 4

-7 ] Steady-State Thermal (C3)
- 70 Initial Temperature

] Analysis Settings

/@l Temperature

2@ Temperature 2

B--9{% Selution (C4)

Solution Information

v
stails of "Temperature 2" tw 1O X
Scope |
Scoping Method,
Apply Cancel

Definition
ID (Beta) 50
Type Temperatire

Magnitude 22, *C (ramped) I 6
Suppressed Mo

0,00 50,00 (rrm)
25,00

tw I X | Tabular Data =

1, Steps | Time
R F R )
‘ 21 1.
6

Puc. 28. 3ananune temnepaTypbl (OKOHUAHHE)

15.3. BriOupaem mapameTpsl, KOTOpble OYIyT pPacCUUTHIBATHCSA CIETYIO-
M 00pa3oM:

— HaxxumaeM [TIKM Ha Solution (1), Betoupaem Insert (2) — Thermal (3) —
Temperature (4) (puc. 29).

FULVURAL WA NEAL  %rMULALE ay SesAULAL -3y T-FaNLEIL —v ralmagil | CEREsaie
Style | Vertex | Edge | Explode| Viewports  Sh

@views  Angle[10 | DRotate 52 O Rotate 52 @ ZaomIn © Zaom Out | Dpreferences -2 | Vertex | Bdge |Bplodel Viewports - Show

Crient Annotation Display

fea®w s

S @ @ @ @ Select " Mode~

ERE®

V.
e C: Steady-State Thermal
Solution
~w1=] Connections Tirne: 1. 5
/5l Mesh 01.02.2002 14:37
w5 Imported Plies
- 8% Named Selections
Steady-State Thermal (C3)
' T=0 Initial Temperature
1] Analysis Settings
P Temperature 3
L4 I Thermal I
Contact Tool > @@ Total Heat Flux
Details of "Solution (C4)" Copy Probe 3 Q Directional Heat Flux
dsotion (B CopyTo Clipboard (Beta) Coordinate Systems ~ »
Mumber Of Cores to Use [
<]| Adaptive Mesh Refineme O Clear Generated Data Q Volume
Max Refinement Loops _.I, Rename F2 m User Defined Result
Refinement Depth . ;
HW E Group All Similar Children Commands
Status ET Open Solver Files Directory 000 50,00 (mm)
WMAFDL Elapsed Time ’ i
MAPDL Memary Used 5,00
MAPDL Result File Size
3| Post Processing Graph = w L % TabularDa
Distributed Post Processing (Beta) | Program Controlled 1
Mesh Source (Beta) Program Controlled [ F
Beam Section Results No 1,
Aim Namand Shrace iCheain B

Puc. 29. Beibop pe3ynpTaToB
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15.4. 3ammyckaem pacuer, HakaB kHonky Solve (puc. 30). [Ipumeuanue: npu
3alyCcKe pacyeTa MOXET MOSBUTHCS MPEIYNPEXKICHUE O TOM, YTO MOJIeIbHAsI

Irpyiiiia UMCCT CIIMIIKOM JJIMHHOC UMA ITYTH, HO Ha PACUYCT 3TO HC ITOBJIMACT.

I Home Solution Display Selection Automation
Scut X Delete | My Computer éj} A & E commands ®images™
B copy QO Find v Distributed S dcomment [@Asedion Pl

t Sol Analysi

g %e,Tree~ | Cores 2 o_ve I"IE'YSIS &, i1 Chart [ annotatic
Outline Solve T Insert

=l Solve (F5)

C-4+ Q@ @@ S

ne

| S Coordinate Systems

Solve the simulation
using the selected

N

() Press F1 for help.

solve handler.

E‘ Connections

------ o @ Mesh

I8¢ Imported Plies

& Mamed Selections

[} steady-State Thermal (C3)
wT=0 Initial Temperature

T Analysis Settings

/B Temperature

P Temperature 2

/&) Solution (C4)

//E' Solution Information

oo

v
of "Temperature” v 10Ox
e S

Puc. 30. 3anyck pacuera

15.5. Ilepen coxpaneHueM pe3ysibTaTOB pacyeTa OTKIIF0YaeM OTOOpaxKeHUs
cetku (puc. 31). Jlns aroro B paszaene Display (1) Beioupaem Edges (2) — Show
Underformed WireFrame (3). ITocie 3Toro Mbl yBUAMM MOJEb 0€3 CETKH.

Result Display Selection Automation 1
g H &= E commands (@limages~ D @ = = B
e [dcomment FSection Plane
| Analysis ) Displa Vector | Capped | Views
e ifchat B annotation e Dispiay Isosurface™ |
e Insert Beta
viox Qae|w s N E [~ [Eerobe BE = it
Scoped Bodies - [ Maximum
. . CiSteady-State Therm. v Large Vertex Contours G“f‘ew c°”_tw Edges | oy
Temperature Display
2t=Systens Type: Taraparaturs £ No ek
ons Unit: °C I Show Undeformed WireFrame I 3
Tirne: 1
i %, Show Undeformed Mo
d Ples 01.02.2022 14:41 Show Undeformed Wit
Selections @ Show Elements
7-State Thermal (C3) 50 Max Display the re
itial Temperature 47143 wireframe ove
ralysis Settings 44,286 the undeform
‘mperature 41,429
mperature 2 36571 (@ Press F1 for help.
slution (C4) 35,714
3 Solution Information 32,857
B Temperature v 1
7143
e *iox 24,286
~ 21,429
Geometry Selection 18571
All Bodies 15,714
12,857
Temperature 10 Min
Time
Last
1y | Ves 50,00(mm)
1
25,00
No

Puc. 31. CxppiTHE CETKH
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15.6. CoxpansieM pe3yJibTaThl pacuera. [[Jig 3TOro nepexoanum BO BKIAJAKH
pe3yabTaToOB W jeiiaeM MX CKpuHIIOTH (puc. 32). Temepp oxkno Mechanical

MOJKHO 3aKpPBbITb.

C: Steady-State Thermal
Ternperature
Type: Termperature
Unit: *C

Tirne: 1

01.02.2022 14:56

50 Max
47,143
44,286
41,429
38,571
35,714
32,857
30
27143
24,286
21,429
18,571
15,714
12,857
10 Min

Puc. 32. Pe3ynpratsl pacuera

16. lanee wummoptupyem nanHble u3 wmoxyns Steady-State Thermal
B Static Structural (puc. 33):

— umnoptupyeM reomerputo u3 61oxka Model (Steady-State Thermal) (1)
B 0;10k Model caenyromero momyns (Static Structural) (2);

— UMIIOpTUpPYeM TemrnepaTypHoe nosie u3 Steady-State Thermal (3) B rpa-
HUYHBIC ycioBus Moy Static Structural (4).

B - c
1 | B
ingData +" 4 & Madel 2
o W ‘/3 a Setup y 3
v 4 4 Solution & i -
b 5 i@ Results rd 3 5@ Results A Editin Read-Only Mode...
(Pre) Steady-State Thermal Static 5tr| 53 Duplicate

Transfer Data From New
Transfer Data To New

5 #  Update

pda pstream Component

Clear Generated Data
Refresh

Reset

Puc. 33. UmnopT manabix B Static Structural
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17. IlpuctynaeM K HOATOTOBKE M MIPOBEACHUIO TPOUYHOCTHOTO pacyera:
17.1. B okae Workbench nsaxxnsr naxxumaem Ha Model B 6i1oke Static Struc-

tural. TTocne sTOro NMepen HaMu MOSBUTCST OKHO, TIPEICTABICHHOE Ha prc. 34.

| - JE Context D Static Structural - Mechanical [ANSYS Mechanical Enterprise] - o x
Home Model Display Selection Automation ~D
X Delete | My Computer - %} B ®named Selection  [F Commands @ images™ B m
= 2y
QFind | v Distributed *K Coordinate System £JComment [ Section Plane
Duplicate Sowe | Anal a Tools | Layout
Bipaste B Tree~ | Cores 2 ole | AnaEE @ Remote Point i Chart [ Annotation X || (e
Outline Solve [ Insert
Outine v e 0% £ @ @ @' © % O-4 Q@@ @ Sdet % Moder @.@mm,:_ v
: Name - v,
. Model g
T Project
5 [ Model (02) 01.02.2002 16:04 )

-, Geometry

:@ Connections
/% Mesh
& Named Selections
B,/ Static Structural (D3)
Al Analysis Settings
51 Imported Load (C4)
E-2/f&) Solution (D4)
2[5 Solution Information

Details of "Model (D2)" s v § 0 X
= Model Assembly
Alignment |Use worksheet to align saurces... . v
| Fiter Opfions 0’U[J_:wiw("w) .
Control  |Enabled 20,00
= Lighting
Ambient | 0,1 IVRSS@QS: 5 s e X
Diffuse | 0,6 Text Association
Specular |1 Waminc| Not enough constraints appear to be applied to prevent rigid body motion. This may le Project> Model» Static S
Calor Warninc | Not all Named Selections were successfully written because one or more names are not Project> Model>Static Sf

Details | Section Planes

%2 Messages Mo Selection  # Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius .

Puc. 34. Oxkuo Mechanical

17.2. YtoObl mpOBEpHUTH, UMIOPTHUPOBAIOCH JU TIOJIe TEMIEparyp, pac-
kpeiBacM Bkjaaaky Imported Load (1) m nHaxmmaem Ha Imported Body
Temperature (2). Ilociae 3Toro Ha reoMeTpum OTOOPA3UTCSA pacHpeiciIcHue
temrepatypsl (3) (puc. 35).

E: commands [@)images~ B oo
Comment [@section Plane

X Delete | My Computer - % &ia

Q Find v Distributed

DuPNEate oy oot BaTree~ | Cores|2 sole | Analysis il Chart B annotation | 1001® | Lavout
Outline Salve ) Insert

i s s LI § @) (3] IE"' @ % O-4 Q@ @@ Select & Mode- @. &

 Name - ~ o

I Project D: Static Structural

S 5 Model (02) IFlnr:::r:ec: Body Temperature
@ Geometry Unit: C

{8 Materials 01.02.2022 16:05
 55i Coordinate Systems
{&) Connections

@p Mesh

Q Named Selections 11,1111
1l Static Structural (D3) 36,6667
T Analysis Settings 32,2222
Imported Load (C4) 27,7778
Pl Imported Body Temperature 23‘3333

Ep- @ Solution (D4) 188889
2[5} Solution Information 1,
10 Min

Details of "Imported Body Temperature” =« I O X

| Scope -
Scoping Method ‘Geometry Selection
Geametry ‘1 Body 0,00 40,00 (rmm)
1| Definition 20,00
Type ‘Imported Body Tem...
Tabular | nading [ Branram Cantralled DAt VW oo ot s w 1L 3 || Tabular Da

Puc. 35. UmnopTupoBaHHOE 110JI€ TEMIIEPATYP
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17.3. 3agaem rpaHUYHbBIE YCTIOBUS:
— 4TO0BI 3apUKCUPOBATH TE€OMETPHUIO B IpocTpaHcTBe, HaxkuMaeM [TIKM Ha
Static Structural (1) u Beioupaem Insert (2) — Fixed Support (3) (puc. 36, a).

[Tocne yero yka3siBaeM HyKHbIC peopa (4) u Haxxumaem Apply (5) (puc. 36, 6);

eaReEfHC-+aa@@ sk

=)

MName ¥ | Search Qutline | v
i] Project® [SI:::fta;::c Sttruc?ural @ Acceleration
B Medel (D2) _n:n';1 rsuc ura & Standard Earth Gravity
-/ Geometry 01,0220 15:24 @, Rotational Velocity
- 5 Materials _ _
"J;.h' Coordinate Systems 8. Rotational Acceleration
{8 Connections G Pressure
/%0 Mesh
v B Plaroed Coloctioe 1 @ Hydrostatic Pressure
rStatic Structural ( 13) 2 @ Force
L Analysis S=tings B30 z G, Remote Force
‘/E Imported Load {(C4) ¢ Solve - )
----- »*Pi Imported Body ) Bearing Load
@ Fixed Support |:_|5 Export Nastran File ﬁ Balt Pretension
Solution (D4)
i @ M t
/’E solution Infort IO Duplicate omen
Clear Generated Data @ Line Pressure
®§ Thermal Condition
Details of "Static Structural (D3)" - [ELe L Y roint Load
=|| Definition Group All Similar Children
Physics Type Struct oo ®  Fixed Support 3
Open Solver Files Directory
Analysis Type Static G Displacement Fixed S
] Filter Based on Environment (Beta e u
Solver Target Mechs =R @, Remote Displacement
=1| Optis Export CAERep Files [Beta
= ptlon.s 3 E g (Beta) @ Frictionless Support 6
Environment Temperature [22,°C £ apandon RSM Jobs (Betal . -
a
Uu""l'm“ B paste EL'.Tree' Cores 2 'Wv'": H”TP" @, Remote Point ﬁ,fChart @Annotation e LE{WL
QOutline Solve ] Insert

Outline -

QA [@ew® % C-4 QA QA Sk kModer BB

4

@ Geometry

B Materials

i Coordinate Systems

@ Connections

@ Mesh

5 Mamed Selections

[l static Structural (D3)
ﬂ Analysis Settings
‘, Imported Load (C4)
‘/ll Imported Body Temperature
@ Fixed Support

2% Solution (D4)

Model (D2) O

Details of "Fixed Support” =
E||Scope
Scoping Method | Geometry Selection
000 40,00 (rairm)

Apply Cancel ’
= Definition [ m 20,00
ID (Betal 98 =

Type Fixed Support e X Tal

Suppressed Mo 1. .
]

cw 0O X

Puc. 36. ®ukcanns reoMeTpuu B MPOCTPAHCTBE
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— 9yT00BI 33J1aTh JaBieHue, HaxkumaeMm [IKM na Static Structural (1) u BbI-
oupaem Insert (2) — Pressure (3) (puc. 37, a). Ilocne dyero yka3piBaeM HYKHYIO
noBepxHOCTh (4), Haxxumaem Apply (5) m 3amaem 3HaueHue naBieHus (6)
(puc. 37, 6). llpumedanue: HEOOXOAUMO OOpaTUTh BHUMAHHE HAa BBHIOpAHHBIC

CANHNIbI U3MCPCHUAI.

EC LOmMmanas L=images = L
= =
[dcomment [BSection Plane

I_I o LUT A UEIETE | |MY LOMPUTER - ? ElEEE snamen
L B ..,

B copy QFind v/ Distributed

DLIDlI[EtE B paste Ef.Tree' Cares | 2 Sovl\re AI’]E'U‘SIS #, Remote Point mfchart EAnnotatmn el LE{UUt
Outline Solve [F] Insert
Dutline ~30OX oyl IEI,*‘Q; 0y O e @ @ @ @  Select "k Moder [ [/ B 6
w | Search Outline | %

D: Static Structural | @ Acceleration
Static Structural
Time: 1,5

01.02.2022 16:07 &, Rotational Velocity

" . Rotational Acceleration
. Fixed Support
i

@ _pesswe | 3

@ Hydrostatic Pressure
@ Force

¥ 2 ' @, Remote Force
=, Imported Load (C Fid N

P Imported Be Solve (f) Bearing Load
— -,/9,, Fixed Support @ Export Mastran File ﬁ Bolt Pretension
@, Pressure
-9 Solution (D4)
b-z) Solution Infi @ Clear Generated Data @ Line Pressure

< standard Earth Gravity

Pressure

Insert a pressure load that app
PrESSUTE OF @ varying pressure

(%, y, or z) to one or more flat ¢

=]

() Press F1 for help.

I Duplicate @, Moment

- ®§ Thermal Condition
Yetails of "Static Structural (D3)" -+ 10 Rename A
. ¥ Joint Load
1 it 5 Group ANl Similar Children
i @ Fixed Support

Physics Type stry £ Open Solver Files Directory - 20,00 {rrn)

Analysis Type Stat @ Displacement il

Solver Target Me(Y Filter Based on Environment (Beta) ﬁ. Remote Displacement
L — £ Funnrt CAFDan Filac (Ratal

a
UUHLMLE B paste P-E.Tree' Cores 2 :Uvm va'ym @, Remote Point ﬁ,fChar‘t @Annotation oo | v
Cutline Solve [Fl Insert

T QA [@w@® % Ok QA @@ Select Moder @ I

MName | Search Qutline | ™

[ Project*

B Model (D2)

T8 Geometry

-8 Materials

w5 Coordinate Systems

- %) Connections

% Named Selections

Static Structural (D3)

IZEH Analysis Settings

. Imported Load {C4)
----‘/l], Imported Body Temperature
@ Fixed Support

208, Pressure

E-fE& Solution (D4)

-{5) Solution Information

Details of "Pressure” cw 0O X
[=]| Scope ~

Scoping Method = alati

Geometry 0,00 40,00 {mm)
[=]| Definition [~ m 20,00

ID (Beta) 100 =

Type Pressure

Define By Marmal To

Applied By iRtttk .

Magnitude |0, MPa (amped | ©
Suppressed o W

o

Puc. 37. ®ukcanysi reoMeETpUN B IPOCTPAHCTBE
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17.4. BeiOupaem mnapaMeTpbl, KOTOpbIE€ OYIyT PacCUUTHIBATHCS CIEIyIO-
M 00pasoM:

— naxxumaeMm ITKM na Solution (1), Beioupaem Insert (2) — Deformation
(3) — Total (4) (puc. 38, a);

— HaxxumaeM [IKM Ha Solution (1), Beioupaem Insert (2) — Stress (3) —
Equivalent (von-Mises) (4) (puc. 38, 6).

E//E Static Structural (D3)

- +H] Analysis Settings

=B Imported Load {C4)

- Pl Imported Body Temperature
8, Fixed Support

A olutc 2 %3 Total

8 sole strain » Directional
Details of "Salution (D4)" = o , lot
ress
= solution " Clear Generated Data ||-|5lert;
Mumber Of Cores to Use (Bet J. Rename F2 Energy ’ u T:C'II:_I'E
[=1| Adaptive Mesh Refinement Linearized Stress ] U_: o cis
E Group All Similar Children
Max Refinement Loops Stress Tool » 20,0
- =] i F Pi F1 for
Refinement Depth = Open Solver Files Directory @ Press
[=| Information Graph * 3 Fatigue 7
Status Solve Required Contact Tool (]
MAPDL Elapsed Time Bolt Toal ’
MAPDL Memory Used
MAPDL Result File Size v Probe 2
Details = Section Planes Messages Coordinate Systems b

Insert a Total Deformation cbject. This result the magnitude (R clecti & Metric (mm, kg, N,

----- /T8 Geometry

& Materials

1+ Coordinate Systems

Connections

%0 Mesh

& Named Selections

T[] Static Structural (D3)

H:H Analysis Settings

Imported Load {C4)

‘/iﬁ Imported Body Temperature
8 Fixed Support 1

2 r Deformation » |

$# solve Strain »
Jetails of "Solution (D4)* . & Clear Generated Data -m 3 PLQ Equivalent [von-Mises) I ﬁ
- Energy L3 Maxi Principal
Soluti : aximum P 3 "
1| Solution I Rename [ - ® Equivalent (von-Mises)
Mumber Of Cores to Use (Beta] Linearized Stress » Q Middle Principal i
1| Adaptive Mesh Refinement ) Group All Similar Children Insert an Equivalen
&' Open Solver Files Direct Stress Toal » %@ Minimum Principal object to determin
Max Refinement Loops pen Solver Files Directory |
: P Fatiaue , | ®  Maximum shear O element based on
Refinement Depth [Z 9
i Graph - T Intensity
1| Information rap Contact Tool ] @ Press F1 for help.
Status Solve Required —— ﬁ Mormal
»
MAPDL Elapsed Time oe @ shear
MAPDL Memory Used Probe » ﬁ
" " Vector Principal
MﬁPDL Resglt File Size w Coordinate Systems b
Jetails | Section Planes Messages | G % Error <

o
Puc. 38. Beibop pe3ynbTaToB
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17.5. 3anmyckaem pacueT, HaxxaB KHONKY Solve (puc. 39). [Ipumeuanue: npu

3adllYCKC pacdcTta MOKCT IIOABUTHCA IIPCAYIPCKIACHHC O TOM, 4YTO MOJCJIbHAA

rpyuiia UMECT CIIMIIKOM JIJIMHHOC UM ITYTH, HO Ha paCdCT 3TO HC ITOBJIUACT.

o o

Solution
cut X Delete
— [_HCopy QFind

J‘l'ICEtE Bipaste T8, Tree =
Cutline

Yame -

----- T8 Geometry
----- > & Materials

& Named Selections

(B, Pressure

Static Structural (D3)
------- /1] Analysis Settings
B3 Imported Load (C4)
: -----\/lﬂ Imported Body Temperature
@ Fixed Support

- Solution (D4)
#53 Solution Information
&3 Total Deformation

e A Frviivalant Shrace

Display Selection Automation
My Computer - g @8 Named Selection  [5: Commands (8)images’
+

v Distributed s+ Coordin stem JComment E.SEd:ion
Sal Analysis o

Cores 2 ove navysm ¥, Remote Point i Chart Esﬂmnota'
Solve ] Insert

e OO X Solve (F5) o @ (ﬂ @ @ Select

Solve the simulation
using the selected
solve handler.

R
-
]

(1) Press F1 for help.

Puc. 39. 3anyck pacuera

17.6. CoxpaHnsiem pe3yJbTaThl pacueTa. /(s 3Toro nepexoaum BO BKIIAJIKU

pe3yabTaToB U jenaeM ux cKpuHIIOTH (puc. 40). Tenepp oxno Mechanical

MOJKHO 3aKpPbITh.

D: Static Structural

Total Deforrmation

Type: Total Deformation

Unit: rarm
Tirne: 1
M.02.2022 17:21

0,0093937 Max

0,0083400
0,0072062
0,0062624
00052187
0.004175
00031312
0,0020875
0.0010437
0 Min

000 35,00
17,50

70,00 (i)
52,50

a

Puc. 40. Pe3ynpraTel pacuera:

a — TIOJIHOC NIEPEMECIICHUC, 0 — PKBHUBAJICHTHOE HaIIPsSPKCHUC (Ha‘laJ'IO)
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D: Static Structural
Equivalent Stress
Type: Equivalent (won-Mises) Stress
Unit: MPa
Time: 1
01.02.2022 17:22

73,052 Max
63,730

57,519

49,303

41,086

287

24,653

16,437

82201
0,0035861 Min

0,00 35,00 70,00 (rnm)
17,50 52,50

o

Puc. 40. Pe3ynbTathl pacuera:
@ — TIOJIHOE TIepPEeMEICHHE; 6 — SKBUBAIICHTHOE HANPsDKEHHE (OKOHYAHHE)

18. B urtore n0omKeH MOJYYUTHCS MPOEKT, UMEIOIIUN CIAEAYIONIYIO LIeTnoY-

Ky MoxyJei (puc. 41).

# Update Project | HE ACT StartPage
- A - B - c - D
2 0 Engineering Data  +* ‘/2 @ Engineering Data " 2 @ Model v ‘_IZE@ Madel W ‘_
3 @ Material Designer 3 E Geometry v 4 3 @ Setup v 4 3 @Setup ................ / ‘
Material Designer 4 @ Model v 4 < Solution v 4 o Solution v a4
5 E Setup v 5 @ Results v 4 5 @ Results v a4
ACP (Pre) Steady-State Thermal Static Structural

Puc. 41. T'oToBBIi1 TPOEKT

19. CoxpansieM IPOEKT B MAIKy, paHee CO3IaHHYI0 CTYA€HTOM (Ha3BaHUs
HANKH M IPOEKTa JOJDKHBI OBITh Ha aHTTIMHCKOM sI3bIKe). J[JIs1 3TOro HaXKuMaeM
File — Save As... — Coxpanums. J1s1 TOro 4TOOBI MPOEKT MOYKHO OBLIO KOIIH-
poBaTh Oe3 onaceHuit COUTh MPONKCAaHHBIE MyTH (aiIOB, HEOOXOAUMO CO3/1ATh

ero apxuB. J{is atoro Haxxumaem File — Archive... — Coxpanums — Archive.
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Conep:xanue oryera

1. TUTYNbHBIN JHCT.

2. llenb paboTHI.

3. Onucanue padoThI (C UCXOMHOM CXEMOM M TaOIMIEH 11 CBOETO BapH-
aHTa).

4. Dranbl MOCTPOEHUS (CO CKPUHIIIOTAMU ITAIOB).

5. Pesynbratel pabothl ((uHagbHble CKpUHIIOTHI okoH ANSYS Work-
bench, Material Designer, ACP (Pre) — Geometry, ACP (Pre) — Model, ACP
(Pre) — Setup; Mechanical (Steady-State Thermal) — rpannunsie ycnosus, Me-
chanical (Steady-State Thermal) — pesysnbrarer; Mechanical (Static Structural) -
rpanuuHbie ycious, Mechanical (Static Structural) — pesynbraTsi).

6. BriBo.

KoHTpoJibHBIE BONIPOCHI
. Kakue Motyiu MCIONB3yIOTCS B JAHHOM POCKTE?
. Jlnst gero nyxeH moayias ACP (Pre)?

. Kakne o0beMHBIC 3JIeMEHTBI MOXKHO MCTosIb3oBaTh B Material Designer?

1

2

3

4. ]lnst 9ero co3gaBaTh CETOYHYIO MOJIETH?

5. OcHOBHBIC MHCTPYMEHTHI 17151 co3aanus ceTku B ANSY'S.
6

. OCHOBHBIE 3TAITbI BBITTOJTHEHHUS pa6OTI>I.

125



JlabopaTopHas pa6ora N2 5
UCII0JIb30BAHUE UHCTPYMEHTA PARAMETERS
NP1 MOJAEJINPOBAHUU JE®OPMALIMH OB0JIOYKH
N3 KOMIIO3ULIMOHHBIX MATEPHUAJIOB

eab padoTbl

H3ydeHne OCHOBHBIX ATAloOB IMPOBEICHHS CTATUYECKOTO MPOYHOCTHOTO
anamu3za B cpene ANSYS Workbench ¢ wucnonms3oBanmem wuHCTpymeHTa
Parameters. IlpuoOpereHue CTyleHTaMU HABBIKOB B HCHOJIb30BAHUHU MPO-
rpammHoro nactpymernta ANSYS Workbench — Static Structural mpu npose-
JCHUY TIPOYHOCTHOTO aHAJIM3a JIBYX CBS3aHHBIX TUIACTHH U3 KOMITO3UIIMOHHBIX

MaTepHaJIOB, cO3JIaHHbIX ¢ oMotisio Material Designer u ACP (Pre).

Onucanue padoThI

Hcnone3ys moaynu Material Designer, ACP (Pre), Static Structural
U UMHCTpyMeHT Parameters, HeoOXoAuMoO paccyuTaTh MOJIHOE NEepeMEIIeHUe
(Total Deformation) mpu pa3HbIX 3HAYCHHUSX BEIMYUH CHJ JUIS JBYX CBSI3aH-
HBIX TJIACTUH U3 KOMIIO3UIIMOHHBIX MaTtepuanoB (puc. 1). U3BecTHbI: MaTepuat
BOJIOKHA U HAMOJIHUTEIS, TUI 00bEMHOI0 DJIEMEHTA, YYaCTKU HKECTKOM 3a1e/IKH
(Fixed Support) u nanpasnenue aerictBus Bekropa cui F1 u F2 (Force), npu-

JIOKCHHOTO K TMOBEpPXHOCTH (IATh 3HauYeHMi ¢ marom B 5 H. ITpumep: 10H —
15H — 20H — 25H — 30H) (tabm. 1).

(xecTkas 3apgenka)

(xecTkas 3apenka)

(cBAI3aHHbIWN KOHTAaKT)

Puc. 1. PacueTHasa cxeMa
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Hcxoanble JaHHDBIE

Tabnuya 1

Bapuant Tumn 00bEMHOT0 dJIEMEHTA Fi, H Fo, H
1 Perymnsipuast oqHOHANpaBIeHHAS 50 40
2 [Inerenas 40 35
3 Perymsiprast omHoHanpaBieHHas 70 50
4 Cdepuueckas 60 60
) Perymsipnast onHOHarnpaBiieHHAs 40 45
6 Cdepuueckas 10 80
7 [Inerenas 55 55
8 Coepuueckas 65 30
9 Cdepuueckas 65 85
10 Perynsipnast oqHOHanpaBieHHas 40 40
11 Perymnsipuast ogqHOHAnpaBIeHHAS 40 30
12 Cdepuueckas 35 70
13 Perynsipnast oqHOoHanpaBieHHas 25 45
14 Cdepuueckas 45 80
15 [Inerenas 75 95
16 PerynsipHast oqHOHanpaBieHHas 30 30
17 [Inerenas 45 85
18 [Inerenas 20 70
19 Cdepuueckas 70 65
20 PerynsipHast oqHOHanpaBieHHas 85 30
21 Cdepuueckas 65 20
22 [Inerenas 40 10
23 [Inerenas 30 25
24 Coeprueckas 70 55
25 PerynsipHast oqHOHanpaBieHHas 60 65
26 [Inerenas 40 65
27 Coeprueckas 40 40
28 [Inerenas 20 40
29 Perymsipaast omHoHanpaBieHHas 55 35
30 [Inerenas 35 25
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IopsioK BHINOJTHEHUSA JTA00PATOPHOM PAadOTHI
1. 3amyckaem ANSYS Workbench u moGaBisiem Heckonbko MOyIIeH:
Material Designer, nsa ACP (Pre) u Static Structural (puc. 2).

I LRS - Workbench

Fle View Tools Units Extensions Jobs Help

@@ [H Project ',

C @ mport... | +g Reconnect Refresh Project +F Update Project ‘ B8 ACT Start Page

LUl Project Schematic > ax

|E| Analysis Systems |A
4 DesignAssessment

) Eigenvalue Buckling ll A B

I Explicit Dynamics 2 |0 Engineering Data  + 0 Engineering Data "

Fluid Flow-Blow Moldi Polyflow)

uid Flow - Blow Molding (Polyfiow) 3 |® Material Designer & @ Geometry P .
Fluid Flow- Extrusion(Polyflow)

Fluid Flow (CFX) Material Designer @ Model F .
Fluid Flow (Fluent) B setup 7
[& Fluid Flow (Polyflow) ACP (Pre)

E Harmonic Acoustics

@ HarmonicResponse

[ Hydrodynamic Diffradian
[E Hydrodynamic Response
4 1CEngine (Fluent)

4 1CEngine (Forte)

|6 Magnetostatic D

@ Modal Acoustics & EngneeringData v

Random Vibrati e

@’ andom Vibration @ ceonenry ED
f@) Response Spectrum |
B Rigid Dynamis @ Vodel 5 a4
&) StaticAcoustis B8 sewp -
[ Static Structural ACP (Pre)

) Steady-State Thermal

[ Thermal-Electric v
‘ T View All f Customize... -

o Ready 8 10b Moritor..._| [0 DPS Connection (Betz) | show Progress |[-%1show 0 Messages | .

C

7| Static Structural

Engineering Data v

[4]
[E]]

Geometry

Model

ABBEE

HE0 S

Solution
@ Results

Static Structural

NEEBEEEE

£
o) | o) | ocd | och |
NN

[«

w = [w]n]

Puc. 2. JlobaBnenue Mmoayneit

2. Isaxanl HaxkumaeM JIKM na 6ok Engineering Data (1), mocie yero
xmem Ha Engineering Data Sources (2). Beibupaem 6ubamorexky Composite
Materials (3) u moakmouaem marepuaisl: Carbon Fiber (290 GPa) u Epoxy
E-Glass UD (4). ITocne aToro moxHo 3akpbiTh ENngineering Data (5) (puc. 3).

- | B - | C
I 7| Material Designer E
E & Engineering Data 4 1 E |@ Engineering Data ~"
3 !“;“! Material Designer & 3 |@ Geometry 2,
Material Designer |4 |@ Model F o4
5 |@ Setup 7
ACP (Pre)

a

Puc. 3. BeiObop maTepuana BoJIOKHA U HaOJHUTENS (HAYaI0)
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|, Unsaved Project - Workbench - [u] X
Fle Edt Vew Toos Uit Extensions Jobs  Help
1|5 || & || [H project / @ A2Engineering Data
¥ Filter Engineering namlﬁ Engineering Data Sources I 2
Toobox SLIER Engincering Data Sources. S Teble of Properties Ro - 3%
-
Viscoelastic ~ A 8 c D A
ShapeMemory Alloy 1 Data Source /| Location Desaiption 1 | Densty Ggm~3) =
Geomechanical General use material samples for use with 2 | 2000
= 6 E 0 & e omecharical modets
B Damage
CohesiveZone - Composite Materials I& | Material samples specific for composite structures.
Fracture Criteria ﬁ General Non-inear Materials 3 [l ® ::;j’;lsuse material samples for use i non-dinear
Bl Crack Growth L: 1
fekerovth e s |l swicthaterios &l B | Material samples for use in an explit analysis.
Thermal
= o @ [E] & | Material stress-strain dta samples for curve fittng.
crmopower
P B-H Curve samples spedific for usein @ magnetic
Linear "Soft” Magnetic Material 1 m Magnatic B-H Curves (] & Analvsis. i
Linear "Hard" Magnetic Material v X
Nonlinear "Soft" Magnetic Material a B C D il
Nonlingar "Hard" Magnetic Materia it i =
1 Contents of Composite Materials E| aw ‘Source prom——— > o
Hedg 3 9 Carbon Fiber (230 GPa) IS Composite_M| Fibers only
@ Brittle/Gi :
rictle/Granular 4 % Carbon Fiber (250 GPa) L | Composite_M| Fibers orly.
Equations of Sate
5 @ Carbon Fiber (395 GPa) R Composite_M| Fibers orly
Porosiy
= 3 W E-Glass g & Composite_M; Fibers orly
e — 7 % Epoxy Carbon UD (230 GPa) Prepreg a € Composite_M
Elasto-PlasticBehavior 8 % Epoxy Carbon UD (230 GPa) Wet % € composite_M,
Perforated Media 9 T Epoxy Carbon UD (385 GPa) Prepreg h Composite_M;
Composite 10 % Epoxy Carbon Woven (230 GPa) Prepreg A Composite_M
Forming Plastidty 11 % Epoxy Carbon Woven (230 GPa) Wet ar ‘Composite_M
Foams 12 % Epoxy Carbon Woven (395 GPa) Prepreg S Composite_M
Eulerian 3 T Epoxy E-Glass UD L |# | = composie m
Concrete = — s
Custom Material Modss Uil Proper tes of Outine Row 13: Epoxy E Glass UD v Rx
a3 s — -
T view Al customize... | || ! ! : ! . v
& Ready /¥ Job Monitor... | ) No DPS Connection (Beta) | i Show Progress | %)Show 0 Messages .

o

Puc. 3. Beibop matepuana BOJOKHA M HAMOJTHUTENS (OKOHYAHUE)

3. B nepBom moyite nBaxkasl HaxkumaeM JIKM na Material Designer, mo-

CJIC 4CT'0 OTKPOLCTCA OKHO, IIPCACTABJICHHOC HA PpUC. 4.

Material Desipner

R = = $ € 0% @ el |le]l[e]] (<] [e
Select Latice UD Composite RandomUD ChoppedFiber ‘woven  Particle Random UserDefined  RVE Scive  Update  Di He
hd ' Composite  Composite  Composite Partick Model = - . |sfalav -D S
Edit s RVE Type MD Mode
Outline ?
RVE Model

e ANSYS

Geometry
Mesh
Satings

Analyses

Struct. Laye_ Seleck Grou_ Views |Duth

Options - Selection *

58 Skech
Snap to gnd

Snap 1o angle » X
Create layout curves

Properties :

| Frwemn[bouarm i 4k x

Puc. 4. Oxno Material Designer

4. B BepxHel maHeau UHCTPYMEHTOB (pHC. D) BhIOMpaeM THUIT 00BEMHOTO

AJIeMEeHTa MOJIU(DHUIIMPOBAHHON MUKPOCTPYKTYpPBI COTJIACHO CBOEMY BapUaHTy
(Tadm. 1).

129



Lattice UD Composite Random UD Chopped Fiber  Wowven Particle Random Lser Defined
Composite Composite  Composite Farticle
RVE Type

Puc. 5. Be10op 00beMHOI0 3JIEMEHTA MOAUPUIUPOBAHHON MUKPOCTPYKTYpPBI

5. B mnosiBuBmLIElcs ciieBa TaHENIWM MPUCBAMBaeM MaTepuanl MaTpUIlbl/
Hanosiautens (1) u yactuipl/BosiokoH (2) (puc. 6). [locne yero HeobXxoauMo

MIPUMEHUTH U3MeHeHus (3).

e ‘ wHED-C- A:Material Designer - Design1 - SpaceClaim - Material Designer
File Additive Material Designer
R —, A . 7 S ) .
c - 3 [ |
c[Se | J . 2 @ 3
Select | Change | Constituent| Geometry Mesh i
. - Materials Update Open Exit
Edit = | RVE Type RVE Model Salve Update Display Help | MD Mode

Outli
L Change the options and click on complete to finalise the material assignment
=~ RVE Model (Particle)

e F Materials |7| ANSYS

-~ # Geometry ) )
Mesh 3

-~ Settings
Analyses

Struct.. Laye.. Select.. Grou. Views ‘Duth...|

Options - Materizlz ¥
IMmrix Egﬂ E-Glass UD I 1 1
([Peree 21Don Hiber 2 » T "
: z

Properties

Y

-

- L X
z
10pm

‘F‘roperties | Appearance A Designl®x q kX

Change the options and dick on complete to finalise the material assi

Puc. 6. IIpucBoeHnue maTepuasoB

6. Jlnsa co3manus reoMeTpun OOBEMHOTO 3jeMeHTa (puc. /) HaXKUMaeM
JIKM na Geometry (1). Ilocne sToro B J€BO¥ MaHeIW HACTPOEK OTOOPA3ATCS
HACTPOWKHK T€OMETpUU 00BEMHOTO djeMeHTa (2) (B 3aBUCHUMOCTH OT THIIA, BBI-
OpaHHOTO 0OBEMHOTO JIEMEHTA HACTPOWKH MOTYT OBITh pa3nudHbl). Haxxuma-
eM Ha rajnodky (3) u Ha pabo4eM MPOCTPAHCTBE MOSIBUTCSI TPEXMEPHASI MO/IEJIb

Cr€HEPUPOBAHHOU 00BEMHOTO yieMeHTa (4).
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> 1!

Open Exit

[ 5
kK % |0 >
Select  Constituent Geometry Mesh Analysis ‘Change
M Materials Settings -
Edit T« RVE Model RVE Type Solve Update Display Help ~ MD Mode
Outline
=~ RVE Model (Particle)
 Materials
1 D ANSYS
=

Settings 3

Change the options and click on camplete to finalise the RVE

Andlyses 4
Stuctu. Layers Seleci Groups Views [outin
Options - Particle: 7
General
Geometry Type: Simple cubic *
Faricle Volume Fraction: | 0.5 F
Partice Dismeter: | 10m P
Hollow Perticles
Particle Wall Thickness: | 0.5 um P
bivanced
Repeat count 1
Properties 7
¥
-
.
z
T
‘Propemes |Aopearam=e #\ Designi- d4bx

Change the aptions and click on complete to finalise the RVE.

Puc. 7. COSIIaHI/Ie IrcoOMCTPUHU 00BEMHOTI0 DJIEMEHTA

7. CreHepupyeM CETOYHYIO MOJENh 00beMHOT0 demMenTa (puc. 8). Haxu-
maem JIKM Ha Mesh (1) u 3amaeM MakCHUMaabHBIA pa3Mep CETOYHOTO 00BHEM-
HoTrO 2ieMenTa (2). Haxxumaem Ha ranouky (3) ¥ BUAMM Ha SKpaHE CTE€HEPUPO-
BaHHYIO CETKY (4) 0OBEMHOTI0O 3J1€MEHTA.

w wm i 9 -0 <

File UL Material Designer

Select  Constitvent Geomeiry | Mesh | Anslyss | Change Update Orientzin  Open Bt
* | Malerials Seftings S -

Edit RVE Model RVE Type Solve Update Disply  Help  MD Mode

Qutline

Change the options and click on complete to create the mesh

B+ RVE Model (Particle)
H misvs

ettings 3 4

Analyses
Stucty_ Layers Select- Groups Views [utind

Dpticns - Mesh g |

General

Maximum size: s |P
Adapt towards edges
Use Block Meshing

Use Conformal Meshing

Use Periodic Meshing

Properties ?
v
H
. 14-; X
z
o
[Properties | rppearance N Designt > b x

Change the options and click on complete-to create the mesh.

Puc. 8. Cozmanne ceTku 00bEMHOI0 dDJIEMEHTA

8. Haxxumaem JIKM Ha Settings (1). Ha manenu cieBa (2) MOXKHO BHICTaBHTb

MHTEPECYIOIIE HACTPOUKHU aHaIn3a 00bEeMHOro 3ieMeHTa (puc. 9), HO B HallleM
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cllydae, OHU ocTaroTcsi 6e3 m3MeHeHns. Haxknmaem Ha ranmouky (3) v BUIUM CH-

CTEMHOE OKHO, MPEAYNPERKIAI0IIEe O Pe3yIbTaTax MPOBEeICHHOro aHamu3a (4).

File Additive Material Designer
an = : T @
K % @ S en e EI >
Sel Ch Constant Varisble o | B | b
lect  Constituent Geomeiry Mesh |Analysis ange  Constant Variat Oriontat
- terias | Setigs| - Materd Materd POt T @ B
Edit RVE Model RVE Type Solve Update Display Help = MD Mode
n .
(Guskine) Change the options and click on complete to finalise the analysis settings
= RVE Model (Particle)
v Matenals
s ANSYS
/ Mesh
(i B

‘Analyses
Structu Layers Seleci. Groups Views [Outlind

i St '

General
Type of anisotropy- Orthatropic ¥
Computs linear elasticity

Compute coeficients of thermal expansion
Compute thermal conductity
Use periodic boundary conditions

3

A

T

Use material symmetry in XY

Use material symmetry in XZ

: T

Use material symmetry in YZ. S el
PN

2 & o]

Properties

¥
4 Analysis Settings:
2 H Type of anisotropy=Orthotropic
. Use periodic boundary

conditions=True
Use material symmetry in XY=True
Use material symmetry in X2

Use material symmetry

|PmDemes ‘ Appearance

fons and click on complete to final

Puc. 9. Bbibop xapakTepuCTUK YaCTHUIIbI

9. IlpucBanBaeM Ha3BaHWE CO3JaHHOMY OOBbeMHOMY 3jeMeHTY (puc. 10).
Jlnst aToro Haxxumaewm rnpaByro kaonky mbim (ITKM) na Analyses (1) — Con-
stant Material (2), BBogum Ha3Banue MaTepuana (3) U HAKUMAEM HA TaJIOUKy

(4). 3axpeiBacMm okHo Material Designer.

e PELIOEN  isterial Designer
RS DOEG C me ;203

Select  Constituent Geometr Mesh Analysis  Change  Constant Variable Orientstion
© Moterisk ” Sngs v |Melerid | Matera UPSete TR | Open | Bt
Edit % RVE Model RVE Type Salve Update Disply  Help  MDMede
| LuiTe Change the options and click on complete to solve.
+ Geometry ~
- e ANSYS

£ _Setings

Variable Material

Structu Layel

Options - Constantmaterial solve 2

General

Properties

[Propertes | Appearance N Desioni x

Change the options and click on complete to solve:

Puc. 10. Co3nanne ceTkru 00bEMHOIO dJIEMEHTA
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10. Co3maem cBsI3b MeXay TepBbIM M BTOpbiM Moxyismu Material De-
signer juIst MPUCBOCHMS CO3JJaHHOTO HAMH KOMITO3UTHOT'O MaTepuaia K aHaju-
3UPYEMOI T€OMETPHH Yepe3 BTopoit 010k (puc. 11):

10.1. B oxkae ANSYS Workbench naxxumaem ITKM na Material Designer
(1) u BetOupaem Update # Update | 1yt OOHOBJICHMS IIPOEKTa KOMIIO3UTHOTO
MaTepuana.

10.2. 3axxumaem JIKM Material Designer (1) u neperackuBaem ero k En-
gineering Data (2) x nepsomy moaymo ACP (Pre).

10.3. Haxxumaem I[TKM nHa Engineering Data (2) u Beionpaem Update.

- A hd B A C
8l 7 Material Designer il ACP - ACP (Pre) 1
2 & EngineeringData --llm 2 2 @ EngineeringData + 4
3'@ Material Designer " 1 3 @ Geometry ? 4 3 @ Geometry ? 4
Material Designer 4 i@ Model 7y 4 @@ Model 2,
1 5 [ setwp = 5 @ setup 2 .
ACP (Fre) 6 Solution 7 .
7 @ Results 2 4
Static Structural
- D
:
2 & EngineeringData + 4
3 @ Geometry ? 4
4 @ Model 2,
5 m Setup 2
ACP (Pre)

Puc. 11. Co3nanue cBsizu

11. Umnoptupyem reoMeTpHio:

11.1. ABaxknpr HaskumaeM JIKM na 6ok Geometry y momynst ACP (Pre).

11.2. B nosiBuBmemcs okue HaxxumaeMm File — Open.

11.3. Jlsig Toro 4ro0bl HAWTH CO3/IaHHYIO T€OMETPHIO, IEPEXOIUM B TANKY
¢ Hell u BhIOMpaeM otoOpaxenue Bcex hopmaros — All Files (*.*). Haxumaem
Ha CO3/IJaHHYIO T€OMETPHIO C PACIIUPEHUEM «.X_1» U )KMeM KHOTIKY OmKpbimb.

NMnopTupoBaHHasi TeOMeTpus M0Ka3aHa Ha puc. 12.
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ste . ~ Select Pull Move  Fill Combine by
48 -8 Qun- ~©@DZ 532 3 2 et N K
lipboard Orient Sketch Mode Edit Intersect Cred
clure . . P
Click to set a secondary selection to be used within other tools
|4 LRE_1*
v @ Surfacel

—

ucture | Layers  Selection Groups Views

ions - Selection

perties

Puc. 12. mmiopt TeomMeTpuu

11.4. ITocne 3TOro OKHO TEOMETPUU MOMKHO 3AKPBITh.

12. IIpuctymnaem K CO34aHUIO CETKHU:

12.1. ABaxk bl HaskumaeM JIKM na 6mox Model y moayns ACP (Pre).

12.2. B oTkphIBIIEMCsI OKHE packpbiBaeM BkIaaky Geometry (1), Boiaens-
em reomeTpuio (2) u 3agaém Tommmay (3) 0,5 MM (puc. 13).

» £7 A :
D v

E: Commands (8)images~ @ ﬁ % :I @ ﬁ

em [JcComment [ section Plane
Point Distributed Thermal = Transform Surface Ele

Duplicate Solve | Analysis v . R
Q AHE ¢ il Chart B annotation Ge Point Part  Coating Orie
Qutline Solers Insert Geometry Mass Modify
b line sose 10X |G QA |[@w e % O+ QA & Sdat kM- B R[EREE®
© Name - Ve

[ project®
Bl Model (B4)
Oz
y ]

5. Coordinate Systems

@ Mesh
Jetails of "ACP-Pre\Surfacel" s w O X
1| Graphics Properties A~
1 Definition
Suppressed Mo
1D (Bzta) 19
Dimension 3D
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperatur: nvironment
Thickness 3 ﬁm
Thickness Mode b resh on Update
Offset Type Middle
Treatment MNone
Reference Frame Lagrangian .00 40,00 80,00 {mr
1/ Material 20,00 60,00 !
Assignment Structural Steel
Monlinear Effects Yes ol
Thermil Strfln Effects | Yes |Text |Associai

Puc. 13. 3aganue TOJIIUHBI IUIACTHHBI
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12.3. 3agaemM HACTPOMKH CETOYHOM MOICIIH:

— xxmem [TKM na Mesh — Insert — Method, BeiaenssieM reoMeTpuio U BbI-
oupaem meton — Multizone Quad/Tri;

— xmem IIKM na Mesh — Insert — Sizing, BelaeisieM BCIO T€OMETPHIO
Y 33J]a€M BEIIMUMHY SYeeK | MM.

12.4. Haxxumaem [TKM na Mesh u Beioupaem Generate mesh. I'oroBas ce-

TOYHAs MOJICIb TIpe/icTaBlicHa Ha puc. 14. 3akpriBaeM okHO Oyioka Model.

Puc. 14. T'enepanuisi CETOUHON MOJIEIH

12.5. TlpucBauBaeM UMs KOHTAaKTHOW MOBEPXHOCTHU. BblaensieM o0nactb
JIKM, nocine yero HaxxumaeM Ha Heé [IKM (1) u BeiOupaem Create Named Se-
lection... (2) (puc. 15). B urore aBe moBepxHOCTH OYAYT UMETh IMEPCOHAIBLHOEC
Ha3BaHue (3).

12.6. Haxxumaem ITKM na Mesh, sei6upaem Update B u nocne storo
okHo Mechanical MoHO 3aKpBITh.

13. HactpanBaeMm cjI0u CO37JaHHBIX KOMITO3UTHBIX MaTepPHajIOB:

13.1. B oxue Workbench ngsaxasl Haxkumaem Ha Setup B Oioxke ACP

(Pre). IToce aToro mepe HaMu MOSIBUTCS OKHO, IIPEACTaBICHHOE Ha puc. 16.
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Duplicate Q Solve Insert Update Generate | Surface Source/Target | Method Sizing Face Mesh  Match m T Mesh | Metrics
= = = - Meshing Copy Control @Pinch %Mesh Group | Edit~ | Display™
Cutline Solvery Mesh Preview Cantrols
Outine = “ 10X QA e B O -FQRAQEQ St kVuer R BBEE BT T Hci
e

Bl T Geometry 1
oy I ACP-PrelSurfacel
{8 Materials
w3 Coordinate Systems
/T8 Mesh Insert »
> MultiZone Quad/Tri Method Show »
1@ Body Sizing
=} GoTo b
@ || Hide Body F9
! Filter Tree Based On Visible Bodies
" || Suppress Body
Details of "Mesh" - e B OX | Hide Face(s) F8
(| Display ‘ "
Display 5tyle |Use Geometry Setting [sometricNiew
1| Defaults . Set
Physics Preference | Mechanical ,'1" Restore Default H
Element Order Program Controlled @ Zoom To Fit 7
[ Element Size Default (6,892 mm)
- @, ZoomTo Selection z
Sizing
Quality (& Image To Clipboard Ctri+=C 60,00 (rrrny
-
Cursor Mode 3
Batch Connections o 5
Advanced T =
fisti £ Look At
Association
) + dinata Cuct
Details | Section Planes | & Create Named Selection.. I N
Create a Named Selection for the selected geometry entities in the graphical interfa 88 No Mesl = IS I <20 [t Mt €tsta. v

Puc. 15. [lpucBoenmne uMeH Jijisi IOBEPXHOCTEN

ACP-Preaacph5 - ANSYS Composite PrepPost

File View Tools Units Help

‘ Q Search

D=

E ACP - Pre
@ Models
B §F ACP Model
e ﬂ Material Data
G < Element Sets
. & Edge Sets
o 1l Geometry
- 5 Rosettes
& Look-Up Tables
&) Selection Rules
ﬂ Oriented Selection Sets
. ﬁ Modeling Groups
. ¢ Field Definitions
a Sampling Points
. P Section Cuts
@ Solid Models
w Sensors
i E Layup Plots
i ﬁ Scenes
@ Views
. @ Ply Book
- % Parameters
... B WMaterial Data

Scene.l

e PEHEE D E T

RA=ml ¥ ¥de v

LLLILLLL L e

ANSYS

2019 R2

Thickness. 1

I'I

088889
077778
060667
055556

022222

IO

[tARRANI

&Y

Z

5 4

Shell View | Logger | History View

In [£]: db.models[u'ACP Model'].active_scene=db.models [u'ACP )
Model'].scenes['Scene.l']
In [7]:
In [7]:
v
Finished saving ACP Model ACP Model to acphi file after 0.216s. MEKS (m,kg,s.M,C,USD) )

Puc. 16.

Oxno ANSYS Composite PrepPost
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13.2. Cpa3y u3MeHseM eqUHHIBI U3MEPEHUS HA MM. {711 3TOro HaxKkuMaem
Ha Units B Bepxueit manenu u Beioupacm MPA (mm,t,s,N,C,USD).

13.3. Co3maeM ciioii BOJIOKOH KOMIIO3UTHOTO Marepuaia (puc. 17):

— s 3TOrO packpeiBaeM paszaen Material Data (1), naxxumaem [1KM Ha
Fabrics (2) u Beioupaem Create Fabric... (3);

— BeIOMpaeM Matepuan (4), 3agaem tonmuny 0.5 mum (5) u sxmem Apply (6).
Ecnm Ha 3KxpaHe MOSIBUTCS OKHO C MPEAYNPEKIACHUEM, TO €T0 MOYKHO 3aKPBITh.

[Tocne »TOro OKHO MOKHO 3aKphITh (7).

ik, EArCn oy [ JCENE. |
& ACP-Pre =AN=
- ¥ Models
ﬁi} ----- £x ACP Model
H-- & Material Data
..... Materials
3
o ) Stack Paste...
e M Sub L
[ 4 Element Se Sort
....... <7 Edge Set
& Edge Sets Export to ESAComp XML ...
[ E] Geometry
[ 3 Rosettes 066667
------- ] Look-Up Tables .Dﬁﬁﬁﬁﬁ
....... &l Selection Rules Lt
....... 2F Nriented Selertinn Sete Lol
a
&3 Fabric Properties - O s
Marme: |Fabric.‘|
|D: Fabric.d
General | Analysis | Solid Model Opt. | Draping |
General
Material:l mat_1 I 4 ~
Thickness:lﬁj I 5
Price/Area: |0.0
Weight/Area: -1.0
Post-Processing
Ignore for Post-Processing: [
m Apply cance'

o

Puc. 17. Co3nasue ciosi BOJIOKOH

137



13.4. Co3maem och koopauHat (puc. 18). Haxxumaem ITKM na Rosettes (1)
u BeiOupaeMm Create Rosette... (2), skmem Apply (3). ITocine 3TOro 0OKHO MOYKHO

3aKpHITH (4).

....... & Edge Sets ‘ o

X
p— 2

....... @ Look- Paste
------- & Select Hide Al ;
....... 2§ Orient Shell View | Logge

_______ ﬁ Mode Show All

....... & Fieldl  gon
....... & Samplllrﬁ- TP TEY

| BT T T

||In [98]: db.

a
& Rosette Properties - O Ed
Name: [T
ID: Rosette.l
Type: | Parallel -
Definiticn
Origin: |(D.DDDD,D.DDDD,D.DDDDJ |
1 Direction: ‘(1.0000,0.0000,0.0000] | Flip
2 Direction: ‘(D.DDDDJ.DDDD,D.DDDDJ | Flip
Shuffle Axes Swap 1 and 2 Direction
I oK I I Apply I Cancel

Puc. 18. Co3nanue ocu KOOpAUHAT

13.5. Co3maeM opueHTUPOBaHHBIH 010K (puc. 19):

— naxkumaem [TKM na Rosettes (1) u Beioupaem Create Rosette... (2);

— BBIOMpaeM 3JIEMEHT/TEOMETPHUI0 (BbIOMpaeM €ro B JepeBE MOCTPOCHHUS
B pazzaene Element Sets) (3), nacrpauBaem opuenranuto (4), Haxumaem Flip (5)

(4TOOBI TOJNIIMHA TJIACTUHBI 33/1aBajlaCh BOBHYTPh), MOCJIE YEro BHIOMpPAEM CO-
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3maHHyio ock koopauHat (6) u sxxmem Apply (7). [Tocne 3Toro okHO MOXKHO 3a-

KPHITH (8).

e aY

5 Global Coordinate System |
i s ds Rosette.] \_-z‘(
- {8 Look-Up Tables
- &5ff Selection Rules
% % 'l Oriented Selection Sim - . 2
- IClaaie Oriented Selection Set ... I ——
(E Modeling Groups

. & Field Definitions Paste E[

@ Sampling Points dir . m
.Fl g Sort
. BB Section Cuts
=y .
- 5 Solid Models ‘ ||
Maanl o - -
- - \
8 ACP-Pre ~ B PFAIHFPTFER+*@ ¢ Foag| LL1]|
<} Models
- £¥ ACP Model
- M Material Data
S A Materials & Oriented Selection Set Properties - ] X
P LB Structural Steel
L LR matd sokcty Name: ‘OnentedSE\EctmnSEtJ
o M Fabrics ES- Al ID: OrientedSelectionSet.1
§ e Fabric
oo M Stackups I
077] Extension
066
053] Element Setsﬂl‘m\_ﬁements‘] 13 |
0,444
0.33{ Orientation
022
011 Point: |(c‘owe,o‘oooo,o.ooooj |
[
Direstion:| -1.0000,-0.0000-0.0000} | 4| | Fiip |
3 Reference Direction 5
- election Rules Selection Method: | Minimumn Angle ~
riented Selection Sets I%
“o ¥ OrientedSelectionSet.1 Rosettes | [Rosette. 1]
~ 3 Modeling Groups ——  Reference Direction Field: B
& Field Definitions Shell View) 7 8
- By Sampling Points
B Section Cuts I OK II Apply I Cancel
@ zu“d Models In [35]7 db.models[a'ACE Model"] . selection. Set (1)
. en
5 Layup Plot:
ﬂ Scenes In [36]: db.models[u'ACP Model'].selection.set([db.models[u'ACP
- O Views Model'].eclement sets['Rll Elements']])
® PlyBook
] Paramete

o

Puc. 19. Co3nanue opueHTHPOBAHHOTO 0JI0Ka

13.6. Coznaem MojienbHY O Tpynny (0ObeIUHEHUE OPUEHTUPOBAHHOTO 3Jie-
MEHTA M makeTa cioeB) (puc. 20):

— naxkumaeM [TKM na Modeling Groups (1) u Beioupaem Create Modeling
Group... (2). B nosBuBmiemcst okHe xxmem OK (3);

— naxxumaem I[IKM na ModelingGroups.1 (4) u BeiOupaem Create Ply...
(5);

— BBIOMpaeM MepBbIA OPUEHTUPOBAHHBIN 00K (6) M CI0M KOMIIO3UTHOTO

matepuaia, skmeM Apply (8). TTociie 3TOro 0KHO MOYKHO 3aKpHITH (9).

139



= EF ALF Model

=]

|_:_| ..... & Material Data

o

Materials

5’ mat_1
E| & Fabrics

o Fabric.1
. G Stackups

i % Sub Laminates
- % Element Sets
L84 AllElements

55 Contact

&4 Edge Sets

[E

‘,,I_. Rosette.
] Look-Up Tables
@ Selection Rules

& Field Definitior
a Sampling Poin

5’ Structural Steel

a Oriented Selection Sets

Export to CSV file ...
Import from C5V file ...

E Madeling Group Pro...

Marme: |ModelingGroup.‘l |
ID: ModelingGroup.1

3
|

| OK

Apply | | Cancel |

r | History View

% Section Cuts
2} Solid Models

w Sensers

A A

[ T

<% Matenals

5’ mat_1
& Fabrics
./# Fabric.1

. % Stackups
G Sub Laminates

E| .....

a Element Sets

B AlElements

........ 5 a Contact

- &Y Edge Sets

b g Geometry

@ Rosettes

-V,I-» Rosette.
- {5 Look-Up Tables

@ Selection Rules

Oriented Selection Sets

a Fie

nitions

a Sampling Peints
- H Section Cuts

A Solid Models

w Sensors

- & Layup Plots

- & Scenes

o1 Views

5’ Structural Steel

-8 1. Global Coordinate System

: 'V” CrientedSelectionSet. 1

In [46]:

db.models[u"ACP Model'].selection.set ([1)

W

Properties ... ory View

Update

5

Create Interface Layer ...
Create Butt Jeint S5equence ..
Paste

Nalet=

1s[u'ACP Model'].selection.set ([db.models[u'aACP
| groups])

13 [u'ACP Model'].selection.set ([db.models[u'aACP
| groups["ModelingGroup.1']])

o

Puc. 20. Co3nanue MoeIbHOM TPYIIIIbI

(Hauano)
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ﬁ Models

- £¥ ACP Model
= & Material Data
E| ----- d Materials
@ Structural Steel

a Modeling Ply Properties

MNarme: |Mode|ingP|y.1
ID: ModelingPly.1

General | Draping | Rules |Thickn5§ |

@ Sub Laminates
Elernent Sets

- 066667 - - A . 6
Oriented Selection Sets.l OrientedSelectionSet.1 I
........ BF AlElements 055556

95 Contact gmaaaaa Ply Material:w ~
...... @ Edge Sets 0:22222 Ply Angle: |0.0
- [ Geometry 0111 MNumber of Layers: |1
(= @ Rosettes 0
8 |, Global Coordinate System Global Properties
/}—» Rosette. .
...... & Look-Up Tables fetve
------ & Selection Rules 6 7 Global Ply Nr: |1
OrientedSelectionSet.1
(= G odeling Groups bW
= 5 ModelingGroup.1 Shell View | Loy
fs = ModelingPly.1
------ #4 Field Definitions
------ a Sampling Points
In [53]: d
------ BB Section Cuts 9 8
...... Solid Model
i Solid Models I oK II Apply I| Cancel
w Sensors In [54]1: d
[ ¥ Layup Plots Model'] .material data.fabrics['Fabric.1']])

6

Puc. 20. Co3ganne MOJeIbHOM TPYIIITHI
(okoHUaHUE)

13.7. Bkmtouaem otoOpakenue cetku (1) m HampaBiieHHE BOJOKOH (2)
B BepxHel nanenu (puc. 21). BeiOpaB MojenbHyto Tpytiny (3), BUIUM 3€JICHbIC

CTPEJIOUKH, TTOKA3bIBAIOIIME HAMPABJICHNE BOJIOKOH (4).

‘ch ®| @ ¥| Scenel | 1 2
4
P-pre S ESEIEE T JoA- R & B /9§ LLI 2] |
IModEI; -_“-__"_‘_*——‘—‘—‘ ! -'— e L[] H
- {¥ ACP Model PR e AR T T
= M Material Data AR R R E ey e R | HHHHHE T
é dMaterlaIs T HHH RN —f
5’ Structural Steel IR RN RN
; 3’ mat_1 |- ! | AEERRE INEAR
aﬁFabncs RERAREREN R N EAEAERRAERRERS| ’i|::
; .,#Fabrlﬂ AR AR I RAEEERREREREENRERE] T
. 2 Stackups 088889 I I i AENRAN I REREE S I | ; [ EH
. % Sub Laminates 077778 | AR AR R RN SRR EEEEAREEEEEERER R
e d Element Sets 006067 IHEHRNHNN R EEssE; R |
ja All_Elements 055550 H } I
5 comtet 04444 I e SR EASASTRA A EAGAEI IO NARTRN
o € Edge Sets 022222 HHHEHHE AN AR RERARARARAE:
- [ Geometry 011111
- 3 Rosettes 0 EREE
5 Global Coordinate System [
J}—o Rosette,1
ﬁ Look-Up Tables Iy
@ Selection Rules y
(= a Oriented Selection Sets i AEREEE
Jg OrientedSelectionSet.1 _[ T
(=2 a Madeling Groups 3 %5 4
B DMode\mgPIy1
&= PT_ModelingPly
- & Field Definitions In [60]: db.models[u'ACP Model'].scenes['Scene.l'].show edges = True
a Sampling Points -
oo Bl Section Cuts

Puc. 21. OtobpakeHne HampaBIeHHUS BOJIOKOH
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13.8. Co3maeM TBEpAOTEIBbHYIO MOACIH (pHc. 22):

— naxxumaem [TKM na Solid Models (1) u Beioupaem Create Solid Mod-

el... (2);

— BBI6I/Ipa€M QJICMCHT (Ha)KI/IMaCM Ha 00J1aCTh dJIEMEHTa H BBI6I/IpaCM cro

B nepeBe noctpoenHus) (3) u xmem Apply (4). ITocine 3TOro OKHO MOXKHO 3a-

KPBITH (5).

1

. Section Cuts
Senso

E--g== ModelhngPly.d

----- =7 P1_ModelingPhy.2

- 3% Field Definitions

ing Points

W

In [107]: d

In [108]: d

Trm F10OGT-

reate Sohd Model ... 2

. Paste

- B Layup

[ ﬂ Scene Hide All

- 2 Views Show All

- ¥ PlyBo

- %) Parameters

Pora_o___im_a_
a

, Search Q @ < ezl |
| ACP-Pre .
o 2§ Models

& £¥ ACP Model
- M Msterial Data
2 Materials
9’ Structural Steel
LBl mat ]
=] & Fabrics
‘# Fabric.1
) Stackups
w4 Sub Laminates
d Element Set
'
< & Edge Sets
g] Geometry
- 3 Rosettes
B 1. Global Coordinate System
‘“L. Rosette.1
- &8 Look-Up Tables
- 5} Selection Rules
=1 ﬂ Oriented Selection Sets
.\ 'F OrientedSelectionSet.1
= g Medeling Groups
= 2 ModelingGroup.1
.....J.z'.,' ModelingPly.1
... & Field Definitions
.. Hy Sampling Points
HE Section Cuts
- 4 Solid Models
£} SolidModel.1

w Sensors

#4 | avin Plntc

3

& Solid Model Properties

B9 ETRAsallF l¢dee| L L |EL

Name: [SelidModel.1

ID: SelidModel.1

Thi General | Drop-Offs | Export
1
Iu Active:
g Extrusion Properties
IO Element Setsi| Al Elements] | 3
4]
o Extrusion Method:  Analysis Ply Wise ~
Ig Max. Element Thickness: 1.0
0 Start Ply Groups at: []
Offset Direction:  Shell Nermal ~
Materials
Global Drop-Off Material: ~
Global Cut-Off Material: v
nw |
Shell Element Quality
1 Delete Bad Elements:
Warping Limit: |0.4
In [
e oK II App! Cancel
Mode I — I

o

Puc. 22. Co3nanue TBep0TEIHLHON MOACIIN

13.9. 3akpeiBaem okHo ANSYS Composite PrepPost.
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14. TloaroraBnuBaeM MOAENb BTOPOU T€OMETPHUU:
14.1. J1ns Broporo moxyist ACP (Pre) mosropsiem mraru 10.2-13.9 ¢ psgom
VCKJIFOUCHUN:

— s myHkTa 11.3 BeiOupaeM BTopyro reoMerpuio (puc. 23).

T O-E Qom-T - DG JTHF 7 X 2 [0 - =z S Froject s
lipboard Orient Sketch Mode Edit Intersect Creal
cture . .

Click to set a secondary selection to be used within other tools
V& Rz )
v @ Surfacel
ucture | Layers Selection Groups Views Q
ions - Selection
-

perties v

]

-

.t

z

Puc. 23. ImniopT reoMeTpun

— s nyHkTa 13.5 He Haxkumaem kHomnky Flip (5).

14.2. B utore nojgydaem NpoeKT, KaK MOKa3aHo Ha puc. 24.

- A - B - c
EEETTNE BT BT
2 @ Engineering Data " ‘/.2 @ Engineering Data  +" 4 EA @ Engineering Data v 4
3 | @ Material Desigrer 3 B ceometry v 4 3 @ Geometry ? .
Material Designer < @ Model v 4 ﬁ Model =
: S@ee 7
ACP (Pre) 6 @ Solution T .
7 @ Resuits ? .
Static Structural
hd D
1
2 | @ EngineeringData +* 4
3 B ceometry v 4
4 @ Model v 4
5 E Setup F
ACP (Pre)

Puc. 24. IIpoMeKyTOUHBII TPOEKT

15. Tloouepenno 3axxumaem JIKM 6mox Setup (1) B o6oux moxymsx ACP
(Pre) n meperackuBaem ero Ha 610k Model (2) B moayse Static Structural. TTo-

CJIE ATOTO MOSIBISIETCS OKHO C JIByMSI BapuaHTaMu (puc. 25): IEPBbIA MepeMe-
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CTHUT TBEPIOTEIBHYIO MOJIENH (€CTh BO3MOKHOCTh aHATTU3UPOBATh KAXKIBIA CIION
BBIOPAHHOTO CETMEHTA, HO MOYKET TTOHAI00UTCSI TIOBTOPHO CO37aTh KOHTAKTHBIS
00J1acTH), a BTOPOM MEPEMECTUT TOHKOCTEHHYIO 00OJIOYKY (HET BO3MOXKHOCTHU
aHAJIM3UPOBATh KaXAbIM cJIOM oTAenbHO). Ilocie BpIOOpa mepBOro BapuaHTa

HakxuMaeMm [TKM na Setup (1) B moayne ACP (Pre) u Beioupaem Update.

- A - B - C
8 < Material Designer 1 1
z Q Engineering Data  + 4 —a 2 & Engineering Data v :_..-Iz @ Model = 2
3 @ Material Designer " = 3 E Geometry v o4 % @' Setup 7 a
Material Designer 4| @ Model v 4 Solution F 4
\ SW 5 @ Resuis T 4
ACP (Pre) 1 | Static Structural
|
- ]

Py ACP ACP (Pre)

o2 Q Engineering Data v

3 E Geometry v o4l
4§ Model v 4
ACP (Pre) 1

Puc. 25. Umnopt nanHbIx B Static Structural

16. Ilpuctynaem K NOATOTOBKE U MPOBEACHUIO IPOYHOCTHOTO pacyera:
16.1. B okae Workbench nsaxxae! Haxxumaem Ha Model B 6:10ke Static Struc-

tural. TTocne aToro mepen HaMu MOSIBUTCS OKHO, TIPEACTaBICHHOE Ha puc. 20.

[« S Context C: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - o x
Home | Model | Display  Selection  Automation 2 e
O SBnamed selection  [F @images~ i —
x| % al e & gn @ |& =@
& [Jcomment t  CBsection Plane
Q Sovlve Anav\yﬂs 8, Remote Paint i chart B Annotation mz?;:'m symmetry Cg::g:(::ngn De:me Mfsh Reiu\ts
Outline Solvery| Insert Prepare
Outline ~ROx QQ 8w [C-+Q0@a sa kM RREBRERE D
Name -
[ Project* Model

O @ Model(c2) 05.03,2022 12:06

/T Geometry
8
3K C

VT s
8 Named Selections
El-ii StaticStructural (C3)
/[ Analyss settngs
El-9f&) Solution (Ca)
B Solution Information

Detils of "Model (C2)" ~RhOx
=I| Filter Options

Control | Enabled
=I| Lighting

Ambient | 0,1 N .

Diffuse |06 000 000t

Specular |1 _zsun:|

Col

Messages v x
Text A ti

No Selection & Metric (mm, kg, N, 5, mV, mA) Degrees rad/s

Puc. 26 Oxkuno Mechanical
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16.2. 3agaem rpaHUYHbBIE YCTIOBUS:
— 4TO0BI 3a)UKCUPOBATh TE€OMETPHIO B IpOCTpaHCcTBe, HaXxxUMaeM [IKM nHa
Static Structural (1) u Beioupaem Insert (2) — Fixed Support (3) (puc. 27, a).

[Tocne yero, yaepxwuBas kHonky Ctrl, yka3piBaeM Hy)KHbIC MOBEpXHOCTH (4)

u HaxkumaeM Apply (5) (puc. 27, 6, 6);

. . u REIULE P Wl nare =7 MLt
QOutline Solvery Insert
putline
Mame
C: Static Structural @
Static Structural >
Time: 1, s ﬁr
05.03.2022 12:13 @
2
@
=}
w5 Imported Plies 1 ]
=8 Y= static structural (C3) =
B2 Solution (C4) i
? Sol
....... {5 Solution Inforn ¥ sowe @
@ Export Mastran File <
) @
|0 Duplicate )
)

Clear Generated Data
tetails of "Static Structural (C3)" = 4

Definition
Physics Type
Analysis Type

) B

.aI: Rename F2

Struct! 25 Group Al Similar Children
Static

Mechz

o

Salver Target 5 Open Solver Files Directory

Options Y Filter Based on Environment (Beta)
Environment Temperature |22, “C % Export CAERep Files (Beta)

e

a

Akl @ Q [B|w @ [ C-4 Q@@ @@ Seect & Moder 1@ @

Acceleration

Standard Earth Gravity
Rotational Velocity
Rotational Acceleration
Pressure

Hydrostatic Pressure
Force

Remote Force

Eearing Load

Bolt Pretension
Moment

Line Pressure

Thermal Condition
Joint Load

Fixed Support 3

Displacement
Fixed Support
Insert a Fixed Suppo
to prevent a selectec

A entity from moving

Remote Displacem
Frictionless Suppo

Compression Only

TaTE 3T

Orient
e IO X

IO =3, COUTIT T X, COOTIT oo =S TTETETETIES

Annotation

‘aafee&

C-4 Q@@ @ St & Moder B B0 & M@ §

Display

[3)

[formation

e O X

ftion

Cancel

2000 fimnpmay

o

Puc. 27. ®ukcanusi reoMeETpUN B IPOCTPAHCTBE

(Havaso)
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¥ ¥ = FaT oo !ﬁ'\-\rn. _D 3 Hj |E
5

t @ & Rotate =5y <L Rotate -Sy 4mPan Left ™) Pan Right = — Rescale
Style | Vertex  Edge | Explode Viewports

Angle 10  Rotate =5z Rotate -5z QZoom In QZoom Out r\_“_. Freferences . - . .
Orient Annotation Di

TAO0Xx feQ@e® % C-+Qa@e skt kMd- B RBE®

b+

Model (C2) 4
a Impaort Summary

@ Geometry

% Materials

2 Coordinate Systems

{&) Connections

@ Mesh

5 Imported Plies

% Named Selections
Static Structural (C3)

‘/H;H Analysis Settings

i, Fixed Suppart

----- 2% Solution (C4)

ez Solution Information \

Fixed Support” ~1Ox

Method

Cancel

= 0,00 20,00 {rnrm)
[ I
Fixed Support 1000
Fed Mo

Graph ~ 0 X

6

Puc. 27. ®ukcanusi reoMeTpuu B IPOCTPAHCTBE

(oxkoHUaHUE)

— yToOBI 33/1aTh CUJIY JIJIsl IEPBOM MOBEPXHOCTH, HaxxuMaeM [1IKM na Stat-
ic Structural (1) u Betoupaem Insert (2) — Pressure (3) (puc. 28, a). ITocie yero
yKa3blBaeM HY)KHYIO TOBepXHOCTh (4), Haxkumaem Apply (5), 3amaem mepsoe
3Ha4YeHue cuiibl F1 (mpumevyaHue: YuCI0BOE 3HAUEHUE 3a1a€TCS YEPE3 «—» IS
TOT0, YTOOBI HAMPABUThH CHITy BHM3) (6) M HakuMaeM Ha siueiiky mapametpa (7)
(puc. 28, 6);

— yToOBI 33/1aTh CUJIY JJIsi BTOpOM MmoBepxHocTH, HaxkumaeM [1IKM na Stat-
ic Structural (1) u Betoupaem Insert (2) — Pressure (3) (puc. 28, a). ITocie yero
yKa3bIBaeM HYXKHYIO MOBEpPXHOCTh (4), Haxxumaem Apply (5), 3amaem mepsoe
3HauYeHHUE cuiibl F2 (MpuMeyaHue: YuciIoBOE 3HAUCHUE 3a/1a€TCS Uepe3 «—» s

TOTO, YTOOBI HAMPAaBUThL CHITy BHH3) (6) M HAKMMaeM Ha siueiky mapametpa (7)
(puc. 28, 6).
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&0 Mesh

5§ Imported Flies

@) Fouer ey

@ Import Summary

,f}" Coordinate Systems
J Connections

1

Swanuary Lara sianiy
Time: 1, 5

05.03.2022 12:34 Rotational Velocity

. Rotational Acceleration
[ Fixed Support

Pressure

Hydrostatic Pressure

- Remote Force
H Statlc Structural (C3) -
AT e S ety » 4 Bearing Load NS
nsert a Force load tha
f % F‘xfd SUDF;’”:} Solve we| Bolt Pretension distributes a force vector
El-2i%) Selution (C4 A" across one or more topelogies.
,//D Solution Infor @ Export Nastran File @, Moment pelog
O Duplicat @ Line Pressure ®
e Press F1 for hel
®j Thermal Conditiol P-
= = & Clear Generated Data
Details of "Static Structural (C3)" == fn? Joint Load
o alb  Rename F2
El L @ Fixed Support
Physics Type Struct
1y d ¥p . D Group All Similar Children 3' Displacement
Analysis Type Static . o S e
en >olver Files Directo i
Solver Target Mech ] & ¥ @, Remote Displacement
2| options Filter Based on Environment [Beta + Frictionless Support 60,00 (mm;
=/ Optio PP
Environment Temperature [22,°C Export CAERep Files (Seta) @ Compression Only Support
L T LEomeTY
v"@ Materials [ Force: O N 4
w5 Coordinate Systems Cornpopaitimlelalhl
Connections
5B Mesh
5 Imported Plies
& Named Selections
=gl Static Structural (C€3)
Jﬂ Analysis Settings
Solution (C4)
{5 Solution Information
Cancel
1D (Beta) 75 0,00 60,00 ¢
7 e Force 30,00
_ _.ine By
gnitude M [ramped} Eaply s
irection
Suppressed Mo
B views Angle 10 O Rotate <57 & Rotste 5z @ Zoom In @ Zoom Out | [preferences -7/ Vertex Edoe Bxplode Viewports - Show
Orient Anrotation Display
Outline TAOX eQ@wsd % O-t Q@ @@ St kModer [ R[REE R ® TP
: MName w | Search Qutline |V
1 Project” gof::;.: Structural
= Model (C2) Time: 1, 5
5] Import Summery 05.08.2032 12:38
@ Geometry
(3 Materisls W Force 20,

/T Mesh

i
2,
v®

w3 Coordinate Systems
&) Connections

/& Imported Plies
% Named Selections
Static Structural (C3)

Anclysis Settings
Fixed Support

Force

Farce 2

Solution (C4)

#{3) Solution Information

Scoping Method

Geometry

Geometry Selection

Apply

Cancel

|ID (Beta) 77
Force
eby Lac
gnitude || 0, N {ramped) I b
irection

Components: 0,0,0 N

0,00 60,00 (rnm)
1

3000

v [ X TabularData

Graph i
_ | steps |Time [

8

Puc. 28. TloxBox cuiiel
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16.3. BriOupaem napameTpsl, 11l 3TOTO:

— naxkumaem [TKM na Solution, Betoupaem Insert — Deformation — Total;

— naxkxumaem [IKM na Solution, Beioupaem Insert — Stress — Equivalent
(von-Mises). ITocne yero HaxxumaeMm Ha kentyro obiacte HampotuB Ply (1)
U yKa3blBaeM MEPBYIO0 MojeNbHYyI rpynmy (2) (puc. 29), 3atem HaxumaeMm
Apply;

— naxxumaeMm IIKM na Solution, Betoupaem Insert — Stress — Equivalent
(von-Mises). Ilociie yero HaxxumaeM Ha KenTyro ooOsiacte Hampotus Ply (1)

U yKa3blBaéM BTOPYIO MOJEIbHYIO Tpymiy (2) (puc. 29), 3arem HaxumaeMm

Apply;

. o . . o REMULE FOIL | Lnar = AnnuLaLon . . . . . Stress™ Systems ™
Qutline Solve F} Insert Results
Outline sesisiy 10X 0 00 [@wd % O F QA Q@ St ®Mder RREREEE T E
:5 Mame Search Outline | ™
"% Mesh N C: Static Structural
B & Imported Ples Equivalent Stress
v 19.03.2022 15:23

&3 ACP (Pre)
¢ B [3 solidModel. 1.h5(ACP (Pre))
: B, ModelingGroup. 1(ACP (Pre))
B, ModelingPly. 1{ACP (Pre))
SR LTI ingBly 1fAcP ft

Y.< PIL1_ ModelingPly. L{ACP (Jr
B 53 ACP (Pre)

B SolidModel. LhS(ACP (Pre))
B, ModelingGroup. 1(ACP (Pre))
B, ModelingPly. 1{ACP (Pre))
[ER YT iaaDhy LA

H <7 PIL1_ModelingPly. 1{ACP {r
[ &5 Named Selections

Bl [ Static Structural (C3) 2
i Analysis Settings
i@ Fixed Support
@ Force
_,@ Force 2
B9 Solution (C4)
i 5 Solution Information
i@ Total Deformaton

-2 Equivalent Stress w
i >
Details of "Equivalent Stress” i sminssintsitiiit st siinin w roOox
[=l| Scope ~
Scoping Method Geometry Selection
Geometry All Bodies
Sub Scope By Ply
P [ I
Position STEp oeTom
[=]| Definition
Type Equivalent [von-Mises) Stress 0,00 30,00
By Time 15,00 45,00
Display Time Last
Calculate Time History | Yes
|dentifier GEA L L D
Suppressed No
=] tion Point Results
Display Option Averaged "

Puc. 29. Bei60op MOJENbHBIX TPy

—noouepenHo mnepexoaum B Total Deformation u o6a mapamerpa
Equivalent Stress (1) m HaxkumaeM Ha SYCHWKY MapaMeTpa HAIPOTHB MaKCH-

MajbHOTO 3HaueHus (2) (puc. 30).
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- C: Static Structural

+

EE. P";‘M _— Total Deforrmation
l2) Mafe 19.03.2022 15:25
) Import summary

/T Geometry

-/ T Mesh

-/ Imported Plies

~ &% Named Selections

E--2{ia Static Structural (€3}
[ Analysis Settings
@ Fixed Support
/@ Force
@ Force 2

B¢ Solution (C4)

@3 Total Deformation 1
@ Equivalent Stress
/3 Equivalent Stress 2

Details of "Total Deformation” sww LOX
[ Scope ~
Scoping Method [Geametry Selection
Geametry | Al Badies
5 —
Type Total Deformation
By Time
[ Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
i Graph =
i—m
iz
T Average
Minimum Occurs On v

Puc. 30. BxntoueHue napamerpa

16.4. Yxa3bIiBaeM UHTEPBAJIbI PACCUUTHIBAEMBIX CHJI:
— cBopaunBaeM okHOo Mechanical u aBaxnpl Haxxumaem JIKM Ha suciiky
Parameter set (1) (puc. 31);

- B -
Material Designer zm 1 tic Structural
2 | @ EngneeringData a 2 | @ EngineerinaData 4 2 @ Model v 4
3 |® Material Designer " 3 | B Geometry v o4 3 | sewp ¥ 4
Material Designer 4@ Model v 4 4 Solution F o4
?ﬁ Setup v 5 |@ Results ey
ACP {Pre) — 6 |[pd Parameters —

Static Structural

z Q Engineering Data  +" 4

3 | B Geometry v o4

4 | @@ Model v 4

5 Setup +
ACP {Pre)

Puc. 31. Tlepexon B HaOOp mapaMeTpoOB
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— 3aJ1aeM CHWJIBI (TISITh 3HAYCHHM, Kaxaoe Ha SH Oombie peasiaymiero) (2)
u 3anyckaem pacuer Update All Design Points (3) (puc. 32). B oTkphIBIIeMCs

OKHE Ha)KuMaeM YES;

[ LRS - Workbench
File Edit View Tools Units Extensions Jobs  Help

=3z ] = EH Project / [pd Parameter Set X
'/ # Update All Design Points 3

j Resume

A A B C D
o toolbax 1 D 1 Name ¥ | P1-Force Magnitude ~ | P2-Force 2Magnitude ¥ | P& - Total Deformation Max
items are
applicable for Z B InputParameters 7 Units N LI N LI —
?:I::i;:;r?t 3 B E& Static Structural (€ 3 DP O (Current) | -50 -40 F2
4 p Pl 4 DP 1 55 -45 7
5 h r2 5 DR 2 -60 -50 F
* I?p MNew input paramei 5 DP3 55 55 F
7 [E Output Parameters 7 DP 4 70 &0 F
8 B 3 Static Structural (C | = -
9 pd P& =
10 pd P7
11 pd P8
& p_J Mew output param
13 Charts
£

Puc. 32. 3agaeM cHibl

— IIOCJIC TOI'O KaK pacucT 6y216T 3aKOHYCH HNCPCIUCBIBACM ITOJTYUCHHLIC

3Ha4yeHus B Tabiuily (puc. 33) u coOupaeM CKPUHILIOTHI Pe3yabTaToB (puc. 34).

-
A B c D E E \
M Mame v | Pi-ForceMagnitude = | P2-Force 2Magnitude ~ | P3-Ecquivalent Stress Maximum ~ | P4 -Equivalent Stress 2Maximum  + | PS - Total Deformation Maximm ||
_ | 2 Units M =N =l MPa MPa mm
)| 3 |oro(cureny | -50 -4 516,72 535,68 8,1482
s+ fort 55 45 575,94 592,22 9,0314
o 5 DP 2 a0 -50 635,17 649,05 9,9147
wer | 6 oP 3 5 -55 694,4 705,39 10,798
|7 Joes 70 50 753,62 762,72 11,682
co| =

=
L3
at

> -
X

Puc. 33. PesynbTaThl pacueta B Parameter set
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C: Static Structural
Total Deformation
Type: Total Defarmation
Unit: rmm

Time: 1
05.03.2022 15:04

12,01 Max
10,675
9,3408
B,0064
6,672
5,3376
24,0032
2,6688
1,344
0Min

0,00 F0,00(ram)
1

35,00

C: Static Structural
Equivalent Stress 2
Tirpe: Equivalent (von-Mises) Stress (Bnalysis Ply=P1L1_ModelingPly.1(ACP (Pre)}) - Tap/Bottarm
Unit; MPa
Time: 1

535,68 Max
476,16

1664

357,12

2976

238,08

178,56

119,04

59,523
0,0035518 Min

C: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress (Analysis Ply=P1L1_ModelingPly 1(ACP (Pre))) - Top/Bottom
Unit: MPa

Time: 1

516,72 Max
459,31

401,89

344,48

287,07

229,66

172,24

114,83

57,417
0,0047309 Min

68

Puc. 34. PesynpraThl pacuera:
@ — TIOJTHOE TIepEMEIICHHE; 6 — IKBUBAJICHTHOE HANIPSDKEHUE ITEPBOU MOJICIIH;
6 — SKBUBAJICHTHOE HAIPsDKEHUE BTOPOI Moienn
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17. CoxpansieM MpOEKT B MaIKy, paHee CO3JaHHYIO CTYJICHTOM (Ha3BaHU s
ManKy ¥ MPOEKTa JOHKHBI OBITh Ha aHTJIMUCKOM sI3bIKe). [IJ1sl 3TOTO HakuMaem
File — Save As... — Coxpanums. J]ist TOro 4T00BI MPOEKT MOXHO OBLIO KOITH-
poBaTh O€3 OMaceHuil COMTh MPOIMKCAHHbIE MyTH (PaiiIoB, CO3/1aeM €ro apXuB.

Jlns atoro Haxkumaem File — Archive... — Coxpanums — Archive.

Conep:xkanue oTyera

1. TUuTyNbHBIN JUCT.

2. llenb paboTHI.

3. Onucanne paboThl (C UCXOAHOM CXEMOUM W TaOJIUIIeH JIJIT CBOETO BapH-
aHTa).

4. Dranbl NOCTPOEHUA (CO CKPUHIIIOTAMU HTAIIOB).

5. PesynbraThl paboThl (puHanbpHbIC CKpUHIIOTHI OKOH ANSYS Work-
bench, Material Designer, ACP (Pre) — Geometry, ACP (Pre) — Model, ACP
(Pre) — Setup, Mechanical — rpannunbie ycimoBus, Parameter set — pe3ynbTarhr;
Mechanical — pe3ynbraThl, TabMIIa IO OCHOBE AaHHBIX U3 Parameter set).

6. BeiBo1.

KoHTpoJIbHBIE BOIIPOCHI

Yrto Takoe ceTouHass MOAENb?

Kparkas xapakrepuctuka CAE-cucrem. [Ipumepsi.

Jlns gero ny>xen Material Designer?

B xakoMm 0Ji0Ke MPOMCXOUT HACTPOMKA CETOUYHON Moaen?
Kak co3gaBaTh CBSI3b MEXKIY MOIYJISIMU ?

Jliis yero Hy»kHa omeparus Fixed Support?

Jl1st 4ero ucnosib3yeTcss UHCTpYMeHT Parameters?

© N o g s~ wDdhE

OcHOBHBIE dTaNbl BBITIOJIHECHUS pa6OTBI.

152



3AK/IIOYEHHE

B HacTosieM npakTuKyme MpUBEACHBI ISATh JIaOOPATOPHBIX PabOT, KOTO-
pble MOTyT OBITh HCIIOJIB30BaHbl MPH HW3YUYCHUH CICAYIOMIMX JUCIUILINH:
«IIpuknagHpie MporpaMMbl aHaIM3a TEXHOJIOTHUUYECKUX CHCTEM M IPOIIECCOBY,
«IIpoexTHas nesaTeabHOCThY, «L[{UppOoBBIE TEXHOIOTUN B XUMUYECKOM, HE(TE-
ra30BOM W DHEPTeTUYECKOM MAIIMHOCTPOCHHUMN», «OCHOBBI CETOYHOTO MOJICIH-
poBaHMS ISl ITM(POBBIX JBOMHMKOB TEXHHMYECKUX OOBEKTOB», «KommbroTep-
HBIC CHCTEMBI JIJIsI IPOCKTUPOBAHMS TEXHOJOTHYECKOTO 000pyI0BaHms», «Tex-
HOJIOTHS pa3pabOTKu MUGPPOBBIX JBOMHUKOB TEXHUYECKHUX CHUCTEM, MAIUH U
anmapatoBy B «L{udpoBbie TEXHOJOTHH MPOSKTUPOBAHUS TEXHOJIOTHUYECKOTO
o0OpyOBaHUS» IS CTYyACHTOB, oOydJaromuxcs mo HampapieHusm 28.03.02
«Hanoumxenepusi», 15.03.02, 15.04.02 «TexHosornyeckue MaimHbl B 000py-
noBanue» U 16.03.03, 16.04.03 «XonoawnbHas, KpUOreHHAas TEXHUKA U CUCTE-
MBI KU3HE00ECTICUCHUS

bubnuorpaduueckuii crucok, a Takxke npuioxenue «lIpumep odopmuie-
HUS OTYETay, MPEJACTABICHHBIC B KOHIIE MPAKTUKyMa, OYIyT MOJIE3HBI IPH BbI-
MOJTHEHUU U 0(popMIIeHHH JTaOOPATOPHBIX PadoT.

CTyaeHT B XOJ€ BBINOJTHEHUS JTA0OPATOPHBIX PabOT MOXKET MPOACMOH-
CTPHpPOBATh CBOH YPOBEHb KBaIM(DHKAIIMOHHON IMOJATOTOBKH W HamOoJiee Tiy-
OO0KO M3yYHTh TCOPHIO HA IPUMEPE: CTATUIECKOTO MPOYHOCTHOTO aHAIM3a Ij1a-
CTHUHBI U3 KOMITO3UITHOHHBIX MaTEPHAIIOB; JUHAMUYECKOTO MMPOYHOCTHOTO aHa-
au3a 00O0JIOYKH W3 KOMITO3WIIMOHHBIX MaTEpHalOB; TEIJIOBOTO aHaym3a 000-
JOYKH W3 KOMITO3UITMOHHBIX MaTepHajOB; IPOBEICHHS KOMOWHHUPOBAHHOTO
aHanmu3a O0OJOYKM W3 KOMITO3MIIMOHHBIX MaTePHaJIOB; WCIIOJIb30BaHUS WH-
cTpyMeHTa Parameters mpu MoaenupoBaHuu aedopMaiiii 000J0YKH U3 KOMIIO-

SUIMUOHHBIX MATCPUAJIOB.
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ITens padoThI:

H3ydeHHe OCHOBHBIX 3TallOB NpOBe/eHHS KOMOHHHPOBAHHOIO aHATH3A B cpefe
ANSYS Workbench. IIpHoOpereHHe CTyJeHTaMH HABBIKOB B HCIOIb30BAHHH
mporpaMMHOro HHeTpyMmeHTa ANSYS Workbench — Steady-State Thermal m Static
Structural nmpu npoeBeJeHHH KOMOHHHPOBAHHOTO TeIUIOBOTO H NIPOYHOCTHOTO AHATH3A
0DO0I0YKH W3 KOMIIO3HITHOHHBIX MaTepHAT0B, CO3TAHHEIX ¢ moMoInsio Material Designer
H ACP (Pre).

Onncaane padoTsl:

Henmompsya mogymu Material Designer, ACP (Pre), Steady-State Thermal u Static
Structural HeoOXoZMMO paccUHTAThH: paclpefeleHHe TeMIepaTypsl IO 00OIOUKe
(Thermal), moxsoe mepememesnmne| (Total Deformation) u SKEHBATEeHTHEIE HATIPSKEHHT
(Equivalent Stress) H3 KOMIO3IHIHOHHEIX MaTepHamnob (pHc. 1). IsBecTHeL THI
00BeMHOTO 371eMeHTa, Y4acTkH c Temmeparypoil Ti, T2, maBneHHeM P H kKecTKoi

sagenkoit (Tabm. 1).

Puc. 1. McxogHag cxeMa

Taon. 1. HexooHbIe JaHHBIE

Bapuanr | 1OUP Tam obmerszoro Ty °C Ty, °C P.la
CEEMBI ATEMEHTA
1 1 Cibepraeckaa 30 10 10
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IMopsaok ELINOAHeHAN TadopaTopHoil paboTel:
1. 3amyctim ANSYS Workbench m gobaengeM Heckonsko Momymeii: Material
Designer, ACP (Pre), Steadv-State Thermal u Static Structural.

2. TlogroToEEM MATepHAT BOJOKHA H HATIOMHHTE A

]

1. Meascmnr gassanaes JIKM wa dnox Engineering Dafa, mocle 9ero FneM Ha
Engineering Data Sources. Buidupaem oubnnotexy Composite Materials B mogxmoaaem
MaTepHAIE EONoKHA — Carbon Fiber (290 GPa) u Hanonuatena — Epoxy E-Glass UD.
Haszavaem Ha Engineering Data Sources elle pas, 9T00R BEPHYTECHE K HCIIONIBIYEMEIM
B TIPOEKTE MATEPHATIAM.

2.2 NodapuM Ko3DOHIHEHT TEIUIOBOID PACINHPEHHA H TEIUIONPOBOSHOCTH I7IA
HAIIOTHHTE T H BOJTOKHA:

— Jna eonokna KosddHUHEHT TEIUIOBOTO pacuHpernd [sofropic Secant Coefficient
of Thermal Fxpeansion Ovaer paeer 1-10° 1/°C, a xosdbbHITHERT TemIOMpOEOIHOCTH
Isotropic Thermal Conductivity dyzet pages 0,03 Bt/(u-°C).

— na HamonHHTENDd Ko3(QQHUHEHT TemwIoBoro pacmHpeHHEI [Sofropic Secant
Coefficient of Thermal Expansion Oymer paeex 5-10° 1/°C, a xoadduumest
TeLIoNpPOBoIHOCTH [sotropic Thermal Conductivity 6yaer paees 0,2 Bt/(m-°C).

3. B mepeoM MOOYIE OBaETH HammMasy JIKM Ha Material Designer, mocle 9ero
OTEpOeTCcA padodee OKHO.

4 B eepxHed NDaHeTH HHCTPYVMEHTOE BEIDHpaeM THO OOBEMHOTO 3MIEMEHTA
MOJHQHITHPOEAHHOH MHEPOCTPYETYPEL COTTIACHO CEOSMY BApHAHTY (Tadm. 1).

5. B mospHBmelcd cleBa [MaHeIH HeoOXOJHMO IIPHCBOHTE MaTepHal
MATPHIBLHATIOIHATSNA H HacTHORL'BOMOKOH. Ilocne =erc HeoOXoIHMO IPHMEHHTE
HIMEHEHHA.

6. 14 cozIaHHd reoMeTpHH 0DBeMHOTO 3neMeHTa HaruMaeM JIKM \Ba Geomalry.
TTocne 3Toro B Tee0H MAHETH HACTPOEEK OTOOPAZATCE HACTPOHKH Te0METPHE 00BEMHOTD

SJIEMEHTA [:E JAEHCHMOCTH OT THIIA, EHﬁpEI—IHGl"O O0BEMHOID 3IeMEHTA, HEC'IPOfﬂiH
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PezyabTaThi:

Jata Sources

x

. A e |c
1 2 >
2
3 W Corbon Fiber (290 GPa) " | o=
4 T Eoxy Carbon LD (230 GPs) Prepreg w| o [
- C3ck here % 83 A new oaleny [ | A

Puc. 2. Beibop MaTepHanoe

Puc. 3. Co3ganue ceTKH 00BeMHOTO JIeMEeHTa

Puc. 4. Uumopt 3D-MozemH
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Puc. 6. Oxno Setup
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upsate Q. Sohe  Aniin
-:-.' e ’,:'1 e, - ’
Ahre DX
Name - -
[0 Modet (<2) -

) Irport Sumeary
S Geomevy
% 8 vateas
# % Coordnate Sysiems
/B Corvecrons
<D Mesh
B AP ooried ey
W [N Memed Selecsorn
A Steady State Thermal (C3)
< oa 2vsal Yevperature
4TR Analyss Setings
W Terperatre
/P Temperatae 2
= B solutien (C4)
D Sokton nlrmaton

< Torpenature ~
Hals of "Sheady-Stnte Themal (C3/ » 3 D X
Definos
Pryvcs Tige Trarmal
Anahus Type Stesoy State
Sotver Target Mechaniow APDL
Opacns

Genesate mput Ony No

e —— . ST P o S

Me. Conamons  Wiite lnput
S Onant B ansotmnon A fssatan " o

Thesmy

QA Red P C-TQRARR “Wa ki HEHDMER

C: Steady State Thermal
Ready-Fate Thermal
Tieme: 1, 3

15920002 97

Temperature: 34, °C \

Tewperntuee 2110, °C

o 30,00 {mem)
L —

25.00

Puc. 7. I paHH9HEIE YCIOBHA TEIUIOBOIO pacyueTa

C: Steady-State Thermal
Ternperature

Type: Temperature

Unit: *C

Torrve: 1

15.03.2022 1108

| ]
]
]
B
3}
al
gl
B

000
L SS—
25,00

50,00 (mem)

Puc. 8. Temneparypa
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Puc. 9. I'paHHYHBIE YCIOBHA IPOYHOCTHOIO pacdera

D: Static Structural
Totsl Deformation

Type: Total Deformation
Unit: mm

Time: 1

15.03.2022 11:11

0.0093937 Max
0,0063499
00073062
0,0062624
0,0052187
0,004175
00031312
0,0020875
0,0010437

0 Min

), 50,00 (mm)
L S —
25,00

Puc. 10. ITomHoe nmepeMeleHHe
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D Static Structural
Equivalert Stress
Type: Equivalent fvon-Mises) Stress
Unit= kAPa
Time: 1

15.00.2022 11:12
TAH52 Max
5,736
iTae
45,308
21,056
32,B7
24,653
16437
g2
00035861 Min
0,00 30,00 {mim)
15,00
Prc. 11. DKEHBANSHTHEBIS HATIPAHEHHA
vermrs b Heo

Pre. 12. Ormao ANSYS Workbench

BoiBoa: HM3yueHBl OCHOEHBIE 3TAlbl [IPOBeJeHHA KOMOHHHPOBAHHOIO aHATH3A B
cpede ANSYS Workbench. IlproOpeTeHBI HABEIKH HCIONB30BAHHA MPOTPaMMHOTO
uHeTpyMeHTa ANSYS Workbench — Steady-State Thermal m Static Structural npm
IIpoBeJeHHH KOMOHHHPOBAHHOIO TeILTOBOTO H IPOYHOCTHOTO AHAMH3Aa ODONOYKH H3
KOMIIO3HITHOHHEIX MATEPHANOE, CO3OAHHBIX ¢ moMomet Material Designer u ACP (Pre).

B pesynbTaTe BRINOMHEHHSA 1a00paTOPHOH padOTBI DBLIH MOMVYeHB CIeIVIOIIHEe
H300paKEeHHA: BRIOOP MAaTepHANOB, CO3JaHHe 3leMeHTapHOH sdefiky, mvmopT 3D-
mMomemH, okHo Model; oxno Setup; IpaHHYHEI® YVCIOBHA TeIUIOBOIO pacdeTa;
pacIpeflelleHHe TeMIepaTypkhl, [PAHHYHBIE YCIOBHA NPOYHOCTHOTO pacdeTa; IOIHOe

InepeMelleHHe H SEBEHEAISHTHBIE HATIPDAHEHEA.
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B pesyIbTaTHl BRIMHIEHHEX pacieTos OBUIH [TOMyYIeHHEIE clleAVIOIIHe HHTePBAlIbl
HCKOMBIX XapaKTepHCTHK:

1) Temmepatypa: 10— 50 [°C];

2) noaroe nepeMemeHue: 0 — 0,00939 [vm];

3) skBHBATeHTHO: Hanpgxenne: (,003586 — 73,952 [MI1a].
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