PEAJNIU3ALUA KOHUENUWW PLY DROP B NPOIPAMME
ABAQUS

KoHeuyHo-anemeHTHOE MoaenupoBaHue ply drop-off /cbera cnoes/ B cnonctbix KM

WHorga ynobHo 3apath reference surface /ONOPHYO NOBEPXHOCTL/ B HWKHEW (MNW BepxHeN) YacTu obonoyku. OgHUM 13 Takmx criydaes ABNAETCH Cnyvan, Korga naMmvHat UMeeT nepenag Croes, Kak nokasaHo Ha

PucyHke 1.
Koraa KOHCTpyKumst TpebyeT yMeHbLUIEHMS TONLWMHBI MamMuHaTa, Crnow MOoryT NoCTeneHHO 00pbIBaTbCA OT TOMCTOM K TOHKON YacTu 06ono4kn. Kak npasuno, nepenag crioes A0MKeH ObiTb orpaHnyeH OTHoLLeHnem 1:16

K1:20

(oTHoweHwue Th:L Ha PucyHke 1), ecnv TonbKo nof L nOGHO yka3aTb reOMETPUI0 POBHOM MOBEPXHOCTHU
nnm l
tool surface /MOBEPXHOCTN UHCTPYMEHTA/.
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PucyHok 1: invHa (L) u TonwwmHa (Th) nepenaga cnoes u ynpolleHue K3 mogenu.

3atem, Kaxablil pas, Korga crov unm Habop crnoes yaansieTcs, Mmatepvarn v ToMLWMHa A4S 3TUX 3NIEMEHTOB M3MEHSIeTCs. DTO UINIOCTPUPYETCS B crieaytolem npumepe. He Bcsikoe nporpaMmHoe obecneyeHne umeet
TaKylo BO3MOXHOCTb, M MOXET NMoTpeboBaTbCsa NpeanonoXuTb, YTO POBHOW SIBNSETCA cpeanHHasi NOBEPXHOCTb, B TO BPEMS KaK B AENCTBUTENBHOCTU POBHOW SIBMSIETCS TOMNbKO MNOBEPXHOCTb MHCTPYMeHTa. Moka
TOMLMHA Mana no CpaBHEHUIO C ABYMS APYTMMU pasMepaMmn KOHCTPYKLMUM, Takoe NPEeAnonoXeHne BPSA N OKaXeT CyLLIeCTBEHHOE BIMSHME Ha pe3ynbTaThl rnmobanbHOro aHanmsa, Takoro kak aHanus aedopmaumi,
noTepy YCTOMYMBOCTM M Jaxe Ha aHanmn3 MeMOpaHHbIX HanpskeHuin. TouHoe onuncaHne reoMeTpun TOMWUHBLI HaYMHAET UrpaTb Porb, Korga TpebyeTcs NoapoGHbIN TPEXMEPHBIN aHaNn3 HanpPsHKeHUn B ob6nactu
YMEHbLLEHWs1 Yncra CroeB, HO B 3TOM CryYae fiokanbHas TpexmMepHasi Mogerb siBrsieTcs 6ornee agekBaTHOMN.



[Tpumep. B komno3autHoi nonoce 120 MM AJSIMHOM 1 100 MM LUMPUMHOW MMeeTca cber crnoeB mexay nammHatoMm A: [90/0]s, 1 nammHatom B: [90/0], npu 3TOM ToMLWMHA crosi paBHa 0.75 MM. Vcnonbayetcs
KoacpduumeHT nepenaga 1:20, 4TO O3HAYaET, YTO ANMHA NEPEXOAHOro yyacTka B 20 pa3 npeBbilaeT ToNwWwmHy nepenaga. lNonoca HaxoauTcsa nog HatskeHvem N = 10 H/MM, NpunoXeHHbIM K HYHXKHUM KPOMKaMm
nonocbl. Matepnanom gaensietcss AS4D/9310 (Tabnuua 1). Micnonb3yite CMMMETPUIO, MOAENUPYS TOMbKO 1/2 4acTb NeHTbl. BbiNnonHWTE BU3yanusaumio M MpUMBEAUTE B OTYETE MakCMMarbHbI Nporvd (B
HanpasneHuu Z, nepnenankynsapHoMm K nnactuHe). Kpome Toro, ceegute B Tabnmuy MakcMMarbHble 3Ha4eHUs 011 Ha BEpXHEN N HYHXKHEN NOBEPXHOCTM KaXKO0ro CIoS.

PeweHue. 3agaoTca Tpy pa3HbiX CEYEHUS: OOQWH AN NnamuHaTa A, oavH Angd namuHata B u oguH ons MogenvpoBaHus nepenaga ToMWMHbI MeXay HUMK (Ha3BaHHbIM NamMnuHaToM AB), y KOTOPOro yaansieTcs
TONbKO BEPXHUI crior 90°. TonwmMHa nepenaga sKkBuBarieHTHa AByM cnosam, 0.75 x 2 = 1.5 mm. Npu koadpdurumeHTe nepenaga cnoes 1:20 obulasa AnvHa NepexonHoro yyacTka (L) coctaensieT 1.5 x 20 = 30 mm. Ecnn
namuHat A npoctupaetcsa Mexay 0 < x < 60 MM, TO NepexodHbI y4acToK pacnornaraercsi o ocu abcumce ot x = 60 MM 40 x = 90 MM, a MaMuHarT B OT x = 90 MM 0 Harpy>KeHHON KPOMKU Npu x = 120 MMm.

CpeanHHas NoBepPXHOCTb KaXaoro namMmuHara (A, B n AB) cMeLLeHa Ha pa3Hble PacCTOSIHUA MO OCU z MO OTHOLLIEHMIO K MITOCKOWN HUKHEN MOBEPXHOCTU. [1o3TOMy NpeanoyTUTENbHO NpUKnaabiBaTh Harpy3ky K obLuen
HWKHEN MOBEPXHOCTU. DTO, O4HAKO, Co3AaeT u3rnbarowmnin MOMEHT, MOTOMY YTO pacTArMBapoLLas Harpyska CMeLeHa OTHOCUTENbHO CPEAMHHON NMOBEPXHOCTU Harpy>kaemMomn KpOMKU. OTOT 3pdeKT MOXHO NErko
NCNpaBuTb, NPUMEHNB U3rMbBaOLNIN MOMEHT, PaBHbIN MPOU3BEAEHUIO CUSIbI TAMM, YMHOXEHHOW Ha MOMOBUHY TOMLWMHbI TaMUHaTa Harpy)xaemMom KPOMKM, HO 3TO He ObINo caenaHo B A4aHHOM npumepe, YToobl
caenaTb akUeHT Ha nonyyatowenca gecdopmamu.

HwxHuit croi o6o3HavaeTcs Kak #1. JJononHuTenbHble Crou YKNaabiBaloTCs CHU3Y BBEPX B MOMNOXUTENIbHOM HOPMarnbHOM HanpaBreHnM OCU z CUCTEeMbl KoopauHaT anemMeHTa. 1o OTHOLLIEeHMIO K NMOBEPXHOCTU
NNacTuHbI, Nexallelr Ha NIMOCKOCTU x-y, MIOCKOCTb x-z SAIBMSAETCS MIIOCKOCTHI0 cMMMeTpun (YSYMM). 3atem, 6Gornee TONCTLIV KOHeL, Nonockl (NaMuHaT A) cneea oT MoAenu MOXeT ObiTb Hadnexalium obpasom
3aKpenneH NyTeM HanoxeHus ycrnosus Encastre /XKecTkas 3agenka/; 3To rapaHTUpYeT YCOBUS CUMMETPUM OTHOCUTENBHO NIOCKOCTU y-2.

CeolicTBa MaTepuana onpenensoTcsi B okHe Edit Material /PegaktupoBaHus matepuana/ (PUCyHoOK 2), HO 3TO AOBONbHO TPyAOEMKO. Ecnn cBoCTBa nepedvncrnieHbl B Excel unm B danne ¢ pasgenutensimm
Tabynsummn, X MOXHO Bblpe3aTb U BCTaBUTb HEMOCPEACTBEHHO B OKHO Edit Material /PegakTtnpoBaHusa matepuana/.

MocrnenoBaTenbHOCTb YKNaaku namuHaTta (LSS) onpepgensietcs B okHe Edit Section /PegakTupoBaHus CeYeHUsl/, K KOTOPOMY MOXKHO 06paTUTLCS CrieayoLmmM 06pasomMm:

Module: Property
Menu: Section, Create, Shell, Composite, Cont

B okHe penaktnpoBaHnA ceyvyeHuda (PlllcyHOK 3) nepBaga cTpoka COOTBETCTBYET CIoOI0 #1, KOTOprI7I pacnofioxeH B HWXHEN 4YacTu namuHara. I'Iocne,u,yrou.l,me CTPOKM Mcnonb3yloTca Ang onpeneneHusa LSS
/MocnepoBatenbHOCTM Yknagku/ namuHata ¢ n cnoamu. NocnegHsas CTPOKa COOTBETCTBYET CaMOMYy BEpXHEeMYy CIrio0 B NaMuUHaTe. 06paT|/|Te BHMMaHUeE, Kak Mbl npuceounn nmeHa ki, k2, k3, k4 cnosawm, B
COOTBETCTBUU C TPaONLNOHHbIM obo3HayeHueMm, rae cnown # 1 HaxoauTcs BHM3Y NaMuHara.



= Edit Material
Name: AS4D--9310

Description: | A54Dj9310

- Material Behaviors

General Mechanical Thermal Other

~ Blastic
Type: |Lamina )
[T use temperature-dependent data

Number of field variables: { 0 @]
Moduli time scale (For viscoelasticity):

[ No compression
[[] Mo tension
- Data —
[ E1 l E2 Nu12 | G12 G13
1) 133860 7706 0.301 4306 4306 2760

Lo ]

PucyHok 2. OkHO pefakTMpoBaHus
matepuana




& it Section KR

Name: Section-1
Type:  Shell / Continuum Shell, Composite

Section integration: @ During analysis () Before analysis
Layup name:

e i

Thickness integration rule: @ Simpson ) Gauss

[7] Symmetric layers
Materia Thickness  OrientationAngle IntegrationPoints iy Name
Matenal-1 075 %9 3 K
Material-1 075 0 3 k2
Material-1 075 0 3 3
Matenal-1 075 ] 3 k4

Options: Rebr Layess.|

PucyHok 3. OkHo /PepakTmpoBaHus cedeHunsi/, KOTOpoe NCNonb3yeTca Ans 3agaHuns LSS /nocneqoBatenbHOCTY yKNagku nammHara/.



-
B ' Section Points - x

Selection method: ) Categories @ Plies
Plies

Kl
K2
K3

Ply result location: @, Bottommost
() Middle/Single section point
© Topmost
Topmost and bottommost

. ok | [ apply | | oDefauts | [ FieldOutput.. | | Cancel |

PucyHok 3: Toukun ceveHnst nCnonb3yTcs Ans Boibopa, rae MMeHHo ByAeT NPOUCXOAUTL BU3yanusauus (Ha BEPXHEN N/UNn HKHEN CTOPOHE KaXaoro
cros).

[nsa panbHenwen Bu3yanusaumm pesynsraToB, HYXXHO BblOpaTh, rae Ux BM3yanunsmpoBaTtb. TO eCTb, HYXKHO BbibpaTb CoW 1 NoMnoXxeHne no TonwmHe. ATo AenaeTcsd nyTeM Bbi30Ba OKHa Section Points /Toukm
ceveHus/ cnegyowmm obpasom:

Module: Visualization
Menu: Results, Section Points, Selection method: [Plies]

B okHe Section Points /Toukn Cevenusi/ (PucyHok 3) BbIOOp coyeTaHusi K4, topmost /camblil BEPXHUIA/ MPUMBOOUT K BbIBOAY Pe3yNbTaTOB HA BEPXHEN MOBEPXHOCTU namuHata. AHanornyHeiM obpasom, BbIOOp
coyeTaHus K1, bottommost /camblii HXXHWIA/ NPUBOAMWT K BbIOOPY HUXKHEN MOBEPXHOCTM NaMmnHaTa.



EovHuupbl namepenns B aHanunse: mm, MIA.
LWar 1. Co3gaHune getanen (namMmHaToB).

OTtkpbiBaemM ABAQUS v coxpaHsiem dhais ¢ UMeHeMm

Ply drop.cae:

5 Abaqus/CAE 6.14-3 [Viewport: 1]
=] File Model Viewport View Part Sh
New Model Database >
: t Open... Ctrl+0
: Network ODB Connector >
M Close ODB...
Set Work Directory...
Save Ctrl+S

Compress MDB...

Save Display Options...
Save Session Objects...
Load Session Objects...

Import
Export

Run Script...

Macro Manager...

Print... Ctrl+P
Abaqus PDE...

1 D:/ABAQUSY/.../CAE files/Ex_3.5.cae
2 D:/.../Hex Partitioning/Redone.cae

3 D:/.../3D_MESH/Redone.cae

4 D:/.../3D_MESH_1/3D_mesh_solid.cae

R SR N SR ot YR Sy
Wy >dVE IVICAE! UdldbDase AS

Directory: (L] RESTORE

& ..

File Name: | Ply_drop

File Filter: | Model Database (*.cae*)

v B G > Ak

'

Cancel

Exit Ctrl+Q

YctaHaBnveaeM pabodyto AMPEKTOPUIO (MECTO Ha A1CKe, rae Byaem paboTaTh U COXpaHATb

dannbl):

FILE [ Set Work Directory...




S Select a Work Directory

Directory: (] PLY DROP

& ..
(L CAE files

Directory Name: | RESTORE

v B G P Ak R

File Filter: * M | Cancel
[anee B mogyne PART BbiGUpaem MHCTPYMEHT Part
Manager. i
Co3spgaem Part-A: w
Module: |2 Part ~  Model: |2 Model-1  ~  Part: |2 M Name Description Status

Bl

Dismiss

P - D
|§¢ Create
Name: Part-A

Modeling Space
@® 3D O 2D Planar () Axisymmetric

Type Options
(® Deformable

(O Discrete rigid

(O Analytical rigid

(O Eulerian

None available

Base Feature

Shape Type
Osoid I
@ Shell Extrusion
Revolution
O Wire
Sweep
(O Point

Approximate size: | 500



B KOHTEKCTHOM MEHIO BbI6I/|paeM MHCTPYMEHT Create Lines:

Rectangle -

+ &
Jr= 4= X Pick a starting corner for the rectangle--or enter X,Y: | 0,4 ENTER

O =
4= X | Pickthe opposite corner for the rectangle--or enter X,Y: 60,5(1 ENTER

4= X Sketch the section for the planar shell




3D Deformable
Copy...

Rename...
Delete...

Lock

Update Validity

Dismiss

AHanorn4Ho cosgaem Part-AB u Part-B MCcnonb3yA CJ'Ie,D,y}OLLI,I/IIZ ncesno-
KOAO:

Create, [Part-AB], 3D, Deformable, Shell, Planar,
Approx size [500], Cont

Menu: Add, Line, Rectangle, [60,0], [90,50], X, Done
Create, [Part-B], 3D, Deformable, Shell, Planar,
Approx size [500], Cont

Menu: Add, Line, Rectangle, [90,0], [120,50], X, Done
# close the Part Manager




LWar 2. Co3zgaHune cbopku.
B mopyne ASSEMBLY BblGrpaem MHCTPYMEHT Create Instance 1 nocrnegoBaTensHo 4o6aBnsieM B HEro co3aaHHble aeTtanu (Part-A, Part-AB 1
Part-B):

Module: IE::!Assembly B Model: [ Model-1 | Step: |~ Initial E]

(3

M

Module: |EAssembly Ei Model: [: Model-1 ﬂ Step: I: Initial

¢ 1it | 48 Create Instance X

&

et £. Create instances from:

et E& @ Parts (O Models
@

Parts
ir R
D
'_U_il‘ H'-I:J‘ §Part-AB
g | Part-B
o
R, g

[%“ Instance Type

(O Dependent (mesh on part)
(xv2) ’L : :
+ . ¥, | @ Independent (mesh on instance):

=", "™.| Note: To change a Dependent instance's
mesh, you must edit its part's mesh.

[[] Auto-offset from other instances

|  Apply |

oK |

‘ Cancel ‘

& jf\ Select the parts/models to instance from the dialog



Module: EAssembly I Model: |- Model-1 v Step: l Initial E]

¢ Create Instance

Create instances from:
@) Parts (O Models

Parts
‘ Part-A |
fracns ]

Part-B

Instance Type
(O Dependent (mesh on part)

(O] Independent (mesh on instance)

Note: To change a Dependent instance's
mesh, you must edit its part's mesh.

[[] Auto-offset from other instances

| Apply | | Cancel |

gl Select the parts/models to instance from the dialog




Module:| Assembly l Modell Model-1 ] Stepl Initial

% 1:1 | % Create Instance

H

e qf. Create instances from:

Ir'L_f g ® Parts (O Models

Parts
e ©

Part-A
LEEL lgl..l:I‘ Part-AB

g ;

(s % Instance Type

O Dependent (mesh on part)
IXVZ]
’#\ @ Independent (mesh on instance)
P
"'ﬂ “*.| Note: To change a Dependent instance's

mesh, you must edit its part's mesh.

[[] Auto-offset from other instances

([ ok ] | Apply | | Cancel

J

= & Select the parts/models to instance from the dialog




[anee B moayne ASSEMBLY BblGupaem MHCTPYMeEHT Merge/Cut Instances 1 06begMHAEM CO3AaHHbIE Instances /3K3eMNspbI
netanen/:

%Assembly v Model: - Model-1 v Step
Module: IE Assembly El % Merge/Cut Instances X
% i
i
&
i@

Bbibpatb
BCE:

ModuleEAssembly ﬂ Modelz|: Model-1 3 srep:|:|nitia| M

Note: This function will create a new part and
automatically instance it into the assembly.

Part name: T}rlgart-1 11

Operations
@ Merge
® Geometry (O Mesh (O Both
(O Cut geometry

Options
Original Instances

@ Suppress O Delete

Geometry
Intersecting Boundaries

e 3 s ]
Cancel | \4 ,‘Z(Ai Sketch the section for the planar shell ﬂDone




[anee B nepeBe MOAENM HY>KHO PackpbITb BETBb Assembly, 3aTeM — BETBb Instances 1 HaXXaB NPaBOW KHOMKOW MbILLX Ha aneMeHTe Part-1-1, BbIOpaTh NyHKT ‘Make
Independent’:
G ¥
= [ Instances (4)
@ X Part-A-1
# X Part-AB-1
@ X Part-B-1
e Positic _
@ & Featur Rename...
& Sets Suppress
Wy Surfac  Hide
IE Conne  Delete... Del
@ M7 Engine  Query
o Steps (1) Show Parents
Field Out Show Children

B

b Time Poir Link Instances...
fp
B2
=

Switch Context Ctrl+Space

ALE Adap
Interactio

Exclude from Simulation

Switch to part/model context

LWar 3. Co3gaHne matepurarnoB, CE4EHUIN N HA3HAYEHME CEYEHUN OeTansMm.

B Moayne PROPERTY Ans Toro, YToGbl LIENMKOM 0TOBpasnTh Part-1, yCTaHOBUTE B pacKpbiBalOLLEMCS MEHIO CrieaytoLume

3HayYeHus::
N4 Module — [PROPERTYI: nng Model — [Model-11: Ang Part — [Part-11:
Meodule: | Property v Model: | Model-1 | Part: | Part-1 v

[Oanee B mogyne PROPERTY co3gaem cBoncTBa Mmatepumana AS4D--9310.
[1ns 3TOro B KOHTEKCTHOM MEHIO BblIGMpaeM MHCTPYMEHT Create Material:

=
=




[anee B OTKpbIBLLEMCHA MEHIO B Morie Name HY>KHO BOUTb Ha3BaHue maTtepuana — “AS4D--9310” 1 HUxe, B NYHKTE MEHIO Mechanical nocnegoBaTtensHO BelOpaTh Elasticity [1 Elastic. 3aTem BOMTbL CBONCTBA,

YKa3aHHble HLXe:

General fMechanical Thermal

Elasti
i Plasticity

Number o

Moduli tir Deformation Plasticity
[INocor Damping

[ Noten Eg!:)ansion .
Brittle Cracking
Data
Eos
Viscosity

Electrical/Magnetic

Type: Lar ~ Damage for Ductile Metals

[] Useter Damage for Traction Separation Laws
Damage for Fiber-Reinforced Composites
Damage for Elastomers

Other

Hyperelastic
Hyperfoam

»

»

> Low Density Foam
» Hypoelastic

»

Porous Elastic

Viscoelastic

G12

Module: |:~ Property

~|  Model: |- Model-1  ~  Part: |2 Part-1
_ il 1 [

7: =

{:5_3
" il Eil

adHFFE
T W

r—.—

=

=
¢

b
[
|

x| o

huw" - "ahs

4 Edit Material

Name: | AS4D--9310

Description:

Material Behaviors

General Mechanical Thermal Electrical/Magnetic
Elastic
Type:  Lamina v

[[] Use temperature-dependent data

-

Number of field variables: | ~ 0'%/

Moduli time scale (for viscoelasticity): | Long-term v

[JNo compression

[] No tension
Data
' E1 E2 Nu12
1 133860 7706 0.301
<

G12
4306

G13
4306

Cancel

| Suboptions

G23

2760




[anee co3gaem ceveHne ong laminate-A. B mopyne PROPERTY BbI6VIpaeM MHCTPYMEHT Create Section 1 Bbl6|/|paeM cnegywouwime

HaCTPOWIKM:

Module:

e
ZL
B,
B,

3apaem YKnagkKy u 4ncrno To4Yek MHTerpupoBaHua ans

ClnoesB:

3 Property ~  Model: |2 Model-1

4 Create Section X

Name: :‘”Section-A
Category  Type
O Solid | Homogeneous

(® Shell | Composite
O Beam ' Membrane

Surface
General Shell Stiffness

Flind

(O Other

e

Module: |~; Property v Model:

- Model-1

z 4= Edit Section

Name: Section-A

Type:  Shell / Continuum Shell, Composite

= bt
fil i B G

Layup name:

-]

N
a
-

A

Basic  Advanced

[] Symmetric layers

adgFeE
il ED K

Material
f: H’..u AS4D--9310
‘,_.l‘ 3 AS4D--9310
C AS4D--9310
AS4D--9310

o

Options: %

Thickness integration rule: @) Simpson () Gauss

Thickness

0.75
0.75
0.75
0.75

Section integration: (@ During analysis () Before analysis

Orientation Angle

90

0
0
90

Integration

Points T Mo
3 k1
3 k2
3 k3
:

. Cancel |




AHanorn4yHo cosgaem ceveHune ans laminate-AB. B moayne PROPERTY BbI6V|paeM MHCTPYMEHT Create Section U BbI6VIpaeM cnegywwime

HaCTPOWIKM:

7z B3
#L
T
B,
=
® =
A =

Module: I% Property v

L

Model: | Model-1 |

™

3agaem YKNnaaky n 4nucrio To4eK MHTerpupoBaHuna ona
CInoeB:

% Create Section X

Name: .:Section-Aq

Category  Type

O Solid Homogeneous ‘
ose T
O Beam Membrane
) Surface
iz General Shell Stiffness
(O Other

Cancel

Module: ; Property

7=
e
(W
Bs 2
& B
efl==
¢
&=
+

R, b,

i, B,
[xil_] ,T:

3 -
j :

-
-— a I\+‘

¥ .|~ 1 R Al &
M Model.hModeH v Part |2 Part-1

& Edit Section

Name: Section-AB

Type:  Shell / Continuum Shell, Composite

Section integration: (® During analysis (O Before analysis

Layup name:

Basic  Advanced

Thickness integration rule: @) Simpson () Gauss

[] Symmetric layers

Material

AS4D--9310
AS4D--9310
AS4D--9310

Options: %

Thickness Orientation Angle
0.75 90
0.75 0
0.75 0

Integration
Points

Cancel




AHanorn4yHo cosgaem ceveHune ans laminate-B. B moayne PROPERTY Bbl6|/|paeM MHCTPYMEHT Create Section 1 BbI6VIpaeM cnegywouwme

HaCTPOWIKM:

3agaem YKNnaaky n 4nucrio To4eK MHTerpupoBaHuna ona
cnoeB:

7z 2
7162
R

“znl

s X,

Module: |E Property

Model: I: Model-1  ~

S

% Create Section X
Name: 3'Section-q

Category  Type

O Solid | Homogeneous ‘
Osre TR
O Beam Membrane
Fiid Surface
General Shell Stiffness
(O Other

G

Module: I% Property :j Model:

i<
Il.-

Model 1

J Part: ."5

% Edit Section

Name: Section-B

Type: Shell / Continuum Shell, Composite

Section mtegratlon (® During analysis () Before analysns

Layup name: |

Basic  Advanced

Thickness integration rule: @) Simpson (O Gauss

[] Symmetric layers

Integration

Material Thickness Orientation Angle Points Ply Name
AS4D--9310 0.75 90 3 k1
AS4D--9310 0.75 0 3 k2

Options: %
]




[anee HasHa4Yaem co3gaHHbIEe CeveHuUs COOTBETCTBYHOLMM JNTaMUHaTaM. B mopayne PROPERTY BbI6VIpaeM MHCTPYMEHT Section Assighment

. Laminate-A:
Module: I[% Property 5 Model: [: Model-1 | Part: |5 Part-1 M| ey e T B 8
& ¢ Section Assignment Manager %
jE’ Section Name (Type) Material Name  Region 1
e, §
8
n2
s X -
‘@’ % Edite Defete., I Disrnics

4 Edit Section Assignment X

Region

Region: Set-1

Section

Section: | Section-A V‘ Sie.

Note: List contains only sections
applicable to the selected regions.

4= S( Select the regions to be assigned a section ( Create set: VSet-1 | ) Sets... p’S sSiMuLIA

Type: Shell, Composite
Material: AS4D--9310

Thickness

Assignment: (® From section (O From geometry

Shell Offset

Definition: ’ Bottom surface




Laminate-AB:

Module: IE Property

E] Mode|:|: Model-1 E| Part: Iépam

lzg: & Section Assignment Manager X
ﬁ* Section Name (Type) Material Name ~ Region
= ¢/ Section-A (Shell, Composite) AS4D--9310 Set-1
|
=
n2
B, X,
Create.. Editr | Deleten.| Dismiss |

4 Edit Section Assi X
= gnment

Region

Region: Set-2

Section

Section: | Section-AB E] ﬁg‘

Note: List contains only sections

Type: Shell, Composite
Material: AS4D--9310

Thickness

Shell Offset

applicable to the selected regions.

Assignment: (® From section (O From geometry

Definition: ‘ Bottom surface

v &

Cancel

Pt M

Module: E Property B Model: I: Model-1 E] Part:

= Select the regions to be assigned a section ( [] Create set: | Set-2 )

2
7S siMmuLIA




Region

Region: Set-3

Section

Section: | Section-B

M

Thickness

Shell Offset

Note: List contains only sections
applicable to the selected regions.

Type: Shell, Composite
Material: AS4D--9310

Definition: | Bottom surface B

Module: E Property EI Model: I: Model-1 EI Part: Ié Part-1 El

l& 45 Section Assignment Manager X

f Section Name (Type) Material Name  Region

B ¢/ Section-A (Shell, Composite) AS4D--9310 Set-1

i‘l! i5 ¢/ Section-AB (Shell, Composite) AS4D--9310 Set-2

oy

Bs %2

t

i =] Create.. \DE"E}E_
4 Edit Section Assi t X
= gnmen

&

Assignment: (® From section () From geometry

&

Module: | Property EI Model: |: Model-1 B Part: Ié Part-1 E
Ve

@ E Select the regions to be assigned a section ( [ Create set: )

%
PS simuLIia



Lar 4. Onpenenexune Analysis Steps /LLlaroe
aHanusa/.

B moavne STEP BbiIGrpaem MHCTPYMEHT Create Step:

(& ] -~ ! - 2 |
‘ Module: | Ste ~  Model: |, Model-1  ~  Step: | Initial b
M Modelzl; Model-1 © N A T et [
- e H
@ % Create Step X @+ 5~ Edit Step
'%: Name: | ST .%: Name: Step-1
y Insert new step after Type: Static, General
+— 11040 Basic  Incrementation Other
R, o

@D‘ %“‘ -+§‘ b‘ Description: [
. o ‘ %“ Time period: | 1

2g 3 o ,L N ® Off (This setting controls the inclusion of nonlinear effects
LA -"j‘ e PR (O on of large displacements and affects subsequent steps.)
4
— L) . B
Automatic stabilization:  None ol

[] Include adiabatic heating effects

Procedure type: ' General v

Dynamic, Temp-disp, Explicit 2

Geostatic

Heat transfer

Mass diffusion

Soils

Static, Riks v
| € >

=




B JepeBe Mmogenu packpbiBaeM BeTBb Field Output Requests n [OBONHbBIM LLIEMYKOM HaXKMMaem no MNYHKTY

F-Output-1:

= %= Field Output Requests (1)

&) F-Output-1

B pasgene Output at Shell, Bbibupaem Specify n nponucsisaem:1,2,3,4,5,6,7,8,9,10,11,12

(BbIBOA, A@HHbIX B 3-X TOYKAX CEYEeHUs1 AN Kaxagoro crnosi: 3x4 = 12):

b Step ~ Model: |- Model-1  ~| Step: | Step-1 v

A c o cd Outnut Reatiect

Name: F-Output-1
Step: Step-1

Procedure: Static, General

Domain: Whole model ~| [ Exterior only
Frequency: | Every nincrements M on: (1
Timing: | Qutput at exact times
Output Variables
(O Select from list below (@ Preselected defaults (O All (O Edit variables
CDISP,CF,CSTRESS,LE,PE,PEEQ,PEMAG,RF,S,U,

P [m] Stresses

[m] Strains

[w] Displacement/Velocity/Acceleration
[®] Forces/Reactions

[m] Contact

[] Energy

[ Failure/Fracture

] Thermal

[] Electrical/Magnetic

[] Porous media/Fluids

[] Volume/Thickness/Coordinates
>

"vwwwwvwvVvVvVvVwVww

Note: Some error indicators are not available when Domain is Whole Model or Interaction.

[] Output for rebar
Output at shell, beam, and layered section points:
(O Use defaults @) Specify: 4,5,6,7,8,9,10,11,12

Include local coordinate directions when available

OK Cancel




Lar 5. 3agaHne rPAHNYHbIX YCJ'IOBI/IIZ N Harpya3oK.

B moayne LOAD Bbl6l/|paeM WHCTPYMEHT Boundary Condition Manager 1 nocrieqoBaTefnibHO Co34aeM rpaHnYHble

ycnoswusa:

Module: |~: Load :} ModeI:EModel-T \3 Step: |~ Step-1 v

L % Boundary Condition Manager

‘- | | Name Initial Step-1

. [%“ Geje Rensme Delete

Dismiss

& Create Boundary Condition

Name: ; BC-1

Step: | Initial

Category
(® Mechanical

O Electrical/Magnetic
(O Other

Types for Selected Step

Symmetry/Antisymmetry/Encastre |

Displacement/Rotation
Velocity/Angular velocity
Acceleration/Angular acceleration
Connector displacement
Connector velocity

Connector acceleration

Can;el




Module: |3 Load M Model: : Model-1 M tep: |3 Initial |

L Ha neBow KpomMke ¢ KOOpANHATOM X =
e 0
: (orpaHnymMBaem Bce CTeneHu
= 4> €BOBQABL)Y Condition X
L Name: BC-1
Lt!;‘ _I_L-b‘ Type:  Symmetry/Antisymmetry/Encastre
g Step: Initial
o Region: Set-1
R, s,
flp Oy, CsYS: (Global) [y A
xyz) A (O XSYMM (U1 = UR2 = UR3=0)
-"j‘ i (O YSYMM (U2 = UR1 = UR3 = 0)
B g (O ZSYMM (U3 = UR1 = UR2 = 0)

4

(O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
(O ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
(O PINNED (U1 =U2=U3=0)

(® ENCASTRE (U1 = U2 = U3 = UR1 = UR2 = UR3 = 0};

‘; ’3("\ Select regions for the boundary condition ( [] Create set: ‘r ‘ ) Sets\ /775 SIMULIA




¢ Boundary Condition Manager

Name Initial Step-1

v/ BC-1 Propagated

Edit...

Move Left

Step procedure:
Boundary condition type:  Symmetry/Antisymmetry/Encastre
Boundary condition status: Created in this step

e B [ [

' Dismiss |

% Create Boundary Condition X

Name: :

Step: | Initial

Category
(® Mechanical
Fluid

(O Electrical/Magnetic
(O Other

Types for Selected Step

‘ Symmetry/Antisymmetry/Encastre

Displacement/Rotation
Velocity/Angular velocity
Acceleration/Angular acceleration
Connector displacement
Connector velocity

Connector acceleration

Cancel




Ha HWXHel KpoMKe ¢ koopauHaTomn y = 0
(orpaHnumBaem 1 nocTynatenbHyto 1 2 BpalLaTerbHble

= cBoboabl,
Mokielloxt ___[J Mot fvcae1_J] s Fliicat T.K. MMOCKOCTb X-Z ABMAETCA MMOCKOCTLI0 CUMMETPUM):
% Edit Boundary Condition X
Name: BC-2
Type:  Symmetry/Antisymmetry/Encastre
Step:  Initial
Region: Set-2

CSYS: (Global) [y L

(O XSYMM (U1 = UR2 = UR3 = 0)

(® YSYMM (U2 = UR1 = UR3 = 0);

(O ZSYMM (U3 = UR1 = UR2 = 0)

(O XASYMM (U2=U3=UR1=0; Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
(O ZASYMM (U1=U2=UR3=0; Abaqus/Standard only)
(O PINNED (U1=U2=U3=0)

(O ENCASTRE (U1 =U2=U3=UR1 = UR2= UR3 = 0)

" lX Select regions for the boundary condition ( [] Create set: ) Sm D?s SIMULIG | Cance| |

)



MockonbKy Mogenvpyemasi getarnb SBrnsieTcs 060M104KoN, Harpy3kom JommkHa ObiTh Shell Edge Load. B moagyne LOAD Bbibupaem MHCTPYMEHT Create Load 1 yka3biBaem crnegyoLimne

HaCTPOWKM:
= 7] % Loa lodel: | Model- € ep- M
Module: |§ Load 1v{ Model:I: Model-1 ’v{ Step: |2/ jish -~ ___Ruukinws Bk 3
L — —] =
L 4> Create Load X ba
o | Name: | Load-1 | 5
L) BDE: | N . it
L e M &
Procedure: Static, General
P ==
: Category Types for Selected Step by,
LU_EI‘ HJ..D‘ ® Mechanical Concentrated force ~ S L
3 Moment o 20,
c TR Pressure
s -~ Shell edge load
&, &3‘ i Surface traction
% O Electrical/Magnetic | pine pressure
——=3 Mass diffusion Body force
(Xv2) ‘4\ ; 2l
+ .| O Other Line load
I Gravi
o}—:g f\* raV'ty
2 4 Bolt load v
!., Cgpcgl 4[ x| Slectshell edges for the load |individually v| ( A Create surface: [FYE] ) sufaces.] 5 sipuLial




2 Edit Load X

Name: Load-1
Type:  Shell edge load
Step: Step-1 (Static, General)

Region: Surf-1

Distribution:iUniform 8{ fix)
Traction: | Normal g}
Magnitude: }[-1(1 ‘
Amplitude: | (Ramp) g} PV

Traction is defined per unit ' deformed area H

|
|
|

Follow rotation Module: [gj Mesh v Model:l: Model-1 E[ Object: @ Assembl
|%Cancel \ S Global Seeds X

Sizing Controls

Approximate global size: H J

LWar 6. Co3ganune K3 cetku. Curvature control

Maximum deviation factor (0.0 < h/L < 1.0): 0.1

(Approximate number of elements per circle: 8)

=iy

B moagyne MESH BbIGupaem MHCTPYMEHT Seed Part Instance n
3ajaem
cnegyroLne HaCTPONKK:

Eil

Minimum size control

® By fraction of global size (0.0 < min < 1.0) 10.1

(O By absolute value (0.0 < min < global size) |0.6
2 1

R s | Ok ) [Laeply | [Defaurs | | Cancel |

]
]
|
|
»

o=
Ui




[anee BbIGnpaem MHCTPYMEHT Assign Mesh Controls, BeIbpaem Bce, Haxknmaem Done

Module: | Mesh ] Model: | Model-1 i Object: @ Assembly O Part:: - ]

/ToToBoO/:

>
2S SiIMmuLIAR




Module: [ Mesh M Model [ Model-1 1| Object: @ Assembly O Part:[:

Module: {3 Mesh v| Model: |2 Model-1 | Object: @ Assembly O Part

E:] [l.'il 4% Mesh Controls X
&‘ &.: Element Shape

Technique Algorithm Options
As is Minimize the mesh transition Q"
(O Free D
(® Structured .
O Sweep D

Multiple

jREdEflﬂe Reglon éO"‘IEfS..;é

[Dumi]  [cwa]

4= X/ Selectthe regions to be assigned element types ijndividually |Sets... ‘775 SIMULIA




¥

% Element Type

Element Library
(®) Standard O Explicit

Geometric Order

Quad  Tri

Element Controls

Family

Acoustic

Coupled Temperature-Displacement
Gasket

Heat Transfer

DOF per node:

Viscosity:
Element deletion:

Max Degradation:

Os(@s J

Drilling hourglass scaling factor: @ Use default O Specify I:I

(® Use default O Specify l:‘
@® Use default (O Yes (O No

(® Use default (O Specify D

S8R: An 8-node doubly curved thick shell, reduced integration.

Note: To select an element shape for meshing,
select "Mesh-> Controls" from the main menu bar.

iy [,
f)is
4

{E OK to mesh the part instance? “




LLar 6. PewweHwne n Bu3yannsauma pesyrnbraToB.

B moayne JOB BbIGMpaemM MHCTPYMEHT Job

Manager
Module: If,: Job 1’:} Model: | Model-1 | Step: : Step-1 :l
g & Job Manager % Create Job X

@ﬂ Name

=2
i» g

Model

Edite Geje

Type

Status T

Name: 5

Source: Model ™|

I Continue... | ‘ Cancel

[Mode:1 |

HaxaTne Ha KHOMKY Results BbINOMHAEM Nocne ycrneLwHoro peLeHus

3agayu

4> EditJob

Name: Job-1

Model: Model-1

Analysis product: Abaqus/Standard

Description: [

Submission  General Memory Parallelization Precision
Job Type
@ Full analysis
Recover (Explicit
(O Restart
Run Mode
@® Background () Queue:| -
Submit Time
® Immediately
al hrs imm
A ’ o
[

% Job Manager X
| Name Model Type Status | Write Input
| Job-1 Model-1 Full Analysis None ‘ Data Check!

1| Submit
GEontmnue
‘”Mon@ .
- 2
Kall
Create. Edit 77\ [ Copy... ] |Rename... [ Delete... | Dismiss ‘




[anee B moayne Visualization nepexoamm B MeHio Viewport [J Viewport Annotation Options 1 BO BKnake State Block 3agaem cnegyioLine
HaCTPOWKM:

4 Select Font X
Settings
¢ Viewport Annotation Options X List: O Proportional fonts () Fixed fonts (®) Both
General Triad Legend TitleBlock State Block Fonk: | vaigana \/

[] Show bounding box (points)

Upper Left Corner Text : i

% Viewport X: |13 | Style: []Bold [] italic

% Viewport Y: (12 | Color: [ Sample
Hackgiomina ‘abcdefghijkimonpgrstuvwxyz
) ABCDEFGHIIKLMONPQRSTUWWXYZ
O Match viewport 11234567890
(® Transparent ' @#$RK()
(O Other color
r: (.

Legend

ok | [Apply | | Defautts | | Cancel [ Title block




[lanee coxpaHsieM HacTPOIKM oToBpaxxeHust 4ns Oyaywmnx

Ceccun:

SF Abaqus/CAE 6.14-3 - Model Database: D:\ABAC
=] File Model Viewport View Result P

New Model Database >
: t Open... Ctrl+0
: Network ODB Connector »
M Close ODB...
Set Work Directory...
Sg? Save Ctrl+S
{ SaveAs.

#f  Compress MDB...

Save Display Options...

f Save Session Objects...
E Load Session Objects...
t

Import >
Export

Run Script...

l Macro Manager...

[ Print... Ctrl+P
Abaqus PDE...
1D:/ABAQUS/.../RESTORE/Ply_drop.cae
2 D:/.../PLY DROP/Ply_Drop.cae
3 D:/ABAQUS/.../CAE files/Ex_3.5.cae
4 D:/.../Hex Partitioning/Redone.cae
Exit Ctrl+Q

& Save Display Options X

The current settings of all display options
will be saved to "abaqus_v6.14.gpr".

Cancel

Hanee BbIOnpaem B Mogyne Visualization MHCTPYMeEHT Plot Undeformed
Shape:

|2|3l 'ﬁ
I.‘?‘II !z 4

&)




[anee BbIOnpaem B Mmogyne Visualization MHCTPYMeEHT Allow Multiple Plot States (4aHHasi HACTpoKika pa3peLlaeT O4HOBPEMEHHbIN BbIBOA, AePOPMMPOBAHHOIO COCTOSIHMSA Ha hoHe

HeaeopMNPOBAHHOIO):

.

Hanee BbIbpaem B moayne Visualization MHCTPYMeHT Plot Deformed

Shape:
1(2(3]
-

ODB: Job-1.0db Abaqus/Standard 6.14-3 Tue Dec 25 00:42:16 GMT+03:00 2018

Step: Step-1 .
Increment 1: Step Time = 1.000

Deformed War: U Deformation Scale Factor: +4.655e+00

<—— Tenepb cTaHOBATCSA BUAHbLI 06e hopMbl: AehopMUpoBaHHas U
HeaedopMMpOBaHHasl.



[anee BbIbnpaem B Mogyne Visualization MHCTPYMEHT Plot Contours on Deformed
Shape:

.

ODB: Job-1.0db  Abagus/Standard 6.14-3 Tue Dec 25 00:42:16 GMT+03:00 2018

Step: Step-1
Increment 1: Step Time = 1.000
£ v > “

Heobxogmmo BbIOpaTh crnepytoLme HacTponkK B naHenu Field Output
Toolbar:

11040

épﬁﬁ"Primary ViU V?’US !



Terlepb MOXHO CHUTaTb MaKkCUMalibHoe 3Ha4YeHne p,eq)opmau,mm B HanpassieHnn ocn Z (T.e. TpeTbeVI ocu), OHO cocTaBndeT U3 =
2.578 MM:

Module: |2 Visualization ~| Model:
1123} f iﬁ
L2114 ! J‘
-

- D:/ABAQUS/PROBLEMS/COMPOSITE/PLY DROP/RESTORE/Job-1.0db | a4 bW B BHD

AR §§&:
W
= 8
= W
K W
=

;i ' ODB: Job-1.0db  Abaqus/Standard 6.14-3 Tue Dec 25 00:42:16 GMT+03:00 2018

b e Step Time

[anee 3agagvm cneayoLmMe HacCTpOMKKM B naHenu Field Output
Toolbar:

B primary |5 Vst .

11040



Danee HY>XXHO Bbl6paTb BEPXHKO NN HMXKHIOKO NOBEPXHOCTbL AS1A KaXXaoro cros, YTOObI NMOCMOTPETb

pe3ynbraTthbl:

% Abaqus/CAE 6.14-3 - Model Database: D:\ABAQUS\PROBLEMS\(|
2] File Model Viewport  View {F_{esult Plot Animate

D [3 E g @ 7 @ ,{.. ¢ Step/Frame...

s Active Steps/Frames...
- AY ¥ Z _4Y vy I =
T34, 1 per——
Dioatl| Results Field Output...
History Output...
Session Data Options...

% Section Points

Selection method: () Categories

Plies

Name Filter : \

K2
K3
K4

Ply result location:

(O Middle/Single section point

(O Topmost
(O Topmost and bottommost

oK [ Apply

| Defaults

' Field Output..

 Cancel

¥




Module: [: Visualization | Model: |2 D:/ABAQUS/PROBLEMS/COMPOSITE/PLY DROP/RESTORE/Job-1.0db v/ O A4 D MM ‘ B DD

1]2[3 E@
L2334

o &

B
Bl

ODB: Job-1.0db Abaqus/Standard 6.14-3 Tue Dec 25 00:42:16 GMT+03:00 2018

Step: Step-1 .
Incrernent  1: Step Time = 1,000
] , 511

To ke camoe Hy>KHO MOBTOPUTL 415 OCTanbHbIX cnoes — k2, k3,
k4.



Danee HeobX0AMMO NOMEHSATb HaCTp0l7IKy Bottommost Ha Topmost N Takxe l'IpOIZTVICb no BCEM
CrosM:

2 Section Points X Module: ]QVisualization “ Model: |2 D:/ABAQUS/PROBLEMS/COMPOSITE/PLY DROP/RESTORE/Job-1.0db a4 | BED

Selection method: (O Categories @ Plies
Plies

Name Filter

K1
K2

K4

/4

Ply result location:  (7) Bottommost
O Middle/Single section point
® Topmost
(O Topmost and bottommost

,’

LEF T,
4

AT

A
:
§
3
R
W
)
‘

i

227

-

LSS,
il
Py,
Lo
7

e~

y / /
77
i,
Li/,

V7
27

oK Apply Defaults Field Output... Cancel

L7

y 7
a7

V7

ODB: Job-1.0db  Abaqus/Standard 6.14-3 Tue Dec 25 00:42:16 GMT+03:00 201%

Step: Step-1

MakcuManbHble 3HaYeHUS HaNPsXXKeHUs S11 No CrosiM CBeAeHbI B
Tabnuuy:

/

Cepblli UBET 03HAYaET, YTO B aHHOW 00nacTu AaHHLIN CNon He

Ply # 2z [mm] 0P| o, [MPa

1 (bot)  0.00 90 1.233 Mogenuposarcs.
1 (top) 0.75 90 0.6206
2 (bot)  0.75 0 73.17
2(top) 150 O  6.596
3 (bot)  1.50 0 6.596
3 (top)  2.25 0 -19.15
4 (bot)  2.25 90 0.1907
4 (top)  3.00 90 0.4094




